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This paper deals with a teaching experiment concerning length measurement in kindergarten for children aged 4-5. Through a classroom-based intervention, designed according to the Semiotic Mediation theoretical framework and developed on a multimodal approach, children produce a definition of measure as product of the action "measuring", working with a chosen measurement unit. The qualitative analysis of data collected highlights the specific role of the teacher and of artifacts in supporting the process of semiotic mediation through which children transform the signs linked to artifacts (used to develop the meaning of measure) into mathematical signs (which present the results of measuring in geometrical way).

Introduction.

In the Italian National Guidelines for kindergarten (3-6 years) children are asked to acquire skill in measuring. This doesn't occur necessarily through standard tools of measuring (such as ruler, meter, balance), rather through any tools aiming to develop the meaning of measure, measurement unit and measure as product of the action "measuring". Accordingly with this perspective, I focus on the concept of length measurement, placing the teaching-learning act in the context of kindergarten. Research has shown that the understanding of space and its representations in mathematics has an intuitive experiential basis before primary school [START_REF] Bryant | Paper 5: understanding spaces and its representation in mathematics[END_REF] and that development of children's spatial skills are crucial nodes in the conceptualization of space and geometric space [START_REF] Sinclair | The more it changes, the more it becomes the same: the development of the routine of shape identification in dynamic geometry environments[END_REF][START_REF] Robotti | Geometry in kindergarten: first steps towards the definition of circumference[END_REF]. Furthermore, bodily experiences and experiences mediated by the use of tools act as a bridge between the physical modelling of space and the conceptualization of a geometric space [START_REF] Casey | Use of a storytelling context to improve girls' and boys' geometry skills in kindergarten[END_REF]. For this, I consider the multimodal approach crucial to pursue the educational aim. As far as measurement is concerned, research has long underlined that, already in pre-school age, children experience the comparison of quantities and, explicitly or implicitly, measurement [START_REF] Buys | Measurement in kindergarten 1 and 2[END_REF]. Despite this, the action of measuring and the conceptualization of measurement are not without difficulties for children. Peter [START_REF] Bryant | Paper 5: understanding spaces and its representation in mathematics[END_REF] identified some difficulties in the measurement procedure for preschool children. Let's consider, for example, the act of measuring a length. Generally, children are perfectly able to define the sequence of actions needed to measure, as well as understanding the importance of one-to-one correspondence, which is an essential part of relating measurement unit with the length to be measured. However, measuring hides pitfalls and difficulties related to the iteration that is, in fact, at the basis of the action of measuring with an instrument. If we consider, a ruler, the measurement of a linear length consists of repeated actions (measurements), just as the ruler is made up of a set of iterated measurement units such as centimeters. The iteration is necessary when the length to be measured is longer than the measurement unit. Another difficulty identified by Bryant concerns the "asymmetric" one-to-one correspondence involved in measuring a line with a ruler: the measurement units (centimeters, inches) are visible and clear on the ruler but must be imagined on the length to be measured. Thus, through body experiences according to the multimodal approach [START_REF] Arzarello | Embodiment e multimodalità nell'apprendimento della matematica[END_REF][START_REF] Radford | Beyond words[END_REF][START_REF] Nemirovsky | Three Conjectures Concerning the Relationship between body activity and Understanding Mathematics[END_REF][START_REF] Radford | Towards an embodied, cultural, and material conception of mathematics cognition[END_REF], the activities described in the following paragraphs will show how children developed the definition of measure as physical quantity, and also how they related measure with a chosen measurement unit. Moreover, I'll show how the teachers faced the difficulties highlighted by Bryant with appropriate didactic choices, designing activities through Semiotic Mediation framework [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: artefacts and signs after a Vygotskian perspective[END_REF]. With these premises in mind, I argue it makes sense that geometry could be explored much earlier and more robustly than it is at the moment (at least in Italy), already during the kindergarten years [START_REF] Robotti | Geometry in kindergarten: first steps towards the definition of circumference[END_REF].

