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ABSTRACT

BEYOND ACCURACY: EXAMINING STRATEGY USE
ACROSS DIFFERENT TASK FORMATS AND TYPES IN
EARLY PATTERNING ABSTRACTION

This study aimed to investigate 4-to 6-year-old children’s strategies in repeat-
ing pattern abstraction across different task formats and types. A convergent parallel
mixed-methods design was used, so qualitative and quantitative data were collected
in parallel from 56 participants in two public preschools in Mugla/Turkiye during the
Spring 2025 semester. Data collection instruments were the Repeating Patterning Ab-
straction Task (RPAT) and the Corsi Block Tapping task. RPAT was developed in
three different model patterns: vertical, horizontal, and hiding, as well as two differ-
ent formats: multiple choice and drag and drop. Hybrid thematic analysis was used
for qualitative analysis, while multiple linear regression and mixed-effect logistic re-
gression were performed for the quantitative part. Results showed that there are five
strategy categories similar to the Liiken and Sauzet’s (2021) findings, but the indica-
tors of the strategies had differences. Findings revealed that children’s RPAT strategy
scores were quadratically related to RPAT scores. Also, RPAT strategy scores, age,
and Corsi Forward explained 76% of the variance in RPAT scores. Children’s use of
relational strategies did not vary across different models and formats; however, se-
quence awareness and comparison strategies were significantly more prevalent in the
horizontal model. These findings suggest that the spatial alignment plays an important
role in children’s strategy use. Thus, educators and researchers should consider spatial

features when designing the early repeating pattern abstraction tasks.
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OZET

DOGRULUGUN OTESINDE: ERKEN DONEM ORUNTU
SOYUTLAMA GOREVLERINDE FARKLI GOREV
MODELLERI VE FORMATLARINDA STRATEJI

KULLANIMININ INCELENMESI

Bu galisma 4-6 yag arasi ¢ocuklarin farkh gorev formatlar: ve tiirleri arasinda
tekrarlayan ortintii soyutlama gorevlerinde kullandiklar: stratejileri aragtirmayi amag-
lamaktadir. Yakinsak paralel karma yontem tasarimi kullanilmig, 2025 bahar doneminde
Mugla/ Tirkiye'deki iki devlet anaokulunda 56 katilimcidan nitel ve nicel veriler par-
alel olarak toplanmigtir. Veri toplama araglari, Tekrarlayan Oriintii Soyutlama Gorevi
(RPAT) ve Corsi dokunma gorevleridir. RPAT, dikey, yatay ve gizleme olmak iizere
ii¢ farkli modelde ve coktan se¢meli ve stiriikle ve birak olmak tizere iki farkli for-
matla gelistirilmistir ve bilgisayar araciligiyla uygulanmistir. Nitel analiz i¢in hibrit
tematik analiz kullanilirken, nicel kisim ic¢in ¢oklu dogrusal regresyon ve karigik etk-
ili lojistik regresyon uygulanmigtir. Sonuglar, Liiken ve Sauzet (2021) ile benzer beg
strateji kategorisi oldugunu, ancak stratejilerin gostergelerinde farkhiliklar oldugunu
gostermistir. Bulgular, ¢ocuklarin RPAT strateji puanlarmin ve RPAT puanlarinin
kuadratik olarak iligkili oldugunu gostermistir. RPAT strateji puanlari, yag ve Corsi
ileri degigkenleri RPAT puanlarindaki varyansin %76’sim1 agiklamaktadir. Cocuklarin
iligkisel strateji kullanimi farkli modeller ve formatlarda farklilik géstermemistir, ancak
sira farkindaligi ve kargilagtirma stratejilerinin kullanimi yatay modelde 6nemli 6lgiide
daha yaygindir. Bu bulgular, uzamsal hizalamanin ¢ocuklarin strateji kullaniminda
onemli bir rol oynadigini gostermektedir. Bu nedenle, egitimciler ve aragtirmacilarin
erken tekrarlayan oriintii soyutlama gorevlerini tasarlarken uzamsal ozellikleri dikkate

almalar1 onerilmektedir.
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1. INTRODUCTION

Early mathematics education is one of the essential components of early child-
hood education because mathematics is beyond numbers; it is a way of thinking and
perceiving the world. Also, early mathematics achievement contributes to future aca-
demic achievement in not only mathematics but also reading and science (Claessens
and Engel, 2013). Therefore, researchers examined the early mathematical compe-
tencies for several years and mainly focused on the arithmetic side. However, recent
studies showed the importance of the patterning in mathematics education (e.g. Bor-
riello et al., 2023; Kidd et al., 2013; Rittle-Johnson et al., 2017; Wijns et al., 2021)
and unpack how the patterning can be useful for the development of algebraic thinking

(e.g., Mulligan et al., 2020; Pittalis, 2023; Radford, 2018).

Patterning is a central competence that has short-term and long-term contribu-
tions to the mathematics achievement of children (Aunio and Niemivirta, 2010). It
can be defined as understanding the unit of the pattern-the smallest portion that re-
peats (Rittle-Johnson et al., 2013). Operationally, it can be described as a body of
knowledge encompassing tasks such as duplicating, extending, abstracting, and identi-
fying the unit of a pattern (Rittle-Johnson; Wijns, Torbeyns, Bakker, et al., 2019). It
involves understanding the pattern’s structure, determining relationships, and general-
izing these relationships to solve new problems. Patterning is seen as a building block
of mathematics education (Clemson and Clemson, 2001; National Council of Teachers
of Mathematics, 2000) because it plays a crucial role in the development of mathemat-
ical thinking, especially algebraic thinking (Lee et al., 2011; Papic et al., 2011; Sarama
and Clements, 2004; Warren and Cooper, 2006) as well as inductive and deductive rea-
soning (Sen and Guler, 2022). Several studies revealed the relationship between early
patterning knowledge and future mathematics achievement (Borriello et al., 2023; Bur-
goyne et al., 2019; Pasnak et al., 2015; Rittle-Johnson et al., 2017). Therefore, early
patterning knowledge plays a vital role in the development of mathematical thinking,

and it is the first step to algebra.



This study particularly focused on repeating patterns, as preschool children are
generally exposed to repeating patterns (Wijns, Torbeyns, Bakker, et al., 2019). There
are different types of repeating patterning tasks. While some of them can be success-
fully completed by preschoolers, some are claimed to be more advanced, and few chil-
dren can complete them (Liiken and Sauzet, 2021; Rittle-Johnson et al., 2013, 2015).
Duplication -making an exact copy of the pattern- and extension -identifying what
comes next in the pattern- activities are claimed as more basic, and these are claimed
as less related to mathematical thinking (Economopoulos, 1998). However, abstrac-
tion -recreating the pattern with new materials- and unit identification -identifying
the smallest portion that repeats- are claimed to be more advanced patterning tasks
(Rittle-Johnson et al., 2013). These tasks require comprehending the structure of
the pattern, determining the relationships, and generalizing it into the new contexts

(Economopoulos, 1998; Rittle-Johnson et al., 2015).

There are different repeating pattern assessments in the literature. In abstraction
knowledge, some studies use the word transfer or translate to refer to the same concept
as abstraction (e.g., Wijns, Torbeyns, De Smedt et al., 2019). These studies similarly
assess abstraction knowledge by giving a pattern and asking children to recreate the
pattern with new materials (e.g., Rittle-Johnson et al., 2013; Wijns, Torbeyns, De
Smedt et al., 2019). Nevertheless, there are different outcomes regarding the level of
difficulty in abstraction items. While some of them indicated abstraction items are
difficult than the extension (Collins and Laski, 2015; Rittle-Johnson et al., 2013; Sen
and Guler, 2022), Junker et al. (2025) revealed abstraction is easier than extension.
Furthermore, some of them showed extension and abstraction have the same level of

difficulty (Msall et al., 2025; Wijns, Torbeyns, Bakker, et al., 2019).

However, there are format-related differences in these studies. Generally, the
format of the abstraction items was constructed response in which children create their
pattern using different physical materials (Collins and Laski, 2015; Rittle-Johnson et
al., 2013; Wijns, Torbeyns, Bakker, et al., 2019). The only exception was the study by

Msall et al. (2025), which employed multiple-choice items for abstraction tasks. Also,



some studies used multiple-choice (Wijns, Torbeyns, Bakker, et al., 2019; Msall et
al., 2025) and the constructed response format in extension tasks (Collins and Laski,
2015; Junker et al., 2025; Rittle-Johnson et al., 2013). These different assessment
formats may cause different outcomes in the literature. Therefore, further studies

should examine the format-related differences in repeating pattern assessments.

Additionally, most of the studies assess children’s repeating patterning knowledge,
considering the correct and incorrect responses. However, correct responses may not
mean children attend to the pattern’s structure and use the unit of repeat. Therefore,
examining the children’s strategies for repeating patterning tasks is crucial to determine
their understanding and the cognitive demand of tasks. There are a limited number
of studies focusing on children’s strategy use in repeating patterns. Some studies
found that abstraction tasks can be completed only by understanding the pattern’s
structure. Thus, children use more relational strategies, which involve comprehending
the structure of the pattern in these tasks (Collins and Laski, 2015). However, some
of them explored that these activities are not required to comprehend the structure of
a pattern and can be solved using surface features of the pattern without awareness
of the unit of it. For this reason, children use recursive strategies such as one-to-one

appearance matching (Junker et al., 2025; Liitken and Sauzet, 2021).

The variability in results may be linked to the methodologies employed in the
studies, especially in terms of data collection and analysis. Collins and Laski (2015)
analyzed children’s errors in their responses to assess their strategy use. Junker et
al. (2025) analyzed children’s speech and gestures while completing tasks, in addition
to their responses. However, both studies did not prompt children to explain their
thinking and strategies also used only incorrect responses. To the best of our knowledge,
only one study explored children’s thinking and asked about how they reached the
solution via task-based interviews and provided the results of the strategy used in
abstraction tasks (Liiken and Sauzet, 2021). They analyzed the children’s responses,

actions, and gestures as well.



Moreover, the coding procedure of the studies differs. For example, Liiken and
Sauzet (2021) accepted creating an AB pattern instead of ABBABB as a recursive
strategy, but other studies (Collins and Laski, 2015; Junker et al., 2025) accepted it as
a relational strategy use. These methodological differences make it difficult to compare
the findings of studies. Considering children’s errors, actions, and gestures without ask-
ing how they found the solution might not fully capture their understanding. Therefore,
there could be three possible explanations for these contradictory findings. Firstly, ab-
straction items might not require thinking algebraically, as some researchers claimed,
since the children use more basic strategies to solve these activities (Junker et al., 2025;
Liiken and Sauzet, 2021). Secondly, abstraction items’ spatial alignment might not be
designed to prevent recursive strategy use. Therefore, the parallel horizontal model
and answer part might allow recursive strategy, and this lowered the cognitive demand
of abstraction tasks. Thirdly, the methodological differences in the type of data and

coding procedure might create differences between the results.

Taking into consideration the aforementioned studies, the current study has three
purposes. The first one is to investigate children’s strategy use in different kinds of
abstraction items and how the strategies differ for 4-; 5-; and 6-year-old children.
Second is to examine the relationship between abstraction scores and strategy use while
controlling for age and visuospatial working memory. The final, but nonetheless critical,
purpose is to develop a measurement method that minimizes recursive strategies such
as one-to-one matching and leads children to focus on the pattern’s structure, as some

researchers claimed (e.g., Economopoulos, 1998; Rittle-Johnson et al., 2015).



2. LITERATURE REVIEW

This chapter first examines the link between repeating patterns and mathematics,
then examines the repeating pattern tasks and children’s strategies in these tasks. Then
the chapter continues with assessment of abstraction tasks and children’s strategy use

in these tasks.

2.1. Repeating Patterns and Mathematics

A pattern is defined as “any replicable regularity” (Papic et al., 2011, p. 238).
The most common patterns during the early childhood period are repeating patterns,
but also children can encounter growing patterns that are not as common as repeating
patterns. Repeating patterns can be defined as “a cyclic structure that can be gener-
ated by the repeated application of a smaller portion of the pattern” (Liljedahl, 2004,
p.26). For example, ABBABBABB is a repeating pattern, and the smallest portion
that repeats or the unit of repeat ABB. Growing patterns can be defined as decreas-
ing and increasing sequences such as ABABBABBB (Papic et al., 2011). This study
focused on repeating patterns since they are more common during the early childhood
period (Wijns, Torbeyns, Bakker, et al., 2019) due to the Turkish Ministry of Na-
tional Education’s preschool curriculum’s objectives related to the repeating patterns

(MoNE, 2024).

Patterns are considered a core topic in mathematics, and some mathematicians
describe mathematics as “a science of pattern” (Steen, 1988). Identifying patterns,
generalizing them into new contexts, and expressing the generalization are essential
for different branches of mathematics, especially for algebra. Some researchers claimed
that the fundamental principle of algebraic thinking is making generalizations and ex-
pressing it using symbolic language like letters (Blanton and Kaput., 2011). Radford
(2011) extend this idea by algebraic thinking can be supported not only symbolic ways

but also non symbolic actions. These actions could be gestures, movement or language



(Radford, 2011; Pittalis, 2023). Therefore, algebraic reasoning of young children can
be supported through various tasks to go beyond symbolic notations, and early pat-
terning tasks may play a crucial role for the development of algebraic thinking. The
development of algebraic thinking is significant for other subjects in mathematics such

as arithmetic (Pittalis, 2023).

One way to support transition from numeracy to algebra is the development of
relational thinking which can be defined as “a two-pronged construct of identifying
relationships between quantities (known, unknown or variable) and deducing logically
new information based on the known relationships” (e.g. relationships between un-
known or numerical values) (Polotskaia et al., 2022, p.343). For example, when chil-
dren count twos, they identify the rule that each subsequent number increases by two
and generalize this pattern to continue counting. Another example is arithmetic cal-
culation principles. Children typically engaged in rote memorization for calculation,
such as addition with carrying (1747); nevertheless, recognizing patterns in the base-
ten systems-such as the alteration of the tens digit every ten numbers like 10, 20, 30,
etc.-could enhance their arithmetic calculation skills conceptually. For instance, while
children are calculating with rote memorization, they cannot make sense of why they
are increasing the tens place and finding the answer 24. However, a child applying
relational thinking might reason, “I know the pattern that 17 needs 3 to get to number
20, so I'll take 3 from the 7. That leaves 4. So, 20 plus 4 is 24”. This reasoning requires

thinking about relationships between numbers and easily transfers to new cases.

Algebraic thinking consists of analytic, structural, and functional thinking (Kieran,
2022). Each dimension is related to broader mathematics concepts. An early form of al-
gebraic thinking can be developed using patterns (Warren and Cooper, 2006). Analytic
thinking is deductively recognizing the relationship between knowns and unknowns and
coming up with a solution, acting unknowns as knowns (Kieran, 2022). Analytic think-
ing can be used in completing-ABABAB or extending tasks ABABAB?. The knowns
are the letters, and the unknowns are question marks. Children can find the answer

by identifying the relationship between letters A and B. A is in the odd positions and



B is in the even positions. Structural thinking is identifying the relationship, defining
the rule of this relationship, and extending it into new contexts (Mason et al., 2009).
Repeating pattern abstraction tasks might support structural thinking. For instance,
a blue-red-red-blue-red-red pattern is given, and children identify the rule -the unit of

repeat- as blue-red-red and recreate or express the pattern using letters as ABBABB.

Another important aspect of algebraic thinking is functional thinking. It can be
defined as “entails generalizing relationships between co-varying quantities, expressing
those relationships in words, symbols, tables, or graphs, and reasoning with these
various representations to analyze function behavio” (Blanton et al., 2011, p.13). If we
consider the red-blue-blue pattern, functional thinking can be supported by analyzing
how many red and blue are in different numbers of units. As Warren and Cooper (2006,
2007) suggested, asking children to create a table of how the number of red and blue
tiles changes for different numbers of units supports comprehending how two colors
covariate. This reveals the relationship between the number of blue tiles and twice the
number of red tiles, such as in one unit; one red and two blue, in two unit; two red
and four blue. The input is the unit number, and the outputs are the number of red
tiles f(x)=x or blue tiles f(x)= 2x. The input might be the number of red tiles, and the
output is the number of blue tiles f(x)=2x. Also, it can be used to reveal the modular
relationship, like the 30th place should be blue because the unit is repeated in every

three places, so 30 can be divisible by 3, and the 30th place should be blue.

Therefore, these examples show how early repeating patterning can be used to
scaffold algebraic thinking. In addition to algebraic thinking, several studies explored
repeating patterning as essential for the development of different mathematical compe-
tencies such as inductive reasoning and multiplicative thinking (Sen and Guler, 2022;
Warren and Cooper, 2007). Furthermore, some of them revealed the association be-
tween repeating patterns and numerical ability (Junker et al., 2025; Wijns, Torbeyns,
Bakker, et al., 2019). Rittle-Johnson and colleagues (2017) indicated that early re-
peating pattern knowledge predicts even fifth-grade math achievement. The early

development of repeating pattern knowledge might have an equalizing effect on future



mathematics achievement. Since repeating patterning is related to broader mathemat-
ics concepts it contributes to mathematics achievement both in the short term and

long-term.

2.2. Repeating Patterning Tasks

There are different kinds of repeating patterning tasks. The most common repeat-
ing patterning tasks in preschools are creating, duplicating, and extending a pattern
(Economopoulos, 1998). Duplicating a pattern involves children making an exact copy
of the given pattern (Wijns, Torbeyns, De Smedt, et al., 2019), while extending a
pattern entails continuing the pattern by adding objects that follow the rule. For ex-
ample, if there is a blue-red-blue-red pattern, children extend the pattern by adding
other blue and red objects in order. However, Threlfall (1999) claimed that these tasks
might not encourage comprehending the underlying structures of a pattern. Therefore,
they may not contribute to the understanding of mathematical relationships and may
be completed without identifying the unit of repeat (Rittle-Johnson et al., 2015). Most
4-year-olds are able to duplicate and extend patterns, making these relatively simple

tasks for young children (Clements et al., 2008).

However, abstraction and unit identification are considered as more comprehen-
sive tasks, and children may need to understand the underlying structure of a pattern,
so a limited number of children successfully complete these tasks (Rittle-Johnson et
al., 2015). When children abstract a pattern, they recreate the given pattern using dif-
ferent objects (Rittle-Johnson et al., 2013; Wijns, Torbeyns, De Smedt, et al., 2019).
For example, a circle-square-square-circle-square-square pattern may be recreated as

triangle-rectangle-rectangle-triangle-rectangle-rectangle.

To successfully recreate the pattern in this way, a child must first mentally grasp
its underlying structure by identifying the core repeating part, known as unit identifi-
cation. For instance, in an ABCABC pattern, the unit is ABC. Few preschool children

are capable of successfully identifying the unit, making it one of the most challenging



patterning activities (Litken and Sauzet, 2021). These activities encourage children to

focus on the elements of a pattern and comprehend the structure of its repeating part.

Some studies have claimed that abstraction tasks support going beyond surface
features to focus on understanding the underlying structure and relationships within
patterns (Baroody et al., 2021; Collins and Laski, 2015; Economopoulos, 1998; Rittle-
Johnson et al., 2015). Abstracting a pattern encourages understanding the relation-
ships between elements of a pattern, abstracting these relationships, and generaliz-
ing them to new cases (Baroody et al., 2021). Thus, abstraction tasks foster deeper
cognitive skills such as relational and algebraic thinking. This role is distinct from

duplication and extension tasks.

Even though there are contradictory findings about abstraction activities in the
literature, some of the studies explored that abstraction activities can be correctly an-
swered using surface features without awareness of repeating units and the relationship
between pattern elements (Junker et al., 2025; Litken and Sauzet, 2021). Some studies
supported this claim with empirical evidence that abstraction items are easier and have
the same difficulty as extension items (Msall et al., 2025; Wijns, Torbeyns, Bakker, et
al., 2019). Contrary to these findings, according to the developmental evidence from
Rittle-Johnson et al (2013), abstraction tasks (level 3) harder than extension (level 2)
but easier than unit identification (level 4). Baroody et al. (2021) argue that translat-
ing patterns into abstract representations, such as letters (e.g., ABABAB), has only
a small effect on fostering broader generalization skills, such as translating patterns
into new objects. Furthermore, they suggest revising the developmental sequence of
patterning skills, proposing that core identification (recognizing the smallest repeating
unit) should precede pattern abstraction (translating the pattern into new forms), as
abstraction tasks appear to be more cognitively demanding. This proposal challenges
earlier developmental models (e.g., Rittle-Johnson et al., 2013, 2015) that positioned
abstraction as an earlier step. Therefore, more research is required to understand how
children complete abstraction tasks and whether they are encouraged to focus on the

pattern’s structure.
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2.3. Repeating Patterning Strategies

Patterning strategies provide insights into children’s thinking and decision-making
procedures. Patterning tasks can be completed using different strategies, and some of
the strategies facilitate relational thinking which is identifying the similarities and dif-
ferences in the pattern elements and comprehending the underlying structure of the
pattern or unit of repeat (Collins and Laski, 2015; Dumas et al., 2013). Relational
thinking encourages algebraic thinking (Polotskaia et al., 2022). However, children do
not always use relational strategies, sometimes they may complete pattern tasks by
looking at the superficial features of the pattern without recognizing the unit which
is called recursive strategies (Papic et al., 2011; Collins and Laski, 2015; Liiken and
Sauzet, 2021; Junker et al., 2025; Pitta-Pantazi et al., 2024). There are limited studies
about children’s strategy use (see Table 2.1), and they provided various strategy cat-
egories; the strategies can be grouped into three broad categories: recursive strategy
mainly focuses on surface futures; relational strategy focuses on structure and off-task

strategy is random strategies not related to patterning.

