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ABSTRACT

RELATIONSHIP BETWEEN MULTIMODAL PARENTAL INPUT AND
MATHEMATICAL SKILLS OF PRESCHOOLERS

YALCINKAYA, Tugge
M.S., The Department of Psychology
Supervisor: Assist. Prof. Dr. Dilay Zeynep KARADOLLER ASTARLIOGLU

January 2026, 68 pages

Mathematical skills are crucial domains of children’s development, and parental input
supports this development through activities, such as play and book reading. Gestures
may further enrich this input by providing multimodal support. In this study, we
adopted a comprehensive approach to examine whether parental math input during
book reading is related to parents’ own tendency to provide math input, the extent to
which the book reading materials cue parents to produce math input, and preschool-
aged children’s mathematical skills. Mother—child dyads (N = 73) engaged in a semi-
structured play session and a book reading session that included one of the three
conditions (fingers, dots, neutral). Parental speech-only and multimodal inputs were
coded in both contexts, and children’s mathematical skills in multiple domains.
Parental math input did not differ across dyads during the play session, which preceded
random assignment to book reading conditions. In contrast, parental input differed
systematically across book reading conditions: parents provided more speech-only
math input when reading the dots book and more multimodal math input when reading
the fingers book compared to the neutral book. Multimodal math input during play
significantly predicted multimodal input during book reading, indicating stability in
parents’ use of gestures across activities. Children’s mathematical performance was
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largely unrelated to parental input, with the exception of symbolic comparison skill in
large distance trials, which was associated with multimodal input. Overall, parental
math input appears to be shaped primarily by contextual cues and parents’ own input

tendencies rather than by children’s mathematical skill levels.

Keywords: mathematical skills, parental input, gestures, book reading, semi-

structured play



0z

MULTIMODEL EBEVEYN GIRDIiSi VE OKUL ONCESI COCUKLARININ
MATEMATIK BECERISI ARASINDAKI ILISK1

YALCINKAYA, Tugge
Yiiksek Lisans, Psikoloji Boliimii

Tez Yéneticisi: Dr. Ogr. Uyesi Dilay Zeynep KARADOLLER ASTARLIOGLU

Ocak 2026, 68 sayfa

Matematik becerileri ¢gocuklarin gelisimindeki kritik alanlardandir ve ebeveyn girdisi
bu gelisimi oyun ve kitap okuma gibi etkinliklerle destekler. Jestler, multimodel destek
saglayarak bu girdiyi daha da zenginlestirebilir. Bu ¢alismada, ebeveynlerin kitap
okuma sirasindaki matematik girdisinin; ebeveynlerin kendi matematik girdisi
saglama egilimleri, kitap okuma materyallerinin ebeveynleri matematik girdisi
tiretmeye ne kadar yonlendirdigi ve okul dncesi gocuklarinin matematik becerileriyle
ilgili olup olmadigini inceleyen kapsamli bir yaklasim benimsenmistir. Anne-gocuk
ikilileri yar1 yapilandirilmis bir oyun oturumu ve ii¢ kosuldan birini (parmaklar,
noktalar, notr) iceren bir kitap okuma oturumu yaptilar. Ebeveynlerin yalnizca
konusma ve multimodel girdileri her iki baglamda ve ¢ocuklarin bir¢ok alandaki
matematik becerileri kodlandi. Rastgele atanan kitap okuma kosullarindan once
gerceklesen oyun oturumunda, ebeveyn matematik girdisi anne-cocuk ikilileri
arasinda farklilik gostermedi. Buna karsilik, ebeveyn girdisi kitap okuma kosullar
arasinda sistematik olarak farklilik gosterdi: Ebeveynler notr kitaba kiyasla noktalar
kitabin1 okurken daha fazla yalnizca konusma matematik girdisi ve parmaklar kitabinm

okurken daha ¢ok multimodel matematik girdisi sagladi. Oyun sirasindaki multimodel
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matematik girdisi, kitap okuma sirasindaki multimodel girdiyi anlamli sekilde
Ongordii, bu da ebeveynlerin jestleri etkinlikler arasinda istikrarli sekilde kullandigini
gosterdi. Cocuklarin matematik performansi ebeveyn girdileriyle biiylik Olciide
ilgisizdi, yalnizca biiylik sayisal mesafeli sembolik karsilastirma becerisinin
multimodel girdiyle iligkisi goriildii. Genel olarak, ebeveyn matematik girdisinin
cocuklarin matematik beceri seviyelerinden ziyade oncelikle baglamsal ipuglart ve

ebeveynlerin kendi girdi egilimleriyle sekillendigi goriilmiistiir.

Anahtar Kelimeler: matematik becerileri, ebeveyn girdisi, jestler, kitap okuma, yari

yapilandirilmis oyun
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CHAPTER 1

INTRODUCTION

Mathematical skills constitute a core domain of children’s development. From early
in life, children encounter numerous opportunities to engage with numeracy and
mathematical concepts, many of which arise in the home environment through parental
input (see Anderson et al., 2005; Uscianowski et al., 2020). Such input can be provided
through speech alone or in multimodal forms that combine speech with co-speech
gestures, thereby offering visual representations of mathematical concepts (Karadoller
et al., 2025a). Despite the recognized importance of parental math input, relatively few
studies have examined its relation to children’s mathematical development (e.g.,
Brooks et al., 2018; Cook et al., 2017), and even fewer have focused on the specific
role of gestures in this relationship, although gestures have been shown to constitute a
dominant modality of parental input (Karadéller et al., 2025a). In the present study,
we adopted a comprehensive approach to examine whether parental math input during
book reading is related to preschool-aged children’s mathematical skills, parents’ own
tendency to provide math input, and the extent to which the book reading materials
cue parents to produce math input. To do so, we investigated speech-only and
multimodal (speech plus gestures) parental math input across three book reading
conditions (gestural § visual cue, abstract 7 visual cue, and no cue), parental math
input during a semi-structured play session, as well as mathematical skills of preschool

children across several domains.

1.1. Math Development

Mathematical ability is often attributed to the skills that children gain during their
school-age years. However, children show awareness of numbers in non-verbal tasks,

and they are also exposed to several number-related input through gestures, spoken or



signed numbers from an early age (Barner et al., 2025). Mathematical ability in
preschool years is significantly associated with the mathematical achievements in
subsequent years (e.g., Watts et al., 2014). For instance, “number sense” is one of the
attributes that children possess from early years (see Dehaene, 2011), and it develops
gradually over the preschool and school years (Yilmaz, 2017). It refers to
understanding the approximate numerical value of the objects or estimating the
fewness and plentifulness of two values without counting. Number sense is one of the
key concepts that facilitates children’s mathematical achievement in school (Whitacre
et al., 2020). Kirkland et al. (2024) found in their longitudinal study that middle school
children’s mature number sense can be a basis for learning new mathematical
concepts, such as fractions and decimal computation skills. Additionally, Zhang et al.
(2022) investigated the non-symbolic number comparison of 6— to 1l-year-old
children and found that numerosity comparison is associated with mathematical

computation but not with mathematical reasoning.

Researchers proposed several theories on how children develop their mathematical
understanding. For example, children can “count’” the number list up to 10 briefly
after the age of 2. However, they do not know the meaning of the numbers until 4 years
of age (Carey & Barner, 2019). According to the knower-level framework, children
progress from being one-knowers to two-knowers, three-knowers, and four-knowers
in sequence, with approximately 6-month intervals between each stage (Carey, 2009;
Le Corre & Carey, 2007; Sarnecka & Lee, 2009). Children are named as subset-
knowers in these stages. They do not know the meanings of the number words that are
beyond their knower-level in these stages, even though they can match the number
symbols with the equivalent set size of objects. When they become four-knowers,
which occurs at around 4 years of age, they can also understand the cardinality
principle. Cardinality refers to the meanings of the number words to refer to a set of
objects (e.g., Carey & Barner, 2019; Mix et al., 2005), and the last counted number
gives the cardinal value (Fuson, 1991). Measuring cardinality skills of children
requires tasks that ask children to numerically label objects, to provide a set of objects
in response to a numerical label, or to judge if the experimenter correctly matched the
number words and set of objects (Barner et al., 2025; Carey & Barner, 2019; Ramani

et al., 2015). Children develop the ability to match the number words and what they
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refer to (total number of objects) in real life around 46 months of age (Levine et al.,

2010; Ramani et al., 2015).