Theoretical perspectives.

The theory of Semiotic Mediation (TSM), developed to design and analyze educational activities, is one of the theoretical frameworks of reference in this research. It provides a powerful way for teachers and researchers to study the process by which activity with artifacts (in this research with Montessori sticks) can be turned into mathematical activity (geometrical activity allowing children to develop the definition of measure). Summing up the main elements of the TSM (for more details, see Bartolini Bussi & Mariotti 2008), the teacher takes in charge two main processes: the design of activities and the functioning of activities. In the former the teacher makes appropriate choices about the artifacts to be used, the tasks to be proposed and the mathematics knowledge at stake. In the latter, the teacher monitors and manages the students' observable processes (semiotic traces), to decide how to interact with the students in order to transform signs linked to the use of artifact into mathematical signs. The students are in charge of the resolution of the task through the use of the artifact. Making this, they produce signs (objects, drawings, words, gestures, bodily movements, and so on), which are linked to the artifact and therefore they aren't yet explicitly math signs. The teacher collects all these signs, in order to organize a path for their evolution towards mathematical signs that can be put in relationship with the aimed mathematical knowledge. In this research I also refer to [START_REF] Gallese | The brain's concepts: The role of the sensory-motor system in conceptual knowledge[END_REF] theoretical approach, according to which mathematics teaching-learning processes are multimodal activities. [START_REF] Nemirovsky | Three Conjectures Concerning the Relationship between body activity and Understanding Mathematics[END_REF] states that, understanding and thinking, included mathematical thinking, are perceptuo-motor activities, which become more or less active depending of the context. This means that, exploiting perceptual-motor components, the body becomes essential in the learning processes. In this perspective, the term multimodality is used here to underline the importance and mutual coexistence of a variety of cognitive, material and perceptive modalities or resources in teaching-learning processes and, more generally, in constructing of mathematical meanings [START_REF] Radford | Beyond words[END_REF]. According to these premises, this research aiming to investigate whether and how, in kindergarten, it is possible to transform signs related to the use of unconventional measuring instruments into geometric signs supporting the definition of measure as the result of the measurement action.

Methodology and teaching experiment.

The teaching experiment took place with 15 children of kindergarten aged 4-5. Two teachers were involved during the classroom activities. Seven sessions were carried out for 4 weeks (more or less twice times a week, 1 hour each) either in the classroom or outdoor, with a careful alternation of whole-class (with adult's guidance) and pair activity. The teachers and a researcher (the author) designed the educational activities. Each session was carefully observed by one of the teacher involved, with the collection of photos, graphical productions, videos and transcripts. Iterative qualitative analysis for data subsets and overall were carried out. Due to space constraints it is not possible to report all the activities, so I'll focus on the sessions in which the production of signs was been particularly meaningful and rich.

The teaching experiment.

The teaching experiment is part of a more articulated path, where Digital Sticks (Montessori material, see Figure 1) are used. In previous activities, sticks were used to introduce different aspects of mathematics including memorizing arithmetic facts as sums of numbers up to ten (in this educational activities children named them the "friends of ten"). Children, through the use of Montessori Digital Sticks, memorized the "friends of ten". The "friends of ten" act in a way that the length of the stick 10 can be obtained summing two lengths-sticks (9+1, 8+2, 7+3,...). The experience that I'll describe in this article arose spontaneously from the children's need to identify a not colored stick having the same length as a given colored stick (stick "five", as shown in Figure 2) in order to complete "the wall of friends of ten" (in that case with 5+5, as shown in Figure 1). Children referred to "a stick as long as the colored stick five" by comparing two objects directly in length. This is a necessary skill to develop the meaning of measure, but teacher knows that it is not a form of measuring. Moreover, since children referred also to "a stick that measures like the stick five", using the word "measure" in context, teacher decides to define a new didactic objective: introducing the concept of measurement of a length. Therefore, the teacher designs the educational activity in two phases having the following aims:

Phase 1: Building and sharing among all children a definition of measure and of measuring. This allows children to construct a meaning of measurement in geometrical terms. In this phase the educational activity is performed in classroom using Montessori sticks.

