Angel Mizzi 
email: angel.mizzi@uni-due.de
  
On the nature of spatial metaphors: Dimensions of spatial metaphors and their use among fifth graders

Keywords: Language, metaphors, spatial ability, geometry

This paper reports on a study about the use of spatial metaphors among students solving spatial tasks. The aim is to describe the nature of spatial metaphors and analyze the use of spatial metaphors under consideration of other factors, such as students' language proficiency and spatial ability. Sixteen fifth grade students, chosen according to a theoretical sampling, were required to describe to other students how to build a pre-designed spatial object made up of building cubes. The data was analyzed and different dimensions of spatial metaphors were identified and described. Whereas the overall frequency of use of metaphors in spatial discourse does not differ substantially among different groups of students, findings show that the use of spatial metaphors might differ if one analyzes the functions and the conceptions of the underlying metaphors.

Introduction

Metaphors and their role in shaping the teaching of mathematics has been an area of research in the domain of language and mathematics education for a long time (e.g. [START_REF] Lakoff | Where mathematics comes from. How the embodied mind brings mathematics into being[END_REF]. Further research is required to show the individual use of metaphors among students learning mathematics. The aim of this paper is to show the nature and diversity of spatial metaphors by describing and illustrating the different dimensions involved when students use spatial metaphors to verbalize their spatial thinking. The use of the spatial metaphors among different students chosen according to background factors (language proficiency and spatial ability) will also be an object of discussion in this paper. Hence, the research questions of this paper are as follow:

1. What are the different dimensions of metaphors used by students in their spatial discourse? 2. Does the use of spatial metaphors differ significantly among students with different background factors (language proficiency and spatial ability)?

Theoretical considerations Language in mathematics classroom

Several researchers of language in mathematics education have pointed out the different planes of language which co-occur in the learning and teaching of mathematics. A bi-planar model about the use of language has been developed by [START_REF] Cummins | Language, power and pedagogy: Bilingual children in the crossfire[END_REF], who differs between Basic Interpersonal Communication Skills (BICS) and Cognitive Academic Language Proficiency (CALP). BICS describes the use of language in everyday-life context, for instance, in order to communicate with friends or family. In contrast, CALP refers to the language used for academic purposes, which includes a more complex syntax and specific vocabulary, used to describe abstract ideas, such as mathematical concepts. There are no clear-cut boundaries between BICS and CALP, since both can influence each other. Hence, both planes should be visualized as a continuum of language in the mathematics classroom, rather than as separate entities.

Metaphors

Metaphors play an important role in constructing mathematical discourse and are present in the language of mathematics. [START_REF] Lakoff | Where mathematics comes from. How the embodied mind brings mathematics into being[END_REF] use the term conceptual metaphors, which are metaphors used to understand abstract ideas by referring to concrete objects or experiences. In their notion of metaphors, properties are transferred from the source object to a target object. If one considers the metaphor "container", which is an object of everyday use, it can also be used to describe the notion of class in mathematical language. Therefore, certain characteristics are transferred from the source ("container") to the target domain ("class") [START_REF] Lakoff | Where mathematics comes from. How the embodied mind brings mathematics into being[END_REF].

Spatial ability and spatial language

Along with language proficiency, spatial ability is another factor which plays an important role in mathematics performance [START_REF] Büchter | Zur Erforschung von Mathematikleistung: theoretische Studie und empirische Untersuchung des Einflussfaktors Raumvorstellung[END_REF]. From a psychological perspective, spatial ability or knowledge is considered to include all abilities needed to navigate through space, visualize objects from different angles, and recognize space and spatial characteristics and other abilities needed to solve spatial tasks [START_REF] Gardner | Multiple intelligences: New Horizons[END_REF]. The solving of spatial tasks requires several cognitive processes, such as perception of figure and ground, which is the ability to identify a figure in space, spatial relations, which is the ability of identifying the spatial relation between two spatial objects, and position in space, which deals with the identification of the object's position in space under consideration of one's own body [START_REF] Maier | Räumliches Vorstellungsvermögen Ein theoretischer Abriß des Phänomens räumliches Vorstellungsvermögen[END_REF].

