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Middle school students' employments of gestural signs: A case study
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In this research study, we investigated how middle school students created 3-dimensional objects from 2-dimensional figures using an extrusion method. In a summer enrichment program, students used manipulatives and a dynamic geometry program (Cabri 3D). We identified students' strategies for forming 3-dimensional objects with a focus on their gestural signs. The results demonstrated that they most often employed dynamic-pointwise and dynamic-objectwise gestures to demonstrate the lateral faces or edges of 3-dimensional objects. Also, students linked their gestural signs and the Segment tool of Cabri 3D to indicate their reasoning.

Introduction

Gestural signs are important to understand how students make sense of mathematical problems [START_REF] Arzarello | Semiosis as a multimodal process[END_REF][START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF][START_REF] Radford | Why do gestures matter? Sensuous cognition and the palpability of mathematical meanings[END_REF]. Signs (e.g., verbal or oral texts) are characterized as "something which stands to somebody for something in some respect or capacity" (Pierce 1932;2.228). Also, students produce signs using an artifact such as manipulatives. Bartolini Bussi and [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF] refer to signs that are produced using an artifact or any action related to the use of it as artifact signs. Students reason about tasks with the use of an artifact and exploit mathematical signs (e.g., mathematical definitions, proofs). Research studies address that students link artifact and mathematical signs employing gestures [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF][START_REF] Maschietto | Working with artefacts: gestures, drawings and speech in the construction of the mathematical meaning of the visual pyramid[END_REF]. Gestures that are interwoven with other sets of signs facilitate mathematical communication between students [START_REF] Arzarello | Gestures as semiotic resources in the mathematics classroom[END_REF][START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF][START_REF] Radford | The question of method in a Vygotskian semiotic approach[END_REF]. In the current study, with a focus on students' gestural signs, our research question is: "In what ways do middle school students relate the features of 2-dimensional figures and 3-dimensional solids that are created using an extrusion method?"

Theoretical framework: Semiotic mediation

Semiotic mediation "sees knowledge-construction as a consequence of instrumented activity where signs emerge and evolve within social interaction" (Mariotti, 2009, p.428). In a cultural learning environment, students use an artifact or a set of artifacts during a semiotic activity, so a piece of mathematical knowledge is mediated. The teacher is aware of the affordances (and constraints) of the artifact and assists students in using the artifact as a tool of semiotic mediation. In other words, students produce artifact and mathematical signs (or hybrid signs), so personal signs transformed into the mathematics culture's signs [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF].

A student may exploit personal signs that may be unclear for others. Having the role of cultural mediator, such signs become meaningful for others under the teacher's supervision. For example, Thematic Working Group 24 Proceedings of CERME10 [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF] addressed that a preschooler used a non-existing Italian word "quadratizzato" referring to the movement of a programmable robot that made turns in a circular motion. The researchers translated it into English with another non-existing word as "squarized O." They identified children's and a student teacher's turning gesture and spiral arrows with reference to the word "quadratizzato." The personal sign linked artifact and mathematical signs, and became a meaningful sign in the mathematics culture. The researchers characterized it as a pivot sign.

Pivot signs "may refer both to the activity with the artifact; in particular they may refer to specific instrumented actions, but also to natural language, and to the mathematical domain" (Bartolini Bussi & Mariotti, 2008, p. 757). They link artifact and mathematical signs or an artifact/mathematical sign may become a pivot sign [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF][START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF]. Suppose a student is given a rectangular card and asked to draw the container he should order to hold the stack of the identical rectangular cards until it reaches a certain height. The student may produce a mathematical sign and draw a rectangular prism denoting its edge lengths. On the other hand, he may illustrate the stack of objects and draw a deck of rectangular cards (pivot signs). The deck of cards links the rectangular cards (artifact signs) and the rectangular prism (mathematical sign).

