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The objective of this article is to present an experimental study of intervention in counting principles, aiming to investigate its efficacy. The experimental study involved 136 first-grade students, from 3 public schools located in Porto Alegre, Brazil. The students were divided into control group (n=76) and experimental group (n=60). The intervention occurred 2 times per week, during 2 weeks, with the experimental group, while the control group remained with regular instruction. The results point to the efficacy of the intervention program in counting principles, with students in the experimental group showing higher statistically significant advances in the post-test (counting principles evaluation task) than the students in the control group. Some educational implications are addressed.

Number sense and counting principles have been evidenced as important predictive factors of posterior mathematical achievement [START_REF] Jordan | The importance of number sense to mathematics achievement in first and third grades[END_REF][START_REF] Martin | Number and counting skills in kindergarten as predictors of grade 1 mathematical skills[END_REF][START_REF] Passolunghi | The precursors of mathematics learning: Working memory, phonological ability and numerical competence[END_REF][START_REF] Stock | Mastery of the counting principles in toddlers: A crucial step in the development of budding arithmetic abilities? Learning and Individual Differences[END_REF]. Besides, both, when less developed, appear as characteristics of the group of children that presents mathematical learning difficulties -MD [START_REF] Bull | Children's arithmetical difficulties: contributions from processing speed, item identification and short-term memory[END_REF][START_REF] Cirino | Cognitive and Mathematical Profiles for Different Forms of Learning Difficulties[END_REF][START_REF] Dorneles | Obstáculos cognitivos na aprendizagem matemática inicial: a contagem, as operações iniciais e os diferentes sentidos de número[END_REF]Vukovic, 2012). In regard to counting, studies show that children with MD use immature counting strategies (fingers or verbal counting) for a longer period [START_REF] Bull | Children's arithmetical difficulties: contributions from processing speed, item identification and short-term memory[END_REF][START_REF] Dorneles | Obstáculos cognitivos na aprendizagem matemática inicial: a contagem, as operações iniciais e os diferentes sentidos de número[END_REF] and have difficulties to retrieve basic facts from memory [START_REF] Cirino | Cognitive and Mathematical Profiles for Different Forms of Learning Difficulties[END_REF]. Research results such as these emphasize the importance of helping students to consolidate the counting principles in the beginning of the school years, which in turn, will help them develop efficient strategies and procedures to count efficiently and, thereby, prevent the development of arithmetical difficulties.

Counting is an important knowledge that begins to be developed informally by children, through everyday experiences. [START_REF] Nunes | Crianças fazendo matemática[END_REF] point that many teachers recognize their students get to the classroom knowing a lot of things, including counting. Its relevance is highlighted by several authors and [START_REF] Dorneles | Princípios de Contagem: uma construção progressiva[END_REF] synthesizes well this idea by stating that counting is a cognitive tool important not only to comprehend posterior contents, but also to develop more elaborated mathematics skills. Knowing the relevant role of counting, it is necessary to pay attention to the development of this ability. While children learn to count, they need to put in practice some principles that guide this action, as well as comprehend what is the purpose of counting and the way of doing it correctly [START_REF] Nunes | Crianças fazendo matemática[END_REF]. [START_REF] Gelman | The Child's Understanding of Number[END_REF] studied this learning process and established five guiding principles of counting, which must be consolidated by children in order to develop other mathematical knowledge. The principles are: stable order, one-to-one correspondence, cardinality, abstraction and order irrelevance. The first three principles are classified as "how to count", the fourth is denominated as a definer of what is countable and the fifth one consists of a synthesis of the application of the other ones. Those five principles are the bases of the children's posterior numerical construction [START_REF] Dorneles | Princípios de Contagem: uma construção progressiva[END_REF].

