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REPEATING PATTERN ACTIVITIES AT PRESCHOOL AGE

Abstract: Activities with patterns are very common and very important in the period of the
early education of children. Patterns are present in different forms and contexts in kindergarten,
where preschool children often encounter situations in which they work on noticing or predicting

certain regularities, whether they are everyday life situations like arranging in a column (boy-
girc-boy-girl) or drawing zebra patterns (black-white-black-white), etc. New research on early
mathematics education increases this content’s (positive) influence during the development of
numerous mathematical competencies, not only those related to algebraic abilities, measurement
and spatial reasoning. The aim of this work is to present the development of competences related
to the concept of pattern in children of preschool age. In the first part of the paper, the theoretical
foundations of mathematical patterns, their categorization and types, their importance at
preschool age, as well as specific activities and operations that can be encountered while working
with preschool children are presented. The paper also shows the peculiarities of a special category
of patterns - patterns of repetition, which are the focus of this paper. Furthermore, the paper
presents some of the previous research aimed at children’s activities when identifying the structure
of the pattern or units of initiation.

Keywords: repeating patterns, preschool children, unit of repeat.

INTRODUCTION

Many scientists believe that pattern is crucial concept in mathematics education. For example,
Steen (1990, p. 611) states that “mathematics is the science of patterns”. Schoenfeld (1992, p. 334)
believes that mathematics is “a living subject that seeks to understand the patterns that permeate both
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the world around us and the mind within us’, while English (2004) advocates that the development of
mathematical reasoning in young children depends on their ability to identify, expand and generalize
the pattern. Many documents related to mathematics education include working with patterns as one
of the basic algebraic topics (National Council of Teachers of Mathematics, 2000). The ability to notice
and analyze a mathematical pattern is characterized by recognizing a repeating unit and identifying
how it repeats in that pattern (Mulligan et al., 2020). Studies have shown that children who successfully
solve problems related to patterns later have more success in mathematics (Papic, 2007). Introducing
preschoolers to patterns is supported by many mathematics education researchers (Sarama & Clements,
2009). Some of the importance of working with patterns at that age is in developing the ability to
abstract and generalize (Ibid). Deductive reasoning abilities can also be developed simultaneously with
the development of equivalent patterns using different materials and teaching children to predict what
is next in an existing pattern (Greenes et al., 2004). In addition to the statement that patterns support
the development of specific skills, activities with patterns such as extension, are important component
of children’s intellectual development since they provide children with the opportunity to observe and
verbalize generalizations and record them symbolically (English & Warren, 1998). Understanding
the unit of repetition as a structural part of the pattern is of particular importance because it appears
during the development of many mathematical contents, such as measurement (when repeating an
identical spatial unit) and multiplication (repeating an identical numerical unit). In each pattern, the
various elements are organized in some regular order. For example, in the increasing order of square
numbers 0, 1, 4, 9,..., the numbers increase by 1, 3, 5 ..., respectively, for a series of odd numbers. In a
circle, all points on the circle are the same distance from the center. The way a mathematical pattern is
organized is called the structure of that pattern. Finding the structure of patterns is often considered
pre-algebraic thinking because the spontaneous development of number concepts begins with the
development of algebraic thinking through patterns (Rittle-Johnson et al., 2014).

MATHEMATICAL PATTERNS AT PRESCHOOL AGE

Mathematical pattern refers to any predictable regularity that expresses numerical, spatial, or
logical relationships among the elements of that pattern (Mulligan & Mitchelmore, 2009). There are
different types of patterns that preschool children encounter in early childhood. In the literature, we
most often came across the division of patterns according to the way elements are structured within
it. Some authors (Papic & Mulligan, 2005; 2007) believe that children of preschool age most often
encounter three types of patterns:
1) repeating patterns, which have a “cyclical structure that can be generated by repeating smaller
parts of that pattern” (Liljedahl, 2004, p. 26-27) (eg. ABABAB...), where the smaller repeating
part (AB) is called unit of repetition (Threlfall, 1999);

2) spatial-structural patterns, which refer to the invariant relations between different properties
of geometric shapes (Papic et al., 2011).
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3) increasing patterns, consisting of sequences of elements that increase or decrease
systematically (eg 2, 4, 6, 8, ...) (Papic et al., 2011).