Phase 2: Applying the definition of measure in situations different from those they generated that definition and defining the relationship between "measurement unit" and "measure". In this phase the educational activity is performed in outdoor, still with the use of sticks.

Phase 1.

In order to complete "the wall of friends of ten", children need another stick "five" from another series of sticks (5+5=10). Teacher provides children the "non-colored sticks" series, so they decide to superpose the non-colored stick "five" on the colored one, verifying that it is as the colored stick (Figure 2). The superposition of sticks (signs linked to artifact) allows children to access to "comparison of length" meaning (math signs) expressed in verbal sign "the stick is as long as the colored stick five". Teacher's aim is now to approach definition of length measurement as much as possible. For this, relaunching an issue introduced by Nicolò, she opens the discussion with a question: is this [non-colored stick] a stick "five" as Nicolò said?

While children begin to think of a strategy to answer question, Matilde puts the non-colored stick next to the colored one (Figure 3) and she begins to count the colored segments of the colored stick through deictic gestures.

Fig. 3: Matilde counts the colored segments of the stick next to the non-colored one

This strategy implements several counting skills: the one-to-one correspondence, with the labeling process and the splitting process correctly implemented, is clearly detectable in pointing finger step by step on blue and red color; also the cardinal principle and the stable order of the numerical sequence are detectable, due to the verbal label "five" and the stated numerical sequence [START_REF] Gelman | The child understanding of number[END_REF]. This strategy puts in acts the definition of measurement as the action of counting how many measurement units (stick "one") are in the length to be measured. At the same time, this strategy puts in evidence the result of this action: the measurement of a length as physical quantity, that is as a number with the measurement unit. Matilde said: "yes, its length is five". In this way, the signs linked to the use of artifact (deictic signs and numerals) are linked to math signs (measurement as physical quantity).

Unlike Matilde, Davide answers the question through an inference, exploiting arithmetic facts (Figure 4): Davide:

Five plus five equals ten. There are ten here [pointing the stick "ten", he refers to the measurement units]. Because here there are five [he points the colored stick "five"] then here necessarily there have to be five [he points the non-colored stick] and five plus five should make 10! Thus, if the stick "five" plus an non-colored stick are equal to 10 (stick "ten"), then the unknown measurement of non-colored stick has to be 5 (stick "five"): the equation 5 + x = 10 is solved.

Interestingly, here the measurement of the length is obtained without any action of measuring but through an arithmetical inference. The gestures evoke signs linked to artifact through which arithmetic fact 5+5=10 is recovered.

Afterwards, children are asked to measure non-colored sticks through colored sticks. This means teacher asks children to apply the definition of measurement shared by the class. Gabriele points the sticks "one" which compose two staircases, one of colored sticks and the other one of non-colored sticks, and says:

Gabriele: you see, the first two steps are the same Alessandro: if they are the same, they start the same and they end the same [they have the same length] Teacher:

ok, but... do you also know their measurements?

In this excerpt the comparison of lengths is present yet as dominant concept. Therefore, teacher shifts the focus on the measurement. Alessandro and Ilaria take into account the non-colored stick "three" and they measure it (Figure 5) making explicit the meaning of "measurement of a length" and of "act of measuring" as follows:

Ilaria: I can put one after the other [the colored stick "one" as measurement unit] and I see that the non-colored one is like three of colored sticks [action of measuring]. Alessandro: so, we can see what the measurement [of the non-colored stick] is: it's 3 sticks "one" [measure]. Note that Ilaria defines the action of measuring in terms of "seeing how many times the chosen measurement unit [stick "one"] is in the given length" and this corresponds to the shared definition by all children involved in the activity. Instead, Alessandro defines the measurement in terms of the result of this action, that is a physical quantity (3 measurement units, 3 stick "one"). Thus, the use of Montessori sticks promotes the measurement as repeated process in "posing measurement unit", giving sense to the measuring action and overcoming difficulties underlined by Bryant.