The current study

Considering the extreme relevance the counting principles have in relation to mathematical learning and that most children who have difficulties in this area present problems, specifically, with counting strategies and the retrieval of basic facts, justifies the need of the development and implementation of intervention programs focusing on counting principles. Such an approach, put into practice in the beginning of formal schooling, can facilitate the students' learning process. Besides, most intervention studies developed in the mathematical field focused on number sense (Aragón-Mendizabal, Aguilar-Villagrán, [START_REF] Aragón-Mendizábal | Improving number sense in kindergarten children with low achievement in mathematics[END_REF][START_REF] Bryant | Early numeracy intervention program for first-grade students with mathematics difficulties[END_REF][START_REF] Dyson | A number sense intervention for low-income kindergartners at risk for mathematics difficulties[END_REF][START_REF] Fuchs | The effects of strategic counting instruction, with and without deliberate practice, on number combination skill among students with mathematics difficulties[END_REF][START_REF] Praet | Enhancing young children's arithmetic skills through non-intensive, computerised kindergarten interventions: A randomized controlled study[END_REF], which points to the lack of intervention instructions in counting principles.

Method

This is an experimental intervention study focusing on teaching the counting principles to firstgrade students. It has the objective of evaluating the effectiveness of a short intervention, comparing the achievement of the experimental and the control groups.

Participants

The study included 136 first-grade students (63 girls and 73 boys), aged between 6 and 7 years old, from 10 classes, belonging to 3 public schools located in Porto Alegre, Brazil. They were divided in control group (n=76) and experimental group (n=60), both groups were statistically equivalent and, through the analysis of students' performance case by case, were formed by children with different levels of performance in a counting principles task. The parents of all participating students gave their authorization through the signing of the Free and Informed Consent Form and the Dissent Form. Approval for this study was obtained from the Research Ethics Committee of Universidade Federal do Rio Grande do Sul. The intervention was offered to the experimental group, by the researcher, while the control group remained with regular instruction. Unfortunately, it wasn't possible to follow teachers' regular instruction during the execution of this study, so we do not have data about the control group's learning, although, we hypothesize that there was less focus on mathematics and more on literacy, because this is the main concern of first year teachers in Brazil.

Procedures

In august 2017, a pilot study was conducted to evaluate the applicability of the intervention program, that culminated in its second version, the one used in this study. From September to December 2017, the pre-test, intervention and post-test procedures were done. The interval between the pre-test and the intervention was one month and between the intervention and the post-test was 20-30 days.

Instruments

Counting principles task (as pre and post-test): this task was administered individually, by the researcher, in an interview format (see Table 1). The instrument was used to evaluate the construction of the counting principles by the students. It is the same task used by [START_REF] Dorneles | Princípios de Contagem: uma construção progressiva[END_REF][START_REF] Dorneles | Obstáculos cognitivos na aprendizagem matemática inicial: a contagem, as operações iniciais e os diferentes sentidos de número[END_REF]. For each principle, the students were classified into three groups: principle consolidated (Yyes); in construction (IC); not consolidated (N). Some criteria were established to classify the children in each group because some of the questions (like 2, 3 and 5) are formed by more than one query. In this case, the child's answer was classified as "Y" if he/she answered all the solicitations in each question correctly; "IC" if only one part of the question was correctly answered; "N" if the student did not answer any part of the question correctly.

Principle:

Solicitation:

Stable order

The experimenter asks the child: "until how much can you count?" and tell him or her to count out loud until the number said.

One-to-one correspondence

The experimenter shows 10 chips in a row and asks "how many chips are there?".

Then, shows 10 chips misaligned and asks "how many chips are there?". This procedure is repeated with 15 chips.

Cardinality

By the end of counting 15 items, the experimenter asks "how many are there in total?

Can you give me 10?"

Abstraction

The experimenter asks "if you were counting 15 candies, would you count the same way you counted the chips?".

Order irrelevance

The experimenter asks the child to count the 15 chips, arranged in a row, in a different order, that is, initiating by another chip. Then, the child is asked to say how many chips would remain if the row was undone. After, the experimenter asks the child to count 8 chips of the set, separating them aside, and then, to count the remaining 7 chips of the row. By the end, the child has to say how many chips there are in the total.

Table 1: Counting principles task Intervention in counting principles

In regard to the intervention, whose development is described in detail in the poster submitted to the TWG2, some guiding principles are on its bases, as the ones presented by [START_REF] Clarke | Effective instructional strategies for kindergarten and first-grade students at risk in mathematics[END_REF]: engaging children's previous knowledge , through "warming up" exercises in the beginning of the sessions to help them establish connections between previously learned contents and the new ones; promoting interactions, through the gradual responsibility of the students with their learning processes by considering their previous knowledge and the knowledge needed to complete the tasks by themselves successfully; and providing mathematical verbalizations, in a way that it was possible for the students to use specific mathematical language and have the opportunity to speak and think mathematically.