Table 2.1. Studies on repeating patterning strategies.

Source|Country|Age Patterning |Data Strategy
(year) |activity Collection [Findings
Method
Papic |Australia |3-5 Repeating  |Semi- 1. Random
et al. years old|Patterns: structured |arrangement
-2011 Towers task-based |2. Direct
Borders interviews |comparison
Hopscotch 3. Alternation
Numbers 4. Basic
Spatial unit of the
Structure repeat
Patterns 5. Advanced
unit of the
repeat




Table 2.1 Studies on repeating patterning strategies. (cont.)

Source|Country|Age Patterning |Data Strategy
(year) |activity Collection |Findings
Method
Collins [USA 3-5 Duplicate, |Children’s |1. Off-task
and years extend, accuracy, strategy
Laski old transfer [tem-level |2. One-
-2015 and unit Error to-one appearance
isolation Analysis matching
Relations  |3. Relational
accuracy similarity
and
errors on
tasks
and WM
Liiken |Germany |3-5 Explain, Task-based |1. No reference
and years copy, interviews |[to the pattern
Sauzet old repair, 2. Attention
-2021 extend, name the singular
the last characteristics
element, 3. Comparison
translate, and
and identify classification
the repeating 4. Focus on
unit sequence
5. View the
unit of repeat
Junker Norway |First-  |Duplicate, |Task- 1. Different
et al. grade |extend, based strategies
-2025 students |transfer interviews |2. Recursive
and unit Incorrect strategy
isolation Responses |3. Relational
(not strategy
prompted
to explain
children’s

thinking)

11
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Table 2.1 Studies on repeating patterning strategies. (cont.)

Source|Country|Age Patterning |Data Strategy

(year) |activity Collection |Findings
Method

Pitta- |Cyprus |First- |Extend Eye tracking|1. Serial

Pantazi grade and Verbal |strategies

et al., students responses  |2. Strategies

-2024 (M= 6.5 employing
years) structure

sense

Note. Adapted from Patterning strategies in grade 1 students
with low and high number sense proficiency by

A Junker, G. A. Nortvedt, and D. Farsani,

2025, Educational Studies in Mathematics.

Collins and Laski (2015) and Junker et al. (2025) used four pattern tasks (dupli-
cate, extend, transfer, and unit isolation) to investigate children’s strategy use. While
Collins and Laski (2015) focused on children’s accuracy in tasks, item-level error analy-
sis, the relationship between children’s accuracy and errors on tasks, as well as memory
and inhibitory control, Junker et al. (2025) conducted task-based interviews and coded
children’s verbal, spatial, and gestural responses. However, in both studies, children
were not prompted on how they thought while answering and only examined children’s
incorrect answers were examined. In both studies, the results indicated that children
employed three strategies, ranging from the easiest to the most advanced. The most
advanced strategy is relational similarity in both studies. The second strategy is la-
beled as one-to-one appearance matching in Collins and Laski (2015) and recursive in
Junker et al. (2025). The basic strategy is labeled as off-task in Collins and Laski
(2015) and different in Junker et al. (2025). Although the strategies have different

labels, their indicators are similar.

Relational similarity strategy is defined as comprehending the underlying struc-
ture of a pattern (Collins and Laski, 2015; Junker et al., 2025). For example, determin-
ing that AB forms a unit in the ABAB pattern and that blue-red-blue-red-blue-red is
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an AB pattern. Since the studies performed error analysis, creating wrong but viable
patterns is considered a relational similarity strategy such as creating an AB pattern
instead of an ABC pattern. However, creating an AB pattern in the wrong contexts
might not facilitate relational thinking because children may have matched the pat-
terns, they had formed by looking only at the first two elements and repeating this
structure. This might be a transition process from recursive to relational but still they
did not comprehend the structure of the pattern. The recursive (including one-to-one
appearance matching) strategy focuses on the surface features of the pattern without
awareness of the pattern unit or structure (Collins and Laski, 2015; Junker et al.,
2025). For example, the square-square-circle pattern is given, and children match the
square with a triangle and the circle with a trapezoid without comprehending the AAB
unit structure. In the off task/different strategy, children did not attend the pattern’s
elements. They gave unrelated answers or sorting (AAABBB rather than ABABAB)
the objects according to their color or shape (Collins and Laski, 2015; Junker et al.,
2025).

Papic (2011) and her colleagues determined five strategy categories in repeating
patterns. Their task categories are different from aforementioned studies. There are
four task categories: towers, borders, hopscotch, and numbers. The first category was
random arrangement, i.e., children lack pattern awareness and form objects randomly
without any repeating unit. This strategy is similar to the off-task category in Collins
and Laski (2015). The second category was a direct comparison, the same as the one-
to-one matching strategy defined above. The third category is alternation, and children
focus on how the objects follow each other, such as blue, then red, then blue, then red,
without comprehending the blue-red repeating unit. The fourth one was the basic unit
of repeat, and in this category, children could define and understand the pattern unit

and explicitly show the unit of repeat.

The fifth category was the advanced unit of repeat, in which children not only
identified the unit but also generalized it using different materials. The fifth category is

very similar to the definition of abstraction tasks and these results align with Baroody
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and his colleague’s (2021) recommendations that the abstraction tasks might be difficult
to the unit identification tasks since implicitly identifying the unit might facilitate the

abstraction tasks.

The five strategy categories of Liitken and Sauzet (2021) were listed similarly to
those of Papic et al. (2011) in increasing order of complexity. Strategies that randomly
form the elements without awareness of the pattern structure are called no reference
to the pattern. Strategies that focus on one dimension of a pattern, such as shape or
color, call attention to singular characteristics, and in this category, children did not
regularly form correct patterns. Comparison and classification categories are similar
to the one-to-one matching strategy. Children compare and match the elements one
by one or create an AB pattern when it is not appropriate. A key difference in the
literature lies in the classification of “viable but wrong” patterns. For example, some
studies categorized creating an AB pattern instead of an ABB pattern as a relational
strategy (Collins and Laski, 2015; Junker et al., 2025). In direct contrast, Litken and
Sauzet (2021) considered this same error to be an example of a recursive strategy.
Therefore, the evidence taken from children’s responses is categorized differently, and
this might be one reason for the different findings of the studies. The focus on sequence
strategy is similar to the alternation strategy of Papic et al. (2011). Children focus on
the consecutive elements and consider the alternation of elements, such as next to blue
is red, next to red is yellow, without comprehending the pattern’s structure. Lastly,
the most sophisticated strategy is the view of the unit of repeat, and this one is the
same as Papic and her colleague’s (2011) basic unit of repeat strategy and children
explicitly identify the unit by “chanting rhythmically, taking all elements of the unit
at once out of the box, arranging all elements of the unit at once, naming the unit of
repeat, naming and actively showing the unit of repeat” p. 34. The most advanced
strategies differ between Papic et al. (2011) and Liiken and Sauzet (2021) since Papic
(2011) differentiates the unit identification as basic and advanced, while Liiken and

Sauzet (2021) only used the category view of the unit of repeat.
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Identifying the children’s strategies in different repeating patterning tasks is es-
sential to understanding their contribution to mathematics achievement. In the previ-
ous section, we examined the contradictory findings about the abstraction tasks and
the cognitive demand of them might be lower than claimed. The reason for the differ-
ent strategies used in abstraction tasks might be related to their methodology and how
to categorize the responses as relational and recursive. For example, Collins and Laski
(2015) and Junker et al. (2025) categorized creating a viable but wrong pattern as re-
lational, such as creating an AB pattern rather than ABB. However, Liiken and Sauzet
(2021) categorized this response as a recursive strategy. Therefore, they indicated that
abstraction tasks might not demand the use of relational strategies, contrary to Collins
and Laski (2015). Junker et al’s (2025) findings have supported these findings even
though they used and coded strategies similar to those of Collins and Laski (2015). The
only difference between these two studies was that Collins and Laski (2015) performed
error analysis while Junker used multimodal responses such as children’s responses,
speech, and gestures. However, neither prompted children to explain their thinking

and strategies, and only incorrect answers were analyzed to reveal children’s strategies.

The methodological differences in data collection and analysis make it difficult
to compare the findings of the studies. The most important difference is whether
creating a different but viable pattern, such as creating AB when the task unit was
ABB, is relational or recursive. Given that the children were still unable to identify the
structure of the model pattern (ABB unit), we asserted that they possessed a partial
understanding of the pattern’s structure. Furthermore, children’s errors or responses
without explaining their thinking might not fully capture their understanding, so there

is a need for further studies about children’s strategies for abstraction tasks.
2.4. Repeating Patterning Abstraction Tasks
There are different assessment instruments to measure repeating pattern knowl-

edge in the literature but most of them have similar tasks. This section provides a

closer look at the abstraction tasks used in the literature. Before examining the tasks,
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we want to remember that abstraction is defined as “recreating a pattern with new
objects”. Also, some researchers use different names such as translate, transfer, or
extra variable transfer rather than abstraction. We prefer to use abstraction during

this study.

When we examined the assessment instruments, two of them were commonly used
in the literature. The first one is an interview-based Early Mathematical Patterning
Assessment (EMPA) developed by Papic et al. (2011). The researchers used different
names for the tasks, which include towers, borders, hopscotch, and numbers, to measure
knowledge of repeating patterns. The tower tasks consist of copying, continuing (similar
to extension), and finding missing elements (fix) with units of AB, ABC, and ABBC
using blocks and drawing. Even though there is no name of abstraction in the tasks,
drawing the hiding pattern from memory tasks is similar since it requires recreating
the model pattern by drawing. In this task, a model pattern created by unit cubes
with different colors was shown for 5 seconds, then the model pattern was hidden, and
children drew the same pattern from memory. They explained the reasoning for hiding
the pattern in the assessment with the Mulligan et al. (2004) study, which indicated
that children fail to develop structured images, and supporting them to “visualize and
record a simple pattern” (p. 399) might contribute to producing structured images
at an early age. Shortly, hiding the model pattern may support and assess children’s
structural thinking, which is a dimension of algebraic thinking. However, there are some
limitations of the study. Firstly, the study did not provide a rationale for limiting the
time to 5 seconds. Secondly, controlling visuospatial memory might be important to
determine whether the differences are related to pattern knowledge or working memory
capacity. Lastly, the nature of the assessment poses challenges for large-scale research.
As an interview-based, constructed-response tool, it requires one-on-one administration
and individual coding for each child’s constructed pattern, making data collection and

analysis difficult to scale for larger groups.

The second commonly used constructed response instrument measuring repeating

patterning was developed by Rittle-Johnson et al. (2013). There are four main tasks in
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this instrument: duplicate, extend, abstract, and unit tower (unit identification), with
AAB, ABB, and AABB units. Similar to Papic et al. (2011), there are unit memory
tasks that solely assess the ability to copy patterns from memory and identify units
from memory that are dropped due to low item-total correlation. However, the design
of these memory items did not aim to measure abstraction knowledge since it wasn’t
required to recreate the pattern with new materials. In the abstraction tasks, there
are two types of abstraction items: abstracting the color and abstracting the shape.
Abstracting the color task is provided by creating the model pattern with a uniform
three-dimensional shape, and children recreate the model using different color shapes.
The only difference in abstracting shape tasks is that the materials are non-colored
wooden cubes and small flat shapes of unpainted wood. The alignment is horizontal in
these items, i.e., the model pattern is given horizontally, and after some space, children

recreate the pattern with different materials below the model pattern.

When we examined the repeating patterning studies, the repeating patterning
assessment developed by Rittle-Johnson et al. (2013) was commonly used. Some of
the instruments use the same task designs with different units (Wijns, Torbeyns, De
Smedt, et al., 2019). However, horizontal alignment was used in the tasks, and all the
studies used constructed response items (Collins and Laski, 2015; Junker et al., 2025;
Litken and Sauzet, 2021; Wijns, Torbeyns, Bakker, et al., 2019). A current measure-
ment instrument, EPA-repeating (Rittle-Johnson et al., 2020), was designed with MC
items in completion, extension, abstraction, and pattern identification. The study was
adapted to Turkish, but it is revealed that abstraction, extension, and pattern identifi-
cation items have the same level of difficulty in Turkiye and there are slight differences
in the U.S. (Msall et al., 2025). Although abstraction is often framed as a complex
skill requiring a focus on underlying patterns, the literature presents contradictory
findings regarding children’s actual strategy use on these tasks. These inconsistencies
have led researchers to propose different developmental levels for abstraction knowl-
edge (Baroody et al., 2021; Rittle-Johnson et al., 2013; Wijns, Torbeyns, Bakker, et
al., 2019).
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Previous findings lead us to a new question: “Is the abstraction task’s spatial
alignment designed to measure the intended relational knowledge and prevent the re-
cursive strategy use, such as one-to-one appearance matching”? This question is linked
with the spatial alignment principle (Matlen et al., 2020). According to the spatial
alignment principle (Matlen et al., 2020), visual comparison efficiency increases when
the tasks are presented directly, which means providing tasks in parallel rather than
impeded. In other words, it is to present tasks one below the other or side by side.
Therefore, the direct design of the abstraction tasks might affect the strategy used by
children because it might allow for a one-to-one match. Since the spatial aspects of task
design may affect the participants’ attention and engagement with tasks (Bjorklund
et al., 2020), this type of task design may lower the targeted difficulty and cognitive
demand. There is a need to investigate how children engage with different spatial
arrangements and explore whether horizontal direct alignment can cause them to use

recursive strategies.
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3. SIGNIFICANCE OF THE STUDY

Early childhood educators are increasingly interested in patterning due to its crit-
ical role in mathematics and its connection to algebraic reasoning (Warren and Cooper,
2006). Therefore, various preschool curricula, including the Turkish National Preschool
Curriculum, have objectives related to repeating patterns (Ministry of National Edu-
cation [MoNE], 2024). Providing children with a range of patterning activities-such as
duplication, extension, abstraction, and unit identification-may support the develop-
ment of their early algebraic thinking. Some researchers claim that abstraction and unit
identification tasks are more related to mathematical thinking (Clements and Sarama,
2009; Rittle-Johnson et al., 2015) since the demand of these tasks goes beyond recursive
strategies -using surface features- and encourages relational strategies such as identi-
fying the unit (Clements and Sarama, 2009; Economopoulos, 1998; Rittle-Johnson et
al., 2015).

Nevertheless, current findings about children’s strategies in repeating patterning
tasks (Papic et al., 2011; Collins and Laski, 2015; Liiken and Sauzet, 2021; Junker
et al., 2025) and repeating patterning assessments (Wijns, Torbeyns, Bakker, et al.,
2019) argue the claim of relational strategy use in abstraction knowledge. These tasks
might not encourage the comprehension of the unit of repeat and can be completed
through recursive strategies (Junker et al., 2025; Liiken and Sauzet, 2021; Wijns, Tor-
beyns, Bakker, et al., 2019). The recursive strategy use of these tasks might reduce its
relationship with mathematics since children do not comprehend the structure and gen-
eralize them. For instance, a study found that all pattern tasks contribute to numerical
ability, except for repeating patterning abstraction tasks (Wijns, Torbeyns, Bakker, et
al., 2019). Another study supported this claim in the context of number sense and the
only significant difference between children who have low and high number sense is in
extension tasks (Junker et al., 2025). Additionally, the abstraction performance of stu-
dents with low and high number sense was very similar, at 73% and 78%, respectively

(Junker et al., 2025).
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Notably, few studies have investigated children’s strategies for repeating pattern-
ing abstraction tasks (see Table 2.1). In these studies, although the assessment tasks
for abstraction were similar, the methodologies used for data collection and analysis
varied. Two studies did not prompt children to explain their thinking but rather used
error analysis (Collins and Laski) and multimodal responses such as speech and ges-
tures in addition to their responses (Junker et al., 2025). Also, these studies accepted
creating wrong but viable patterns as relational, creating AB in a different pattern.
To the best of our knowledge, only two studies have asked children to explain their
thinking (Liiken and Sauzet, 2021; Papic et al., 2011). Nonetheless, Papic et al. (2011)
used different pattern tasks and did not specify the strategies employed in repeating
patterns. Therefore, only Liiken and Sauzet (2021) provided a strategy framework for
repeating patterning, and they categorized creating a different pattern to model a pat-
tern as a recursive strategy. The differences in methodologies led to varying findings
regarding whether abstraction tasks encourage relational thinking. Therefore, more
research should investigate the children’s strategies for abstraction tasks by prompting

their reasoning.

The use of recursive strategies in abstraction tasks may be related to how the
questions are asked as well, since the task’s spatial format might affect children’s en-
gagement with tasks (Bjorklund et al., 2020). According to the spatial alignment prin-
ciple, the direct (parallel) placement increases children’s visual comparison efficiency
(Matlen et al., 2020). This may allow children to use recursive strategy methods and
decrease the cognitive demand of the tasks. Therefore, different spatial alignment

models should be tested to understand the effect of task types on children’s strategies.

Furthermore, there are format-related differences in the literature. Most of the
assessment instruments used a constructed response format in abstraction items that
children use physical materials to construct a pattern (e.g., Rittle-Johnson et al., 2013;
Wijns, Torbeyns, Bakker, et al., 2019). However, Msall et al.’s (2025) study used the
multiple-choice format, and there are no strong differences across task types. Since the

multiple-choice format provided choices with the whole unit, it might be easier than
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the constructed response format. Further studies should explore whether the format

of the tasks has an impact on children’s strategy use.

Briefly, our study aims to deepen the current understanding of repeating pattern
abstraction tasks. We investigate children’s strategies using task-based interviews to
comprehend their cognitive mechanisms, including age-based differences. Also, we
test various abstraction items to establish a task design that minimizes the need for
recursive strategies like one-to-one appearance matching as well as exploring format-

related differences in strategy use.

3.1. Research Questions of the Study

There are three main research questions of the current study as follows.

(i) What are the recursive and relational strategies used by 4-6-year-old children
when solving repeating patterning abstraction tasks (RPAT)?
(ii) To what extent do RPAT strategies predict RPAT scores when controlling for age
and visuospatial working memory?
(iii) What task design features promote the use of relational strategies and minimize

the use of recursive strategies in repeating pattern abstraction tasks?
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4. METHOD

This chapter presents the research design, participants’ characteristics, data col-

lection instruments and procedures, and data analysis of the study.

4.1. Research Design

A convergent parallel mixed-methods design was used since we aim to suggest a
task design for abstraction items. Therefore, both the strategy uses and the answers to
the tasks are important in determining it. In the convergent parallel mixed-methods
design, quantitative and qualitative data are separately collected and analyzed. Then,
data is interpreted together to determine whether the qualitative and quantitative data
support each other (Creswell and Creswell, 2018). The abstraction task design should
eliminate the recursive strategy compared to the other task designs. Therefore, a con-
vergent parallel mixed-methods design is useful for deepening the results of quantitative

data and generalizing the findings of qualitative data.

Quantitative Data Quantitative Data
Collection Analysis
-RPAT Scores — -Multiple Regression \
-Corsi-Span Task -Mixed Effect Logistic
Seores Regression Results &
Interpretation
« Combining the
quantitative and qualitative
data to determine a task
Qualitative Data Qualitative Data mif;ﬁ‘:::‘;::g'ﬁﬂ
Collection Analysis /’ _
E ——
- Task-based [nterviews -Hybrid Thematic
Analysis

Figure 4.1. Research design.

The qualitative data was used to reveal the children’s strategies using task-based
interviews and which repeating patterning abstraction task model and format encour-

ages the relational strategy use (see Figure 4.1). The quantitative part will be used
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to support and generalize the findings of qualitative data, and RPAT scores, RPAT

strategy and visuospatial working memory was the source of the quantitative data.