According to the Analog Number System (ANS), understanding the cardinality and
associating it with symbolic mathematical thinking, such as “representations of
numerosity” (Carey & Barner, 2019), may improve children’s symbolic arithmetic
performance (Hyde et al., 2014). First graders who took non-symbolic approximate
numerical comparison or numerical addition tasks performed faster to complete exact
symbolic addition test problems than first graders who took comparable tasks
involving non-numerical magnitudes (line length addition, brightness comparison)
(Hyde et al., 2014). However, less is known whether and how parental input relates to

counting, cardinality, and symbolic and non-symbolic number skills of preschoolers.

1.2. Parental Math Input

Parental input is related to the development of several domains, including cognitive
and conceptual understanding (see Anderson et al., 2005; Uscianowski et al., 2020).
According to Ramani et al. (2015), play and other informal activities, such as book
reading (Unliitabak et al., 2022), shopping (Hanner et al., 2019; LeFevre et al., 2009),
and cooking (Swirbul & Melzi, 2023), are important avenues for parents to give
information to children. These activities support children’s cognitive development and

conceptual understanding.

Numbers are one of the most frequently occurring topics that parents talk with their
infants and toddlers during these activities (Anderson et al., 2005; Gunderson &
Levine, 2011; Mix et al., 2012; Swirbul & Melzi, 2023). Parental input about numbers
is related to the mathematical skills of children. “Number talk” exposure in the home
environment may have a critical role in the development of counting abilities
(Goldstein et al., 2016; Gunderson & Levine, 2011; LeFevre et al., 2009; Levine et al.,
2010). For instance, the math knowledge and views of young children (mostly 3— to
5-year-olds) largely mirror those of their families (Swirbul & Melzi, 2023). Even
during infancy, parents talk about numbers when interacting with their children.

Goldstein and colleagues (2016) tested 5— to 10-month-old children and their parents
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on numerical input while reading both counting books and non-numerical books.
Parents provided math input even to the very youngest age group. However, this input
differed across groups. That is, older infants (7— to 10-month-olds) received more
numerical input from their parents compared to the younger group (5— to 6-month-
olds). Therefore, age is important for parental input. Parents not only differ in the
frequency of math input (Durkin et al., 1986; Goldstein et al., 2016) but also in how
they use number words, depending on the child's age (Ramani et al., 2015; Saxe et al.,
1987). They provide a greater number of words and information on more abstract and
advanced constructs (e.g., cardinality and arithmetic) to older children than younger

ones.

Parental input also differs in terms of type (Karadoller et al., 2025a; Ramani et al.,
2015) and modality (speech or gesture) (Cook et al., 2017; Karadéller et al., 2025a).
For instance, Ramani and colleagues (2015) investigated 3— to 5-year-old children and
their parents by videotaping a semi-structured play session with one of the parents.
The play involved materials to elicit number talk. The findings showed that parents
tended to talk about foundational concepts, such as counting and numeral
identification, more frequently than advanced concepts, including ordinal relations and
cardinality. Although parental input in advanced concepts was infrequent, it predicted

children’s advanced numerical knowledge better.

MacDonald and Murphy (2021) noted in their review that children under the age of 4
could learn and explore mathematical concepts with their parents, teachers, and
independently. Even though children cannot understand cardinality well until the age
of 3.5 to 4 (Carey & Barner, 2019), they can develop a more advanced understanding
of cardinality as early as 3 if they are trained on it (Mix et al., 2012). On a similar vein,
the amount of number talk that children receive predicts their understanding of
cardinality at 46 months of age (Levine et al., 2010). Gunderson and Levine (2011)
investigated parental number talk longitudinally by administering home visits over
five sessions when the children were 14, 18, 22, 26, and 30 months of age, and then
testing the children for cardinality skills at 46 months of age. They investigated the
relationship between parental number and non-numerical talk, as well as children’s

cardinality skills. They tested whether children counted present and/or non-present
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objects (e.g., pointing to the pictures and the book and saying “one, two bees”), and
whether they had cardinal values with and without present objects (e.g., “four sticks”
and “Mom said four songs and we did four songs™). Their longitudinal results showed
that parents who used number talk that included counting or labeling present objects
related more closely to the children’s development of cardinal number knowledge.
Moreover, they suggested that children who received parental input about small and
large numbers can learn cardinality more easily, compared to those who received only
small-number input. Furthermore, LeFevre et al. (2009) tested the relationship
between home math environment and the mathematical skills of kindergartners, first
graders, and second graders. They found a positive relationship between children’s

math performance and the parents’ reports of math-related activities at home.

These studies show that children receive parental math input from a very early age
onwards, and this input is spontaneously multimodal. Moreover, a growing number of
studies highlight the relationship between parental math input and children's later
mathematical skills. However, the relationship between multimodal math input and
the development of number skills in preschoolers is not well understood. It is also
unknown what the extent of parents’ tendency to provide speech-only or multimodal
math input and whether and how the book reading materials cue them to provide such
input. Furthermore, while parental input is typically examined as either a predictor or
an outcome, little is known about whether and how parental input in one activity (e.g.,
play sessions, in speech-only and multimodal forms) is related to parental input in
another activity (e.g., book reading sessions, again in speech-only and multimodal

forms).

1.3. Gestures and the Development of Mathematical Skills

Children benefit from observing gestures when learning abstract concepts. Parents
employ gestures during communication and activities, such as general book reading
(Rowe et al., 2008; Unliitabak et al., 2022) as well as mathematics-related book
reading (Karadoller et al., 2025a). Gestures function not as non-verbal acts but as
conversational instruments demonstrating thought (Kendon, 2017), providing a

cognitive “window” (McNeill, 1985). Speakers accommodate gestures for listener
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clarity (Hilliard & Cook, 2016), and parental gestures predict child gesture use,
indirectly driving vocabulary development (Rowe et al., 2008). Thus, gestures enhance
communication by supporting speech and supplementing information in learning

settings.

Beyond language development, research has increasingly examined the role of
gestures in supporting mathematical learning, both in educational settings and in the
home environment. In a classroom study, Cook et al. (2013) taught mathematical
equivalence using videotaped instructions. Children (aged 7—10) were divided into two
groups and received instructions in gesture and speech condition and in speech-only
condition. Children in gesture and speech condition outperformed children in speech-
only condition, suggesting that observing gestures during learning has a strong positive
effect on math performance. Extending this work, Cook & Goldin-Meadow (2006)
manipulated instruction modality in one-on-one math lessons and also experimentally
controlled children’s own gesture use (9— to 10-year-old). Children produced more
gestures in the gesture-and-speech condition than in the speech-only condition and
showed superior in solving math problems when they used gestures. More recent work
has demonstrated that the role of gestures may vary across mathematical domains.
Yilmaz et al. (2025) examined gesture use in 4-year-olds and found differential effects
across tasks: While gestures enhanced non-verbal arithmetic performance, they
reduced children’s performance in cardinality task. The authors suggested that reduced
gesture support may benefit early math development at this age, as children primarily
acquire number words, counting, and one-to-one correspondence (Carey & Barner,

2019) concepts, which gestures may not directly support.

