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Perception, cognition and measurement of verbal and non-verbal aspects of the cardinal concept in bodily-spatial interaction
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Research on how neuroscience and knowledge of human's endowment can inform educational practice is a young field. With reference to contemporary research and models that hold the idea that humans possess non-verbal inborn cognitive systems for estimating sizes and processing quantities, empirical data from a multi-case embodied design study on early learning of numbers is discussed. Based on observational data and on a discrepancy in the results of traditional and modified Give-N-tasks for determining the cardinal knower level, it is contended that designs which embrace innate spatially organized representations of numerosity through body-based metaphorical mappings, could guide the development of tools for measuring the cardinal concept.

Introduction

Recent research and discoveries in the field of cognitive development suggest that the individual's concept of cardinality in terms of fluency with exact enumeration constitutes a particular predictive factor for the development of mathematical skills [START_REF] Aunio | Predicting children's mathematical performance in grade one by early numeracy[END_REF]. Furthermore, mastery of cardinality as a culturally-achieved word principle is regarded as a fundamental skill for later development of arithmetical abilities [START_REF] Dowker | Individual differences in arithmetic: Implications for psychology, neuroscience and education[END_REF]. However, children find it challenging to understand the meaning of cardinality [START_REF] Fluck | Does counting count for 3-to 4-year-olds? Parental assumptions about preschool children's understanding of counting and cardinality[END_REF]. Some cognitive psychologists who develop models of numerical cognition posit a close relationship between the spatial and the numerical domains, and see the existence of spatially organized representations as the core of number meaning (e.g. Dehaene & Brannon, 2011). However, there is a dearth of research focusing on the underlying cognitive structures that support mapping between non-symbolic and symbolic representations of numbers [START_REF] Mundy | Children's mapping between symbolic and nonsymbolic representations of number[END_REF], and in particular inquiries into children's mathematical performances in naturally occurring testing scenes (Reikeras et al., 2012).

The aim of the study is to explore how the cardinal concept is measured, perceived and conceptualized in an educational design incorporating early learning of numbers. In the following, we introduce the conceptual framework of the study which is theories of core knowledge system.

The core systems of number representation and conceptual mapping

In the literature, there is a consensus that cognition is based on at least four domain-specific core knowledge systems for representing objects, actions, numbers and space, each mechanism being deeply rooted in human evolution with shared ontogenetically and phylogenetically abilities [START_REF] Spelke | Core knowledge[END_REF]. Two of these core systems are dedicated for representing numbers, i.e. the Approximate Number System (ANS) and the Object Tracking System (OTS), accounting for humans basic numerical intuitions, and serve as the foundation for acquiring symbolic and cultural aspects of the number concept [START_REF] Feigenson | Core systems of number[END_REF]. Whereas the ANS supports rapid analog estimated representation of large magnitudes, the OTS is a cognitive system for tracking up to four objects in parallel [START_REF] Burr | Subitizing but not estimation of numerosity requires attentional resources[END_REF]. Subitizing, which is an immediate perceptual insight of the cardinal value of a small set of objects "without having to engage in conscious counting" (Wynn 1995: 36), is thought to emerge from the OTS-system. However, the exact nature and origin of subitizing is still in dispute [START_REF] Piazza | Subitizing reflects visuo-spatial object individuation capacity[END_REF]. Moreover, these core systems of object representations center on the spatio-temporal principles of cohesion and continuity, positing that objects maintain their connectedness and boundaries across movement in space and time [START_REF] Spelke | Core knowledge[END_REF]. Hence, from a core knowledge standpoint, this suggests that infants have an innate ability to grasp the ontological aspects of wholeness, numerosity and invariance of the cardinal concept.

A conceptual mapping concerns neural connections in the brain including core knowledge systems, and is described as a systematic set of relations between constituting elements where a target domain is understood in terms of a source domain [START_REF] Lakoff | Philosophy in the flesh: The embodied mind and its challenge to western thought[END_REF]. Based on this model, the level of meaning in the transfer is determined by what the two domains have in common. This set of shared features or similarities is termed the "ground". For example, cardinal word knowledge within the subitizing range is thought to reflect a mapping between number terms or metaphorical expressions (e.g. "cat-four") in the semantic domain and the OTS (i.e. the cardinal value 4 is the ground). In a similar manner, approximate number word knowledge is supposed to reflect a projection between the ANS and cardinal labels such as "all", "many", "a part" or "about 20" [START_REF] Gunderson | Approximate number word knowledge before the cardinal principle[END_REF]. Thus, linguistic expressions that reflect estimated values or exact enumeration share the feature of pointing back to the collection of items as a part or as a whole, but these types of number representations are posited to be processed in different neural structures. Next, in order to illuminate how the core knowledge system is put into play in the design, a brief epistemological and ontological clarification of the cardinal concept is presented.