Research studies demonstrated that students' gestural signs were intertwined with other sets of signs such as verbal signs [START_REF] Radford | The question of method in a Vygotskian semiotic approach[END_REF][START_REF] Sabena | On the semiotics of gestures[END_REF]. For example, [START_REF] Sabena | On the semiotics of gestures[END_REF] characterized high school students' production of signs while they were engaged in tasks about derivative of functions. Sabena found that students emphasized the dynamic character of derivatives employing gestural signs with other sets of signs. Also, previous research indicated that students' gestural signs linked artifact and mathematical signs [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF][START_REF] Maschietto | Working with artefacts: gestures, drawings and speech in the construction of the mathematical meaning of the visual pyramid[END_REF]. [START_REF] Bartolini Bussi | Early approach to theoretical thinking: Gears in primary school[END_REF] characterized the geneses of students' gestures as pointwise or global (objectwise) with a focus on artifacts (gears) students used. [START_REF] Maschietto | Designing a duo of material and digital artifacts: the pascaline and Cabri Elem e-books in primary school mathematics[END_REF] addressed that artifacts created for the same mathematical topic resulted in exploiting different signs. Primary school students were given to a hands-on tool (gear train of five wheels) and its digital counterpart for learning the place values of numbers. Students employed different gestural signs with the use of each artifact because they had different semiotic potentials. For example, students employed gestures to start the turning mechanism of the wheels using the hands-on tool and denoted these gestures in their written texts. The decimal values were explored in the counterpart digital artifact by mouse clicks. So, using a set of artifacts gives students an opportunity for mathematical learning.

Methods

The research design was a case study in which the data were collected from a bounded systema summer enrichment program that took place in a state in the southeastern United States [START_REF] Stake | The art of case study research[END_REF]. The unit of analysis was semiotic activities. The participants of this research study were selected from a group of rising seventh and eighth grade students (three boys, five girls) attending a summer enrichment program that aimed at promoting students' thinking in different STEM (Science, Technology, Engineering and Mathematics) areas. A five-day instructional unit was planned. Eight middle school students (three rising seventh grade students, five rising eighth grade students) participated in the research study. Their ages ranged from twelve to fourteen.

On the first day of the program, students were given a spatial ability test and an open-ended survey that indicated their experience with geometry, computers, games, etc. The participants were characterized by these instruments and students with different spatial abilities were paired up. On the second and third days of the program, students created 3-dimensional objects from 2-dimensional figures using an extrusion method (e.g., stacking identical circular cards on top of each other and forming a cylinder). Students were given worksheets and they answered the questions in pairs. In the semiotic activities, they were asked to identify containers (3-dimensional objects) that would hold the stack of identical objects or objects decreasing in size (e.g., coins with a different radius). They used manipulatives and a dynamic geometry program, Cabri 3D. Students were provided pre-image and image figures in pre-constructed Cabri 3D sketches and manipulatives. They were asked to drag objects in Cabri 3D sketches and make an observation. Afterwards, they identified the resultant 3dimensional objects for holding the stack of 2-dimensional figures. Students formed right and oblique prisms, cylinders, pyramids and cones.

Prior to the summer enrichment program, a pilot study was conducted. Students were allowed to use the Trajectory tool of Cabri 3D that allowed tracing points and objects. However, at times, they traced the objects and Cabri 3D showed the answer. Based on the feedback from the pilot study the Trajectory tool was disabled from the menu bar. However, the teacher activated the Trajectory tool on his computer that was hooked up the projector during he generated a whole-class discussion.

Data included videorecordings of four dyads during each class session including whole class discussions, and students' written and oral responses to the tasks. Also, a program that recorded the computer screen when students used Cabri 3D was used. The researchers watched the videos of students while they worked on the semiotic activities in groups. Their computer screen recordings were watched synchronously. Some screenshots and students' gestures were inserted into the verbatim transcripts.

We focused on students' written/oral responses to semiotic activities and their use of artifacts (manipulatives and Cabri 3D). Students' artifact, pivot and mathematical signs were identified. In the current research study, we analyzed students' strategies for forming 3-dimensional objects from 2dimensional figures with a focus on their gestures. Students' gestural signs were categorized as static and dynamic taking into account how they were employed. If students' static or dynamic gesture signified an object, it was identified as objectwise. If the gesture stood for a point or a set of points, then we categorized it as pointwise gesture. Four gestural signs were identified: objectwise -dynamic, objectwise -static, pointwise -dynamic, and pointwise -static.