In addition to their role in the educational settings, gestures are also related to early
mathematical learning in the home environment through parental input. Focusing on
26-month-olds during book reading, Karadoller et al. (2025a) found that multimodal
parental math input, but not speech-only math input, related to children’s vocabulary
development. Notably, parents produced more multimodal math input when
interacting with those who had lower expressive vocabulary. However, it remains

unclear whether multimodal and speech-only parental math input are related to



children’s performance across different types of mathematical tasks, and whether these

relations vary by task demands or mathematical domain.

Taken together, prior research demonstrates that gestures support mathematical
learning, potentially by increasing children’s attention to and engagement with the
learning material and by facilitating communication. However, the relationship
between parental gesture use during book reading and children’s mathematical
performance remains poorly understood. In addition, existing studies rarely compare
the amount and nature of gestural input across different activities and materials.
Furthermore, previous work has focused primarily on toddlers or school-aged children,
leaving preschool-aged children largely unexplored. Importantly, no study to date has
investigated whether mothers systematically adjust the amount of multimodal versus
speech-only math input they provide by taking children’s performance on different

mathematical tasks into account.

1.4. The Present Study

The present study investigated whether parental math input during book reading was
related to parents’ own tendency to provide math input, the extent to which the book
reading materials cued parents to provide math input, and preschool-aged children’s

mathematical skills.

Mother—child dyads (children aged 60—66 months) were videotaped during semi-
structured play and book reading sessions (N = 73). All dyads received the same play
session materials. On the other hand, they received different books for the book
reading session. One group of dyads (N = 23) were given the book with gestural
(fingers) cues, which means they saw the pictures of numbers as hand gestures (e.g.,
¥), helping to provide dynamic numerical input, another group (N = 25) received the
book with abstract (dots) cues. That is, they saw pictures of dots on the dices
symbolizing the numbers (e.g., F"?’), which are static representations, and the last group
(N = 25) were given the book without cues (neutral condition). Then, children
completed the math tasks (Caterpillar Task, Forward and Backward Counting Tasks,

Non-Symbolic Comparison Task, Symbolic Comparison Task, and Numerical



Mapping Task) for cardinality, counting, number sense, digit recognition, and

matching number sense and digits skills. The age of children (age range: 60—-66

months) was determined depending on the knower-level framework, in which children

at age 4 can understand cardinality according to the framework; therefore, at age 5 (60

months old), they are expected to be CP-knowers (Cardinal Principle knowers) (Carey
& Barner, 2019). We ask the following research questions:

(1) Does parental math input change as a function of sessions (play session and
book reading session) and book reading conditions?

(2) Does parental math input relate to the mathematical skills of children?

Because all mother—child dyads completed the same semi-structured play session prior
to random assignment, we predicted no differences in parental math input during the
play session across dyads later assigned to different book reading conditions (fingers,
dots, or neutral). In contrast, we predicted that parental math input would differ across
book reading conditions during the book reading session, in both speech-only and
multimodal forms, even after accounting for individual differences in parental math
input observed during the play session. We predicted that parents reading math-related
books containing cues (fingers and dots) would provide richer, and therefore more
multimodal, math input than parents reading books without cues. Furthermore, among
the cued conditions, we predicted that parents assigned to the fingers book would

provide richer math input than those assigned to the dots book.

Finally, regarding our second prediction, and drawing on established associations
between home number talk and mathematical development (Goldstein et al., 2016;
Mix et al., 2012; Ramani et al., 2015), we predicted that children’s mathematical skills
would be related to both the amount and modality of math input parents provided
during book reading, such that parents would adjust their input in response to

children’s performance on mathematical tasks.



CHAPTER 2

METHOD

Ethical approval for the present study was obtained from the Middle East Technical
University Human Research Ethics Committee (numbered 0199-ODTUIAEK-2024).

Additionally, research consent from the Ministry of Education (numbered 54850036-
044-E.436) was obtained to recruit mother—child dyads from the school setting.

Moreover, informed consent was obtained from the parents for themselves and
parental consent forms for their children. Additionally, verbal consent was obtained

from the children prior to data collection.

2.1. Participants

The participants of the study were preschool children (N = 73, 49 females, Age Range
= 59 months 19 days — 66 months 20 days, Mug.= 63.1 months, SDyg.= 1.93) and their
mothers in Tiirkiye. Data from one additional dyad was collected but excluded due to

interruptions in the participants’ data collection session.

We calculated the sample size on the G*Power (Version 3.1.9.7) (Faul et al., 2007)
software package by taking the effect size as .20, the alpha level as .05, and the power
as .80. A priori analysis revealed that a sample size of 59 was required for the largest

model, which included three tested predictors and seven total predictors.

The participants were recruited from the preschools via informative handouts about
the study and through snowball sampling. The data collection took approximately one

hour, and data were collected through home visits to create a comfortable environment
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for the mother and child. The only exclusion criterion was children with developmental

and learning problems.

Most of the mothers were high school (N = 26, 35.6%) and university (N =26, 35.6%)
graduates. Moreover, there were mothers who were graduates of secondary school (N
=9, 12.3%), primary school (N =8, 11%), graduate school (N =13, 4.1%), and doctorate
(N =1, 1.4%). Thus, the sample represents variability concerning the mother’s

education.

Similarly, fathers mostly hold high school (N = 29, 39.7%) and university (N = 24,
32.9%) degrees. Similar to mothers, there were fathers who were secondary school (N
= 10, 13.7%), primary school (N = 7, 9.6%), graduate school (N = 1, 1.4%), and
doctorate (N = 2, 2.7%) graduates.

The family income was asked as an open-ended question, and some participants (N =
5) answered the question with a range. In these cases, the maximum number of the
range was used as the answer. The mean income was 46.712b, and the range was
between 17.000b and 200.000%. The data was collected from April 2024 to February
2025; the minimum wage ranged between 17.002,12b and 22.104,67% during the data
collection period. Thus, the income distribution of the participants is representative of

the middle-class population.

2.2. Materials

2.2.1. Play Session

At the beginning of the study, parent—child dyads participated in a 10-minute semi-
structured play session to capture spontaneous math input. They were introduced to

various toys, including a fruit basket, a puzzle, balls, and an abacus.

These toys were introduced with the intention to evoke number use of the mother and
the child with different numbered toys such as the fruit basket that included different
numbered fruits (i.e., two carrots, two corns, two sets of banana, and one pear) and ten

different colored balls (i.e., four blue, three green, two yellow, and one red ball) and
10



the abacus with its beads. The session was video recorded for later coding of any

spontaneous math input (Mtime = 10.57, Time Range = 05.06-20.29).

2.2.2. Book Reading Session

The parents were asked to read a wordless picture book to their children, as they would
do at home. The booklet used in the study was adapted from “Bobbi Telt Tot 10” by
Monica Maas (n.d.).

In the adapted version, every page features a specific number from 1 to 10,
accompanied by objects or animals that count up to that number (e.g., the page for

number 4 includes 4 drums).

For the purpose of the present study, we created three experimental book reading
conditions. The gestural visual cue condition (fingers book) included fingers on
hand(s) depicting the specific number for every page (e.g., page for number two has
at the bottom). The abstract visual cue condition (dots book) included dots on dice(s),
depicting the specific number (e.g., page for number two has (%7 at the bottom). The

no visual cue condition (neutral book) did not include any cues at the bottom of its

pages.

Dyads were randomly assigned to one of the conditions (23 dyads in fingers book
condition, 25 dyads in dots book condition, and 25 dyads in neutral book condition).
The session was video recorded for later coding of speech and gesture use (MTime =

05.23, Time Range = 01.27-14.17).

2.2.3. Math Tasks
2.2.3.1. Caterpillar Task

The task measures the cardinality skills of the child (Hanula & Lehtinen, 2005). The
scenario of the caterpillars needing socks before going out was presented to the child.