4.2. Participants

Participants were preschool children aged 4-6 years, as the development of early
repeating pattern knowledge is essential for the preschool period (Sarama and Clements,
2004). Also, children’s repeating pattern knowledge varies across these ages (Liiken and
Sauzet, 2021), allowing us to identify different strategies used. GLIMMPSE (General
Linear Mixed Model and Sample Size) software was used to determine the number
of participants. This analysis investigated the interaction effect between age groups
(4, 5, 6 years) and question formats (horizontal, vertical, hiding) on the abstraction
score. The analysis used a Hotelling Lawley Trace test with a Type I error rate of 0.05
and a target power of 0.80. The power analysis suggested 57 participants in total to
provide sufficient statistical power to detect the interaction effect between age groups
and question formats on the abstraction scores. Therefore, data were collected from
60 children from two public preschools in Mugla/Tiirkiye by convenience sampling
method. Three of them did not want to continue the study, and one of them, whose
teacher confirmed that he had attention problems in the classroom, was removed due

to inattentive answers.

Thus, sample of this study is 56 participants (Mpenn = 65.22, SD = 8.58, 57%
female) and 19 of them were 4-years-old (M,,oni= 55.11, SD = 2.97, 59% female), 18
of them 5-years-old (M,,onn = 65.89, SD = 3.03, 61% female), 19 of them 6-years-old
(Myoner, = 75.00, SD = 1.88, 56% female). However, five of the participants did not
complete the visuospatial working memory tasks; therefore, they were removed from
the analysis of the second research question. Therefore, the sample is 51 participants
(M pontn, = 66.22, SD = 8.26) for the analysis of the second research question. Teach-
ers of 4-year-olds reported that they generally did AB pattern extension tasks in the
classrooms, and they did not do abstraction activities. Teachers of mixed-age classes of

5- and 6-year-old children reported that they primarily used extension activities with
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different units, along with infrequent use of unit identification and abstraction activi-
ties. Also, children’s socioeconomic status was reported by their teachers as middle to

upper middle.

4.3. Data Collection Instruments

Qualitative and quantitative data collection instruments were used. The qualita-
tive data collection instrument is task-based interviews in Repeating Pattern Abstrac-
tion Task (RPAT). The quantitative data collection instruments are RPAT to measure

abstraction knowledge and Corsi-span task to measure visuospatial working memory.

4.3.1. Repeating Pattern Abstraction Task

To determine how task design might reduce reliance on recursive strategies, such
as one-to-one matching, three distinct abstraction task models were developed online.
This study began with the horizontal model, which reflects the traditional format used
in previous research (e.g., Clements and Sarama, 2009; Rittle-Johnson et al., 2013). We
included this model specifically to test the hypothesis that its direct parallel alignment
encourages recursive strategy use. In response to this potential issue, we developed and

tested two novel alternatives: the vertical model and the hiding model (see Figure 4.2).

The vertical model, a unique contribution to the literature, alters the alignment
to specifically disrupt horizontal matching, a design informed by spatial comparison
principles (Matlen et al., 2020). The hiding model, adapted from unit identification
tasks used in prior studies (Papic et al., 2011; Wijns, Torbeyns, Bakker, et al., 2019),
was designed to prevent direct visual matching altogether. In this model, children
view the pattern, press a button to hide it, and then complete the task from memory.
We did not set a time limit for viewing, as there is no consensus in the literature; for
instance, suggested timings have ranged from 5 seconds (Rittle-Johnson et al., 2013)

to 10 seconds (Papic et al., 2011).
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In our study, the average time to hide the pattern was recorded as 15.7 seconds.
However, approximately 3 seconds of those were used by the researcher for prompts in

Appendix D, so children spent 12-13 seconds viewing the model pattern.

In addition to the three different models, there are 2 different formats of the tasks:
multiple-choice (MC) and drag-and-drop (DD). MC formats facilitate the administra-
tion and scoring of the tasks. Since children would rather spend time constructing the
pattern, they choose the correct option, and we assume the MC format reduces the
assessment time. Three choices were provided for the MC tasks because some studies
indicated that having three options offers advantages, including higher discriminative
power (Costin, 1970; Tversky, 1964 as cited in Gierl et al., 2017, p. 1099) and greater
consistency in writing effective distractors (Gierl et al., 2017; Rodriguez, 2005). Fur-
ther, we selected the distractors based on common errors found in previous studies
(e.g., Collins and Laski, 2015). The units of options for the MC tasks were AB, ABB,
and ABC. Creating AB patterns when the units were different is a very common er-
ror. Other common errors include matching only the first two elements, failing to look

further, or selecting the same unit length.

Model Multiple Choice Format Drag and Drop Format
Name ABB, ABC ABB, ABC
[
® (=]
Vertical ® °
Model *
memene
ONAONA
neeomeo
= [ ]
appapg Wy EWY
Horizontal
Model
OHNAONA
meeomeo
mememe
= [ ]
Hiding | |
Model

Figure 4.2. Examples of repeating pattern abstraction tasks.



26

However, generally constructed response items were used in the previous assess-
ments (e.g., Rittle-Johnson et al., 2013; Wijns, Torbeyns, Bakker et al., 2019). Except
Msall et al. (2025) used MC format in abstraction items and revealed that the propor-
tion correct was relatively higher compared to the previous studies (Rittle-Johnson et
al., 2013 and Wijns, Torbeyns, Bakker et al., 2019). Therefore, we want to test whether
the question format affects the strategy choice and performance of the children, so we
added the DD format as well. We provided more materials than needed to complete
the pattern to avoid giving a clue about how many types of materials they should
use. Moreover, we minimized the likelihood of correct responses by sequencing each
element without comprehending the structure. Therefore, four different materials were
provided for each DD format task. Also, we used two units, ABB and ABC, which
were commonly used in previous research as well (Rittle-Johnson et al., 2013; Wijns,
Torbeyns, Bakker et al., 2019). The RPAT was composed of 12 items, resulting from
a design crossing 3 task models, 2 question formats, and 2 pattern units. A reliability
analysis of the instrument yielded a Cronbach’s alpha of 0.88, which indicates good
reliability (George and Mallery, 2019).

Furthermore, the items were designed as color abstraction, shape abstraction,
and color-shape abstraction. Shapes were the same, but the colors differed in the four-
color abstraction items, and the colors were the same, but the shapes differed in the
four shape abstraction items. Lastly, in the four object-color abstraction items, both
the objects and colors differed, but the materials were the same for each type of task
(See Appendix B). Thus, each type was distributed equally, and we tried to control the

differences due to the model pattern.

Lastly, all the items were administered via computer rather than using physical
materials to reduce the assessment time as well as make both implementation and scor-
ing easier. The physical version requires different materials, such as pictures of model
patterns and shapes, for children to construct their responses, but in the online version,
a computer or a tablet is necessary to administer the assessment. Furthermore, the

physical version is considerably more labor-intensive, requiring researchers to manually
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score each child’s response. This process of tracking or visually recording responses for
subsequent coding is both time-consuming and effort-intensive. In contrast, the online
version automates this process. At the end of the assessment, it generates a complete
record of children’s responses, with each item already coded as correct or incorrect. If
necessary, the platform can also record reaction times for each task. This automation
facilitates a more efficient and accurate method of data collection. Moreover, Larkin
et al. (2024) demonstrated that even younger children, between the ages of 3.5 and
4.5, are capable of successfully engaging with app-based patterning tasks. Therefore,
the online version of the assessment can be considered both researcher-friendly and

developmentally appropriate for young children.

4.3.2. Visuospatial Working Memory

The Corsi block tapping task, which was developed by Corsi (1972), was used to
measure visuospatial working memory. The task was executed using the PsyToolkit
platform, which is a free website that allows designing, implementing, and analyzing
experiments (Stoet, 2010, 2017). The existing Corsi task was used as a base, and we
translated it into Turkish, as well as removing the feedback after each trial and adding
practice questions. Children completed the task using an iPad. The task consists of
nine pink squares in a fixed position for each child, and squares flash yellow for 1 second
in random order and then disappear. Also, tasks consist of two parts; children first

completed the forward task, then the backward Corsi.

A practice item was provided, and children were asked to copy the same pattern
with flashing yellow squares, and feedback was given as correct or incorrect. Feedback
was not provided after the practice question. After three consecutive wrong answers,
the experiment was terminated. Even though various scoring methods have been used
for the Corsi task, most studies have relied on span length for scoring (Berch et al.,
1998). Furthermore, recent evidence suggests that the longest sequence score, com-
pared to the total correct score, is more sensitive in distinguishing the storage and

manipulation components of working memory (Heled, 2024). Therefore, the scoring
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of Corsi block tapping tasks is based on span length, which is the maximum sequence
length the children were able to tap. For instance, if a child correctly completed the
two-square and three-square sequences but failed at the four-square level, the child’s

score is three.

4.3.3. Task-based Interviews

Clinical task-based interviews were conducted to explore children’s strategies in
RPAT (Ginsburg, 1997). After the children answered the question, the researcher
asked questions such as “How did you decide your answer?” or “Why did you choose
this answer?”, “How do you create your pattern?” or “Why does this one have the
same rule as the one above?”. When it is necessary, researchers ask some follow-up
questions, such as “Do you think it is a pattern? Why?” or “Isn’t the one below
also a triple? Then, why did you choose the one above and not that one?”. There
are two reasons to prefer this method to think-aloud. Firstly, participants tend to
change their answers while explaining their ideas, and previous studies indicated that
self-explanation improves their performance (Rittle-Johnson et al., 2015). Secondly,
since children are young, explaining themselves while solving tasks might increase the

cognitive demand and cause a burden.

There are two qualitative data sources that are generated by task-based inter-
views: audio recording and field notes. While participants answered the questions,
audio was recorded, and researchers took notes about the gestures of the participants.
The gestures were noted in three categories: (1) unit identification, if pointing to the
unit of repeat with their finger, (2) matching, if children pointing up and down with
their finger, and (3) not specifically pointing anywhere, such as sweeping their own

pattern or model pattern.
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4.4. Data Collection Procedure

The data was collected in the Spring 2025 semester. Following approval of ethi-
cal permission (see Appendix F) and MoNE research application permissions (see Ap-
pendix G), school principals disseminated the consent form to parents. Even though
data was collected by a single researcher, a research protocol was created to avoid dif-
ferences in data collection procedure and replicability of the study (see Appendix C

and Appendix D).

Before the data collection, a pilot study with each age group was conducted to
test the online version of the task, and children’s reactions to the items, and to set a
required time for children. After the pilot study, some items were revised for clarity,
a scenario for the children’s attention was added, and practice items were included.
Additionally, computer-based applications and tablet-based applications were tested,
and it worked better on a computer-based version, so we decided to administer the

RPAT on a computer.

Prior to data collection, the researcher conducted a one-day observation at each
preschool to build rapport with the children and acclimate them to her presence. Fol-
lowing parental consent, the researcher met with each child individually in a quiet
room. To create a child-friendly context and motivate participation, each session with
a brief narrative involving two finger puppets: Momo and Dodo. After a child agreed to
participate, they completed four practice items with an AB unit designed to familiar-
ize them with the test, the question format, and the computer interface (see Appendix
A). Standardized, corrective feedback was provided after each practice items; this in-
volved explicitly identifying the pattern’s rule and unit (e.g., “the repeating part is
star-moon”) and explaining the structure of the correct response (see Appendix C and

D).

Following the practice items, the main assessment began. The researcher used

the finger puppets narrative and an on-screen progress bar to maintain the child’s
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engagement. Participants were informed that they would be asked to explain their
reasoning after each question, and they were encouraged to try their best regardless of
the outcome to reduce performance anxiety. For each item, the standard prompt asked
the child to create or select a pattern that followed the same rule as the model pattern.
After each response, the researcher prompted the child for an explanation using the

task-based interview protocol (see Appendix C and D).

The tasks were administered to all children in fixed, counterbalanced order, be-
ginning with the vertical, horizontal, and then hiding models; within each model, MC
formats were presented before DD formats. A brief two-minute break was offered be-
tween the MC and DD sections if a child showed signs of fatigue or boredom. Through
the RPAT, verbal responses were audio-recorded, and the researcher took field notes
on the children’s gestures. Upon completion of the RPAT, participants were adminis-
tered the Corsi-Span task on a tablet, completing the forward version followed by the

backward version. Each child’s entire lasted approximately 30 minutes.

4.5. Data Analysis

Due to the convergent parallel mixed-methods design of the study, qualitative
and quantitative data analyses were applied separately. The analysis plan was aligned
directly with the study’s research questions. The first research question was addressed
using qualitative analysis, and the second research question was addressed with quanti-
tative analysis. The third research question were addressed by integrating both quan-

titative and qualitative findings to provide a comprehensive answer.

4.5.1. Qualitative Data Analysis

The current study examined young children’s strategies for different types of ab-
straction tasks, therefore an in-depth analysis of participants’ responses was required.
The data sources were generated by task-based interviews in RPAT. Audio record-

ings and observation notes about children’s gestures were used. A hybrid process of
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inductive and deductive thematic analysis was conducted to reveal strategy use. The-
matic analysis is a useful qualitative data analysis method to reveal patterns in the
data (Braun and Clarke, 2006). During thematic analysis, we followed the 6 phases
generated by Nowell et al (2017) to conduct a trustworthy thematic analysis. As a
first step, the audio recordings were transcribed and merged with observation notes for
each question in RPAT. Then, the coding procedure started with deductive thematic
analysis using the patterning strategy coding schema developed by Liiken and Sauzet
(2021). After a priori analysis, we observed some different indicators, so we inductively
generated new codes. For example, matching has different categories, and one-to-one
matching is different from matching elements without order or partial matching. Also,
creating AB patterns might serve different strategy uses, such as partial matching or
due to a lack of explanation off-task. MAXQDA 24.8.0 was used to code data. During
the initial coding phase, I engaged in weekly peer debriefing sessions with my supervi-
sor. The purpose of these meetings was to discuss and validate the relationship between
the analytical codes and their corresponding indicators. After the initial phase of cod-
ing, the main strategy categories were generated with the help of Papic et al. (2011)
and Liiken and Sauzet (2021) strategy categories.

Five strategy categories were generated, similar to the Liiken and Sauzet (2021)
themes, and examples of the codes were provided in Table 4.1. Also, we holistically
considered the gestures and verbal responses. In cases where children did not provide
verbal explanations, their strategic approach was often conveyed through gestures. For
example, up-and-down finger movements and showing matching each element were
coded as “one-to-one matching” strategy. If a child used more than one strategy, we
took the most sophisticated strategy category. For example, if a child used both shape
similarity and partial matching strategy, we coded it as partial matching because it
is a more sophisticated strategy, and the child reached that level with explanations.
Eight percent of the data were not able to be coded since the indicators were unclear
and categorized as “Not-categorized”. The codes were checked in two phases: checking
the within-subjects, which involves assessing codes for each participant, and checking

the between-subjects, which involves recalling the code and checking that the codes
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are compatible with the responses. Afterwards, the second round of coding was com-
pleted. Then, 27% of the data were chosen with stratified random sampling, which is 5
participants for each age group, and a graduate student who is familiar with patterning
literature was blindly coded. Although there is no firm consensus on the percentage
of data required for double-coding, a range of 10-25% is common practice (O’Connor
and Joffe, 2020). In this study, 27% of data was independently coded by a second
rater to establish interrater reliability. Cohen’s kappa was used to determine interrater
agreement. The results significantly showed almost perfect agreement, k = 0.97, p <

0.001.

Table 4.1. Strategy coding schema .

Strategies Sub-strategies|Examples
1) Off task - I don’t know
Not referring the to - Because you thought
the pattern’s elements - Pattern is AB
- I choose the same pattern
with previous one
2) Not Categorized - Saying whole elements with
Explanations slight pauses
don’t have enough - Using the same / different or
indicators complex words
3) Attention to the |3.1: Shapes - Focusing on similarities
Singular similarity between the shapes in the
characteristics pattern or the shapes they
“Reference to create. “Apple looks like
singular aspects circle”
of the pattern 3.2: Focusing |- Focusing only the shape
(e.g., color, shape, only shapes changes on color-abstraction
number)” patterns “It is all-star”
(Liiken and 3.3: Counting |- Counting only one element
Sauzet, p. 34) one element type “there are two here,
here too”
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Strategies

Sub-strategies

Examples

4) Comparison
“Comparing the
elements between
patterns”.
(Liiken and
Sauzet, p. 35)

4.1: Matching
elements

without order

- Matching elements without
considering their order such as
creating AAB rather than
ABB pattern.

4.2: Same unit

length

-Counting the unit without
considering elements such as
saying it is three and choosing
ABC rather than ABB pattern.

4.3: Counting

each element

- Counting without considering
the location of elements in the
pattern saying, “There are four
of these, two of these”, in

ABB pattern.

4.4: Partial
Matching

- Matching only different
elements such as creating AB

in ABB pattern.

- Matching only two elements

in ABC pattern and creating

AB pattern.

-Matching one element to
multiple elements “I thought

like this cherry (pointing square).
Like this star (pointing circle).
Like this apple (pointing circle).
This one is like a cherry (pointing
square). This one is like a star
(pointing circle). This one is

like an apple (pointing circle)”,
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Strategies

Sub-strategies

Examples

5) Sequence
Awareness
Attention to the
sequence without
considering the

unit

5.1: Matching

one-to-one

- Matching elements one-to-one
“The butterfly, of course, in the
square. The ducks are 2, 2
triangles next to the square.
Now the butterfly is a square,
of course. There are two ducks,

so put two triangles”.

5.2: Focus on

Sequence

- “Awareness of the succession
of element” “Yellow pencils
side by side, red pencils not
side by side” or “Because here
we have blue, then orange, then
pink next to pink there is blue,

then orange next to orange pink”

6) Unit
Identification
Identifying the
repeating unit

explicitly

6.1: Identifying
the repeating

unit

- Explicitly saying or showing
the repeating unit “It is a yellow
green, green”

- Naming the unit numerically
“This is a 1-2 pattern” or

“This a three pattern was

like the one above”

6.2: Matching
only the first

unit

- Matching only the first unit and
completing the pattern without
matching in the second unit

“this is the star, this is the
triangle and this is the square,
now I'll do the same here,

I don’t need that pattern”

Note. Strategy coding schema adapted from Liiken and and Sauzet’s (2021) study.
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4.5.2. Quantitative Data Analysis

The quantitative data analysis was conducted in three phases. The primary
variables derived from the data collection were the RPAT scores, RPAT strategy scores,

Corsi block tapping scores, and the children’s age.

The RPAT scores for each child was calculated as the sum of correct answers
(coded as 1), with a maximum possible score of 12. The RPAT strategy scores repre-
sented the mean of strategy codes (1 through 6) used by each child, and the Corsi-block

tapping score was the longest correct sequence they performed.

Initially, descriptive statistics were used to summarize these key variables. Sub-
sequently, to address the second research question regarding the relationship between
strategy use and RPAT scores while controlling for age and working memory, a mul-
tiple linear regression (MLR) was performed in JMP Student Edition 18.2.1. The

assumptions of the MLR model were checked and met prior to conducting the analysis.

To answer the third research question examining the influence of task type on
strategy choice, a generalized linear mixed model (GLMM) was employed. Firstly,
we generated an accuracy table to address how many attempts of a specific strategy
use were successful. To address the first part of this research question, the analysis
focused specifically on predicting the use of the unit identification strategy, as this
was the study’s primary indicator of relational thinking. Consequently, the dependent
variable for the model was a binary outcome representing whether a child used the unit
identification strategy on a given task (coded as 1 for used and 0 for not used). The
model’s independent variables (i.e., fixed effects) were task format (MC vs. DD), task
model (vertical, horizontal, vs. hiding), and the child’s age in months. If a specific
task model or format yielded a higher log-odds estimate than the horizontal model
in predicting the use of relational strategies, we interpreted this as evidence that it
supported or promoted the use of relational strategies. A GLMM was specifically

chosen because it is well-suited for analyzing binary, repeated-measures data where
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each child responds to multiple items (Agresti, 2012). All analyses were conducted in
R (version 4.5.1) using the “lme4” package.

Similarly, for the second part of the research question three, we conducted another
mixed-effects logistic regression to examine whether specific task features predicted the
use of recursive strategies. This model investigated if the task format, task model, or
age influence the use of either the sequence awareness or comparison strategies. For
this analysis, the dependent variable was transformed to the binary data: the use
of one of these two strategies (coded as 1) versus any other strategy (coded as 0).
The independent variables (i.e., fixed effects) were identical to those in the previous
model: task format (MC vs DD), task model (vertical, horizontal, vs. hiding), and
age. If a specific task model or format showed a lower log-odds (logit) estimate than
the horizontal model in predicting the use of recursive strategies, we interpreted it as

having a minimizing effect on promoting recursive strategy use.
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5. RESULTS

In this chapter, qualitative and quantitative results are presented. First, quali-
tative analysis results were presented to address the first research question. Then the
second research question was examined through quantitative analysis. Lastly, the third

research question was explored through both qualitative and quantitative results.

