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Young children spontaneously use their fingers to represent numerosities. However, there has been relatively little research on how and in what contexts young children use finger patterns, which is critical to understanding the role fingers play in early numerical development. This study examines a very common situation in which young children use finger patterns: answering the question "How old are you?" In one-on-one interviews 158 children age three to five were asked their age; additional tasks to measure the child's early number development were administered. Results show a decrease in the spontaneous use of finger patterns for older children. Interestingly, all finger patterns for four and five were shown canonically and produced statically. This hints at the fact that finger patterns might function symbolically. Furthermore, older children who spontaneously used finger patterns vs. verbally said their age differed according to their early number development.

Introduction

The use of fingers during numerical considerations is a frequently and cross-culturally observed action in early childhood. Children use their fingers in different ways and for various purposes: Fingers are used to point at objects that are being counted (pointing gestures; [START_REF] Gelman | The child's understanding of number[END_REF]. Fingers themselves are counted or rather raised consecutively to accompany the recital of number words (finger counting; [START_REF] Wasner | Aspects of situated cognition in embodied numerosity: the case of finger counting[END_REF]. Over the last couple of years, a growing body of research has shown that the ability to represent one's fingers mentally is correlated with math skills (finger gnosia; [START_REF] Noël | Finger gnosia: A predictor of numerical abilities in children?[END_REF]. Later, fingers are used in solving arithmetic problems (finger arithmetic; [START_REF] Butterworth | The Mathematical Brain[END_REF]. The research presented in this paper focuses on yet another purpose of fingers in early mathematical development: Like number words and written numerals, fingers can be used to represent numbers, for example holding up a certain number of fingers to represent a set size. Various terms like finger pattern [START_REF] Butterworth | The Mathematical Brain[END_REF], finger montring [START_REF] Di Luca | Masked priming effect with canonical finger numeral configurations[END_REF], finger numeral configuration [START_REF] Di Luca | Masked priming effect with canonical finger numeral configurations[END_REF], cardinal number gesture [START_REF] Gunderson | Gesture as a window onto children's number knowledge[END_REF], or finger symbol set [START_REF] Brissiaud | A toll for number construction: Finger symbol sets[END_REF] are used in this context. Coming from mathematics education, in particular a pattern and structure background, I use the term finger pattern throughout this paper.

Children from most cultures spontaneously use their fingers to represent numerosities, and, on some occasions, adults still use their fingers to communicate with other people about numerosities [START_REF] Di Luca | Masked priming effect with canonical finger numeral configurations[END_REF]. Despite their ubiquity across cultures, there has been relatively little research on how and in which contexts young children use finger patterns, which is critical to understanding the role fingers play in early numerical development [START_REF] Gunderson | Gesture as a window onto children's number knowledge[END_REF]. And, although I personally have observed children spontaneously produce finger patterns as early as two years of age, most of the existing research has focused on adults' use of finger patterns (e.g., Di [START_REF] Di Luca | Masked priming effect with canonical finger numeral configurations[END_REF]. This research, therefore, specifically looks at how young children use finger patterns. To start with, a very common case was chosen: children communicating their age by showing a finger pattern.

Theoretical Background "Finger dialects" and canonical configurations of finger patterns