The child asked to put the socks on the caterpillars, which had different numbers of
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legs. The child had to bring only the required number of socks from the “box of socks”

after seeing the caterpillar.

In the practice trial, the 2-legged caterpillar was shown to the child, and they were
asked how many socks the caterpillar needed. After the child answered correctly, they

were asked to bring the required number of socks from the box.

All the socks the caterpillar requires should have been brought at the same time, and
it can be carefully confirmed that the child understands the quantitative goal of the

task, which is bringing exactly the correct number of socks to the caterpillar.

The caterpillars were shown to the child in the order of having 2, 1, 3,4, 5,6, 7, 8, 9,
and 10 legs. If the child did not bring the correct number of socks for the caterpillar,
the trial would be repeated, and if the child failed twice with the same number, the
previous number, at which the child twice brought the correct number of socks to the
caterpillar, would determine the upper range of the child’s cardinality skills. The

maximum score was 10.

Figure 1. The Materials of the Caterpillar Task
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2.2.3.2. Forward and Backward Counting Tasks

The child was asked to count up to 20 and then count backwards from 20. Two scores
were determined, one of which was “counting with errors,” which would be the highest
number that the child reached, and the other score was “counting without errors,”

which would be the highest number that the child reached without any errors.

For example, if the child counted as “1234567 810111213 141517 18 19,” the
highest score with errors would be 19, and the highest score without errors would be

8.

The same scoring was applied for the backward counting. The highest score could be

20.

The child was not corrected during counting to avoid disturbing them. However, at the
beginning, the researcher gave the first two numbers as “Now, [ want you to count up
to 20, can you do that? Shall we start? 1, 2”” and “Thank you for that. Now, [ want you
to count back from 20, can you do that? Shall we start? 20, 19.”

2.2.3.3. Non-Symbolic Comparison Task

The task aims to measure the child's “number sense” and understanding of

approximate representations (Batchelor et al., 2015).

The child was presented with two arrays of dots on the computer screen and asked to

select the array with more dots as quickly as possible without counting the dots.

The numbers ranged from 4 to 9. The numerical distance between the two numbers

being compared was either small (a distance of 1 or 2) or large (a distance of 3 or 4).

There were 20 trials. Children received an accuracy score based on the proportion of

items that they answered correctly.
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Figure 2. An Example Trial from the Non-Symbolic Comparison Task

2.2.3.4. Symbolic Comparison Task

The task measures children’s understanding of digits, specifically whether the child

can recognize the numbers without counting (Batchelor et al., 2015).

The child was presented with two digits on the computer screen and asked to select

the numerically larger of the two.

Numbers presented in the trials ranged from 4 to 9. The numerical distance between
the two numbers being compared was either small (a distance of 1 or 2) or large (a

distance of 3 or 4).

There were 20 trials. Children received an accuracy score based on the proportion of

items that they answered correctly.

Figure 3. An Example Trial from the Symbolic Comparison Task
14



2.2.3.5. Numerical Mapping Task

The task measures the child's ability to map non-symbolic numerical stimuli onto

symbolic numerical stimuli (Batchelor et al., 2015).

The child was presented with an array of dots and asked to quickly (without counting)

decide which of two digits matched the numerosity of the dots.

Numerosity of the task ranged from 2 to 9 and the numerical distance between the two

symbolic choices was either small (a distance of 1 or 2) or large (a distance of 3 or 4).

There were 20 trials. Children received an accuracy score based on the proportion of

items that they answered correctly.

Figure 4. An Example Trial from Numerical Mapping Task

2.3. Procedure

All testing was done either in the children’s home or in a classroom at their preschools.
A quiet and comfortable room was provided in both situations. At the beginning of the
study, all parent-child dyads engaged in a 10-minute-long semi-structured play

session.

Next, parent-child dyads engaged in a shared book reading session. The mothers were
not directly encouraged to provide mathematical input during either the play session
or the book reading session; however, they were informed that the study was math-

related during the recruitment process.
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Afterward, the children received the math tasks one by one in the same order and the
parents filled out the forms for the demographic information. Overall, the study took

approximately one hour.

2.4. Coding

The play sessions and the book reading sessions were transcribed and coded for
parental math input. All sessions were transcribed and coded by native speakers of
Turkish. Coding was done based on Karadoller et al. (2025a) for both speech and
gesture. Parental math input in speech and gesture was later categorized into two
groups: speech-only and multimodal (speech and gesture combinations) input. Coding

was performed twice, and disagreements were resolved through discussions.

2.4.1. Speech

For speech coding, four categories were defined: cardinality, counting, comparison,
and unit of measurement. Cardinality' refers to directly using the number of the objects
by the mother. Counting refers to performing counting by the mother. Comparison
refers to the cases when the mother compares the numbers (e.g., “third,” “two of
them”). Unit of measurement refers to the cases when the number is followed by a

29 ¢

measurable unit, such as “2 kilograms,” “5 Turkish Liras,” “age 3.”? Moreover, the
cases that included several types of input were coded as “other” (e.g., “1, 2, 3, 4, 5
tane” including cardinality and counting, and “10, 20b, here you go” including

counting and unit of measurement).

Few parents provided arithmetic input (N = 204 in the play session and N = 15 in the
book reading session); however, since we were interested only in number

development, we excluded these cases from the analysis.

! In Turkish, the word “fane” (~piece) can be used to refer the cardinal number of the object; even though it is a
frequently used word, it does not add a different meaning to the Word or the sentence and not using is grammatically
correct (Karadoller et al., 2025a). In the present study, the cases that used the word “tane” were coded as
“cardinality” types.

2 In Turkish, due to the word order, the word “age” comes after the number (e.g., “3 yas™).
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2.4.2. Gesture

For gesture coding, only math-related gestures were coded. Beat gestures and pointing
gestures that were used to refer to or mention other concepts than math were not
considered. There were 3 types of gestures: number, pointing, and cardinality. Number
gestures refer to showing the number of the objects with open and extended fingers by
the number. Pointing refers to pointing at the objects (for play session) or the
characters or objects on the page (for the book reading session) with open and extended
fingers by the mother. Cardinality refers to pointing at each object (for the play
session) or each picture on the page (for the book reading session) by the mother as
they count or do a counting gesture. It could also refer to showing the whole set of

objects. The coding was computed per utterance.

Next, we formed categories based on speech-only and multimodal input. Speech-only
descriptions consisted of speech utterances without any math-related gestures.

Multimodal descriptions involved speech-gesture combinations.

There were also some cases (N = 127 in the play session and N = 83 in the book
reading session) where parents provided gesture-only descriptions, where the children
received mathematical input only from gestures without accompanying speech;

however, these cases were not included in the analyses.

2.5. Results

All analyses were done via Jamovi (Version 2.6).