5.1. Repeating Patterning Abstraction Strategies

This section addresses the first research question, which examined 4-to-6-year-old

children’s strategies in RPAT.

Overall, there are five strategy categories similar to the previous findings (Papic
et al., 2011; Liikken and Sauzet, 2021). During the coding process, we used Liiken and
Sauzet’s (2021) strategies as our starting point. However, we observed four key dimen-
sions of the children’s strategic approach: shape, number, order, and repeating unit.
While grouping the codes and generating strategies, we considered these dimensions.
The categories are presented below from basic “off-task” to most sophisticated “unit
identification”, similar to Litken and Sauzet (2021). Figure 5.1 illustrates the distribu-
tion of strategies across ages, indicating that strategy trends are age dependent. The
basic strategies, as off-task attention to the singular characteristics and comparison,
were more frequently observed in younger children. On the other hand, sophisticated
strategies such as sequence awareness and unit identification are more commonly ob-
served in older children. The following section introduced each main strategy category,

followed by its sub-strategies with examples of an excerpt or quotation.

5.1.1. Off-task

The Off-task strategy consists of answers that do not refer to the pattern and

provide random answers. This strategy is equivalent to the term “no reference to pat-
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tern besides reproduction of the pattern’s gestalt”, as defined by Liiken and Sauzet
(2021), and it is also referred to as off-task in Collins and Laski (2015). We prefer to
use the off-task label since the children’s explanations were not related to the pattern
elements and did not demonstrate engagement with the tasks. Typical verbal expla-
nations included phrases such as “I don’t know”, “I don’t remember”, “Because you
thought so”. “The pattern is AB”, or “I chose the same pattern as the previous one”.

Therefore, these explanations did not attend to any elements of the pattern.

Additionally, children did not answer 6% of the tasks, and half of them were four
years old. The reason these responses are classified as off-task is that the children
used off-task strategies in at least two tasks and showed signs of fatigue and boredom.
Even though more than half of the four-year-olds (54%) used the off-task strategy, use
of this strategy was decreasing while age was increasing (26% and 20%, respectively)
(see Figure 5.1). This decrease reflects a developmental shift-children gradually stop
relying on this strategy as they grow older.

5.1.2. Not Categorized

Not Categorized was assigned to 8% of the total where children’s explanations
and gestures lacked sufficient indicators for definitive coding. These responses were
typically characterized by a child listing the pattern’s elements (sometimes with slight

pauses) or using vague comparative words without providing a clear rationale.

It was crucial to classify these responses as ambiguous because an action like
pausing between units could be misinterpreted as an awareness of the pattern’s struc-
ture, when further questioning revealed this was not the case. The following excerpt
illustrates this ambiguity. While the child identifies the correct elements of the model
pattern, their justification reveals they are simply naming the elements of their incor-

rect choice rather than identifying the pattern’s structures:

C-35: Because here it says house, house, car (pause) house, house, car.
I: Yes, here there is house, house, car. But why did you choose that?
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C-35: Because here it says triangle, square, circle, triangle, square, circle. I got
it right.

This category is distinct from the off-task strategy because the child did refer to
the pattern. However, it remained unclear whether this was a nascent form of unit
identification or another emergent strategy type. The frequency of these responses was
4% for four-year-olds, 12% for five-year-olds, and 8% for six-year-olds (see Figure 5.1)

so it seems age-independent.

5.1.3. Attention to the Singular Characteristics

Attention to the Singular Characteristics strategy is the same with Liiken and
Sauzet (2021), and we used the same definition: “reference to singular aspects of the
pattern” (e.g., color, shape, number) (p.34). Children employing this strategy generally
produced responses with little regularity; their attempts either resulted in a non-pattern
answer or the creation of AB pattern. This observation aligns with previous findings

by Liitken and Sauzet (2021). This category consists of three sub-strategy categories.

4-year-olds 5-year-olds 6-year-olds

3% 3%

10%

34%

8%

2%
20%
7%

18% 11%

4% 12% 1%

Main Strategy
mam 0. NA mmm 2. Not Categorized 4. Comparison s 6. Unit Identification
mmm 1. Off-task 3. Attention to the Singular Characteristics 5. Sequence Awareness

Figure 5.1. Relative frequencies of RPAT strategy per age group.

The first one is Shape Similarity, which focuses on similarities between the shapes
in the pattern or the shapes they create, such as “a car that looks like a circle”, or

“we can create a circle from a square”. The following excerpt exemplifies both aspects
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of the sub-strategy for Item 7 (DD vertical leaf-flower-flower pattern), and the child

responded to this item as triangle-square-circle-star-circle-square.

I: Why does this one have the same rule as the one above?

C-13: Because... because there is a circle inside the sunflower, it becomes a circle.
It looks like a star around it.

I: And why did you choose the square and the triangle?

C-13: Triangle... the tip of the leaf looks like a triangle, so it is a triangle

I: why did you choose square?

C-13: the square is a little bit like the circle.

Children only attend to the similarity of the shapes in this category and construct
triangle-square-circle-star-circle-square. He prefers to use a triangle because of the
leaf’s shape, a circle and a star because of the flower’s shape, and lastly, a square
because it is similar to the circle. Therefore, the child did not see the whole pattern
and regularity in the pattern; rather, he saw the elements individually and created a

non-pattern answer.

Focusing Only Shapes is the second sub-strategy, and it is observed in color
abstraction tasks, which involve only color changing patterns. Children only focus on
the shape, so they did not answer the tasks, or they used the same shape while creating.
However, there is no such indicator in previous studies. The following explanations were
provided for Item 8. Even though the child observed that the colors were changing, he

did not find it different because only different shapes were provided for abstraction.

C-11: T don’t understand. I: Why?

C-11: The shapes are the same, but the colors are different.

I: The shapes are the same, but the colors are different. So how can I do this
with the shapes below?

C-11: T don’t know.

I: Why did you use different shapes just before?

C-11: It was different then.

I: Don’t these look different?

C-11: No, they don’t.

Not every child observed what was changing, but even though they realized colors

were changed, they either did not answer the question or answered by creating the same
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shape, such as AAAAAA. Especially in Item 8, children recreate the pattern of only
circles and argue that they are all the same shape. The color-abstraction model items
and their percentages were given in Figure 5.2. Interestingly, although the tasks were
designed similarly, children’s strategy use differs. While none of the children used this
sub-strategy in Item 5, 18% of the children used it in Item 8. They tended to use this

strategy in vertical models rather than hiding models.

x
*
x
* - -
[ 4 [ 4
*
)
Item 2 (MC-Vertical): 11% Item 5 (MC-Hiding): 0%
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Item 8 (DD-Vertical): 18% [tem 11 (DD-Horizontal): 7%

Figure 5.2. Color-abstraction item models and use of focusing only shapes

sub-strategy percentages.

The last sub-strategy is Counting One Element, which is children only counting
one element in the pattern. For example, there are two orange, two green, two pink
and children only count the pinks or in a butterfly-duck-duck pattern only count the
ducks next to each other and say two ducks. This strategy might generate correct
responses in ABB unit multiple choice items since children only count B’s and there is
one option with four B’s. The following quotation is an example for Item 3 which is
car-house-house pattern. “Because there are two here, here too”. While making this

explanation, the child showed the two houses in the first unit and then showed two
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circles next to each other. Even though some of the children created correct responses

using this strategy, children attended only one characteristic, number of the pattern.

All the sub-strategies only attend one aspect of the pattern so grouped as at-
tention to the singular characteristics. This strategy was used more commonly by
4-years-old (10%) and used equally (7%) by 5 and 6-years old (see Figure 5.1). Still
younger children are more likely to rely on this strategy in abstraction tasks similar to

the off-task strategy.

5.1.4. Comparison

The third strategy category is comparison and can be defined as “children com-
pare the pattern’s elements and highlight sameness within and between patterns on
a basic, very concrete level” (Litken and Sauzet, 2021, p. 35). However, our concep-
tualization of this strategy differs from that of Liitken and Sauzet (2021). While they
include broad indicators such as ‘comparing and matching elements,” we apply a more
specific lens. In our strategy framework, we observed that generally children used two
dimensions of the pattern: shape, number, or sequence. Therefore, we did not include
the one-to-one matching indicator in this category since it requires attending to more

than two dimensions.

There are four sub-strategy categories in the comparison category. One of them
is Matching Elements Without Order, which is creating AAB instead of ABB, but this
sub-strategy is observed only three times, so it is very rare. For example, Child 58
constructed a square-square-star pattern when the model was green-red-red in Item 11

(DD hiding ABB pattern, see Appendix B) and the child explanation was as follows:

There was something here... Green balloon, green balloon... Green balloon, red
balloon... Green balloon, red balloon... Square square star square square star.
Because the green balloons were two, the red ones became one..
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The reason for this might be children being confused when the model pattern
was hidden, but also two more children did this explanation in Item 3 (MC horizontal
ABB pattern) and Item 7 (DD vertical ABB pattern). Even though it was observed
rarely, we categorized it separately from other categories since children showed different
behavior in the pattern. They attend the number and one-to-one correspondence with

shapes without considering order.

The second is the Same Unit Length; children were able to determine that the re-
peating part consists of three items but randomly chose ABB or ABC. In other words,
there is an intuition that there are three units, but the elements within the unit are
being ignored. Although observed in only one child (C-21), this strategy is included
as a distinct category because it provides a theoretically important and unambiguous
example of a child focusing on unit length while ignoring internal structure. The follow-
ing excerpt highlights the child’s understanding of Item 3, which is an MC horizontal

question.

C-21: One, two, three. I chose that one.

I: Why did you choose that one?

C-21: That was also a triple

I: Now I'm going to tell you something here. Isn’t the one below also a triple?
C-21: Yes

I: Why did you choose the one above and not that one? .... there should be a
reason

C: Yes. I chose that one just before, and I couldn’t choose that one this time.

I: Why did you think it had the same rule as this one?

C: Because this one is also three. One, two, three.

I: Doesn’t it make a difference which one you choose for the three? I'm only
asking you because I am curious.

C: I know. I think it doesn’t matter.

This child was aware that the pattern unit consists of three elements, but the
inside of the elements did not differ for her, and she chose randomly among patterns
that have three repeating units. In our options, there were ABB, ABC, and AB units
so she chose randomly ABB or ABC.
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The third sub-strategy category is Counting Each Element, and children count
the different elements without considering the place of the elements. For example, in an
ABBABB pattern, children explained their thinking as there are four B’s and two A’s.
Especially in multiple-choice questions, children who use this sub-strategy answered
correctly. The following excerpt provides an insight into this sub-strategy for the MC
horizontal ABC pattern (Item 4).

C-51: There are two stars, two cherries, two apples. Then I think it’s the bottom
one.

I: Why did you choose that one?

C-51: Because there are two triangles. There are two circles. There are two
squares.

This excerpt showed the child attending to the two dimensions of the pattern
as shape and number without considering the sequence. She also used this strategy
in five items. She correctly answered the questions in MC format, but in the DD
format questions, she sorted the items as AABBCC or DCCDCD, which were incorrect.
Therefore, the accuracy of this sub-strategy depends on the question format. The
fourth sub-strategy is Partial Matching. Children who use this sub-strategy compare
the patterns and partially match them, either engaging with a subset of the elements or
incorrect correspondence between elements. Creating an AB pattern is very common
in this sub-strategy. Three indicators were identified for this sub-strategy: (1) They
match some of the elements, such as creating AB rather than ABC, (2) they match
only the different elements, such as creating AB rather than ABB, and (3) they match
one element with multiple elements so they do not have an understanding that one
shape should correspond to one shape. An example from Child 39 was provided with
the following excerpt. He created an AB (star-square) pattern rather than ABB in

Item 7 and explained his thinking as follows:

I: Why do you think it has the same rule as above?

C-39: For example, let’s call this a star, let’s call this a leaf. Let’s call this a
sunflower. Call this a sunflower if you want. Let’s call this a leaf. Let’s call these
one two flowers.

I: Then my flowers can be different, right? It can be both a star and a square.
C-39: (Nodded his head yes)
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In this case, he started the pattern with a star, then he named the square as
a sunflower, and called the next sunflower as a star, then called the square as a leaf,
and continued like this. Even though he was aware of the number of elements as “two

flowers”, he misprioritized it and the one-to-one correspondence of the shapes.

Children who used the comparison strategy did not fully grasp the one-to-one
correspondence, number, and sequence of elements. However, they attend to some
characteristics of the pattern and make comparisons between the patterns. Trends
of comparison strategy use were similar with off-task and attention to the singular
characteristics but different from unit identification and sequence awareness. Similar to
the aforementioned strategies, while the age increased, the use of comparison strategies
decreased. The percentages were provided in Figure 5.1 as 18% of 4-year-olds, 12% of
5-year-olds, and 11% of 6-year-olds used it.

5.1.5. Sequence Awareness

It can be defined as attending to the sequence without grasping the unit, similar
to the focus on sequence category in Liitken and Sauzet (2021) and alternation category
in Papic et al. (2011). Children who use this strategy consider not only the number or
shape of elements but also use the sequence between elements. There are two different
sub-strategies of this category: one-to-one matching and focus on sequence. One-to-
one Matching is included in this category differently from previous studies since we
observed that there are different types of matching categories. In one-to-one matching,
children used three different dimensions of the model pattern: number, shape, and
sequence. Therefore, it is more complex than the comparison strategy we will describe
above since they used these three dimensions and importantly attended to the sequence.
In one-to-one matching, children are aware that the one-to-one correspondence which
is the same shape should match with the same shape and different shapes match with
different shapes. Children using this strategy match items one by one, either verbally
or with gestures. While matching with gestures children did an up-down movement

for each element with their fingers or computer’s cursor. The following quotation is
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a verbal one-to-one matching example for Item 9 which is DD and horizontal model

ABB pattern (see Appendix B).

C-8: The butterfly, of course, in the square. The ducks are 2, 2 triangles next to
the square. Now the butterfly is of course a square. There are two ducks so put
two triangles.

This excerpt showed that Child 8 attended to three dimensions of the pattern:
(1) how many elements in the pattern as one butterfly and two ducks, (2) different
shapes should correspond to different shapes as butterfly square and duck triangle,
and (3) the order as two triangles next to the square. Overall, 10% of children used the
one-to-one matching sub-strategy, so most of the sequence awareness strategy consists

of this sub-strategy.

The second sub-strategy is Focusing on a Sequence, which is the same strategy
defined by Liiken and Sauzet (2021) as “focusing on succession of elements” (p. 34).
In this category, children alternate the consecutive elements, such as next to red is
yellow. Children tended to use this strategy, especially the ABC pattern, rather than
the ABB unit, since the elements in the ABC unit are different from each other. For
example, Child 46 did the following explanation in Item 2, which is the MC vertical
ABC pattern (see Appendix B), by referring to the pattern she created:

Because there is an orange one here, and a green one. There is a purple one, an
orange one, a green one and a purple one. Because here we have orange, green,
purple. Here, starts from orange. Green, then it becomes green in the center,
then purple.

This explanation showed that she did not directly use the unit but focused on

the place of the elements as starting from orange, then green, then purple.

She is aware that consecutive elements are different from each other, so she
chooses her answer considering this. Another example similar to this is used by Child
58 in Item 6 and explained, “Because they are not side by side. The two are not side

by side”. While C-58 was making this explanation, he showed with his finger that the
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first and third elements of the option she chose are not next to each other, and the
second and fourth are not next to each other. Overall, only 3% of the participants used

this sub-strategy.

In light of these explanations, the sequence awareness category consists of one-to-
one matching and focusing on sequence sub-categories, since both of them are required
to attend to the sequence. 4-year-olds and 5-year-olds used this strategy equally often,
at 10%, while 6-year-olds more frequently used it at 18% (see Figure 5.1). The trends
of sequence awareness strategy across ages were different from the previous strategies
and increased in 6-year-olds. Therefore, older children tended to consider different

dimensions of the pattern.

5.1.6. Unit Identification

It is the most advanced category, similar to the previous findings (Collins and
Laski, 2015; Papic et al., 2011; Liiken and Sauzet, 2021) and the only relational think-
ing strategy since children who use this strategy focus on the structure of the pattern.
In other words, children used the repeating unit rather than focusing individual ele-
ments in the pattern. Children who use this strategy showed an explicit understanding
of the repeating unit. There are two different indicators of this strategy category. The
first one is identifying the repeating unit, during their explanations, either they showed
the repeating unit by circling with their hands or a cursor, or they verbally indicated
the unit. Children also used numerical explanations such as “Because of here it’s three
three. Here it’s three three”, or “Because it is starting with one-two, one-two here. It
is also one-two”. These quotations showed that children not only have an explicit un-
derstanding of the repeating unit but also abstract the unit with numerical expressions
such as one-two patterns. Therefore, children who use the unit identification strategy
attempt to generalize the pattern and express it using different verbal notations. This
shows that children did not approach the elements as constant, but they showed a

flexible approach while naming them.
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The second is Matching Only the First Unit, which is not indicated in previous
studies. Children only match the first unit and copy the first unit to construct the
second unit. Since children in this category showed an explicit understanding of the
structure, it is categorized as unit identification. This is different and more sophis-
ticated than other matching categories because it provides a structural sense. The
following excerpt reflects a good example since the Child 10 explained he used the first

unit and copied it to construct the second unit.

C-10: T just had a very good idea. If this happens, I'll make a star for this one.
I’ll put this one like this. I'll make this a triangle. Here comes the square, here
comes the triangle. I did it without looking at it. Because I looked at what I did
from the beginning to the end

I: Why did you do it like that, by the way?

C-10: Because what I did myself was like this (showed the first unit). So, I
matched it with this and that. Then I looked at myself from the beginning to
the end. I never looked at this. I would do it even if it was deleted. (Item 10)

Even though he did not name the unit, he showed that he focused on the un-
derlying structure and viewed the unit of repeat. After this observation, children who
match the only first repeating unit are categorized in this category, since we used a
hybrid thematic approach. A similar approach was observed in other children. For

example, Child 50 explained their thinking in Item 7 as:

There’s a leaf. And here is a triangle. There are also two daisies. And there are
two stars here.

Children who used this strategy limited their explanations to the first unit of
the pattern and did not need to mention other elements in the pattern. This suggests
that she was aware of the unit; she only referred to the elements in the first unit of
the pattern. These consistent explanations support that children in matching the first
unit category showed explicit use of units, so we grouped it into the unit identification

strategy.

The use of the unit identification strategy showed a clear developmental trend,

with its frequency increasing with age (see Figure 5.1). Only 3% of 4-year-olds used this
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strategy-a finding consistent with that of Liiken and Sauzet (2021)-compared to 29%
of 5-year-olds and 34% of 6-year-olds. As a result, the strategy frequencies by age were
shown in Figure 5.1. 6-year-old children more frequently used sophisticated categories
such as unit identification and sequence awareness. Comparison and attention to the
singular characteristics strategies were more commonly used by 4-years old, while 5-
and 6-year-old used similarly. Off-task strategy use was more common in 4-year-olds

and decreased while the age increases.

5.2. Predictors of Repeating Pattern Abstraction Performance

This section addresses the second research question, which examined the extent to
which RPAT strategies predict RPAT scores after controlling for age and visuospatial

working memory.

Preliminary analyses were conducted first. Descriptive statistics for all partici-
pant variables, including RPAT scores, strategy scores, age, and Corsi task scores, are
presented in Table 5.1. An examination of the skewness and kurtosis values indicated
that the distribution of all variables approximated a normal distribution (skewness
values between -1 and +1; kurtosis values between -2 and +2). Following the assump-
tions check, a linear multiple regression analysis was performed to address the research

question.

Table 5.1. Descriptive statistics of dependent and independent variables.

Variables |[N| M |SD|Mdn|/Min/Max|Skewness Kurtosis
RPAT 56| 5.43 [3.83] 4 0 | 12 0.44 -1.13
Scores

MC 56(3.11 [1.87| 3 0 6 0.12 -1.05
Format

Scores™

DD Format |56|2.32 2.21| 2 0 6 0.48 -1.23
Scores™

Vertical 56| 1.55 (1.34] 1 0 4 0.65 -0.77
Model

Scores™




Table 5.1 Descriptive statistics of dependent and independent variables. (cont.)