From a mathematics education perspective, spatial ability is incorporated in geometry teaching and is considered an important domain for successful acquisition of geometrical understanding. This is the case in [START_REF] Pinkernell | Räumliches Vorstellungsvermögen im Geometrieunterricht. Eine didaktische Analyse mit Fallstudien[END_REF] spatial ability model, which consists of three main categories of abilities which play a major role in solving spatial tasks: spatial-visual operations, which concerns mental and real actions performed on spatial objects, geometrical thinking, which refers to the abilities of recognizing and describing spatial objects by referring to their geometrical properties, and visual abilities, which includes the abilities of constructing different forms of representations of spatial objects and being able to interpret them in space.

When analyzing the notion of spatial language and the different ways of representing spatial objects, [START_REF] Mizzi | An empirical study of the use of metaphors to describe spatial-geometrical configurations[END_REF] states that spatial metaphors play an important role in shaping students' language when describing the construction of spatial objects. Spatial language can be described as the language required for talking about spatial objects and their underlying spatial characteristics. An analysis of spatial language can reveal more about the students' spatial thinking and their spatial concept images [START_REF] Landau | What' and 'where' in spatial language and spatial cognition[END_REF]. (1991) states that mathematical concepts have a dual naturethe structural and the operational conceptions. In the former, a mathematical concept is treated as an abstract object and is mostly likely to be conceived as a static entity. In the operational conception, the individual "speaks about processes, algorithms, and actions rather than about the objects" (Sfard, 1991, p. 4). Hence, mathematical objects can be perceived as objects with static properties, which should be denoted as static conception, or as a sequence of actions on the mathematical object, denoted as dynamic conception. An integration of both conceptions is considered to be important for concept formation in learning and teaching of mathematics.

Conceptions of mathematical notions

Sfard

Methodology

Task design

In order to analyze spatial metaphors, a method is needed to investigate the interplay between language and spatial abilities, and to allow the verbalization of students' spatial thinking. The reconstruction method, a data collection method in which two or more learners seated in a back-toback position communicate with each other to solve a task using learning manipulatives, was chosen. In this data collection method, one learner (the describer) is given a spatial object, designed by the researcher and he/she must describe to the second learner (the builder) how to build the same object, as in the following student instructions given by the researcher:

In this experiment you [the describer] will be given an object made up of these building blocks, which can be put together. You must give him/her [the builder] instructions on how to build this object, so that he/she [the builder] can reconstruct the same object. The colour of the building blocks is not important and whilst you [the describer] are describing you can also touch and move the object as you like, but the object structure needs to remain unchanged. At the end, the objects' structure must be identical.

The above spatial task and instruction required an appropriate spatial object which should be described by the describer. In order to possibly obtain as many metaphors as possible, two spatial objects were used in the study. The criteria for spatial object design included three-dimensionality (a requirement to describe along three dimensions), breakdown (different possibilities of breaking down the object) and specific spatial relations between parts of the object. Both objects consisted of building cubes (see Figure 1 and Figure 2), which were provided for the builder to build the described object.

Data collection and analysis

Thirty-two students attending the fifth grade were chosen to participate in this study. In order to consider different factors which might play a role in solving the task, a theoretical sampling was used for choosing the describing students based on two dichotomies (since the describers are considered to be the ones mostly contributing to the spatial discourse in the underlying spatial task): high vs. low language proficiency (LP+/LP-) and high vs. low spatial knowledge (SK+/SK-). The students' language proficiency and their spatial knowledge were assessed using C-Tests and Penciland-Paper tests [START_REF] Büchter | Zur Erforschung von Mathematikleistung: theoretische Studie und empirische Untersuchung des Einflussfaktors Raumvorstellung[END_REF], respectively. These dichotomies were established after considering which factors could possibly influence the solving of spatial tasks, which created four sample groups, each consisting of four describers, as illustrated in Table 1.

LP+ LP-

SK+

Group 1 (four students) Group 3 (four students)

SK-

Group 2 (four students) Group 4 (four students) Sixteen other students were chosen to act as builders for the sixteen describers chosen according to the theoretical sampling. The describers were given the first spatial object (Figure 1) and the instructions were given by the researcher. The task was repeated by using the second spatial object (Figure 2). The students were video recorded and their discourses were transcribed for the data analysis. Based on an interpretative qualitative approach, the collected data was analyzed to establish categories for metaphors based on the theoretical considerations about language and spatial abilities. The frequency of the metaphors identified in the spatial description of both spatial objects was analyzed in terms of the students' language proficiency and spatial knowledge.