2.5.1. Preliminary Analyses

Frequencies of input categories (i.e., cardinality, counting, comparison, unit of
measurement and other) in play and book reading sessions for speech-only and
multimodal inputs across book reading conditions (i.e., fingers, dots, neutral) can be

found in Tables 1 and 2.
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Table 1. Frequencies of Input Categories in Play Session for Speech-Only and Multimodal Input Across Book Reading Conditions

Speech-Only Math Input in the Play Session Multimodal Math Input in the Play Session

Fingers Dots Neutral Total Fingers Dots Neutral Total
Cardinality 202 306 289 797 Cardinality 44 97 111 252
Counting 62 144 94 300 Counting 55 60 77 192
Comparison 25 67 78 170 Comparison 9 8 5 22
Unit of Measurement 62 29 89 180 Unit of Measurement 5 2 2 9
Other (catcou) 3 5 1 9 Other (cat+cou) 2 5 2 9
Other (cat+com) 0 1 1 2 Other (ca+com) 0 0 0 0
Other (cou+UoM) 1 1 1 3 Other (cou+UoM) 0 1 1 2
Other (com+UoM) 2 2 3 7 Other (com+UoM) 0 0 2 2
Total Math Word Count 357 555 556 1468 Total Math Word Count 115 173 200 488
Total Utterance 2486 3369 3362 9216 Total Utterance 2486 3369 3362 9216

Table 2. Frequencies of Input Categories in Book Reading Session for Speech-Only and Multimodal Input Across Book Reading
Conditions

Speech-Only Math Input in the Book Reading Session Multimodal Math Input in the Book Reading Session
Fingers Dots Neutral Total Fingers Dots Neutral Total

Cardinality 126 300 71 497 Cardinality 55 78 13 146
Counting 13 11 5 29 Counting 7 47 6 60
Comparison 36 58 15 109 Comparison 13 9 8 30
Unit of Measurement 0 5 3 8 Unit of Measurement 2 2 0 4
Other (catcou) 2 2 2 6 Other (catcou) 1 4 0 5
Other (catUoM) 0 1 0 1 Other (cat+UoM) 0 0 0 0
Total Math Word Count 177 377 96 650 Total Math Word Count 78 140 27 245

Total Utterance 1678 2240 1717 5635 Total Utterance 1678 2240 1717 5635




First, we conducted a one-way ANOVA? for each dependent variable (that is, speech-
only math input in the play session, multimodal math input in the play session, speech-
only math input in the book reading session, and multimodal math input in the book
reading session) to examine whether parents differed in the frequency of math inputs
they provided during the play session prior to book reading condition assignment and
subsequently during the book reading sessions based on the assigned book reading

condition.

Results showed that for the play session math inputs, parents did not differ in the way
they provided speech-only (F(2, 70) = 1.99, p = .145) or multimodal (£(2, 70) = 9.95,
p = .391) math input based on later-assigned book reading conditions. Therefore,
parents in the three groups prior to random assignment to book reading conditions do
not differ between each other with respect to the way they provide speech-only or

multimodal math input.

In contrast, the results revealed that for the book reading session math inputs, parents
differed in the frequency of speech-only (F(2, 40.0) = 7.09, p = .002) and multimodal
(F(2, 34.6) = 6.37, p = .004) math input they provided across different book reading

conditions.

According to the Post hoc tests conducted with the Tukey HSD correction, the dyads
who read the dots book significantly differed than the dyads who read the neutral book
for speech-only (mean difference = 11.24, p = .002) and multimodal (mean difference
= 4.88, p = .012) input. Accordingly, the differences were due to the manipulations

resulting from the assigned book reading conditions.

We further conducted two separate ANCOVAs (one for speech-only math input and
one for multimodal math input) to examine the effect of the book reading condition on
parental math input during the book reading session, controlling for the parental math

input during play session as a covariate.

3We reported Fisher’s ANOVA for the variables that met the homogeneity assumption (p > .05), and we reported
Welsch’s ANOVA for the variables that did not meet the homogeneity assumption according to the Levene’s
Homogeneity of Variances Test (p <.05).
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In the first ANCOVA, the speech-only math input in the book reading session was the
dependent variable, and the speech-only math input in the play session was the

covariate.

In the second ANCOVA, the multimodal math input in the book reading session was
the dependent variable, and the multimodal math input in the play session was included

as the covariate.

In the first ANCOVA, the parental speech-only math input during play session was
not statistically related to speech-only math input during book reading session, F(1,

69) =2.33, p = .131, partial 5°=.03.

Moreover, there was a significant effect of book reading conditions (fingers, dots,
neutral) on book reading input after controlling for the play session input, F(2, 69) =

6.28, p = .003, partial °=.15.

Post hoc comparisons revealed that parents who read the dots book significantly
provided more speech-only input in the book reading session than the parents who read
the neutral book, mean difference = 11.26, 95% CI [0.41, 1.59], prukey = .002, Cohen’s

d = 1.00. No other effects were significant.

In the second ANCOVA, the parental multimodal math input during play session was
statistically related to multimodal math input during book reading session, F(1, 69) =
6.59, p = .012, partial ° = .09. That is, parents who provided more multimodal math
input during play session also provided more multimodal math input during book

reading session, as indicated by regression (f =.21, p =.002).

There was also a significant effect of book reading conditions on book reading input

after controlling the play session input, F(2, 69) = 5.25, p = .008, partial #°=.13.

Post hoc comparisons showed that the parents who read the dots book significantly

provided more multimodal input in the book reading session than the parents who read
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the neutral book, mean difference = 5.18, 95% CI[0.33, 1.50], prukey = .005, Cohen’s
d =0.92. No other effects were significant (all ps > .05).

Next, we examined whether parental math inputs and children’s math performance

varied by children’s gender.

ANOVA results showed that there were no significant gender differences in speech-

only or multimodal parental inputs either in the play or book reading sessions.

On the contrary, in children’s math performance, boys outperformed girls on forward
counting (F(1, 67.1) =5.54, p =.021), symbolic comparison task with small (F(1, 71)
=11.15, p =.001) and large distance activities (F(1, 65.5) = 13.59, p <.001), as well
as on numerical mapping task with small (F(1, 56.9) = 6.79, p = .012) and large
distance activities (F(1, 71) = 6.23, p = .015). No other gender differences in math
tasks were significant (all ps > .05) (see Table 3).

Lastly, children’s performance in most of the math tasks positively correlated with
each other. The strongest correlations were found between Caterpillar Task and
Forward Counting Task (» = .52, p = < .001), between Non-Symbolic Comparison
Task (small distance) and Non-Symbolic Comparison Task (large distance) (r = .65, p
= <.001), between Forward Counting Task and Symbolic Comparison Task (small
distance) (r = .43, p = <.001), between Symbolic Comparison Task (small distance)
and Symbolic Comparison Task (large distance) (r =.66, p =<.001), between Forward
Counting Task and Numerical Mapping Task (small distance) (» = .42, p = < .001),
between Symbolic Comparison Task (small distance) and Numerical Mapping Task
(small distance) (r = .52, p = < .001), between Caterpillar Task and Numerical
Mapping Task (large distance) (» = .50, p = <.001), between Forward Counting Task
and Numerical Mapping Task (large distance) (r=.53, p =<.001), between Numerical
Mapping Task (large distance) and Symbolic Comparison Task (large distance) (r =
43, p=<.001), and between Numerical Mapping Task (small distance) and Numerical
Mapping Task (large distance) (» = .42, p = < .001). Only Backward Counting Task
was significantly positively correlated with the book reading conditions, (» = .23, p =

.054). Other correlations can be found in Table 4.
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Table 3. Descriptives of Math Tasks and Parental Input