Variables |N| M |SD |Mdn|/Min Max|Skewness

Kurtosis

Horizontal (56| 2.11 (1.46| 2 0 4 -0.05
Model
Scores™

-1.38

Hiding 56| 1.7711.48] 1 0 4 0.42
Model
Scores*

-1.20

RPAT 56(3.32(1.47| 3.5 | 1 |5.92 -0.06
Strategy
Scores

-1.05

MC 56(3.30 [1.52] 3.33 | 1 6 0.12
Format
Strategy
Scores™*

-1.05

DD Format |56| 3.33 [1.58] 3.58 | 1 6 -0.15
Strategy
Scores™**

-1.10

Vertical 56| 3.26 (1.53| 3.25| 1 6 0.05
Model

Strategy
Scores™*

-0.96

Horizontal |56|3.85(1.6014.25| 1 6 -0.50
Model

Strategy
Scores™*

-0.95

Hiding 56(2.84 [1.70/2.38 | 1 6 0.49
Model

Strategy
Scores**

-1.18

Age 5665.34|8.55| 66 | 48 | 79 -0.18
(month)

-1.26

Corsi 51 2.7111.32| 3 0 5 -0.69
Forward

-0.17

Corsi 51 1.7111.42] 2 0 4 -0.15
Backward

-1.56

Note: *Five variables are subcategories of RPAT scores.
**Five variables are subcategories of RPAT strateqy scores.

20

Prior to performing the linear regression, the assumptions for the model were

tested. Linearity, independence of errors, homoscedasticity, and normality of the er-

rors are four main assumptions in linear regression (Keith, 2019). The first and most
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important assumption is linearity (Keith, 2019). An initial scatterplot of the data re-
vealed a violation of this assumption; specifically, it showed a clear quadratic, rather
than linear, relationship between RPAT strategy scores and RPAT performance scores.
This quadratic relationship indicated that as children’s strategy use became more so-
phisticated, their performance improved at an accelerating rate. For instance, the gain
in performance between higher-level strategies was more substantial than the gain be-
tween lower-level strategies. To correct for this non-linearity, a power transformation
was applied by squaring the RPAT strategy scores. As shown in Figure 5.3 this trans-
formation was successful, and the relationship between the squared RPAT strategy and

RPAT scores subsequently was met the assumption of linearity.

RPAT Score vs. RPAT Strategy RPAT Score vs. RPAT Strategy "2
+ RPAT Score * RPAT Scors
— RPAT Scors — RPAT Score

5 1 0 0

a 4 E
FIPAT Strategy RPAT Steategy*2

Figure 5.3. Scatter plot of RPAT scores and RPAT strategy scores.

The remaining model assumptions were also tested and met. A Durbin Watson
statistic of 2.22 confirmed the independence of errors. The assumption of homoscedas-
ticity was supported by the examination of the residual scatterplot, which revealed
no discernible pattern. Furthermore, visual inspection of a histogram and Q-Q plot

indicated that the normality of residuals assumption was also met.

Finally, the potential for multicollinearity was checked with a bivariate correlation
matrix of the independent variables (see Table 5.2). While a moderate correlation was
found between the squared RPAT strategy scores and age (r = 0.483, p < 0.001), this

level is consistent with the literature and not considered a risk for multicollinearity.
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The other inter-correlations among predictors were weak to moderate, confirming that

multicollinearity was not a concern for the model.

When we examined the bivariate correlation matrix, there is a very strong and
statistically significant correlation between the RPAT scores and the squared RPAT
strategy scores (r = 0.837, p < 0.001), indicating that students who have higher scores
tended to use sophisticated strategies. Additionally, the relationship between RPAT
scores and age is strong (r = 0.582, p < 0.001) which means as children get older, their

RPAT scores increase.

Table 5.2. Bivariate correlation matrix.

RPAT | RPAT | RPAT |Age| Corsi
scores |strategy [strategy Forward
scores | scores
square
RPAT 0.807*** 1
strategy
scores
RPAT 0.837***| 0.978*** 1
strategy
scores
square
Age 0.582%**| (0.485%* | (.483** 1
Corsi 0.110 | 0.366** 0.321* ]0.163 1
Forward
Corsi 0.369** | 0.362** | 0.410** ]0.110| 0.111
Backward

Following the assumptions, we performed a sequential multiple regression analysis
to predict RPAT scores. The analysis was conducted in three steps, with the results

for each model presented in Table 5.3.

In the first step, Model A was set to establish a baseline, using only the RPAT

strategy score and its squared term as predictors. This model confirmed a significant
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quadratic relationship between strategy and performance, explaining 69% of the vari-
ance in RPAT scores, F(2, 48) = 52.335, p < 0.001. Then, the Model B was built by
adding the control variables of age and visuospatial working memory (Corsi forward
and backward scores). These variables were included as they are known predictors
of early mathematics performance (Kyttéla et al., 2003; Li and Geary, 2013). This
expanded model was also significant, F (5, 45) = 29.267, p < 0.001, and its explanatory
power increased, accounting for 76% of the variance. As shown in Table 5.3 while
age and Corsi Forward were significant predictors, the Corsi Backward score was not.
With the inclusion of these controls, the squared RPAT strategy term was no longer
statistically significant (8 = 0.275, p = 0.070). While 12% of the participants had zero
span score in Corsi Forward, 37% of the participants have zero span score in Corsi

Backward.

Table 5.3. Multiple regression models to predict RPAT scores.

Predictor Model A |Model B |Model C
Intercept -1.975 -3.458 -3.084
(1.731) (2.428) (2.325)
1.14 -1.42 -1.33
RPAT strategy -567 0.164 0.046
(1.097) (1.027) (1.00)
-0.52 0.16 0.05

RPAT strategy x| 0.409% | 0275 | 0.301*
RPAT strategy | (0.158) | (0.151) | (0.143)

2.58 1.82 2.10
Age 1.160% | 1.147*
(0.374) | (0.370)
3.12 3.10
Corsi Forward -0.516* -0.511*
(0.226) | (0.224)
-2.28 -2.28
Corsi Backward 0.130
(0.223)
0.58
R? 0.69 0.76 0.76

Cell entries are unstandardized 3 coefficients,
(standard errors), and t-statistics *p < 0.05
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Given that Corsi Backward was not a significant predictor and 37% of participants
took zero and it might lead a floor effect for this measure, a more parsimonious Model
C was specified by removing it from the analysis. This final model remained significant,
F(4, 46) = 37.030, p < 0.001, and maintained the same explanatory power as Model B
(R? = 0.76). In this more efficient model, all remaining predictors became statistically
significant. The removal of the non-significant variable also increased the model’s
precision, as indicated by the decrease in standard errors for all remaining predictor
estimates (see Table 5.3). Therefore, Model C was retained as the final model for

interpretation.

The final model (Model C) demonstrated that strategy use was a significant pre-
dictor of abstraction performance, even after controlling for the effects of age and visu-
ospatial working memory. The main predictor of interest, the squared RPAT strategy,
remained a significant positive predictor of RPAT scores (8 = 0.301, p = 0.041). This
significant quadratic effect indicates that as children used more sophisticated strate-
gies, their scores were predicted to increase at an accelerating rate, independent of
the control variables. The control variables also significantly predicted performance.
Age played a positive role (5 = 1.147, p = 0.003), with each one-year increase in age
associated with a predicted 1.15-point increase in RPAT scores. Lastly, Corsi forward
was a significant negative predictor (§ =-0.511, p = 0.027) when included in the model
with the RPAT strategy score, its squared term, and age. Although there is a pos-
itive correlation between RPAT scores and Corsi forward, this negative contribution
to the model suggests a more complex relationship: the positive impact of more ad-
vanced strategy use on RPAT performance may be dampened for children with higher

visuospatial working memory capacity.
5.3. Repeating Patterning Abstraction Strategies by Task Type
This section addressed the third research question, which explored the task de-

sign features that promote relational thinking strategies and help minimize the use

of recursive strategies in repeating pattern abstraction tasks. Firstly, how children’s
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strategies differ for the different task models and formats was examined based on quali-
tative findings. There were three different task models: vertical, horizontal, and hiding.
Each task model had four questions: two MC and two DD formats, with two different
units, ABB and ABC. The strategy uses percentages for task models, and task formats
were examined. Secondly, to offer a more comprehensive understanding, quantitative

results were provided.

5.3.1. Strategies by Task Models

This section explored qualitatively children’s strategy use on different task mod-
els. As illustrated in Figure 5.4 the different task models had a distinct influence on
children’s strategy use. Notably, the use of the most sophisticated strategy, unit iden-
tification, remained remarkably consistent across all three models, accounting for 21%
of strategies in the vertical model and 22% in both horizontal and hiding models. This
suggest that the use of relational strategy was not significantly affected by the task’s

spatial arrangement.

Group
m Vertical
40 mmm Horizontal
mmm Hiding

Percentage (%)

Main Strategies

Figure 5.4. Participants strategy percentages by task model.

In contrast, the horizontal model uniquely facilitated the use of recursive strate-
gies. The sequence awareness strategy was used far more frequently in the horizontal

model (24%) compared to the vertical (8%) and hiding (6%) models. A similar pat-
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tern was observed for the comparison strategy, which was also most common in the
horizontal model (18%) versus the vertical (14%) and hiding (9%) models. One-to-one

matching strategy use was common in the horizontal model.

The vertical model appeared to elicit a distinct pattern of recursive strategy use
when compared to the other models. While the horizontal model facilitated strate-
gies dependent on parallel visual alignment, such as sequence awareness (24%) and
comparison (18%), the use of these strategies decreased in the vertical model to 8%
and 14%, respectively. Conversely, the vertical model prompted the highest use of the
“Attention to the Singular Characteristics” strategy at 12%, nearly double the rate of
the other formats. This pattern suggests that when the vertical alignment disrupts the
more common sequencing and matching strategies, some children may revert to a more
basic recursive strategy of focusing on the features of individual items rather than the

relationships between them.

The most significant finding regarding the task disengagement involved the hiding
model. This model resulted in a substantially higher rate of off-task responses (46%)
compared to both the vertical (32%) and horizontal (23%) models, suggesting it may
have been the most cognitively demanding for the children. This created a polarizing
effect for the hiding model: it minimized the use of “middle-ground” recursive strategies
(like sequence awareness and comparison) and instead tended to elicit either a successful

relational approach (unit identification) or complete task disengagement (off-task).

5.3.2. Strategies by Task Formats

To investigate how task formats (MC and DD) affect strategy use, the distribution
of strategies for MC and DD items was compared (see Figure 5.5). The analysis
revealed several distinct patterns. The use of the most sophisticated strategy, Unit
Identification, was identical across both formats. Slight differences were observed for
the Sequence Awareness (12% vs 15%, respectively) and Comparison strategies (14%
vs 15%, respectively).
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Both strategies were used slightly more in the DD format than in the MC format.
A more notable difference was found for the Attention to the Singular Characteristics
strategy, which was used twice as often in the MC format (12%) as in the DD format
(6%). Furthermore, the largest shift, in terms of absolute difference, was seen in Off-
task behavior, with the DD format (36%) eliciting more Off-task responses than the
MC format (29%).

In summary, while the use of the relational strategy (Unit Identification) appeared
unaffected by the response format, the DD format was linked to slightly higher rates
of some recursive strategies and more frequent off-task behavior. Conversely, the MC

format prompted a greater use of the basic “Attention to the Singular Characteristics”

strategy.

MC vs DD Strategy Distribution

Percentage (%)

Strategies

Figure 5.5. Participants strategy percentages by task format.

5.3.3. Strategy Accuracy

After examining children’s use of strategies in different task types and formats,
it is important to investigate what percentage of their attempts at these strategies are

successful. Table 5.4 shows how many observations there were for each strategy in each



o8

task. For example, for strategy 1 (off-task), there are 35 observations out of 112 in
the Vertical MC tasks. 31.4% of children who used the off-task strategy answered the
Vertical MC tasks correctly.

A primary finding is the high and consistent effectiveness of the Unit Identification
strategy (Strategy 6). Across all six task types, its accuracy remained exceptionally
high, ranging from 90.9% to 96.3%, demonstrating that it was a robust strategy regard-
less of the task’s presentation. A clear pattern also emerged when comparing response
formats: for nearly every strategy, accuracy was higher in the MC format than in the
DD format. This difference was most pronounced for the Off-task strategy (Strategy
1), where accuracy was around 31% in the MC formats but fell to between 2.8% and
12.5% in the DD formats. This large gap suggests that the three-option MC format

introduced a notable chance factor for obtaining a correct answer, even without a valid

strategy.
Table 5.4. Strategy accuracy across task task type and format.

Task Strategy |Strategy |Strategy |Strategy |Strategy |Strategy
Type 1 2 3 4 5 6
Vertical 31.4% 60% 13.3% 36.4% 66.7% 95.7%
MC (n=35) (n=15) (n=15) (n=11) (n=9) (n=23)
Vertical 2.8% 33.3% 8.3% 5% 50% 91.7%
DD (n=36) (n=6) (n=12) (n=20) (n=10) (n=24)
Horizontal 13% 40% 33.3% 25% 85.7% 96.2%
MC (n=23) (n=10) (n=12) (n=20) (n=21) (n=26)
Horizontal|  7.1% 33.3% 0% 19% 84.4% 91.7%
DD (n=28) (n=3) (n=1) (n=21) (n=32) (n=24)
Hiding 31.2% 45.5% 55.6% 36.4% 83.3% 96.3%
MC (n=48) (n=11) (n=9) (n=11) (n=6) (n=27)
Hiding 12.5% 50% 28.6% 10% 57.1% 90.9%
DD (n=56) (n=10) (n=7) (n=10) (n=7) (n=22)
Note. Strategy 1: Off-task
Strategy 2: Not Categorized
Strategy 3: Attention to the Singular Characteristics
Strategy 4: Comparison
Strategy 5: Sequence Awareness
Strategy 6: Unit Identification
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Finally, Table 5.4 reinforces the unique role of the horizontal model for certain
recursive strategies. The accuracy of the Sequence Awareness strategy (Strategy 5)
use was highest in the Horizontal MC (85.7%) and Horizontal DD (84.4%) tasks. Even
though fewer attempts were made to use this strategy in the vertical model, the accu-
racy is lower than the horizontal alignment. This may indicate that even if children
attempt to use this strategy in Vertical MC, Vertical DD, and Hiding DD, their accu-
racy is lower than in the horizontal format, and therefore it is more difficult to use this
strategy in vertical and hiding models and to give the correct answer. In the following
part, we will examine whether the use of the unit identification and sequence awareness

or comparison strategy depends on task format and type.

5.3.4. Predictors of Unit Identification Strategy Use

This part examined the first part of the third research question which examined
how format, model, and age impact children’s relational strategy use. We applied
a mixed-effect logistic regression to predict the use of the unit identification strat-
egy. This model was selected because the study’s repeated-measures design violates
the assumption of independent errors required by standard logistic regression. Before
finalizing the model, core assumptions of logistic regression were checked (Stoltzfus,
2011). The assumption of linearity between the independent variable and the logit-
transformed dependent variable was assessed using the Box-Tidwell approach. The
result was a statistically significant interaction between age and its logarithm (p =
0.016), indicating this assumption was violated, as visualized by the non-linear trend

in Figure 5.6.

To address the non-linear relationship and resolve the assumption violation, we
transformed the age variable. First, we centered the age by subtracting the sample
mean, a standard procedure to improve model convergence and reduce multicollinearity
between the linear and quadratic terms. We, then, included both the centered age and
its squared term (age?) as predictors in the regression. In the resulting model, both

terms were statistically significant, confirming that the relationship between the use of
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the unit identification strategy and age is indeed quadratic. Multicollinearity was not
a concern, as the Variance Inflation Factor (VIF) values were approximately 1. Finally,
an analysis of Cook’s distance revealed no strongly influential outliers (Cook’s d < 1),

satisfying the final assumption.

Predicted Probability of Ul Strategy Use

L
Centered Age

Figure 5.6. Probability of unit identification strategy use by age.

Mixed-effects logistic regression results showed that question format and visual
type were not statistically significant predictors of students’ use of the unit identifi-
cation strategy (see Table 5.5). However, students’ age was a strong and significant
predictor. Also, the relationship between age and the use of the unit identification
strategy was nonlinear. Specifically, for each year of age, the odds of using the strategy
increased by approximately 558% (OR = 6.58, p < 0.001), though the trend flattened
out near the top at older ages due to a significant negative quadratic term square of

age (OR = 0.23, p = 0.016).
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Table 5.5. Fixed effects from mixed-effects logistic regression predicting use of the

unit identification strategy.

Predictor Estimate |Odds Ratio | 95% CI | p-value
(B) (OR) for OR

Intercept -1.322%* - - 0.010%*

Format (MC vs| -0.109 0.90 [0.55, 1.46] | 0.662

DD)

Type: Hiding -0.070 0.93 [0.52, 1.67] | 0.815

Type: Vertical -0.129 0.88 [0.50, 1.56] | 0.660

Age (center) 1.883*** 6.58 2.96, 14.61]|0.000%**

Age (center) x

Age (center) -1.460* 0.23 [0.07, 0.76] | 0.016*

*p < 0.05, **p< 0.01, ***p < 0.001

Although the effect of format was not statistically significant (p = .66), the esti-
mated odds ratio for multiple-choice questions was 0.90, suggesting students had 10%
lower odds of using the strategy compared to drag-and-drop format tasks. Similarly,
the task type did not significantly predict strategy use. Compared to horizontal ques-
tions, students had slightly lower odds of using the strategy in vertical (OR = 0.88, p
= 0.66) and hiding formats (OR = 0.93, p = 0.82), though these differences were small

and non-significant.

Predicted probabilities visualized these trends more clearly: the estimated prob-
ability of using the strategy was 9% for MC format and 8% for DD format. As well
as the predicted probabilities for different age groups were visualized in Figure 5.7
to reveal the differences across age groups, and there are similar trends for both for-
mat types. Predicted probabilities by type were similar across formats, with all three
question types yielding probabilities in the 8-9% range. Although not statistically sig-
nificant, these differences may reflect subtle effects of format and layout that merit
further investigation in larger or more targeted samples. Also, there are similar trends

of predicted values across age for different task types as shown in Figure 5.8.
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5.3.5. Predictors of Comparison or Sequence Awareness Strategy Use

To address the second part of third research question quantitatively examined
how task format, model, and age impact children’s recursive strategy use. We applied
a mixed-effect logistic regression to predict the use of sequence awareness and com-
parison. These recursive strategies were specifically selected because their accuracy
was higher compared to the other recursive strategies. Similar to the previous model,
this analysis model was selected because the study’s repeated-measures design violates
the assumption of independent errors required by standard logistic regression. Before
finalizing the model, core assumptions of logistic regression were checked (Stoltzfus,

2011).

The assumption of linearity between the independent variable and the logit-
transformed dependent variable was assessed using the Box-Tidwell approach, and
it is violated. To resolve the non-linear relationship, we centered the age by subtract-
ing the sample term similar to the previous model. Then, include both age and its
squared terms as predictors of the regression. However, centered age (§ = 0.110, p =
0.690) and its squared term (5 = 0.48, p = 0.330) were not significant predictors for
the overall model, so they were removed from the model. Since the other predictors
examined the difference between two predictors, there was no need to confirm the lin-
earity assumption. Multicollinearity was not a concern, as Variance Inflation Factor
(VIF) values were approximately 1. Finally, an analysis of Cook’s distance revealed no

strongly influential outliers (Cook’s d < 1), satisfying the final assumption.

Results of mixed effects logistic regression revealed that model type was a sig-
nificant predictor of unit identification strategy use (see Table 5.6). Compared to the
horizontal model, the odds of children using this strategy were significantly lower for
both the hiding model (OR = 0.09, p < 0.001) and the vertical model (OR = 0.29,
p < 0.001). The question format also showed a trend, with the odds of strategy use
being 46% lower in the MC format tasks compared to the DD format, a result that
approached statistical significance (5 = -0625, OR = 0.54, p = 0.055).
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Table 5.6. Fixed effects from mixed-effects logistic regression predicting use of the

comparison or sequence awareness strategy by fixing horizontal type.

Predictor Estimate [Odds Ratio | 95% CI | p-value
(B) (OR) for OR

Intercept -0.146 - - 0.629

Format -0.624 0.54 [0.28, 1.01] | 0.055

(MC vs DD)

Type: Hiding | -2.422%%* 0.09 0.04, 0.18] [0.000%***

Type: Vertical | -1.255%** 0.29 0.15, 0.56] |0.000***

Format [MCJ* 1.396* 4.04 [1.34, 12.16]| 0.013*

Type [Hiding]

Format [MCJ* -0.071 0.93 [0.35, 2.47] | 0.887

Type [Vertical]

*p < 0.05, ¥*p < 0.01, ¥*p < 0.001

Furthermore, the analysis revealed a significant interaction between model type
and question format. As well, there is a significant interaction between hiding MC
and horizontal MC questions, so children have significantly higher odds in hiding MC
questions compared to the Horizontal MC questions (OR = 4.04, p = 0.013). However,
there is not a statistically significant difference in vertical MC tasks (OR = 0.93,
p = 0.887). These findings suggest that use of comparison and sequence awareness
strategies differs across different task types and children tend to use these strategies in

horizontal tasks.

