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Introduction

Structures play an important role both in the daily life of children and also in mathematics and therefore in mathematics in early childhood education [START_REF] Schöner | Visual structuring processes of children when determining the cardinality of sets -The contribution of eye-tracking[END_REF]. Looking on children's mathematical development, structures are obviously essential e.g. for geometrical and arithmetical patterns, for learning the number sequence from twelve onwards but also for identifying quantities. Mulligan & Mitchelmore (2013, p. 31) point out that structure "has been also a growing theme in the past two decades of research on students' development of numerical concepts."

Theoretical background [START_REF] Hunting | Part-whole number knowledge in preschool children[END_REF] describes very clearly the importance of perceiving structures for numerical development by emphasizing the ability to change the focus of counting every single item to perceiving and identifying structures of parts in sets. If children are able to identify structures in sets they have the chance to develop a mental image of a number which does not only exist of many single items but also of parts. A mental image of a set consisting of parts is equivalent to the part whole understanding of numbers. Studies confirm the connection between the ability to perceive structures and part-whole understanding (e.g. Young [START_REF] Young-Loveridge | Early childhood numeracy: Building an understanding of part-whole relationships[END_REF] and also general arithmetical abilities [START_REF] Lüken | Muster und Strukturen im mathematischen Anfangsunterricht: Grundlegung und empirische Forschung zum Struktursinn von Schulanfängern[END_REF][START_REF] Mulligan | Children's development of structure in early mathematics[END_REF][START_REF] Obersteiner | Mentale Repräsentationen von Zahlen und der Erwerb arithmetischer Fähigkeiten[END_REF].

Because perceiving is an individual and invisible act it is not easy to investigate how and if children perceive structures. Eye-tracking can help to get some insights. Eye tracking data "draws on the socalled "eye-mind" hypothesis [START_REF] Just | Eye fixations and cognitive processes[END_REF] meaning that what a person looks at is in the focus of the person's cognitive processes and that a person's eye-movements are tightly related to their cognitive processes [START_REF] Jang | Identification of human implicit visual search intention based on eye movement and pupillary analysis[END_REF]" (Schindler & Lilienthal, 2017, p. 47). Still, using eyetracking with young children is quite new in the field of mathematics education and data has to be interpreted carefully [START_REF] Schöner | Visual structuring processes of children when determining the cardinality of sets -The contribution of eye-tracking[END_REF]. Especially concerning young children's perception of structures in sets there is no comparable eye-tracking data available. Therefore, the aim of the study reported in this paper is to investigate if and how children perceive structures in sets and if and how they use it for identifying the cardinality of sets. When children determine the cardinality of a set, observations such as audible counting can indicate how a child has determined the number. Subsequently, the child can also be questioned how the number was determined. But, in order to get insights into the perception process, in this paper it is examined how the research tool eye-tracking can help to give insights into this invisible act of perception. In order to analyze the data a theoretic model is used, in which it is distinguished between the process of perceiving a set and determining cardinality. These processes can be subsequent or coincide e.g. as it is the case by (structural) subitizing [START_REF] Schöner | Visual structuring processes of children when determining the cardinality of sets -The contribution of eye-tracking[END_REF].

Research question

In this paper we aim to answer the research question regarding the way of investigation visual structuring abilities of preschool children:

What can the eye-tracking data contribute to the analysis approach of children's perceiving and determination processes concerning the use of structures?

