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ABSTRACT

THE EFFECT OF THE HYPOTHETICAL LEARNING TRAJECTORIES
AND THE CONTRIBUTION OF THE EYE-TRACKING TECHNOLOGY IN
UNDERSTANDING THE YOUNG CHILDREN’'S MATHEMATICAL
PATTERNING RECOGNITION AND GENERALIZATION

YILMAZ, Nursel
Ph.D., Department of Early Childhood Education

Advisor: Assist. Prof. Dr. Volkan SAHIN
Co-advisor: Prof. Emeritus Dr. Arthur BAROODY

November, 281 pages

The primary aim of this study is to evaluate whether patterning
instruction based on a hypothetical learning trajectory (HLT) is more
efficacious than the same instruction presented in an integrated manner or
business as usual. The HLT-based and integrated instruction were
developed using Design-Based Research (DBR) involving three phases and
two iteration cycles. The patterning HLT and accompanying instructional
activities proposed by Clements and Sarama (2009) was the starting point
for the HLT-based instruction and a modified HLT version of this HLT was
evaluated in the present study. A randomized control trial involved [n=48]

4- and 5-year-olds assigned to an experimental condition (HLT-based
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instruction), an active control (integrated instruction), and a passive control
(business as usual). Both concrete and computer-supported activities were
utilized during the training. Eye-tracking technology data were collected to
better understand the cognitive processes underlying patterning learning.
Quantitative and qualitative analyses were used to analyze the collected
data. While descriptive statistics and inferential statistics such as ANOVA
and ANCOVA were used for quantitative analyses, the heat maps and gaze
plots were benefited for qualitative analyses. A significant and substantial
difference was found between the treatment and the passive control
condition (on the overall score at the delayed posttest. The active control
condition likewise significantly outperformed and business-as-usual
condition. When each patterning skill (i.e., extension, translation, and core
identification) was separately investigated, resuts showed a s ignificant and
substantial difference between the groups. Eye-tracking methodology and
qualitative analyses revealed a number of interesting findings. Different
cognitive behaviors were observed during the extension, translation, and
the core-identification of the AB, ABB, ABC patterns. The possible reasons
and extensive discussions were followed to lead the implementations and

recommendations.

Keywords: Hypothetical Learning Trajectories, Young Children, Early

Mathematical Patterning, Eye-tracking, Cognition
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COCUKLARIN MATEMATIKSEL ORUNTULERI TANIMLAMA VE
GENELLEMESINDE VARSAYIMSAL OGRENME ROTALARININ ETKISI
VE GOZ IZLEME TEKNOLOJISININ KATKISI

Yilmaz, Nursel
Doktora, Okul Oncesi Egitimi Boliim{i
Tez Yoneticisi : Dr. Ogr. U. Volkan Sahin
Ortak Tez Yoneticisi : Prof. Dr. Arthur Baroody

Kasim 2019, 281 sayfa

Bu calismanin temel amaci, 4- ve 5 yas cocuklarin [n = 48]
matematiksel Oriintiileri 6grenmelerinde, kullanulan 6gretimin etkiligini
degerlendirmektir. Bu amagla, bu calisma, Tasarim Tabanli Arastirma
(Design-Based Research, DBR) modeli kapsaminda, gercek deneysel desen
(Ontest-sontest-kontrol gruplu seckisiz desen) olarak tasarlanmis ve ti¢ farkh
deneysel grup olusturulmustur. Ayrica, Oriintii 0grenmenin temelinde
yatan biligsel stirecleri daha iyi anlamak igin goz izleme verileri
toplanmistir. Tanumlayici istatistikler ve ANOVA/ANCOVA gibi ¢ikarimsal
istatistikler nicel analizler icin kullanilirken, nitel analizler igin ise 1s1

haritalar1 ve bakis grafikleri kullamilmistir. Yapilan analizler sonucunda,
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gruplar arasinda anlamli bir fark ortaya ¢ikmustir. Sonuglara gore kontrol ve
aktif kontrol grubunun, geleneksel kontrol grubuna kiyasla daha basarili
oldugu bulunmustur. Her bir Oriintii becerisi ayr1 ayr1 incelendiginde ise
yine gruplar arasinda onemli farkliliklar bulunmustur. Spesifik olarak,
oriintiileri devam ettirme becerisi i¢in, deney grubu ile pasif kontrol grubu
arasinda anlamli bir fark tespit edilmis. Oriintiileri farkli materyaller ile
olusturma becerisi agisindan, aktif kontrol grubu ile pasif kontrol grubu
arasinda onemli bir fark tespit edilirken, Oriintiiniin g¢ekirdek birimini
tanimlama becerileri ile ilgili olarak, hem deney grubu ve hem de aktif
kontrol grubu ile pasif kontrol grubu arasinda 6nemli bir fark bulunmustur.
Bu bulgulara ek olarak, goz izleme metodolojisi de c¢ok sayida ilging
bulgular ortaya c¢ikarmustir. Cocuklarin AB, ABB ve ABC oriintiilerine
iliskin verilen gorevleri yaparken farki bilissel davranislar sergiledikleri
gozlemlenmistir. Bu durumlarin olas1 nedenleri detayl1 olarak tartulmis ve

Oneriler sunulmustur.

Anahtar Kelimeler: Varsayimsal Ogrenme Rotalari, Cocuklar, Erken Oriintii

Becerileri, G6z Izleme, Bilis
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Mathematics education is seen as a key aspect of early childhood
education. Indeed, mathematics is described as a way of thinking, seeing,
and organizing the world (Van de Walle, Karp, Bay-Williams & McGarvey,
2018; Zevenbergen, Dole, & Wright, 2004). The National Association for the
Education of Young Children (NAEYC, 2002; 2012) and the National
Council for Teachers of Mathematics (NCTM, 2002) have underscored the
importance of early mathematics instruction as a fundamental basis for
future mathematics learning. It is widely recognized that such instruction
should include patterning (e.g., the recognition, duplication, and extension
of patterns; National Council for Curriculum and Assessment [NCCA] 2014;
NCTM, 2010). Patterning is an important aspect of early childhood
mathematics education, because it plays a crucial role in children’s
mathematical thinking and development (NCTM, 2010), particularly,
algebraic thinking (NCCA, 2014). Hypothetical Learning Trajectories
(HLTs) can play an important tool for teachers in helping them to
understand, promote, and assess children’s mathematical thinking and
development (Butterfield, Forrester, McCallum, & Chinnapan, 2013; Sarama
& Clements 2009). HLTs consist of three parts: “a goal (what children

should learn), a developmental progression (a learning path through which
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children move through levels of thinking), and instruction that helps them

move along that path” (Sarama & Clements 2009, p. 17).

However, little research exists on the early teaching and learning of
patterning (Clements & Sarama, 2009), and -at the time of the writing- no
research has focused on whether hypothetical learning trajectories (HLTSs)
might facilitate patterning instruction with preschoolers (Frye, Baroody,
Burchinal, Carver, Jordan, & McDowell, 2013). A primary goal of the
present research was to evaluate the efficacy of using a HLT-based
approach by comparing such an approach with instruction that used the
same activities but did not follow the HLT and a business-as-usual
comparison condition. This research served to evaluate a key and largely
untested assumption of an HLT approach—that following the
developmental sequence prescribed a HLT is more likely to impact
meaningful leaning than instruction that does not. Another anticipated
outcome was that the research would confirm the developmental
progression suggested by Sarama and Clements’s (2009) or suggest

revisions to this HLT.

A second goal was to examine the underlying cognitive processes of
patterning learning. This was done by using the eye-tracking methodology
in conjunction with observations of children’s patterning activities. This
research helped to understand how children perform patterning skills
namely, extension, translation, and core-identification. Moreover, the
tindings from eye-tracking data would support the early patterning

research results or give a new insight into the related literature.



CHAPTER 2

LITERATURE REVIEW

In this chapter of the study, the theories and the related literature as
the basis of the present research are described. For this purpose, first, the
patterns and the importance of mathematical patterning in early childhood
education are explained. Second, the theoretical framework underlined and
the Hypothetical Learning Trajectories (HLTSs) are explained. Third, the eye-
tracking methodology is defined. Finally, the studies conducted in early
patterning and eye-tracking literature as well as the need for the present

study are presented in detail.

2.1 Patterns and Patterning Instruction

2.1.1 Patterns and Patterning

Mathematics has been described as the “science of patterns” (Steen,
1998) and Papic, Mulligan, and Mitchelmore (2011) define a pattern as “any
replicable regularity” (p. 238). Looking for patterns and making
generalizations based on patterns are key strategies for solving problems
and extending mathematical knowledge (Polya, 1973; Stacy, 1989). Indeed,
patterning refers to operating on patterns (e.g., recognizing, identifying,
duplicating or extending repeating patterns). For example, Clements and
Sarama (2009) define patterning as “the search for mathematical regularities

and structures” (p. 190). Moreover, Pasnak (2017) describes patterning as
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“the ability to abstract the rule that defines a predictable sequence of items”
(p-2276). Therefore, pattering is seen as a “habit of thinking” rather than a

content area (Clements & Sarama, 2009).

There are three common types of patterns such as “repeating pattern,
growing pattern, and spatial pattern” (Liiken, 2018; Papic & Mulligan,
2007). To explain each of them, a repeating pattern is one type of patterns,
“the pattern has a cyclic structure that can be generated by the repeated
application of a smaller portion of the pattern” (Liljedahl, 2004, p. 27). For
example, red-blue, red-blue, red-blue pattern or ABABAB pattern, or circle-
square, circle-square, circle-square pattern are some instances for the
repeating patterns. A growing pattern, however, includes systematic
decreases and increases (Papic & Mulligan, 2007). A pattern such as O9,
000, 0000, is one of the examples for growing pattern. Lastly, a spatial
pattern is defined as “the mental organization of objects or groups of objects
and their components (Papic & Mulligan, 2007) (e.g., a rectangular grid
pattern made with 3 squares, Papic & Mulligan, 2005, p. 614). In this study,
the repeating patterns in which the unit cores cyclically repeat were used as
the type of pattern. The unit core is the shortest sequence of elements that

repeats to form the rest of the pattern (Sarama & Clements, 2009).

2.1.2 Patterning Instruction

In the report published by The National Council of Teachers of
Mathematics (NCTM) (2000), it is advised to design instruction curriculum
to enable all students from Pre-Kindergarten to Grade 12 “to understand

patterns, relations, and function; to represent and analyze mathematical
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situations and structures using algebraic symbols; to use mathematical
models to represent and understand quantitative relationships; and to
analyze change in various contexts” (p. 394). Accordingly, some early
childhood programs such as Big Math for Little Kids (Ginsburg, 2002),
Building Blocks (Clements & Sarama, 2007b), and the Pattern and Structure
Mathematics Awareness Program (PASMAP) (Mulligan, Mitchelmore, &
Prescott, 2006; Mulligan et al., 2008) included mathematical patterning to
improve children’s mathematical development. In order for children to gain
deep insights into these mathematical skills and learning areas, effective
pedagogical practices are necessary to be designed and children need to
have high-quality mathematics experiences. What is more, it is emphasized
that children’s interests, needs, wonders, curiosity, and daily experiences
should be considered as a necessity for good mathematics activities in order
to enhance those skills and learning areas (NAEYC, 2002; 2012; NCCA,
2014). For example, while mathematically talented children can be
supported to advance their understanding by differentiated tasks (NCCA,
2014); children having mathematical difficulties can be guided and assisted
by small group activities (Kroeger, Brown, & O’Brien, 2012). In addition,
some researchers (e.g., Davies, 2002; Ginsburg & Golbeck, 2004) supported
that play provides a valuable source for children to improve spontaneously
their mathematical development. Moreover, daily activities such as cooking,
moving around the environment can be benefited to provide young
children opportunities for practicing and developing their mathematical
ability (Anthony & Walshaw, 2009). For example, rhymes and songs can be
used for the teaching of time and pattern (Ginsburg, 2017). Therefore, early

childhood teachers can benefit from a variety of tools including digital
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tools. Likewise, computer technologies can be used to provide this variety.
For example, Clements (1999) stated that since computers let children
manipulate the objects, they have a unique environment. Moreover, it is
stated that computers can provide a great opportunity to children for
discovering the situations that could be impossible even in the real world
(Clements, 1999; Clements & Battista, 2002; Clements & Burns, 2000; Reimer
& Moyer, 2004; Resnick, 2000; Seng, 1998). Although there was a debate on
whether technology should be integrated in early childhood classrooms and
activities in the 1980s (Barnes & Hill, 1983; Cuffaro, 1984), the research has
replaced this debate on how technology can be used effectively and
appropriately to contribute the young children’s whole development (i.e.,
cognitive, social, emotional, linguisticc and literacy) (Clements 1994,
Clements & Nastasi, 1993; Clements & Sarama, 1998, 2002; Haugland 1992;
Haugland & Wright, 1997; McCarrick & Li, 2007; McKenney & Voogt, 2009;
Plowman & Stephen, 2003; Vernadakis, Avgerinos, Tsitskari, &
Zachopoulou, 2005). However, there are some researchers who object to use
of the computer and related technologies in early childhood education
because they claim that children may negatively be affected from
technological tools (Healey, 1998; Maynard, 2010). For example, Maynard
(2010) thinks that computer activities restrict toddlers from complex
movement and spontaneous dialog. Moreover, it was stated that children
may have pain in their body parts because of spending much time on
technological tools (Cordes & Miller, 2000). In addition, some researchers
think that technological tools enable children to exposure to violence and
other unsuitable contents (Funk, 2001; Wartella & Jennings, 2000). However,

such kinds of concerns and threats can affect others who exposure
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mentioned technologies (Thompson & Haninger, 2001). Therefore, for the
case of young children, proper adult guidance (American Academy of
Pediatrics [AAP], 2011; Healey & Mendelsohn, 2019; Plowman & Stephen,
2003) and limited screen time (Elkind, 2007) may help to prevent the
possible drawbacks of the computer and related technologies misuse.
Indeed, both previous research (e.g., Clements & Sarama, 1998, 2002;
Haugland & Wright, 1997; Li & Atkins, 2004; Plowman & Stephen, 2003;
Sancak, 2003; Tanju, 2004; Yelland, 1998, 2002) and recent research
acknowledged the positive effects of the appropriate use of computer
technologies in early childhood children’s development (e.g.,, Ayvaca &
Devecioglu, 2010; Cankaya, 2012; Demir & Kabadayi, 2008; Judge, 2005;
Kacar & Dogan, 2010; Kol, 2012; McCarrick & Li, 2007; McKenney & Voogt,
2009; Nikiforidou & Pangea, 2010; Ortega-Tudela & Gomez-Ariza, 2006;
Rasanen, Salminen, Wilson, Aunio, & Dehaene, 2009; Vernadakis,
Avgerinos, Tsitskari, & Zachopoulou, 2005; Weiss, Kramarski, & Talis, 2006;
Zaranis, 2011). Moreover, NAEYC (1996; 2012) informs that computers
could advance children’s cognitive development when they are used in
developmentally appropriate. Therefore, the advantage of computer
activities can be taken into consideration while planning instructional
activities for young children’s mathematical development. For example,
Sarama and Clements (2002) developed a software-based mathematics
curriculum called Building Blocks for PreK and Grade 2 children. In this
research-based early mathematics curriculum, many activities were
prepared as software application to support children’s mathematics

learning (Sarama & Clements, 2002). Similarly, virtual manipulatives, which



use computers are suggested to advance children’s mathematical

development starting from kindergarten (Moyer, Bolyard, & Spikell, 2002).

In brief then, patterning is considered at the central of the mathematics
and an essential part of the early mathematics. In order for young children
to gain deep understanding on patterning skills both manual activities and
appropriate computer-supported activities can be utilized in early

patterning instruction.

2.2 Theoretical Framework

2.2.1 Constructivism and Cognitive Theories

For many years, theorists have developed their theories to contribute to
early childhood education. When it is investigated more about the human
brain, psychology, and the developmental process, it is seen that learning is
a complex process because it includes many variables (Molnar, 1997).
Previously, it was thought that the mind is like a “black box” in the sense of
response and it ignores the thought processes which occur in the mind. This
view is called as a theory of behaviorism and it concentrates on only
observed and measured behaviors (Sprinthall & Sprinthall, 1990). However,
by the time, basic concepts and theories were updated and new theories
appeared (Molnar, 1997). In other words, it is anymore expected that
children should construct their own sense of the world and their own
interpretations by actively involved in shaping the learning process
(Donaldson & Knupfer, 2002). This view is framed as interactionalist or

constructivist approach (Sarama & Clements, 2009). As being interested in
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the construction of the knowledge in a child’s mind, constructivist theory
emphasizes the term “active learning” and believes that nobody can have
experiences or construct knowledge for the child. Instead, children learn
best from pursuing their own interests while being actively supported and
challenged by adults (Hohmann & Weikart, 1995; Wadsworth, 2004).
Therefore, the learner (i.e., children) is considered in the center of the
education (Perkins, 1991). Rooting from the constructivist approach and
synthesis of the previous theories, a new framework, Hierarchic
Interactionalism was proposed by Sarama and Clements (2009). This
theoretical framework is constructed by “the influence and interaction of
global and local (domain specific) cognitive levels and the interactions of
innate competencies, internal resources, and experience (e.g., cultural tools
and teaching)” (Sarama & Clements, 2009, p. 20). Therefore, it is claimed
that children have an understanding of mathematical thinking and
construct these understandings after metacognitively acquired
mathematical ideas. Therefore, building on constructivism and hierarchic
interactionalism, Hypothetical Learning Trajectories (HLTs) are presented
as a powerful approach for the teaching and learning of mathematics and

mathematical thinking (Clements & Sarama, 2004; 2009; Simon, 1995).

2.2.2 Hypothetical Learning Trajectory (HLT)

In mathematics education, constructivism has been considered as a
fundamental basis for empirical and theoretical research studies (Steffe &
Gale, 1995). As bringing new perspectives to re-define “learning and

learners” in mathematics education, however, the constructivism presents
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no clear and specific model for teaching mathematics (Simon, 1995).
Therefore, on the basis of constructivism, Simon (1995) recommends
working on the specific types of teaching and learning models integrating
theory and practice to enhance mathematical thinking. For this purpose, the
notion of “Hypothetical Learning Trajectories” grounded in constructivism
was introduced by Simon (1995) as a combination of “the learning goal, the
learning activities, and the thinking and learning in which the students
might engage” (p. 133). What is more, Simon (1995) deliberately uses the
terms of “Hypothetical” and “Trajectory” for his definition in which he
defines the trajectory as “the path that you travel” and hypothetical
trajectory as “the path anticipated at any point in time” (p.137). Based on
the relationships between the domains, Simon (1995) designs “Mathematics
Learning Cycle” model, and puts the hypothetical learning trajectories in

the central of this model (see Figure 1).
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Figure 1: Mathematics learning cycle (taken from Simon, 1995, p.137)

As giving importance to Simon’s framework (1995), some other
researchers have also adapted the point view of hypothetical learning
trajectory (HLT) to better understand and contribute to the children’s

mathematical thinking and development.

In addition, Battista (2011) describes learning trajectory as “a detailed
description of the sequence of thoughts, ways of reasoning, and strategies
that a student employs while involved in learning a topic, including
specification of how the student deals with all instructional tasks and social
interactions during this sequence” (p. 510). As seen from the description,

Battista (2011) emphasizes the learner’s cognition and tries to construct his
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LT definition to around this concept. Furthermore, he mentions about the
“levels of sophistications” which may include some jumps between the

levels (Battista, 2011) (see Figure 2).

Level 2 Level 2

Sublevels|

’l‘
2
¥

Level 1 | .
Level 1

Situation A Situation B

Figure 2: An illustration of the conceptualizing and reasoning between the

levels (adapted from Battista, 2011, p.531)

Similarly, Ellis, Weber, and Lockwood (2014) explain the learning
trajectory as “an account of changes in a student’s schemes and operations;
as such, it is a tool that seeks to explain learning that occurs over time,
specifying the particular schemes and operations in play and elaborating
how accommodation occurs to build up knowledge” (p. 2). As seen from
the explanation, the researchers focus on learners and their strategies. On
the other hand, Confrey and her colleagues (2009) make a different
representation of the learning trajectory as “A researcher-conjectured,
empirically-supported description of the ordered network of experiences a

student encounters through instruction (i.e., activities, tasks, tools, forms of
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interaction and methods of evaluation), in order to move from informal
ideas, through successive refinements of representation, articulation, and
reflection, towards increasingly complex concepts over time” (p. 3). The role
of the empirical findings is underlined in the definition to support the

process that the students build their learning experiences.

Similar to Simon (1995), a description was made by Clements and
Sarama (2004) who conceptualize the HLTs as “descriptions of children’s
thinking and learning in a specific mathematical domain, and a related
conjectured route through a set of instructional tasks designed to engender
those mental processes or actions hypothesized to move children through a
developmental progression of levels of thinking, created with the intent of
supporting children’s achievement of specific goals in that mathematical
domain” (p. 83). According to Clements and Sarama (2009), children have
natural levels of development and what important is to understand these
developmental levels and design the instructional activities for an effective
learning environment. Sarama and Clements (2009) state that “learning
trajectories have three parts: a goal (that is, an aspect of a mathematical
domain children should learn), a developmental progression, or learning
path through which children move through levels of thinking, and
instruction that helps them move along that path” (p.17). As it is seen from
the explanations, in a complete HLT, there will be three main aspects that
are a mathematical learning goal, the paths of learning, and the paths of
teaching. To expound, the first aspect of the HLT is learning goals which
means “the big ideas of mathematics”. For example, in a learning trajectory
for counting, the goal is “sophisticated counting” which is seen as one of the

important strategies for quantification. The second aspect is the paths of
13



learning which are also known as the levels of thinking and guide children
to accomplish the learning goal. In each developmental progression,
children are expected to demonstrate some certain of behaviors
corresponding to the level of thinking. For example, for the “Counter (Small
Numbers)” developmental level in the counting learning trajectory, the
child is expected to “accurately count objects in a line to five and answers
the “how many” question with the last number counted. When objects are
visible, and especially with small numbers, begins to understand
cardinality....” (Sarama & Clements, 2009, p.74). Lastly, the third aspect is
which mean the instructional sequences providing children an effective
learning environment to attain the learning goal. For example, again for the
“Counter (Small Numbers)” developmental level in the counting learning
trajectory, the sequence of instructional tasks can be as “Have the child
count a small set of cubes. Put them in the box and close the lid. Then ask
the child how many cubes you are hiding. If the child is ready, have
him/her write the numeral. Dump them out and count together to check...”
(Clements & Sarama, 2009, p. 31). In the end, as seen in Figure 4, all
essential parts can be formed for a complete HLT. In brief then, the essence
of the learning paths is hypothesized to promote children’s mathematical

development using some sort of instructions to achieve the goals.
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Age  Developmental Progression Instructional Tasks

(years)

4 Counter (Small Numbers) Cubes in the Box Have the child count a small set of cubes. Put them in the
Accurately counts objects in a lineto  box and close the lid. Then ask the child how many cubes you are hiding. If
5 and answers the “how many” the child is ready, have him/her write the numeral. Dump them out and
question with the last number count together to check.

counted. When objects are visible,
and especially with small numbers,
begins to understand cardinality.

Pizza Pizzazz 2 Students count
items up to 5, putting toppings
on a pizza to match a target
oooo amount.

“1,2,3,4... four

Pizza Pizzazz Free Explore
Students explore counting
and related number topics
by adding toppings to pizzas.
Give children challenges and
projects! Have one child give
a “model” for another to
copy and so forth.

Which Color Is Missing? Assign each child in a small group a different color.
Have each choose 5 crayons of that color. Once they have checked each
other, have them put their crayons into the same large container. Then
choose one child to be the “sneaky mouse.” With everyone’s eyes closed, the
sneaky mouse secretly takes out one crayon and hides it. The other children
have to count their crayons to see which color the mouse hid.

Road Race Counting Game
Students identify number
amounts (from 1 through 5)
on a die (physical game board)
or dot frame (computer
version) and move forward a
corresponding number of
spaces on a game board.

Road Race Students identify numbers of sides (3, 4, or 5) on polygons and
move forward a corresponding number of spaces on a game board.

Figure 3: An illustration of the complete HLT for counting (taken from

Clement & Sarama, 2009, p.31)

According to Empson (2011), the idea of learning trajectories can
make a coherent relationship between the thoughts on curriculum and
learning. Indeed, learning trajectories are believed the most powerful tool
for both teachers and researchers to understand and improve the children’s
mathematical thinking and development (Daro, Mosher, & Cocoran, 2011;

Sarama & Clements, 2009). Considering all the definitions and the
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frameworks conceptualized for learning trajectories, in this dissertation, will
ground on the HLT proposed by Sarama and Clements (2009), as focusing
on complete three dimensions of learning trajectories (i.e., goals,
developmental progressions, and the sequence of instructional tasks) and
having close similarity to the original HLT concept proposed by Simon

(1995).

2.3 Eye-Tracking Methodology

Eye-tracking methodology, a new tool to understand human cognition,
helps to record individuals” eye movements when they look at a screen, a
printed text or a physical environment around (Holmgqvist, Nystrom,
Andersson, Dewhurst, Jarodzka, & Van de Weijer, 2011). Therefore, eye-
tracking gives unique information about participants’ experience which
allows researchers to interpret the related data (Duchowski, 2007). Indeed,
the researchers have attempted to conduct some studies using eye-tracking

to understand the cognitive process (Land, 2007; Reingold, 2014).

Eye movements are seen as crucial for understanding the behaviors of
human as the eyes help to collect information around and enable the mind
to react, accordingly (Just & Carpenter, 1980; Tatler, Kirtley, Macdonald,
Mitchell, & Savage, 2014; Wade & Tatler, 2011). In other words, if we could
track the eye movements, we may understand the clues related to the
attention, concentration, consciousness, interests, and perception. That is,
eye-tracking data may help the researchers to the interpret the participants’
interests while they are looking at the screen, their visual attention to

acquire the new information, and their perception regarding the scene they
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see (Duchowski, 2006; 2017; Horsley, 2014; Wade & Tatler, 2011). Therefore,
eye movements can provide unique and objective data to make
interpretations of human cognition and behavior. For example, when
surrounded by some scenes, the eyes mostly focus on the locations or
objects that are attractive to the person or new to occur learning (Land,
Mennie, & Rusted, 1999; Hayhoe, 2000). This situation is measured by
fixation metrics in eye-tracking terminologies (Duchowski, 2006; 2017).
Fixation lengths can be ranged from 100 to 600 milliseconds and the fixation
frequency is typically smaller than 3 Hz (Matos, 2010; Rayner, 2009).
Moreover, when a new visual takes the attention, the eyes rapidly move to
that direction either as voluntarily or reflexively, which is explained by the
term “Saccades” (Duchowski, 2006). The length of the saccades may be
varied from 20 to 40 milliseconds (Matos, 2010). According to Duchowski
(2017), learning occurs during the fixation process and the eyes can move

from one fixation area to another one with saccades (see Figure 5).

.o-"i,v_,_

Position

Fixation end

=

Saccade end

v

Time

Figure 5: Eye movement signals regarding position and time (adapted by

Duchowski, 2017, p.138)
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Moreover, in the Tobii manual (Matos, 2010), these two terms are
demonstrated in a different way but in similar understanding as illustrated

in Figure 6 and Figure 7.

o
. ““‘-‘-
.l..... . P . .
‘ ' Fixation 3

Fixation 1

Fixation 2

Figure 6: Demonstration of the fixations in blue circles (adapted from Tobii

by Matos, 2010)
// g A \\
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1
— \
, - \\ \
V4 \
I —
\ // \\
! Saccade
Saccade

Figure 7: Demonstration of the saccades in orange line (adapted from Tobii

by Matos, 2010)

As mentioned before, the fixation is an important measure that
shows the brain gets ready to process the inputs coming from the eyes. And
the length of the fixation gives more interpretations about cognitive

activities On the other hand, saccades patterns showing backward
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movements can give insights about the difficulties and confusion of the
scene (Matos, 2010). Heat maps and gaze plots can be used as a clear and
powerful way in order to visually demonstrate these eye-movements. To
define, heat maps mean “a visualization that can effectively reveal the focus
of visual attention for dozens or even hundreds of participants at a time”
(Tobii Tutorial, 2019). In other words, heat maps give a distributed look
over the given scene without a sequence of looking and individual fixations

(see Figure 8).

Lk 2T S O N

Figure 8. An example of a heat map (taken from the present study)

As it is seen from the Figure 9, there are some different colors which
indicates the amount and the duration of fixations on the given picture.
That is, red colors indicate that this area were looked at the most and
attracted more attention, while green colors indicate the opposite (see
Figure 9). Therefore, heat maps may be useful to have a general idea about

the places given attention.
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Figure 9. The illustration of the heat map color distribution (adapted from

Tobii User Manual, 2019)

On the other hand, gaze plots may give more details about
qualitative analysis because gaze plots aim to “reveal the time sequence of
looking or where we look and when we look there”. In other words, the
gaze plots present “the location, order, and time spent looking at locations”

on the given scene (Tobii Tutorial, 2019) (see Figure 10).

Figure 10. An example of gaze plots (taken from the present study)
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As seen in Figure 10, the numbers seen in the dots reveal the order of
the fixations (i.e.,, where the participants looked at first and last or which
path did the participants follow) while the size of the dots shows the
amount of the fixations. Therefore, gaze plots may help to understand the
thought processes and strategies that participants employed (Tobii Tutorial,
2019).

Eye-tracking data can be analyzed qualitatively and quantitatively.
Lai and his colleagues (2013) describe a two-dimensional (i.e., type of eye
movement and scale of measurement) framework to summarize the eye-

tracking metrics used in the research studies (see Table 1).
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As shown in the Table 1, the temporal indicators can be defined as
the measurement of eye movement regarding time or duration (e.g., the
total time spent on fixated areas which is labelled as “total fixation
duration”) while spatial indicators are described by the space of eye
movement regarding locations, directions, and relationships (e.g., the place
of fixation which is titled as “fixation position”). Although temporal
measures can reveal “how long” and “when” type of questions, spatial
measures can answer “how” and “where” related questions. On the other
hand, count indicators can be measured by frequencies of the eye
movements (e.g., total number of the fixations counted which is named as
“total fixation count”) and can be correlated to the “how long” questions
(Lia et al., 2013). Among the indicators, fixations and saccades are the
measures that mostly used in research studies (Hessels, Niehorster,

Nystrom, Andersson, & Hooge, 2018; van Gog & Jarodzka, 2013).

As seen in Table 2, there are some eye-tracking metrics mentioned by
their names. Therefore, it can be useful to give a detailed definition of these
metrics as explained by Lai and his friends (2013) and in Tobii Studio User’s
Manual (2016).
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Table 2
The definition of the eye-tracking metrics (adapted from Lai et al., 2013,
p.93 and Tobii Studio User’s Manual, 2016)

Metrics

Definitions

First fixation
duration

Time to first fixation

Proportion of fixation

duration

Fixation duration

Total fixation
duration
Average fixation
duration

Gaze duration

Visit Duration

Total Visit Duration

Probability of
fixation count

Total fixation count

Saccade length

Saccade duration

Saccade count

Time spent on the first fixation

Time spent from stimuli onset to the first fixation
arrival

Proportion of time fixated on an AOI compared
to the total fixation durations or total reading
time of a whole task

Duration of each individual fixation within an
AQ], or within all AOIs belonging to an AOI
Group (seconds)

Total time spent on fixations

Mean of fixation duration on each AQOIL. (i.e., Gaze
duration mean)

Total fixation duration within a word or an AOI

Duration of each individual visits within an AQ],
or an AOI Group (seconds)

Duration of all visits within an AOI, or an AOI
Group (seconds)

Probability of fixation count within an AOI
compared to the number of fixations overall
Total number of fixations counted in an AOI or in
a task

Distance between two consecutive fixations

Sum of saccadic time spent within an AOI

Total number of saccades counted within an AOI
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In order to gain more information from the data obtained by eye-
tracking techniques, first of all, the signals need to be eliminated from the
noises. For this purpose, the areas of interest (AOIs) are formed and the eye
movement data falling outside of AOI rectangular can be assumed as noise
(Duchowski, 2006). This method can make a clearer look to focus on the
intended region among the crowd. After this step, more analysis using AOIs
can be performed to describe the structures or to explore the differences

between the groups based on the variables (Horsley, 2014).

Duchowski (2017) suggests a six-steps guideline to conduct an eye-
tracking research study, namely identifying the hypothesis, explaining the
design (i.e. whether it is experimental or non-experimental observational
study), informing about the participant’s characteristics, describing the
features of the apparatus, expressing the procedure (e.g., the instruction
given to participants or the statements told before or after the trials), and
defining the tasks asked to the participants to do. Therefore, following this
guideline may help researchers to report the eye-tracking studies in a

comprehensive structure.

2.4. Related Studies
2.4.1 Related Studies on Early Patterning

Rittle-Johnson, Fyfe, McLean, and McEldoon (2013) conducted a
study to examine four-year-old children’s experience with repeating
patterns. For this purpose, 66 children were included in the study and the

difficulty of the pattern was examined. First, children were pretested, then a
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brief feedback session providing some assistance was applied and then a
posttest was administered. Moreover, the errors made were examined and
the verbal data were used to better understand children’s knowledge about
repeating patterns. They used ten testing items including AAB, ABB, and
AABB patterns and duplication, extension, abstraction, and unit
identification skills. The study was administrated to the children,
individually in a quiet room. Children’s answers were collected and coded
as correct, partially correct, wrong, and not related responses. The obtained
data were analyzed using the between-subjects t-tests. The results of the
study showed that children could copy and extend the pattern while some
could demonstrate translation (i.e., abstraction) skill. On the other hand, few
children could be successful in identifying the core unit of the patterns.
Furthermore, the accuracy results showed that the pattern had similar
difficulties whether their core units with three elements or four elements.
However, when examined in detail, the error data showed different results
as more children could extend the pattern with a three-element unit than the

pattern with a four-element unit.