Although the use of finger patterns to show numerosities can be found in most cultures [START_REF] Ifrah | Histoire universelle des chiffres[END_REF] there are no universal finger patterns; instead, they differ by culture. Butterworth (1999, p. 221) calls this phenomenon "finger dialect". The finger pattern that represents three would be for most Germans and Southern Europeans the raised thumb, index, and middle finger, for most Northern Americans and Northern Europeans it would be the raised index, middle, and ring finger [START_REF] Butterworth | The Mathematical Brain[END_REF][START_REF] Pika | How to order a beer. Cultural Differences in the Use of Conventional Gestures for Numbers[END_REF]. For these kinds of finger patterns the term conventional gesture is used to emphasize that their form and meaning are established by the conventions of specific communities [START_REF] Mcneill | Speech and gesture integration[END_REF]. Di Luca and Pesenti (2008) used the term canonical finger numeral configurations in their study with young adults when evaluating the understanding of canonical and non-canonical finger patterns. Subjects were instructed to say as fast and as accurately as possible how many fingers they saw. Canonical finger patterns included only those that would occur during cardinal finger montring (showing a finger pattern to others), whereas non-canonical finger patterns showed an assembly of random fingers (e.g., index, ring, and pinkie finger raised to mean three). Results showed that subjects were better in naming the correct number when a (for the individual) canonical (and not a random non-canonical) finger pattern was presented. Furthermore, canonical finger patterns, but not non-canonical, prime nearby numbers based on their proximity to the target in the same way that Arabic numerals do [START_REF] Di Luca | Place and summation coding for canonical and noncanonical finger numeral representations[END_REF]. These findings suggest that adults' finger patterns function symbolically and possess semantic meaning based on their canonical configuration, rather than deriving their meaning merely from the number of raised fingers. Using finger patterns might even be a form of pattern recognition in which well-known patterns are recognized and employed, similar to the dot-patterns on dice.

In the context of mathematics education it is important to look at the way, i.e. how a finger pattern is produced. Finger patterns can either be constructed by raising the fingers successively (by counting) or simultaneously [START_REF] Gaidoschik | Rechenschwäche vorbeugen: Das Handbuch für LehrerInnen und Eltern[END_REF]. The first would be called a dynamic, the second a static finger pattern [START_REF] Lorenz | Anschauung und Veranschaulichungsmittel im Mathematikunterricht[END_REF]. If a child produces a static finger pattern it might be supposed that it has the pattern for the specific number memorized and does not need to count up to the specific number (pattern recognition). However, it possibly might be that lacking fine-motor skills hinders a child to simultaneously raise his/her fingers and instead the child raises the fingers one by one until the produced finger pattern matches the one he/she has memorized for the specific number. In this case, the dynamically produced finger pattern is not a result of a counting process.

Finger patterns as number representations

Fingers are an easily accessible, concrete, and always available device that can aid children in the development of number concepts. [START_REF] Fayol | About numerical representations: insights from neuropsychological, experimental and developmental studies[END_REF] see finger-based representations and finger use as a link between concrete numerosity and abstract number. Fingers themselves are concrete but at the same time, "finger representations exhibit an iconic relation to numerosities, since they preserve the one-to-one matching relation between the represented set and the fingers used to represent it" (p. 29). Furthermore, fingers have an additional abstract dimension. Similar to number words they can stand for various different objects: "[…] the same pattern of raised fingers can equally well represent three giraffes, three toys, or three elements in an argument. " (p. 29). By this dual capacity, fingers moderate the transition from an understanding of concrete numerosities to an understanding of abstract number [START_REF] Rösch | Förderung früher numerischer Kompetenzen im Vorschulalter unter Berücksichtigung des Einflusses der Finger[END_REF]. The use of specifically finger patterns has a lot of theoretical potential to support children's development of number concept, namely the cardinal principle, subitizing, part-whole concept [START_REF] Resnick | A Developmental Theory of Number Understanding[END_REF], and the concept of base [START_REF] Fayol | About numerical representations: insights from neuropsychological, experimental and developmental studies[END_REF]. As the first two are relevant for this research, they are explicated further in the following. One of the basic number concepts, young children acquire, is that numbers are not only represented as sequences of single units (e.g., fingers, finger counting; ordinality) but that number also corresponds to the whole set of fingers (finger pattern; cardinality). Finger patterns directly reflect the cardinal aspect, i.e. the quantity of number; a specific finger pattern is associated with a particular number. Thereby, each number between 1 and 10 has its own culture-specific finger pattern. Considering fingers as manipulatives they can be used for exercises in quickly and simultaneously determining quantities (subitizing; [START_REF] Schipper | Modul G 4: Lernschwierigkeiten erkennenverständnisvolles Lernen fördern[END_REF]. Because of their base-five structure it is possible to conceptually subitize quantities bigger than four [START_REF] Butterworth | The Mathematical Brain[END_REF]. Closely connected with subitizing is the pattern recognition of canonical finger patterns. Similar to dicepattern, the specific arrangement is recognized and connected to the corresponding number word.