In the educational practice in Serbia, these types of patterns are often found in symbiosis. For
example, we can encounter increasing repetitive patterns that are repeating patterns and increasing
patterns integrated into the same activity, so that the unit of repetition is a particular segment of ascending
order. For example, children can make a fence from constructors by placing one constructor, next to it
two constructors, then three, and then again one, two, three... or they will represent an ascending pattern
where the next element is incremented by 1, but also a repeating pattern with the repeat unit ABC.

Apart from the mentioned categorization, some of the authors (Mulligan & Mitchelmore, 2013)
distinguish three forms of structuring according to the type of content present in them: a) numerical,
b) spatial-measuring, and ¢) modal patterns.

Repeating patterns in preschool children

Repeating patterns are considered as the most accessible type of pattern for young children,
possibly because of their very frequent and natural application in everyday activities (Ginsburg et
al., 1999; Ginsburg et al., 2003; NCTM, 2006). This type of pattern refers to patterns that have a
recognizable, linear unit of repetition (Zazkis & Liljedahl, 2002; Rittle-Johnson etal.,2014). For example,
the pattern ABBCABBC has a repeat unit of length of four elements. Considering the importance of
researching this type of pattern, it is necessary to support and encourage all activities that support the
observation of structures. At preschool age, children form patterns in everyday situations and from
elements from their environment. It can be drawing lines (Fox, 2005), making necklaces (Waters,
2004) and various games with models and applications (Biackman, 2016). The abilities to work on
these types of patterns become even more sophisticated around the age of six and seven. In order to
create their patterns, children are usually offered tasks and games in which they, usually with help,
should continue (expand, extend) a certain pattern. Children first encounter simpler patterns such
as those whose unit of repetition is e.g. AB, to make them more difficult by adding repetition units.
Many children can successfully solve this type of task which does not necessarily mean recognizing
the structure of that pattern (Papic et al., 2011). Certain types of activities can support the creation of
this type of capability. Those activities are called “abstract tasks”, and they refer to e.g. identifying the
smallest repeat unit by rounding or capping (Papic et al., 2011), creating a particular structure with
fewer repeat units but the same pattern structure (Rittle-Johnson et al., 2013). In addition, some of the
tasks can be to create or draw the same type of pattern using different materials (Ibid). For example,
the pattern ABBC can be represented as circles of different colors: red, yellow, yellow, blue. Children
can be required to (re)construct the same pattern with the help of geometric shapes of circle, square
and triangle (circle, square, square, triangle). The ability to create the same pattern using different
materials is a more complex process than simply copying, expanding and “fixing” the pattern (Sarama
& Clements, 2009). By working on activities of this type, children develop abilities and strategies that
can later be seen when working with other mathematical content. In other words, exposing preschool
children to tasks related to repetition patterns is very important for the development of mathematical
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thinking, and it is necessary to increase the awareness of educators and provide them with support in
planning activities of this type.

Operations and activities with (repeating) patterns

Working with patterns implies certain operations and activities that children can do with them.
The most common operations with patterns include: exploring, identifying, expanding, reproducing,
presenting and describing patterns (Van de Walle, 2004; Radatz et al., 1998). We will describe the
characteristics of each of them below.

1. Exploring patterns implies their presentation in a certain context, for which it is necessary
to analyze the structure of the patterns beforehand. During the exploration, it is important to find its
basic elements (Vogel, 2005).

2. Identifying patterns is initially an intuitive process and relates to the structure as a whole. To
identify a pattern is to distinguish random occurrences from those that are structured. Identification
of patterns is possible only in structured phenomena, in contrast to random ones where this is not
possible (Vogel, 2005).