Predicted Probability of Strategy Use by Format

Probability of Comparison and Sequence Awareness Use

Task Format

Figure 5.9. Predicted probabilities of comparison and sequence awareness strategy

use in task format.
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When we examined the predicted probabilities, the estimated probability of using
comparison or sequence awareness strategy is 46% for DD format questions, and 32% for
the MC format questions, as shown in Figure 5.9. Predicted probabilities by type were
46% for horizontal, 20% for vertical, and 7% for hiding type questions (see Figure 5.10).
Since we fixed the horizontal type in the previous model above, we also want to check
whether there is a difference between vertical and hiding models. Therefore, a second
model was created by fixing the vertical model. The results were provided in Table 5.7.
According to the results, there are no significant differences between format types,
similar to the previous findings. However, there is a significant difference between
vertical and hiding model tasks (5 = -1.166, p = 0.001). These findings show that
children used these strategies in hiding tasks 69% (OR = 0.31) less than vertical tasks.

Predicted Probability of Strategy Use by Type

|

Homzonta Hidir ‘eartical

Task Type

Probability of Comparison and Sequence Awareness Use

Figure 5.10. Predicted probabilities of comparison and sequence awareness strategy

use in task type.

As a result, these two analyses showed that there are no significant format differ-
ences for predicting use of comparison or sequence awareness strategy. However, task

types are an important factor that affects children’s use of this strategy. Specifically,
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children tended to use this strategy mostly in the horizontal model rather than the ver-
tical model and lastly the hiding model. Therefore, the use of comparison or sequence

awareness strategies is model dependent.

Table 5.7. Fixed effects from mixed-effects logistic regression predicting use of the

comparison or sequence awareness strategy by fixing vertical type.

Predictor Estimate |Odds Ratio | 95% CI |p-value
) (OR) for OR

Intercept -1.401%%* - - 0.000***

Format -0.695 0.50 [0.24, 1.05] | 0.066

(MC vs DD)

Type: Hiding | -1.166** 0.31 [0.15, 0.63] |0.001%**

Type: 1.255%%* 3.51 1.8, 6.86] |0.000%**

Horizontal

Format [MCJ*| 1.465* 433 |[1.35, 13.89]| 0.014*

Type [Hiding]

Format [MCJ*|  0.700 1.07 0.41,2.84 | 0.888

Type

[Horizontal|

*p < 0.05, **p < 0.01, ***p < 0.001
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6. DISCUSSION

The findings of the current study are discussed in three sections, each addressing
a research question. First, we examine the children’s strategies based on the results
from qualitative data. Then, the relationship between strategies and repeating pattern
abstraction scores is discussed based on the results of quantitative data. Finally, how
task designs influence strategy use is explored by suggesting a task design that mini-

mizes recursive strategy use using the results of qualitative and quantitative findings.

6.1. What are the Recursive and Relational Strategies Used by
4-6-year-old Children When Solving Repeating Patterning
Abstraction Tasks?

Not only answers but also strategies have importance in mathematics education
since they provide children’s conceptual understanding as well as aid the researchers
and educators to diagnose the misconceptions. This study deepens the findings of pre-
vious studies in the scope of repeating patterning abstraction strategies (Collins and
Laski, 2015; Junker et al., 2025; Litken and Sazuet, 2021; Papic et al., 2011) by en-
couraging children to explain their reasoning in the abstraction tasks. The qualitative
data collected from 56 participants, along with the results of a hybrid thematic anal-
ysis, revealed five strategy categories: off-task, attention to singular characteristics,
comparison, sequence awareness, and unit identification, which are similar to those
identified in the study by Liiken and Sauzet (2021). Although the main strategy cat-
egories align with the findings of Liiken and Sauzet (2021), our study makes a critical

conceptual contribution by considering different strategy indicators.

As Liiken and Sauzet (2021) suggested, it is important to differentiate basic
strategies to differentiate children’s knowledge. This aligns with our study findings and

our basic strategies consists of off-task and attention to the singular characteristics.
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Even though children were less accurate responses in these basic strategies their

attention and engagement with tasks differs.

Children who use off-task strategy do not attend to the elements of the pattern;
rather, they provide random or unrelated answers. More than half of the four-year-
olds (54%) used the off-task strategy, which is aligned with previous findings (Collins
and Laski, 2015; Liiken and Sauzet, 2021). These results showed that most of the
four-year-olds did not engage with tasks. The reason might be the less exposure to
pattern abstraction activities, as their teachers reported four-year-olds did not do any
abstraction activity in their classrooms. This highlights the importance of providing
differentiated abstraction activities for four-year-olds. The dependency on this strategy
is decreased while the age increases show a developmental shift and are compatible with

the findings of Liiken and Sauzet’s (2021) study.

The second basic strategy is attention to the singular characteristics, and children
referenced only one aspect of the pattern. This strategy is mostly used by four-year-
olds, similar to the off-task strategy. In this strategy, we observe some intriguing
explanations in the shape’s similarity sub-strategy. Some of the children refer to a
game called the Dalgona Candy Game, which is from a popular TV series named
Squid Game, explaining that they can create a square/star inside the circle. Since the
shapes we provided to create the pattern consist of a square, triangle, circle, and star,
it is the same as these candy game shapes. Additionally, in this category, children used
the similarity between the shapes in the model pattern and provided shapes such as
flowers that looked like stars and circles. The findings highlight to the potential impact
of shape selection in early patterning assessments, emphasizing its importance for both
researchers and educators. When children are not aware of a pattern’s structure, they
are investigating its surface features. The first thing they consider is whether there are

any similar shapes in the response section.

Even though we try to balance the abstraction types as shape-abstraction, color-

abstraction, and shape-color-abstraction, children behave differently in color abstrac-
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tion (see items in Appendix B). Interestingly, some children focus only on the shape
changes and use of attention to the singular characteristics’ strategy. One reason for
this tendency might be that we provided color-changing in the model pattern, but when
children recreate the pattern, only the different shapes were provided, so this might be
confusing for some of the children. Also, this might increase the demand for the tasks
since they need to consider the color changes in the model pattern, as well as shape

changes, while creating the pattern.

When we examined the frequencies in terms of task type, children tended to
use this strategy more in vertical alignment rather than horizontal alignment. One
possible explanation is to increase in cognitive load: the vertical spatial alignment is
less familiar as well as children abstract the color changes in the pattern and represent
them with shapes. Therefore, considering all the aspects of the pattern might add

another complexity to tasks.

Interestingly, 18% of children especially used this strategy for Item 8. This ten-
dency might be due to the shape of the item, as it incorporates both a circle and the
letter B. This increases the difficulty to identify the unit and neglect the unnecessary
dimensions, such as shape. On the other hand, none of the children used this strategy
in Item 5, which consists of colored pencils. Since the shapes do not resemble those in
the options, children may be less dependent on shape similarity. When we examined
the other three items, the shapes were similar to the answer parts. For example, since
both items 8 and 11 resemble circles, this similarity might lead children to focus solely

on shapes. This suggests the shapes play an important role in use of strategy.

Furthermore, children who use the counting only one element sub-strategy in
attention to the singular characteristics are able to correctly solve the MC format
ABB tasks. For example, children only count the B’s in the ABB pattern, so there are
four B’s, and the only option that includes four B’s is the ABB pattern in the options.
Therefore, it is important to add additional distractors to avoid the use of this strategy

and correctly respond to the tasks. These indicators showed that children who pay
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attention to the singular characteristics generally focus on the shapes or numbers of

the pattern.

The comparison strategy consists of strategies in which children compare the
pattern’s elements. In line with previous research, our findings confirm that using a
comparison strategy is linked to higher response accuracy (Liikken and Sauzet, 2021).
However, our study makes a critical conceptual contribution by distinguishing between
true one-to-one matching and other, less sophisticated matching heuristics. While
prior studies often grouped all direct comparison types into a single category (Papic et
al., 2011; Liiken and Sauzet, 2021), we observed four distinct sub-strategies (matching
elements without order, same unit length, counting each element, and partial matching)

that are qualitatively different from one-to-one matching.

These matching categories differ from one-to-one matching as they concentrate
solely on two dimensions of the pattern: shape, number, or order. For example, children
who use matching elements without an order strategy consider the shape and number of
elements but not the order. Additionally, in partial matching, children either match one
element with multiple elements or only match different elements without considering
the number of elements, creating an AB pattern. However, in a one-to-one matching
strategy, children consider both shape, number, and order and are aware of one-to-one
correspondence. This distinction is crucial because one-to-one correspondence is one
of the key components of counting (Gelman and Gallistel, 1978, as cited in McGuire et
al., 2012) and is essential for the development of number sense (Jordan et al., 2006).
Therefore, comprehending this concept in the early years contributes to children’s early
math knowledge. This characteristic makes one-to-one matching more sophisticated

than other comparison-based strategies.

Children are able to comprehend the sequence and consecutive elements in the
sequence awareness strategy. There are two different indicators of this strategy: one-to-
one matching and focusing on sequence. This category is used by 13% of the children,

and 10% of them use a one-to-one matching sub-strategy. Our tasks, which solely in-
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volve abstraction, may account for this distribution. Many children rely on one-to-one
matching between the model pattern and the answer pattern instead of analyzing the
consecutive elements with a focus on the sequence sub-strategy. The trends of this
strategy differ across age, and it is mostly (18%) used by six-year-olds. Although this
strategy is more sophisticated and results in more accurate answers, it remains a re-
cursive strategy because children do not fully understand the structure of the pattern.
However, children are better at analyzing the elements of the pattern by considering
different shapes, numbers, and the order of elements in the pattern. Therefore, we
propose that sequence awareness acts as a crucial bridge between recursive and rela-
tional since children are more engaged with structure compared to the aforementioned

strategies.

Final and only relational strategy is unit identification, it requires the awareness
of the pattern’s structure align with previous findings (Collins and Laski, 2015; Junker
et al, 2025; Litken and Sauzet, 2021). Our findings revealed that the unit identification
strategy consists of two sub-strategies: identifying the repeating unit and matching
only the first unit. To the best of our knowledge, previous studies did not mention
matching only the first unit sub-strategy. Therefore, this type of strategy use might
be observed only in our sample, or other studies might categorize this sub-strategy
into different categories. There is a clear developmental trend among 4-5- and 6-
years old (respectively 3%, 29% and 34%) consistent with the findings of Liiken and
Sauzet (2021). However, in our sample, 5-year-olds more commonly (29%) used unit

identification compared to Liitken and Sauzet (2021) (8%).

There could be four potential explanations for this difference: education sys-
tem differences, methodological differences, the sample of the current study or task
differences. Regarding educational differences, participants in both studies lacked a
specialized patterning curriculum. However, participants of Liiken and Sauzet’s (2021)
did not engage in any repeating patterning activities, whereas the teachers of partici-
pants in the current reported that they conducted some patterning activities, primarily

focusing on extension activities and rarely on abstraction activities. However, we did
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not have exact data about the frequencies of these activities during the semester. The
second explanation could be methodological differences, particularly categorizing the
matching only the first unit sub-strategy. They might be included in the comparison
since it is based on matching, but only 3.5% of the children used a matching only first
unit sub-strategy, so the differences might not be independent from that. The third
explanation could be the socioeconomic status of the current study’s sample, which
is classified as upper-middle. The final explanation could be subtle task differences.
While our quantitative results showed no direct effect of task format, it is possible
that our task presentation reduced the overall cognitive load, allowing more children

to access and apply their fragile relational knowledge.

Ultimately, our findings highlight the critical need to investigate children’s under-
lying strategies rather than focusing solely on their accuracy. Children can correctly
respond to a task using unit identification, sequence awareness, or even off-task strate-
gies; additionally, the reasoning behind their incorrect responses may involve off-task
strategy use or comparison. These strategies reflect different conceptual understand-
ings and treating the responses as correct and incorrect suppresses the instructional
needs of children. For example, children who use off-task strategies are unaware of
the dimensions of the pattern (shape, number, and order) and need more scaffolded
activities compared to children who use sequence awareness. In this regard, differenti-
ated instructional approaches may be necessary to more effectively address the diverse

needs of learners.

This study not only supports some of Liiken and Sauzet’s (2021) findings but
also transforms the strategy categories and provides a deeper understanding of the
strategy use of repeating pattern abstraction. Previous studies categorized the strate-
gies as off-task/different, recursive, and relational (Collins and Laski, 2015; Junker
et al., 2025), but it is also essential which recursive strategy was used. Even though
we called recursive “attention to the singular characteristics”, “comparison”, and “se-
quence awareness” strategies, each level reflects another aspect of their cognitive mech-

anisms. However, we don’t know whether each child followed these strategies while de-
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veloping pattern knowledge, since our study does not longitudinally measure children’s

abstraction strategies.

Our findings align with previous studies, and abstraction tasks can be responded
to correctly by recursive strategies (Junker et al., 2025; Liiken and Sauzet, 2021; Wijns,
Torbeyns, Bakker et al., 2019). Also, the findings of Liiken and Sauzet (2021) show
that even the use of the unit identification strategy in identifying the unit tasks that
isolate the unit of the pattern is limited. Therefore, the reason for the limited use of
this strategy could not be attributed only to tasks, but rather, children are incapable
of applying this sophisticated strategy due to their developmental level.

In light of these findings, we suggest that the assessment of abstraction knowledge
should limit the use of the recursive strategy, as we discuss in section 6.3. Current find-
ings challenge the findings of Collins and Laski (2015) and claims of other researchers
(e.g., Economopoulos, 1998; Rittle-Johnson, 2015), since they suggest that abstrac-
tion tasks elicit relational strategies. As a result, our study revealed that abstraction
items can be completed correctly using recursive strategies. Nevertheless, we only ex-
amined the strategies in abstraction, so we cannot know the strategies in the other
types of tasks, such as extension and identifying the unit. Therefore, we cannot make
direct comparisons about children’s relational strategy use across different tasks, such

as extension.

Additionally, the methodological differences might provide a different categoriza-
tion of the strategies. For example, Collins and Laski (2015) categorized a viable but
wrong pattern as a relational strategy, such as creating AB rather than ABB. However,
according to our findings, children can create AB patterns using either an off-task strat-
egy or a comparison strategy. Some of the children are only exposed to the AB pattern;
therefore, they misconceptualize the pattern as AB, and this explanation showed that
they did not attend to any aspects of the given pattern. Furthermore, in the compar-
ison strategy, children engage with the elements of the pattern but do not fully grasp

or analyze its structure, which leads them to create an AB pattern. Therefore, error
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analysis is not enough to reveal strategies. Eliciting children’s reasoning through ver-
bal explanations or employing alternative methodologies that reveal cognitive processes

may offer researchers a more accurate understanding of strategy use.

Additionally, 8% of the data could not be categorized, so we label it as “not cat-
egorized”. We code this category as the second category because even though children
referred to the pattern, their explanations do not fit any category. For example, saying
whole elements in the model pattern or the response pattern are not aligned with our
categories. Despite the researcher’s encouragement through follow-up questions, chil-
dren still struggle to elaborate further. Most of them do not have the willingness to
explain it. Moreover, 1.6% of the participants changed their answers while explaining
their reasoning and correctly answered, and we don’t know why they changed their
answers or which strategy they employed before the explanation. The evidence indi-
cates that conducting interviews with young children under age 7 presents challenges,
particularly because they have limited vocabulary and struggle to verbally express
themselves (Garbarino and Stott, 1992, as cited in Vogl, 2015). Therefore, there is a
need to capture children’s cognitive mechanisms in addition to the interviews. One
possible method to achieve it might be using eye-tracking methodology. Some of the
current studies attempted to use it in extension tasks (Pitta-Pantazi et al., 2024), but

there is no study exploring children’s abstraction knowledge.

6.2. To What Extent do RPAT Strategies Predict RPAT Scores When
Controlling Age and Visuospatial Working Memory?

The second research question aims to investigate how RPAT strategies are re-
lated to RPAT scores, as well as whether this relationship remains after adding age
and visuospatial working memory to the model. The results of multiple linear regres-
sion show that there is a significant and quadratic relationship between strategy and
RPAT score, as shown in Table 5.3. A previous study indicates that there is a linear
relationship between patterning scores and strategy scores, and this model explained

94% of the variance (Liitken and Sauzet, 2021). While our results indicate a quadratic
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relationship, this means that when children used higher-level strategies, their scores
increased at an accelerating rate. In other words, the change of strategy score between
attention to the singular characteristics and comparison is not the same as the change
between sequence awareness and unit identification. When children use sophisticated
strategies frequently, their scores will increase more. Also, our Model A, which includes
only the RPAT strategy and the squared term of the RPAT strategy, explained 69% of

the variance in RPAT scores.

Furthermore, we added the model age and the visuospatial working memory
tasks, specifically Corsi forward and Corsi backward, because previous research has
shown that both age and visuospatial working memory are key predictors of patterning
knowledge (Collins and Laski, 2015). Our final model (Model C) showed that while
we added age and Corsi forward for the visuospatial working memory, strategy scores
contribute to the model quadratically, and this model explained 76% of the variance.
These findings are crucial even though integrating model age and visuospatial working
memory, the squared term of strategy scores is still significant, and this shows that
children’s strategies have a crucial role in abstraction performance. However, this
study only focused on abstraction tasks, so we cannot generalize the results to other
types of patterning tasks. This could potentially explain the differences observed in
Litken and Sauzet’s (2021) study. Therefore, whether this relationship is quadratic or
linear, as suggested in Liiken and Sauzet (2021), should be investigated using a variety

of tasks.

Previous studies preferred to use scoring Corsi backward and forward together
(Collins and Laski, 2015; Rittle-Johnson et al., 2015). Hence, the performance in the
Corsi backward was lower than the Corsi forward, as shown in Table 5.1 similar to the
previous findings (Cornoldi and Mammarella, 2008; Heled, 2024). Thus, we preferred to
enter these two tasks separately. The initial weak correlation between Corsi backward
and RPAT scores lost significance after controlling for age. This suggests that the
variance these two measures share is largely attributable to the general developmental

maturation captured by age, rather than a unique contribution of backward span itself.
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Another plausible explanation could be the skewed distribution of Corsi backward
scores, as 37% of the children were unable to complete any trial successfully and thus
received a score of zero. A similar floor effect has been reported in previous research
(Bull et al., 2008). Both the current study and prior studies have shown that some
children do not fully understand the task and instead continue to tap forward rather
than backward (Bull et al., 2008; Reindl et al., 2021). These findings question the
suitability of the Corsi backward task for this age group.

Interestingly, Corsi forward has a significant but negative contribution to predict-
ing scores when the RPAT strategy, its squared term and age is in the model, contrary
to a previous study (Collins and Laski, 2015). One possible explanation might be that
Corsi forward and backward might require different aspects of visuospatial working
memory (Cornoldi and Mammarella, 2008) so adding the model separately may have
led to the different results and lack of significance in Corsi backward and negative

contribution of Corsi forward into the model.

The unexpected negative contribution of Corsi forward when age and RPAT
strategy scores included can be understood as a potential statistical artifact related to
inhibitory control. We observed that some children with poor inhibition perseverated
on the forward task, even during backward trials. These children might achieve a high
Corsi forward score not because of superior visuospatial memory, but due to this lack of
cognitive flexibility. This same underlying difficulty with inhibitory control would then
logically hinder their performance on the complex, multi-step RPAT tasks. Therefore,
in our model, the Corsi forward score may be inadvertently acting as an inverse proxy

for inhibitory control.
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6.3. What Task Design Features Promote the Use of Relational Strategies
and Minimize the Use of Recursive Strategies in Repeating Pattern

Abstraction Tasks?

A mixed method approach was used to investigate whether task format and type
influence children’s strategy. Since the assessment tools should be designed to lead
children to flexible and adaptive strategy use (Heinze et al., 2009), our aim is to suggest
a task design that promote relational strategy use and minimizes the recursive strategies

such as attention to the singular characteristics, comparison or sequence awareness.

6.3.1. Task Type

To examine the children’s strategy use across different task types, we created a
bar chart that shows percentages of strategy use for each task model. In terms of the
relational strategy use, which is the unit identification strategy, children do not show
large differences, and their percentages are 21% in vertical, 22% in horizontal, and
hiding type, as shown in Figure 5.4. The findings of logistic mixed effects regression
support qualitative findings and the use of unit identification independent from the
task model, as the accuracy of this strategy is very similar across task types and over
90%, as shown in Table 5.5. Therefore, spatial alignment does not have an impact on

the use of relational strategy in repeating pattern abstraction tasks.