Research on young children's competencies for labeling set sizes with finger patterns

Current research with young children on their use of finger patterns when labeling sets shows somewhat contrary results. [START_REF] Nicoladis | Are number gestures easier than number words for preschoolers?[END_REF] assessed the correctness of 44 preschoolers' (aged two to five) answers in determining set sizes when using number words vs. finger patterns. They found that children perform better on verbal than on gestural (finger pattern) number tasks. They conclude that children's early understanding of number words is not aided by finger patterns. Gunderson and colleagues (2015) examined the number words and finger patterns 3-to 5-year olds (n = 155) used to label set sizes. They found that young children who had not yet mastered the cardinal meaning of number words performed significantly more accurate in labeling set sizes when giving a gesture response (finger pattern) than a speech response. They conclude that finger patterns may play a functional role in young children's development of number concepts.

Understanding of number and the use of finger patterns do not only occur in situations in which set sizes are labeled. Therefore, when trying to assess finger patterns contribution to young children's development of number concepts, study designs should take alternative contexts into account.

Research questions

This research aims at contributing to our understanding of the role, finger patterns play in children's development of (cardinal) number concept. Therefore, I take a closer look at children's use of fingers in a common, everyday situation, namely young children conveying their age. I specifically address the following questions: How do 3-, 4-, and 5-year old children spontaneously communicate their age?

 If children show finger patterns, do they use a canonical or a non-canonical pattern? How do they produce the finger pattern (dynamic vs. static)?

Does the way in which children convey their age relate to their early number development?

Method Participants

Consent was obtained for 158 children attending 14 kindergartens1 in a metropolitan area in the northwestern part of Germany. The kindergartens were chosen to cover a broad range of socioeconomic backgrounds. The sample consisted of 54 children aged 3 (30 girls, M age = 3 years 6 months, SD = 2.7 months, range = 2 years 11 months -3 years 11 months, 43% with a migration background2 , 76% speaking German as family language), 64 children aged 4 (33 girls, M age = 4 years 5 months, SD = 3.2 months, range = 4 years 0 months -4 years 11 months, 36% with a migration background, 81% speaking German as family language) and 40 children aged 5 (15 girls, M age = 5 years 4 months, SD = 3.9 months, range = 5 years 0 months -5 years 11 months, 58% with a migration background, 80% speaking German as family language). Children participated voluntarily and with informed consent of their parents.

Design, Materials, and Procedure

Using a clinical format, individual interviews with each participant were conducted. After being asked for their age, children completed several patterning tasks, followed by tasks on early number development. The patterning tasks are not object of this paper. Interviews were conducted by four members of the research team and were videotaped.

Task on finger pattern (asking for age). Right at the beginning of the interview the child was asked "How old are you?". If the child indicated his/her age by showing a finger pattern the child was then asked if he/she could also tell the age using a number word ("Please, also tell me with words how old you are!"). If the child used a number word in the first place the child was prompted to also show his/her age with fingers ("Please, also show me your age with your fingers!").

Tasks on early number development.

To explore a possible relation between children's use of finger patterns and their number development in early childhood, children's rote counting, enumeration, and subitizing skills were measured. I adapted the tasks from the Australian "Early Years Numeracy Interview" (DEET, 2001). They included counting forward from 1 (total possible score was 5 points), counting onward from 4 and 8 (max. 4 points), counting backward from 7 (max. 3 points), and identifying the number before/after 4 and 8 (max. 4 points). For enumeration the children were asked to enumerate 4, 7 and 12 object sets (max. 7 points), counting out 3 objects (max. 1 point), and compare sets of 3 and 4 objects (max. 1 point). Materials were red, yellow, and blue little plastic bears (see DEET, 2001). During enumeration children's abilities regarding the counting principles were observed [START_REF] Gelman | The child's understanding of number[END_REF], including the one-one principle, the stableorder principle, the cardinal principle, and the order-irrelevance principle (max. 5 points). For subitizing children were presented with seven 9x9cm cards with sets of 2, 5, 4, 1, 9, 3, and 6 dots placed regularly on each card. The cards were displayed for two seconds each in the above order (max. 7 points). The total possible score for all items on early number development was 37 points.