The concept of cardinality

The cardinality refers to the number of objects in a set, also denoted as the set size, magnitude or the quantity of a set. Formally, there are two main approaches to determining the cardinality of a set. The first method, which is associated with the cardinal word principle [START_REF] Gelman | The child's understanding of number[END_REF], uses enumeration, that is the transitive meaning of counting to align the cardinal value to the set. The last number-word in a counting sequence points back to the group of tagged items, and hence ontologically reflects an aspect of the set as a whole. The second method compares sets directly using one-to-one correspondence. For example, a gestalt using two hands, two knees and two feet to tag an array of six leaves, is an embodied way of confirming that the quantity of the set of grounding limbs and the collection of leaves is the same. The non-verbal transitive relation emphasizes that the pair of knees is a part of the entire collection of six body-parts across movement in space and time. Thus, the aptitude to treat sets as wholes and parts of wholes reflects spatial and temporal features of the cardinal concept, and rests on the ability to grasp the idea that the value of the set is an invariant property across the form and shape of the boundary and the configuration of the items.

Methodology Selection and intervention

Four 4-year olds were enrolled in a six-week program outdoors comprising ten one-hour sessions using direct methods to determine the cardinality. The cases were selected based on results on a Give-N-task for assessing understanding of cardinality [START_REF] Schaeffer | Number development in young children[END_REF], as outlined below. Cardinal-four knower, Fia (3:9), was selected as a prototypical case, and cardinal principle-knower, Kate (4:2), and the two cardinal-one-knowers Chris (3:11) and Ted (4:1) to ensure maximum variation in the cases competences in representing numbers.

Situated in the vicinity of the kindergarten and contextualized by different N-dotted matrixes on the asphalt, the participants were guided to articulate their body-based mappings using corresponding number-metaphors (see Figure 1). For example, on a four-dotted matrix, they could embody and articulate the metaphorical expression "frog-four" performing a gestalt of four body parts tagging the dots. 

Data collection

The empirical data was assembled as video-recordings of intervention episodes and assessment tasks. Pre-and post-Give-N-task. The children were asked to select a certain number of blocks from a set of fifteen blocks (e.g. "Can you give me three blocks?"). When the child had responded, the experimenter asked "Is that N-blocks?" If the child confirmed, a new task was given. Otherwise, the initial question was repeated. No suggestion was made to use a counting procedure to check incorrect responses. The knower level (c.f. [START_REF] Lee | A model of knower-level behavior in number concept development[END_REF] was determined by the highest number of correct responses given by the child in two out of three times (i.e. the criteria set by [START_REF] Wynn | Children's acquisition of the number words and the counting system[END_REF], given that all preceding numbers had met the same criteria. Knower-levels above four are labeled cardinal-principle-knowers, and reflects the group that knows how counting works.

The "Create A-Metaphor-N-task" (only post-test, see Figure 2, left). The same procedure as the Give-N-task described above was applied but the question comprised the use of "numbermetaphors". For example: "Can you find a cat-four?" and the experimenter asked "Is that a catfour?"

The "Embody-Metaphor-N-task" (only post-test, see Figure 2, middle). A circle (d = 2.0 m) on the ground with 16 arbitrary distributed dots (d = 0.1 m). The experimenter asked can you jump or find a "Metaphor-N" in the matrix; for example, "Can you find a kangaroo-two and then a dog-four?" (Coded as 2+4, see Table 1). The question was repeated only if the child did not respond. No confirmatory question was posed after the child had completed the articulated embodiment. The initial position outside the circle was determined by the movement trajectory of the previous task.

Qualitative data analysis

A qualitative multi-case study approach using pattern matching and cross-case analysis as analytic techniques [START_REF] Yin | Case study research: Design and methods[END_REF] was adapted to our purposes. The first step of the analysis identified unique patterns in the data material for each case, and meaningful units conveying information of nonverbal and verbal representations of numbers across testing scenes and activities were transcribed and coded in the qualitative analysis tool NVivo. A cross-case analysis was conducted in order to identify diversities, gaps and shared patterns across the cardinal-knower-level. Based on this, general patterns and discrepancies emerged and were synthesized.