Gender Mean SD Minimum Maximum
Caterpillar Male 8.63 2.02 3.00 10.00
Female 7.59 2.37 4.00 10.00
Total 7.93 2.28 3.00 10.00
Forward Counting Male 19.00 2.89 10.00 20.00
Female 16.90 4.69 3.00 20.00
Total 17.59 4.25 3.00 20.00
Backward Counting Male 4.29 6.68 0.00 20.00
Female  3.41 541 0.00 20.00
Total 3.70 5.78 0.00 10.00
Non-Symbolic Male 8.79 1.14 6.00 10.00
Comparison: small Female  8.57 1.61 4.00 10.00
distance Total 8.64 1.47 4.00 10.00
Non-Symbolic Male 9.63 0.71 7.00 10.00
Comparison: large Female 9.43 1.06 6.00 10.00
distance Total 9.49 0.96 6.00 10.00
Symbolic Male 8.04 1.57 5.00 10.00
Comparison: small Female  6.39 2.16 1.00 10.00
distance Total 6.93 2.12 1.00 10.00
Symbolic Male 8.58 1.67 4.00 10.00
Comparison: large Female 6.73 2.58 1.00 10.00
distance Total 7.34 2.47 1.00 10.00
Numerical Mapping: Male 7.96 1.55 2.00 10.00
small distance Female 6.86 1.97 1.00 10.00
Total 7.22 1.90 1.00 10.00
Numerical Mapping: Male 8.54 1.18 7.00 10.00
large distance Female  7.55 1.76 3.00 10.00
Total 7.88 1.65 3.00 10.00
Speech-Only Inputin ~ Male 21.25 14.50 0.00 71.00
Play Female  18.73 13.17 0.00 52.00
Total 19.56 13.57 0.00 71.00
Multimodal Input in Male 9.08 11.95 0.00 42.00
Play Female 5.69 5.87 0.00 28.00
Total 6.81 8.44 0.00 42.00
Speech-Only Inputin ~ Male 10.75 14.62 0.00 58.00
Book Reading Female  7.88 10.83 0.00 56.00
Total 8.82 12.18 0.00 58.00
Multimodal Input in Male 3.21 4.16 0.00 14.00
Book Reading Female  3.67 6.94 0.00 35.00
Total 3.52 6.14 0.00 35.00

Note. Ngirs =49, Noys = 24, N1otal = 73 for all math tasks and parental inputs. Out of
two calculated scores, “without error” scores were considered for the descriptives of
Forward Counting Task and Backward Counting Task.
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Table 4. Correlations Among All Math Task Scores and Book Reading Conditions

Mon- Mon- Symbohe

Fumerical — Mumerical

iy Fowwd Backwad  Symbolie  Symbolic  Compamson (ool Mappmg  Mapping Book
Comnting  Cowmting  Companizon:  Comparizon: small - . 5 ze - .
small distance  large distance distance large distance diztance diztance Conditions
Peazen’s )
Caterpillar !
p-valus -
Peason’s = )
Forwrard ¥ =
Conmtmg
p-valua <001 -
Peasom’s n .
E ] 'B.Tli r ..-3 e -
Coumtmg
p-valus 45 LT -
Maon- Peason’s - . )
Symboli - 17 30 021
small distance  pvalus 141 1008 837 -
om- Peason’s - - -
Symiboli - 20 13 4 5 -
large distance  pvalus 093 211 741 <00 -

Note. Two scores were calculated for Forward Counting Task and Backward Counting Task, as “with error” and “without error.”
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Tablo 4. Correlations Among All Math Task Scores and Book Reading Conditions (continued)
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error.” “Without error” scores were considered for the correlations. Bold typeface indicates a significant effect.



2.5.2. Main Analyses

Eight hierarchical regression models were conducted with two outcome variables:
parental speech-only math input during book reading and multimodal parental math
input during book reading, respectively. We included speech-only and multimodal

inputs in different models to see their relationships between the same-category inputs.

All models followed an identical three-step sequence but varied in their mathematical

task predictors and parental play session input modality.

All models first controlled for child gender* and play session math input (matched to
outcome type: speech-only input for speech-only outcome models; multimodal input

for multimodal outcome models).

The second step introduced children's mathematical skills: two models used Caterpillar
Task scores, two models incorporated Forward Counting scores without error and
Backward Counting scores without error (which was correlated with book reading
conditions), and two models incorporated Non-Symbolic Comparison (small/large
distance), Symbolic Comparison (small/large distance), and Numerical Mapping tasks
(small/large distance). Mathematical skills were included in different models in order
to see the relationships of different mathematical skills with the math input in book

reading.

Finally, the last step introduced book reading conditions (fingers, dots, neutral) across

all models.

For speech-only input predicted by child’s gender and parental speech-only input
during book reading at the first step, Caterpillar Task performance at the second step,
and book reading conditions at the final step showed that the model was not significant
(F(2, 70) = 1.47, R? = .04, p = .238) at the first step. Similarly, the model was not
significant at the second step (F(3, 69) = 0.98, R?> = .04, p = .406), and the second step

4 Preliminary analyses indicated that children’s gender was not related to any measures of parental input; however,
it was related to some mathematical skills. Accordingly, gender was included as a control variable in all models.
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did not significantly improve the model fit (F(1, 69) = 0.05, AR?> = .00, p = .818).
However, the final step significantly improved the model (F(2, 67) = 6.83, AR?> = .16,
p =.002), explaining 20.3% of the total variance (F(5, 67) = 3.42, p = .008).

That is, parents who were assigned to read the dots book provided more speech-only
input compared to parents who were assigned to read the fingers book, (f = .63 p =

.031). No other effects were significant (all ps > .05) (see Table 5).

For multimodal input predicted by child’s gender and multimodal parental input during
book reading at the first step, Caterpillar Task performance at the second step, and
book reading conditions at the final step showed that the model was not significant
(F(2, 70) = 2.68, R* = .07, p = .076) at the first step. Similarly, the model was not
significant at the second step (F(3, 69) = 1.77, R* = .07, p = .161) and the second step
did not significantly improve the model fit (F(1, 69) = 0.03, AR*> = .00, p = .863).
However, the final step significantly improved the model (F(2, 67) = 5.58, AR*> = .13,
p = .006), explaining 20.4% of the total variance, F(5, 67) = 3.44, p = .008). The

multimodal input in the play session was a significant predictor, (f = .30, p =.010).

Also, parents who were assigned to read the fingers book provided more multimodal
input compared to parents who were assigned to read the neutral book, (f =-.54, p =

.054). No other effects were significant (all ps > .05) (see Table 5).

For speech-only input predicted by child’s gender and parental speech-only input
during book reading at the first step, Forward Counting and Backward Counting
performances at the second step, and book reading conditions at the final step showed
that the model was not significant (F(2, 70) = 1.47, R*> = .04, p = .238) at the first step.
Moreover, the model was not significant at the second step (F(4, 68) = 1.18, R* = .07,
p = .326), and the second step did not significantly improve the model fit (AR* = .03,
F(2, 68) =0.91, p = .409). However, the final step significantly improved the model
(AR? = .15, F(2, 66) = 6.26, p = .003), explaining 21.4% of the total variance, F(6, 66)
=3.00, p=.012. However, none of the predictors were significant in predicting speech-

only math input (all ps > .05) (see Table 6).
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For multimodal input predicted by child’s gender and multimodal parental input during
book reading at the first step, Forward Counting and Backward Counting
performances at the second step, and book reading conditions at the final step showed
that the model was not significant (F(2, 70) = 2.68, R*> = .07, p = .076) at the first step.
Similarly, the model was not significant at the second step (F(4, 68) = 1.33, R = .07,
p = .267), and the second step did not significantly improve the model fit (AR* = .00,
F(2, 68) =0.06, p = .947). However, the final step significantly improved the model
(AR*= .12, F(2, 66) = 5.03, p = .009), explaining 19.5% of the total variance, F(6, 66)
=2.67, p =.022). The multimodal input in the play session was a significant predictor,

(B = .30, p =.013). No other effects were significant (all ps > .05) (see Table 6).

For speech-only input predicted by child’s gender and parental speech-only input
during book reading at the first step, Non-Symbolic Comparison (small distance),
Symbolic Comparison (small distance), and Numerical Mapping tasks (small distance)
tasks performances at the second step, and book reading conditions at the final step
showed that the model was not significant (F(2, 70) = 1.46, R*> = .04, p = .238) at the
first step. Similarly, the model was not significant at the second step (F(5, 67) = 0.91,
R? = .06, p = .483), and the second step did not significantly improve the model fit
(AR* = .02, F(3, 67) = 0.55, p = .650). However, the final step significantly improved
the model (AR*= .14, F(2, 65)=5.80, p =.005), explaining 20.5% of the total variance,
F(7, 65) = 2.40, p = .030. However, none of the predictors were significant in
predicting speech-only math input (all ps > .05) (see Table 7).