In their studies, Fyfe, McNeil, and Rittle-Johnson (2015) investigated
the effect of abstract labeling (i.e., letter labeling) on relational thinking. For
this purpose, they worked with 62 young children whose ages ranged from
3.6 to 4.9. Children were randomly assigned to the experimental group (i.e.,
abstract condition) and control group (i.e., concrete condition). Children
were first applied to pretest regarding pattern abstraction and received
eight different testing tasks (i.e., two for AB pattern, two for AAB pattern,
two for ABB pattern, one for AABB, and one for ABC pattern type) and

three example tasks (i.e., one for AB pattern, one for AAB pattern, and one
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for ABB). The study was implemented as a single session in a quiet room
and children were taken individually. For the example task, the
experimenter explained the model pattern and then produced it in different
materials while for the testing tasks, she just defined the pattern and asked
the child to produce it with different materials. Each group was applied the
same procedure but labeling was different regarding the condition. For
example, children in the abstract condition group were instructed by letter
labeling (AB) while children in concrete condition were instructed by
physical labeling (e.g., red, blue). Children’s responses were coded and
analyzed using ANCOVA. The results of the study showed that children in
the abstract condition group solved more tasks than the children in concrete
condition and performed significantly [F(1, 58)=14.67, p<.001]. The results
also revealed an age effect which showed that older children can do better

than younger children [F (1, 58) = 5.08, p=.03].

In another research, Rittle-Johnson, Fyfe, Loehr, and Miller (2015)
reported a series of three research studies to understand preschooler’s
patterning experiences as well as parents’ and teachers’ thoughts. To
explain, they previously investigated 66 young children’s repeating pattern
knowledge and found individual differences between the children. Then, as
a first study (i.e., the follow-up study) they worked with the same 64
children whose age was ranged from 4.7 to 5.9. They used 10 items
including four patterning skills such as duplication (one item for AABB
pattern), extension (one item for ABB pattern and one item for AABB
pattern), abstraction (one item for ABB pattern, one item for AAB pattern,
and two items for AABB pattern), and unit identification (two items for

AAB pattern). They also used one memory task for the ABB pattern type.
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The implementation was applied to each child, individually in a quiet room
in the preschool. The experimenter presented the items and recorded the
children’s responses. According to the results, children showed growth in
their patterning skills from spring to fall semesters. Core unit identification
was found more difficult than pattern translation, however, this may be
because of fewer activities instructed to children by their preschool teachers.
Overall, the researchers claim that the findings support their four-level
construct map which orders the levels as Level 1 (i.e., duplication), Level 2
(i.e., extension), Level 3 (i.e., abstraction), and Level 4 (i.e., unit recognition).
In the second study, they included in the parents of the children and
conducted survey research regarding the math activities done by the
parents and the child. The survey was designed both in the paper-based and
online forms. The response rate was calculated as low (31%) but diverse.
The teachers were also surveyed regarding their patterning activities in the
classroom. The collected data were analyzed using descriptive statistics. The
results showed that both parents and teachers frequently supported
children to experience patterning activities. For example, some activities
related to the duplication, extension, describing patterns, and creating
patterns were done at home. In addition to these activities, the teachers used
abstraction activities in the classroom. However, no unit identification
activities were reported neither by the parents nor by the teachers. Finally,
in the third study, they examined the differences in the role of and the
source of the explanations. They formed three groups as self-explanation
group, instructional explanation group, and the combination explanation
group. 123 children participated in the study and randomly assigned to the

three intervention groups. All children firstly completed the pretest and half
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of the tutoring process in the first session and the other half of the tutoring
and the posttest in the second session. The pretest included three patterning
tasks such as duplication, extension, and abstraction while the posttest
included four patterning tasks such as duplication, extension, abstraction,
and unit identification. Moreover, in the tutoring process, children were
given two abstraction tasks. For each group, the mean scores were
calculated considering pretest, posttest, and tutoring tasks. At the end of the
study, it was found that the source of the explanation did not make a

difference and all types helped children to learn about patterning.

In their research, Tsamir, Tirosh, Barkai, and Levenson (2018) focused
on the comparison of ABA repeating patterns and the other type of
structures. The participants of the study were 11 children aged four and
seven. The study was designed as a naturalistic approach for investigating
the children’s engagements with the ABA and other types of patterns and
for the pieces of evidence if children see the ABA pattern as non-intuitive.
For this purpose, children were engaged with the pattern activities on tablet
computer children were observed during unguided play with the tablet
application. In this application, there were two different pattern tasks in
each screen and only the first core unit of the pattern was displayed and
highlighted. However, it might have been displayed at least three core unit
of pattern and just one example on each screen. Moreover, the missing items
were located in different places in the pattern and there were a bunch of
elements below to be chosen. Only for the correct answers, children were
given feedback (e.g., great) but were allowed to try again until they find the
correct one without feedback or hint. The application was used in the child’s

home and the sessions were video-recorded. Data were analyzed
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considering children’s finger movements, child-adult interactions, and
children’s responses when they complete the patterns. According to the
results, most of the children correctly did the AB pattern (92%), ABB pattern
(84%), and the ABC pattern (83%). Less than half of them, however, did
ABA pattern (46%) correctly. It seems that the ABA structure was the most
difficult type of pattern compared to the AB, ABB, and ABC pattern types
(Tsamir et al., 2018). However, no statistical test was conducted to see

whether there is a significant difference between the patterns.

Moreover, there are some longitudinal studies to investigate the
patterning and mathematics attainment. For example, Rittle-Johnson, Hofer,
Fyfe, and Farren (2015) conducted research working with children aged 7
and then at 11. They firstly assessed the children’s patterning understanding
when they are seven years old, and then applied a mathematics tests (e.g.
algebra, arithmetic, geometry) when they are eleven years old. They
adopted patterning tasks from the Research-based Early Math Achievement
(REMA) items (Clements, Sarama, & Liu, 2008). The results showed no
significant relationships between the patterning scores and math
achievement test. Another similar longitudinal study was conducted by
Fyfe, Rittle-Johnson, Hofer, and Farren (2015) however, they found a
significant relationship between the children’s patterning skills and their

mathematics attainment (e.g., geometry) when they are at fifth grade.

Similarly, Fyfe, Evans, Matz, Hunt, and Alibali (2017) conducted a
study to examine the patterning skills and mathematics achievement. 36
children whose ages differed from 5 to 13 have participated in the study.

For this purpose, five testing tasks such as working memory, pattern
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extension and math tasks including arithmetic, inversion, and equivalence
problems were used. The materials used were printed and laminated. The
sessions were implemented to children, individually in a quiet room. The
results of the study revealed that children could accomplish the pattern
extension tasks (90%) though older children did better. The results also
showed that controlling the age and verbal working memory variables, a
correlation was found between the pattern extension skill and calculation
skill rather than the concept of knowledge. Moreover, the findings
demonstrated that verbal working memory capacity predicts patterning

accomplishment.

Regarding mathematics attainment, Rittle-Johnson, Fyfe, Hofer, and
Farran (2017) also conducted a longitudinal study including 517 low-income
children. Four types of tasks were adopted from standardized measures
namely, Woodcock Johnson Achievement Battery III and KeyMath 3
Diagnostic Assessment. Children were first pretested when they were four
years old, and then measured again when they were eleven years old. The
collected data were analyzed using descriptive statistics and regression
tests. The results of the study demonstrated that early patterning knowledge
predicts later mathematics attainment. However, this is not the same for

early shape knowledge.

Apart from other studies, some researchers used more intense
instruction sessions. For example, in their studies, Papic, Mulligan, and
Mitchelmore (2011) conducted an intervention study with 53 preschool
children varied from 41 to 60 months. They implemented a six-month (i.e.,

14 instruction sessions) intervention about repeating and spatial patterns.
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Each session took approximately 18-30 minutes. Testing sessions including
pretest, posttest, and a delayed-posttest using Early Mathematical
Patterning Assessment (EMPA). According to their study, they found that
the treatment group showed higher performance than the comparison
group in accomplishing patterning tasks both in the posttest and delayed
posttest. They also outperformed in recognizing the core unit of the
repeating pattern and the structure of the spatial pattern. The researchers
also found that unit identification is fundamental to recognize the pattern
structure. The weakness of the study is that the treatment group was chosen
from one school and the control group was selected other schools similar to

the treatment group.

Papic and Mulligan (2007) conducted a study to examine the young
children’s patterning skills including repeating patterns, spatial structure
patterns, and growing patterns. An intervention study was designed and
data were collected using a mixed-method approach. The researcher
observed the classroom teachers’ instruction and at the end of the study, the
teachers were surveyed. Moreover, the data related to children’s
explanations while constructing the pattern were recorded and children’s
work samples were collected in the individual portfolios. The results of the
study showed that children can learn about complex patterns. The children
in the intervention group had the opportunity to recognize the unit of the
pattern, translate the pattern into different mediums and solve the complex

pattern problems when compared to the control group.

Hendricks, Trueblood, and Pasnak (2006) worked with first-grade

children conducting a randomly assigned experimental study. While the
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experimental group was instructed by a variety of the patterns ranging from
simple to complex, the control group was instructed by academic materials
with the same amount of time and duration. At the end of the study, it was
found that the experimental group significantly performed better in terms

of identifying and interpreting the patterns.

Recently some researchers have been interested in executive
functions and patterning skills. For example, in her dissertation, Schmerold
(2015) investigated the relationship between first-grade children’s
patterning skills and executive functions such as cognitive flexibility,
inhibition, and working memory. The researcher designed 48 pattern tasks
consisting of numbers, letters, shapes, pictures, and clock faces to measure
fixing the missing element of the pattern and recognizing the pattern. The
tasks were designed as four elements and a missing item. While half of the
patterns were displayed horizontally, the rest presented, vertically. Each
pattern problem was showed once but children had their time to respond to
the related task. The findings of the study demonstrated that there is a
significant relationship between patterning and cognitive flexibility as well
as patterning and working memory. However, a significant relations
relationship was not found between patterning and inhibition components.
Moreover, the results showed that patterning, cognitive flexibility, and

working memory have a significant relationship with mathematical skills.

Bock, Cartwright, McKnight, Patterson, et al. (2015) conducted a
study to examine the relationships between patterning and executive
functions such as cognitive flexibility, inhibition, and working memory. The

sample of the study consisted of 88 first-grade children and they were asked
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to fix the missing element which was located at the end of the sequence.
Children were presented a set of 18 patterns including various materials
such as numbers, shapes, and letters. The results of the study showed that
there is a significant relationship between patterning skill and cognitive

tlexibility.

A similar study was designed by Schmerold and her colleagues
(2017) to examine the relationships between executive functions and
patterning skills, mathematics attainment, reading attainment. First-grade
children’s cognitive flexibility abilities were assessed by using the “Multiple
Classification Card Sorting Test”, their working memory abilities by using
“Wechsler Intelligence Scale for Children — Revised (WISC-R) Digit Span”
test, and inhibition abilities by utilizing “Stroop Color-Word Test”. The
results of the study showed that there was not a significant relationship
between patterning and inhibition. However, there were significant
relationships between patterning skill and cognitive flexibility as well as
patterning skill and working memory. Moreover, it was found that

patterning was only predicted by the cognitive flexibility component.

Miller, Rittle-Johnson, Loehr, and Fyfe (2016) conducted a study to
investigate the role of executive functions and relational thinking in
patterning knowledge. For this purpose, they designed a pretest-
intervention-posttest with 124 children aged 4 and 5. The findings of the
study showed that working memory, cognitive flexibility, and relational
knowledge were significant predictors of initial patterning skills while the
inhibition ability was not. What is more, the results supported that working

memory ability had an important role in children’s pattern knowledge.
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In her dissertation, Hassan (2019) investigated the relationships
between preschoolers” mathematical achievement and patterning skills and
their executive function abilities (i.e., working memory, inhibition, and
cognitive flexibility). The results of the study showed that cognitive
flexibility component was a significant predictor of patterning, however
working memory and inhibition were not. In fact, working memory and
inhibition components were found as significant predictors of mathematics

attainment.

2.4.1.1 Summary of the Related Studies on Early Patterning

As it is presented above, early patterning skills were studied at
different aspects. For example, some researchers investigated the
relationship between patterning skills and later mathematics attainment
(e.g., Fyfe et al., 2015; Rittle-Johnson et al., 2015; Rittle-Johnson et al., 2017)
while others examined the relationships between patterning skills and
relational thinking (e.g., Fyfe et al., 2015). Moreover, the researchers tried to
tind the results related to the difficulties of the pattern types (e.g., Rittle-
Johnson et al., 2013; Tsamir et al., 2018; and patterning skill levels (Rittle-
Johnson et al., 2013). Recently, some researchers were curious about the
relationship between patterning and executive functions (e.g., Bock et al.,
2015; Hassan, 2019; Miller et al., 2016; Schmerold, 2015; Schmerold et al.,
2017). However, up to the recent research conducted, apart from one
adaptation study (e.g., Rittle-Johnson, Fyfe, Loehr, & Miller, 2015), it is seen
that no research has directly evaluated Hypothetical Learning Trajectories

on patterning.
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2.4.2 Related Studies on Eye-Tracking

Since the researchers have been aware of the powerful potential of
the eye movements to understand various aspects of human cognition and
behavior, eye-tracking methodologies have been used as powerful research
tools in diverse disciplines for years (Duchowski, 2006; Horsley, 2014; Lia et
al., 2013; Van Gog & Scheiter, 2010; Wade & Tatler, 2011). For example, eye-
tracking methodologies have been used in marketing (e.g.,, Harwood &
Jones, 2014; Li, Breeze, Horsley, & Briely, 2014), in finance (e.g., Grigg &
Griffin, 2014), in psychology (e.g., Brockmole & Le-Hoa Vo, 2010; Chen &
Guastella, 2014; Herwing & Horstmann, 2011; Huestegge & Koch, 2012;
Koening & Lachnit, 2011; Nakabayashi, Lloyd-Jones, Butcher, & Liu, 2012;
Renkewitz & Jahn, 2012), in literacy and reading (e.g., Bolger & Zapata,
2011; Brandt-Kobele & Hohle, 2010; Brusnighan & Folk, 2012; Chaffin,
Morris, & Seely, 2001; Maldarelli, 2012; Schmiedtova, 2011; Tremblay, 2011;
Williams & Morris, 2004) and as well as in education (Boucheix & Lowe,
2010; Canham & Hegarty, 2010; Lin, Holmqvist, Miyoshi, & Ashida, 2017;
Molina, Navarro, Ortega, & Lacruz, 2018; Ozcelik, Karakus, Kursun, &
Cagiltay, 2009; Schmidt-Weigand, Kohert, & Glowalla, 2010; Smith, Mestre,
& Ross, 2010).

As eye-tracking technologies have been used in learning and
education, some studies were also conducted in early childhood and
primary education, too. For example, in a quasi-experimental study
conducted by Takacs and Bus (2016), eye-tracking was used to investigate
the effect of two different mediums of storybooks (i.e., animated version

and static demonstration). The data were collected from thirty-nine children
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whose age ranged from 4 to 6 years. There were two experimental groups
(i.e., animated vs static version) and one control group (i.e., non-
reading). Children’s eye movements were recorded with a Tobii T120 eye
tracker when children listened to the animated and static storybook. To
analyze the data, first of all, the metrics such as the total fixation time on the
illustrations, the number of fixations for each storybook, and the average
duration of fixations were calculated for two experimental groups.
Moreover, the researchers defined the Areas of Interest (AOIs) and
calculated the duration fixated on the AOI and the number of fixations
within the AOL Then, a repeated-measures ANOVA was conducted and a
significant main effect on fixations was revealed that children in the
animation group concentrated on the screen more than those in the static
group did. Moreover, a significant main effect was found on the average
duration of fixations regarding the groups. That is, children had longer
fixations on the illustrations in the animated group compared to the static
group. In addition to these analyses, some statistics were also conducted on
AOQIs. Similarly, a significant main effect showed that children in the
animation group fixated more on the details (i.e., important parts)
compared to the static group. As a result, the eye-tracking methodology
helped to reveal different processing strategies regarding the children’s
visual attention on storybooks. Therefore, motion or animation can support

learning as directing the attention of the children.

In other study conducted by Bolden, Barmby, Raine, and Gardner
(2015), the eye-tracking technology was used to show how children perceive
and interpret the different mathematical representations of multiplication

including picture representations (i.e., groups, array, and number line) and
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symbolic representation (e.g., 6x7, 7x8, and 8x9). For this purpose, nine
children aged 9 and 10 were included in the study and asked to match the
visual and the corresponded calculation. After calibration and the brief
introduction part, each child was recorded by an EyeTech VT2 eye-tracker
during the presentation of the eighteen static visuals consisting of symbolic
and picture representation of the tasks without time limitation. Then, the
obtained data were analyzed both by quantitatively (i.e., using fixation
duration on each slide and AOIs) and qualitatively (i.e., using heat maps in
each representation type). A one-way ANOVA was performed and it was
found that number line representation is significantly different from the
array and group representations. Moreover, analyses on the AOIs showed
that the percentage of time spent on number lines was significantly different
from other representations. That is, it can be claimed that number line
representation has less support for improving children’s multiplicative
thinking. Furthermore, the heat maps and video records were utilized to
interpret the strategies that children used for matching three different

representations and the related symbols.

McEwen and Dubé (2015) conducted a research study using a
desktop-mounted FaceLab 5 eye tracker. Based on cognitive load theory, the
study aimed to answer “how” type questions related to the role of
educational tablet applicants in guiding children’s attention. For his
purpose, simple and complex mathematics applications were prepared on
tablet computers and 30 children with an average age of 7.3 years were
included in the study. Each child accomplished the cognitive tasks related to
the attention, short-term memory, and working memory. Moreover,

children were completed a four-point calibration procedure and then
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recorded while performing simple and complex math applications. Eye-
tracking measures related to fixation count and fixation duration were
calculated and the heat map was screened. Inferential statistics (e.g.,
ANOVA) were used to detect the differences. The results revealed that
simple applications helped both children placed in lower executive
functioning ability level and higher executive functioning ability level to
give their attention to the content. On the other hand, regarding the
complex applications, the germane content was helpful for the children with
high executive functioning ability, but not for the children with low

executive functioning ability.

Schneider and his colleagues (2008) conducted a study to investigate
how eye movements reflect the children’s use of number line when they
solve estimation tasks. For this purpose, a cross-sectional design was
formed and sixty-six primary school children were included in the study.
Children were in grades 1, 2, and 3 with an average age of 6.8 years, 8.1
years, and 8.9 years, respectively. In order to gather more information on
the children’s solving process, an Eyelink 1000 eye-tracker was used and
some metrics such as fixation durations and fixation locations were
analyzed. The results of the study showed that the estimation task was used

as an assessment of number sense during the task solution.

2.4.2.1 Summary of the Related Studies on Eye-Tracking

The related literature on eye-tracking showed that there are few

research studies conducting eye-tracking studies with young children.
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Indeed, it was seen that only one study (e.g., Takacs & Bus, 2016) was
conducted to preschool children aged 4-6 while the others worked with
primary school children aged 7-10. Moreover, it was seen that researchers
mostly focused on mathematics (e.g., on multiplication, Bolden et al., 2015;

and estimation, Schneider et al. 2008) and literacy (e.g., Takacs & Bus, 2016).

2.5 Need for the Present Study
2.5.1 Significance of the Study

Patterning getting more attention and has been recognizing and
discussing in the worldwide educational communities (e.g., National
Council for Curriculum and Assessment (NCCA), 2014; The National
Council for Teachers of Mathematics (NCTM), 1989; 2000). However, few
studies have been conducted on patterning skills (Burgoyne, Witteveen,
Tolan, Malone, & Hulme, 2017; Clements & Sarama, 2009; Fox, 2006). The
researchers conducted patterning research studies revealed scientific
findings related to the importance of the patterning skills in early years (e.g.,
Fyfe, McNeil, & Rittle-Johnson, 2015; Papic, Mulligan & Mitchelmore, 2011;
Pasnak, 2017; Rittle-Johnson, Fyfe, McLean, & McEldoon, 2013). Patterning
skills are considered as an important domain for the algebraic thinking
(Clements & Sarama, 2009) and later mathematical attainment (Fyfe, Rittle-
Johnson, Hofer, & Farren, 2015; Rittle-Johnson, Fyfe, Hofer, & Farran, 2017).
Therefore, the related literature suggests that patterning skills need to be
included in early childhood education (Sarama & Clements, 2009; NCCA,

2014). However, it is crucial to know how to teach patterning to young
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children (Burgoyne et al, 2017). To be able to effectively design and
implement the series of instruction in succession, researchers argued for the
need for hypothetical learning trajectories (HLTs) (Clements & Sarama,
2004; 2009; Gravemeijer, 1994; Simon, 1995). What is more, it can be
essential to know about the cognitive mechanisms underlying patterning
learning. To serve this purpose, new technologies and methodologies are
emerging. Eye-tracking is one of the methodologies for understanding
cognitive processes and learning outcomes (Land, 2007; Tsai, Hou, Lai, Liu
& Yang, 2012). Therefore, it can be said that eye-tracking can provide
unique pieces of evidence about learning experiences (Duchowski, 2007).
Some eye-tracking metrics are helping the researchers to interpret the

tracked eye movements data.

In brief then, although there is an emerging interest in the importance
of the patterning, few study has been done to empirically understand young
children’s knowledge about patterning skills, training and testing tasks,
instructional plans, and the evaluation of patterning learning (Clements &
Sarama, 2009; Rittle-Johnson et al., 2013). Therefore, this study will help to
propose whether HLTs significantly support pattern learning and teaching,
as well as recommendations for the development of existing HLTs on
patterning. More specifically, this study aims to examine the effectiveness of
revised Hypothetical Learning Trajectories (HLTs) on patterning proposed
by Clements and Sarama (2009) and to benefit from the eye-tracking
methodology to better understand the underlying cognitive mechanism of

patterning skills
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2.5.2 Research Questions of the Study

There are two main questions to answer the gaps in the literature

as follows.

1) Does instruction in which Learning Trajectories (LT) levels are taught
consecutively (e.g., presenting children at level n- instructional tasks
from level n+1, then n+2, and so forth) result in greater learning than
instruction that uses the same activities without regard to

developmental order or business-as-usual instruction?

2) How do children establish their patterning skills (i.e., extension,

translation, and core identification)?
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CHAPTER 3

METHODOLOGY

In this chapter, the research method of the current study is
introduced. First, the research method and the design of the research is
presented. Second, the research cycles are elucidated with the
correspondent process and procedure for serving the last research cycle are
elaborated. Third, the ethical issues, validity and reliability issues, as well as

limitations of the study, are explained.

3.1 Research Method

This study was designed as a randomized experimental research
study as a part of big research project investigating the effectiveness of the
Hypothetical Learning Trajectories (HLTs) on early patterning. The parent
research project was built on Design-Based Research and involved five
iteration cycles, namely preliminary investigation, modification of the
existing HLT, evaluation of the modified HLT, revision of the modified
HLT, and evaluation of the revised HLT (see Figure 11). These research
cycles allowed the researcher to have multiple iterations to revise HLTs on
patterning. In other words, this thesis aims to present the findings the last
research cycle, which evaluates the effectiveness of revised Hypothetical

Learning Trajectories (HLTs) on patterning and benefits from the eye-
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tracking methodology to better understand the underlying cognitive

mechanism of patterning skills.

Preparation and Design Implementation Analysis and Redesign

k A k

3. Evaluation 4. Revision : :
2 of the of the 5. Evaluation

S HLT HLT =

Figure 11: Overall outline of the research (adapted from Bakker, 2018)

For this purpose, first, all research cycles of design-based research
(i.e., research cycle 1, research cycle 2, research cycle 3, are research cycle 4)
are introduced in detail, and then the last research cycle (i.e., research cycle

5) will be explained, and discussed based on the findings revealed.

3.2 Design-Based Research (DBR) and Research Cycles

The revision of the hypothetical learning trajectory (HLT) was made
based on Design-based research (DBR). In general, DBR is a new research
methodology for education research, and it has the potential to increase the
quality of education research (Anderson & Shattuck, 2012). It has some
features that are worthy of this fame. For example, according to Anderson
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and Shattuck (2012), DBR is situated in a real educational context, and the
results of the research aim to make a better practice of this educational
context as well as similar ones. Since reality is not singular and known, it is
rational to choose and utilize the different types of methods for research
studies (Maxcy, 2003). Indeed, it is indicated that DBR benefits from both
qualitative and quantitative methods and enables the researcher to make
multiple iterations during the study (Anderson & Shattuck, 2012; Cobb,
Confrey, diSessa, Lehrer, & Schauble, 2003; Latour, 2008). Moreover, since
there are some weak sides of the other research methodology for conducting
education research, DBR includes both practitioner and researcher as
working collaboratively for the design and the implementation of the
intervention (Anderson & Shattuck, 2012). In brief then, DBR aims to fill the
gap between theory and practice by producing the educational material and

revealing the implementation of this material (McKenney & Reeves, 2012).

Bakker (2018) presents three phases (i.e., macro-cycles) in design
cycles (i.e., iterations) for the hypothetical learning trajectory (HLT) may
have. These three phases in DBR are “preparation and design”,
“implementation (e.g., intervention, enactment, teaching experiment, trial)”,
and “analysis and redesign” (Bakker, 2018, p. 59). To explain, in the
preparation and design phase, the researcher collects and produces a set of
tasks from theoretical insights and practical experiences for possible HLT
learning goals. Moreover, in this phase, a draft version of HLT is formulated
by deciding on the instructional tasks, sequences of teaching activities, and
learning materials (Bakker, 2018). Then, in the second phase:
implementation phase, the researcher or the practitioner uses the most

appropriate activities and teaching methods based on HLT instructional
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tasks (Bakker, 2018; Bakker & Van Eerde, 2015). Moreover, in this phase, the
researcher has two purposes: observing the results of the implementation to
assess and revise the educational materials or instruction theories. For this
purpose, data are gathered by various methods such as “student work, tests
before and after instruction, field notes, audio recordings of whole-class
discussions, and video recordings of every lesson and the final interviews
with students and teachers” (Bakker 2018, p.61). Last, in the third phase:
analysis and redesign, the gathered data are analyzed. For this purpose,
different analysis types can be used. For example, “task-oriented analysis”
can be used to compare the students’ learning in terms of their actual
learning trajectory and hypothetical learning trajectory. In this way, it is
possible to return the second phase of DBR and improve the teaching
experiments. The other recommended type of analysis is for the additional
inferences from the data. For example, the gathered data by videotaped are
watched and transcribed chronologically to test the conjectures about
students’ learning and views against the other data material such as field
notes, the student works, and tests applied (Bakker, 2018; Bakker & Van
Eerde, 2015).

Based on the framework proposed by Bakker (2018), this study
included the phases and iterations. To expound, in the first research cycle,
preliminary research was conducted to see what is known about patterning
and the related literature. In the second research cycle, the existing HLT
proposed by Clements and Sarama (2009) was modified and consulted to
the experts in HLT and early mathematics field. In this research cycle,
instruction plans (i.e., 12 sessions), the materials (i.e., concrete-only

materials), the testing tasks (i.e.,, two patterning tasks: extension and core
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identification), and scoring protocol (i.e., ranged from 0 to 1) were prepared.
These were all also revised by the same experts in the field. In the third
research cycle, the modified HLT was implemented in intervention groups.
A randomized pretest-posttest-control experimental study with two groups
was conducted, and the modified HLT was evaluated. The findings and
recommendations were discussed and concluded to lead through the next
process. In the fourth research cycle, the required revisions were decided
with the collaboration of the experts in the field and the developer of the
original HLT. Thus, the instruction plans, materials used, testing tasks, and
scoring protocol were re-revised. To explain, the instruction plans were
increased from 12 to 14 sessions and the materials included both concrete
and computer-based rather than only-concrete activities. Moreover, the
testing tasks were designed by three patterning skills (i.e., extension, core,
translation), and the extensive scoring protocol was prepared (i.e., ranged
from 0 to 6). In the end, the final version of HLT used in the present study
was developed and eye-tracking methodology was designed in the fourth
research cycle. In the last research cycle of the study, the revised HLT was
implemented for the intervention groups. A randomized pretest-posttest-
control experimental study with three groups was conducted, and the
revised HLT was evaluated. Moreover, field notes were taken, all sessions
were video-recorded, and eye-tracking data were collected. Based on the
findings from the last cycle, recommendations and discussions were

reported for implications and further studies.
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3.2.1 Research Cycle 1: Preliminary Research

Preliminary research is seen as an important step to explore what has
been known about the topic and how it can be synthesized to guide further
research (Cobb et al., 2003; McKenney & Reeves, 2012; 2013). Based on the
preliminary research, it was seen that there are some concept maps (Fyfe et
al, 2015) and developmental Levels (Papic, 2011) and patterning
development. However, when these studies were examined, it was seen that
they were also inspired by Clements and Sarama (2009). Therefore, this
study used the HLTs proposed by Clements and Sarama (2009) as a baseline
(see Table 3). According to Clements and Sarama (2009), patterning is “the
search for mathematical regularities and structures” (Clements & Sarama,
2009, p. 190). There are three levels, namely Level 1: Pre-Explicit Patterner,
Level 2: Pattern Recognizer, and Level Three: Pattern Unit Recognizer. To
explain, children initially may be sensitive to regularities and even have an
expectation based on them but only at an implicit or intuitive level (Level 1).
Children then take a step toward explicit knowledge of patterning by fixing,
copying, or extending simple perceptually available repeating patterns
(Level 2). Lastly, children begin to identify the smallest part of the pattern
that repeats again and again. Moreover, children reproduce the given

pattern in different materials (Level 3).
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3.2.2 Research Cycle 2: Modifying the Proposed Hypothetical Learning

Trajectory (HLT) on Patterning

In research cycle 2, the instruction plans, the training materials,
testing materials, and scoring protocols were designed. To explain, the
instruction plans adapted from patterning hypothetical learning trajectory
proposed by Clements and Sarama (2009), while the training materials
consisted of manual games and activities adapted from the Building Blocks
Preschool Mathematics Curriculum (Clements & Sarama, 2013). Moreover,
testing tasks were adapted from the study conducted by Rittle-Johnson,
Fyfe, McLean, and McEldoon (2013). All these topics were prepared by the
researcher and then reviewed by the expert, one of the HLT developers, in
the field. Although it was planned to adapt the scoring protocol from Rittle-
Johnson and her friends’ study, it was seen that the protocol was not
appropriate for the goal of the present study. Therefore, the researcher and
one of the professors, experts in HLT development and measurement,

prepared and revised the scoring protocol considering related literature.

3.2.2.1 Description of the Changes in the Existing Hypothetical Learning

Trajectory

In the proposed Hypothetical Learning Trajectory (HLT) (Clements &
Sarama, 2009), the first two levels of the original HLTs (i.e., Level 1 and
Level 2) and the revised HLT are identical (see Table 4). Although Level 3
and 4 originally formed a single level in Clements and Sarama’s (2009) HLT,

the modified HLT suggested dividing this level into two levels. In other
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words, the revised HLT proposed that children can learn to translate a
repeating pattern into a new media (e.g., represent DADADA as letters such as
ABABAB, different objects such as @V or different shapes
ofolo0)—Level 3 in Table 4—before they could identify its core: the
smallest portion of the pattern that repeats to create the rest of the pattern —
Level 4 in Table 2. For example, the core oA or AB is the unit that repeats to
form the pattern cAoADA... and ABABAB..., respectively. The ability to
identify the core or repeating unit of a repeating pattern represents

relatively explicit knowledge of such patterns.

Table 4
The modified HLT (adapted from Clements and Sarama, 2009)

Levels of HLT Explanation
Level 1: Intuitive Children implicitly detect and may even use
Patterner simple repeating patterns but may not recognize

alternating or sequential patterns explicitly or
accurately. For example, says “I'm wearing a
pattern when wearing a striped shirt of two
alternating colors or a multicolored shirt with no
repeating pattern.
Level 2: Perceptual Operates first with concrete AB repeating patterns
Patterner (e.g., HOMON. ) and then with more complex
patterns such as ABB (e.g., oHNONENONN) or
ABC patterns (e.g., OHAOHNAONA . )
Sublevel 2a: Children can find the missing element of a
Pattern Fixer and repeating pattern and fix it (e.g., given square,
Duplicator circle, square, circle, square, circle, square, ____ or
square, circle, square, circle, square, ____, square,
circle, fills in the blank with a circle). Moreover,

they copy can a pattern model such square, circle,
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Table 4 (cont’d)

Sublevel 2b:
Pattern Extender

Level 3: Generalized

Patterner

Level 4: Unit

Patterner

square, circle, square, circle....

Children can continue a repeating pattern (e.g.,
given square, circle, square, circle, square, circle,
adds on a square and circle and another square
and circle).

Children can abstract a pattern and translate it
into new media (e.g., given a repeating pattern
such as square, circle, square, circle, square, circle
can translate into the movements up, down, up,
down, up down; the colors red, blue, red, blue,
red, blue), or the letters A, B, A, B, A, B.
Children can identify the core of a repeating
pattern (the smallest portion of the pattern that

repeats to create the rest of the pattern.

Note. Only the first four levels of the HLT are shown. The portion of the

HLT shown is relevant to repeating patterns only (does not apply to, e.g.,

growing patterns) and is hypothesized to apply to the simplest repeating

(AB patterns) first and then more complex ones (ABB or ABC patterns).