Results and discussion

About the nature of spatial metaphors Spatial metaphors can be described as metaphors in terms of [START_REF] Lakoff | Where mathematics comes from. How the embodied mind brings mathematics into being[END_REF], whereby target objects are spatial objects. The spatial metaphors used among students to describe the spatial objects in the reconstruction method can be characterized by three dimensions: the linguistic, the spatial and the conceptional. In the linguistic dimension, spatial metaphors are characterized by the use of everyday (E), letter-based (L) or mathematical (M) language. Everyday language denotes the use of language from everyday situations (based on BICS). Letter-based language is the use of symbols or letters from written language in spatial discourse. Mathematical language denotes the use of mathematical terms or concepts in spatial discourse, which are more likely to be acquired in mathematics classroom (based on CALP). Again, these three categories should not be considered as entirely separate, but rather as a movement along a continuum with two poles from "concrete" to "abstract" (E -L -M respectively) and vice versa (M -L -E).

The spatial dimension of spatial metaphors involves the function which the metaphors serves from a spatial content perspective. The functions are: structure (ST), spatial position (SP) and spatial relations (SR). In the third dimension, conceptional, the spatial metaphors can either be of a static (S) or of a dynamic (D) nature regarding the conception of spatial objects. In Figure 3 spatial metaphors and their dimensions are represented in a three-dimensional coordinate system. In the following, I will give some examples of spatial metaphors which can be represented as different points in the coordinate system visualized in Figure 3. Consider the following transcript of a student during his/her description of spatial object I:

Student A: "Do an L only with one, two, three, four, (…), six pieces. (…) And then do again one, two, (…), five, do five again, so that it looks like an L".

The spatial metaphor 'L' used by student A can be categorized as letter-based on the linguistic dimension of spatial metaphors, because the properties of a capital letter in the Latin alphabet (source domain) are transferred to the spatial object (target domain) (however, Student A does not mention "capital" in the reconstruction method). If one thinks of the distinction between everyday language and mathematical language as a continuum in terms of abstraction and of specific knowledge acquisition, the use of symbols from written language could conceivably be located in between, because symbols represent abstract thinking in terms of lines and distances between them, which are, nevertheless, used in everyday life. From a spatial meaning perspective, Student A uses the spatial metaphor to describe the structure of internal parts of the spatial object and can therefore be assigned to the rather static conception of the object in terms of the conceptional dimension. Therefore, Student A's spatial metaphor 'L' can be assigned to the vertex (L, ST, S) in Figure 3. A more explicit trigger of use of letter-based spatial metaphor ('H') is given by the structure of spatial object II, which has proven students' strong emphasis on spatial metaphors for describing spatial objects rather than on other spatial-geometrical characteristics, such as dimensions etc.

The following transcript excerpt shows another example of the use of spatial metaphors when describing spatial object I:

Student B: "And now do three steps at the other staircase which you have done. Place it in a way in front of you as if you would walk up (…) and then (…) and now take the other stairs which you have done now, and set it in the most front (…) in a way as if you would walk up at the front and then go down again the other staircase".

The first spatial metaphor used by Student B is 'staircase' and can be assigned to the everyday language to describe the structure of the spatial object and to the static conceptional dimension (E, ST, S). The next spatial metaphor used by Student B is 'walking up or down on the stairs', which is used to rather describe the spatial position of the object, so in which position the 'staircase' is in space under consideration of the subject's own body. In contrast to spatial metaphor 'staircase', the student includes his body in the description to perform an imaginary action on the spatial object.

Since the spatial metaphor of 'walking up and down on the object' consists of actions and processes, this metaphor can be described as having a dynamic conception, hence it can be assigned to the vertex (E, SP, D) in Figure 3.

Another example of a spatial metaphor coded from the mathematical language in the linguistic dimension can be observed in the following transcript excerpt:

Student C: "At the right. And then make this one to the foursome like a triangle to it (…)".

In the above utterances, Student C uses the spatial metaphor 'triangle', which conceivably originates from mathematical language, to describe spatial object I. Student C states that an internal part of the spatial object should be linked to another (the foursome) like a triangle, which indicates that the spatial metaphor 'triangle' primarily describes the spatial relation between both parts. The student seems to refer to a type of triangle (right-angled triangle), using its properties to describe the spatial relation between the two internal parts of spatial object I. Since the spatial relation of the two objects is rather fixed in this context, this particular spatial metaphor 'triangle' can be assigned to the vertex (M, SR, S). More examples of spatial metaphors can be found in [START_REF] Mizzi | An empirical study of the use of metaphors to describe spatial-geometrical configurations[END_REF].