3. Expanding (continuing) a certain pattern formation implies mental activities in which the
individual is aware of that pattern. Essential to this process is the identification of the characteristics
of the pattern - its basic element and its regularities. The expansion of patterns is most often done with
the guidance of adults. Pattern extension tasks begin with showing a pattern to the child, and then
asking the child to continue the same pattern. Many children succeed in extending the pattern without
necessarily recognizing the unit of repetition (Papic et al., 2011). Economopolus (1998) believes that in
order for children to be able to generalize and predict patterns, they must mentally separate themselves
from simply looking at the structure of patterns, that is, see what the unit of repetition consists of.

4. Reproduction of patterns implies the re-creation of an already existing pattern (Rittle-
Johnson et al., 2015). When it comes to pattern reproduction, Papic et al. (2011) distinguish two types
of reproduction: duplication and copying. Duplication implies creating the same pattern using the
same materials, while copying implies abstracting the unit of repetition and using it while creating
a pattern with different materials. For example, children may be presented with a necklace in which
the beads alternate in the pattern ABBCABBC, and asked to make several necklaces containing the
same bead pattern (duplication). Or, using the same repeat unit, children can make a sash for a dress
out of colored flowers that follow the ABBCABBC pattern. Reproduction of patterns requires very
precise and consistent analysis. Recreating and comparing patterns is an important requirement for
discovering regularities (Vogel, 2005).

5. Representing and describing patterns involves determining the rules that characterize its
structure according to appropriate descriptive features (Stern et al., 2003). These descriptions enable
the reconstruction of patterns.

Interaction with patterns does not imply strict following of this order and largely depends on
the context in which the patterns are used, the tasks that are used as motivation for their use (Vogel,
2005; Tsamir et al., 2017).
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In addition to the mentioned operations, some of the authors highlight the most common
activities of preschool children when encountering patterns, such as: creating, abstracting and
verbalizing patterns (Tsamir et al., 2017).

The creation of patterns initially takes place spontaneously, most often from materials and
elements in the environment: painting different lines, making necklaces from play materials, arranging
geometric shapes according to a certain order, etc. (Fox, 2005; Waters. 2004; Bickman, 2016);

Abstracting patterns implies that children can be asked to make a new pattern modeled on a
previous one using different elements but the same unit of repetition (Rittle-Johnson et al., 2013).
Being able to translate patterns into new media represents a more advanced stage than being able to
copy, expand, or correct a pattern (Sarama & Clements, 2009). The abstraction of patterns occurs as
one of the activities of the reproduction operation, which was discussed by Papi¢ et al. (2011).

Some tasks focus on verbalization. For example, a child may consider a pattern such as “blue,
yellow, yellow, blue, yellow, yellow” to be the same as “curved, pointed, pointed, curved, pointed,
pointed” patterns and describe it in words (Papic et al., 2011).

Previously, the most common activities that we encountered in the literature were presented. It is
important to emphasize that in addition to these, activities such as correcting, completing, describing
the elements of the patterns and defining the rules of the forms (in a child-specific way) can be done
with children.

In many studies (Zazkis & Liljedahl, 2002; Hutchinson & Prournara, 2011; Papic et al., 2011;
Rittle-Johnson et al., 2014; Tsamir et al., 2017) it has been proven that children of preschool age,
specifically aged 4- 6-year-olds have a wide range of abilities when it comes to repeating patterns.
Children of this age are able to successfully copy, expand, and even abstract a repeating pattern.
However, the level of success of the aforementioned abilities depends on the complexity of the form
itself, i.e. its structure, as well as on the requirements addressed to the children. More precisely,
children of preschool age show a high rate of success in those operations and activities that do not
necessarily require recognition of the structure of the form, or units of repetition of the proposed
pattern. Therefore, activities such as creating one’s own pattern or generalizing it, most children of
preschool age are not able to do.

For example, the results of research by Hutchinson and Prournara (2011) show that most children
aged 4.5-5.5 years successfully copy (75%) and extend the pattern (87.5%), while a smaller number of
them (50%) are able to create their own pattern, with success varying depending on the complexity
of the pattern structure and the number of elements. Many of the children’s answers indicate that the
children did not understand the structure of the pattern, because when asked to explain their pattern,
they counted each element of the pattern individually. Only one child out of eight examined was
able to recognize that he used the unit of repetition 7 times. When it came to completing the form,
which involved looking at the elements to the left and right of the missing field, most children did it
successfully. Although there were children who were more successful than others on individual tasks,
thus showing better competence, it is not visible that they understand the structure of the pattern,
but that they create the pattern according to the principle of “what goes next”. As a key step toward
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understanding pattern structure, the authors cite “what goes here” reasoning, as well as the ability to
identify the unit of repetition. The authors believe that at this age, work on patterns of this type should
be increased, as well as their integration with other contents in the curriculum.