Findings and discussion

Five hours of video produced 700 references in NVivo capturing situations where the four cases were engaged in bodily-spatial mappings of numerosity. Elaborated, the data shows 1182 occurrences of the seven most frequently used metaphors of articulated body-based mappings of numbers. For example, the use of the "cat-four" metaphor was reported 316 times. Moreover, the assessment shows that the cases skills in verbal production tasks span from cardinal-one-knowers to cardinal-principle knowers. With the exception of Ted who progressed to a cardinal-two knowerlevel, the results from the pre-and post-Give-N-tasks suggest that the intervention had no "effect". However, during intervention and on the two modified assessment-methods, the three subsetknowers showed domain-specific cardinal knowledge in terms of an ability via metaphors to map non-verbal and verbal cardinal knowledge above their assessed level in the ordinary Give-N-test. Subsequently in order to ensure an in-depth-analysis comprising the lower bound of the performances in the design, the examination will mainly focus on the behavior of Chris, this being the case with the lowest measured competence. Table 1 comprises a summary of his Give-N-results.

Table 1: Results for Chris on traditional and modified Give-N-tasks

The traditional Give-N-task and the "Create a Metaphor-N-task"

According to the notion of conceptual mapping, the dissimilarities between the two things being compared in the Give-N-tasks might create an epistemic "tension" in terms of instability between two cognitive domains. Thus, and applied to the core knowledge systems, the question of discrepancy in the results narrows down to an explanation as to why the tension was resolved in a conventional manner in the projections involving ANS and OTS in the modified Give-N-tasks. Overall, the results of tasks above the three subset-knowers level of competence as measured by traditional Give-N-tasks suggest that the semantic mapping from a number word (i.e. the source) onto an unstructured collection of items (i.e. the target), did not share the cardinal value as a common feature (i.e. the ground). For example, the behavior for cardinal-one-knower, Chris, shows that the semantic expression "Give me three blocks" is frequently associated with verbal expressions such as "many" or "all", and in a concrete manner mapped as 2, 6, 6, 9, 9, 5 and 15 blocks respectively. Hence, the transfer gives no meaning as the mappings are reflected in arbitrary, unstructured and inconsistent distributions of blocks. Moreover, this suggests that the semantic label "three", with the exception from the first response, is mapped via ANS. However, on the two correct responses of post-testing of the two-knower-level (2,4,15,2), Chris accompanies his behavior with articulation of the metaphor "kangaroo-two" showing via the OTS an emergent ability to lean on figurative support in the mapping of the number-word "two". In contrast, on the "Create a Metaphor-N-Task", the tension of the mappings initiated by the contextualized metaphorical questions was resolved in a conventional manner showing that he is on a cardinal-four-knower level in a domain specific way. For example, on "find a monkey-three"-tasks, Chris consistently produced spatial structured assemblies of three blocks (see Figure 2, left). Hence, this suggests that the mapping from the number word "three" is processed via the OTS to produce structured configurations of sets. Furthermore, this chain of reasoning rests on the assumption that no counting procedure was employed. This premise lends support from previous research that suggests that subset-knowers seldom use any counting procedure on Give-N-tasks [START_REF] Le Corre | Re-visiting the competence/performance debate in the acquisition of the counting principles[END_REF]. Hence, the verbal twist in the small scale "Give-N" question, from "Give-me-two-blocks" to "Can you find a kangaroo-two", suggests that the discrepancy in "knower-level" is on a linguistic level and that the knowledge assessed in the modified task is domain-specific and contextualized.