Design

The presented study has a pre-, post-, follow-up-design. 95 children were interviewed individually at three times. The children were between five and six years old and they attended the last year of kindergarten. They were divided in a treatment group (n=55) and a control group (n=40). The first interview took place at the beginning of the kindergarten year, the second after an implementation phase for four months and the third at the end of the kindergarten year. The treatment group got a box with different materials and games which offer the opportunity to discover and facilitate perceiving structures in sets and using the structures to determine the cardinality. The control group didn't get these materials and games. All the three interviews with the children described above consist of different parts. In this paper we focus only on the part with photos of egg cartons of ten eggs. This is the usual package for eggs children usually know from daily life. Different numbers of eggs were presented on a monitor. With the help of an eye-tracking camera the eye-movements of the children were recorded. In the presented evaluation, the six items with the cardinality of five, seven and nine were used (cf. Figure 1). Before the interview started, the children had been told that the interviewer always wants to know "how many eggs" there are and that they should say the number as soon as they know it. The children were given no time restrictions. As soon as the child said a number, the interviewer asked for example: "How do you know that there are n eggs?" In addition to the eye-tracking camera, there were two more cameras. Activities such as finger pointing or lip movements could be observed through an external camera positioned diagonally behind the child and through a webcam. These gestures are considered when evaluating the processes of perception and determination.

Task

Each child was shown photos of egg cartons on a monitor. On the photos different numbers of eggs were presented at the same position on the monitor. Each item started with the presentation of a closed egg carton. Then an open egg carton with eggs appeared. The child said a number, the interviewer asked how it came to the result, the child explained and then a closed carton was presented again.

Aspects of analyzing

The basis of the analysis consists of qualitative categorization processes. Based on a theoretical model (cf. [START_REF] Schöner | Visual structuring processes of children when determining the cardinality of sets -The contribution of eye-tracking[END_REF]) the analysis of the data is divided in two processes: the process of perception (PP) and the process of determination (DP) (cf. Figure 2). Hypotheses about these processes are generated on three different types of data. There are observation aspects generated during the time the child sees the egg carton until it says the number of eggs such as gestures, sounds or promptness of the answers. Additional information by eye tracking data is gained recording the eye tracking movements until the child says the number of eggs. The eye-tracking data provides insights into the children's process of perception. After the child said the number there is also data of children's explanation (cf. Figure 2). Based on these three kinds of data, hypotheses about perceiving structures in sets and structureusing strategies to determine the cardinality can be formed. These three kind of data lead to a final hypothesis about the perception process (PP) and the determination process (DP). Because of the limitation of the number of pages the way coming to these final hypotheses cannot be presented in detail here (see [START_REF] Schöner | Visual structuring processes of children when determining the cardinality of sets -The contribution of eye-tracking[END_REF]. So the evaluations are based on a hypothesis-generating process. In the following, the frequencies are given for perceiving structure or perceiving no structure during the PP and using structure or using no structure for the DP. Only hypotheses which could be assigned to these categories are included, all other categories are here not taken into account.

Results and first interpretations

In the following tables the arithmetic average of strategies solving the five described items is given. In this paper, the focus is not on significant differences between points of investigation or groups, the percentages are rather used to show how the three types of data can help to give insights into the analysis process. The percentage frequencies given in Table 1 are based on the observation aspects. They are divided in the two processes the PP and the DP. The range for structure perception and structural use for determination is between 2% and 9% for both groups. Perception is very difficult to observe because it is actually an invisible act (cf. [START_REF] Schöner | Visual structuring processes of children when determining the cardinality of sets -The contribution of eye-tracking[END_REF]. This fact could be one possible interpretation for these low percentages. An observation aspect which could be assigned to the category structure for example is, when a child uses his hands to show a structure or verbally names a structure. As shown in Table 1 observation aspects which indicate that a child does not perceive a structure (cf. Table 1) could not be found. On the other hand, for the non-structural use in the determination process for both groups, the range of the percentage frequencies is between 30% and 58%. Nodding, pointing with the finger or audibly counting are aspects which can be observed easily. Therefore counting every single item, which means using no structure to determine the cardinality is more obvious to observe. Here, both groups show a different decrease: 16% for the control group and approximately 28% for the treatment group. An assumption for the decreasing frequencies of counting every single item from t1 to t3 is that perhaps the children start to use more and more structures to determine the cardinality. Table 2 shows the percentages of structural and non-structural perceiving as well as the use for determination based on the child's explanation after saying the number (cf. Figure 2). Such an explanation could be, for example, the naming of subsets or the statement "I have counted". Based on the explaining, more structural perceiving and structural use could be observed than based on the observation (cf. Table 1). The variation in (not) perceiving structures and (not) using structures are very similar in both groups and for both processes. Both in terms of perceiving structures and using structures to determine the cardinality, an increase of approximately 36% from t1 to t3 can be observed. In addition, the non-structural use to determine the cardinality decreases from t1 to t3 in both groups. In Table 3 the arithmetic mean of percentage frequencies of structural and non-structural perceiving and using based on the eye-tracking data is shown. The eye-tracking data shows in which order and how long the child has fixed the (individual) eggs. An illustration of Table 3 For all categories the range based on eye tracking data is between 18% and 61% for both groups.