Rittle-Johnson et al. (2014) focused their research on understanding the pattern structure of
children aged 4-5 years, relying on construction maps that indicate the level of mastery of certain
operations and activities within the pattern. The construction map of this research contains four levels
of abilities (less sophisticated abilities are at the bottom of the map and more sophisticated at the top),
which differ according to the level of abstraction required in the task and is based on the learning
trajectory of patterns and structures proposed by Clements and Sarama (2009). More specifically,
Level 1 involves copying patterns, Level 2 expanding patterns, Level 3 abstracting the hidden structure
of the pattern using another material, and Level 4 involves explicitly recognizing the smallest unit of
the pattern. The research results show that children of this age have mastered Levels 2 and 3, that is,
they are successful in pattern expansion tasks, which is also confirmed by the research of Hutchinson
and Prournara (2011) and their abstraction (colors and shapes). Contrary to previously mentioned
research the authors showed that children were less successful in copying task and explicit recognition
of repetition units. Research shows that more exposure to activities with repetition patterns, as well as
feedback that follows the activity, contributes to better understanding and better success of children on
tasks of this type. For example, during the first research session, 59 out of 66 children made multiple
errors on 8 tasks, while the other 7 children were correct on all 8 tasks. The number of errors that
children made varied from 2 to 5. More than 65% of children made partial errors, and close to half
of the children randomized objects, collated objects, or made a pattern with a simple repeating unit
(AB). The number of errors decreased significantly after the children received feedback. In addition to
more frequent exposure to the tasks, success was also influenced by the number of elements within the
forms. For example, children made fewer mistakes with patterns that had three elements compared to
those that had 4 elements.

Tsamir et al. (2017) showed in their study that children aged 5 to 6 can successfully expand
patterns by more than one element, but that the success of the expansion depends both on the structure
of the pattern and on the proposed continuation, and that children are more successful in extending
a pattern that ends with a complete unit of repetition. When it comes to abstraction tasks, with the
increase in abstractness and the ability to generalize, children’s success in perceiving the structure
of a pattern also decreases, since when comparing two patterns, children were most successful
when the patterns were made of the same material, and least successful when they had to recognize
different structures on different materials. As part of the research, examples were chosen in which the
mentioned units of repetition were complete or incomplete and in which the structure and materials
shown to the children varied. The results of the research show that there were children who were
successful when asked to extend the pattern, but also that this success inevitably depended on whether
the repetition unit was complete or not: 67% of them successfully extended the pattern by choosing
the appropriate continuation of the pattern when it ended with a complete unit of repetition, on the
contrary, 60% of children chose an adequate continuation of the pattern when the unit of repetition
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was not completed, or 15% of the children managed to correctly choose the endings for both patterns,
without simultaneously choosing the wrong endings. Although the difference is not small, these data
suggest that children are still able to see the complete repetition unit within the patterns. When it
comes to understanding pattern structure in abstraction tasks, where children compared pairs of
patterns in which the type of material and repetition units were varied, the results show the following:
e Children of preschool age are more successful in recognizing the structure of the pattern if the

same material is used in the observed pair.

e When pairs of patterns are made of the same materials, children are equally successful at spot-
ting the structure and non-structure of the pattern;

e When patterns are made of different materials, children perceive patterns with the same ra-
ther than different structures more easily.

Based on the previous construction maps from the research of Sarama & Clements (2009)
and Rittle-Johnson et al. (2014), we suggested a construction map (Table 1) of which operations and
activities preschool children first master, more precisely which are more sophisticated operations and
activities at this age.