For multimodal input predicted by child’s gender and multimodal parental input during
book reading at the first step, Non-Symbolic Comparison (small distance), Symbolic
Comparison (small distance), and Numerical Mapping (small distance) tasks
performances at the second step, and book reading conditions at the final step showed
that the model was not significant (F(2, 70) = 2.68, R* = .07, p = .076) at the first step.
Similarly, the model was not significant at the second step (F(5, 67) = 1.06, R = .07,
p = .388), and the second step did not significantly improve the model fit (AR?> = .00,
F@3, 67)=0.06, p = .982). However, the final step significantly improved the model
(AR?* = .13, F(2, 65) = 5.15, p = .008), explaining 20% of the total variance, F(7, 65)
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=2.33, p=.035). The multimodal input in the play session was a significant predictor,

(B = .30, p =.014). No other effects were significant (all ps > .05) (see Table 7).

For speech-only input predicted by child’s gender and parental speech-only input
during book reading at the first step, Non-Symbolic Comparison (large distance),
Symbolic Comparison (large distance), and Numerical Mapping (large distance) tasks
performances at the second step, and book reading conditions at the final step showed
that the model was not significant (F(2, 70) = 1.47, R*> = .04, p = .238) at the first step.
Similarly, the model was not significant at the second step (F(5, 67) = 0.86, R* = .06,
p = .515), and the second step did not significantly improve the model fit (AR?> = .02,
F3,67)=0.47, p = .703). However, the final step significantly improved the model
(AR*= .15, F(2, 65)=5.97, p = .004), explaining 20.6% of the total variance, F(7, 65)
=241, p=.029.

That is, parents who were assigned to read the dots book provided more speech-only
input compared to parents who were assigned to read the fingers book (5 = .58, p =

.046). No other effects were significant (all ps > .05) (see Table 8).

For multimodal input predicted by child’s gender and parental speech-only input
during book reading at the first step, Non-Symbolic Comparison (large distance),
Symbolic Comparison (large distance), and Numerical Mapping (large distance) tasks
performances at the second step, and book reading conditions at the final step showed
that the model was not significant (F(2, 70) = 2.68, R* = .07, p = .076) at the first step.
However, the model was significant at the second step, explaining 15.1% of the total
variance, (F(5, 67) = 2.38, p = .047), yet it did not significantly improve the model fit
(AR? = .08, F(3, 67) = 2.10, p = .108). Moreover, the multimodal input in the play
session (f = .27, p =.022) and children’s scores of Symbolic Comparison Task (large
distance) (f = -.26, p = .054) were significant predictors. Furthermore, the final step
significantly improved the model (AR? = .09, F(2, 65) = 3.83, p = .027), explaining
24% of the total variance, F(7, 65) = 2.94, p = .010). The multimodal input in the play
session was a significant predictor, (5= .30, p =.010). No other effects were significant

(all ps > .05) (see Table 8).
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Table 5. Differential Contributions of Parental Math Input in the Play Session, Children’s Caterpillar Task Scores and Book Reading
Conditions Separately for Speech-Only and Multimodal Parental Input in the Book Reading Session

QOutcome: Speech-Only Math Input in the Book Reading Session QOutcome: Multimodal Math Input in the Book Reading Session

6¢

Predictors B SE (B) B P R? Predictors B SE (B) p P R?
Step 1 238 .04 Step 1 .076 .07
Gender -2.50 3.03 -97 .088 Gender 1.13 2.81 .09 915
Speech-Only Input in 0.15 0.11 17 159 Multimodal Input in 0.20 0.09 27 025
Play Play
Step 2 406 .04 Step 2 161 .07
Gender -2.64 3.11 -.10 .399 Gender 1.19 1.57 .09 .956
Speech-Only Input in 0.15 0.11 17 157 Multimodal Input in 0.20 0.09 27 .026
Play Play
Caterpillar Task -0.15 0.65 -.03 818 Caterpillar Task 0.06 0.32 .02 .863
Step 3 .008 .20 Step 3 .008 .20
Gender -3.09 2.92 -12 293 Gender 1.26 1.50 .10 403
Speech-Only Input in 0.13 0.10 .14 227 Multimodal Input in 0.22 0.08 .30 010
Play Play
Caterpillar Task 0.44 0.62 .08 481 Caterpillar Task 0.30 0.31 11 330
Book Reading Book Reading
Conditions Conditions
Dots — Fingers 7.62 3.45 .63 .031 Dots — Fingers 2.22 1.70 .36 .196
Neutral — Fingers -4.50 3.36 -.37 185 Neutral — Fingers -3.30 1.68 -.54 .054

Note. Bold typeface indicates a significant effect.



Table 6. Differential Contributions of Parental Math Input in the Play Session, Children’s Counting Scores and Book Reading Conditions
Separately for Speech-Only and Multimodal Parental Input in the Book Reading Session

Qutcome: Speech-Only Math Input in the Book Reading Session Outcome: Multimodal Math Input in the Book Reading Session

(013

Predictors B SE (B) B p R? Predictors B SE (B) )i p R?
Step 1 238 .04 Step 1 .076 .07
Gender -2.50 3.03 -.10 413 Gender 1.13 1.52 .09 461
Speech-Only Input in 0.15 0.11 17 159 Multimodal Input in 0.20 0.09 27 025
Play Play
Step 2 326 .07 Step 2 267 .07
Gender -2.60 3.11 -.10 407 Gender 1.12 1.58 .09 483
Speech-Only Input in 0.14 0.11 .16 .200 Multimodal Input in 0.20 0.09 27 .027
Play Play
Forward Counting -0.17 0.35 -.06 .622 Forward Counting 0.01 0.18 .01 951
Backward Counting 0.33 0.25 .16 .190 Backward Counting -0.04 0.13 -.04 742
Step 3 012 21 Step 3 022 .20
Gender -3.17 2.95 -12 .286 Gender 1.02 1.53 .08 .509
Speech-Only Input in 0.13 0.10 15 .199 Multimodal Input in 0.21 0.08 .30 013
Play Play
Forward Counting -0.06 0.33 -.02 852 Forward Counting 0.06 0.17 .04 730
Backward Counting 0.29 0.25 .14 .240 Backward Counting -0.05 0.13 -.05 701
Book Reading Book Reading
Conditions Conditions
Dots — Fingers 6.06 3.51 .50 .089 Dots — Fingers 2.16 1.77 .35 228
Neutral — Fingers -5.31 3.45 -.44 128 Neutral — Fingers -3.03 1.76 -.49 .089

Note. Two scores were calculated for Forward Counting Task and Backward Counting Task, as “with error” and “without error.” “Without
error” scores were considered for the analysis. Bold typeface indicates a significant effect.