Besides those ideas, the principles established by [START_REF] Fuchs | Principles for the prevention and intervention of mathematics difficulties[END_REF] also contributed to the development of the intervention program in counting principles: fast pace, varied activities and engaging, challenge the patterns of achievement, self verbalization and visual and physical representations (primary level, to be done with whole classes); adaptations easy to adopt so the teacher can incorporate it in the class routine, adaptations that are adequate for the targeted students as well as for other students (secondary level to help children with more difficulties); focus on the student as unity for instruction and decision making, intensive instruction and explicit instruction of basic skills (tertiary level, as an individual and intensive intervention).

The intervention sessions consisted mainly in providing children with opportunities to work with and practice the counting principles, helping them to be aware of how counting works and how to do it correctly. They occurred twice a week, during two weeks, for 20-35 minutes, including the dislocation time of the children. The sessions were made with small groups (5 students maximum), in a room provided by the schools and were conducted by the researcher see table 2 below.

Guiding questions:

Tasks:

Session 1: stable order, one-to-one correspondence and cardinality.

-where do we find numbers? -what are their purpose? -how can we count? -is there a right way to count? Which one? -what can we do to know how many things there are in a set?

-observation of the room to search for numbers and their purposes; -analyses of journals and magazines to search for numbers and then ordering them; -game: "which one is missing?"

Session 2: stable order, one-to-one correspondence, cardinality and order irrelevance.

-how can we count without getting lost? -how can we know if we already counted one item? -how can we count a set that is not organized?

-demonstration of counting marbles in figures by the researcher; -demonstration of counting marbles in figures using little papers; -individual practice.

Session 3: stable order, one-to-one correspondence, cardinality, abstraction and order irrelevance.

-what can we count? -where do we begin to count?

-game board: "color game"; -game board: "two hands".

Session 4: stable order, one-to-one correspondence, cardinality, abstraction and order irrelevance.

-how can we count in our heads? -how can we organize numbers when we'll count? -how can we find out what number is without knowing its name? -bingo of numbers; -closing questions: (can you say one thing you learnt during the intervention? Which task was easy? Which task was difficult?).

Table 2: Intervention in counting principles

Results

The data analyses were made through the Z test of proportion comparison. This test was chosen because the objective was to compare two proportions: the proportion of progress of the intervention group and of the control group. The data related to the intervention result will be presented next -value=0,0138). In activity C (abstraction), the students in experimental group also got superior improving rate (25,37%) when compared to the control group (17,07%), but this improvement did not show statistical superiority (p-value=0,1093). In activity D (order irrelevance), the experimental group once again evidenced a bigger improving rate (71,62%) than the control group (43,18%), being statistically significant (p-value=0,0001).

Discussion

Both groups showed advances, which was expected, since even the children that did not participate in the intervention process were having regular instruction, and so, they were learning. The results demonstrated that the improving rates of the experimental group were superior to the rates of the control group in all principles analyzed. Besides that, in three counting principles (one-to-one correspondence, cardinality and order irrelevance) this improvement was statistically superior. This result points to the effectiveness of the intervention program focusing on counting principles with short duration (2 sessions per week during 2 weeks). Besides that, it is important to highlight that the program effectiveness can be attributed not only to the tasks, but also to the type of teaching that was offered and the principles underlying the development of the intervention.

This finding is in agreement with other intervention studies that also compared control and experimental groups. [START_REF] Fuchs | The effects of strategic counting instruction, with and without deliberate practice, on number combination skill among students with mathematics difficulties[END_REF] developed an intervention in counting practice and evidenced that the three groups of participants (experimental with practice, experimental without practice and control) improved their achievement, with the children that received some kind of intervention showing more advances than the ones in the control group.