Analysis

Children's initial reactions to the question "How old are you" were inductively categorized according to their way of communication. Furthermore, the correspondence of finger pattern and number word was assessed. I also looked at how the finger pattern was produced (dynamic vs. static) and at the produced finger pattern itself in terms of canonical vs. non-canonical use. For Germany (see German Math textbooks and finger pattern based intervention programs, e.g., [START_REF] Claus | Finger, Bilder, Rechnen[END_REF], a canonical finger pattern would be for three the raised thumb, index, and middle finger. For four two different versions are common. Depending on the children's fine motor abilities they would either raise thumb, index, middle, and ring finger (pinkie finger folded) or raise index, middle, ring, and pinkie finger (thumb folded). The canonical finger pattern for five is the raised fingers of one complete hand. The answers to every task on early number development were coded by correctness; the scores were added for each child.

Results

The three main ways children communicated their age was by either naming a number word (category 1), showing a finger pattern (2) or doing both, i.e. uttering a number word and showing a finger pattern simultaneously (3). Only three 3-year olds were not able to convey their age at all. As number words only whole numbers of years were used by all children. The distribution of frequencies (see Table 1, left) shows a distinct pattern: the older the children, the more frequently they used verbal number words and less frequently their fingers to spontaneously indicate their age.

Comparing the children's mean scores for the number tasks regarding their way of communicating their age revealed some significant differences. The 4-year olds who answered by saying the number word (1) scored significantly higher on average for the number tasks than the 4-year olds who were showing their fingers (2) (t(48) = 2.43; p<0.05; d = 0.7). This difference did not apply for the 3-year olds. As the sample size for the 5-year olds who were showing a finger pattern was too small (n = 5) a t-test was not executed. For comparison purposes it has to be said though that the difference between the 5-year olds answering by number word (1) and the 5-year olds doing both (3) was significant (t(33) = 2.49; p<0.05; d = 0.87), with the former scoring higher on average. As the sample sizes of the sub-groups are quite small these results should be treated carefully.

All 4-and 5-year olds (except one) who communicated their age by spontaneously showing a finger pattern were able to verbalize their age when asked to do so, and vice versa. This was different with the 3-year olds. Additional to the three who were not able to communicate their age at all, four were merely able to show a finger pattern and not name the number word, and three could not show the finger pattern for their age (plus one missing data: one 3-year old was not asked the second question). When children were able to use both ways in communicating their age, the finger pattern matched the spoken number word in 63% of the cases for the 3-year olds. With 94% for the 4-year and 98% for the 5-year olds the percentage of concordant number word and finger pattern was much higher (see Table 1, right). The children with whom the finger pattern and number word did not match were distributed quite evenly over the categories 1 to 3 for the initial question. In looking at the way children produced their finger pattern (see Table 2, left) it is striking to see that (nearly) 100% of the 4-and 5-year olds raised their fingers simultaneously (static finger pattern) and not as an end-product of a counting process. Most of the 3-year olds (67%) did the same, still over a fifth (22%) raised their fingers one by one. A similar pattern can be found for the type of finger patterns (see 

Discussion

This study examined young children's use of finger patterns in a very common, everyday situation, and, furthermore, related children's number development to it. Results show that 3-to 5-year olds spontaneously communicated their age by either showing a finger pattern, saying a number word, or simultaneously doing both. The frequencies in which they did so, however, changed over the years with the younger children signing, the older children using number words most frequently. The increase in verbal answers might be due to the general language development during early childhood. Children might also adapt their reactions to the adults' way of verbally talking numbers.