The range for the structural perceiving and using is between 26% and 61%, the range for the nonstructural perceiving and using is between 18% and 31%. In the determination process an increase for the use of structures could be observed for both groups. In sum, a lot of hypotheses could be built. Looking on the PP there are differences between the groups. An increase of approximately 30% is observed in perceiving structures of the treatment group (from 31% (t1) to 61% (t3)). The control group starts at t1 at a higher frequency, and increases in total from t1 to t3 only by about 4% (from 50% (t1) to 55% (t3)). Also a decrease from t2 to t3 is observable (cf. Table 3). The frequencies of perceiving structures in the treatment group at t3 are higher than those of the control group. In the DP, a similar tendency can be seen. An increase of approximately 30% is observed in the structural use of the treatment group (from 26% (t1) to 55% (t3)). The control group starts at t1 again with higher percentages, but increases in total from t1 to t3 by about 10% (from 37% (t1) to 48% ( t3)) (cf. Table 3 and Figure 3). The percentage frequencies given in Table 4 are based on all three types of data: observation, explanation and eye-tracking data. These frequencies correspond to the final hypotheses briefly mentioned above. An illustration of the frequencies of Table 4 can be seen in Figure 4. Here similar tendencies can be seen as in the data based only on the eye-tracker (cf. Figure 3).

The frequencies of the structural perceiving and using both for the PP and DP of the control group are also higher at t1 than of the treatment group. Nevertheless, the percentages of the treatment group increased both for the PP and DP, so that the percentages of structural perceiving and use at t3 are higher than those of the control group. In the determination process an increase for the structural use could also be observed for both groups. For the frequencies of non-structural perceiving and use an opposite tendency can be noticed for the treatment group. The more structures are in the PP and DT, the less non-structural can be seen or vice versa (cf. Figure 4). In the control group a similar tendency can be observed. It's remarkable that in the PP there is a decrease from t2 to t3 and overall, a smaller increase can be seen compared to the treatment group (cf. Table 4). 

Summary of the results

Observation aspects only provide few data (range: 0-9%) for perceiving and using structures. For the development of perceiving and using structures to determine the cardinality only few hypotheses can be derived. The sole exception is found in the DP concerning non-structural use. In the DP, a decrease is observed in non-structural use in both groups (control group: 16% from t1 to t3, treatment group: about 28% from t1 to t3). A possible interpretation would be that non-structural use decreases but perceiving structures increases. The latter case could not be seen in the observation aspects but nevertheless the conclusion about an increase in perceiving structures becomes possible.

Data based on explanation provide more information about structural use in DP and PP (range: 27%-67%). There are very similar tendencies: In each group, an increase of approximately 36% in perceiving structures and structural use is observable. Similar to data based on observation aspects no information can be gained for non-structural use in the PP. In the DP there is less information available than for data collected with observation aspects.

Data based on eye-tracking (cf. Table 3) provide more information than data based on observation aspects and explanation. The data show an increase in perceiving and using structures to determine the cardinality (Treatment group: PP: 30% from t1 to t3, DP: 30% from t1 to t3 / Control group: PP: 4% from t1 to t3, DP: 10% from t1 to t3). In both cases (PP and DP) the control group starts at t1 at a higher frequency and the frequencies of perceiving structures in the treatment group at t3 are higher than those of the control group. In sum, a lot of hypotheses could be generated.