Results

We identified students' strategies for forming 3-dimensional objects from 2-dimensional figures with a focus on their gestural signs. Students' gestures that linked artifact and mathematical signs were characterized as pivot signs. Also, students produced other sets of signs that were characterized as pivot signs (e.g., graphical signs, verbal signs). However, we give students' strategies in which gestural signs were characterized. Some students suggested 3-dimensional objects (containers) that allowed no extra space and focused on the exact fit. Students employed objectwise-dynamic gestures to demonstrate lateral surfaces of solids. For example, Charlotte emphasized that the container for identical triangular cards would be a triangular prism. She employed an objectwise-dynamic gesture as shown in Figure 1 andsaid: Charlotte: …because the prism is gonna come around the edges of the triangles. Vince: For this one, I was trying to figure out so if it isit is coming-it is going like that (makes an objectwise-static gesture as shown in Figure 2). As it decreases it's going like this, it's going like that. Do you see? It's going inward like that. Students connected the geometric shape on the bottom and top in the given artifact producing a gestural sign. They most often made a pointwise-dynamic gesture and connected the pre-image and image points. For example, Sloane identified the resultant object for holding the stack of identical circles employing a pointwise-dynamic gesture. She posited:

Sloane:

Because there is a circle on the top and the bottom and that makes a cylinder.

Because there is like a straight line right here kinda (Figure 3). Students' gestural signs resulted in using the Segment tool of Cabri 3D. On the one hand, some students connected pre-image and image points using the Segment tool to demonstrate their thinking (e.g., Figure 5). On the other hand, with the prompt of the teacher, some students used the Segment tool and connected pre-image and image points to demonstrate the 3-dimensional objects. During the whole-class discussion, the teacher exploited the semiotic potentials of Cabri 3D. For example, he activated the Trajectory tool and described the 3-dimensional as a collection of twodimensional objects (Figure 6). He made a stacking action employing an objectwise-dynamic gesture to demonstrate the extrusion (Figures 6). Some students used a metaphor and referred to a real-life object or entity to describe the shape of the 3-dimensional objects for holding the stack of 2-dimensional figures. For example, Vince made a connection between the given artifact and a daily life object with which he was familiar. He used a metaphor and made a pointwise-dynamic gesture to denote a CD container. He posited:

Vince: Like a CD. Do you have like a… It's kind of a thing when you… It's like a plastic you put on CD's and you put a nob to stack all the CD's. It's like that."

We identified objectwise-static gestures during students demonstrated the top and bottom of geometric objects or a cone/rectangular pyramid. On the other hand, students most often employed objectwise/pointwise-dynamic gestures. Their gestures signified the lateral faces or edges of 3dimensional objects.

The aforementioned strategies were not disjointed from each other. We identified that students (during group work or whole-class discussion) used multiple strategies to support their claims. For example, Sloane and Stan had difficulty naming 3-dimensional objects. The researcher having the role of cultural mediator handed the artifact to them and elicited their thinking about the resultant 3dimensional object for holding the stack of identical triangular cards. Sloane said:

Sloane: Just imagine there are a bunch of triangles in the middle. And then it'd be like (she makes a gesture as shown in Figure 7). It'd have like a longer length on the outside probably be slanted but I don't know… I don't know. It's kind of like a roof to a house. And, I think it would be like a 3D trapezoid. That's kind of how I see it. Sloane thought of the 3-dimensional object as a collection of 2-dimensional figures. Then, she produced a pivot sign making a pointwise-dynamic gesture and connected the vertices of the top and bottom triangles. After her gesture, she used a "roof to a house" metaphor to describe the 3dimensional object (triangular prism). She had difficulty naming the object and called the resultant object a 3-dimensional trapezoid producing an invented signifier. In her reasoning, Sloane used three strategies: focusing on the collection of figures, connecting pre-image and image figures, and using a metaphor. A pointwise-dynamic gesture was employed during she connected pre-image and image figures.

Discussion and implications

In the current study, we identified students' strategies for forming 3-dimensional objects from 2dimensional figures producing gestural signs. [START_REF] Arzarello | Gestures as semiotic resources in the mathematics classroom[END_REF][START_REF] Radford | Why do gestures matter? Sensuous cognition and the palpability of mathematical meanings[END_REF][START_REF] Radford | The question of method in a Vygotskian semiotic approach[END_REF][START_REF] Sabena | On the semiotics of gestures[END_REF]. Gestures facilitate communication, in particular when students produce an invented signifier [START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF].