3.2.2.2 Description of the Instruction Plans for Modified HLT

Twelve instruction sessions were prepared to apply patterning
instruction. Level 1: Intuitive Patterner, was not included in the sessions.
Therefore, the sessions consisted of Level 2, Level 3, and Level 4 activities as

demonstrated in Table 2. There were two sessions for Sublevel 2a: AB

Pattern fixer and duplicator (i.e., sessions 1 and 2), two sessions for Sublevel

2b: AB Pattern extender (i.e., sessions 3 and 4), two sessions for Sublevel 2c:

ABB & ABC Pattern fixer, duplicator, and extender (i.e., sessions 5 and 6),

two sessions for Level 3: Pattern generalizer (i.e., sessions 7 and 8), and four

sessions for Level 4: Unit Patterner (i.e., sessions 9, 10, 11, and 12).
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Each instruction session included in one or two related patterning

activities with at least two examples. For example, as demonstrated in Table

5, in session 2, there are two activities (i.e., Activity 2.1. Where Is My Friend?

and Activity 2.2: Where Is My Twin?) including two examples for each (i.e.,

Ex 2.1.A. and Ex 2.1.B for Activity 2.1 and Ex 2.2.A. and Ex 2.2.B for Activity

2.2). Moreover, manual materials such as geometric shapes, unifix cubes,

vehicles, animals, colored tokens, chips, fruits, and vegetables were

benefited during the instructions.

Table 5

An example for instruction plan

Levels Sessions Activities

2a 2 Activity 2.1. Where Is My Friend?

(AB Start with a brief introduction that makes child
Pattern aware of the activity and motivate him/her as
Fixer and telling “Today we will play a game with different
Duplicator) shapes and colors. In this game, they are looking

for their friends. Would you like to help them?’

Ex 2.1.A: Show children the geometric repeating
pattern below and encourage them to describe it with
you (e.g., chant together blue, red, blue, red, blue,
red.. )

0000000

Then, point to the blank in the pattern and say,
“This

What color is missing here?” Encourage the child
to fix the pattern.
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Table 5 (cont’d)

Ex 2.1.B: Show children a cube pattern strip
(e.g., small, big; small, big; small, big; .. at least
three complete units of the pattern).

slellal _ls

Then, point to the blank in the pattern and say,
“This

where a shape ‘fell off’.” Ask children what shape
they need to fix the pattern and wait for their
response.

Activity 2.2: Where Is My Twin?

The goal is for a child to duplicates AB patterns.

Ex 2.2.A: Show children the geometric repeating
pattern below and encourage them to describe it with
you (e.g., chant together circle, square, circle-square,
circle, square. . . for the three complete units of the
pattern).

Then, ask the child to copy the pattern with same
materials.

Ex 2.2.B: Show children the repeating pattern below
and encourage them to describe it with you (e.g., chant
together star, heart, star-heart, star,heart. . . for the
three complete units of the pattern).

1. 00.00 & ¢

Then, ask the child to copy the pattern with same
materials.
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3.2.2.3 Descriptions of the Testing Tasks and Scoring Protocol for
Modified HLT

The testing materials involved in two tasks. The primary task was
identifying the core unit of the patterns and the secondary task was pattern
extension. For both tasks, children were provided a box of interlocking
blocks that contains enough blocks (4 to 6 of each color) to permit extending
a pattern or representing the core unit of the pattern. Testing was started by
extension tasks and children were, in turn, shown an AAB, ABCC, and

ABCD patterns constructed of interlocking blocks.

Before starting to the testing tasks, two brief introduction tasks to the
pattern were given. First, the explanation of the pattern was told as “A
repeating pattern involves a regular sequence, like day and then night, then
day and night again.” then it was asked: “It’s day now, what comes next?

After night comes what?”.

Second, the child was shown (a) 8 White, (b) 6 White and 2 Red, and
(c) White-Red-White-Red-White-Red interlocking blocks and asked: “Which
of these do you think is a repeating pattern?” If needed, the explanation was
made as: “Only this one [point to W-R-W-R-W-R-W-R] is a repeating
pattern because it involves a regular sequence —white, then red, then white

again, then red again, white, red, white, red.”
Task 1: Extension

For the extension tasks, a practice trial involving an AB pattern was

introduced with instructions: “In the Keep Going Game, I'll show you a
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pattern using interlocking blocks like this [the child was shown the White-
Red-White-Red-White-Red example]. Uise these cubes [tester pointed to the
box] to make the pattern “keep going—to make the pattern longer.” If the
child did not respond or had difficulty, the researcher helped by adding a
white and then a red cube and encourage the child to make the pattern
longer. If a child adds only one white and one red, said: “Can you keep
going—to make the pattern longer?”. A correct response (1 point) entailed
extending the pattern two full core units of the pattern without errors (using
only complete examples of the core). Partial credit (0.5 points) was granted if
the child produces at least one full core unit of the pattern and the part of

another. An incorrect response was scored as 0.

Task 2: Core Identification

For the core identification task, children were shown the same
patterns in the same order as the extension task and instructed: “Use these
cubes [the tester pointed to the box] to see what part of the pattern [a tester
draw her finger along the length of the interlocking cubes forming the
pattern] keeps repeating.” If need be, ask the child, “What is the smallest part of
the pattern that happens again, and again, and again to make the pattern?”
Responses were considered completely correct (1 point) if the child

represented the core with interlocking blocks or incorrect (0 points).
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3.2.3 Research Cycle 3: Evaluation of the Modified Hypothetical Learning
Trajectory (HLT)

In order to evaluate the effectiveness of the modified Hypothetical
Learning Trajectories (HLTs), two research questions were determined and
a randomized pretest-posttest-control group experimental study was
designed. The pretest was administered before the training sessions and the

delayed posttest was applied two weeks after the last training session.

3.2.3.1 Interventions in Research Cycle 3

Two intervention groups, namely the gradual HLT approach and the
condensed non-HLT approach were formed, and participants were
randomly assigned to an intervention. The sequenced instruction plans
described above designed for the Hypothetical Learning Trajectory (HLT)
based intervention (i.e., the gradual HLT approach) while an unordered
training was designed for the active control group (i.e., the condensed non-
HLT approach). These two approaches had four commonalities and three
key differences. As presented in Table 6, both built on using physical
characteristics to describe the elements of a pattern (e.g., labeling
a OHOMON pattern a “circle-square-circle-square-circle-square”). Moreover,
both then used letters to label (all of) the elements of a pattern (e.g., labeling
a OHONON pattern “ABABAB”). Both also used “AND” to describe the
physical and letter labels of pattern elements to implicitly underscore the
core (e.g., labeling a ®H®MOM circle-square AND circle-square AND circle-
square AND”). Finally, both used letters to identify the core and as a

shorthand label a pattern (e.g., labelling a ®HO®E®E an “AB pattern”). On
62



the other hand, Levels 2a to 2c were followed in a fixed order for the
gradual LT approach (i.e., AB patterns were used exclusively in Sessions 1
to 4 and the more advanced ABB and ABC patterns were not introduced
until Sessions 5 & 6). In the condensed non-LT approach, AB patterns were
used to introduce an activity, but ABB and ABC patterns were introduced in
Session 2. Also, the transition to using letters to describe (all of) the elements
of a pattern and implicitly underscoring the core by using “AND” in
physical and letter descriptions of all of the elements occurred in Level 3
(pattern generalizer level) immediately before Level 4, which involved
explicitly identifying the core). This transition phase occurred
immediately —in Session 1—for the condensed non-LT approach. Perhaps
most importantly, the use of letters to identify the core of repeating patterns
was delayed until Sessions 9 to 12 in the gradual LT approach, but

introduced relatively early in the condensed non-LT approach.
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The basic characteristics of the interventions were outlined in Table 6.
Based on these similarities and differences, separate lesson plans were
prepared in detail for each intervention. That is, twelve instruction plans
were formed for each intervention, and the researcher implemented the
lesson plans as considering these essential points. As exemplified in Table 5,
although children in both groups were first taught an AB fixing activity
(e.g., a circle-square pattern), children in non-HLT group were asked to
extend the given pattern and duplicate the same pattern with letters, even in
session 1 (the children in HLT group, also had this training but not in
session 1 rather in session 7). Moreover, in session 1, children in non-HLT
group were introduced the use of AND, an implicit way to connect the core
unit of the pattern, while they were describing the pattern (e.g., Our pattern

goes circle-square, AND circle-square, AND circle-square) (see Table 7).
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3.2.3.2 Participants Involved in Research Cycle 3

Participants were from three classes in a university preschool serving
the faculty, staff, and students of a university and the working-class
community of a medium-size Mid-western city in the United States.
Parental consent forms were received for 26 students of the 58 sent out. One
child refused to participate and was not pretested. Four children were
excluded from the study because they were essentially untestable at pretest
due to a lack attentiveness. One Intervention 1 student did not most of the
training because of a prolonged family vacation. One non-HLT student
refused to continue after two training sessions. A total of 19 four-year olds

completed the study (see Table 8).

Table 8
Demographic information of the participants
f %
Female 12 63.16
Gender Male 7 36.84
3 years old 7 36.84
Age
4 years old 12 63.16
Caucasian 7 35
Race Asian-American 9 45
Latina/o 4 20
Economic Free Lunch 4 21.05
Status Regular 15 78.95

As presented in Table 10, while 12 children were female, 7 children
were male. More than half of the children were four years old (63.16%).
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Most of the participants were Asian-American (45%), then Caucasian (35%)
and Latina/o (20%), respectively. Lastly, in terms of economic status, only
four children had free lunch that can be one of the indicators for low

income.

3.2.3.3 Testing Materials Used in Research Cycle 3

Three types of patterns were used in testing sessions and none of
these patterns were a part of the interventions and, thus, expected to serve
to gauge transfer. Each example of a pattern included at least three complete

core units, that is, consist of 12 elements (see Table 9).

Table 9
Model AAB, ABCC, and ABCD patterns used in each task of the pretest and
posttest

Pattern Type Model

AAB

ABCC

ABCD
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3.2.3.4 Research Questions Formed in Research Cycle 3

Two research questions were determined to address the main issues

in research cycle three as follows.

D)

2)

Is there a significant difference between HLT-based instruction and
non-HLT instruction regarding children’s pattern extension and core
identification skills?

Is there a significant difference between the extension scores and the

core identification scores considering the age of children?

3.2.3.5 Analysis Used in Research Cycle 3

To answer the research questions an independent-samples t-test was

used. Moreover, the assumptions were checked and met before conducting

t-test. In addition to checking for statistical significance, the effect size was

checked, where applicable, for the statistical magnitude of the effect and

practical significance (Lipsey et al., 2012).

3.2.3.6 Results Found in Research Cycle 3
3.2.3.6.1 RQ1: Is there a significant difference between the
HLT-based instruction and non-HLT instruction regarding children’s

pattern extension and core identification skills?

As Table 10 indicates, the pretest-posttest gains by the gradual HLT

intervention for the core-identification task (+1.944) were somewhat greater
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than those by compressed non-HLT (+1.600). That is, the former had a
slightly more beneficial effect on the target level goal of core identification
than did the compressed non-HLT intervention but not a significant or
substantial one (t[17]=.481, 2-tailed p=.637). Further, Cohen’s effect size
value (d=.22) suggested low practical significance (Moreover, Hedges' g
value was found as 0.22). The same was true for extension transfer (+1.555
versus +1.300; t[17]=.021, 2-tailed p=.98). Further, Cohen’s effect size value

(d=.01) suggested very low practical significance (Hedges' g value was .01).

Table 10
Results of paired samples t-test (pretest-posttest gains) for each
intervention group

Mean S.D. Std. 95% Confidence t df Sig.
Differ Error Interval of (two- n?2
Groups ence Mean Difference tailed)
Gain Lower Upper
Core Identification Task
Gradual -1.94 .95 31672 -2.67479 -1.21410 - 8 .000 0.82
HLT 6.139
Compress -1.60 1.37 43333 -2.58027 -0.61973 - 9 .005 0.60
ed non- 3.692
HLT
Extension Task
Gradual -1.55 1.04 34805 -2.35817 -0.75294 - 8 .002 0.71
HLT 4.469
Compress -1.30 1.15 36667 -2.12946 -0.47054 - 9 .006 0.58
ed non- 3.545
HLT

Gradual HLT-based training does not appear necessary for helping
all children become core identifiers but may be beneficial (i.e.,, is less
confusing and more meaningful) for some children than compressed non-

HLT. That is, although some children in the compressed non-HLT appeared
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to thrive with the challenge of learning a number of new ideas more or less
simultaneously, some seemed overwhelmed. It may not be coincidental that
only child who refused further participation (after two training sessions)

was in the compressed non-HLT condition.

3.2.3.6.2 RQ2: Is there a significant difference between the
extension scores and the core identification scores considering the age

of children?

Three results indicate that age is a key factor in whether children
might benefit from patterning instruction. For the most part, 4-year-olds, but
not 3-year-olds, benefitted from the extension (Level 2) and core
identification (Level 4) training. Whereas only one of six 3-year-olds who
could improve had success on a majority of the trials for the Extension task
at posttest (> 2 of 3 points), eight of ten such 4-year-olds benefitted from
patterning instruction (p=.025, one-tailed Fisher Exact 2x2 Test). Similarly,
only two of seven 3-year olds had success on a majority of the trials for the
Core ID task at posttest (> 2 of 3 points), ten of twelve 4-year olds benefitted
from patterning instruction (p=.030, one-tailed Fisher Exact 2x2 Test). The
four children who were untestable at pretest (and unlikely to benefit from
the patterning instruction) were all 3-year-olds. The one child who quit after

two training sessions was a 3-year-old.
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3.2.3.7 Conclusions from Research Cycle 3

As demonstrated by transfer to core identification and extension tasks
with the novel (unpracticed) and developmentally challenging repeating
patterns, participants in both the gradual HLT and compressed non-HLT
interventions, particularly those 4-years of age, benefitted significantly and
substantially from the targeted patterning instruction. The experiment
revealed that patterning instruction based on a HLT had some benefits.
Specifically, the gradual HLT-based training was somewhat more beneficial
for some children than compressed non-HLT training. Clearly, though, a
gradual HLT was not necessary for helping all children become core
identifiers. That is, the present results indicate that one method may not suit
all children. For example, although some children in the compressed non-
HLT appeared to thrive with the challenge of learning a number of new
ideas more or less simultaneously, some seemed overwhelmed. It may not
be coincidental that the only child who refused further training (after two

sessions) was in the compressed non-HLT condition.

Moreover, after the implementation of the training sessions, eight
specific questions were prepared to qualitatively evaluate the modified

version of proposed HLT on patterning (see Table 11).
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Table 11

Evaluation questions for the modified HLT

# Questions*

1 What was confusing for children?

2 Why some of the children had difficulty during training and
posttest?

3  Which children did Session 11 (S11) and Session 12 (S12) without
help or with help?

4 Isit good to start earlier to core unit?

5  Which condition made children more prepared for S11 and S12?

6 Which lesson plans were good, which needs to be changed?

7 Who benefited from Intervention 1 (I1) and Intervention 2 (12)?

8 What can be advised for the field study?

For this purpose, field notes were taken and the observations were

made. The basis of the qualitative analysis was the extensive notes taken on

the participants’ reaction to each lesson and progress. Based on these notes,

the evaluation questions were answered in the following part.

1- What was confusing for children?

Counting core was confusing for the children because they counted the

elements of the pattern. Also, the statement of ‘smallest part of the pattern’

was confusing because they gave just one element for this question.
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2- Why some of the children had difficulty during training and posttest?

Intervention 2 (I2) tasks had something new such as introducing letters
earlier and core identification which was different from the proposed
regular LT. Moreover, because of the nature of Intervention 2, the tasks took
much more time. Therefore, for some of the children in 12, the tasks became

difficult and confusing. So, some children were disoriented easily.
3- Which children did S11 and S12 without help or with help?

In Intervention 1,

Four children (i.e., SS#12, S5#24, SS#13, and S5#34) did without help.
Two children (i.e., SS#31 and SS#26) did with little help.
Three children (i.e., SS#33, SS#312, SS#35 did with help.

Those children who could do the tasks without help in S11 and S12 were
also good at pretest intro part (except SS#24. She couldn’t do intro part and
pretest). Moreover, they could almost do other sessions without help. On
the other hand, other children showed parallel progression with their
pretest and intro performance (except SS#33. She could do intro part on the

pretest. However, then her performance decreased gradually).

In Intervention 2:

Five children (i.e., SS#22, SS#16, SS#11, SS#32, and SS#15 did without help.
Two children (i.e., S5425 and S5#39) did with little help.

Three children (i.e., SS#38, SS#13, and SS#23) did with help.
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Those children who could do the tasks without help in S11 and S12 were
also good at pretest intro part (except SS#16. He couldn’t do any of pretest
tasks and intro part. However, he showed gradual progress during the
training). Moreover, these children could almost do other sessions without
help. On the other hand, other children showed parallel progression with
their pretest and intro performance (except SS#23. She could do intro part on

the pretest. However, she couldn’t in S11 and S12).
4- Is it good to start earlier to core unit?

For most of the children, definitely yes. Even, some children in I1 would be

better if they are in I2.
5- Which condition made children more prepared for S11 and S12?

According to the results, it seems that 12 made children more prepared for

S11 and S12.
6- Which lesson plans were good, which needs to be changed?

In Intervention 1, S10 and S8 took a long time. It was divided even for good
children. On the other hand, in Intervention 2, S2 should definitely be
divided. Moreover, it is starting with ABB and ABC directly; it can be better

to continue with AB one more session.
7- Who benefited from Intervention 1 (I1) and Intervention 2 (12)?

From I1: SS#12, SS#312, SS#24, SS#31, and SS#34. In total, 4 children. These
children showed regular progress during the training. Moreover, when

compared to the pretest scores, they got higher scores on posttest tasks.
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From I2: SS#22, SS#16, SS#11, SS#25, SS#32, and SS#23. In total, 6 children.
These children showed progress during the intervention sessions. They
showed big achievement on posttest tasks when compared to the pretest

scores.

8) What can be advised for the field study?

* For counting core task, ‘to take apart the core’ is so helpful and easy
for children. They can take apart and count them. I showed them
how to make a core for pattern train. I made them to watch me. Then,
we count the cores and they created more cores easily.

* The activity including cups was extremely enjoyable and good for
most children. They could even guess the next two elements! This
activity can be included to prepare patterning skills such as
extension, fixing, and core identification skills.

» Children didn't have clear/obvious difficulty to understand and
accomplish the tasks related to ABB type pattern. It can be said that
both ABB and ABC pattern were clearly different than AB pattern.
But, ABB was not a type of pattern that can be more difficult from the
ABC pattern. Moreover, the AAB pattern type was the easiest task on
posttest. And, just the ABCC pattern seems the most difficult task on

posttest.
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3.2.3.8 Lessons Learned from Research Cycle 3

The study’s main practical and scientific benefit may be suggested
revisions about when specific patterning skills are taught.
> Most 4-year, but not 3-year, olds, may benefit from extension (Level

2) and core identification (Level 4) training.

» Both the gradual HLT and compressed non-HLT participants
exhibited significantly and, as measured by effect size, a substantial

pretest-posttest improvement on both tasks.

> Although logically an aspect of Level 3 (translating a pattern into a
different format), children quickly learned to translate patterns into
letters (e.g., translating green o®o®oe® into the plastic alphabet letters:
ABABAB). Therefore, using letters to label the elements of a pattern is
a distinct form of translating patterns that can be introduced to

children early in the trajectory —in Level 2.

> In contrast, children struggled mightily with translating patterns into
different materials (e.g., translating the circle-square-circle-square-
circle-square pattern above into triangles-hexagon-triangle-hexagon-
triangle-hexagon or—in a few cases—even a red circle-square

repeating pattern; cf. Fyfe et al., 2015).

> More scientific data are needed to have insights on young children’s

patterning skills
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3.2.4 Research Cycle 4: Revision of the Modified Hypothetical Learning
Trajectory (HLT)

3.2.4.1 Description of the Revisions Made on the Modified HLT

When all findings and critical implications were taken into account,
some revisions were thought as necessary on the modified hypothetical
learning trajectory (HLT) proposed by Baroody, Yilmaz, Clements, &
Sarama (2019). More specifically, as presented in Table 12, in Level 2, the
training activities started with describing the elements of repeating patterns
with physical characteristics and then with letters (starting from the second
session of Level 2b). Then, in Level 3, children will reproduce the given
pattern in different materials. Moreover, the word “AND” was used to
implicitly underscore the repetition of a pattern’s core. Level 4 activities will

focus on using letters to identify the core (the smallest part of a pattern).
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3.2.4.2 Description of the Instruction Plans used for Revised HLT

Fourteen instruction sessions were designed for patterning training.
Level 1: Intuitive Patterner, was not needed in training. Therefore, the
sessions started with Level 2, Level 3, and Level 4 activities, as
demonstrated in Table 14. There were two sessions for Sublevel 2a: AB
Pattern fixer and duplicator (i.e., sessions 1 and 2), two sessions for Sublevel
2b: AB Pattern extender (i.e., sessions 3 and 4), two sessions for Sublevel 2c:
ABB & ABC Pattern fixer, duplicator, and extender (i.e., sessions 5 and 6.
three sessions for Level 3: Pattern generalizer (i.e., sessions 7, 8, and 9), and
five sessions for Level 4: Unit Patterner (i.e., sessions 10, 11, 12, 13, and 14).
Moreover, each instruction session included in one or two patterning
activities designed by manual and/or computer-supported activities with at
least two examples. For example, as demonstrated in Table 13, in session 2,
there are two activities (i.e., Activity 2.1. Where Is My Friend? and Activity 2.2:
Where Is My Twin?) including two examples for each (i.e., Ex 2.1.A and Ex
2.1.B for Activity 2.1 and Ex 2.2.A: Twin Shapes (Computer-Supported
Activity): AB with shapes and Ex 2.2.B: Singing Birds (Computer-Supported
Activity) for Activity 2.2) (see Table 13).
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Table 13

An Example for Instruction Plan

Levels Sessions Activities

2a 2 Activity 2.1. Where Is My Friend?

(AB Pattern Start with a brief introduction that makes child aware of the
Fixer and activity and motivate him/her as telling ‘“Today we will play
Duplicator) a game with different shapes and colors. In this game, they

are looking for their friends. Would you like to help them?’

Ex 2.1.A: Show children the geometric shapes repeating pattern
below and encourage them to describe it to you. If need be, chant
together circle-square, circle-square, circle-square,.. .

Then, point to the blank in the pattern and say, “What Shape
is missing here?”

Prompt: “Which shape goes here?”
Hint: “If we follow the repeating pattern, which goes here —a
circle or square?”

Give away: If we follow the repeating pattern, a square goes
here”

Ex 2.1.B: Show children a cube pattern strip (e.g., small,
big; small, big; small, big; .. at least three complete units of
the pattern).

Then, point to the blank in the pattern and say, “This where a
shape ‘fell off’.”

Prompt: “What comes here?”

Hint: “If we follow the repeating pattern, which comes
here—a big or small one?”

Give away: If we follow the repeating pattern, a small one
goes here”
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Table 13 (cont’d)

Activity 2.2: Where Is My Twin?

Goal: To duplicate AB patterns.

-

= Ex 2.2.A: Twin Shapes (Computer-Supported
Activity): AB with shapes

Show children the virtual geometric repeating pattern for AB and
encourage them to describe it to you. If the child needs help, chant
together: (e.g., circle, square; circle-square; circle, square..) for the
three complete units of the pattern.

And say, “This time, I'm going to make it harder for you by
hiding the pattern” and then hide the pattern under a cover.

If this proves too hard, uncover the pattern and let the child
examine it and then cover it again. If a second look does not
help, just uncover the pattern and let the child copy the
visible pattern.

Then, ask the child to copy the pattern with same color-print
materials (i.e., provide concrete materials to copy the pattern
model).

L Ex2.2.B: Singing Birds (Computer-Supported Activity)
Show children the virtual repeating pattern of AB with
singing birds and encourage them to describe it to you. If the
child needs help, chant together: (e.g., blue bird, pink bird;
blue bird, pink bird; blue bird, pink bird; .. for the three
complete units of the pattern).

FAFREE

And say, “This time, I'm going to make it harder for you by
hiding the pattern” and then hide the pattern. If this proves
too hard, uncover the pattern and let the child examine it and
then cover it again. If a second look does not help, just
uncover the pattern and let the child copy the visible pattern.

Then, ask the child to copy the pattern with same color-print
materials (i.e. provide concrete materials to copy the pattern
model).
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In the activities, the manual materials included in the examples such
as geometric shapes, unifix cubes, vehicles, animals, colored tokens, chips,
fruits, and vegetables (see Figure 12) while virtual materials and concrete
color-print materials created the computer-supported activities (see Figure
13) during the instructions. In total, there were fourteen activities designed
by computer-supported activities, while twenty-three activities trained by

manual materials.

Figure 13: A sample of computer-supported activity
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3.2.4.3 Description of the Eye-Tracking Materials utilized for
Revised HLT

For eye-tracking, computer-supported materials were used and
children’s responses and cognitive behaviors were followed by Tobii X2-60
eye tracker. As mentioned before, there were fourteen activities designed by
computer-supported materials. The tasks and the related goals were

displayed in Table 14.

Table 14

Overall Tasks and Goals used in Eye Tracking Methodology

Task # Task Name Goals

1-2 Activity 22 A-B To fix an AB pattern
3-4 Activity 3.2 A-B To extend an AB pattern

5 Activity 5.1 To fix an ABB pattern
6 Activity 6.1 To fix an ABC pattern
7 Activity 6.2 To fix an ABC pattern
8 Activity 8.1 To translate the pattern

9-10  Activity 9.1 B-C To translate the pattern

11 Activity 13.1 To identify the core unit
12 Activity 13.2 To identify the core unit
13 Activity 14.1 To identify the core unit
14 Activity 14.2 To identify the core unit
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For each patterning task, a specific protocol was prepared and
applied. Moreover, in order to quantitatively analyze the eye-tracking data,
the Areas of Interest (AOIs) were defined as two or more areas for each
activity. For example, as illustrated in Table 15, for the activity 13.2.A, three
AOQIs were created which were seen to the only researcher. In other words,

the participants saw the task for each activity as in its general view.

Table 15
Sample task with and without AOIs

Activity 13.2 A without AOI' Activity 13.2 A with AOlIs?

o/mmeommomm

Notes:

"The image seen to child

2 The image not seen to child but to the researcher

3.2.4.4 Description of the Testing Tasks and Scoring Protocol used
for Revised HLT

The testing tasks were adapted from The Research-Based Early Maths
Assessment (REMA) patterning items developed by Clements, Sarama, and
Liu (2008). The pretest and posttest involved three tasks. The first task was
pattern extension, the second task was identifying the core unit of the

patterns, and the third task was the abstraction of the given pattern (i.e.,
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translation). For extension and core identification tasks, children were
provided a box of interlocking blocks that contains enough blocks (4 to 6 of
each color) to permit extending a pattern or representing the core unit of the
pattern. For translation task, children were provided geometric shapes that
consist of enough shapes (4 to 6 of each shape of circle, square, triangle, and

rectangle) (see Figure 14).

Figure 14: Tasking tasks used in the study

Before starting to the testing tasks in the pretest, two brief
introduction tasks to the pattern were given. First, the explanation of the
pattern was told as “A repeating pattern involves a regular sequence, like
day and then night, then day and night again.” then it was asked: “It’s day
now, what comes next? After night comes what?”. A series of “day and
night” pattern was shown the child and waited for the response of the next

element.

Second, the child was shown (a) 8 Blue, (b) 6 Blue and 2 Red, and (c)
Blue-Red- Blue-Red- Blue-Red interlocking blocks (see Figure 15) and asked:

“Which of these do you think is a repeating pattern?” If needed, the
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explanation was made as: “Only this one [point to B-R-B-R-B-R-B-R] is a
repeating pattern because it involves a regular sequence —white, then red,

then white again, then red again, white, red, white, red.”

Figure 15: The trail tasks used in the pretest

Task 1: Extension

For the extension tasks, a practice trial involving an AB pattern was
introduced with instructions: “In the Keep Going Game, I'll show you a
pattern using interlocking blocks like this [the child was shown the Blue-
Red- Blue-Red- Blue-Red]. Use these cubes [tester pointed to the box] fo
make the pattern “keep going—to make the pattern longer.” If the child did
not respond or had difficulty, the researcher helped by adding a blue and
then a red cube and encourage the child to make the pattern longer. If a
child adds only one blue and one red, said: “Can you keep going—to make
the pattern longer?”. After the trial task, the patterns AAB, ABCC, and
ABCD were asked to extend, in turn. No feedback or comments were
provided to children during the testing. A correct response (6 points)
entailed extending the pattern two full core units of the pattern without

errors (using only complete examples of the core). Partial credit (from 1 to 5
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points) was granted if the child produces at least one full core unit of the

pattern and the part of another. An incorrect response was scored as 0.
Task 2: Core Identification

For the core identification task, a practice trial involving the AB
pattern was introduced with instructions: “Use these cubes [the tester pointed
to the box] fo see what part of the pattern [a tester draw her finger along the
length of the interlocking cubes forming the pattern] keeps repeating.” If need
be, ask the child, “What is the smallest part of the pattern that happens again, and
again, and again to make the pattern?”. If the child did not respond or had
difficulty, the researcher helped by saying “In this pattern a blue-and-red part
keeps repeating”. Then, the children were shown the AAB, ABCC, and ABCD
patterns, in turn, to find the core unit of each pattern. No feedback or
comments were provided to children during the testing. Responses were
considered correct (6 points) if the child represented the core with
interlocking blocks or incorrect (0 points). No partial credit was applied for

the core identification task.

Task 3: Translation Task

For the translation task, a practice trial involving the AB pattern were
introduced with instructions: “Use these shapes [the tester pointed to the
geometric shapes] to make this same pattern but using different materials [a
tester draws her finger over the interlocking cubes forming the pattern] If
need be, say: “Let’s use a circle in place of the blue cube, then a triangle in place of
the red cube.” Then, the children were shown the AAB, ABCC, and ABCD

patterns, in turn, to find the core unit of each pattern. No feedback or
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comments were provided to children during the testing. A correct response
(6 points) entailed extending the pattern two full core units of the pattern
without errors (using only complete examples of the core). Partial credit
(from 1 to 5 points) was granted if the child produces at least one full core
unit of the pattern and the part of another. An incorrect response was scored

as 0.

The posttest was implemented two weeks after the last instruction
session. Same measurement and same procedure were used as same as in
the pretest detailed above; however, the introduction tasks and the practice
trial involving an AB pattern were not introduced with instructions at the

beginning.

3.2.5 Research Cycle 5: Evaluation of the Revised Hypothetical Learning
Trajectory (HLT)

This last research cycle, which was produced by the previous
iteration cycles, serves as the main study for this dissertation. In other
words, the findings and the discussions of this dissertate will be presented
based on research cycle 5. Therefore, the following sections will explain all

the details about it.

In order to evaluate the revised version of Hypothetical Learning
Trajectory (HLT), a randomized pretest-posttest-control experimental study
was designed. A pretest served to ensure participants in the study were
below Level 4 on at least two of the three core-identification trials (n=48) and

to establish baseline patterning knowledge. Participants were randomly
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assigned within the classroom to one of the three conditions. Two weeks
after the last intervention session, a patterning posttest was administered.
The posttest tasks involved pattern types not used in the training, and, thus,
helped the transfer of learning. Moreover, in order to understand
underlying cognitive processes regarding to patterning skills, eye-tracking
methodology was employed. The related procedure was presented in detail

below.

3.2.5.1 Interventions in Research Cycle 5

As presented in Table 16, there were three training conditions to
compare the efficacy of core-identification instruction based on a HLT, with
non-HLT instruction using the same activities, and business-as-usual (BAU).
. Intervention 1 (experimental intervention): Gradual, HLT-based core-
identification instruction
. Intervention 2 (active control): Non-HLT-based core-identification
involving the same activities as Intervention 1 but integrated without regard
to developmental level (integrated non-HLT).

J BAU (passive control): Regular classroom instruction, which did not

provide instruction on core identification or other aspects of patterning.
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Table 16
Intervention groups formed in the present study

Intervention Name Intervention Nature
Group
Intervention #1: Experimental Follows the Level 2, then Level 3,
Gradual, HLT-based Intervention and finally Level 4 progression
Group specified by the LT WITH a
transition between uses using
ABSTRACT LABELS.
Intervention #2: Active Control  Levels 2 and 3 (1 or 2 lessons each)
Integrated, non- HLT Group are very brief preludes to Level 4
using ABSTRACT LABELS.
Intervention #3: Passive Control No patterning instruction with
Business-As Usual (BAU) Group repeating patterns)

"Modification: Use letters to label elements of a pattern moved from Level 3 to
Level 2.

a The transition between the two uses of letters would entail asking a child to label
the elements and then identify the core —the smallest part that repeats.

® The transition between the two uses of physical characteristics would entail
asking a child to label the elements and then identify the core —the smallest part
that repeats.

As presented in Table 17, the sequenced instruction sessions were
organized for the Hypothetical Learning Trajectory (HLT) (i.e., Intervention
1: Gradual HLT Approach) while an unordered training was put together as
an active control group (i.e., Intervention 2: Integrated non-HLT Approach).
These two approaches completely used the same activities and materials but
in a different order. For example, both built on using physical characteristics
to describe the elements of a pattern (e.g., labelling a @ HO®H®E pattern a
“circle-square-circle-square-circle-square”). Both Intervention 1 and 2
focused on AB, ABB, and ABC patterns. Both started with labeling the
elements of repeating patterns with physical characteristics and then with
letters (e.g., labeling a @M@ M@ M pattern “Circle-square, circle-square, circle-

square” and then “ABABAB”). Both interventions used “AND” to implicitly
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underscore the core of repeating pattern (e.g., labeling a @H@E@®E “Circle,
square, AND circle, square, AND circle, square”), and using letters to label
the core of repeating pattern (e.g., labeling a ®HO@H®E as an “AB pattern”).
For both interventions, the transition between using letters to label the
elements of a pattern and to identify the core of a pattern entailed asking a
child to first label the elements with letters and then identify the core—the
smallest part that repeats —using letters. However, in Intervention 2 (12), the
use of letters to identify the elements of the core was also introduced
immediately in Session 1 while it was presented in Session 4 in Intervention
1 (I1). Moreover, the use of letters to identify the core of repeating patterns
was delayed until Session 10 in the gradual HLT approach but presented
relatively early (i.e., in Session 3) in the integrated non-HLT approach. The
use of “AND” to describe the physical and letter labels of pattern elements
to implicitly underscore the core (e.g., labeling a ®H@®@B®M circle-square
AND circle-square AND circle-square AND”) was given in Session 4, which
was placed in Session 7 in I1. This situation was similar for the pattern
types, too. For example, Levels 2a to 2c were followed in a fixed order for
the gradual HLT approach (i.e., AB patterns were used exclusively in
Sessions 1 to 4 and the more advanced ABB and ABC patterns were not
introduced until Sessions 5 & 6). In the integrated non-HLT approach, AB
patterns were used to introduce an activity, but ABB pattern was introduced

in Session 2.