Hypotheses based on all three kinds of data (observation aspects, explanation, eye-tracking) show similar tendencies as the eye-tracking data. The frequencies show nearly the same increase of perceiving and using structures to determine the cardinality in the treatment group (PP: 26% from t1 to t3, DP: 26% from t1 to t3). In comparison to this a very small increase is also observable in the control group (PP: 8% from t1 to t3, DP: 15%) (cf. Figure 3 and Figure 4). Also the frequencies for no structural perceiving and using are similar. In sum, the changes in perceiving and using structures for determining the cardinality are almost identical to the changes shown by the eyetracking data (cf. Table 3 and4).

Discussion and Conclusion

The following tendencies about perceiving and using structures to determine the cardinality are generated only from the observation aspects and the explanation (without eye-tracking data): The data from the observation aspects show a decrease of the non-structural use which leads to the interpretation that there is a simultaneous increase of using structures to determine the cardinality.

In the data of explanation an increase of perceiving and using structures can be observed and also a decrease in non-structural use. This leads to the conclusions that there is a consensus in the increase for using structures to determine the cardinality and also for perceiving structures. Both groups nearly have the same frequencies and ranges.

Coming back to the research question: What can the eye-tracking data contribute to the analysis approach of children's perception and determination processes concerning the use of structures? One advantage of the eye-tracking is to get some deeper insights in the invisible perceiving process when making it visible. This could for example be interesting if children have a lack of words to describe how they perceived a structure. These linguistic difficulties may be due to the linguistic development (because of the age of the children) or to another native language. The eye-tracking data leads to additional information especially for the PP. The data also show that in the treatment group a clearer development in perceiving structures and using structures to determine the cardinality has taken place than in the control group. In a next step, the significance for these frequencies are checked.

However, eye-tracking data has to be interpreted. So far, there are no comparative data from children in this age from other studies that could help or give some directions. In order to come to an interpretation of the recorded eye-movements, the explanations and the observation aspects of the children are often important. So an inductive approach to generate hypotheses from the eyetracking data is necessary about how children perceive structures in sets.

In the first step of analysing data most of the eye tracking data only could be interpreted because of the additional information from the observation aspects and the explanation. Due to this data, categories could be generated in order to analyse the eye-tracking data. In a second step of analysing the data it could be referred to these categories of eye-tracking data, especially in cases where no additional data exists. For this reason, all three types of data are important not only for the interpretation of the eye-tracking data but also for generating the final hypotheses. Thus, in this study the three-level evaluation turned out to be viable, because the observation aspects, the explanation and the eye-tracking data complement each other and interdepend.
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 4 Figure 4: Arithmetic mean of percentage frequencies based on observation aspects, explanation and eye-tracking data

47.8 40.4 32.1 Table 1: Arithmetic mean of percentage frequencies based on observation aspects

  

			Perception Process (PP)			Determination Process (DP)
			structure		no structure		structure			no structure
		t1	t2	t3	t1	t2	t3	t1	t2	t3	t1	t2	t3
	treatment 8.5	5.2	4.5	0.0	0.0	0.0	4.2	2.4	3.9 57.6 37.3 29.7
	control	5.4	7.5	5.4	0.0	0.0	0.0	3.3	5.4	4.2		

Table 2 : Arithmetic mean of percentage frequencies based on explanation
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		Perception Process (PP)			Determination Process (DP)	
		structure			no structure			structure			no structure
	t1	t2	t3	t1	t2	t3	t1	t2	t3	t1	t2	t3

Table 3 : Arithmetic mean of percentage frequencies based on eye-tracking data

 3 

	is presented in the

Table 4 : Arithmetic mean of percentage frequencies based on observation aspects, explanation and eye-tracking data
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			Perception Process (PP)			Determination Process (DP)
			structure			no structure			structure			no structure
		t1	t2	t3	t1	t2	t3	t1	t2	t3	t1	t2	t3
	treatment 40.9 57.0 67.0 27.9 17.0 13.3 30.6 44.5 57.0 60.9 45.8 35.5
	control	56.3 55.4 63.8 14.2 17.1 15.0 40.0 45.0 55.4 49.6 49.2 38.8
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