Use of spatial metaphors in spatial discourse

Spatial metaphors are characteristic elements of spatial language and they are used very frequently among students in description of spatial objects, as can be observed in Figure 4. At a first glance on Figure 4, one can see that the use of spatial metaphors in the students' discourse has the largest variation among the four students in Group 4. However, on average (represented by the squared light grey dots in Figure 4), spatial metaphors tend to be used on average in approximately 36 % to 40 % of the total phrases of the spatial discourse by the students regardless of their assigned group. So the general use of spatial metaphors among the students do not differ significantly among the different four groups.

Use of language and spatial metaphors in students' spatial discourse

The type of language used in spatial metaphors by students is worth looking at. The underlying hypothesis is that the use of the linguistic dimension of spatial metaphors differs among students with different language proficiency. Students with high language proficiency may use more spatial metaphors, since they may have more vocabulary (in mathematical language) at their disposal. Figure 5 presents the different uses of language in spatial metaphors among students with low and high language proficiency. It shows that students with high language proficiency use slightly more spatial metaphors from everyday and mathematical language, and slightly less letter-based spatial metaphors than students with low language proficiency.

Functions of spatial metaphors in students' spatial discourse

The next step is to analyze the functions of the used spatial metaphors among the different students.

Figure 6 shows the number of spatial metaphors used in relation to the average students' total number of phrases by their spatial functions: ST, SP, and SR. According to Figure 6, most of the spatial metaphors were commonly used to describe the structure of the spatial objects. On average, every metaphor with ST-function occurs in at least every third phrase of the student's discourse. Students in Group 4 relatively used relatively less spatial metaphors to describe the spatial position of spatial objects. Moreover, one can notice the relatively higher use of spatial metaphors with SP function in comparison to SR, especially among students with high spatial knowledge (students in Groups 1 and 3). In contrast, spatial metaphors with SR function were very rare and if used they tend only to describe the spatial relations between two object parts after breaking down the spatial object in the description.

Conceptions of spatial metaphors in students' spatial discourse

Consider the conceptions of the spatial metaphors used by the students, which were based on the theoretical framework of Sfard (1999). It is worth mentioning that although most utterances were action-based and therefore of a dynamic nature, spatial metaphors were analyzed as distinctive elements conveying an idea which is either of static or dynamic nature. The former tends to be more property defining or transferring, whereas the latter entails a movement in the spatial metaphor itself. Considering the conceptional nature of spatial metaphors used by the participants, one can conclude that most of the spatial metaphors used are predominantly static in nature, regardless of the two dichotomies in the theoretical sampling. The high occurrences of static and the low occurrences of dynamic spatial metaphors seem to be linked to the function of the underlying metaphors. Since most of the students used spatial metaphors to describe the structure of the spatial object (see Figure 6), the corresponding nature was static. Whereas, if more spatial metaphors were used to describe the spatial position of the spatial object, then there is a higher tendency of the spatial metaphor being dynamic. However, this does not imply that all the spatial metaphors of S and SP function are static or dynamic respectively, as the following transcript excerpt of Student D describing object I shows.

Student D: "At first it not much far, and then forth and forth. And at the other edge as well, and then they meet each other at the top. It is almost four cubes to the top and four steps".

Student D uses the spatial metaphor of 'meeting' to describe the structure of the spatial object, which she has broken down in two parts (two 'edges'). The metaphor 'meeting' is used to convey the convergence to one point of the structure of the object created by the two parts or 'staircases'. Hence, this metaphor is of a dynamic nature and an example for the vertex (E, ST, D) in Figure 3.

Conclusion

This paper has offered an insight into the nature of spatial metaphors which fifth grade students use when describing particular spatial objects. The different dimensions of spatial metaphors reflect the integrated language and spatial content learning which is important in mathematics education research. The analysis of groups of students according to theoretical sampling shows that spatial metaphors are common features of spatial language. Regarding the function of spatial metaphors used, spatial metaphors were prevalently used to describe the structure of the spatial object. However, on average, students with high spatial knowledge tended to use more spatial metaphors to describe the spatial position of an object or its parts. In terms of conceptual dimension, most spatial metaphors used by the participants were of static nature, which is consistent with the finding that most spatial metaphors were used to describe the structure of the object. These findings about spatial metaphors reveal some characteristics about fifth grade students' spatial thinking, i.e. the predominant role of associations from everyday-life and the preference of static conception of spatial concepts to master spatial tasks which require verbalization. These results provide an initial step toward understanding the under-researched relationship between spatial thinking and language.
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