The business-as-usual (BAU) intervention group did not get
patterning instruction rather had regular classroom instruction. Ministry of

Education in Turkey has a Turkish Early Childhood Education Program to
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help public school early childhood teachers to plan their instruction. The
program is formed as progressive, holisticc and eclecticc as well as
embedded in cognitive development, linguistic development, social-
emotional development, and motor development domains (MoNE, 2013).
Under the cognitive domain, there are some objectives and indicators that
can be related to mathematical thinking. For example, children are expected
to have some skills such as comparing, matching, and grouping the objects,
problem-solving, and building cause and effect relationships. Moreover,
there one objective and four indicators related to pattern in the program as
stating, “Child creates a pattern with objects by looking at the model; Tells
the rule in the pattern consisting of up to three elements; Tells the missing
element in a pattern and completes it; Creates a pattern with objects”
(MoNE, 2013, p.21). For the instruction of the patterns, the program
explains a brief guideline starting to define the pattern and how to extend a
given pattern. However, no instruction about advance patterning skills such
as translation and core identification were given in the program as well as
no examples of instruction that can be utilized from the technology were

mentioned in the program.
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3.2.5.2 Testing Materials Used in Research Cycle 5

Three types of patterns were used in testing sessions and none of
these patterns were a part of the interventions and, thus, expected to serve
to gauge transfer. Each example of a pattern included at least three complete

core units, that is, consist of 12 elements (see Table 18).

Table 18
Model AAB, ABCC, and ABCD Task of the Pretest and Posttest in Research
Cycle 5

Pattern Type Model

AAB

ABCC

ABCD

Pretest and posttest were conducted to measure patterning skills (i.e.,
extension, core identification, and translation) for AAB, ABCC, and ABCD
patterns. Moreover, children were asked to perform the patterning skills

such as fixing, duplicating, extending, translation, and core identification for
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three types of pattern structures, namely AB, ABB, ABC pattern. The former

measurements were not included in the eye-tracking part but the latter.

The testing tasks were adapted from The Research-Based Early Maths
Assessment (REMA) patterning items developed by Clements, Sarama, and
Liu (2008). REMA is a theoretically-based instrument developed to measure
young children’s mathematical skills including various topics such as
counting, numbers, geometry, patterning, and measurement considering
developmental levels. The items of the instrument were developed by
conducting three pilot study and qualitative observations. For the content
validity of the instrument, experts panel was arranged and required
suggestions were applied. Moreover, Rasch model was applied to refine and
validate the instrument as well as to establish the construct validity. After
conducting item difficulty analysis and reliability analysis, interrater
reliability value was found 98% while the range for coefficient alpha
reliabilities was between .89 to .71. In addition, concurrent validity of the
total test score was examined and found as .86. In the end, considering all
the procedures and the findings, it can be concluded that REMA is a proper,
valid, and reliable instrument to measure early mathematical skills of young
children aged 4 and 5 (Clements et al., 2008). Therefore, REMA patterning

items were utilized for the testing tasks of the present study.
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3.2.5.3 Research Questions Formed in Research Cycle 5

In order to evaluate the effectiveness of the revised Hypothetical
Learning Trajectories (HLT) and to understand the cognitive behaviors on

patterning, two research questions were formed as follows.

1) Does instruction in which Learning Trajectories (LT) levels are taught
consecutively (e.g., presenting children at level n- instructional tasks from
level n+1, then n+2, and so forth) result in greater learning than instruction
that uses the same activities without regard to developmental order or

business-as-usual instruction?

la) Is there a significant difference between the children’s pattern
extension scores considering the intervention groups (i.e., HLT group,
integrated-HLT group, and business as usual group)?

1b) Is there a significant difference between the children’s translation
scores considering the intervention groups (i.e., HLT group, integrated-
HLT group, and business as usual group)?

1c) Is there a significant difference between the children’s core
identification scores considering the intervention groups (i.e., HLT

group, integrated-HLT group, and business as usual group)?

2) How do children establish their patterning skills?
2a) How do children establish patterning extension skill?
2b) How do children establish patterning translation skill?

2c) How do children establish patterning core identification skill?
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3.2.5.4 Procedures Followed in Research Cycle 5
3.2.5.4.1 Procedure for Experimental Study in Research Cycle 5

The experimental study was designed as a randomized pretest-
posttest control group study. As exemplified in Table 19 below, according to
Fraenkel, Wallen, and Hyun (2012, p. 272), the Randomized Pretest-Posttest
Control Group Design is explained as a design in which the participants are
randomly assigned (see the letter R) to the treatment (see the letter X) and
control groups (see the letter C). Moreover, both groups have a test before

the training and a test after the training (see the letter O).

Table 19

Randomized Pretest-Posttest Control Group Design

Treatment group R O X O

Control group R O C O

Based on the outline offered by Fraenkel and colleagues (2012), the
researcher designed the experimental setup as presented in Table 20. Before
the implementation of the training sessions the pretest was applied, and the
posttest was implemented two weeks after the last instruction session. Same

measurement and same protocol were used as same as in the pretest.
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Table 20
Design of the Experimental Study in Research Cycle 5

PRETEST TRAINING DELAYED
()] (Fourteen training sessions POSTTEST
Extension of patterning training from (O)
Core-identification Levels 2 to 4) Extension
Translation Core-identification
Translation

Treatment Group (X)
Active Control Group (X)

All participants All participants > All participants
Random assignment Passive Control = Group
R) (Non-patterning group) (C)

The sessions for the experimental study occurred in the quiet room
near to the child’s classroom. The training sessions included fourteen lesson
sessions designed for patterning instruction. Each instruction session
included one or two patterning activities designed by manual and/or

computer-supported activities with at least two examples.

The training sessions were scheduled in regular preschool hours
either between 10 am and 12 am or/and from 3 pm to 5 pm in the quiet
project room close to the child’s classroom. There were fourteen training
sessions and each of them was applied to each child individually. Before
starting to a training session, each child was asked and received their
approval. Moreover, the children were informed about the tasks to be done

in the session.

Before implementing the experimental study, a pilot study was
conducted Turkish children since the previous research was applied to
American children. In this way, it was examined whether Turkish children

aged three to five were ready or not to implement the patterning study. The
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lesson plans were translated into Turkish language and consulted to two
experts who are professors in education faculty, competent in both English
and Turkish languages and have experience in early mathematics. In the
pilot study, the instruction plans based on modified HLT and non-HLT
groups, and the testing tasks were applied to five children in the same
preschool. The findings revealed that Turkish children (aged between 46 to
66 months) are also ready for patterning. Although they knew about
geometric shapes, they did not know the letters because of their school
policy. Therefore, children were first instructed about letter recognition. For
this purpose, the researcher prepared the materials in a tablet computer to
introduce the letters. Four letters (A, B, C, and D) were presented in two
versions: with the corresponded picture and then without a picture, in turn.
In the first version, the researcher pointed the picture and said: “See, this is a
car [in Turkish, “Araba”] that starts with letter A. So, could you say the name of
this letter?” (the researcher points out the next slide without picture).
Moreover, switches were made between the previous or next slide when
needed. The same procedure was followed for the rest of the letters. This
method worked as we practiced with children during the training. In total,

eight slides were prepared, as demonstrated in Table 21.
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Table 21

Demonstration of the slides about letters

Letters Slide #1 Slide #2
A an
RPN
. B B
50

D D

*(7!\ v 7—‘

~

Note: The corresponded pictures were chosen considering the Turkish
language. In other words, a car means “Araba”, a baby means “Bebek”, a
walnut means “Ceviz”, and a grandfather means “Dede” in Turkish.
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3.2.5.4.1.1 Participants Involved in Experimental Study in Research
Cycle 5

Parental consent was obtained for a total of 64 children from 6 classes
in 2 typical urban middle-class public preschools serving families from low
to mid-high socio-economic status. Two state-run preschools, located in a
metropolis city in Turkey, had been conveniently selected. Five children
were uncooperative and not tested. One Business-As-Usual (BAU) child and
one HLT-based child refused to continue after the pretest. Four HLT-based
and five non-HLT-based children refused to continue after one to four (n=3)
training sessions. A total of 48 preschoolers completed the IRB-reviewed
and -approved study. See Table 22 for a description of the participants by

conditions.

Table 22

Characteristics of the Participants in Research Cycle 5

HLT-Based  Integrated Non- Business-as-

Group HLT Group Usual Group
Old 3s and young 4s 9 8 7
(46 to 53 months)
Old 4s and young 5s 6 7 11
(54_to 66 months)
Age
Mean 53 months 52 months 54 months
(SD) (4.33) (4.29) (3.55)
Number of 5/10 8/7 4/14
Gender girls/boys
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3.2.5.4.1.2 Analysis for Experimental Study in Research Cycle 5

The obtained data from experimental research were analyzed using
inferential statistics. For the main research question examining the
effectiveness of the revised HLT among the intervention groups, analysis of
covariance (ANCOVA) was conducted. While one-way between-groups
analysis of variances (ANOVA) was used to answer the first sub-research
question related to patterning extension skills and third sub-research
question regarding patterning core-identification skills, an analysis of
covariance (ANCOVA) was conducted for the second sub-research question
about patterning translation skills (Tabachnick & Fidell, 2013). According to
The Institute of Education Science (IES) What Works Clearinghouse (WWC)
guidelines (IES, 2014), “Effects of 0.25 standard deviations or larger are
considered to be substan- tively important . . . even though they may not
reach statistical significance in a given study” (p. 23). Therefore, Given the
importance of reporting effect size (Lipsey et al., 2012), the efficacy was also

evaluatedin this study.

3.2.5.4.2 Procedure for Eye-Tracking Study in Research Cycle 5

The eye-tracking study was designed as a within-subject study in
which children’s eye movements were examined considering some specific
eye-tracking metrics. Before conducting the main eye-tracking recordings, a
revised application form was constructed and applied to METU Human
Research Ethics Committee because, in the first application, eye tracking

methodology was not included. After all the documents were reviewed and
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approved, the parental consent form was revised accordingly. Then, one

more time, the parental consents were taken for all children participated.

The sessions for the eye-tracking study occurred in the quiet room
near to the child’s classroom. The eye-tracking sessions, as other sessions,
were scheduled in regular school hours either between 10 am and 12 am
or/and from 3 pm to 5 pm in the quiet project room close to the child’s
classroom. Eye-tracking sessions were also applied to each child
individually. Before starting the eye-tracking, each child was explained
about the process. For example, children were told about calibration steps
and the importance of their position. Moreover, in each session, the children
were informed about the tasks and their requirements as well as not to
change their posture much and not to look around during eye-tracking

recordings.

Moreover, a pilot study was conducted for eye-tracking data
collection. This pilot study consisted of three purposes:
1) To get familiar with the equipment, the use of the eye tracker (e.g.,
calibration, setup, recording, etc.)
2) To understand children’s reactions

3) To manage the time and place for the implementation.

3.2.5.4.2.1 Participants involved in Eye-Tracking Study in Research
Cycle 5

Children who participated in the eye-tracking study were the same as

the children involved in HLT-based and Integrated Non-HLT-based
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intervention. That is, 30 children (13 girls and 17 boys) with a mean age of
52.5 months (SD = 4.31, range: 4666 months) from 6 kindergarten

classrooms in 2 public schools were included in the study.

3.2.5.4.2.2 Apparatus and preparation for Eye-Tracking Study in
Research Cycle 5

Tobii X2-60 Eye Tracker with a 60 Hz sampling rate and freedom of
head movement 50 x 36 cm (20 x 14") (Width x Height) at the distance of 70
cm was used. Before starting to use the Tobii X2-60 Eye Tracker, the
accompanying devices needed to meet some prerequisites as recommended
in Tobii User Manual (2014).
For example,
* The computer should be compatible with the software that you are
going to use (Tobii Studio or other eye-tracking software).
e The screen used for presenting the stimuli should have proper size
and form factor to be used with the eye-tracker that you have (e.g.,
PC monitors up to app. 25").
e Need to be used either Windows 7 or Windows 8 as an operating
system.
e The firewall(s) on the computer need to allow access for eye-tracking

software (Tobii User Manual, 2014, p.5).
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All recommended prerequisites above were provided to start using the
Tobii X2-60 eye tracker containing a mounting bracket, external processing

unit, power supply, USB Ethernet adapter, Ethernet cable, and PSU cable.

3.2.5.4.2.3 Setting for Eye-Tracking Data in Research Cycle 5

Tobii User’s Manual (2014) recommends some different setups for
using Tobii eye-trackers. Since the participants of this study were children,
one of the dissertation committee members, a professor at Computer
Education and Instructional Technologies (CEIT) department,
recommended the researcher to use both primary (screen size: 19”) and
secondary screen (screen size: 15”) at the same time (see Figure 16).
Therefore, the researcher designed this setup to make children focus on the

primary screen presenting essential stimuli.

Used for the researcher

Primary Screen
Stimulus
presentation Secondary Screen
< Live Viewer
e (optional)

Used for the child JA\ \

F==]>—=
Tobii X2-60 Computer with
Eye Tracker Tobii Studio or
external other supported software

processing unit

Figure 16. Illustration of setup used in the study (The picture was adapted
from Tobii User’s Manual, 2014, p. 22)
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To ensure a successful eye-tracking record, a suitable location was
chosen for eye-tracking setup. Moreover, direct sunlight was avoided by
closing curtains and direct lamplight was prevented by turning off the
causing ones. Based on these considerations, the eye-tracking setup was

arranged as shown in Figure 17.

Figure 17. The demonstration of the real setup for the present study

3.2.5.4.2.4 Calibration Process for Eye-Tracking Data in

Research Cycle 5

The calibration process was completed in four steps as follows:

1. Informing children about the calibration and the tasks that children
would accomplish

2. Informing children about the importance of the position during
calibration

3. Monitoring children’s postures and distance to the eye-tracker to

make sure that their eyes were detected. If needed, children’s chair
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moved forward or backward to ensure the optimal distance between
the child and the eye tracker (i.e., app. 60-65 cm (Tobii User Manual,
2014)) It was tried to keep the same distance among the children as

displayed in Figure 18.

Figure 18. The illustration of the distance arrangement in the study

4. Starting the calibration process and checking it to see whether there
was any point needed to recalibrate. If so, calibrate again or continue
with the main tasks. Figure 19 showed an optimal calibration process

applied to each child.

Figure 19. The illustration of the calibration applied in the study
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3.2.5.4.2.5 Analysis of Eye-Tracking Data in Research Cycle 5

For this study, children’s demographic data (i.e.,, age and gender),
patterning pretest and posttest scores, and eye-tracking data were analyzed
by using both descriptive statistics and inferential statistics. Specifically, for
the eye-tracking data, gaze plots, heat maps, and the Areas of Interest
(AQOIs) with related metrics were examined and reported. AOIs were created
to calculate the eye-tracking measures, including fixation duration, the sum

of the fixation duration, and visit duration.

3.3. Ethical Issues

In any research study, every researcher should have an important
responsibility to ensure that participants of the study are protected from
physiological and physical harm. There are three essential issues in this
situation, such as protecting the participant from harm, ensuring the
confidentially of the data and avoid the deception of subjects (Frankel &
Wallen, 2006). All stages of the present study were reviewed and approved
by the UIUC Institutional Review Board (IRB), METU Human Research
Ethics Committee, and the MoNE Ethics Committee. The deception was not

used in the testing.

The parents were informed, and the consent forms were given to fill;
therefore, nobody participated unwillingly or by force to the study. In
addition to parental consent, positive assent was obtained from a child for
every testing and training session. Moreover, children were given the choice

to drop or continue at any time.
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To ensure willing participation, the researcher conducted two
familiarization sessions—one in a child’s classroom and one alone with the
child in the project room. Moreover, the testing and training were done in
the context of a game so as to be engaging to children (as well as
educational). The researcher was enthusiastic and made every effort to make

children feel comfortable.

The testing and training of the study presented a minimal risk. That
is, the probability and magnitude of harm or discomfort were not greater
than those ordinarily encountered in an educational (instructional or
testing). Indeed, the risks involved in the research were negligible relative to
the potential benefits involved. The participants benefited from the
testing/training by providing them opportunities to engage in mathematical
thinking and learning (to develop mathematical proficiency) they might not

otherwise have had.

3.4 Validity and Reliability Issues

According to Fraenkel, Wallen, and Hyun (2012), internal validity
refers that “any relationship observed between two or more variables
should be unambiguous as to what it means rather than being due to
something else” (Fraenkel et al., 2012, p. 166). Therefore, it is crucial that the
researches ensure the possible threats were controlled, eliminated, or
minimized. Moreover, it is believed that an experimental study is “one of
the most powerful research methodologies that researchers can use”

(Fraenkel, Wallen, & Hyun, 2012, p. 265). Indeed, True Experiment Designs
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or Randomized Controlled Trials is believed to give high-quality
information for cause-effect relationship because it generally controls the
extraneous variables by having random assignment and control group
(Cash, Stankovi¢, & gtorga, 2016; Fraenkel et al., 2012). In this study, true
experimental research was utilized and the participants were randomly
assigned to three conditions in which one of those was a control group.
According to Fraenkel et al., (2012), the random assignment has an essential
and powerful role in forming the groups as much as equivalent, which can
control the possible internal validity threats. Indeed, randomization is
offered one of the ways to handle the effects of the potential variables such
as subject characteristics, maturation, and statistical regression. However,
some internal validity threats such as instrumentation, mortality, data
collector characteristics, data collector bias, location, and testing may still
exist (Fraenkel et al., 2012). Therefore, these possible threats were tried to
handle and controlled by taking precautions and making some

modifications for this study.

To begin with instrumentation (i.e., data collection tool), it means that
poor data collection tools can be a threat for the validity of the study.
Therefore, both valid and reliable measurements are needed to be used
(Fraenkel et al., 2012). In this study, the testing tasks were adapted from the
Research-Based Early Maths Assessment (REMA) items developed by
Clements, Sarama, and Liu (2008). The REMA items have high reliability
and validity values. With the help of the expert in early mathematics
education and one of the developers of the original REMA tasks, minor
changes were applied to the REMA patterning items. The reliability of the

adapted tasks was not statistically examined however, these adapted items
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were also evaluated by the same experts, and after getting their approval,
the tasks were used in the present study. Moreover, in order to score the
answers of the participants, one more independent scorer was employed. A
scoring sheet was used to record the answers of the participants.
Participants were randomly chosen. Both the researcher and the
independent coder scored the answers independently. Then they gathered
and compared the scores using a scoring worksheet. In the end, 91%
agreement was made on total testing scores. Moreover, when examined for
each patterning task, 83% agreement was made on extension task scores,
100% on core task scores, and 93% on transition task scores. These values are
higher than the cut off value of 80% (Fraenkel et al., 2012). Therefore, it is

assumed that instrumentation threat was controlled.

Mortality means the loss of the participants. In long-term studies, it is
sometimes unavoidable to prevent dropouts. Since the present study
followed the ethical considerations, the researcher did her best to keep the
participants until the end of the research but did not force any children.
Therefore, in this study, while some participants did not want to continue
after a few sessions, some withdrawal the study at the beginning of the
study. To control mortality threat, it is recommended to explain the reason
for the loss to show it did not happen intentionally but incidentally
(Fraenkel et al., 2012). Therefore, the detailed explanation of dropouts was
mentioned in the method section of the present study. Moreover, the
number of losses was seen as similar in each group. Thus, it is assumed that

the mortality threat was not a problem for this study.
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Data Collector Characteristics refers to any characteristics such as
gender, age, ethnicity, other related attributes of the data collector that may
affect the obtained data (Fraenkel et al., 2012). In this study, all treatment
and control group participants were treated and tested by the same
researcher. Therefore, it is assumed that the data collector characteristics

threat was controlled in the study.

Data Collector Bias means that “data collector(s) or scorer(s) may
unconsciously distort the data in such a way as to make certain outcomes”
(Fraenkel et al., 2012, p. 170). To handle this threat, it is advised to
standardize all procedures and not to inform any groups whether they are a
treatment or control group. In this study, the researcher prepared all the
session plans in advance and used the same activities for all participants.
Moreover, the researcher used the pre-prepared standardized rubrics
related to each session. Besides, a scoring sheet and scoring protocol were
used to score the children's answers and another coder has also scored the
answers. Furthermore, the researcher did not say anything and did not
explain to any individual which group was a treatment or control group.

Thus, data collector bias was not seen as a threat to this study.

Location threat means the place where the data were collected, and
the treatment was given. To control this threat, it is advised to keep the
location the same for all groups (Fraenkel et al., 2012). In this study, the data
were collected from all treatment and control group participants in the same
room close to the children’s classroom in the kindergarten. Moreover, the
same materials were used, and the same procedures were followed for each

group. Thus, no location threat was seen in the study.
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Testing threat refers to alert the participant by conducting a pretest,
and it is usually common in single-group designs (Fraenkel et al., 2012). In
this study, there were three groups including a control group. Moreover, the
period between the pretest and posttest was not so close to each other.

Therefore, it is assumed that testing was not a threat to this study.

External validity means the generalization of the research findings
from sample to population (Fraenkel et al.,, 2012). Since this study used
nonrandom sample, it can be a threat for generalizability. However,
Fraenkel et al., (2012) recommend researchers to describe the characteristics
of the sample regarding their age, gender, ethnicity, and socioeconomic
status in detail so that interested others could make some conclusion from
the research findings. Therefore, the detailed information about sample

characteristics were presented and explained in this study.

3.5 Limitations

The limitations of this study can be explained in six issues. In other
words, the present study is limited to (1) Research model which was
designed as randomized experiment study based on design based research,
(2) the participants who were normally developing four- and five-year-old
preschool children, (3) the data collection measures which were adapted
from REMA items (Clements, Sarama, & Liu, 2008), (4) the eye-tracking
apparatus, Tobii X2-60 eye tracker, which was used for the collection of the
eye-tracking data, (5) the domain of mathematical patterning skills, and (6)

the type of the patterns (i.e., repeating patterns).
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CHAPTER 4

RESULTS

In this chapter, the findings of the last research cycle of the study (i.e.,
The evaluation of the revised HLTs) are presented in detail. The
effectiveness and the underlying cognitive mechanisms of early patterning
skills are presented by addressing the following research questions. As
explained beforehand, three analysis methods were conducted to answer the
research questions of this study namely, descriptive statistical techniques,
ANOVA, and ANCOVA. Moreover, preliminary analyses were conducted
to ensure the required assumptions for ANOVA and ANCOVA.

1) Does instruction in which Learning Trajectories (LT) levels are taught
consecutively (e.g., presenting children at level n- instructional tasks from
level n+1, then n+2, and so forth) result in greater learning than instruction
that uses the same activities without regard to developmental order or
business-as-usual instruction?
la) Is there a significant difference between the children’s pattern
extension scores considering the intervention groups (i.e., LT group,
integrated-LT group, and business as usual group)?
1b) Is there a significant difference between the children’s translation
scores considering the intervention groups (i.e., LT group, integrated-LT

group, and business as usual group)?
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1c) Is there a significant difference between the children’s core
identification scores considering the intervention groups (i.e., LT group,

integrated-LT group, and business as usual group)?

2) How do children establish their patterning skills?
2a) How do children establish patterning extension skill?
2b) How do children establish patterning translation skill?

2c) How do children establish patterning core identification skill?

41 RQ1: Does instruction in which Learning Trajectories (LT) levels
are taught consecutively (e.g., presenting children at level n- instructional
tasks from level n+1, then n+2, and so forth) result in greater learning than
instruction that uses the same activities without regard to developmental

order or business-as-usual instruction?

For this research question, analysis of covariance (ANCOVA), was
conducted to increase the power of F test for the main effect of intervention
by removing the covariance from the error (Tabachnick & Fidell, 2013).
ANCOVA seems similar to ANOVA; however, it is an “extension of analysis
of variance in which main effects and interactions of IVs are assessed after DV
scores are adjusted for differences associated with one or more covariates (CVs),
variables that are measured before the DV and are correlated with it” (Tabachnick
& Fidell, 2013, p.197). In other words, the effect of the Independent
Variables (IVs) (i.e., intervention types) on the Dependent Variables (DVs)
(i.e. posttest scores) are examined after controlling the Covariate Variables

(CVs) (i.e., pretest scores). In this study, there were three intervention
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groups. A pretest was conducted before the interventions and therefore
considered to be related to the posttest scores. Therefore, ANCOVA was
determined as the appropriate statisticc. However, before conducting
ANCOVA the required assumptions were checked. According to
Tabachnick and Fidell (2013), there are some specific assumptions for
ANCOVA, which are unequal sample sizes, outliers, multicollinearity,
normality, homogeneity of variance, linearity, homogeneity of regression.
After ensuring these assumptions, the results of the ANCOVA were

presented in the following sections.

4.1.1 The Assumptions of the ANCOVA

Unequal n and Missing Data:

SPSS provides a descriptive statistics table to screen the dependent
variable (DV) and covariate (CV) for three intervention groups. As it is seen
from the table, there is the unequal number of sample sizes for the groups.
This  situation is  meaningful = and  resulted  from  the
willingness/unwillingness of the participants to continue or drop the study
at any time. Indeed, five children from HLT group and non-HLT group and

one child from non-patterning group did not want to continue to the study.

Normality:

Normal is defined as “a symmetrical, bell-shaped curve, which has
the greatest frequency of scores in the middle with smaller frequencies
towards the extremes” (Gravetter & Wallnau 2004, p. 48). For the assessment

of the normality, Kolmogorov-Smirnova values and histogram graphs were
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examined (Pallant, 2007). As it is seen in Table 23, the results of the
Kolmogorov-Smirnov statistic reveal a non-significant result (i.e., the sig.
value for Kolmogorov-Smirnov statistic is higher than .05 for each group),

which assures the normality assumption.

Table 23
Tests of Normality

Kolmogorov-Smirnov?  Shapiro-Wilk

Groups Statistic ~ df Sig.  Statistic =~ df Sig.

Intl  .129 15 200" .973 15 901

Post_Total Int2 201 15 107 945 15 445
Int3 151 18 200" .902 18 062

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

In the present study, except for one group (Post_Core) the
distribution of scores appears normal (see Appendix A). Therefore, it can be

said that the distribution of the scores can be assumed as “normal”.

Linearity:

SPSS gives a plot graph to screen the general distribution of scores for
each of the intervention groups. As can be seen in Figure 20, a clearly linear
(straight-line) relationship appears for each group. Therefore, the
assumption of linearity was not violated. Moreover, in the graph, the R
squared values presented to show the strength of the relationship between

the dependent variable (i.e., post_total) and the covariate (i.e., pre_Total).
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In this study, it can be interpreted that these two variables are strongly
correlated. In other words, for the HLT-group (i.e., Intl) 53.4 percent of the
variance in scores at posttest are explained by the scores at pretest, while it

is 12.1 percent for non-HLT group (i.e.,, Int2) and 49.6 percent for non-

patterning group (i.e., Int3) (see Figure 20).
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Figure 20. The variances of the pretest scores for intervention groups

Therefore, it seems appropriate to consider the pretest scores as the

covariate variable and controlling it for the present study.
Multicollinearity and Singularity:

This is checked when there is more than one CV. In this study, there

is only one covariate (i.e., pretest); therefore, this assumption was skipped.
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Correlations among the covariates.
This is checked when there is more than one CV. In this study, there

is only one covariate (i.e., pretest); therefore, this assumption was skipped.

Homogeneity of Variance:

SPSS gives a table of “Levene’s Test of Equality of Error Variances” to
examine the homogeneity of variances. According to Pallant (2007), the
significance value (5ig.) for Levene’s test should be greater than .05 to assure
the homogeneity of variance assumption. As it is seen in Table 24, the
significance value is .247 which is higher than the cut-off of .05 and shows
that variances are equal. Therefore, the assumption of the equality of

variance was not violated for this study.

Table 24

Levene’s Test of Equality of Error Variances

Dependent Variable: Post_Total

F dfl df2 Sig.

1.443 2 45 247

Tests the null hypothesis that the error variance of the dependent
variable is equal across groups.

a. Design: Intercept + Pre_Total + Groups

Homogeneity of Regression slopes:
This assumption was evaluated by establishing the interactions
between effects and covariates through the ANCOVA. In other words, there
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should not be an interaction between covariates and the treatment groups.
As it is displayed in Table 25, Tests of Between-Subjects Effects, the
significance level of the interaction (i.e., Groups * Pre_Total) is found as .662
which is more than .05 the cut-off value. That is, the assumption of

homogeneity of regression slopes was not violated.

Table 25

The Evaluation of the Homogeneity of Regression slopes

Dependent Variable: Post_Total

Type III Sum Mean
Source of Squares df Square F Sig.
Corrected Model 8202.916° 5 1640.583  17.404 .000
Intercept 5729.906 1 5729.906  60.786 .000
Groups 2450.334 2 1225.167  12.997 .000
Pre_Total 2018.398 1 2018.398  21.412 .000
Groups * Pre_Total 78.548 2 39.274 417 662
Error 3959.063 42 94.263
Total 48517.000 48
Corrected Total 12161.979 47

a. R Squared = .674 (Adjusted R Squared = .636)
In the end, as assuring all the assumptions, now the ANCOVA

analysis can be performed to investigate the differences between the

intervention groups.
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4.1.2 Performing Analysis of Covariance (ANCOVA)

A one-way between-groups analysis of covariance (ANCOVA) was
conducted to compare the effectiveness of three different interventions
designed to improve children’s repeating patterning skills. The independent
variable was the type of intervention (HLT-based gradual, Non-HLT
integrated group, and Non-Patterning Business as Usual group), and the
dependent variable consisted of scores on the Patterning Posttest
administered after two weeks the intervention was completed. Participants’
scores on the pre-intervention administration of the Patterning Pretest were
used as the covariate in this analysis. Preliminary checks were conducted to
ensure that there was no violation of the assumptions of normality, linearity,
homogeneity of variances, homogeneity of regression slopes, and reliable
measurement of the covariate. As seen in Table 26, after controlling for pre-
intervention scores, there was a significant difference between the three
intervention groups on post-intervention scores on the Patterning Tasks

[F(2, 44)=28.05, p=.00] with a very large effect size [partial eta squared=.56].

Table 26

The Effect of the Intervention groups after controlling pre-intervention scores

Sum of Mean Partial Eta
Squares  df Square F Sig. Squared
Contrast 5148305 2 2574153  28.052 .000 .560

Error 4037.611 44 91.764

Note: The F tests the effect of Groups. This test is based on the linearly

independent pairwise comparisons among the estimated marginal means.
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4.1.3 Post-Hoc Comparisons for ANCOVA

Even though, a significant difference was determined between the

intervention groups, the difference in which group was still unknown.

Therefore, to understand which intervention groups were different from the

others, follow-up multiple comparisons using Bonferroni test was examined

(see Table 27).

Table 27

Pairwise Comparisons of the Intervention Groups

Dependent Variable: Post_Total

95% Confidence Interval

Mean for Difference®
) )] Difference Std. Lower Upper
Groups Groups (I-]) Error Sig.®  Bound Bound
Int1 Int2 -6.235 3.588  .268 -15.165 2.694
Int3 17.690 3.424  .000 9.166 26.213
Int2 Int1 6.235 3.588  .268 -2.694 15.165
Int3 23.925° 3.350  .000 15.587 32.263
Int3 Int1 -17.690°  3.424  .000 -26.213 -9.166
Int2 -23.925°  3.350 .000 -32.263 -15.587

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Bonferroni.

Post-hoc comparisons indicated that the mean score for HLT-

Intervention 1 (M= 34.87, SD= 11.87) and non-HLT-Intervention 2 (M= 37.00,

SD= 12.15) were significantly different from non-Patterning-Intervention 3

(M=13.50, SD= 11.95). Descriptive statistics were presented in Table 28.
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Table 28

Descriptive Statistics of the Intervention Groups
Dependent Variable: Post_Total

Groups Mean Std. Deviation N
Int1 34.87 11.868 15
Int2 37.00 12.148 15
Int3 13.50 11.952 18
Total 27.52 16.086 48

Moreover, the adjusted marginal means with 95% confidence interval

were calculated. As displayed in Table 29, the highest scores were gained by

the participants in Intervention 2 (mean= 38.44) than those in intervention 1

(mean=32.21), and Intervention 3 (mean=14.52).

Table 29

Confidence Interval Scores of the Intervention Groups

Dependent Variable: Post_Total

95% Confidence Interval

Groups  Mean Std. Error ~ Lower Bound Upper Bound
Int1 32.206° 2.527 27.113 37.298
Int2 38.4412 2.489 33.424 43.458
Int3 14.516° 2.267 9.949 19.084

a. Covariates appearing in the model are evaluated at the following

values: Pre_Total = 10.48.
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4.2. RQ 1a: Is there a significant difference between the children’s pattern
extension scores considering the intervention groups (i.e., LT group,

integrated-LT group, and business-as-usual group)?