Students' strategies for forming 3-dimensional objects were associated with each other. When students reasoned about the extrusion activities, they used multiple strategies and defended their conjectures about the resultant 3-dimensional objects. Students used the Segment tool of Cabri 3D and connected pre-image and image points to demonstrate 3-dimensional objects. On the other hand, some students used the Segment tool with the prompt of the teacher. Students should be given an opportunity to interact with an artifact in a longer period, so they become more comfortable using it and exploit mathematical knowledge.

In Cabri 3D, when a transformation is made, one can see initial objects/points (pre-image) and transformed points/objects (image). We enabled students to see pre-image and image figures in preconstructed sketches and hands-on tools. New research may demonstrate how students' approaches may differ if they are not provided pre-image figures to identify 3-dimensional objects using an extrusion method.

We were unable to built hands-on tools in which rectangles/circles decrease in size to demonstrate a rectangular pyramid and cone. Students most often used Cabri 3D and changed the height of objects during semiotic activities. They interpreted artifact signs and produced mathematical signs. However, students most often exploited gestural signs during they used hands-on tools. As Maschietto and Soury-Lavergne (2013) emphasize, counterpart artifacts lead to a co-emerging of signs and using a variety of artifacts that have different semiotic potentials gives students an opportunity for mathematical learning.

Figure 1 :

 1 Figure 1: Charlotte makes an objectwise-dynamic gesture to denote the triangular prism Some students focused on geometric objects in the artifact and suggested solids based on how the geometric shapes were stacked on top of each other. They interpreted artifact signs and employed static or dynamic gestures to indicate the resultant 3-dimensional objects and focused on the parts of the given artifact. For example, Vince had difficulty identifying the container (rectangular pyramid) for rectangular cards decreasing in size. He kept the height almost in the middle and positioned the rectangle. Afterwards, he employed an objectwise-static gesture to demonstrate the container as shown in Figure 3. He said:

Figure 2 :

 2 Figure 2: Vince makes an objectwise-static gesture to demonstrate the rectangles decreasing in size

Figure 3 :

 3 Figure 3: Sloane makes a pointwise-dynamic gesture to denote a cylinder On the other hand, some students made hybrid or objectwise-dynamic gestures to demonstrate the 3-dimensional objects. Virginia denoted the top and bottom of the cylinder with a staticobjectwise gesture. Then, she made an objectwise-dynamic gesture and demonstrated the lateral faces of the cylinder as shown in Figure 4. She said: Virginia: Because basically the same reason as the triangular one (triangular prism). If you place a figure on the top and the bottom, and you connect them, you would create a cylinder (Figure 4), which is basically just a 3-dimensional flat version.

Figure 4 :

 4 Figure 4: Virginia's objectwise-dynamic gesture for denoting the lateral faces of a cylinder

Figure 5 .

 5 Figure 5. Vince connects pre-image and image points

  He said: "continuously, I am adding more and more [triangular cards], right?" and emphasized the continuous motion of stacking the figures on top of each other.

Figure 6 .

 6 Figure 6. The teacher activates the Trajectory tool of Cabri 3D and makes a stacking action

Figure 7 .

 7 Figure 7. Sloane makes a pointwise-dynamic gesture to denote a triangular prism

  Students employed gestures frequently to demonstrate extrusion of objects. Similar to what Bartolini[START_REF] Bartolini Bussi | Early approach to theoretical thinking: Gears in primary school[END_REF] found, students made objectwise/pointwise and dynamic/static gestures. Students' gestures linked artifact and mathematical signs, and were characterized as pivot signs. Similarly, Bartolini Bussi and Baccaglini-Frank (2015) identified gestural signs that linked artifact and mathematical signs. Students' gestural signs were intertwined with other sets of signs such as metaphors. For example, students produced gestural signs and a used a metaphor when they had difficulty naming an object. Researchers found that gestures facilitated communication between students and teachers[START_REF] Bartolini Bussi | Geometry in early years: sowing seeds for a mathematical definition of squares and rectangles[END_REF] 
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