Comparison of children's number development with regard to their initial reaction showed no significant differences for the 3-year olds but for the 4-year olds. The direction, though not significant due to low power, was the same for the 5-year olds, suggesting that older children who told their age by saying the number word have developed a deeper understanding of number concepts than their peers who showed a finger pattern. This does not mean that early mathematical educators should aim to quickly and early detach children from using finger patterns. In my opinion it rather shows the relevance and potential of finger patterns as an aid in the acquisition of number concepts from concrete to abstract number representation. A finger pattern, therefore, may be one of the concrete foundations that is needed at the beginning and is left behind when a mental concept of the particular number is developed. These findings contribute to Gunderson and colleagues (2015) results that children who had not yet mastered the cardinal principle performed significantly more accurate in labeling set sizes when responding by finger pattern than by number word. Together they strengthen the evidence for taking age and specific number knowledge into account as factors for finger patterns' relevance in early numerical development. For further studies it seems reasonable to differentiate between very young (2 to 3 years) and young children (4 years and older) and specifically look at the number concepts these children already have or have not acquired.

This study adds to previous research because it explicitly looks at the way young children produced their finger patterns. All finger patterns for four and five were presented canonically. This is not surprising as the finger pattern for five equals simply holding up one hand. The only alternative would have been to produce different hand shapes with each hand, a difficult task at this age. As I considered four with the folded thumb as well as with the folded pinkie finger as canonical, all produced finger patterns for four and five were canonical for the children's countries of origin.

Together with the fact that nearly all patterns for four and five were produced statically, I conclude that the 4-and 5-year olds have the respective finger pattern memorized like a familiar pattern. They use it as a symbol, similar to the verbal number word. As there are more possibilities to produce a non-canonical finger pattern for three, it is not surprising that a third produced a noncanonical and just above half of the 3-year olds a canonical finger pattern. This fact can only partly be explained by the children's migration background. Over half of the non-canonical showers were German children. The younger children also differed from the two older groups in the way they produced the finger pattern. With over a fifth unfolding three fingers one by one (dynamically) until three fingers were reached and still a tenth not being able to produce a finger pattern for three at all, it might be suggested that the utilization of fingers in order to represent age develops in early childhood (possibly starting between the age of two and three). Further research, therefore, should look at 2-year olds' ways of communicating their age and in general their knowledge and utilization of finger patterns. In summary, the presented study results show that finger patterns are an important preverbal way of experiencing and communicating numbers for many young children.

Table 1 : Relative frequencies for children's reactions to the question "How old are you?"; mean scores for number tasks (in brackets); accordance of number word and finger pattern

 1 

	%	first reaction to the question "How old are you?"	accordance of number word
			[number tasks mean scores]		and finger pattern
		number	finger	number word	not able to	accordance no accordance
		word (1)	pattern (2)	and finger p.	tell/ show	or not able to
	age			simult. (3)	age (4)	tell/ show age
	3	28 [10.4]	50 [9.9]	17 [10.4]	5 [4.0]	63 37
	4	56 [19.3]	22 [14.5]	22 [17.9]	0	94 6
	5	60 [24.8]	12 [18.4]	28 [20.8]	0	98 2

Table 2 : Relative frequencies for way of production and type of children's finger patterns

 2 Table 2, right). Nearly 100% of all 4-and 5-year olds showed canonical finger patterns. Over half of the 3-year olds showed canonical, but one third showed non-canonical finger patterns.

	%		production of finger pattern		finger pattern	
		static	dynamic	shows no fingers	canonical non-canonical shows no
	age			at all			fingers at all
	3	67	22	11	56	33	11
	4	98	2	0	98	2	0
	5	100	0	0	100	0	0

German kindergarten comprises the three years before school entry, i.e. children start kindergarten when they are three years old.

Migration Background is defined here as: the child or one parent or both parents not born in Germany.