Table 1. Constructor map of operations and activities with repeating patterns

Level Operation/activity Researches

Level 6  Identification of unit of repetition Hutchinson & Prournara, 2011; Rittle-Johnson et al, 2014;
Tsamir et al., 2017;

Level 5  Producing Hutchinson & Prournara, 2011;

Level 4  Abstraction Rittle-Johnson et al, 2014; Tsamir et al., 2017;

Level 3 Completing Hutchinson & Prournara, 2011:

Level2  Copying Hutchinson & Prournara, 2011; Rittle-Johnson et al, 2014;
Level 1 Extending Hutchinson & Prournara, 2011; Tsamir et al., 2017;

The existing construction map of research by Rittle-Johnson et al. (2014) was supplemented
with 2 more levels, i.e. activities of completing and creating patterns. In addition, a change was made
in the order of the levels suggested by the mentioned researchers. The aforementioned additions and
changes to the construction maps were based on data on the success of children of a certain age in
these activities. For example, the copying task was one of the more successful operations in Hutchinson
& Prournara (2011), while in Rittle-Johnson et al. (2014) children were less successful during these
activities. The reason may be in the differences in the age of the children, that is, in the cognitive
abilities of children who at a younger age had a weaker ability to perceive the unit of repetition or
failed to develop a sufficiently effective strategy in order to reach the correct solution. When it comes
to the completing (replenishment) activity, which until now was not visible in the construction maps,
we considered it to be at Level 3. Comparing the results with other operations and activities in the
research of Hutchinson & Prournara (2011), the conclusion is reached that the children were less
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successful in relation to the extending and copying activities, but still better in relation to the task
of creating patterns. When it comes to Level 4 and Level 5 from the table shown, we established the
order based on the age of the children and success in these activities, since the activities of abstraction
and creating patterns were not found in all three studies. In order to determine the sequence of levels
with certainty, it is necessary to rely on more relevant research that deals with these operations and
activities. The results of all three studies agree that the most sophisticated level of children’s thinking
with repetition patterns is the identification of the unit of repetition.

IMPLICATIONS FOR THE WORK WITH PRESCHOOL CHILDREN

At the very beginning, it is important to note that the educational practice in Serbia, as well
as none of the previous and current preschool education programs (Pravilnik o op$tim osnovama
predskolskog programa, 2006; Pravilnik o opstim osnovama predskolskog programa, 2018) do not
recognize the pattern as one of mathematical content that must be implemented in everyday work, in
contrast to preschool programs in other countries (Australian curriculum, 2018; Statutory framework
for the early years foundation stage, 2021).

In order to realize the potential of patterns in early education plans and programs, it is clear that
practice in kindergarten is crucial. It is necessary to implement them in both mathematical and other
forms of activity with children of this age. Activities with patterns can be developed through a range
of contexts, such as those present in literature, music, dance, children’s physical activity, etc. Many au-
thors recommend explicit pattern learning as well as child-initiated play (Garrick et al., 2005; McClus-
key et al., 2018). Pattern teaching activities should include as many activities and operations as pos-
sible, not only those that involve copying or extending them (Garrick et al., 2005; Miller et al., 2016).

Apart from the indisputable need to implement content that breaks patterns in educational work
with children of preschool age, it is also necessary to emphasize the need for training both kinder-
garten teachers and future kindergarten teachers to work with them. Some of existing research shows
that pattern teaching should be supported by knowledge of its developmental progression (Frye et
al., 2013) since practitioner understanding of patterns (Houssart, 2000) and identification of pattern
types (McGarvey, 2012) vary in their sophistication and complexity. A specific assessment of children’s
ability to work on patterns should enable overcoming difficulties through practice.

CONCLUSION

As already has been pointed out several times, the importance of patterns in general, and espe-
cially repeating patterns at preschool age is very big. Therefore, it is not surprising that there is a large
number of research, especially at preschool age, which we encountered during the literature review.
Researches show that children of preschool age master operations such as copying, expanding and ab-
stracting patterns, which does not necessarily imply that children are able to recognize structure or
the repetition unit of the pattern. More precisely, we can conclude that: 1. children at preschool age are
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able to successfully work with repeating pattern operations that do not necessarily imply recognition
of its structure, and 2. children’s success largely depends on the complexity of the structure, the num-
ber of pattern elements and the number of elements within the repetition unit.