First of all, it was considered to conduct ANCOVA to see the
differences in post extension scores between the intervention groups.
However, it was seen that the correlations between covariates (i.e., pre-
extension scores) and depended variables (i.e., post-extension scores) were
too weak (see Figure 21). So, it is advised that there is no need to assign the
pretest extension scores as a covariate and conduct ANCOVA (Pallant,
2007). Therefore, the pretest extension scores were not considered and the

differences between the groups were examined focusing on the post-test

scores.
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Figure 21. The correlation between extension pretest scores and extension

posttest scores for each group

127



According to Pallant (2007), “in a one-way ANOVA design, each
subject is treated in two or more different conditions” (p.223). Because of
that reason, in order to compare the groups, one-way between-groups
analysis of variances (ANOVA) was conducted for investigating Patterning
Extension skill. Therefore, ANOVA, rather than ANCOVA, is seen as an
appropriate test for the research question of “Is there a difference in Extension
scores for children those in HLT-group, non-HLT-group, and non-patterning
group?”. However, before conducting ANOVA, the essential assumptions
were checked. According to Pallant (2007), there are five assumptions for
ANOVA namely, Level of measurement, Random sampling, Independence
of observations, Normal distribution, and Homogeneity of variance
matrices. After ensuring these assumptions, the results of the ANOVA were

presented in the following section.

4.2.1 The Assumptions of the ANOVA

Level of measurement

To be able to perform ANOVA, the dependent variable should be
measured at the interval or ratio level, rather than discrete levels (Pallant,
2007). In this study, the testing tasks which used at pretest and posttest were
scored in a continuous scale. Therefore, no violation seems for this

assumption.

Random sampling
According to Pallant (2007), this assumption assumes that “the scores

are obtained using a random sample from the population and this is often
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not the case in real-life research” (p.197). Indeed, even though the sample
was not randomly chosen, the participants were randomly assigned to each
intervention groups. Therefore, this assumption can be considered as

assured.

Independence of observations

Pallant (2007) suggests that the observations or the collected data
should be independent, otherwise that makes a serious violation. In other
words, the participants should not be interacted and affected by each other
during the assessment. Indeed, the participants in this study were tested
one-on-one setting rather than in a group or within a classroom setting. So,

it can be stated that this assumption was not violated.

Normal distribution

In general, it is advised to have a normally distributed scores on the
dependent variable, though it is less common in social sciences (Pallant,
2007). For the assessment of the normality, Kolmogorov-Smirnova values
and histogram graphs were examined (Pallant, 2007). The results of the
Kolmogorov-Smirnov statistic reveal a non-significant result (i.e., the sig.
value for Kolmogorov-Smirnov statistic is higher than .05 for each group),

which assures the normality assumption.

Homogeneity of variance
According to Pallant (2007), the significance value (Sig.) for Levene’s
test should be greater than .05 to assure the homogeneity of variance

assumption. SPSS gives a table of “Levene’s Test of Equality of Error
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Variances” to examine the homogeneity of variances. As it is seen in Table
30, the significance value is .00 which is lower than the cut-off of .05 and
shows that variances are not equal. This may be because of the unequal
group sizes are according to random loss of subjects in an experimental
design. Therefore, the assumption of the equality of variance was violated
and the output “Robust Tests of Equality of Means” was considered for this
study. In other words, the Welch test was interpreted to detect the difference
and Games-Howell test, rather than Tukey HSD, was used for Post-hoc

analysis.

Table 30

Test of Homogeneity of Variances for Post-Extension scores

Levene
Statistic ~ dfl df2 Sig.
Post_Ext Based on Mean 14.493 2 45 .000

Based on Median 5.551 2 45 .007
Based on Median and 5.551 2 28.441 .009
with adjusted df
Based on trimmed 13.162 2 45 .000
mean

4.2.2 Performing Analysis of Variance (ANOVA) for Extension Skill

A one-way ANOVA was conducted to compare the effectiveness of
three intervention groups (i.e., Int 1: HLT-Based Intervention, Int 1: non-

HLT based Intervention, and Int 3: Business as Usual). A significant
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difference in extension post-intervention scores was found between the

groups [F(2,26.94)=3.51, p = 0.04] (see Table 31).

Table 31

Welch Test Results for Post-Extension scores

Statistic? dfl df2 Sig.
Welch 3.511 2 26.939 044

a. Asymptotically F distributed.

Besides reaching statistical significance, the actual difference in mean
scores between the groups was calculated using Eta squared and found as

.13, which is almost a large effect. Post hoc comparisons using the Games-

Howell test were carried out.

4.2.3 Post-Hoc for ANOVA

As seen in Table 32, it was found that there was a significant
difference between Int 1 and Int 3 (p = 0.035) with children in Int 1 (M=15.07,

SD= 3.33) having higher scores than those in Int 3 (M= 9.33, SD= 8.37).
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Table 32

Post-hoc Analysis for Post-Extension scores

95% Confidence
Mean Interval
(D M Difference Std. Lower  Upper
Groups Groups (I-]) Error Sig. Bound Bound
Games-  Intl Int2 1.467 1.857 .713 -3.21 6.15
Howell Int3 5733 2.151 .035 .35 11.12
Int2 Int1 -1.467 1.857 .713 -6.15 3.21
Int3 4.267 2569 .236 -2.06 10.59
Int3 Int1 -5.733" 2,151 .035 -11.12 -.35

Int2 -4.267 2.569 236 -10.59 2.06

*. The mean difference is significant at the 0.05 level.

Although the mean scores of the extension skill were higher for the
children in Int 2 (M=13.60, SD= 6.38) than Int 3 (M= 9.33, SD= 8.37), no
significant difference was found between the intervention groups (see Table

33 for descriptive information and Figure 22 for the mean plots).

Table 33

Descriptive Statistics for Extension Post-test Scores

95%  Confidence

Interval for Mean

Std. Std. Lower Upper
N  Mean Deviation Error Bound Bound Min. Max.
Int1 15 15.07 3.327 859  13.22 1691 6 18
Int2 15 13.60 6.379 1.647 10.07 17.13 1 18
Int3 18 9.33 8.367 1.972 5.17 13.49 0 18
Total 48 1246 6.860 990 10.47 1445 0 18
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Figure 22. Means plot of the extension posttest scores by the intervention
groups

43 RQ 1b: Is there a significant difference between the children’s
translation scores considering the intervention groups (i.e., LT group,
integrated-LT group, and business as usual group) while controlling for

their translation pretest scores?

In order to increase the power of the F test for the main effect of the
intervention groups the covariance adjusted and the analysis of covariance
(ANCOVA) was performed (Tabachnick & Fidell, 2013). ANCOVA is an
“extension of analysis of variance in which main effects and interactions of IVs are
assessed after DV scores are adjusted for differences associated with one or more
covariates (CVs), variables that are measured before the DV and are correlated with
it” (Tabachnick & Fidell, 2013, p.197). That is, the effect of the Independent
Variables (IVs) (i.e., the intervention types) on the Dependent Variables

(DVs) (i.e., post-translation scores) were investigated after controlling the
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Covariate Variables (CVs) (i.e., pre-translation scores). In this study, a
pretest had been conducted before the interventions were implemented and
a posttest was used after two weeks of implementations. Therefore,
performing ANCOVA was seen as an appropriate statistic. Before
conducting ANCOVA, the essential assumptions were checked. According
to Tabachnick and Fidell (2013), there are eight assumptions for ANCOVA,
namely unequal sample sizes, outliers, reliability of covariates, normality,
homogeneity of variance, multicollinearity, linearity, and homogeneity of

regression.

4.3.1 The Assumptions of the ANCOVA

Unequal n and Missing Data:

SPSS provides a descriptive statistics table to screen the dependent
variables and covariate variables for the three intervention groups as having
an unequal number of sample sizes for the groups. This situation is
meaningful and resulted from the willingness/unwillingness of the
participants to continue or drop the study at any time. Indeed, five children
from HLT group and non-HLT group and one child from non-patterning

group did not want to continue to the study.

Normality:

Normal is defined as “a symmetrical, bell-shaped curve, which has
the greatest frequency of scores in the middle with smaller frequencies
towards the extremes” (Gravetter & Wallnau 2004, p. 48). For the assessment

of the normality, Kolmogorov-Smirnova values and histogram graphs were
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examined (Pallant, 2007). The results of the Kolmogorov-Smirnov statistic
reveal a non-significant result (i.e., the sig. value for Kolmogorov-Smirnov
statistic is higher than .05 for each group), which assures the normality

assumption.

Linearity:

SPSS gives a plot graph to screen the general distribution of scores for
each of the intervention groups. As can be seen in Figure 23, a clearly linear
(straight-line) relationship appears for each group. Therefore, the
assumption of linearity was not violated. Moreover, in the graph, the R
squared values presented to show the strength of the relationship between
the dependent variable (i.e., post_trans) and the covariate variable (i.e.,
(pre_trans). In this study, it can be interpreted that these two variables are
strongly correlated. In other words, for the HLT-group (i.e., Intl) 20 percent
of the variance in scores at posttest are explained by the scores at pretest,
while it is 32 percent for non-HLT group (i.e., Int2) and 50 percent for non-
patterning group (i.e., Int3). Therefore, considering pretest scores as

covariate variable and controlling it seems appropriate for the study.
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Figure 23. Plot graph for linearity

Multicollinearity and Singularity:
This is checked when there are more than one covariates. In this
study, there is only one covariate (i.e., pretest); therefore, this assumption

was skipped.

Correlations among the covariates:
This is checked when there are more than one covariates. In this
study, there is only one covariates (i.e., pretest); therefore, this assumption

was skipped.

Homogeneity of Variance:
SPSS gives a table of “Levene’s Test of Equality of Error Variances” to
examine the homogeneity of variances. According to Pallant (2007), the
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significance value (Sig.) for Levene’s test should be greater than .05 to assure
the homogeneity of variance assumption. As it is seen in Table 34, the
significance value is .104 which is higher than the cut-off of .05 and shows
that variances are equal. Therefore, the assumption of the equality of

variance was not violated for this study.

Table 34

Levene’s Test of Equality of Error Variances”
Dependent Variable: Post_Trans

F df1 df2 Sig.
2.385 2 45 104

Tests the null hypothesis that the error variance of the dependent variable
is equal across groups.
a. Design: Intercept + Groups + Pre_Trans + Groups * Pre_Trans

Measurement of the covariate:
This assumption specifies that the covariate should be measured

before the treatment or experimental manipulation begins.

Moreover, the covariate cannot be statistically significant between the
groups. Therefore, to make sure that there are no significant differences
between the pre-translation scores among the groups, a one-way ANOVA
was conducted. As it was shown in Table 35, Sig value was found .37 which
is higher than the cut-off value of .05 (Pallant, 2007). That is, the covariate
(i.e, pre-translation scores) did not statistically differ among the

intervention groups.
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Table 35

ANOVA Test for the Covariate (Translation Pretest Score)

Sum  of Mean

Squares  df Square F Sig.
Between Groups 33.413 2 16.706 1.031 .365
Within Groups 729.067 45 16.201
Total 762.479 47

Homogeneity of Regression slopes:

This assumption was evaluated by establishing the interactions
between effects and covariates through the ANCOVA. In other words, there
should not be an interaction between covariates and the treatment groups.
As it is displayed in Table 36, the significance level of the interaction (i.e.,
Groups * Pre_Trans) is found as .641 which is more than .05 the cut-off
value. That is, the assumption of homogeneity of regression slopes was not

violated.
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Table 36

Testing Interactions between Groups and Covariates for Translation
Skills

Type III

Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected Model =~ 859.2582 5 171.852  7.436 .000 .470
Intercept 553.378 1 553.378 23.944 .000 .363
Groups 211462 2 105.731 4.575 .016 .179
Pre_Trans 465.024 1 465.024 20.121 .000 .324
Groups * Pre_Trans 20.764 2 10382 449 641 .021
Error 970.659 42  23.111
Total 4682.000 48

Corrected Total 1829917 47
a. R Squared = .470 (Adjusted R Squared = .406)
In brief then, as assuring all the assumptions, now the ANCOVA

analysis can be performed to investigate the differences between the

intervention groups.

4.3.2 Performing Analysis of Covariance (ANCOVA) for Translation Skill

A one-way between-groups analysis of covariance (ANCOVA) was
conducted to compare the effectiveness of three different interventions
designed to improve children’s patterning translation skills. The
independent variable was the type of intervention (i.e., Intl: HLT-based
gradual group, Int2: HLT integrated group, and Int 3: Business as Usual
group), and the dependent variable consisted of scores on the Patterning

Post-Translation tasks administered after two weeks the intervention was
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completed. Participants” scores on the pre-intervention administration of the
Patterning Pre-Translation were used as the covariate in this analysis.
Preliminary checks were conducted to ensure that there was no violation of
the assumptions of normality, linearity, homogeneity of variances,
homogeneity of regression slopes, and reliable measurement of the
covariate. As seen in Table 37, after controlling for pre-intervention scores,
there was a significant difference between the three intervention groups on
post-intervention scores on the Patterning Translation Tasks [F(2, 44)=7.58,

p=.001] with a very large effect size [partial eta squared=.26].

Table 37

Testing the Significance between Intervention Groups for Translation Skills

Sum of Mean Partial Eta

Squares df Square F Sig. Squared
Contrast 341.573 2 170.787  7.580 .001 256
Error 991.423 44 22.532

Note: The F tests the effect of Groups. This test is based on the linearly

independent pairwise comparisons among the estimated marginal means.

Even though, a significant difference was determined between the
intervention groups, the difference in which group was still unknown.
Therefore, to understand which intervention groups were different from the
others, a follow-up multiple comparisons using Bonferroni test was

examined.
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4.3.3 Post-Hoc for ANCOVA

As seen in Table 38, Post-hoc comparisons indicated that the mean

score for Int 2 (M= 10.60, SD= 5.70) were significantly different from Int 3

(M=4.17, SD=5.18).

Table 38
Descriptives

95% Confidence
Interval for Mean
Std.  Std. Lower  Upper
N Mean Dev. Error Bound Bound Min Max

Intl 15 9.07 6.204 1.602 5.63 12.50 0 18
Int2 15 10.60 5.705 1.473 7.44 13.76 0 18
Int3 18 417 5.182 1.221 1.59 6.74 0 18
Table 38
Post-hoc Comparisons for Translation skill
95% Confidence
Mean Interval for Difference

(D 1) Difference Std. Lower Upper
Groups Groups (I-]) Error Sig®  Bound Bound
Intl Int2 -2.963 1.762  .299 -7.348 1.423

Int3 3.471 1.689  .138 -734 7.676
Int2 Intl 2.963 1.762 299 -1.423 7.348

Int3 6.433" 1.660  .001 2.303 10.564
Int3 Intl -3.471 1.689  .138 -7.676 734

Int2 -6.433 1.660  .001 -10.564 -2.303

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Bonferroni.
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As displayed in Table 39, the adjusted marginal means with 95%
confidence interval showed that the highest scores were gained by the
participants in Intervention 2 (mean= 11.05) than those in intervention 1

(mean=8.08), and Intervention 3 (mean=4.61).

Table 39
Adjusted Means with Interval Confidence for Translation Skills

95% Confidence Interval

Groups Mean Std. Error Lower Bound Upper Bound

Int1 8.0842 1.245 5.575 10.593
Int2 11.0472 1.230 8.569 13.525
Int3 4.6132 1.123 2.350 6.877

a. Covariates appearing in the model are evaluated at the following

values: Pre_Trans = 3.90.

4.4 RQ Is there a significant difference between the children’s core
identification scores considering the intervention groups (i.e., LT group,

integrated-LT group, and business as usual group)?

In the beginning, ANCOVA was considered to conduct to detect the
differences in post-core scores between the intervention groups. However,
the correlations between covariate (i.e., pre-core scores) and dependent
variable (i.e., post-core scores) were too weak (see Figure 24). So, it is
advised that it is not necessary to assign the pretest core scores as the

covariate and perform the ANCOVA (Pallant, 2007). Therefore, the pretest
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core scores were not included and the differences between the groups were

explored considering the post-core scores.
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Figure 24. Correlations between covariate and dependent variable

In order to compare the groups, there are some tests, however,
Pallant (2007) advised one-way between-groups analysis of variances
(ANOVA) design because “each subject is treated in two or more different
conditions” (p.223). Therefore, ANOVA, rather than ANCOVA, was seen as
an appropriate test to investigate the Patterning Core Identification skill. In
other words, for the research question of “Is there a difference in Core
Identification scores for children who are in HLT-group, non-HLT-group, and non-
patterning group?”. Before performing ANOVA; however, the required
assumptions namely, Level of measurement, Random sampling,
Independence of observations, Normal distribution, and Homogeneity of
variance were checked (Pallant, 2007). After meeting the assumptions, the
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ANOVA was conducted and the results were presented in the following

section.

4.4.1 The Assumptions of ANOVA

Level of measurement

To be able to perform ANOVA, the dependent variable should be
measured at the interval or ratio level, rather than discrete levels (Pallant,
2007). In this study, the testing tasks which used at pretest and posttest were
scored in a continuous scale. Therefore, no violation seems for this

assumption.

Random sampling

According to Pallant (2007), this assumption assumes that “the scores
are obtained using a random sample from the population and this is often
not the case in real-life research” (p.197). Indeed, even though the sample
was not randomly chosen, the participants were randomly assigned to each
intervention groups. Therefore, this assumption can be considered as

assured.

Independence of observations

Pallant (2007) suggests that the observations or the collected data
should be independent, otherwise that makes a serious violation. In other
words, the participants should not be interacted and affected by each other

during the assessment. Indeed, the participants in this study were tested
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one-on-one setting rather than in a group or within a classroom setting. So,

it can be stated that this assumption was not violated.

Normal distribution

In general, it is advised to have a normally distributed scores on the
dependent variable, though it is less common in social sciences (Pallant,
2007). For the assessment of the normality, Kolmogorov-Smirnova values
and histogram graphs were examined (Pallant, 2007). The results of the
Kolmogorov-Smirnov statistic reveal a non-significant result (i.e., the sig.
value for Kolmogorov-Smirnov statistic is higher than .05 for each group),

which assures the normality assumption.

Homogeneity of variance

According to Pallant (2007), the significance value (Sig.) for Levene’s
test should be greater than .05 to assure the homogeneity of variance
assumption. SPSS gives a table of “Levene’s Test of Equality of Error

Variances” to examine the homogeneity of variances (See Table 40).

Table 40

Test of Homogeneity of Variances for core-identification skills

Levene Statistic dfl  df2 Sig.
Post_Core Based on Mean 36.439 2 45 .000
Based on Median 7.491 2 45 .002
Based on Median and 7.491 2 19.285 .004
with adjusted df
Based on trimmed 36.978 2 45 .000
mean
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As it is seen in Table 40, the significance value is .00 which is lower
than cut-the off of .05 and shows that variances are not equal. This may be
because of the unequal group sizes are according to random loss of subjects
in an experimental design. Therefore, the assumption of the equality of
variance was violated and the output “Robust Tests of Equality of Means”
was considered for this study. In other words, the Welch test was
interpreted to detect the difference and Games-Howell test, rather than

Tukey HSD, was used for Post-hoc analysis.

4.4.2 Performing Analysis of Variance (ANOVA) for Core Identification
Skill

A one-way ANOVA was conducted to compare the effectiveness of
three intervention groups (i.e.,, Int 1: HLT-Based Intervention, Int 1: non-
HLT based Intervention, and Int 3: Business as Usual). A significant

difference in core identification post-intervention scores was found between

the groups [F(2,19.91)=40.04, p = 0.00] (see Table 41).

Table 41

Welch Test Results for core-identification skills

Statistic? df1 df2 Sig.

Welch 40.040 2 19.911 .000
a. Asymptotically F distributed.
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4.4.3 Post-Hoc for ANOVA

Besides reaching statistical significance, the actual difference in mean
scores between the groups was calculated using Eta squared and found as
49, a very large effect. Post hoc comparisons using the Games-Howell test

were carried out (see Table 42).

Table 42

Post-hoc Analysis for core-identification skills

95% Confidence
Mean Interval
1)) Difference Std. Lower Upper
Groups (J) Groups (I-]) Error Sig. Bound Bound
Games- Intl Int2 -2.000 2.688 .740 -8.69 4.69
Howell Int3 10.467 2232 .001 4.66 16.28
Int2 Intl 2.000 2.688 .740 -4.69 8.69
Int3 12.467 1.570 .000 8.40 16.54
Int3 Int1 -10.467° 2232 .001 -16.28 -4.66
Int2 -12.467° 1.570 .000 -16.54 -8.40

*. The mean difference is significant at the 0.05 level.

As seen in Table 42, it was found that there was a significant
difference between Int 1 and Int 3 (p = 0.001) with children in Int 1 (M=10.80,
SD= 8.55) having higher scores than those in Int 3 (M= 0.33, SD= 1.41). A
significant difference was also found between Int 2 and Int 3 (p = 0.000) with
children in Int 2 (M= 12.80, SD= 5.94) having higher scores than those in Int 3
(M=0.33, SD=1.41). Although the mean scores of the core identification skill
were higher for the children in Int 2 (M=12.80, SD= 5.94) than Int 1 (M=

10.80, SD= 8.55), no significant difference was found between the
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intervention groups (see Table 43 for descriptive information and Figure 25

for the mean plot).

Table 43

Descriptive Statistics for Core Identification Post-test Scores

95% Confidence
Interval for Mean

Std. Std. Lower  Upper
N Mean Deviation Error Bound Bound Min. Max.
Intl 15 10.80 8.546 2206 6.07 15.53 0 18
Int2 15 12.80 5.943 1.534 9.51 16.09 0 18
Int3 18 .33 1.414 333 -37 1.04 0 6
Total 48 750  8.069 1.165 5.16 9.84 0 18
c§I
g 50
Int1 Int2 Int3
Groups

Figure 25. Means plot of the core identification posttest scores
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4.5 RQ 2: How Do Children Establish Their Patterning Skills?

4.5.1 RQ 2a: How Do Children Establish Patterning Extension
Skill?

For extension skill, two computer-supported examples were shown
on AB, ABB, ABC type patterns. For this purpose, heat maps were created

and fixation duration metric was calculated.

4,5.1.1 Extension of AB Pattern

As displayed in Figure 26 and Figure 27, the heat maps related to
extension skill for AB pattern showed that children had some fixations
overall the given pattern but mostly focused on the last core (i.e., core 3) to
extend the pattern. It was the same for both examples. Accumulative values
were used in order to display the heat maps. These behaviors were shown
by the children in Intervention 1, the gradual HLT group, in Session 3 after
being trained about fixing and duplicating skills but not about translating
and core identification skills. For children in intervention 2, it was so easy

that no eye-tracking data were available for the extension of the AB pattern.

| ‘ | A
G[.O;‘.Z.T:,

Figure 26. Extension of AB pattern (circle-square) in Intervention 1
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Figure 27. Extension of AB pattern (Strawberry - Grapes) in Intervention 1

In addition to the heat maps images, fixation durations supported the
findings. For each example shown above, the Areas of Interest (AOIs) were
created with the size of 205 X 210 px (width X height) and the fixation
duration values were calculated for each core unit of the pattern. As shown
in Table 44, the sum of the fixation duration for the Core 1 was found as 3.37
seconds (M= 0.16, SD= 0.09) while it was found as 9.54 seconds for Core 2
(M=0.23, SD=0.12) and 17.20 seconds for Core 3 (M= 0.22, SD= 0.14).

This was the same in the second example, too. In other words, as
presented in Table 45, the sum of the fixation duration for Core 1 was
calculated as 6.13 seconds (M= 0.27, SD= 0.18) while it was calculated 5.42
seconds for Core 2 (M= 0.19, SD= 0.12) and 10.66 seconds for Core 3 (M=
0.24, SD=0.22) (see Table 2). These findings in both examples supported that

children mostly focus on Core 3 (i.e., the last core) to extend an AB pattern.
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4.5.1.2 Extension of ABB Pattern

As displayed in Figure 28, the heat map related to extension skill for
ABB pattern showed that children mostly skipped the first core and focused
on the last core (i.e., Core 3) to extend the given ABB pattern. Accumulative
values were used in order to display the heat maps. These behaviors were
shown by the children in Intervention 1, the gradual HLT group, in Session
5 after being trained about fixing, duplicating, and extension skills. For
children in intervention 2, it was so easy that no eye-tracking data were

available for the extension of the ABB pattern.

P e
-

<

X i | _

Figure 28. Heat map for the extension of ABB pattern

Besides the heat map image, fixation durations supported these
tindings. For the example shown above, the Areas of Interest (AOIs) were
created with the size of 205 X 210 px (width X height) and the fixation
duration values were calculated for each core unit of the pattern. That is,
except from Rec 11, it was found that almost all of the children skipped the
first core (i.e., Core 1). While the sum of the fixation duration was calculated
as 2.14 seconds for Core 2 (M= 0.16, SD= 0.10), it was found as 10.28 seconds
for Core 3 (M= 0.19, SD= 0.22) (see Table 46).
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4.5.1.3 Extension of ABC Pattern

As displayed in Figure 29, the heat map related to extension skill for
ABC pattern showed that children mostly focused on the last core (i.e., Core
3) to extend the given pattern. It was also seen that some fixations were seen
at the beginning of the model pattern as well as the extension part.
Accumulative values were used in order to display the heat maps. These
behaviors were shown by the children in Intervention 1, the gradual HLT

group, in Session 6 after being trained about fixing, duplicating, and

extension of AB and ABB patterns.

v

Figure 29. The heat map for ABC extension in Intervention 1

For children in intervention 2 (i.e., integrated non-HLT group),
although little findings were found, it can be said that the last core (i.e., Core
3) had the most fixation duration for the extension of ABC pattern which

was asked in the Session 2 (see Figure 30).

ST

Figure 30. The heat map for ABC extension in Intervention 2
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Besides the heat map image, fixation durations supported these
findings. For the example shown above, the Areas of Interest (AOIs) were
created with the size of 190 X 240 px (width X height) and the fixation
duration values were calculated for each core unit of the pattern. When
quantitative eye-tracking metrics were examined for ABC pattern, similar
findings were found with the heat map shown above. In Intervention 1, the
sum of the fixation duration was calculated as 2.21 seconds for Core 1 (M=
0.20, SD= 0.17), while it was found as 1.83 seconds for Core 2 (M= 0.23, SD=
0.15), 10.43 seconds for Core 3 (M= 0.23, SD= 0.24) (see Table 47).

On the other hand, in Intervention 2, the sum of the fixation duration
was calculated as 0.17 seconds for Core 1 (M= 0.17), while it was found as
0.07 seconds for Core 2 (M= 0.07), 2.87 seconds for Core 3 (M= 0.22, SD= 0.24)
(see Table 48).
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4.5.2 RQ 2b: How Do Children Establish Patterning Translation Skill?

4.5.2.1 Translation of AB pattern into Different Materials

As displayed in Figure 31, the heat map related to translation skill for
AB pattern had a different cognitive process than extension skill for AB
pattern. That is, children’s eye moved over all core units of the given pattern
rather than focusing on the specific one. Accumulative values were used in
order to display the heat map for the participants in Intervention 2 (i.e.,
integrated non-HLT group) Session 4 after being trained about fixing,
extension, and core identification skills. Because of the non-availability of
the eye-tracker, no eye-tracking data could be collected for the children in

Intervention 1 (i.e., gradual HLT group).

" wl
"!’x t\'k14ﬁ°

Figure 31. The heat map for AB translation in Intervention 2

Besides the heat map image, fixation durations supported these
findings. The Areas of Interest (AOIs) were created with the size of 175 X

240 px (width X height) and the fixation duration values were calculated for
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each core unit of the pattern and similar findings were found with the heat
map shown above. That is, the sum of the fixation duration was calculated
as 9.89 seconds for Core 1 (M= 0.29, SD= 0.27), while it was found as 9.00
seconds for Core 2 (M= 0.28, SD= 0.25), and 6.62 seconds for Core 3 (M= 0.18,
SD=0.11) (see Table 49).
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4.5.2.2 Translation of ABB pattern into Different Materials

As demonstrated in Figure 32, the heat map related to translation skill
for ABB pattern had a different cognitive process than extension skill for
ABB pattern. That is, children’s eye moved over the all core units of the
given pattern but mostly on the second core (i.e., Core 2) and the first core
(i.e., Core 1). Accumulative values were used in order to display the heat
map for the participants in Intervention 2 (i.e., integrated non-HLT group)
Session 4 after being trained about fixing, extension, and core identification
skills. Because of the non-availability of the eye-tracker, no eye-tracking data

could be collected for the children in Intervention 1 (i.e., gradual HLT

group).

""vits? \\

Figure 32. The heat map for ABB translation in Intervention 2

Besides the heat map image, fixation durations supported these
findings. The Areas of Interest (AOIs) were created with the size of 215 X
240 px (width X height) and the fixation duration values were calculated for
each core unit of the pattern. Quantitative eye-tracking metrics were
explored for ABB pattern and similar findings were found with the heat

map shown above. The sum of the fixation duration was calculated as 4.47
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seconds for Core 1 (M= 0.19, SD= 0.14), while it was found as 5.29 seconds
for Core 2 (M= 0.21, SD= 0.14), and 1.92 seconds for Core 3 (M= 0.14, SD=
0.12) (see Table 50).
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4.5.2.3 Translation of ABC Pattern into Different Materials

As demonstrated in Figure 33, the heat map related to translation skill
for ABC pattern had a different image than the translation skills for AB (i.e.,
Figure 31) and ABB pattern type (i.e., Figure 32). That is, children mostly
focused on the task to be completed rather than the given pattern. It seemed
that the third core had more interest in the ABC translation task.
Accumulative values were used to display the heat map for the participants
in Intervention 2 (i.e., integrated non-HLT group), Session 4 after being
trained about fixing, extension, and core identification skills. Because of the
non-availability of the eye-tracker, no eye-tracking data could be collected

for the children in Intervention 1.

ARe/A H X P

Figure 33. The heat map for ABC translation in Intervention 2

Besides the heat map image, fixation durations supported these
findings. The Areas of Interest (AOIs) were created with the size of 240 X
200 px (width X height) and the fixation duration values were calculated for
each core unit of the pattern. Quantitative eye-tracking metrics were

explored for ABC pattern and similar findings were found with the heat
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map shown above. The sum of the fixation duration was calculated as 0.47
seconds for Core 1 (M= 0.12, SD= 0.05), while it was found as 1.20 seconds
for Core 2 (M= 0.24, SD= 0.28), and 2.62 seconds for Core 3 (M= 0.15, SD=
0.09) (see Table 51).
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4.5.3 RQ 2c¢) How Do Children Establish Patterning Core Identification
Skill?
4.5.3.1 Core Identification of AB Pattern

Before children were asked to find the core unit of the AB pattern,
they were shown three examples and asked to find the AB located in the
bottom of the picture (i.e, orange-blue squares). As seen in Figure 34,

children visited all the pattern types (i.e.,, AB, ABB, and ABC) to find the AB

pattern.

PN N o k¢
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Figure 34. The heat map for choosing the AB pattern in Intervention 2

Besides the heat map, quantitative metrics supported these findings.
The Areas of Interest (AOIs) were created with the size of 1020 X 180 px

(width X height) and the visit duration values were calculated for each
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pattern type. As presented in Table 52, the sum of the visit duration of each
pattern type was found as 56.73 seconds for AB pattern (M= 1.21, SD=1.76),
51.83 seconds for ABB pattern (M= 1.02, SD= 1.88), and 59.66 seconds for
ABC pattern (M= 0.83, SD=1.06).
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However, it can be said that the AB pattern got more attention than
the others. The fixation duration values supported these findings. The Areas
of Interest (AOIs) were created with the size of 1020 X 180 px (width X
height) and the fixation duration values were calculated for each pattern
type. The mean of the fixation duration was calculated as 0.28 seconds for
AB pattern (SD= 0.22), while it was found as 0.23 seconds for ABB (SD=
0.15), 0.24 seconds for ABC pattern (SD= 0.18) (see Table 53).
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For children in intervention 2 (i.e., integrated non-HLT group), the
eye-tracking data revealed more extensive results. The core identification
task was asked in Session 3 before the translation tasks but after the fixing,
duplication, and extension tasks. It can be said that all core units were

visited by children (see Figure 35).

Figure 35. The heat map for AB core identification in Intervention 2

Besides the heat map image, fixation durations supported these
findings. The Areas of Interest (AOIs) were created with the size of 250 X
250 px (width X height) and the fixation duration values were calculated for
each core unit of the pattern. The sum of the fixation duration was
calculated as 12.32 seconds for Core 1 (M= 0.34, SD= 0.28), while it was
found as 15.33 seconds for Core 2 (M= 0.29, SD= 0.26), 13.05 seconds for Core
3 (M= 0.24, SD= 0.15), and 15.10 seconds for Core 4 (M= 0.27, SD= 0.23) (see
Table 54). That is, although the fixation durations seemed close to each
other, the most fixations were seen on the second core, fourth core, third

core, and first core, respectively (see Table 54).
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The same examples were shown again and children were asked to
find the ABB pattern which is at the top of the picture (i.e., circle, square,
square) (see Figure 36). It seems that children had difficulty to find ABB

pattern, rather mostly focused on ABC pattern in the given examples.
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Figure 36. The heat map for finding the ABB pattern in Intervention 2

Besides the heat map, quantitative metrics supported these findings.
The Areas of Interest (AOIs) were created with the size of 1020 X 180 px
(width X height) and fixation durations were calculated for each pattern
type. As presented in Table 55, the sum of the fixation duration of each
pattern type was found as 5.77 seconds for AB pattern (M= 0.26, SD= 0.17),
2.27 seconds for ABB pattern (M= 0.14, SD=0.09), and 17.65 seconds for ABC
pattern (M= 0.22, SD= 0.20).
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When they are asked to find the core unit of ABB pattern, it can be

said that all core units were visited by the children (see Figure 37).