This finding suggests that once children have a robust understanding of a pat-
tern’s unit, their ability to apply this relational knowledge is flexible and not easily
disrupted by superficial changes like spatial orientation. It implies that to truly assess
the limits of this knowledge, more fundamental task modifications may be needed. This
finding suggests that once children have a robust understanding of a pattern’s unit,
their ability to apply this relational knowledge is flexible and not easily disrupted by
superficial changes like spatial orientation. It implies that to truly assess the limits of
this skill, more fundamental task modifications may be needed. These results revealed

that the use of a unit identification strategy is essential, and it increases the perfor-
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mance in patterning abstraction tasks. A possible explanation might be the use of the
unit identification strategy to comprehend the structure of the pattern, and children
are able to use this knowledge in different situations, similar to relational and algebraic
thinking. Relational thinking requires not only identifying the relationships but also
deducing them in a new context (Polotskaia et al., 2022). Similarly, algebraic thinking
is based on generalizing the relationships with symbolic (Blanton and Kaput, 2011) or
non-symbolic ways (Radford, 2011). Therefore, children who are able to use the unit
identification strategy are able to find the rule and, independent of the context, apply

it. This procedure shows a non-symbolic way for the development of early algebra.

Furthermore, this suggests that fostering the use of the unit identification strat-
egy in early years provides a critical foundation for algebra. Educators and researchers
should encourage the use of this strategy by designing instructions that explicitly em-
phasize the unit. As well as providing learning environments and task designs that
children engage with unit identification tasks. Moreover, they should enhance chil-
dren’s reasoning abilities through classroom discussions to augment strategies focused

on unit identification.

The trend of comparison and sequence awareness strategy use is distinct from
the unit identification strategy use. The qualitative study results showed that there
is a tendency to use these strategies in horizontal alignment. Logistic mixed-effect
regression results supported these findings. Thus, task type influences the comparison
and sequence awareness strategy use. These strategies were significantly more used
in horizontal models, and this supported the spatial alignment principle (Matlen et
al., 2020; Zheng et al., 2022). The parallel alignment between the model pattern and
the response part encourages children to use comparison-based strategies, analyze the
sequence of elements, and apply one-to-one correspondence. Therefore, spatial aspects
of the tasks have a role in children’s reasoning, as suggested (Bjorklund et al., 2020).
This conclusion suggests that educators and researchers should consider spatial designs

of the tasks.



79

6.3.2. Task Format

This section addresses investigates how task format (multiple choice and drag-
and-drop) affects the strategy use of 4-6-year-old children. Multiple choice items are
not very common in early childhood assessment. However, multiple choice questions
are easy to administer and assess, so they might be useful for the early patterning
assessment as well. Therefore, RPAT consists of MC and DD items. Qualitative
results reveal that there is no difference in the use of the relational strategy use, and
mixed-effect logistic regression results confirm these findings. However, there are slight
differences between other strategy uses, as shown in Figure 5.5. The mixed effect
logistic regression results reveal slightly no statistically significant differences in format
between the use of sequence awareness or comparison strategies (p = 0.055). This lack
of main effect in the format of the tasks aligns with findings of Katz et al. (2000).
Their study consists of high school students, and the current study extended these
findings for the early childhood period.

While our results indicate that task type have significant main effects on children’s
use of comparison and sequence awareness strategies, the most insightful finding is the
significant interaction between these two factors. The data reveals that the effect of
the question format is not uniform; rather, it depends on the cognitive demands of the

task model.

Specifically, the Multiple Choice (MC) format significantly mitigates the difficulty
of the Hiding task. A plausible explanation for this is the role of cognitive load. The
Hiding task is uniquely demanding as it requires children to both remember the hidden
elements and abstract the pattern’s rule. The MC format, by presenting complete
visual answer choices, likely serves to offload the working memory component of the
task. This may free up crucial cognitive resources, allowing children to better focus on
comparing the options and analyzing the sequence. In contrast, for tasks with a lower
memory load like Vertical or Horizontal, this cognitive support is less critical, which

explains why the MC format provided no significant benefit in those contexts. This
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finding suggests that for complex abstraction tasks that tax working memory, an MC
format may be a more effective tool for assessing a child’s underlying patterning ability

than a construction-based format like drag-and-drop.

When we examine the accuracy of strategies across different task types and for-
mats, MC items create more accurate responses. These findings align with the previ-
ous findings that MC items are easier than constructed response items (Bonner, 2013;
Woodcock et al., 2020). Previous studies used multiple-choice format items in pat-
terning context (Msall et al., 2025; Yildirim et al., 2024), which shows that items are
easier compared to the previous studies (Rittle-Johnson et al., 2013). As previously
suggested, this might be related to the chance factor since the accuracy of off-task MC
tasks was higher than DD tasks. This shows that children are able to correctly answer
even though they don’t attend to the elements of the pattern. Although there is no
main effect of the MC format, it leads to more accurate answers. This may result in

errors when identifying the participants’ ability levels.

6.3.3. Task Design Suggestions

The findings of this study reveals that the type and format of the tasks do not
affect the use of the unit identification strategy, and children’s accuracy in this strategy
is very similar to each other. This indicated that use of this strategy is independent
of spatial aspects of the tasks as well as response format. This suggests that expert
children who use the unit identification strategy are able to adaptively apply their

strategy in various situations, as indicated by Heinze et al. (2009).

However, the use of comparison and sequence awareness strategies differs across
task types and is more frequently used in horizontal models. The existing instruments
generally used the horizontal model. Current findings support the study of Liiken
and Sauzet (2021) and Junker et al. (2025) and questioned the claims of other re-
searchers (Clements and Sarama, 2009; Economopoulos, 1998; Rittle-Johnson et al.,

2015), since abstraction tasks can be completed without understanding of the pat-
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tern’s structure. Therefore, the researcher who wants to measure patterning abstrac-
tion knowledge should ask themselves, “Do we want to diagnose whether children are
attending to the structure of the pattern or not?” If the answer is yes, then the spatial
alignment of the task should be designed to minimize the use of the recursive strategy

and reduce the correct responses without engaging the structure of the pattern.

According to the findings of the current study, we suggest that hiding and vertical
model tasks are better at eliminating the recursive strategies. The use of sequence
awareness and comparison strategy is less frequent, and the accuracy of these strategies
is less than the horizontal type. When we compare the vertical and hiding models,
hiding minimizes the strategies between unit identification and off-task, as shown in
Figure 5.4. It encourages either the use of unit identification (22%) or off-task (46%)
strategies. Therefore, we suggest that hiding items minimize the use of the recursive
strategies. However, it is more difficult for the four-year-old children, and these types of
items might cause boredom and dropping out of the test. Therefore, using both vertical
and hiding items increases the variability of the items as well as provides opportunities
to apply their knowledge in different scenarios. Variability in the learning materials
supported abstract concepts as well as led to analyzing the structure rather than surface
features of the problems (Atkinson et al., 2000). This might also improve the accuracy

of ability estimates and help differentiate levels of knowledge in the abstraction.

In terms of the format suggestions, there is not a significant difference between
MC and DD in strategy use, but the accuracy is higher in MC items. This could be
related to the distractors of the questions, or our sample size is not enough to detect
the format-related effect since the p-value is slightly higher (p = 0.055; see Table 5.6
and p = 0.066; see Table 5.7) for comparison or sequence awareness strategy use. As
well as there is a format and type interaction in hiding tasks. This interaction shows
that MC format reduces the cognitive load so more complex pattern tasks use of MC

format might be effective.



82

Therefore, this study is unable to find format-related differences, but if researchers
want to eliminate the chance factor, DD items might be better. Since some of the
children created the first unit but made mistakes in the second unit, in MC items, if
they correctly choose some part of the pattern, the rest is automatically chosen. For
example, for an ABBABB pattern, if children determine that there is ABBA, the rest
of the choices are negligible. It may be beneficial to design distractors that go beyond
simply requiring the counting of a specific element. For instance, in our questions,
there is only one option that has four same shapes; therefore, children only count the
B’s and choose the option that has four same shapes in ABB pattern. Shortly, this
study is unable to suggest a certain format using the current findings, so further studies

are required to examine whether there is a format-related difference.

Lastly, variability in the pattern elements has a crucial role, as suggested by Zhang
and Fyfe (2024). Variability might reduce reliance on surface features of the pattern,
such as shape similarity or number, and aid in comprehending the structure of the
pattern (Zhang and Fyfe, 2024). Additionally, independent of the format, the choices
or the materials should be designed with dissimilar shapes. For instance, if there is
a leaf-leaf-flower pattern, the options should not have shapes like triangles since they
are similar to the leaves or stars and circles since they are similar to flowers. These
results suggest that not only educators and curriculum designers but also researchers
should consider spatial and format-related design features when developing pattern-
ing instruction and assessment tools for early childhood education. Instructional and
evaluative materials should be informed by such empirical evidence to more accurately

measure or support the development of abstraction strategies in early mathematics.

6.3.4. Role of Age

Results of both qualitative and quantitative analyses show that age plays a crucial
role in abstraction. There are age-dependent differences in children’s strategy use,
and one of the biggest differences is in the unit identification strategy. Children’s

unit identification strategy use depends on age, similar to the previous finding (Liiken
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and Sauzet, 2021). Additionally, age is a significant and quadratic predictor of the
use of unit identification strategies. This finding means that children’s use of unit
identification strategies develops more rapidly between the ages of 5 and 6 than between
the ages of 4 and 5. This study supports the previous findings that children’s cognitive
development is faster during the early childhood period (Gualtieri and Finn, 2022). As
well as 3% of four-year-olds used this strategy, which aligned with previous findings
(Liikken and Sauzet, 2021; Rittle-Johnson et al., 2013). This is expected since their
teachers reported that they did not do abstraction tasks, and generally, they did AB
pattern activities. Therefore, particularly younger children, such as 4-year-olds, may

benefit from engaging in abstraction tasks that include a variety of units.

However, age-related differences decreased in comparison and sequence awareness
strategy use. Age is not a significant predictor in comparison or sequence awareness
strategy use. These results might be due to the merging of these two strategies in the
model, but the detailed frequency percentage was provided in Figure 5.1. According to
this, there is no difference between 4- and 5-year-olds’ sequence awareness strategy use,
and 6-year-olds used it 8% more than they did. The use of the comparison strategy
was almost the same in 5-year-olds (12%) and 6-year-olds (11%), and 4-year-olds more
frequently (18%) used it.

Furthermore, age significantly predicts RPAT scores; similar to the findings of
Collins and Laski (2015), a one-year increase in age results in a 1.15-point increase in
addition to the contribution from RPAT strategy scores. These results showed that
age is an important predictor but not the sole one, so the use of unit identification

strategies should be encouraged by educators.
6.4. Limitations and Future Directions
This mixed-method study design reveals strategy use of children across different

task types and formats and suggests a task design minimizing recursive strategy use.

However, there are certain limitations of the current study. The first one is a sample-



84

related issue. Data were collected from public schools, but participants were chosen by
convenience sampling, and they have upper-middle socioeconomic status. Also, even
though the sample size is detected by power analysis, a larger sample size that consists
of mixed socioeconomic status might increase generalizability since we have a variety

of variables.

Another limitation concerns the order in which the items were presented. All
children received the tasks in the same order, which means we were not able to control
whether there is order related effects. Since we observed some variation in strategy use
depending on the task format and model, it might be important to explore whether
the order of the items effect the strategy use. Future studies could benefit from using
a counterbalanced or randomized order to explore whether the sequence of tasks plays

a role in the use of strategies.

We tried to balance color-abstraction, shape-abstraction, and color-shape ab-
straction in the RPAT. Nevertheless, the color abstraction tasks behave differently
from each other. When we examined the children’s responses, they only focused on
the shapes of Items 2, 8, and 11. For Items 2 and 11, the model pattern shapes look
like circles, so children used only circles to construct answers. Interestingly, none of
the children used this strategy in Item 5 (consisting of pens). Therefore, shapes have
importance and providing different colors rather than shapes might avoid this situation
and should be tested in further studies. Also, whether the difficulty of tasks changes
in color-abstraction, shape-abstraction, and color-shape abstraction items should be
explored to determine research-based task designs. In addition, some of the shapes,
such as leaf or flower, are very similar to the materials we provided. This might create a
tendency to use surface features of the pattern. This kind of similarity between shapes

should be minimized in future tasks and assessment items.

In the MC items, the distractors consisted of AB, ABB, and ABC options, and
some of the children correctly answered, counting only one element. As I mentioned

earlier in the discussion, children counted the B’s of the ABB pattern, and the only
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option that included four of the same elements was the ABB pattern in the options.

Future studies and measurement instruments should be designed accordingly.

Although this study provides valuable insights about strategy use, it is limited
by qualitative findings generated by task-based interviews’ transcripts and observa-
tion notes. Children were prompted after they completed the tasks not to interfere
with their reasoning. However, this method might not capture children’s cognitive
mechanisms fully because young children might forget to mention or be incapable of
mentioning some of the strategies they applied, since their verbal skills are still devel-
oping. Therefore, new methodologies that capture participants’ cognitive mechanisms
without interfering with them should be used in future studies. One method might
be eye-tracking methodology. Eye trackers record eye movement data such as where,
when, for how long, and how many times a participant looks while performing tasks
(Rodrigues and Rosa, 2018). It provides objective data about participants’ cognitive
mechanisms without interfering with them. Therefore, this methodology might provide
a clear capture of cognitive mechanisms as well as aid in interpreting data in the “Not

categorized” category.

Moreover, due to the permissions, we only recorded the audio of the task-based
interview, but it is also crucial to have video recordings of the data since sometimes
children prefer to point out some parts of the pattern in addition to the verbal explana-
tions. Even though the researcher took the observation notes, this might be subjective,
as some gestures or movements might be missed. Even though 27% of the task-based
interviews were double coded, we cannot double code the gestures of the children, and
there could be some researcher biases. However, we tried to reduce it by triangulat-
ing the audio recordings and observation notes. It is essential to capture children’s

gestures; therefore, feature studies should be recorded in the videos as well.

Although this study provides valuable insights about strategy use, it did not
investigate children’s strategy development longitudinally. Thus, findings lack a de-

velopmental trajectory of strategies, so we don’t know whether each child follows the
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strategies orderly or not to reach the unit identification level. Longitudinal studies are

required to examine the developmental stages of strategy use.

Last but not least, this study only explored the strategies in repeating pattern
abstraction tasks, so further studies are required to investigate the other tasks in re-
peating and growing patterns. Additionally, RPAT items should be integrated into the
repeating pattern assessment instruments and should provide psychometric evidence
in conjunction with other sub-constructs, such as extension, by examining item fit and

difficulty.
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APPENDIX A: RPAT PRACTICE ITEMS

TThe four practice items are provided below.

Practice Griimi Oyunu =
A0 Re 4O
[ 2 L3 L] |
He LB LD
AABDDLAALA
==
Practice 1: Horizontal MC AB Pattern
o Praztice Grilmi Oyuns . - = Pravts Oelinid Oy
TEE RN AENeEeN
EsESER®
ABBALAD
= =3

Practice 2: Hiding MC AB Pattern

Practice 2: Hiding MC AB Pattern

Options
Practics Sriinti Cyunu =
"EWENE
=
Practice 3: Horizontal DD AB Pattern
w Practica Grimth Gysnu -i = Prastice Drintil Cyws
LeLsLs
== =3

Practice 4: Hiding DD AB Pattern

Options

Practice 4: Hiding DD AB Pattern

Figure A.1. Practice items.
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APPENDIX B: RPAT ITEMS

The RPAT items are provided below.

Item & Item Label Proposed Pattern Changed

e W @

Color-Shape Abstraction
HeoomOO
HOEON®
OHAONAL
=1

Item 4: Horizontal MC ABC Pattern

Grlintl Oyunu

§ J"

Item 5: Hiding MC ABB Pattern

Color Abstraction

OHAONA
EoENOE®
L1 [ 1)

Item 5: Hiding MC ABB Pattern Options

Figure B.1. RPAT items 1.

98



[tem & Item Label

Proposed Pattern Changed

Owiirtil Oyuni

PEAIER

Item 6: Hiding MC ABC Pattern

Orriimtii Cynu

OHAONA
EEOEES®
EoENON®

Item 6: Hiding MC ABC Pattern Options

Shape Abstraction

A ETEN

[tem 7: Vertical DD ABB Pattern

Color-Shape Abstraction

Figure B.2. RPAT items 2.
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Item & Item Label

Proposed Pattern Changed

Item 8: Vertical DD ABC Pattern

Color Abstraction

Item 9: Horizontal DD ABB Pattern

Shape Abstraction

* *

[tem 10: Horizontal DD ABC Pattern

Color-Shape Abstraction

Figure B.3. RPAT items 3.
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Item & Item Label

Proposed Pattern Changed

Oeibntia Oyunu

| twesitens |

Item 11: Hiding DD ABB Pattern

Color Abstraction

Oriintii Oyunu

LN SN

Item 12: Hiding DD ABC Pattern

Shape Abstraction

Item 11 & 12: Response Part

Figure B.4. RPAT items 4.
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APPENDIX C: RESEARCH PROTOCOL TURKISH

The Turkish version of the research protocol is provided below.

Merhaba [cocugun adi]! Oriintiilerle ilgili seninle bir oyun oynamak istiyorum.
Daha sonra bakabilmek icin yaptiklarimizin ses kaydini almam gerekiyor. Soracagim
sorular1 cevaplayarak benimle bu oyunu oynar mising* (Cocuk bagini sallamali, evet

demeli veya aktif olarak onay vermeli.)

(Higbir sey yapmazsa) “Soracagim sorulari yantlayarak benimle oyun oyna-

may1 kabul ediyorsan liitfen bagini sallar misin ya da evet der misin”?
“Harika! Tegekkiir ederim”!

Simdi sana karakterlerimi tanitacagim bu Momo bu da Dodo (kuklalar gosterilir).
Momo ve Dodo ¢ok yakin iki arkadaslar ormanda saklambag oynarken bir anda bir-

birlerini kaybetmisler. Birbirlerini bulmalarina yardim etmek ister misin?

Harika. Simdi sana bazi sorular soracagim ve sen cevap verdikce yukaridaki
yesil kisim yavasg yavag ilerleyecek ve Momo Dodo’ya yaklasacak. Ancak onlara

yardim etmeden once biraz aligtirma yapmamiz lazim hazirsan baglayalim

Aligtirma Maddesi 1 (goktan segmeli)-yildiz-ay: “Bu oriintiiye bak. Bu tekrar-
layan bir ortintii ¢inkii tekrarlayan bir boliim var. Yani kural var. Yildiz-ay tekrar
eden boliim” (Oriintiiye isaret et ve tekrar eden birimi elinle goster). “Simdi sira
sende! Bunlardan hangisi benim olusturdugumla aym kurala sahip bir oriintiidiir”

(Siklara isaret edilir)?

Cevap veremezse — > “bu orunti hangi sekillerden olusuyor”? giklar isaret
edilerek “bunlardan hangisi yukarida verilen oriintii ile aymi kurala sahip? “Sana en

dogru geleni soyle”.
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e Cevabin dogru ciinkii her ikisinde de gekiller sirayla ilerlemis yukarida oriintiimiin
kurali yildiz ay yani bir iki bir iki tekrar ediyor. Burada da (riintii igaret edilir)
yuvarlak kare kuralinda oriintiim var yani bir-iki ortintiisii.

e Cevabin dogru degil ¢iinkii yukarida ortinttimiin kurali yildiz ay yani bir iki bir
iki tekrar ediyor. Burada da (6riintii isaret edilir) yuvarlak kare kuralinda yani

bir-iki ortintiimi secmem gerekirdi.

“Devam etmek i¢in agagidaki yesil kutucuga tiklayabilirsin”.

Aligtirma Maddesi 2 (Coktan segmeli)-kayisi-elma: “Burada da meyvelerle bir
ortintl olusturdum simdi oriintiiyii dikkatlice inceleyelim. Hazir oldugunda gozlerini
kapatan emojiye basarsan oriintii kaybolacak ve bu oriintiiyle aymi kurala sahip
ortintiiyii bulmani isteyecegim. Hazir oldugunda emojinin tizerine tikla. Bunlardan

hangisi benim olusturdugumla ayni kurala sahip bir ortintiidiir”?

e Cevabin dogru az once ortintiimiiziin kurali kayisi-elmaydi yani bir iki ortintiisii.
Simdi de kare-yuvarlak yani yine bir iki seklinde ilerliyor.
e Cevabin dogru degil ¢linkii az 6nce ortintiimiiziin kural kayisi-elmaydi yani bir

iki ortintiisii. Ayni kuralda olmasi icin kare-yuvarlak yani bir iki ériintiisii olmali.

Aligtirma Maddesi 3 (Siirtikle Birak)-ayi-maymun: “Burada hayvanlarla bir
oriintii olugturdum. Burada verilen sekilleri kullanarak bu ortintiiyle ayni kurala
sahip ortintiiyli olugturmani isteyecegim. Bunlardan hangisi benim olugturdugumla

ayni kurala sahip bir ortintiidiir”?