Given that most of the research we encountered deals with repetiting patterns, some implica-
tions for future research may include examining the possibilities and abilities of preschool children in
working with other types of patterns, such as growing and spatial patterns. Since most of the existing
research is based on operations and activities that have already been examined at these ages, it is es-
pecially important to pay attention to other operations and activities that preschool children perform
when working with patterns, such as describing, verbalizing, “fixing” the pattern, etc. Some future re-
search should examine children’s success in these activities. Additional systematization of existing re-
search with new data can help expand the already existing construct map (Sarama & Clements, 2009,
Rittle-Johnson et al., 2014). Observation of children while working on other activities with patterns
or individual interviews with them can contribute to supplementing and elucidating the picture about
the strategies used with patterns, but also about in which specific cases they lead children to the cor-
rect solution and successful understanding of the repetition unit.
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Mapuja M. Bopkanuh
Yuusepsuter y beorpany, Yunremckn dakynrert, beorpan

ITIOHABJbAILE ITABJIOHCKMX AKTVMBHOCTHW YV ITPENIIKOJICKOM Y3PACTY

Pesnme: AKTMBHOCTH ca 0OpacLuMa Cy BeoMa 4ecTe U BeoMa BaKHe y IIepUOAy

paHor o6pasoBama ferie. O6paciy Cy IpUCYTHY Y pasIMIUTUM OOIMIIMA U KOHTEKCTUMA

y BpTuhy, re ce mela IpefIIKOICKOT y3pacTa 4yecTo cycpehy ca cuTyanujama y Kojuma pagpe
Ha yo4yaBamy W npenBubamy ofpeheHnx npaBuaHOCTI, OMIIO [ia je ped O CBAKOJHEBHUM
KMBOTHUM CUTYyalujaMa 1oyt pehama y KoJIoHy (Iedak-feBojuniia-iedak-aeBojuniia)

WIK LpTama mapa 3eopu (1ipHo-6eno-1pHo-6emo) nth. HoBa ncTpaxxuBamwa paHor
MaTeMaTH4KoT 06pa3oBama yKasyjy Ha (II03UTMBaH) YTUIAj OBOT caip>kaja Ha pa3Boj OpojHuX
MaTeMaTUYKVIX KOMIIeTeHII)ja, He CaMO OHMX KOje ce OfJHOCe Ha anrebapcke CoCOOHOCTH,
Mepeme U IPOCTOPHO 3aK/byunBame. LIvyb oBOT pajia jecTe fja mpyuKaXke pa3Boj KOMIIETEHIVja
y Be3u ca II0jMoM obpaciia Kofj fielie IPefLIKOICKOT y3pacTa. Y IIPBOM JieNly paja cy
IpyUKasaHe TeOPMjCKe OCHOBE MaTeMaTHYKMX oOpasalia, BIIX0Ba KaTeropusalyja 1 TUIIOBI,
IbJIXOB 3Hauaj y MPEAIIKOTICKOM Y3PacTy, Kao U clieljudyIHe aKTUBHOCTH 1 OIlepaliije ca
KOj/IMa Ce MOTY CYCPeCTH Y pajiy ca AelloM IIPeAIIKOJICKOT y3pacTa. Y pajy Cy IpuKazaHe 1
ocobeHocTy mocebHe Kareropuje obpasarnja — obpasalja HOHaB/babA, KOji CY Y HPOKYCYy OBOT
pana. Hagabe, y pajy cy IpyuKasaHa HeKa Off IIPETXOHNUX MCTPaXXMBamba Koja Cy ycMepeHa

Ha Jie4nje aKTMBHOCTY IPWIVKOM UeHTU(IKOBaba CTPYKType obpaciia Wi jefHuIIa
HOHaB/bamba.

KJI)Y‘IHC peun: o6pacuM TIIOHaB/baba, IIPEAIIKOIICKN y3PacT, jeI[I/IHI/H_[a IIOHaB/baiba.
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