SR S 9l

Figure 37. The heat map for ABB core identification in Intervention 2

For the example shown above (i.e., in Figure 37), the Areas of Interest
(AOIs) were created with the size of 340 X 250 px (width X height) and the
fixation duration values were calculated for each core unit of the pattern.
The sum of the fixation duration was calculated as 12.37 seconds for Core 1
(M= 0.23, SD= 0.18), while it was found as 18.62 seconds for Core 2 (M= 0.27,
SD= 0.26), and 17.39 seconds for Core 3 (M= 0.23, SD= 0.14) (see Table 56).
That is, although the fixation durations seemed close to each other, the most
fixations were seen on the second core, third core, and first core,

respectively to find an ABB core unit (see Table 56).
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Lastly, the same examples were shown again and children were
asked to find the ABC pattern which is in the middle of the picture (i.e.,
yellow, purple, and red circles) (see Figure 38). It seems that children did
not have so much difficulty to find the ABC pattern because most fixations

were seen on the ABC pattern.
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Figure 38. The heat map for finding the ABC pattern in Intervention 2

Besides the heat map, quantitative metrics supported these findings.
The Areas of Interest (AOIls) were created with the size of 1024 X 180 px
(width X height) and fixation durations were calculated for each pattern
type. As presented in Table 57, the sum of the fixation duration of each
pattern type was found as 0.57 seconds for AB pattern (M= 0.19, SD= 0.11),
0.70 seconds for ABB pattern (M= 0.14, SD= 0.07), and 3.58 seconds for ABC
pattern (M= 0.16, SD= 0.09).
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When they are asked to find the core unit of ABC pattern, it can be

said that all core units were visited by the children (see Figure 39).

~ I =~ '

Figure 39. The heat map for ABC core identification in Intervention 2

For the example shown above (i.e., in Figure 39), the Areas of Interest
(AQOIs) were created with the size of 340 X 250 px (width X height) and the
fixation duration values were calculated for each core unit of the pattern.
The sum of the fixation duration was calculated as 9.32 seconds for Core 1
(M= 0.20, SD= 0.16), while it was found as 14.10 seconds for Core 2 (M= 0.25,
SD=0.21), and 10.75 seconds for Core 3 (M= 0.21, SD= 0.16) (see Table 58). In
can be resulted that the most fixations were seen on the second core, third

core, and first core, respectively to find an ABC core unit.

181



910 S0t 1Z°0 0s 1Z°0 or'y: sZ'0 L5 910 Ze6 0z'0 Ly sbuipsod3y ||y

= E - E - = - = = - = = 1T 23y

- - - - 0E’0 L8°0 0 v - - - - 80 %y
81°0 79's €70 { £4 61°0 19y €20 114 L4 ] s’y €T°0 0z 60 >3y
€10 65T 0z'0 €1 o LO'E 0£’0 €1 0z'o 9L°0 sT°0 £ 0T >3y
vZ'0 €T°T 1E°0 v €1°0 LLo S1°0 S 00 850 S1°0 v L0 5%
- - - - - - - - - - - - £0 22y

- - - - 100 B1°0 60°0 T = 0o £0°0 1 20 2=y

- - - - - S0 sT°0 1 - - - - S0 ™

- - - - - 800 80°0 T 60°0 £8°0 ¥1'0 9 10 284
1o 0E’1 vio 6 ST0 Lv'E ZE'0 14 900 0s°T 61°0 |24 90 >3y
uodas’) 10335°) 10295°) ( 3uno) ) 10335°) 10335") 10295°) (3uno) ) 10035°) 10235") 10335") (3unca ) sbuipioday

ARpIS wns ueap N ARPIS wns ueap N ARPIS wns ueap N
€ 340D € 40D T @400

Z U01JUIIIUT UL ULV DGV Y1 Jo uovdLf1yuapy 2407 10f SaINSVIN UOIVAN(] UOIIVXLT

8G 9IqeL

182



A second example of AB, ABB, and ABC pattern was shown to
children to choose the specific pattern and to find the related core unit of
that pattern. For example, children were presented three examples AB, ABB,
and ABC pattern in a different order and first asked to find the AB pattern.
The example for choosing an AB pattern (i.e., heart, smiley face) located in
the middle of the screen revealed similar findings as the most attention was

given to the AB pattern (see Figure 40).
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Figure 40. The second example of heat map for finding the of AB pattern in
Intervention 2

Besides the heat map, quantitative metrics supported these findings.
The Areas of Interest (AOIs) were created with the size of 1024 X 160 px
(width X height) and fixation durations were calculated for each pattern
type. As presented in Table 59, the sum of the fixation duration of each
pattern type was found as 16.86 seconds for AB pattern (M= 0.18, SD=0.11),
7.47 seconds for ABB pattern (M= 0.16, SD=0.09), and 10.04 seconds for ABC
pattern (M= 0.26, SD=0.14).
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When children were asked to find the core unit of AB pattern, they

mostly focused on the first core of the pattern (see Figure 41).
l

VOVOVIVEe

Figure 41. The second example of the heat map for AB core identification in

Intervention 2

Besides the heat map image, fixation durations supported these
findings. For the example shown above (i.e., in Figure 41), the Areas of
Interest (AOIs) were created with the size of 250 X 250 px (width X height)
and the fixation duration values were calculated for each core unit of the
pattern. The sum of the fixation duration was calculated as 9.32 seconds for
Core 1 (M= 0.21, SD= 0.15), while it was found as 3.73 seconds for Core 2
(M= 0.19, SD= 0.15), 6.97 seconds for Core 3 (M= 0.24, SD= 0.23), and 6.43
seconds for Core 4 (M= 0.23, SD= 0.15) (see Table 60). That is, although the
fixation durations seemed close to each other, the most fixations were seen

on the first core, third core, fourth core, and second core, respectively.
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The same examples were shown again and children were asked to
find the ABB pattern which is at the bottom of the picture (i.e., blue, pink,
pink stars) (see Figure 42). It seems that children had difficulty to find ABB

pattern, rather mostly focused on ABC pattern in the given examples.
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Figure 42. The second set of example of heat map for finding the of ABB

pattern in Intervention 2

Besides the heat map, quantitative metrics supported these findings.
The Areas of Interest (AOIls) were created with the size of 1024 X 160 px
(width X height) and fixation durations were calculated for each pattern
type. As presented in Table 61, the sum of the fixation duration of each
pattern type was found as 4.84 seconds for AB pattern (M= 0.22, SD= 0.18),
6.44 seconds for ABB pattern (M= 0.24, SD= 0.12), and 7.24 seconds for ABC
pattern (M= 0.24, SD=0.11).
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When children were asked to find the core unit of ABB pattern, their
fixations were spread throughout the core units of the pattern (see Figure

43).

Figure 43. The second set of example of the heat map for ABB core

identification in Intervention 2

Besides the heat map image, fixation durations supported these
findings. For the example shown above (i.e.,, in Figure 43), the Areas of
Interest (AOIs) were created with the size of 340 X 250 px (width X height)
and the fixation duration values were calculated for each core unit of the
pattern. The sum of the fixation duration was calculated as 8.30 seconds for
Core 1 (M= 0.17, SD= 0.12), while it was found as 7.92 seconds for Core 2
(M= 0.19, SD= 0.12), and 8.44 seconds for Core 3 (M= 0.24, SD= 0.13), (see
Table 62). That is, although the fixation durations seemed close to each
other, the most fixations were seen on the third core, first core, and second

core, respectively.
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Finally, the same example was shown for choosing ABC pattern (i.e.,
sun, cloud, moon) which was located at the top of the screen (see Figure 44).
It seems that children did not have so much difficulty to find an ABC

pattern because most fixations were seen on the ABC pattern.
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Figure 44. The second example of heat map for finding the of ABC pattern in

Intervention 2

Besides the heat map, quantitative metrics supported these findings.
The Areas of Interest (AOIs) were created with the size of 1024 X 160 px
(width X height) and fixation durations were calculated for each pattern
type. As presented in Table 63, the sum of the fixation duration of each
pattern type was found as 1.91 seconds for AB pattern (M= 0.15, SD= 0.08),
1.52 seconds for ABB pattern (M= 0.14, SD= 0.04), and 5.79 seconds for ABC
pattern (M= 0.20, SD=0.14).
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When they are asked to find the core unit of the ABC pattern, it can
be said that all core units were visited by the children but mostly focused on

the first core of the pattern (see Figure 45).

2 PR C

Figure 45. The second example of the heat map for ABC core identification

in Intervention 2

Moreover, for the example shown above (i.e., in Figure 45), the Areas
of Interest (AOIs) were created with the size of 340 X 250 px (width X
height) and the fixation duration values were calculated for each core unit of
the pattern. The sum of the fixation duration was calculated as 13.94 seconds
for Core 1 (M= 0.27, SD= 0.16), while it was found as 11.28 seconds for Core
2 (M= 0.25, SD= 0.17), and 5.90 seconds for Core 3 (M= 0.19, SD= 0.14) (see
Table 66). In can be resulted that the most fixations were seen on the first

core, second core, and third core, respectively to find an ABC core unit.
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In order to get more information on how children accomplish the core
identification task, the gaze plot belonging to a participant (i.e., Rec 6) was
examined in detail. This participant represents a child who had no idea
about core identification at first but achieved the task in the second example.
Therefore, giving the gaze path of this participant would be meaningful to
understand related cognitive mechanisms. For example, as displayed in
Figure 46, when a child was asked to find the AB pattern in the given
examples, Rec 06 started scanning the patterns from the top of the screen.
After visiting the ABB pattern for a while, s/he jumped to the AB pattern.
However, s/he did not focus so much on AB pattern, rather jumped to ABC
and then again ABB pattern. Therefore, s/he could not find the correct one

among the patterns.

Figure 46. The gaze plot belonging to Rec 06 to find the AB pattern
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However, after realizing the incorrect examples with the feedback of
the researcher, s/he finally found the AB pattern, correctly. The gaze plot
and heat map for finding the correct AB pattern was presented in Figure 47

and Figure 48, below.

g D

Figure 47. The gaze plot belonging to Rec 06 to find AB pattern with help
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Figure 48. Heat map plot belonging to Rec 06 to find AB pattern with help
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Later then, the child was asked to find the core unit of the AB pattern.
As displayed in the gaze plot (see Figure 49), starting from the middle of the
pattern, the child then moved to the end of the pattern, and then again to the
middle, and then to the beginning of the pattern as looking at the whole
pattern for many times. This shows that the child had difficulty to find the
core unit of the AB pattern. The heat map also supported these findings (see
Figure 50).

Figure 49. The gaze plot belonging to Rec 06 to find AB core unit with help

Figure 50. The gaze plot belonging to Rec 06 to find AB core unit with help

Similarly, when the child was shown the same examples and asked to

find the ABB pattern, s/he started scanning the patterns from the middle of
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the screen (see Figure 51). Even though s/he visited AB and ABB pattern for
a short time, s/he mostly focused on the ABC pattern and could not find the

correct one among the patterns.
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Figure 51. The gaze plot belonging to Rec 06 to find the ABB pattern

However, after realizing the incorrect examples with the feedback of
the researcher, s/he finally found the ABB pattern, correctly. The gaze plot
(see Figure 52) and heat map (see Figure 53) for finding the correct ABB

pattern was presented as follow.
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Figure 53. Heat map belonging to Rec 06 to find ABB pattern with help
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Later then, the child was asked to find the core unit of the ABB
pattern. As displayed in Figure 54, the child had difficulty to find the core as

looking at the whole pattern for many times. The heat map also supported

these findings (see Figure 55).

Figure 54. The gaze plot belonging to Rec 06 to find ABB core unit with help
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Figure 55. The heat map belonging to Rec 06 to find ABB core unit with help

Lastly, when the child was shown the same examples and asked to
find ABC pattern, s/he started to look at the correct one as stating “because
this one is left for ABC pattern”. Indeed, the gaze plot (see Figure 56) and
the heat map (see Figure 57) supported this finding.
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Figure 56. The gaze plot belonging to Rec 06 to find ABC pattern
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Figure 57. The heat map belonging to Rec 06 to find ABC pattern

Later then, the child was asked to find the core unit of the ABC
pattern. As displayed in Figure, the child had difficulty to find the core as

looking at the whole pattern for many times. Starting from the beginning of
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the pattern (see Figure 58), s/he gazed forward and backward (See Figure

59). The heat map also supported these findings (see Figure 60).

Figure 60. The heat map belonging to Rec 06 to find ABC core unit with help

On the other hand, for the second example shown to the child to find
the AB, ABB, and ABC pattern, s/he could find the correct pattern types
without any feedback. Indeed, the related gaze plots and heat maps
supported a clear and focused eye-tracking data. For example, when the
child was asked to find an AB pattern, as shown in Figure 61, the child
started scanning from the AB pattern and looked at ABB pattern for a very
short time. Later then, the child visited the AB pattern in a determined way.
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Figure 61. The gaze plot belonging to Rec 06 to find AB pattern without help

The heat map also supported these findings, as displayed in Figure

62, below.

Figure 62. The heat map belonging to Rec 06 to find AB pattern without help
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Later then, the child was also asked to find the core unit of the AB
pattern. This time, the child was trained on finding the core unit of a
pattern. So, as displayed in Figure 63, it seems that the child clearly noticed

the core unit as looking at the beginning of the pattern. The heat map also

supported these findings (see Figure 64).

Figure 63. The gaze plot belonging to Rec 06 to find AB core without help

Figure 64. The heat map belonging to Rec 06 to find AB core without help

Similarly, when the child was shown the same examples and asked to
find ABB pattern, s/he started scanning the patterns from the middle of the
screen. However, the fixations clearly showed that the child mostly focused
on the correct one as looking at the beginning of the ABB pattern (see Figure

65).
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Figure 65. The gaze plot belonging to Rec 06 to find ABB pattern without

help

The heat map also supported these findings as demonstrated in

Figure 66.
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Figure 66. The heat map belonging to Rec 06 to find ABB pattern without
help
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Later then, the child was also asked to find the core unit of ABB
pattern. This time, the child was trained on finding the core unit of a
pattern. So, as displayed in Figure 67, it seems that the child clearly noticed

the core unit as looking at the beginning of the pattern. The heat map also

supported these findings (see Figure 68).
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Figure 67. The gaze plot belonging to Rec 06 to find ABB core without help

Figure 68. The heat map belonging to Rec 06 to find ABB core without help

Lastly, when the child was shown the same examples and asked to
find the ABC pattern, s/he started scanning the patterns from the middle of
the screen. However, the fixations clearly showed that the child mostly
focused on the correct ABC pattern as looking at the beginning of the ABC
pattern (see Figure 69). Therefore, it can be said that the child can recognize

the core and use the core unit to find the related pattern type.
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Figure 69. The gaze plot belonging to Rec 06 to find ABC pattern without

) o

help

The heat map also supported these findings as demonstrated in

Figure 70.

Figure 70. The heat map belonging to Rec 06 to find ABC pattern without

help
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Later then, the child was also asked to find the core unit of the ABC
pattern. This time, the child was trained on finding the core unit of a
pattern. So, as displayed in Figure 71, it seems that the child clearly noticed
the core unit as looking at the beginning of the pattern. The heat map also

supported these findings (see Figure 72).

Figure 71. The gaze plot belonging to Rec 06 to find ABC core without help

Figure 72. The heat map belonging to Rec 06 to find ABC core without help

As it is seen, both the gaze plot and the heat map helped to
understand the child’s cognitive reactions to find the pattern types as well

as the core unit of the related pattern.
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CHAPTER 5

DISCUSSIONS, CONCLUSION, AND IMPLICATION

The final chapter of this study is concluded in two sections. First, the
findings of the research data are interpreted. Second, the possible

implications and recommendations are presented.

5.1 Conclusion and Discussion

The present study served to evaluate the efficacy of a revised version
of Hypothetical Learning Trajectories (HLTs) on patterning proposed
Clements and Sarama (2009; see Baroody, Yilmaz, Clements, & Sarama, 2019
for the revised version). Moreover, with the help of the eye-tracking
methodology, the study revealed the cognitive mechanism underlying

several patterning skills.

5.1.1 RQ 1: Does instruction in which Learning Trajectories (LT)
levels are taught consecutively (e.g., presenting children at level n-
instructional tasks from level n+1, then n+2, and so forth) result in greater
learning than instruction that uses the same activities without regard to

developmental order or business-as-usual instruction?

After controlling for overall pretests scores, an Analysis of

Covariance (ANCOVA) revealed a significant and, as indicated by large
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effect size, a highly substantial difference between the treatment (the
gradual HLT-based intervention) and the passive control condition (regular
classroom instruction or business-as-usual) on the overall score at the
delayed posttest. The active control condition (integrated non-HLT-based
intervention) likewise significantly and highly substantially outperformed

and business-as-usual condition.

When each patterning skill (i.e., extension, translation, and core
identification) was separately investigated, significant differences were
found between at least one intervention group and the business-as-usual
group. Specifically, for the extension skill, a significant and highly
substantial difference was detected between the gradual HLT-based
intervention and the business-as-usual group. However, a non-significant
but substantial difference was found between the integrated non-HLT-based
intervention and business as usual group. Moreover, the participants in the
gradual HLT-based intervention were more successful than the integrated
non-HLT-based intervention but no significant difference was found
between them. In terms of translation skills, a significant and highly
substantial difference was detected between the integrated non-HLT-based
intervention and business-as-usual group but not between the gradual HLT-
based intervention and business-as-usual group. Moreover, unlike
significance levels between the gradual HLT-based intervention and
business-as-usual group, as indicated by large effect size, a highly
substantial difference was found between them. In addition, even though
non-HLT-based intervention group performed better than the gradual HLT-
based intervention, no significant but considerably substantial difference

was found between them. Lastly, regarding core identification skills, a
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significant and highly substantial difference was found between the gradual
HLT-based or the integrated non-LT-based group and business-as-usual
group. However, no significant but considerably substantial difference was
found between non-HLT-based intervention group and the gradual HLT-
based intervention, even though children in non-HLT-based intervention
group outperformed. The reason for the results that children children in
integrated non-HLT group did better than the children in gradual HLT-
group might be that children in integrated non-HLT group got the idea of
the core before HLT-group children because they were instructed from the
beginning of the training. Therefore, they could be more successful in Level

3 and Level 4.

The positive change in both treatment and active-control group
support that children at this age and maturity level have the ability to
improve their advance patterning skills such as translation (i.e., abstraction)
and core identification. The lack of growth by business-as-usual group
indicates that without structured patterning instruction, kindergartners may
well not make progress on such skills. Therefore, early childhood education
programs can be revised as giving more emphasis on the sophisticated HLT
levels on patterning and early childhood teachers can pay more attention to
this necessity when planning patterning instruction aligned with children’s

developmental progressions.

Both the gradual HLT-based children and integrated non-HLT
children benefitted significantly from the targeted patterning instruction.
That is, as some participants in the integrated non-HLT training appeared to

thrive with the challenge of learning many new ideas, the results of the
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present study show that one method may not suit all children. This finding
is parallel to the previous literature about the instruction of the early
mathematical skills recommended by The National Association for the
Education of Young Children (NAEYC, 2002; 2012) and National Council for
Curriculum and Assessment (NCCA, 2014). Moreover, this result can be
explained by Vygotsky’s (1978) Zone of Proximal Development (ZPD),
which is defined as “there is a gap between any student’s...actual
developmental level as determined by independent problem-solving and
the level of potential development as determined through problem-solving
under adult guidance or in collaboration with more capable peers” (p. 86).
It is not known whether HLT-based children would not have done the same
if they received the integrated non-HLT instruction. But what observed that
children in integrated non-HLT group was really challenged and they could
improve their skills with scaffolding. Therefore, they gained more scores
regarding translation and core identification scores. That is, children may
have different HLT levels and need to be encouraged to improve their

current level of thinking.

5.1.2 RQ 2: How do children establish their patterning skills (i.e.,

extension, translation, and core identification)?

Eye-tracking methodology and qualitative analyses revealed a
number of interesting findings. For example, the heat maps demonstrated
that when children were asked to extend a given AB pattern, they had

prolonged viewing unfocussed gazing on overall the pattern, however;
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mostly focused on the last core of the model pattern. This finding supports
that children are first looking at the whole pattern to identify it, and then
they use the last core to extend the given pattern. These cognitive behaviors
were similar to the extension of the ABB and ABC pattern type (see the heat
maps in Figures 26, 27, 28, 29, and 30). Moreover, the fixation duration
measures quantitatively supported these findings related to the patterning
extension skills. These findings are contrary to claims that children usually
apply the “one-to-one appearance matching” (Collins & Laski, 2015;
Threlfall, 1999) and compare the elements of the pattern either within or at
the beginning of the pattern because they are not aware of the unit of repeat
(i.e., unit core) during the pattern extension skill (Liiken, 2018). Instead, the
present results indicate that children may implicitly be aware of the core
unit of the pattern and use this this awareness to correctly extend simple
repeating patterns. In other words, children’s fixations on the third core may
support that they use the last core as a reference to extend the given pattern.
What makes this result more impressive was that children naturally had
applied this strategy because they had not been trained about core-
identification skills. Therefore, extension skills may not be related just
comprising the elements and focusing on the sequence or one-to-one

appearance matching but also implicitly viewing the core unit of the pattern

(cf. Collins & Laski, 2015; Liiken, 2018; Threlfall, 1999).
When it comes to pattern translation, the heat maps revealed different

cognitive behaviors. While children mostly displayed similar cognitive

behavior and clearly focused on the third core of the pattern during the
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extension of AB, ABB, and ABC pattern, their cognitive behavior differed

regarding translation of the AB, ABB, and ABC pattern types.

When children were asked to translate the given AB pattern into
different materials, after looking at all core units of the pattern, they mostly
focused on the first and the second core unit of the model pattern. The same
was true for translating ABB pattern type into different materials. Unlike
extending a pattern, translating a pattern involved some intense fixation
dots were seen within the whole pattern as more marked in ABB pattern
(see Figures 31 and 32). The case of the ABB pattern can be explained by its
double elements (i.e., BB) Its double elements because it is claimed that
containing double elements may create more challenges than containing
single elements for translation tasks (Liiken, 2018). Having prolonged
gazing on AB and ABB pattern can be because of the complexity of the
translation skill itself since it requires mental manipulation (Collins & Laski,
2015) and abstraction (Rittle-Johnson, Fyfe, McLean, & McEldoon, 2013).
Indeed, in the literature, a significant relationship was found between
translation skills and working memory (e.g., Collins & Laski, 2015; Rittle-
Johnson et al., 2013). That is, children may have so many variables to deal
with when they try to accomplish a translation task. Moreover, some
researchers think that cognitive flexibility (e.g., Schmerold et al., 2017) and
inhibition components (Collins & Laski, 2015; Schmerold et al., 2017) can
also be related to translation tasks. Similarly, in the present study, it can be
said that children were overwhelmed by many things to consider and
needed to frequently check the model pattern to make sure they are

following the right sequence.
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Interestingly, children demonstrated different fixations for translating
the ABC pattern type compared to AB and ABB pattern. That is, children
mostly focused on the task to be done rather than the model pattern.
Moreover, the findings support that children focused on the third core unit
of the given ABC pattern and the first core of the translated ABC pattern.
This finding is different from translating AB and ABB pattern because
children were generally looked at the model pattern during translation
skills. One possible explanation of this result may be the children got
familiar with the translation process and grasped and used the pattern’s
structure to translate the pattern. This finding is similar to Rittle-Johnson
and colleagues’ (2015) finding that children can use the underlying structure
of the pattern to translate it into new media. However, with the help of eye-
tracking data, the present study moved the findings reported by Rittle-
Johnson et al. (2015) one step forward by explaining children’s translation
skills. Specifically, fixations positions on the heat map indicated that, once
children had grasped the pattern’s structure, they pretend the translated
pattern is a new pattern and just extended it by looking at the third core of
the model pattern. This finding is interesting because the latter procedure
of the translation task is so similar to the procedure for the extension tasks

explained above.

Lastly, regarding the core-identification skill, two set of patterns were
presented including six patterns, two each of AB, ABB, and ABC patterns.
Children were first asked to identify the AB pattern and the core unit of this
pattern, and then one of the two other patterns in the next sessions. For the
core-identification process in the first set of pattern, children almost visited

all pattern types even though they were asked to find the AB pattern. This
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process was similar to find the core unit of the AB pattern since children
also visited all core units. In the second set, however, children clearly
focused on the AB pattern though visited other pattern types. Moreover,

they more consciously focused on the core unit of the AB pattern.

ABB pattern seemed difficult to be recognized in both set of the
patterns. That is, when children were asked to find ABB pattern, they after
looking over the patterns, mostly focused on ABC type pattern even though
they were asked to find ABB pattern. It was also not easy to find the core
unit of the ABB pattern since children’s fixations were spread throughout

the core units of the pattern.

Surprisingly, when children were asked to find the ABC pattern
among other patterns, they easily found the ABC pattern. In other words,
after taking a quick look at all pattern types, children could recognize the
ABC pattern. However, children reacted differently for the AB and ABB
pattern as their fixations spread across the all pattern types. The heat maps
and the fixation duration measures supported these observations. This may
not be resulted from the easiness of the ABC pattern type. Rather, children
may get more familiar with the ABC pattern than AB and ABB pattern
because this pattern was always tested last. Indeed, when children were
asked to find the core unit of the ABC pattern, they demonstrated similar
cognitive behavior that they did for ABB core-identification process. That is,
finding the core unit of the ABC pattern was also difficult as children’s

fixations were spread across the entire pattern without focusing on a core.
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In the recent literature, identifying the core unit of the pattern is
claimed as the advance level, among other patterning skills (Liiken, 2018;
Rittle-Johnson, Fyfe, McLean, & McEldoon, 2013; Sarama & Clements, 2009).
Therefore, it can be said that children might have the challenge of
identifying the core unit of a pattern However, it was surprising that
children could become more successful when they were asked one more
unfamiliar task for core identification. As mentioned beforehand, children
were presented two sets of pattern in two different sessions. Even though
they were shown different examples, they were able to identify the core unit
of the patterns in the latter. This finding can be resulted from practice or
learning effect. Fortunately, when one participant was examined in detail,
more explanatory findings emerged related to the patterning skills. For
example, in the first example, the gaze plot displayed that the child
indiscriminately followed a path for recognizing an AB, ABB, and ABC
pattern as well as finding the core units of the pattern. The child’s eyes
moved back and forth many times. This clearly indicates the way that
novice learners follow (e.g., Koh, Park, Wickens, Ong, & Chia, 2011).
However, after developing an understanding of the process, the participant
showed more conscious and selective behaviors for core identification task.
For example, s/he directly focused on the correct type of the pattern asked
for and found it without help. Many fixation bubbles were noticed on the
corresponding pattern type rather than alternative patterns. This kind of
cognitive behavior is assumed to be established by the expert learners,
which was also found in other research studies (e.g., Medin, Ross, &
Markman, 2001; Reingold, Charness, Pomplun, & Stampe, 2001). Therefore,

when evaluating children’s patterning skills, it seems important to consider
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the progress over time instead of focusing on a single snapshot. Indeed,
Clements and Sarama (2018) claim that children can learn and develop their

mathematical skills.

In brief then, the data collected with the help of the eye-tracking
methodology helped to get meaningful insights into how children
accomplish the patterning skills and how such mathematical experiences
can be improved for children’s mathematical thinking. In other words, the
findings of this study not only revealed what was attended but also how the
nature and the structure of patterning occurred. Therefore, as presenting a
piece of fundamental evidence on patterning skills in this study, it seems
that the eye-movement data may provide us a door to open onto children’s
cognition and acts and there are much more to be gained from eye-tracking
data to understand about early mathematical thinking and to develop

instructional practices.

5.2 Implication and Recommendations

5.2.1 Implication Regarding Early Patterning Skills

One implication of the present research is that parents, caregivers,
or educators of children should not underestimate the patterning skills
young children can achieve. Adequate training and proper adult
supervision are crucial in the development of patterning skills (Clements &

Sarama, 2018). Indeed, the present study supported that children can
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accomplish even more advanced patterning tasks such as translating and
core identification after getting proper training on patterning. However, the
children in business-as-usual group (i.e., non-patterning control group)
could not accomplish enough the high-level patterning skills (ie.,
translation and core identification). This finding shows that the existing
early childhood curriculum may not cover enough mathematical patterning.
Therefore, it can be said that the training given in the Turkish preschools or
kindergartens needs to be carefully designed by including a higher level of

patterning skills.

Moreover, the Turkish early childhood education curriculum can be
revised and give more attention to the patterning in lesson plans.
Furthermore, as educators are the gate-keepers for any innovation adjusted
it into to practice, they could be informed and trained about Hypothetical
Learning Trajectories (HLT) levels of patterning and the teaching of
patterning skills. Therefore, workshops and seminars can be given to
teaching faculty in early childhood education departments, early childhood
education teachers, and pre-service early childhood education teachers.
Moreover, undergraduate courses related to early mathematics can be

revised to include patterning in their course programs.

During eye-tracking data collection, it was observed that children
tend to look at the middle center of the computer screen. Therefore, software
designers or instructional technologists developing computer-supported
materials for young children may place critical content in the middle center

of the computer screen.
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5.2.2 Implication Regarding HLT on Early Patterning

This study helped to validate and revise the Hypothetical Learning
Trajectories (HLTSs) on patterning proposed by Clements and Sarama (2009).
Based on the overall findings revealed, some implications are suggested for

patterning HLTs as follows.

> Not 3-year-olds but 4- and 5-year-old children are capable of
acquiring high levels of HLTs such as translation and core-

identification.

> Using letters to label the elements of a pattern is a distinct form of
translating patterns that can be introduced to children early in the

trajectory —in Level 2.

» Other aspects of Level 3 (translating a pattern into different objects)
may be more challenging and facilitated by understanding the
concept of a core unit (i.e., Levels 3 and 4 may need to be reversed).

> The Level 4 activity of counting the number of core units was difficult
for many children from both Intervention 1 and Intervention 2. When
asked to count the number of the cores, children often simply
counted the number of elements in a pattern. This achievement may

represent a separate higher level.

» Counting the number of core units (currently an aspect of Level 4)
may represent a separate, higher level than the Level 4 skill of simply

identifying the core.
220



5.2.3. Recommendations for Future Research

This study focused on the teaching and learning of the mathematical
patterning for normally developing four- and five-year-old preschool
children. Therefore, a further investigation can be conducted to a
larger sample as well as including children with special needs.

This study was examined the effectiveness of the HLT on patterning,
a further study can be done to evaluate the effectiveness of HLTs on
other mathematical learning areas.

Since early childhood educators have a significant role in children’s
development, and further study can be conducted to examine their
teaching practices on patterning and their Technological Pedagogical
Content Knowledge (TPACK) regarding patterning.

In early childhood years, the parents or caregivers of young children
are considered as primary educators. Therefore, they need to be
appropriately guided and encouraged to extend children’s interest
and knowledge of patterning at-home settings.

In this study, the repeating patterns were used as a pattern type. A
turther study can be done considering other pattern types such as
growing patterns and spatial patterns.

A non-random sampling procedure was used in this study. In order
to increase the generalization of the study, a random large-scale
study including random sampling can be conducted.

Moreover, a longitudinal study can be done to better understand the

development of the patterning skills over years.
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This study was conducted with each participant individually. A
further study can be conducted in a classroom setting to investigate
the effect of social interaction on early patterning learning.

In the related literature, a significant relationship was found between
patterning skills and general mathematics achievement. Therefore, in
future study, an experimental study can be conducted to examine the
effect of the patterning scores on children’s math achievement scores.

A future study can be done as a qualitative study exploring children’s
reactions and responses during the training sessions to gather rich
data about children’s patterning learning.

In this study, eye-tracking data revealed that finding the ABC pattern
and its core unit is easier than the AB and ABB pattern. To examine
the possible reason of this finding, further research may be conducted
to empirically examine the effects of the placement and order of the
patterns to understand the difficulties of the pattern structures for
core identification skills.

The order of the developmental levels regarding translation and core-
identification of the patterns can be revisited to understand whether
these two skills need to be reversed or not.

In the related literature, a significant relationship was found between
executive function components and patterning skills. Further
experimental research can be done, including the executive function

tasks as a pretest.
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¢aliymanin pilot aliy ABD'nin Uni ,ofmmhnUMWQWMORuEﬁm

da da gerg il Cal wumgmmmmummm
um;«ugmmwﬂaomxmmmnmnw p maruz kalmad:

ddedebilir veya gal burakabilir, mmshnlnhdumpunu\tﬂum
gizli tutulacak, veriler ve kimlik bilgileri herhangi bir yekilde eglegtiril ktir. K. isimleri bag:
bir listede toplanacaktir. Aynca toplanan verilere sadece ilar ulagabilecektir. Bu L
bilimsel ve profesyonel yayinlarda veya egitim amagh kullamlabilir, fakat kathmcilann kimligi gizli tutulacakt.
Aynica, bu gahgma ile ilgili herhangi bir risk Sngorilmemektedir.

Bu ¢abymayla ilgili daha fazla bilgi almak i iz: A a ilgili sorul fidakd e-posta
adresini kullanarak bize yoneltebilirsiniz.

Sayplanmuzla,
Yrd. Dog. Dr. Volkan $ahin: vsahin@metu edu.tr
Nursel Yilmaz: nyilmaz@metu.edu.tr

Bu formu imzalayarak aragtwmaya gonillu olarak katilmay: kabul ediyorum.

KATILIMCININ:

Isim ve Soyad: Tarih Tmaza

1ki niisha olarak dagitilacak formun bir kopyasim doldurup imzaladiktan sonra uygulayiciya geri
veriniz. Diger kopyasm kayitlarmuz icin saklayabilirsiniz.

242



APPENDIX D: PARENT APPROVAL FORM

ORTA DOGU TEKNIK UNIVERSITESI
TEMEL EGITIM BOLOMU
ARASTIRMAYA GONULLU KATILIM FORMU

Saym Veli,

Bu caliyma Orta Dogu Teknik Universitesi Temel Egitim Békima, Doktora dgrencisi Nursel YILMAZ tarafindan,
Orta Dogu Teknik Universitesi Efitim Fakiltesi Temel Eitim Bolimi dgretim fiyelerinden Yrd. Dog. Dr. Volian SAHIN

damymanhginda ve Univenity of Illinois at Urbana-Champaign'de gorevli Prof Dr. Arthur BAROODY yardimai-
d hiznda yiritilen “Soyut Etiket Cocuklarm ) Orii T Etkisi” konulu
Doktora tez aragtwmasidir.

Bu calymanin amaci nedir?

amaci, 1 1 diy beril katka sag Bu amagla, k

o ve soyut etkiligi

C olarak ne istiy ?