In the same way, [START_REF] Dyson | A number sense intervention for low-income kindergartners at risk for mathematics difficulties[END_REF] indicated that students with low income participating in a intervention condition in number sense showed more improvements than the subjects of the control group in the post-test. [START_REF] Praet | Enhancing young children's arithmetic skills through non-intensive, computerised kindergarten interventions: A randomized controlled study[END_REF] also pointed to similar findings: both experimental groups in their study demonstrated better achievement than the control group after getting intervention. [START_REF] Mononen | Counting skills intervention for low-performing first graders[END_REF] conducted an intervention research on counting abilities to children with low achievement. Their results indicated that the students in the experimental group improved their counting abilities significantly in comparison to the students in the control group, after the intervention. Other authors evidenced that specific interventions, designed to small children, involving one or more aspects of number sense, are effective and promote improvements in mathematical achievement (Aragon-Mendizábal et al., 2017;Bryant et al., 2010;[START_REF] Dowker | Target interventions for children with arithmetical difficulties[END_REF][START_REF] Dyson | A number sense intervention for low-income kindergartners at risk for mathematics difficulties[END_REF][START_REF] Fuchs | The effects of strategic counting instruction, with and without deliberate practice, on number combination skill among students with mathematics difficulties[END_REF][START_REF] Mononen | Counting skills intervention for low-performing first graders[END_REF][START_REF] Praet | Enhancing young children's arithmetic skills through non-intensive, computerised kindergarten interventions: A randomized controlled study[END_REF].

Implications for education

Our findings have important implications for teaching and learning. It highlighted a fundamental aspect of mathematical learning (counting principles), how to teach them (intervention) and how to help students to participate actively in their learning processes. It is urgent to help teachers to promote pedagogical actions that support students' learning process in relation to mathematics, area in which a lot of students show difficulties. It is important to act positively in this scenario: helping both students, through the teaching of specific strategies to facilitate learning, and teachers, through encouraging their monitoring of teaching and learning mathematics.

Considering these aspects, we believe the study presented here could reached some teachers' needs.

The intervention was developed based on guiding principles that need to be incorporated into regular instruction. Besides that, the intervention program used is brief, being developed in a short period of time, and could be included in the teachers' planning of instruction. The materials used by the researcher to conduct the intervention sessions were given to all teachers participating in the study, making it possible their further use by them. The results demonstrated that even a short investment in counting principles caused improvements in the children's performance, showing that it is possible to promote significant learning through concise and quality interventions dedicated to certain content area in the pedagogical planning.

Limitations of the study

The research results described in this paper should be considered in the context of some limitations. First, the time available to conduct this research was limited due to the fact that this study is part of the masters dissertation work of one of the authors and there was a deadline for its development and conclusion. Second, the counting principles task used was selected because it is a short and practical instrument, however, we believe that a broader task could elucidate more aspects to be analyzed and discussed. Another limitation concerns the choice of statistical analysis that was conducted. It is possible that different findings would have emerged if, besides the Z-test, the study included the association of different statistical tests, which could have made it possible to reinforce or question some of the results found or even to elucidate other possible outcomes.

Conclusions

The study demonstrated improvement in the children's performance in the counting principles task, from pre to post-test, with the participants showing good advances rates. This improvement was attributed to the intervention program because the students in the experimental group showed a bigger proportion of progress than the ones in the control group, showing statistical superiority in three of the four principles analyzed. Also, it is important to highlight the duration of the intervention: it was a short investment of time specifically devoted to the work with the counting principles, with carefully planned opportunities for the students to deal with and practice counting using the principles established by [START_REF] Gelman | The Child's Understanding of Number[END_REF]. The results of this study point to the need of continuing to investigate interventions that target counting principles which consist of a fundamental knowledge to be learnt in the beginning of formal schooling.

Table 3 .

 3 The stable order were not considered in the analysis because all children had consolidated this principle.

	Principle	Group	Progress (%) p-value
		Control	29	35,37 0,0016
	One to one correspondence		
		Experimental 39	59,09
		Control	9	11,69 0,0138
	Cardinality		
		Experimental 17	26,15
		Control	14	17,07 0,1093
	Abstraction		
		Experimental 17	25,37
		Control	38	43,18 0,0001
	Order irrelevance		
		Experimental 53	71,62

Table 3 : Results of the intervention
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It's possible to observe that in activity A (one-to-one correspondence), the improving rate in the principles construction by the experimental group was of 59,09%, being statistically superior (p-value=0,0016) in relation to the control group (35,37%). In activity B (cardinality), again the experimental group demonstrated a bigger improving rate (26,15%) than the control group (11,69%), being statistically significant (p