Phase 2.

In order the definition of measure becomes an "operational knowledge" and it falls within of the competences (that is a knowledge in act in other situations/contexts), the teacher asks children "measuring what they want" in the school garden, using Montessori sticks. This is why the children leave the classroom and chose to measure the side of an anti-shock mat about 3m long, placed under the swings in the school garden (Figure 6). Interestingly, children choose different measurement units. Children work in pairs: one child places one of the end of the unit-stick on the edge of the mat, the other child tracks, with his/her finger, the other end of the unit-stick, which will become the new starting point where placing the unit-stick. This repeated action allows children to cover the entire length of the side of the mat in n times the unit (iterated process). Note that, posing unit-stick one after another one is a repeated action that allows children to objectify the definition of measurement.

In other words, this action, which is a sign linked to the use of the artifact, became mathematical sign in the verbalization of the obtained measurements. As matter of fact, the children find that the stick "one" is 29 times into the side of the mat (we consider a certain measurement error due to the approximation of measuring action), the stick "two" is 14 times into the side of the mat, while the stick "ten" is 3 times into the side of the mat. The following excerpt of discussion is representative of these results:

Teacher: ok guys, how many did you had with the stick "one"? Alessia: 29 Teacher:

ok, and with the stick "two"? Alessandro: 14 Teacher:

and… with the big one, the stick "ten"? Gabriele:

only 3, 3 times Teacher: but... why do the measures change so much? Alessandro: because the unit-stick change: one was bigger and the others smaller […] Gabriele:

[…] [the measure] it's larger if the stick unit [the measurement unit] is small, [the measure] it's smaller if the stick [the measurement unit] is large

It should be noted that teacher starts a discussion to highlight the relationship between the measurement unit and the measurement obtained in order to link the signs linked to the artifact (how many sticks) to math signs (measurements of the length). In fact, she asks why the measurements of the mat changes. Alessandro recognized a link between the measurement unit chosen and the measurement obtained, and Gabriele makes this relationship explicit in terms of inverse proportionality. The comparison among different measurements of same length reinforces the idea that measurement is a physical quantity (with a measurement unit of length).

Discussion and conclusion.

Different signs related to the use of Montessori sticks and the transformation of them into geometrical signs through the teacher's mediation, allowed children to develop the meaning of measure and the measure definition in relation with the chosen measurement unit. In order to reach this aim, and to overcome difficulties underlined by Bryant, perception and bodily experiences seem to play a key role in this teaching experiment. In particular, the use of Montessori sticks seems promoting the measurement as repeated process in "posing measurement unit", giving sense to the measuring action.

As matter of fact, the physical, repetitive movement of positioning the measurement unit associated to the enumeration support the construction of the meaning of measurement as a physical quantity (i.e. n times the chosen measurement unit). This could reasonably facilitate the reading of the measurement on the ruler in the future (helping students to give meaning to the reiterated process that allows reading the length measurement on the ruler itself). At the same time, the one-to-one correspondence involved in measurement of a length with the Montessori sticks, overcomes the difficulty linked to the asymmetry of the ruler instrument: the measurement unit (the chosen unitstick) must be physically superposed n times on the length to be measured. No ambiguity, therefore, linked to the need to imagine each measurement unit on the ruler (centimeters) on the length to be measured.
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 1 Fig. 1: The not colored stick is placed next to the stick "five" to complete "the wall of friends of ten"
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 4 Fig. 4: Divide's gestures show the known part -the stick "five", that corresponds to 5 units-(Figure on the left) of a known whole -the stick "ten", that is 10 units-(Figure on the right)
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 5 Fig. 5: Alessandro measures the stick "three" with 3 sticks "one" as measurement unit
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 6 Fig. 6: Children measure the length of the side of the anti-shock mat through different measurement units (stick "one", image on the left, stick "two", central image, stick "ten" image on the right)