Bu ¢aliyma kapsaminda gocugunuza Srintii konusu ile ilgili 12 oturumdan olugan birebir egitim verilecektir. Bu
egitimler yaklapik 10-15 dk stirecektir. Egitim oncesi ve £ frme y Yapilan efitimler ve
degerlend i yizi vecek yekilde video kayd: yapilacaknr.

Cocugunuzdan alnan bilgiler ne amagla ve nasil kullanilacak?

Cocugunuzia olan goriymeler kesinlikle gizli tutulacak ve sadece bilimsel vl
Cocugunuzun ya da sizin isminiz ve kimlik higbir yekilde kimseyl
Ozeti tarafimdan okula ulagtinlacaktir.

Aragtirmanin herhangi bir riski var mudar?

Bu X bir risk k pilot alymas:, ABD'nin University
of Illinois at Urbana-Champaign’e bagh Okul Oncesi Egitim 2 ilmigtiz. Katilm goniliidir.
Katihm da veya dahil istendigi an

Bu gabymayla ilgili daha fazla bilgi almak : ilgili #1dai e-posta adresini
kullanarak bize yoneltebilirsiniz.

Saygilanmuzla,

Yrd. Dog. Dr. Volkan $ahin: viahin@metu edu.tr

Nursel Yilmaz: nyilmaz@metu edu.tr

Bu formu § &y kabul
KATILIMCININ:
1sim ve Soyads Tarih imza

ki niisha olarak dag formun bir kopy up sonra uygulayicrya geri veriniz.
Dier kopy yitlanniz igin saklayabilirsiniz.
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APPENDIX F: TURKISH SUMMARY/TURKCE OZET

Giris ve Alan Yazini

Okul 6ncesi egitimde matematik egitimi onemli bir yere sahip oldugu
ifade edilmektedir ve hatta matematik diinyay1 anlama, gérme ve organize
etme olarak tanimlanmaktadir (Van de Walle, Karp, Bay-Williams ve
McGarvey, 2018; Zevenbergen, Dole, ve Wright, 2004). Diinyaca ¢apinda
onciiliik yapan Kiiciik Cocuklarin Egitimi Ulusal Birligi [The National
Association for the Education of Young Children] NAEYC, 2002; 2012) ve
Matematik Ogretmenleri Ulusal Konseyi [National Council for Teachers of
Mathematics] NCTM, 2002) gibi egitim komite ve kuruluslar1 da okul oncesi
donemde matematik egitimin onemini vurgulamakta ve kiigiik ¢ocuklarin
nitelikli erken matematik egitimi ile bulusturulmas1 gerektigine
inanmaktadirlar. Bu nedenle, cocuklarmn ilgi, ihtiyag, merak ve giinliik
deneyimlerinden yola ¢ikarak olusturulan matematik etkinliklerinin
geligtirilmesi biiyiikk 6nem tagimaktadir. Ornegin, matematiksel agidan
yetenekli cocuklar, farklilastirilmis etkinliklerle desteklenip gelistirilirken,
ogrenme zorlugu olan c¢ocuklar ise kiiglik grup etkinlikleri tasarlanarak
yonlendirilebilirler (Kroeger, Brown, ve O’Brien, 2012). Ayrica, yapilan bazi
arastirmalar, oyunun ¢ocuklarin matematik 6grenmesi iizerinde biiytik bir
etkisi oldugunu gostermektedir (6regin; Davies, 2002; Ginsburg ve Golbeck,
2004). Buna ek olarak, teknolojik araglarin okul Oncesi egitimde etkili
kullanilmasma yonelik Oneriler ve arastirmalar da yayginlasmaktadir.

Ornegin, baz1 arastirmacilar, bilgisayar ve diger teknolojik araclarm kiiciik
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cocuklarm beden saghgma (Cordes ve Miller, 2000) ve uygun olmayan
icerikler nedeniyle (Funk, 2001, Wartella ve Jennings, 2000) zararh
olabilecegini diistintirken bazilar1 da bu tiir zararlarin sadece kiigiik
cocuklar icin degil diger kullanicilar igin de gecerli olabilecegini
sOylemektedirler (Thompson ve Haninger, 2001). Bu nedenle, kisitli ekran
zamanlar: ayarlanarak (Elkind, 2007) ve uygun ebeveyn gozetimi (Healey ve
Mendelsohn, 2019; Plowman ve Stephen, 2003) ile kiigiik ¢ocuklarin egitimi
icin de bilgisayar teknolojilerinden faydalanilabilecegi oOnerilmektedir.
Hatta, blgisayar teknolojilerinin etkili ve uygun kullanuldig1 takdirde,
cocuklarmn Ogrenmelerini destekledigini gosteren calismalar yapilmistir
(Ayvaca ve Devecioglu, 2010; Cankaya, 2012; Demir ve Kabadayi, 2008;
Judge, 2005; Kagar ve Dogan, 2010; Kol, 2012; Clements ve Nastasi, 1993;
Haugland ve Wright, 1997, McCarrick ve Li, 2007, McKenney ve Voogt,
2009; Ortega-Tudela ve Gomez-Ariza, 2006; Rasdnen, Salminen, Wilson,
Aunio, ve Dehaene, 2009; Vernadakis, Avgerinos, Tsitskari, ve
Zachopoulou, 2005). Bu sebeple, okul 6ncesi 6gretmenlerin dijtal araglari da
kapsayan oldukca cesitli materyallerden faydalanmasi gerektigi
vurgulanmaktadir (NAEYC, 1996; 2012).

Okul Oncesi matematik egitimde oOnemli bir yere sahip olan
matematiksel Ortintiiler, ¢ocuklarin matematiksel diisiinme ve becerilerini
gelistirmekte ve ilerde matematik Ogrenimine yardimc olmaktadir
(Clements ve Sarama, 2009; Fyfe vd., 2015; NCTM, 2010; Rittle-Johnson vd.,
2015; Rittle-Johnson vd., 2017). Dahasi, Oriintiiler bir matematik
konusundan ¢ok, matematisel diisiinme aliskanlig1 olarak goriilmektedir

(Clements ve Sarama, 2009).
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Yaygm olarak bilinen {i¢ gesit ortintii tiiri bulunmaktadir. Bunlar,
tekrarlayan Oriintiiler (repeating pattern), biiyliylin Oriintiiler (growing
pattern), ve uzamsal Oriintiilerdir (spatial pattern) (Liiken, 2018; Papic ve
Mulligan, 2007). Bu c¢alismada tekrarlayan oOriintiiller kullanilacaktir.
Tekrarlayan oriintiiler, daha kiigtik bir boliimiiniin stirekli tekrarlanmasi ile
tiretilebilen ve dongiisel bir yapiya sahip olan oriintiilerdir (Liljedahl, 2004,
s.27). C)rnegin, kirmizi-mavi, kirmizi-mavi, kirmizi-mavi veya tiggen-kare,
tiggen-kare tiggen-kare gibi modeller basit tekrarlayan ortintiilerdiir ve bu
yapidaki tekrarlayan oriintiiler ABABAB 0riintiisii olarak da bilinmektedir
(Papic ve Mulligan, 2007). Oriintii 6grenmesinde ve gretilmesinde en temel
ve yaygin olan bazi beceriler vardir. Bunlar, Oriintiilerin tanmmasi, aym
yapida kopyalanmasi, Oriintiilerin devam ettirilmesi ve Oriintiilerin

genellenmesidir (NCTM, 2010).

Bu calisma, okul o6ncesi 4-5 yas ¢ocuklarmin tekrarlayan oriintiileri
dgrenmesinde “Varsayimsal Ogrenme Rotalarinin” (Hypothetical Learning
Trajectories), etkililigini ve kiiglik ¢ocuklarin oOriintii becerilerini nasil
gerceklestigi arastiracaktir. Bu amagla, Clements ve Sarama (2009) tarafinda
gelistirilen ve bes arastirma dongitisii ile revize edilen Varsayimsal Ogrenme
Rotalar1 (Ontest sontest kontrol grup seckisiz deneysel c¢alisma ile
incelenecektir. Ayrica, goz izleme teknolojisinin yardimi ile ¢ocuklarin

ortintiilere iliskin becerileri nasil yaptigmna dair bilgiler elde edilecektir.
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Ogrenme Rotalart

Son zamanlarda benimsenin goriise gore yapilandirmaci 6grenme
yaklasimi, matematik egitiminde yapilan bilimsel ve teorik calismalarin
temel yapisim1 olusturmaktadir (Steffe ve Gale, 1995). Yapilandirmac
ogrenme yaklasimi, 6grenme ve 0grenci kavramlarini yeniden tanimlarken,
matematik Ogretimi icin agik ve spesifik bir model sunamamaktadir. Bu
nedenle Simon (1995), yine yapilandirmaci yaklagimi esas alan Varsayimsal
Ogrenme Rotalarini (Hypothetical Learning Trajectories) Onermisgtir.
Ogrenme rotalari, ii¢ kisimdan olusmaktadir. Bunlar, 6grenme hedefi
(learning goal), 6grenme etkinlikleri (learning activities), ve Ogrenme
seviyeleridir (thinking and learning in which the students might engage)
(Simon, 1995 s.133). Matematiksel becerilerin 6gretilmesinde “Varsayimsal
Ogrenme Rotalar1” 6nemli ve yararli bir ara¢ olarak goriilmektedir.
Ogrenme Rotalari, ¢ocuklarin diisiinme ve dgrenme sekillerinin bilimsel
olarak gozlemlenmesi ve incelenmesi sonucu olusturulan araglardir
(Clements ve Sarama, 2009; Simon, 1995). Bu calismada, Clements ve
Sarama  tarafindan  gelistirilen =~ Varsayimsal =~ Ogrenme Rotalar

kullanilacaktir.

Goz izleme Metodolojisi

Insanin bilisini anlamanin yeni bir araci olan gz izleme metodolojisi,
bireylerin bir ekrana, basili bir metne veya etrafindaki fiziksel bir ortama
baktiklarinda goz hareketlerini kaydetmeye yardimci olur (Holmgvist,
Nystrom, Andersson, Dewhurst, Jarodzka ve Van de Weijer, 2011). Bu

nedenle g6z izleme araglari, katihmcilarin deneyimleri hakkinda
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arastirmacilarin ilgili verileri yorumlamalarina olanak saglayan benzersiz
bilgiler verir (Duchowski, 2007). Nitekim, arastirmacilar biligsel stireci
anlamak i¢in goz izleme metodolojisini kullanarak bazi ¢alismalar yapmaya

baslamislardir (Land, 2007; Reingold, 2014).

GOz hareketleri, insanin davraniglarimi anlamada ¢ok oOnemlidir;
clinkii gozler, etraftaki bilginin toplanmasina yardimci olur ve buna uygun
olarak zihnin tepki vermesini saglar (Just ve Carpenter, 1980; Tatler, Kirtley,
Macdonald, Mitchell, ve Savage, 2014; Wade ve Tatler, 2011). Bagka bir
deyisle, goz hareketlerini izleyebilirsek dikkat, konsantrasyon, biling, ilgi ve
alg1 ile ilgili ipuglarmi anlayabiliriz. Yani, katihmcilar ekrana bakarken
arastirmacilar da goz izleme verileri ile, kisilerin yeni bilgileri edinme
konusundaki gorsel dikkatlerine ve gordiikleri yerle ilgili algilarina yonelik
¢itkarimlarda bulunabilmektedir (Duchowski, 2006, 2017; Horsley, 2014;
Wade ve Tatler, 2011). Bu nedenle, g6z hareketleri, insanin bilis ve
davranisini yorumlamak i¢in benzersiz ve nesnel veriler saglayabilmektedir.
GOz izleme verileri niteliksel ve niceliksel olarak analiz edilebilir (Lai vd.,
2013). Bu amagla bazi metriklerden faydalamlmaktadir. Ornegin, 1s1
haritalar1 (heat maps) ve bakis grafigi (gaze plot) nitel veriler alinmasmi
saglarken, odaklanma sayis: (fixation count), toplam odaklanma siiresi (total
fixation duration), ilk odaklanmaya kadar gegen siire (time to first fixation),
gozlem siiresi (visit duration), ve gozlem sayis1 (visit count) gibi metrikler

de nicel veriler elde edilmesini saglamaktadir (Lai vd., 2013).
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Erken Oriintii Egitimi ile ilgili calismalar

Rittle-Johnson, Fyfe, McLean ve McEldoon (2013), dort yasindaki
cocuklarm tekrarlayan oOrtintiilerle ilgili deneyimlerini incelemek igin bir
calisma yapmustir. Bu amagla, calismaya 66 cocuk dahil edilmis ve
ortintiideki zorluk incelenmistir. Cocuklar 6nce bir On teste tabi tutulmus,
sonra biraz yardim saglayan kisa bir egitim uygulanmis ve daha sonra ise
bir son test uygulanmistir. Ayrica, ¢ocuklarin yapmis oldugu hatalar
incelenmis ve ¢ocuklarin tekrarlayan ortintiiler hakkindaki bilgilerini daha
iyi anlamak igin sozel veriler kullanilmistir. AAB, ABB ve AABB ortintiileri
ile kopyalama, devam ettirme, soyutlama ve birim tanimlama becerileri
dahil olmak tizere toplam 10 degerlendirme sorusu kullanilmigtir. Calisma,
cocuklara bireysel olarak sakin bir odada uygulanmistir. Cocuklarin
cevaplar1 dogru, kismen dogru, yanhs ve ilgili olmayan cevaplar olarak
kodlanmisgtir. Elde edilen veriler t-test kullanilarak analiz edilmistir.
Arastirmanin sonuglari, ¢ocuklarin driintiileri kopyalama ve devam ettirme
becerilerini gosterebildiklerini ve bazilarinin ise soyutlama becerisini
yapabildigini gdstermistir. Ote yandan, ¢ok az sayida gocuk, &riintiilerin
cekirdek biriminin tanimlanmasimda basarili oldugu bulunmustur. Ayrica,
dogruluk sonuglari, oriintiilerin ¢ekirdek birimlerinin {i¢ element veya dort
element olduguna bagl olmaksizin benzer zorluklar igerdigini gostermistir.
Bununla birlikte, c¢ocuklarin yaptiklar1 hatalar ayrintili  olarak
incelendiginde, ti¢ elemanli cekirdek birimi olan bir Oriintiiyti devam
ettirme becerisinin, dort elemanh ¢ elemanli ¢ekirdek birimi olan bir

oriintiiye kiyasla daha fazla ¢ocuk tarafindan yapildig: ortaya ¢ikmastr.
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Fyfe, McNeil ve Rittle-Johnson (2015) soyut etiketlemenin (yani harf
ile etiketlemenin) iliskisel diisiinme {iizerindeki etkisini arastirmistir. Bu
amagla, yaslar1 3,6 ile 4,9 arasinda degisen 62 kiiciik ¢ocukla calistilar.
Cocuklar rastgele deney grubuna (yani soyut durum) ve kontrol grubuna
(yani somut durum) atandilar. Cocuklara ilk 6nce oriintii soyutlama ile ilgili
bir on teste uygulandi. Bu oturumda, sekiz farkli oriintii tiirii (6rnegin, AB
tirinde iki Oortintii, AAB tiirtinde iki ortintii, ABB tiirtinde iki ortintii, AABB
tiiriinde bir ortintii ve ABC tiirtinde bir Oriintii) soruldu. Calisma sessiz bir
odada tek oturum olarak uygulandi ve ¢ocuklar bireysel olarak uygulamaya
alindi. Sonrasinda, acgiklama ve bilgilendirme igeren kisa bir oturum igin,
cocuklara ti¢ Ornek oriintii (AB tiirtinde bir oriintii, AAB tiiriinde bir 6riinti,
ve ABB tiirtinde bir oriintii) agikland1 ve her gruba ayni prosediir uygulandi
fakat etiketleme durumu agisindan farkliydi. Ornegin, deney grubuna
aciklama yapilirken oriintiiler soyut etiketleme kullanilarak tanimlandi, 6te
taraftan kontrol grubuna oriintiilerin fiziksel 6zellikleri ile agiklama yapildz.,
bu oOriintiileri farkli materyaller ile tekrar yapmalar1 soruldu. Cocuklarin
cevaplart ANCOVA kullanilarak analiz edildi. Calismanin sonuglari, soyut
etiketleme grubundaki c¢ocuklarin kontrol grubundaki ¢ocuklardan daha
fazla soru ¢ozdiigiinii ve anlamli bir performans gosterdigini gostermistir [F
(1, 58) = 14.67, p <.001]. Ayrica sonuglar, daha biiyiik ¢cocuklarin daha kiigiik
cocuklardan daha iyi yapabilecegini gosteren bir yas etkisi de ortaya

koymustur [F (1, 58) = 5.08, p = .03].

Baska bir arastirmada, Rittle-Johnson, Fyfe, Loehr ve Miller (2015),
okul Oncesi donem c¢ocuklarmmin Oriintii deneyimlerinde, ailelerin ve

Ogretmenlerin diisiincelerini de anlamak igin ii¢ arastirma calismasi
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yapmustir. Diger bir deyisle, daha once 66 kiiciik ¢ocugun tekrarlayan
oriintii bilgisi arastirllmis ve ¢ocuklar arasinda bireysel farkliliklar
bulunmustur. Daha sonra, takip ¢alismasi olarak, yaslar1 4.7 ile 5.9 arasinda
degisen 64 c¢ocukla calismislardir. Toplamda 10 Oriintii problemi
hazirlanmis ve bunlardan bir tanesi AABB oriintii tiiriinde kopyalama
sorusu, bir tanesi ABB Oriintii tlirinde devam ettirme sorusu, bir tanesi
AABB oOrunti tiiriinde devam ettirme sorusu, bir tanesi ABB Oriintii tiirtinde
soyutlama sorusu, iki tanesi AABB oriintii tiiriinde soyutlama sorusu, ve iki
tanesi AAB oriintii tiirtinde ¢ekirdek birimi tanimlama becerisidir. Ayrica
ABB oriinti tirt icin bir hafiza testi kullandilar. Uygulama, sessiz bir
odada, her ¢ocuk i¢gin ayr1 ayr1 uygulandi. Arastirmaci ilgili gorevleri sundu
ve ¢ocuklarin cevaplarmi kaydetti. Elde edilen sonuclara gore, ilkbahardan
gliz donemlerine kadar c¢ocuklar Oriintii becerilerinde gelisme
gostermislerdir. Ayrica, ¢ekirdek birim tamimlamasi, oOriintii soyutlama
becerisinden daha zor bulundu, ancak bunun nedeninin ¢ocuklara okul
oncesi 0gretmenleri tarafindan daha az g¢ekirdek birim tanimlama aktivitesi
verildiginden olabilecegi agiklandi. Genel olarak, elde edilen bulgularm,
arastirmacilarin sunduklar1 4 seviyeli (yani Seviye 1, ¢ogaltma; Seviye 2,
devam ettirme, Seviye 3, soyutlama; Seviye 4, cekirdek birim tanima)
kavram haritasini destekledigi bulunmustur. Ikinci ¢alismada ise, ocuklarin
aileleri dahil edildi ve ailelerin c¢ocuklar1 ile yaptigt matematik
etkinlikleriyle ilgili anket ¢alismasi yapildi. Anket, basili ve online olarak
tasarland1 ve geri dontis oran (%31) diisiik olmasina ragmen farkli gruplar:
temsil ettigi belirtildi. Ayrica 6gretmenlerin sinifta diizenledikleri oriintii
etkinlikleri hakkinda da bir anket uygulamasi yapildi. Toplanan veriler

tanimlayici istatistikler kullanilarak analiz edildi. Sonuglara gore, ¢ocuklarin
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oruntii etkinliklerini deneyimlemeleri icin hem ailelerin hem de
ogretmenlerin gocuklarini sik stk destekledigi goriilmiistiir. Ornegin,
kopyalama, devam ettirme, Orilintiileri tanimlama ve Oriintii olusturma ile
ilgili baz1 etkinliklerin evde yapildig1 gozlemlenmistir. Bu etkinliklere ek
olarak, ogretmenler smifta Oriintii soyutlama etkinliklerini kullandiklarim
belirtmistir. Ancak, ne aileler ne de 6gretmenler tarafindan Oriintii birimi
tanimlama etkinlikleri bildirilmemistir. Son olarak, {tiglincii calismada,
aciklamada kaynag: ve tiirtiniin farkliliklar: incelenmistir. Bu amagla, 3 tiir
grup olusturulmustur, bunlar: Kendi kendine acgiklama grubu (self-
explanation group), Ogretimle agiklama grubu (instruction group) ve
kombinasyon agiklama grubu (combination of both groups) olarak {ii¢ grup
olusturdular. Calismaya 123 ¢ocuk katilmis ve seckisiz olarak ii¢ deney
grubuna atanmistir. On test, kopyalama, devam ettirme ve soyutlama gibi
u¢ Oriintli becerisini igerirken, son test ise kopyalama, devam ettirme,
soyutlama ve birim tanimlama gibi dort Oriintii gorevini igermektedir.
Calismanin sonunda, yapilan acgiklama tiirlerinin bir fark yaratmadig ve her
tirtin ¢ocuklara oOriintiiler hakkinda bilgi edinmesine yardimc oldugu

bulunmustur.

Arastirmalarinda, Tsamir, Tirosh, Barkai ve Levenson (2018), ABA
tirtindeki tekrar eden Oriintiilerin ve diger yapidaki Oriintiiler ile
karsilagtirllmasmma odaklanmigtir. Calismanm katilimcilar1 dort ve yedi
yaslar1 arasinda 11 ¢ocuktur. Calisma, c¢ocuklarin ABA tiiriindeki
ortintiilerin ve diger oriintii tiirleriyle iligkisini arastiran dogal bir yaklasim
olarak tasarlanmistir. Bu amacla, ¢ocuklara tablet bilgisayardaki oriintii

etkinlikleri sunulmus ve c¢ocuklar, tablet uygulamasindaki oyunlarla
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etkilesimi sirasinda gozlenmistir. Bu uygulamada, her ekranda iki farkl
ortintii gorevi verilmis ve yalnizca oriintiintin en bagtaki ¢ekirdek birimi
goriintiilenmis ve dikkat cekici sekilde belirtilmistir. Ayrica, ortintiideki
eksik elemanlar, Ortintiintin farkli yerlerinde yerlestirilmis ve ekranm
asagisinda farklhi seceneklerde nesneler sunulmustur. Sadece dogru cevaplar
icin, ¢ocuklara geri bildirim (6rnegin, harika) verilmis, ancak geri bildirim
veya ipucu olmadan dogru olami bulana kadar tekrar denemelerine izin
verilmigtir. Uygulamalar, cocugun evinde kullanilmig ve oturumlar videoya
kaydedilmistir. Veriler, ¢ocuklarin parmak hareketleri, cocuk-yetiskin
etkilesimleri ve Oriintiileri tamamlamada ¢ocuklarin tepkileri dikkate
almarak analiz edilmistir. Elde edilen sonuglara gore, ¢ocuklarin ¢ogu AB
modelini (%92), ABB modelini (%84) ve ABC modelini (%83) dogru sekilde
yapmistir. Ancak bunlarm yarisindan azi ABA modelini (%46) dogru bir
sekilde yapmustir. Oriintiilerin yapisi arasinda &nemli bir fark olup
olmadigini gormek icin istatistiksel bir test yapilmamistir. Ancak, ABA
yapisindaki Orlintiiniin AB, ABB ve ABC tiiriindeki oriintiilere kiyasla en

zor Orlintii tiirii oldugu belirtilmistir.

Ayrica, Oriintii ve matematiksel basariyr arastirmak igin bazi
boylamsal ¢alismalar bulunmaktadir. Ornegin, Rittle-Johnson, Hofer, Fyfe
ve Farren (2015), cocuklar 7 yasinda iken ve sonrasinda 11 yasinda iken bir
calisma yapmislardir. Oncelikli olarak, gocuklar yedi yaslarindayken onlarm
oriintii bilgisi degerlendirilmis ve ardindan ¢ocuklar onbir yasimndayken bir
matematik testi (Or. cebir, aritmetik, geometri) uygulanmistir. Kullanilan
matematik testi ve Oruntii sorulari, Clements, Sarama ve Liu (2008)

tarafindan gelistirilen Arastirmaya Dayali Erken Matematik Basarisi
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(Research-based Early Math Achievement, REMA) testinden adapte
edilmistir. Sonuglar oOriintii becerisi puanlar1 ile matematik basar1 testleri
arasinda anlamli bir iliski olmadigimi gostermistir. Ancak, benzer bir
boylamsal ¢alisma, Fyfe, Rittle-Johnson, Hofer ve Farren (2015) tarafindan
yapilmis ve c¢ocuklarin besinci smiftayken Olciilen ortintii becerileri ile
matematiksel kazanimlar1 (6rnegin geometri) arasinda anlamli bir iligki

oldugu bulunmustur.

Benzer sekilde, Fyfe, Evans, Matz, Hunt ve Alibali (2017) Oriintii
becerilerini ve matematik basarisini incelemek i¢in bir ¢alisma ytiriitmiistiir.
Arastirmaya yaslar1 5-13 arasinda degisen 36 ¢ocuk katilmistir. Bu amagla,
calisan bellek, oriintii devam ettirme ve aritmetik, ters cevirme ve denklik
problemleri gibi matematik gorevleri gibi bes test kullanilmigtir. Kullanilan
materyallerin renkli giktis1 alinip lamine edildi. Oturumlar, sessiz bir odada
cocuklara ayr1 ayr1 uygulandi. Calismanin sonuglari, daha biiyiik ¢ocuklar
daha iyi olmasina ragmen, ¢ocuklarin oriintii devam ettirme gorevlerini (%
90) basarabildigini ortaya koymustur. Sonuglar ayrica, yas ve sozel ¢alisan
bellek gibi degiskenlerinin kontrol edilmesinden sonra, oriintii devam
ettirme becerisi ve hesaplama becerisi arasinda anlamli bir iligki
bulundugunu gostermistir. Ayrica, sozel ¢alisan bellek kapasitesinin oriintii

basarisini 6ngordiigii bulunmustur.

Matematik basarisi ile ilgili olarak ise, Rittle-Johnson, Fyfe, Hofer ve
Farran (2017), 517 dustik gelirli ¢ocugu igeren boylamsal bir calisma
ylritmiislerdir. Dort gesit test, Woodcock Johnson Achievement Battery III

ve KeyMath 3 Diagnostic Assessment gibi standart 6l¢me araglarindan
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uyarlanarak kullanilmistir. Once cocuklar dort yaglarinda iken bir on teste
tabi tutulmustur ve sonrasinda da ¢ocuklar onbir yaslarinda iken tekrar test
edilmistir. Toplanan veriler tanimlayici istatistikler ve regresyon testleri
kullanilarak analiz edilmistir. Calismanin sonuglar;, erken Orilintl
becerisinin daha sonraki yillarda matematik basarisim1 Ongordiigiinii

gostermisgtir.

Diger aragtirmalarin yam1 sira, bazi aragtirmacilar daha yogun
ogretim oturumlar1 kullanmstir. @rnegin, Papic, Mulligan ve Mitchelmore
(2011), okul oncesi donemdeki yaslar1 41 ile 60 ay arasinda degisen 41
cocukla deneysel bir ¢calisma yapmistir. Bu amagla, tekrarlayan ve uzamsal
oriintiiler ile ilgili 14 egitim oturumundan olusan alti ayhik bir egitim
uygulamiglardir. Her oturum, yaklagik 18-30 dakika siirmiistiir. On test, son
test ve gecikmeli son test dahil olmak tizere tii¢ degerlendirme
oturumlarinda FErken Matematiksel Oriintii Degerlendirmesi (Early
Mathematical Patterning Assessment, EMPA) kullanilmistir. Calismanin
sonuglarma gore, deney grubunun hem son testte hem de gecikmeli son
testte Oriintii becerilerini yerine getirmede, karsilastirma grubundan daha
yliksek performans gosterdigi bulunmustur. Ayrica, tekrarlanan ortintiiniin
cekirdek birimini ve uzamsal Oriintiilerin yapisini tanimakta da daha
basarili oldugu goriilmiistiir. Arastirmacilar ayrica, oriintii gekirdek birimini
tanimlamanmn Oriintéi  yapisii tanimada Onemli bir etkisi oldugunu
bulmuslardir. Ancak bu ¢alismanin bir zayiflig1 bulunmaktadir, o da deney
grubunun bir okuldan ve kontrol grubunun ise baska bir okuldan

secilmesidir.
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Papic ve Mulligan (2007), kiigiik ¢ocuklarin ii¢ Ortinti tiirii olan
tekrarlayan oOriintiiler, uzamsal Oriintiiler ve biiyliyen Oriintiileri igeren
orlintii becerilerini incelemek igin bir ¢calisma ytirtitmistiir. Bu ¢alisma bir
deneysel calisma olarak tasarlanmis ve veriler karma yontem yaklasimi
kullanilarak toplanmistir. Arastirmacilar, smif Ogretmenlerinin verdigi
egitimi gozlemlemis ve calismanin sonunda Ogretmenlere anket
uygulanmugtir. Ayrica, oriintii olusturulurken c¢ocuklarin agiklamalarina
iliskin veriler kaydedilmis ve bireysel calisma portfoylerinde g¢ocuklarin
calisma Ornekleri toplanmistir. Calismanin sonuglari, ¢ocuklarin karmasik
Orlintiileri  Ogrenebileceklerini  gostermistir.  Kontrol = grubu ile
kargilastirildiginda deney grubundaki ¢ocuklarmn, Oriintii birimini tanima,
ortintiiyli farkli materyallerle olusturma ve karmagik ortintii problemlerini

¢ozme gibi becerileri sergiledikleri ortaya ¢ikmastir.

Hendricks, Trueblood ve Pasnak (2006) birinci sinif c¢ocuklarla
seckisiz atanan deneysel bir calisma yiiriitmiislerdir. Deney grubuna
basitten karmasiga kadar gesitli ortintiiler 6gretilirken, kontrol grubuna ayni
zaman ve siirede diger akademik materyaller tarafindan egitim verilmistir.
Calismanin sonunda deney grubunun ortintiileri tasimlama ve yorumlama

acisindan anlamh sekilde daha iyi performans gosterdigi bulunmustur.

Son zamanlarda, bazi arastirmacilar yirtitiicti islevler (executive
functions) ve oriintii becerileri ile ilgili ¢calismalara yonelmistir. Ornegin,
Schmerold (2015) tezinde birinci sinif cocuklarin oriintii becerileri ile bilissel
esneklik (cognitive flexibility), diirtiiyti kontrol etme (inhibition) ve ¢alisan

bellek (working memory) gibi yiiriitiicii islev bilesenleri arasindaki iliskiyi
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arastirmistir. Arastirmaci, Oriintiintin eksik elemanini tamamlama ve
ortintliyli tanimlama icin sayilar, harfler, sekiller ve resimlerden olusan 48
oriintli gorevi tasarlamistir. Bu gorevlerdeki oriintiilerin yaris1 yatay olarak
gosterilirken, digerleri dikey olarak sunulmustur. Her ortintii problemi bir
kez gosterilmis, ancak ¢ocuklarin ilgili sorulara cevap vermek icin zaman
kisitlamas1 olmamistir. Calismanm bulgularinda oOrtintiiler ile biligsel
esneklik ve oriintiiler ile ¢alisan bellek arasinda anlamli bir iliski oldugu
bulunmustur. Ancak, Oriintiiler ile inhibisyon (dirtiiyti kontrol etme)
bilesenleri arasinda anlamli bir iliski bulunamamuistir. Ayrica, Oriintiilerin,
bilissel esnekligin ve c¢alisan bellegin matematiksel beceriler arasinda

anlamli bir iligkisi oldugu bulunmustur.

Bock, Cartwright, McKnight, Patterson ve arkadaslar1 (2015), bilissel
esneklik, inhibisyon (diirtiiyii kontrol etme) ve calisan bellek gibi ytirtitiicti
islev bilesenlerinin oOrilintiilerle arasindaki iligkileri incelemek icin bir
calisma yiritmistiir. Calismanin Orneklemini 88 birinci smif ¢ocugu
olusturmustur ve c¢ocuklardan oOriintiideki eksik 0geyi tamamlamalar:
istenmistir. Cocuklara sayilar, sekiller ve harfler gibi cesitli materyaller
iceren 18 Oriintii seti sunulmustur. Calismanin sonuglari, oriintii becerisi ile

biligsel esneklik arasinda anlaml: bir iliski oldugunu gostermistir.

Benzer bir ¢alisma da Schmerold ve arkadaslar1 (2017) tarafindan
yapimis ve yiritiicii islevler ile Oriintii becerileri, matematik basarisi,
okuma basaris1 arasindaki iligkiler incelenmistir. Birinci smmif ¢ocuklarin
bilissel esneklik yetenekleri “Coklu Simiflandirmali Kart Siralama Testi”

(Multiple Classification Card Sorting Test), calisan bellek becerileri
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“Cocuklara Yonelik Zeka Icin Zeka C)lgegi (Wechsler Intelligence Scale for
Children — Revised (WISC-R) Digit Span) testi ve inhibisyon (diirtiyi
kontrol etme) becerileri “Stroop Renk-Sozciik Testi” (Stroop Color-Word
Test) kullanilarak Olciilmiistiir. Calismanin sonuglar1 oriintii ve inhibisyon
arasinda anlamli bir iliski olmadigini gostermistir. Ancak, oriintii becerisi ile
bilissel esneklik ve oriintii becerisi ile ¢alisan bellek arasinda anlamls iligkiler
bulunmustur. Ayrica, Oriintii becerisinin sadece biligsel esneklik bileseni

tarafindan tahmin edildigi tespit edilmistir.