“Oncesinde seninle biraz aligtirma yapmamz iyi olabilir. Buradaki sekli
tagimak istedigimde iizerine biraz uzun basacagim elimi hi¢ kaldirmadan buraya
birakabilirim. Buraya basgka gekil getirmek istersem yeni bir sekli yukaridan alacagim
az evvel yaptigim gibi buraya getirecegim. Simdi sira sende hadi bakalim. Yukarida

verilen ortintiiyle aynm kurala sahip bir ortintii olugturabilir misin”.
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e Cevabin dogru az once tekrar eden kural kayisi-elma yani bir-iki ¢riintiisii vardi
simdi de kare-yuvarlak seklinde ilerliyor. Yani bir iki.
e Cevabin dogru degil ¢iinkii az 6nce oriintiimiiziin kurali kayisi-elma yani bir-iki

seklindeydi ayni kuralda olmasi i¢in kare-yuvarlak yani bir-iki ortintiisii olmal

“Devam etmek igin yesil butona tiklayalim”.

Aligtirma maddesi 4 (Siiriikle Birak)-kedi-agag: “Burada da bir ériintii olugturdum.
Simdi ortintiiyii dikkatlice inceleyelim Sen hazir oldugunda ortintii kaybolacak ve bu
ortintiiyle ayni kurala sahip oriintiiyii bulmam isteyecegim. Hazir oldugunda emo-
jinin tizerine tikla simdi bir onceki soruda yaptigimiz gibi nesnelerin tizerine uzun
basarak siiriikleyip birakalim”. Cocuk tikladiktan sonra: “Kaybolan ortintiiyle ayni

kurala sahip bir oriintii olugturabilir misin”?

e Cevabin dogru az once tekrar eden kural kedi-agag yani bir iki ortintiisii vardi
simdi de kare-yuvarlak seklinde ilerliyor. Yani bir iki.
e Cevabin dogru degil ¢linkli az 6nce oriintiimiiziin kurali kedi agag seklindeydi

ayni kuralda olmasi i¢in kare-yuvarlak ortintiisii olmali.

“Artik ahigtirmalarimiz bitti. Bundan sonra sana cevabinin dogru ya da dogru
olmadigini soylemeyecegim. Her bir sorudan sonra sana neden o cevabi sectigini
ya da olusturdugunu soracagim. Simdi Momo’yu ekranin bir tarafina Dodo’yu da
kargisina koyalim sen her bir soruya cevap verdikge yukaridaki yesil kisim ilerleyecek

ve Momo Dodo’ya kavugacak”.

RPAT 1-4 ¢coktan segmeli maddeler: “Burada nesnelerle bir 6riintii olugturdum.
Bunlardan (agagida verilenlerden) hangisi benim olugturdugumla ayn kurala sahip

bir oruntudir”?

“Neden bu cevabi se¢tin? Neden bu cevap yukaridaki oriintiiyle ayni kurala

sahip”?
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“Yesil butona basarak devam edebilirsin”.

RPAT 5-6 ¢oktan seg¢meli kaybolan maddeler: “Burada da nesnelerle bir
ortinti olugturdum. Gozlerini kapatan emojiye tikladigimizda oriintii kaybolacak ve
senden ayni kurala sahip oriintiiyii bulmani isteyecegim. Hazir oldugunda tiklayabilirsin”.
Tikladiktan sonra: “Bunlardan (agagida verilenlerden) hangisi benim olugturdugumla

ayni kurala sahip bir ortintidiir”?

“Neden bu cevabi sectin? Neden bu cevap yukaridaki oriintiiyle ayni kurala

sahip”?

“Yesil butona basarak devam edebilirsin”?

RPAT 7-10 stiriikle birak maddeler: “Burada nesnelerle bir 6riinti olugturdum.
Burada verilen sekilleri kullanarak bu ortintiiyle ayni kurala sahip ortintiiyti olugturmani
isteyecegim. Alistirmalarda yaptigimiz gibi kutucuklara getirmek istedigimiz sekle
uzun bas ve elini kaldirmadan kutucuga stiriikle. Buradaki oriintiiyle ayni kurala

sahip bir ortintii olugturur musun”?

“Neden bu cevabi segtin?/ Oriintiinii nasil olugturdun? / Neden bu cevap

yukaridaki oriintiiyle ayni1 kurala sahip”?

“Yesil butona basarak devam edebilirsin”?

RPAT 11-12 striikle birak kaybolan maddeler: “Burada da nesnelerle bir
oriintii olugturdum. Gozlerini kapatan emojiye tikladigimizda oriintii kaybolacak
ve senden ayni kurala sahip ortintiiyi olugturmani isteyecegim. Hazir oldugunda
tiklayabilirsin”. Tikladiktan sonra: “Bunlardan (asagida verilenlerden) hangisi benim

olusturdugumla ayni kurala sahip bir oriintidir”?



106

“Neden bu cevabi se¢tin? Neden bu cevap yukaridaki oriintiiyle ayni kurala

sahip”?

“Yesil butona basarak devam edebilirsin”?

Oyunumuz bu kadardi. Benimle bu oyunu oynadigin icin tegekkiir ederim.

Momo ile Dodo birbirlerine kavusgtular ve simdi ¢cok mutlular.
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APPENDIX D: RESEARCH PROTOCOL ENGLISH

The English version of the research protocol is provided below.

Hello [child’s name]! T want to play a game with you about patterns. I need
to record what we do so I can look at it later. Will you play this game with me by

answering my questions? (The child should nod, say yes, or actively agree.)

(If they don’t do anything) “If you agree to play the game with me by an-
swering the questions I'm going to ask, please nod your head or say yes”? “Great!

Thank you”!

Now I'll introduce you to my characters. This is Momo, and this is Dodo (the
puppets are shown). Momo and Dodo are very close friends. While playing hide-
and-seek in the forest, they suddenly lost each other. Would you like to help them
find each other? Great. Now I'll ask you some questions, and as you answer, the
green section above will slowly move forward, and Momo will get closer to Dodo.
But before we help them, we need to do a little practice. Are you ready? Let’s

begin.

Practice Item 1 (multiple choice) - star-moon: “Look at this pattern. It’s a
repeating pattern because there’s a repeating part. So, there’s a rule. The star-
moon is the repeating part” (Point to the pattern and show the repeating unit with
your hand). “Now it’s your turn! Which of these has the same rule as the pattern

I created” (Point to the options)?

If they can’t answer — > “What shapes does this pattern consist of;‘ Point to
the options and ask, “Which of these has the same rule as the pattern given above?

Tell me the one that seems most correct to you”.
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e Your answer is correct because in both cases the shapes progress in sequence,
and the rule of my pattern above is star-moon, i.e., one-two, one-two, repeating.
Here too (point to the pattern), I have a pattern with the circle-square rule, i.e.,
a one-two pattern.

e Your answer is not correct because the rule of my pattern above is star-moon, i.e.,
one-two, one-two, repeating. Here too (pattern indicated), I should have chosen

the round square rule, i.e., the one-two pattern.

To continue, you can click on the green box below.

Practice Item 2 (Multiple Choice) - Apricot-Apple: “Here, I have created a
pattern with fruits. Now let’s examine the pattern carefully. When you are ready,
click on the emoji with closed eyes, and the pattern will disappear. I will then ask
you to find a pattern with the same rule as this one. When you are ready, click on

the pattern. Which of these has the same rule as the pattern I created”?

e Your answer is correct. The rule of our pattern was apricot-apple, which is a
one-two pattern. Now it is square-round, which is also a one-two pattern.

e Your answer is not correct because the rule of our pattern was apricot-apple,
which is a one-two pattern. To have the same rule, it should be square-circle,

which is also a one-two pattern.

“Let’s click the green button to continue”.

Practice Item 3 (Drag and Drop) - bear-monkey: “Here, I have created a
pattern with animals. I would like you to use the shapes provided here to create a
pattern with the same rule as this pattern. Which of these has the same rule as the

pattern I created”?

“It might be a good idea to do some practice with you first. When I want to

move this shape, I will press on it for a little longer and drop it here without lifting
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my hand. If I want to bring another shape here, I will take a new shape from above
and bring it here as I did before. Now it’s your turn. Let’s create a pattern that
follows the same rule as the one given above. Can you create a pattern that follows

the same rule as the one above”?

e Your answer is correct. The rule that was repeated earlier was apricot-apple,
meaning there was a one-two pattern. Now it is continuing with square-circle,
meaning one-two.

e The answer is incorrect because the rule of our pattern was apricot-apple, meaning
it is one-two pattern. For it to have the same rule, it should be consists of two

objects such as square-circle, i.e., one-two pattern.

“Let’s click the green button to continue”.

Practice Item 4 (Drag and Drop) - cat-tree: “I created a pattern here as
well. Now let’s examine the pattern carefully. When you are ready, the pattern
will disappear, and I will ask you to find a pattern with the same rule as this one.
When you are ready, click on the emoji and, as we did in the previous question,
drag and drop the objects by pressing and holding them. Can you create a pattern

that follows the same rule as the hiding one?

e Your answer is correct. The rule that just repeated was cat-tree, meaning there
were two patterns, and now it is continuing with square-circle. So, one-two.

e Your answer is not correct because the rule of our pattern just now was cat-tree,
meaning it is one-two pattern. For it to have the same rule, it should be consists

of two objects such as square-circle, i.e., one-two pattern.

“Now our exercises are over. From now on, I won'’t tell you whether your

answer is correct or not”.
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After each question, I will ask you why you chose or created that answer. Now
let’s put Momo on one side of the screen and Dodo on the other. As you answer each

question, the green section above will progress and Momo will meet with Dodo”.

RPAT 1-4 multiple-choice tasks: “Here, I have created a pattern with objects.
Which of the following (listed below) has the same rule as the pattern I created”?

After answering, before moving on to the next question: “Why did you choose

this answer? Why does this answer have the same rule as the pattern above”?

“You can continue by pressing the green button”.

RPAT 5-6 multiple-choice hiding tasks: “Here, I have created a pattern with
fruits. Now let’s examine the pattern carefully. When you are ready, click on the
emoji with closed eyes, and the pattern will disappear. I will then ask you to find a
pattern with the same rule as this one. When you are ready, click on the pattern”.

After clicking the emoji: “Which of these has the same rule as the pattern I created”?

After answering, before moving on to the next question: “Why did you choose

this answer? Why does this answer have the same rule as the pattern above”?

“You can continue by pressing the green button”.

RPAT 7-10 drag-and-drop questions: “Here, I have created a pattern with
objects. Using the shapes provided here, I would like you to create a pattern that
follows the same rule as this one. As we did in the exercises, press and hold the
shape you want to bring to the box and drag it to the box without lifting your finger.

Can you create a pattern that follows the same rule as the one above / hiding one”?
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After answering, before moving on to the next question: “Why did you choose
this answer? / How did you create your pattern? / Why does this answer follow

the same rule as the pattern above”?

“You can continue by pressing the green button”.

RPAT 11-12 drag-and-drop hiding questions: “I created a pattern here as
well. Now let’s examine the pattern carefully. When you are ready, the pattern will
disappear, and I will ask you to find a pattern with the same rule as this one. When
you are ready, click on the pattern and, as we did in the previous question, drag
and drop the objects by pressing and holding them”. After child clicked the emoji:

“Can you create a pattern that follows the same rule as the hiding one”?

After answering, before moving on to the next question: “Why did you choose
this answer? / How did you create your pattern? / Why does this answer follow
the same rule as the pattern above”?

“You can continue by pressing the green button”.

That’s all for our game. Thank you for playing with me. Momo and Dodo

are reunited and very happy now.
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APPENDIX E: RPAT SCORES and RPAT STRATEGY
SCORES ACROSS AGE

The proportion correct of the items and strategy use distributions are provided

below.
Table E.1. RPAT items proportion correct (SD) across age.
Items Total 4-years-old| 5-years-old| 6-years-old
I1 (Vertical MC) 0.46 (0.50)| 0.16 (0.37) | 0.56 (0.51) | 0.68 (0.48)
12 (Vertical MC) 0.52 (0.50)| 0.37 (0.50) | 0.50 (0.51) | 0.68 (0.48)
I3 (Horizontal MC) |0.63 (0.49)| 0.32 (0.48) | 0.72 (0.46) | 0.84 (0.37)
14 (Horizontal MC) |0.43 (0.50)| 0.32 (0.48) | 0.39 (0.50) | 0.58 (0.51)
I5 (Hiding MC) 0.46 (0.50)| 0.26 (0.45) | 0.50 (0.51) | 0.63 (0.50)
16 (Hiding MC) 0.61 (0.49)| 0.37 (0.50) | 0.72 (0.46) | 0.74 (0.45)
I7 (Vertical DD) 0.34 (0.48)| 0.11 (0.32) | 0.39 (0.50) | 0.53 (0.21)
I8 (Vertical DD) 0.23 (0.43)| 0.05 (0.23) | 0.17 (0.38) | 0.47 (0.51)
19 (Horizontal DD) |0.61 (0.49)| 0.26 (0.45) | 0.67 (0.49) | 0.89 (0.32)
110 (Horizontal DD) |0.45 (0.50)| 0.11 (0.32) | 0.56 (0.51) | 0.68 (0.48)
I11 (Hiding DD) 0.32 (0.47)| 0.11 (0.32) | 0.28 (0.46) | 0.58 (0.51)
[12 (Hiding DD) 0.38 (0.49)| 0.05 (0.23) | 0.56 (0.51) | 0.53 (0.51)

Table E.2. Distribution of frequencies (%) of strategy categories in different task

types across age (4/5/6).

Strategy Vertical | Vertical | Horizontal | Horizontal | Hiding | Hiding
MC DD MC DD MC DD

Off-task 55/25/13 |53/25/18| 37/11/13 50/17/8 |63/33/32|68/ 47/34

Not 5/11/24 | 5/6/5 3/17/8 3/6/0 5/19/5 | 5/14/8

Categorized

Attention to 21/ 8/11 | 3/22/8 18/6/8 3/0/0 8/6/11 8/3/8

the Singular

Characteristics

Comparison 11/ 14/5 {32/11/11| 21/17/16 26/17/13 | 11/8/11 | 11/6/11

Sequence 5/8/11 | 5/3/18 | 21/14/21 16/28/42 8/3/5 5/6/8

Awareness

Unit 3/ 28/32 | 3/25/37 0/36/34 3/28/34 5/31/37 | 3/25/32

Identification

Not 0/6/5 0/8/3 00/0 0/6/3 0/0/0 0/0/0

Answered
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APPENDIX H: CONSENT FORM

An example of consent form is shown below.

T.C.

BOGAZICI UNIVERSITESI

SOSYAL VE BESERI BILIMLER INSAN ARASTIRMALARI ETIK

KURULU

KATILIMCI BILGI ve ONAM FORMU

Aragtirmay1 destekleyen kurum: TUBITAK

Aragtirmanin adi: 4-6 Yag Arasi Cocuklar i¢in Tekrarlayan Oriintiide

Soyutlama Bilgisinin Incelenmesi ve Giincel Cevrimici Tekrarlayan

Oriintii Testi Geligtirme

Proje Yiritiiciisii/Aragtirmacinin adi: Serkan Ozel

E-mail adresi: ozels@bogazici.edu.tr

Telefonu: 212-359-6592

Sayin Veli,

Bogazici Universitesi Matematik ve Fen Bilimleri Boliimii ogretim tyesi
Dr. Serkan Ozel “4-6 Yag Arasi Cocuklar icin Tekrarlayan Oriintiide Soyutlama
Bilgisinin Incelenmesi ve Giincel Cevrimici Tekrarlayan Oriintii Testi Geligtirme”
adi altinda bilimsel bir aragtirma projesi yiriitmektedir. Bu galigmanin amaci
ileri yaslardaki matematik becerisinin tahmin edilmesinde 6énemli bir degisken olan
oriintiilleme becerisinin erken yasta olciilebilmesini saglayacak bir ¢evrimici 6lgme
arac1 geligtirmektir. 4-6 yag aras1 ¢cocuklarda erken matematik becerilerini inceleyen
bu arastirmaya ¢ocugunuzla birlikte katilmak tizere sizi davet ediyoruz. Cocuklarin
anaokuluna basladiklarinda sahip olduklar1 matematik bilgisi, onlarin ilerleyen okul
yillarindaki bagarilari ile iligkilidir. Bu nedenle, okul 6ncesi donemde matematik
bilgisini gelistirmek i¢in hangi becerilerin gerekli oldugunun belirlenmesi énemlidir.
Kararimizdan once arastirma hakkinda sizi bilgilendirmek istiyoruz. Bu bilgileri
okuduktan sonra arastirmaya katilmak isterseniz liitfen bu formu doldurup ozels@

bogazici. edu.tr adresine e-posta ile bize ulagtiriniz.
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Bu aragtirmaya katilmayi1 kabul ettiginiz takdirde egitimli bir aragtirmaci
esliginde cocugunuza ¢ocuklar i¢in tasarlanmig goz hareketlerini takip eden bir gozliik
takilacak (gozliik temin edilmesi durumunda kullanilacaktir temin edilemezse gozliik
olmadan diger aragtirma adimlar1 uygulanacaktir) ve cocugunuzdan ekranda gosteri-
len oriintii sorularini ¢ozmeleri istenecektir. Cocuklar sorular1 cevaplarken aragtir-
mac1 da ¢oziim yontemlerine dair sorular soracaktir (érnegin, Oriintiiniizii nasil
olugturdunuz /Neden bu &riintiiyii se¢tin?). Bu esnada ¢ocugunuzun goéz hareketleri
kaydedilecektir. Calismanin yaklagik olarak 25-30 dakika siirmesi beklenmektedir.
Kaydedilen veriler kodlanarak anonimlestirilecek ve Bogazici Universitesi sunucu-
larinda giivenli bir gekilde saklanacaktir. Caligma esnasinda ses ve goriintii kaydi

onay vermeniz halinde alinacaktir.

Katilime1 ¢ocuklara bu caligmaya katildiklarini belgeleyen bir katilim belgesi
ve oyuncak/sticker /hediye geki verilecektir. Size ise oriintiileme becerileri ile ilgili
bir brogiir verilecektir. Bunlarin diginda herhangi bir iicret veya basgka bir odiil

verilmeyecektir.

Bu aragtirmaya katilmak tamamen istege baghdir. Katildiginiz takdirde
calismanin herhangi bir agsamasinda herhangi bir sebep gostermeden onayinizi ¢cekmek
hakkina da sahipsiniz. Caligmaya devam etmeyeceginiz takdirde toplanmig olan ver-
iler ve ses kayitlari laboratuvar bilgisayarindan silinerek imha edilecektir. Aragtirma
projesi hakkinda ek bilgi almak istediginiz takdirde liitfen Bogazici Universitesi
Matematik ve Fen Bilimleri Egitimi Boliimii Ogretim Uyesi Dr. Serkan Ozel ile
temasa geciniz (Telefon: 0-212-359-6592, Adres: Bogazici Universitesi, Egitim Fakiil-
tesi ET 412, 34342 Bebek, istanbul). Aragtirmayla ilgili haklariniz konusunda
Bogazici Universitesi Sosyal ve Beseri Bilimler Insan Aragtirmalar1 Etik Kurulu'na

(sbinarek@bogazici.edu.tr) damsabilirsiniz.

Aragtirmamizin size ya da c¢ocugunuza herhangi bir risk getirmesi beklen-
memektedir. Cogu ¢ocuk eglenirken bazi ¢ocuklar sikilabilir ya da ‘yanlig’ cevap ver-

mekten endiselenebilir. Cocugunuz istediginde ¢aligmay1 durdurarak sorularini ce-
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vaplayacagiz. Cocuklarin kimlikleri gizli tutulacak ve giivenli Bogazici sunucularinda
saklanacaktir. Anonim hale getirdigimiz veriler diger arastirmacilarla paylasilacaktir.
Bu verilerde sizinle ya da ¢ocugunuzla ilgili herhangi bir kimlik bilgisi bulunmaya-

caktir.

Ben, (katilmemin adi) ..o , yukaridaki metni okudum
ve cocugumun ve benim katilmamiz istenen ¢aligmanin kapsamini ve amacini, goniilli
olarak iizerime diigen sorumluluklar1 tamamen anladim. Caligma hakkinda soru
sorma imkani buldum. Bu caligmay1 istedigim zaman ve herhangi bir neden be-
lirtmek zorunda kalmadan birakabilecegimi ve biraktigim takdirde herhangi bir ters

tutum ile kargilagmayacagimi anladim.

Bu kosullarda s6z konusu aragtirmaya kendi istegimle, hi¢cbir baski ve zorlama

olmaksizin katilmay1 kabul ediyorum.

[J Ses kaydi alinmasina onay veriyorum.
Katilimeinin Adi-Soyadis ...
Adpresi (varsa Telefon No, Faks NO): ..o

Tarih (gtin/ay/yil):..../ oo /oo
Katilimcinin Velisinin Adi-Soyadi: ...