The "Embody-Metaphor-N-task" and behavior that reflects aspects of the cardinal concept

Below, we focus on the two core knowledge structures for representing numbers to examine the responses that cardinal-one knower, Chris, gave to the kangaroo-two and the cat-four task in the "Embody-Metaphor-N-task". Allowing the use of the commutative property of addition, the results in Table 1 show that Chris responded correctly to all four tasks, and the behavior was observed as articulated bodily-spatial representations "Kangaroo-two, Cat-four". Since Chris is standing outside the marked boundary of the matrix, we suggest that he cognitively represents the whole assembly of 16 dots using ANS. Based on the verbal instruction "kangaroo-two", Chris had to visually identify a configuration of dots that matched the metaphorical expression (see Figure 2, right). Although it is a difficult task to account for when the two systems for representing numerical information are activated, verbal-and non-verbal empirical data in combination with experimental findings of the signatures of the OTS and ANS, could provide supporting evidence to the various hypothesis [START_REF] Barner | Evidence for a non-linguistic distinction between singular and plural sets in rhesus monkeys[END_REF]. For example, one hypothesis posits that the first "container" was visually identified via a metaphor-word-mapping onto OTS, and the rest of the dots were cognitively processed as an estimated quantity through ANS. This suggests that the whole assembly of dots was decomposed in two subsets, one part being exact enumeration via OTS, the other being a constellation of the whole, i.e. an estimated number representation via ANS. Another explanation is that Chris subsequently processed the two dots via the OTS as a part of a whole estimated set. Either way, these lines of reasoning finds support in the claim that ANS interacts with OTS [START_REF] Piazza | Neurocognitive start-up tools for symbolic number representations[END_REF], and moreover the suggestion that ANS constitutes a support in basic numerical processes of small numbers [START_REF] Feigenson | Links between the intuitive sense of number and formal mathematics ability[END_REF]. Moreover, the findings of [START_REF] Burr | Subitizing but not estimation of numerosity requires attentional resources[END_REF] show that subitizing (OTS) rather than estimating needs attentional resources. Thus, a third hypothesis, which also lends support to the claim that ANS is defined for large and small sets [START_REF] Cantlon | Functional imaging of numerical processing in adults and 4-y-old children[END_REF], suggests that the two-dotted configuration was initially identified as an estimated value via the ANS, and as a result of an increased use of attentional resources, was subsequently processed as an exact numerical magnitude via the OTS.

Overall, the four cases demonstrated flexibility in their non-verbal and linguistic-metaphorical representations of numbers, and the diversity of embodied strategies was shared across cardinal knower-level and counting skills. However, the quality of the cases use of cultural skills for exact enumeration differs. While Kate as a cardinal-principle knower provided exact enumeration of embodied additive structures such as 4+4+4 and 1+2+3+4, the subset-knowers could represent the same arithmetic structure via articulated bodily-spatial mappings, for example three times "Catfour" or "Cat-four, dog-four, bear-four" and "Rooster-one, kangaroo-two, monkey-three, cat-four". Hence, this gap in competence might inform of a potential learning trajectory.

Concluding remarks

The results reveal a discrepancy in sub-set knowers' behavior across representational tasks of numbers. In particular, the data show that subset-knowers possess an ability to map non-verbal and figurative expressions of cardinality in modified small-and large-scale Give-N-tasks above their knower-level as assessed in traditional Give-N-tasks. We suggest that the most promising explanation concerns the suggestion that the formation of the cardinal concept rests on the core knowledge structures for representing numbers synchronized via direct methods to determine the cardinality. Based on this, the full bodily-spatial metaphorical mappings of the matrixes provided coherence and meaning to the cases ideas of invariance, wholeness and numerosity. Hence, the results correspond to a growing body of evidence suggesting the existence of a fundamental link between the non-verbal and verbally-created system for processing numbers [START_REF] Feigenson | Links between the intuitive sense of number and formal mathematics ability[END_REF]. Furthermore, the consistency of the results in the modified Give-N-tasks suggests that the participants managed to transfer their metaphorical number knowledge across testing scenes. Thus, the design follows contemporary views on cognition that see mathematical ideas and reasoning as "embodied" and "imaginative" [START_REF] Niebert | Understanding needs embodiment: A theory-guided reanalysis of the role of metaphors and analogies in understanding science[END_REF], suggesting the use of metaphors and imageries as powerful "thinking tools" [START_REF] English | Mathematical reasoning: Analogies, metaphors, and images[END_REF]. Hence, the examination emphasizes that the cardinal value is a linguistic surfacing manifestation of a deeply grounded spatial structured concept, and that the use of metaphors might merge these two domains in a complementary manner. In conclusion, the examination shows that authentic assessment during intervention and the adapted Give-N-tasks provides a fine-grained picture of the multiple dimensions that proficiency of the idea of cardinality reflects.
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 1 Figure 1: Embodiment of spatial-structures using body parts
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 2 Figure 2: The modified small-scale (left) and large-scale (middle and right) Give-N-tasks
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