Miller, Rittle-Johnson, Loehr ve Fyfe (2016) tarafindan, yiiriitiicti
iglevler ve iligkisel diisiinmenin Oriintii becerisindeki roliinti arastirmak igin
bir calisma yapilmistir. Bu amagla, 4 ve 5 yaslarindaki 124 ¢ocuk ile ontest-
sontest deneysel bir ¢alisma tasarlanmistir. Calismanin bulgulari, inhibisyon
(diirtiiyli kontrol etme) becerisinin degil ama calisma bellegi, bilissel
esneklik ve iligkisel diistinmenin, oriintli becerilerinin 6nemli belirleyicileri
oldugunu gostermistir. Dahasi, sonuglar calisma bellegi yeteneginin

cocuklarm oriintii becerisinde énemli bir rolii oldugunu ortaya ¢ikarmugtir.

Tezinde, Hassan (2019) okul oOncesi c¢ocuklarin matematiksel
basarilar1 ve Oriintii becerileri ile yiriitiicii islev yetenekleri (yani ¢alisma
bellegi, inhibisyon ve bilissel esneklik) arasindaki iliskiyi arastirmistir.
Calismanin sonuglar1 biligsel esneklik bileseninin Oriintii becerisinin onemli
bir yordayicist oldugunu gostermis, ancak calisan bellek ve inhibisyon
becerilerinin oriintii becerisini yordamadig1 bulunmustur. Diger taraftan,
calisma bellegi ve inhibisyon bilesenleri, genel matematiksel basarisinin

onemli belirleyicileri olarak bulunmustur.
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Ozet olarak, yukarida da sunuldugu gibi, erken ériintiileme becerileri
farkli acgilardan incelenmistir. Ornegin, bazi arastirmacilar Oriintiileme
becerileri ile matematik basaris1 arasindaki iligskiyi arastirmistir (Fyfe vd.,
2015; Rittle-Johnson vd., 2015; Rittle-Johnson vd., 2017), baz1 arastirmacilar
da Ortintiiler ile iligkisel diistinme arasindaki iligkileri incelemektedir (Fyfe
ve digerleri, 2015). Ayrica, arastirmacilar oriintii yapilarindaki zorluklarla
ilgili bulgular bulmaya calistilar (6rnegin, Rittle-Johnson vd., 2013; Tsamir
vd., 2018). Son zamanlarda ise, baz1 arastirmacilar matematiksel Oriintiiler
ve ylritiicii islevler (executive functions) arasindaki iliskiyi merak
etmislerdir (Ornegin, Bock wvd., 2015; Hassan, 2019; Miller vd., 2016;
Schmerold, 2015; Schmerold vd., 2017). Simdiye kadar yapilan arastirmalara
bakildig1 zaman, bir uyarlama calismasindan ayr1 olarak (6rnegin, Rittle-
Johnson, Fyfe, Loehr ve Miller, 2015), hi¢bir arastirmanin oriintii egitimi
{izerine olusturulan Varsayimsal Ogrenme Rotalar1 ile dogrudan

degerlendirilmedigi goriilmektedir.

Goz izleme ile ilgili calismalar

Ornegin, Takacs ve Bus (2016) tarafindan yapilan yari deneysel bir
calismada, iki farkli hikaye kitab1 ortaminin (yani, animasyonlu versiyon ve
statik gOsterim) etkisini arastirmak ic¢in goz izleme metodu kullanilmaistir.
Veriler, yaslar1 4-6 arasinda degisen otuz dokuz ¢ocuktan toplanmistir. Bu
calismada, iki deney grubu (yani, hareketli siiriim ve statik) ve bir kontrol
grubu (yani, okuma yapilmayan) olusturulmustur. Cocuklarin goz
hareketleri, cocuklar hareketli ve statik hikaye kitab1 dinlediginde Tobii
T120 goz izleyicisiyle kaydedilmistir. Verileri analiz etmek igin, iki deney

grubuna ait gorsellerdeki toplam odaklanma siiresi, her hikaye kitab1 icin
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odaklanma sayis1 ve ortalama odaklanma siiresi gibi Olgtimler
hesaplanmigtir. Ayrica, arastirmacilar lgi Alanlarini (Aera of Interests,
AQI's) tanimlamis ve her AOI'daki odaklanma siiresini ve odaklanma sayis1
hesaplamistir. Ardindan, ANOVA istatiksel analiz yontemi kullanilarak
toplanan veriler analiz edilmistir. Elde edilen sonuglara gore, animasyon
grubundaki ¢ocuklarin statik gruptakilerden daha fazla ekranda
yogunlastig1 ortaya gikmustir. Ayrica, gruplarla ilgili ortalama odaklanma
siiresinde 6nemli bir farklilik gozlenmistir. Bu durumda, ¢ocuklar, hareketli
gruptaki resimlere statik gruba kiyasla daha uzun siire odaklanmistir. Bu
analizlere ek olarak, AOI'ler hakkinda bazi istatistikler de yapilmistir.
Benzer sekilde, onemli bir ana etki, animasyon grubundaki ¢cocuklarm statik
gruba kiyasla ayrintilara (yani, énemli kisimlara) daha fazla odaklandiginm
gostermistir. Sonug olarak, g6z izleme metodolojisi ¢ocuklarin hikaye
kitaplarma gorsel dikkatine iliskin farkli isleme stratejileri ortaya ¢ikarmaya
yardimct olmustur. Bu nedenle, hareket veya animasyonlarin, ¢ocuklarin
dikkatini yonlendirerek 6grenmeyi destekleyebilecegi ifade edilmistir.
Bolden, Barmby, Raine ve Gardner (2015) tarafindan yapilan diger bir
calismada, goz izleme teknolojisi, ¢ocuklarin farkli matematiksel ¢arpim
gosterimlerini nasil algiladiklarini ve yorumladiklarmi gostermek igin
kullanilmistir. Bu amagla, 9 ve 10 yaslar1 arasinda dokuz ¢ocuk galismaya
dahil edilmis ve ii¢ farkli matematiksel carpim gosterimleri ile karsilik gelen
hesaplamanin eglenmesi istenmigtir. Her cocuga ilgili soru ve gosterim
seklini igeren on sekiz statik gorselin sunulmustur. Kalibrasyondan ve kisa
tanitim boliimiinden sonra, veriler zaman kisitlamasi olmadan bir EyeTech
VT2 goz izleme cihazi tarafindan kaydedilmistir. Daha sonra, elde edilen

veriler hem niceliksel olarak (yani, her bir slayttaki odaklanma siiresi ve
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AQI'leri kullanarak) hem de niteliksel olarak (yani, her bir gosterim tipinde
151 haritalar1 kullanilarak) analiz edilmistir. Tek yonliit ANOVA kullanilmis
ve say1 ¢izgisi gosteriminin dizi ve grup gosterimlerinden 6nemli 6lglide
farkli oldugu bulunmustur. Ayrica, AOI'ler {izerinde yapilan analizler, say1
dogrusunda harcanan zaman ytizdesinin diger gosterimlerden oOnemli
olglide farkli oldugunu gostermistir. Ayrica, cocuklarmn {i¢ farkli gosterimi
ve ilgili sembolleri eslestirmek i¢in kullandiklar stratejileri yorumlamak igin
1s1 haritalar1 ve video kayitlarinda da yararlanilmistir. Sonug olarak, say1
dogrusu ile gosterilen carpma isleminin daha anlasilir oldugu ve ¢ocuklarin
carpimsal disiincesini gelistirmek icin daha az destegi oldugu

bulunmustur.

McEwen ve Dubé (2015) masaiistiine monte FaceLab 5 goz izleme
cihazi kullanarak bir arastirma ¢alismas: ytiriitmiistiir. Bilissel yiik teorisine
dayanan bu calisma, egitsel tablet bilgisayar uygulamalarinin, ¢ocuklarin
dikkatini yOnlendirmedeki rolii arastirilmistir. Bu amagla, tablet
bilgisayarlarda basit ve karmagsik matematik uygulamalar1 hazirlanmis ve
yas ortalamasit 7.3 olan 30 ¢ocuk calismaya dahil edilmistir. Her ¢ocuk
dikkat, kisa stireli bellek ve calisan bellek ile ilgili biligsel gorevleri yerine
getirmistir. Ayrica, ¢ocuklar dort noktali bir kalibrasyon prosediirtinii
tamamlamis ve daha sonra basit ve karmasik matematik uygulamalar:
gerceklestirirken, goz hareketleri kaydedilmistir. Sonrasinda ise, odaklanma
say1s1 ve odaklanma stiresi ile ilgili goz izleme Olctimleri hesaplanmis ve 1s1
haritas1 incelenmistir. Farkliliklar1 tespit etmek icin ANOVA kullanilmistir.
Calismanin sonunda, basit uygulamalarin, yiiriitiicii islev becerileri hem

diisiik hem de yiiksek olan ¢ocuklarin icerige dikkatlerini vermelerine
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yardimer oldugunu ortaya gikarmistir. Ote yandan, karmagik uygulamalarla
ilgili olarak, konu ile alakali igerigin ytriitiicli islev becerisi yiiksek olan
cocuklar i¢in yardimcr oldugu, fakat yiriitiicii islev becerisi diisiik olan

cocuklar i¢in yararli olmadig1 bulunmustur.

Schneider ve arkadaslar1 (2008), g6z hareketlerinin ¢ocuklarin tahmin
ylriitme problemlerini ¢ozerken say1 dogrusunu nasil kullandiklarim
arastirmak icin bir ¢alisma yapmistir. Bu amagcla, kesitsel desen (cross-
sectional design) olusturulmus ve altms alt1 ilkokul ¢ocugu ¢alismaya dahil
edilmistir. Cocuklar 1., 2. ve 3. smiflarda olup, yas ortalamasi sirasiyla 6.8,
8.1 ve 8.9°dur. Cocuklarin problemleri ¢6zme siireci hakkinda daha fazla
bilgi toplamak i¢in, Eyelink 1000 g6z izleyici kullanilmig ve bitirme siireleri
ve odaklanma yerleri gibi bazi metrikler analiz edilmistir. Calismanin
sonuglari, tahmin etme problemlerinin, problem ¢6ziimii sirasmda say1
duyusunun degerlendirmesi olarak kullanilabilecegini gostermistir.

Ozet olarak, goz izleme ile ilgili alan-yazin, kiigiik ¢ocuklarla goz
izleme c¢alismalar1 yapan az sayida arastirma c¢alismasi oldugunu
gostermistir. Nitekim, 4-6 yas okul oncesi ¢ocuklarla ilgili sadece bir ¢alisma
yapilmigken (6r. Takacs ve Bus, 2016), diger ¢alismalar 7-10 yas arasi ilkokul
cocuklariyla yapilmistir. Ayrica, arastirmacilarin ¢ogunlukla matematik ve
Tiirkge egitimi iizerinde yapildig1 goriilmiistiir. Ornegin matematik egitimi
ilgili olarak dort islem-carpma (Bolden ve vd., 2015) ve tahmin yapma
(Schneider ve vd., 2008) konulari ile ilgili olurken, Tiirkce egitimi ile ilgili de

dijital oykiileme (Takacs ve Bus, 2016) alanlarina odaklandig1 goriilmiisttir.
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Oriintii becerileri gittikce daha fazla dikkat cekmekte ve diinya
capindaki egitim topluluklarinda tartisiimaktadir (6rnegin, Ulusal Miifredat
ve Degerlendirme Kurulu (NCCA), 2014; Ulusal Matematik Ogretmenleri
Konseyi (NCTM), 1989; 2000). Bununla birlikte, 6riintii becerileri {izerine az
sayida ¢alisma yapilmistir (Burgoyne, Witteveen, Tolan, Malone ve Hulme,
2017; Clements ve Sarama, 2009; Fox, 2006). Oriintiilerle ilgili caligmalar
yapan aragtirmacilar, erken yaglarda oriintii becerilerinin 6nemi ile ilgili
bilimsel bulgular1 ortaya ¢ikarmuglardir (6rnegin, Fyfe, McNeil ve Rittle-
Johnson, 2015; Papic, Mulligan ve Mitchelmore, 2011; Pasnak, 2017; Rittle-
Johnson, Fyfe, McLean ve McEldoon, 2013). Oriintii becerileri cebirsel
disiinme (Clements ve Sarama, 2009) ve daha sonraki matematiksel basarisi
icin onemli bir alan olarak kabul edilmektedir (Fyfe, Rittle-Johnson, Hofer
ve Farren, 2015; Rittle-Johnson, Fyfe, Hofer ve Farran, 2017). Bu nedenle,
ilgili literatiir, Ortintii becerilerinin erken ¢ocukluk egitimine dahil edilmesi
gerektigini onermektedir (Burgoyne vd., 2017; Sarama ve Clements, 2009;
NCCA, 2014). Arastirmacilar Oriintii  egitimini etkin bir sekilde
tasarlayabilmek ve uygulayabilmek igin Varsayimsal Ogrenme Rotalarina
ihtiya¢ duyuldugunu savunmaktadir (Clements ve Sarama, 2004; 2009;
Gravemeijer, 1994; Simon, 1995). Dahasi, orilintii 6grenmenin altinda yatan
bilissel mekanizmalar hakkinda bilgi sahibi olmak, Oriintii egitimi igin
gerekli olabilmektedir. Bu amaca hizmet etmek icin yeni teknolojiler ve
metodolojiler ortaya ¢ikmistir. Goz izleme yoOntemi, biligsel stiregleri ve
ogrenme c¢iktilarmi anlamak igin kullanilan metodolojilerinden biridir
(Land, 2007; Tsai, Hou, Lai, Liu ve Yang, 2012). Bu nedenle, goz izlemenin
ogrenme deneyimleri hakkinda essiz kamitlar saglayabildigi sOylenebilir

(Duchowski, 2007). Bu amagla, baz1 goz izleme Ol¢limleri, arastirmacilara

269



izlenen goz hareketleri verilerini yorumlamalarinda yardimc olmaktadir.
Kisaca, oriintii becerilerinin dnemine yonelik bir ilgi duyulmasina ragmen,
kiigiik ¢ocuklarm oOriintii becerilerine dair egitim ve Ogretim planlar1 ve
orlintii egitiminin degerlendirilmesi ile ilgili bilgileri deneysel olarak
anlamak i¢in ¢ok az arastirma yapilmistir (Clements ve Sarama, 2009; Rittle-
Johnson vd., 2013). Bu nedenle, bu c¢alisma Varsayimsal Ogrenme
Rotalarinin  ortintii 6grenme ve Ogretmeyi oOnemli Olglide destekleyip
desteklemediginin yani sira mevcut Varsayimsal Ogrenme Rotalarmin
oriintii tizerinde gelistirilmesine yonelik tavsiyeler konusunda yardima
olacaktir. Daha spesifik olarak, bu ¢alisma, Oriintii egitimi {izerine Clements
ve Sarama (2009) tarafindan 6nerilen Varsayimsal Ogrenme Rotalarmin
revize edilerek etkilerini incelemeyi ve oriintii becerisinin altta yatan biligsel
mekanizmasini daha iyi anlamak icin goz izleme metodolojisinden

faydalanmay1 amaglamaktadir.

Calismanin Yontemi

Bu calisma, Tasarim-Tabanli Arastirma (Design-Based Research)
kapsaminda gelistirilen biiyiik bir projenin son asamasi olan degerlendirme
kismina ait aragtirmay1 sunmaktadir. Bu amacla, oncesinde yapilmis olan
tiim arastirma dongiileri detayli sekilde anlatilacak ve daha sonrasinda ise
son arastirma dongiisii detaylandirilacaktir. Ayrica, ¢calismanin i¢-gegerlik
tehditlerine kars1 almnan onemler, gecerlik-giivenirlik konular1 ve

arastirmanin sinirliliklar1 da bu boliimde anlatilacaktir.

Tasarim-Tabanli  Arastirma (Design-Based Research), egitim

arastirmalarinda yeni bir yaklasim olarak kabul edilmekte ve giin gectikge
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kullanim1 yayginlasmaktadir. Ayrica, gercek egitim ortaminda arastirma
yapmaya imkan vermesi, hem nicel hem de nitel yontemlerden yararlanarak
birden fazla kaynaktan veri toplanmasma olanak saglamasi, arastirmaciya
birden fazla iterasyon dongiileri olusturmasma yardimci olarak egitim
arastirmalarinin  kalitesini arttiracagina inanilmaktadir (Anderson ve

Shattuck, 2012; Bakker, 2018).

Bakker (2018), Varsayimmsal C)grenme Rotalarin tasarimi icin tig
fazdan olusan bir tasarim modeli sunmaktadir. Bu {i¢ asama “hazirlik ve
tasarim” (preparation and design), “uygulama” (implementation)” ve
“analiz ve yeniden tasarim” (analysis and redesign) olarak tanimlanmigtir
(Bakker, 2018, s. 59). Bakker (2018) tarafindan onerilen gerceveye dayanarak,
bu calisma tasarim asamalar1 ve iterasyonlar igermektedir. Agiklamak
gerekirse, ilk arastirma dongiistinde, Oriintii ve ilgili literatiir hakkinda
bilinenleri gdrmek icin ©6n arastirmalar yapildi. Ikinci arastirma
dongiisiinde, Clements ve Sarama (2009) tarafindan Onerilen mevcut
Varsayimsal Ogrenme Rotalar1 modifiye edildi ve bu alandaki uzmanlara
danigildi. Yine bu arastirma dongiisiinde, 12 oturumdan olusan 6gretim
planlari, yalizca somut materyallerden olusan aktiviteler, iki degerlendirme
sorusu ve 0 ile 1 arasinda degisen degerlendirme-puanlama protokolii
hazirlandi. Bunlarin hepsi, yine alandaki uzmanlar tarafindan da gozden
gecirildi. Uciincii arastirma déneminde, degistirilmis Varsayimsal C)grenme
Rotalarmin uygulamasi yapildi. Iki gruptan olusan randomize bir 6n test-
sontest kontrol grup deneysel calisma gerceklestirildi ve modifiye
Varsayimsal Ogrenme Rotalari degerlendirildi. Bulgular ve &neriler

tartisildi ve bir sonraki stirecte yol gosterici ¢ikarimlar olusturuldu.
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Dordiincii arastirma dongiistinde, alandaki uzmanlar orijinal Varsayimsal
yapildi. Boylece Ogretim planlari, kullamilan materyaller, degerlendirme
sorular1 ve puanlama protokolii yeniden gozden gecirildi. Aciklamak
gerekirse, Ogretim planlar1 12 oturumdan 14 oturuma c¢ikarildi ve
materyaller sadece somut faaliyetlerden ziyade hem somut hem de
bilgisayar destekli olacak sekilde tasarlandi. Ayrica, degerlendirme sorular:
ti¢ Oriintli becerisini kapsayacak sekilde tasarlandi ve 0 ile 6 arasinda
degisen kapsamli bir puanlama protokolii hazirlandi. Sonunda, bu
calismada kullamilan Varsayimsal Ogrenme Rotalarinin son versiyonu
gelistirildi ve goz izleme metodolojisinin hazirliklar1 yapildi. Calismanin
son arastirma dongiisiinde ise, deney gruplar1 icin gozden gecirilmis
Varsayimsal Ogrenme Rotalari uygulanmistir. Ug gruptan olusan
randomize On test-son test kontrol calismasi yapildi ve revize olan
Varsayimsal Ogrenme Rotalarinin etkililigi degerlendirildi. Ayrica alan
notlar1 alindi, tiim oturumlar videoya kaydedildi ve g6z izleme verileri
toplanmigtir. Son arastirma dongiisiine ait bulgulara dayanarak, bu tezin
sonuglar1 ve sonraki c¢alismalar igin tavsiyeleri tartisma kisminda

sunulmustur.

Bu amagla 3 deney grubu olusturulmustur.

Grup 1: Deneysel grup: Varsayimsal Ogrenme Rotalarma Dayali olup
sirali olarak ilerleyen gruptur. Bu grup, Varsayimsal Ogrenme Rotalarinda
belirtildigi gibi once 2. seviye, sonra 3. seviye, son olarak da 4. seviye

becerilerini sirasiyla takip eden 14 oturumluk bir egitim almistir.
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Grup 2: Aktif kontrol grup: Varsayimsal Ogrenme Rotalarma Dayali
olup sirali olarak ilerleMEyen gruptur. Bu grup, Varsayimsal Ogrenme
Rotalarinda belirtilen seviyelerin hepsini igermesine ragmen, 2. ve 3.
Seviyeden kisa bir egitim alarak (her birinden 1 yada 2 oturum) 4 seviye
egitimler almaya daha erken baslamis ve deney grubundaki gibi toplamda

14 oturumluk egitim almastir.

Grup 3: Pasif kontrol grup: Hali hazirda, smifta verilen geleneksel
orlintii egitimini izleyen gruptur. Bu grup, tekrarlayan oriintiilerle ilgili 6zel
olarak hazirlanan bir egitim almamistir. Milli Egitim Okul Oncesi Egitimi

programinda yer alan smif etkinlikleri dahilinde egitimler almistir.

Bu amagla 2 ana arastirma sorusu alt-arastirma sorulari ile asagidaki

gibi hazirlanmistir.

Arastirma Sorulari

1) Ogrenme Rotalar1 temelinde ardisik seviyeler ile Ogretilen,
ogrenme rotalar1 temelinde olan ama farkli sirada ogretilen veya geleneksel
smif aktiviteleri ile Ogretilen yontemlerden hangisi ¢ocuklarin Oriintii
ogrenimini daha etkili sekilde gelistirmektedir?

a. Cocuklarin Oriintiileri devam ettirme (extension) becerisi
agisindan sunulan o6gretim yontemlerinden (68renme rotalar1 temelinde
ardisik seviyeler ile 6gretilen, 6grenme rotalar1 temelinde ama farkl: sirada
ogretilen veya geleneksel smif aktiviteleri ile ogretilen) hangisi daha etkili

olmustur?
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b. Cocuklarin  Oriintiileri  farkli  materyallerle  olusturma
(translation) becerisi agisindan sunulan 6gretim yontemlerinden (6grenme
rotalar1 temelinde ardisik seviyeler ile 6gretilen, 6grenme rotalar: temelinde
ama farkhi sirada Ogretilen veya geleneksel simf aktiviteleri ile ogretilen)
hangisi daha etkili olmustur?

C. Cocuklarin oOrintiilerin tekrar eden kismimi bulma (core
identification) becerisi agisindan sunulan 6gretim yontemlerinden (6grenme
rotalar1 temelinde ardisik seviyeler ile 6gretilen, 6grenme rotalar1 temelinde
ama farkhi sirada Ogretilen veya geleneksel simif aktiviteleri ile ogretilen)

hangisi daha etkili olmustur?

2) Cocuklar Oriintiilere iliskin becerileri (Oriintiileri devam
ettirme, oOrtintiileri farkli materyallerle olusturma, oOriintiilerin tekrar eden

kismini bulma) nasil gerceklestirmektedir?

Bulgular, Tartisma ve Oneriler

Bu calisma, Oriintii becerileri tizerine, Clements ve Sarama (2009)
tarafindan oOnerilen ve Baroody, Yilmaz, Clements ve Sarama (2019),
tarafindan revize edilmis Varsayimsal Ogrenme Rotalarmnin etkinligini
incelemeyi amaclamistir. Dahasi, goz izleme metodolojisi yardimiyla,
calisma Oriintii becerisinin altinda yatan bilissel mekanizmay1 ortaya

koymay1 da amaglamastir.

Toplanan veriler, toplam 6n test puanlar1 kontrol edildikten sonra,

Kovaryans Analizi (ANCOVA) kullanilarak analiz edilmis ve gruplar
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arasinda anlamli bir fark ortaya koymustur. Sonuglara gore kontrol ve aktif

kontrol grubu, geleneksel kontrol grubuna kiyasla daha basarili olmustur.

Ayrica, her bir Oriintii becerisi (yani, Oriintiiyli devam ettirme,
ortintiiyii farkli materyallerle yapma ve oOriintiiniin g¢ekirdek birimini
tanimlama) ayr1 ayr1 incelendiginde, yine gruplar arasinda Onemli
farkliliklar bulunmustur. Spesifik olarak, oriintiileri devam ettirme becerisi
icin, deney grubu ile pasif kontrol grubu arasinda anlamh bir fark tespit
edildi, ancak aktif kontrol grubu ile pasif kontrol grubu arasinda anlaml: bir
fark bulunamadi. Ayrica, deney grubundaki ¢ocuklar Oriintiileri devam
ettirme becerisi agisindan aktif kontrol grubuna goére daha basarili olmasina

ragmen aralarinda anlaml bir fark bulunmada.

Oriintiileri farkli materyaller ile olusturma becerisi agisindan, aktif
kontrol grubu ile pasif kontrol grubu arasinda énemli bir fark tespit edildi,
ancak deney grubu ile kontrol grubu arasinda bir fark bulunmamaistir.
Ayrica, aktif kontrol grubu deney grubuna gore daha iyi performans

gosterse de, aralarinda anlamli bir fark bulunamamustir.

Son olarak, ortintiiniin ¢ekirdek birimini tanimlama becerileri ile ilgili
olarak, hem deney grubu ve hem de aktif kontrol grubu ile pasif kontrol
grubu arasinda onemli bir fark bulunmustur. Bununla birlikte, aktif kontrol
grubu cocuklari, deney grubundaki c¢ocuklardan daha iyi performans

gosterse de aralarinda anlamli bir fark bulunamamastir.
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Oriintii becerilerinin bilissel mekanizmalar1 acisindan, goz izleme
metodolojisi ve nitel analizler de ¢ok sayida ilging bulgular ortaya cikardi.
Ornegin, 1s1 haritalar1 incelendiginde, ¢ocuklar belirli bir AB oriintiistinii
devam ettirirken Orilintiiye genel olarak baktiktan sonra c¢ogunlukla
orlintiintin tiglincti ¢ekirdek birimine odaklandig1 goriilmiistiir. Bu bulgu,
cocuklarm Oriintiiyli tanimlamak igin ilk once biitiin yapiya baktiklarmi ve
ardindan verilen Oriintiiyii devam ettirmek igin son Oriintii birimini
kullandiklarint desteklemektedir. Bu bilissel davramislar ABB ve ABC
orlintii tlirlerinin devam ettirilmesi i¢in de benzer sekildedir. Ayrica, olgiilen
odaklanma siiresi de Orilintiiyii devam ettirme becerileri ile ilgili bu

bulgular1 nicel olarak desteklemektedir.

Orﬁntﬁyﬁ tarkli materyallerle olusturma becerisi (translation skills)
acisindan ise 1s1 haritalar1 farkhi bilissel davranislar1 ortaya c¢ikarmustir.
Cocuklar AB, ABB ve ABC oriintiilerini devam ettirme sirasinda ¢ogunlukla
benzer bilissel davranis sergilerken ve oriintiiniin {iglincii ¢ekirdegine agik¢a
odaklanmis olsalar da gosterdikleri bilissel davranislar AB, ABB ve ABC
oruntti tiirlerinin farkli materyallerle yapilmasi acgisindan farklilik
gostermistir. Spesifik olarak, cocuklardan verilen AB ve ABB oriintiisiinii
farkli materyallere doniistiirmeleri istendiginde, ¢ocuklarin oriintiinitin tiim
cekirdek birimlerine baktiktan sonra, cogunlukla 6riintiiniin birinci ve ikinci
cekirdek birimine odaklandig1 goriilmiistiir. Hging bir sekilde, c¢ocuklar,
ABC tiirtindeki ortintiileri farkli materyallere doniistiirtirken verilen
orlintiiye kiyasla daha ¢ok yapilacak oOriintiiye odaklanmustir. Ayrica,

bulgular, cocuklarin, s6z konusu verilen Oriintiiniin {iglincii ¢ekirdek
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birimine yapilacak olan oruntiintin ise ilk c¢ekirdegine odaklandigini

desteklemektedir.

Son olarak, Oriintliniin ¢ekirdek birimini tanimlama (core-
identification) becerisiyle ilgili olarak, her bir oriintii tiirii i¢in iki farkh
ortintii grubu arastirilmagtir. fIk kiimedeki oriintiilerin cekirdek birimini
tanimlama islemi, ikinci Oriintii setinden biraz farkliydi. Birinci Oriintii
setinde, ¢ocuklar, AB ortintiistinii bulmalar1 istenmesine ragmen neredeyse
tiim Oriintl tiplerini ziyaret ettiler. Bu siireg, ¢ocuklarin AB Oriintiistindeki
cekirdek birimi bulmalari istendiginde de benzer sekilde olmustur. Bununla
birlikte, ikinci Oriintii setinde ¢ocuklar, diger oriintii tiirlerini hizlica ziyaret
etmelerine ragmen AB Oriintiisiine agik¢a odaklandilar. Diger bir deyisle,

daha bilingli olarak AB oriintiisiiniin ¢ekirdek birimine odaklanmis oldular.

Cocuklarin ABB Oriintiistinii bulmasi her iki oriintii setinde de zor
oldu. Yani, ¢ocuklardan ABB oriintiisiinii bulmalar1 istenmesine ragmen,
onlar tiim Oriintiilere baktiktan sonra ¢ogunlukla ABC oOriintiisiine
odaklandilar. Ayrica, ABB oriintiisiiniin ¢ekirdek birimini bulmak da

cocuklar icin kolay degildi.

llging olarak, her iki oriintii setinde de cocuklar ABC &riintiisiine
odaklanip onu kolayca buldular. Is1 haritalar1 ve odaklanma siiresi olgiileri
bu bulgular1 desteklemektedir. Baska bir deyisle, ¢ocuklardan ABC
ortintiisiinii bulmalar1 istendiginde, onlar tiim tiirlerine hizlica goz atip ve
ABC oriintiistinii kolayca gosterebildiler. Bu durum, ABC oriintii tiiriiniin

kolayligindan degil de asina olunusundan kaynaklanabilir. Nitekim,
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cocuklardan ABC oriintiisiintin ¢ekirdek birimini bulmalar1 istendiginde,
cocuklar ABB oOriintiisiindeki c¢ekirdek birimi tanimlama siireci igin
yaptiklar1 benzer bilissel davranislar: sergilediler. Cocuklarin bakislar: tiim
orlintii boyunca yayildig: icin, ABC ortintiistiniin ¢ekirdek birimini kolayca

tanimlayamadiklar: goriilmektedir.

GOz izleme verileri, ABC Oriintiisii ve onun c¢ekirdek birimini
bulmanin AB ve ABB oriintiilerinden daha kolay oldugunu ortaya
koymustur. Bu bulgunun olas1 nedenini incelemek igin, oriintii yapilarmin
gekirdek tanimlama becerileri i¢in zorluklarin1 anlamak igin yerlestirme ve

diizeninin etkilerini inceleyen deneysel bir arastirma yapilabilir.

Bu c¢alismada, Oriintiileri baska materyallere doniistiirme ve
ortintiintin ¢ekirdek birimini tanimlama becerileri ile ilgili gelisim
diizeylerinin siras1 gozden gecirilebilir. Bu iki becerinin yer degistirmesinin

gerekip gerekmedigi arastirilabilir.

Ayrica, ilgili literatiirde, yiiriitiicii islev bilesenleri ile Oriintiileme
becerileri arasinda anlamli bir iliski bulunmustur. Bu nedenle, bir sonraki

calisma yapilacak olan On teste ytiriitme islevi ile ilgili 6l¢me araglarini da

dahil edebilir.

Erken cocukluk donemi egitimcileri ¢ocuklarin gelisiminde 6nemli
bir role sahip olduklarindan, 6gretmenlerin Oriintii konusundaki 6gretim

uygulamalarini ve onlarin 6riintii konusundaki Teknolojik Pedagojik Alan
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Bilgilerini (Technological Pedagogical Content Knowledge, TPACK)

incelemek i¢in arastirma yapilabilir.

Erken ¢ocukluk yillarinda, kiiciik ¢ocuklarin aileleri veya birincil
derecede sorumlu olan yakinlar: onlarm egitimcileri olarak kabul edilir. Bu
nedenle aileler, ¢ocuklarin ev ortamindaki oriinti olusturma konusundaki
ilgilerini ve bilgilerini genisletmek ic¢in uygun sekilde yonlendirilmeli ve

tesvik edilmelidirler.

Bu ¢alisma, normal gelisim gosteren dort ve bes yasindaki okul 6ncesi
donem ¢ocuklar: i¢in matematiksel Oriintiilerin egitimine odaklanmistir. Bu
nedenle, ilerideki ¢aligmalar 6zel ihtiyaglari olan ¢ocuklar da dahil olmak

tizere daha genis bir 6rneklemle yapilabilir.

Bu caligmada, matematiksel oriintiilerle ilgili Varsayimsal Ogrenme
Rotalarinin etkililigi incelenmistir, baska bir ¢alisma diger matematiksel
ogrenme alanlar1 ile ilgili Varsayimsal Ogrenme Rotalarinin etkililigini
degerlendirmek icin yapilabilir. Ayrica, bu ¢alisma tekrarlayan oOriintiiler
kullanilarak yapilmistir. Bu nedenle, biiyliyen Oriintiiller ve uzamsal
ortintiiler gibi diger oriintli gesitleri de dikkate alinarak bir baska calisma

yapilabilir.

lgili literatiirde, Oriintii becerileri ile genel matematik bagarisi
arasinda anlamli bir iliski bulunmustur. Bu nedenle, gelecek calismada,
orlintiileme puanlarinin ¢ocuklarin matematik basar1 puanlar: {izerindeki

etkisini incelemek igin deneysel bir c¢alisma yapilabilir. Ayrica, Oriintii
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becerilerinin yillar icinde gelisimini daha iyi anlamak igin boylamsal bir

calisma yapilabilir.

Bu calismada rastgele olmayan bir Ornekleme prosediirii
kullanmilmigtir.  Calismanin  genellemesini  arttirmak igin, rastgele

orneklemeyi iceren biiytik 6lgekli bir ¢alisma yapilabilir.

Son olarak, gelecekteki bir calisma, g¢ocuklarm Oriintii 6grenme
konusunda daha zengin verilerinin toplanmasi igin egitim oturumlari
sirasinda ¢ocuklarin tepkilerini ve bu tepkilerin etkilerini aragtiran nitel bir
calisma olarak yapailabilir. Ayrica, sosyal etkilesimin erken Oriintii becerileri
edinilmesi tizerindeki etkisini arastirmak icin baska bir calisma bir sinif

ortaminda yapilabilir.
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