Table 7. Differential Contributions of Parental Math Input in the Play Session, Children’s Comparison Tasks Scores (small distance) and
Book Reading Conditions Separately for Speech-Only and Multimodal Parental Input in the Book Reading Session

Outcome: Speech-Only Math Input in the Book Reading Session Outcome: Multimodal Math Input in the Book Reading Session

T€

Predictors B SE (B) B p R? Predictors B SE (B) J/i p R?
Step 1 238 .04 Step 1 .076 .07
Gender -2.50 3.03 -.10 413 Gender 1.13 1.52 .09 461
Speech-Only Input in 0.15 0.11 17 159 Multimodal Input in 0.20 0.09 27 025
Play Play
Step 2 483 .06 Step 2 .388 .07
Gender -2.45 3.30 -.10 459 Gender 1.00 1.68 .08 554
Speech-Only Input in 0.18 0.11 .20 .106 Multimodal Input in 0.19 0.09 27 .031
Play Play
Non-Symbolic -0.64 1.03 -.08 .539 Non-Symbolic -0.16 0.52 -.04 758
Comparison Comparison
Symbolic Comparison 0.64 0.83 A1 443 Symbolic Comparison -0.11 0.42 -.04 7187
Numerical Mapping -0.86 0.95 -.14 364 Numerical Mapping 0.10 0.46 .03 .839
Step 3 .030 21 Step 3 035 .20
Gender -2.94 3.16 -.11 .356 Gender 1.14 1.63 .09 486
Speech-Only Input in 0.15 0.11 17 156 Multimodal Input in 0.21 0.08 .29 014
Play Play
Non-Symbolic -0.34 0.99 -.04 733 Non-Symbolic -0.11 0.50 -.03 .830
Comparison Comparison
Symbolic Comparison 0.54 0.78 .10 484 Symbolic Comparison -0.12 0.39 -.04 758
Numerical Mapping -0.37 0.90 -.06 .681 Numerical Mapping 0.36 0.45 A1 432
Book Reading Book Reading
Conditions Conditions
Dots — Fingers 6.72 3.52 .55 .061 Dots — Fingers 1.87 1.75 31 290
Neutral — Fingers -4.53 3.51 -.37 .201 Neutral — Fingers -3.46 1.78 -.56 .055

Note. The trials of the Non-Symbolic Comparison Task, Symbolic Comparison Task and Numerical Mapping Task were grouped as “small
distance” and “large distance.” The scores of “small distance” trials were considered in the analysis. Bold typeface indicates a significant
effect.



Table 8. Differential Contributions of Parental Math Input in the Play Session, Children’s Comparison Tasks Scores (large distance) and
Book Reading Conditions Separately for Speech-Only and Multimodal Parental Input in the Book Reading Session

Outcome: Speech-Only Math Input in the Book Reading Session Outcome: Multimodal Math Input in the Book Reading Session

[43

Predictors B SE (B) B P R? Predictors B SE (B) )/ P R?
Step 1 238 .04 Step 1 .076 .07
Gender -2.50 3.03 -.10 413 Gender 1.13 1.52 .09 461
Speech-Only Input in 0.15 0.11 17 159 Multimodal Input in 0.20 0.09 27 025
Play Play
Step 2 515 .06 Step 2 047 15
Gender -3.93 3.31 -.15 239 Gender -0.40 1.61 -.03 .807
Speech-Only Input in 0.16 0.11 18 144 Multimodal Input in 0.20 0.08 27 022
Play Play
Non-Symbolic -0.68 1.59 -.05 .669 Non-Symbolic -0.23 0.76 -.04 765
Comparison Comparison
Symbolic Comparison -0.45 0.68 -.09 509 Symbolic Comparison -0.64 0.33 -.26 054
Numerical Mapping -0.50 1.04 -.07 .633 Numerical Mapping -0.30 0.49 -.08 .542
Step 3 029 21 Step 3 .010 24
Gender -4.03 3.13 -.16 202 Gender -0.19 1.57 -.02 .904
Speech-Only Input in 0.15 0.10 17 158 Multimodal Input in 0.22 0.08 .30 010
Play Play
Non-Symbolic -0.32 1.48 -.03 832 Non-Symbolic -0.13 0.73 -.02 .862
Comparison Comparison
Symbolic Comparison 0.06 0.65 .01 928 Symbolic Comparison -0.45 0.32 -.18 165
Numerical Mapping -0.67 0.97 -.09 491 Numerical Mapping -0.36 0.47 -.10 457
Book Reading Book Reading
Conditions Conditions
Dots — Fingers 7.08 3.48 .58 .046 Dots — Fingers 1.59 1.69 26 351
Neutral — Fingers -4.36 341 -.36 .205 Neutral — Fingers -2.89 1.67 -47 .088

Note. The trials of the Non-Symbolic Comparison Task, Symbolic Comparison Task and Numerical Mapping Task were grouped as “small
distance” and “large distance.” The scores of “large distance” trials were considered in the analysis. Bold typeface indicates a significant
effect.



CHAPTER 3

DISCUSSION

In the present study, we examined whether parental math input during book reading is
related to parents’ own tendency to provide math input, the extent to which the book
reading materials cue parents to produce math input, and the mathematical skills of
preschool-aged children. We collected data from mothers and their children engaging
in a semi-structured play session and a book reading session, the latter of which had
three conditions (fingers, dots, neutral) and coded for parental speech-only and
multimodal math inputs in both sessions. We also measured children’s mathematical
skills in cardinality, counting number sense, digit recognition, and matching number

sense and digits.

First, our results showed that parental speech-only and multimodal math input did not
differ across dyads during the play session, which took place prior to random
assignment to book reading conditions. In contrast, parental math input differed across

book reading conditions during the book reading session.

Second, parental math input during book reading was primarily shaped by contextual
factors and parents’ baseline input tendencies rather than by children’s mathematical
performance. In particular, parents’ multimodal math input during the play session
reliably predicted their multimodal math input during the book reading session,
indicating stability in parents’ use of gestures across activities. In addition, book
reading conditions systematically influenced parental input: parents provided more
speech-only math input when reading the dots book compared to the neutral book, and
more multimodal math input when reading the fingers book compared to the neutral
book, although these differences were marginal in some models. In contrast, children’s

mathematical task performance did not consistently relate to either speech-only or
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multimodal parental math input. Among the various mathematical skills examined,
only symbolic comparison ability in large distance trials showed a relation to

multimodal math input.

3.1. Multimodal Parental Input in the Play Session as a Significant Predictor

Our results robustly demonstrated that parents who provided multimodal input during
the play session also tended to provide multimodal math input during the book reading
session. This finding points to a stable pattern in parents’ use of multimodal input
across activities. Multimodal input has been identified as a central mode of parent—
child interaction (Karadoller et al., 2025b), and prior work has consistently shown that
parents naturally integrate gestures with speech when communicating with their
developing children (Cook et al., 2012; Karaddller et al., 2024; Karadoller et al.,
2025a; Karadoller et al., 2025b; Rowe et al., 2008). Our findings extend this literature
by showing that parents’ propensity to use multimodal input is not limited to a single

interactional context but generalizes across distinct activities.

Notably, relatively few studies have examined whether parental input in one context
predicts parental input in another. Most prior research has focused on associations
between parental input and child outcomes, such as mathematical skills (LeFevre et
al., 2009; Ramani et al., 2015) or language development (Karadoller et al., 2025a) or
has treated parental input as an outcome predicted by child-related or demographic
factors, such as age (Goldstein et al., 2016). In contrast, our study directly examined
the relation between parental inputs across activities. To our knowledge, this is the
first study to demonstrate that parents’ multimodal math input during a semi-structured
play session predicts their multimodal math input during a subsequent math-related

book reading session.

These findings align with previous work showing that parents provide math-related
input across variety of everyday contexts (Hanner et al., 2019; LeFevre et al., 2009;
Ramani et al., 2015; Unliitabak et al., 2022), particularly during early and middle
childhood when foundational concepts are developing (Goldstein et al., 2016;

MacDonald & Murphy, 2021). Moreover, parents have been shown to use gestures
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across diverse activities, including play, book reading, and instructional contexts
(Karadbller et al., 2025a; Rowe et al., 2008; Unliitabak et al., 2022). Our results build
on this literature by providing direct evidence that parents’ multimodal input reflects
a stable interactional tendency that persists across contexts, rather than being solely

driven by task-specific demands or experimental manipulation.

Taken together, these findings suggest that multimodal math input may represent a
parent-specific communicative style that is both context-sensitive and internally
consistent. By demonstrating cross-context continuity in parental multimodal input,
the present study contributes a more nuanced understanding of how parents support

early mathematical experiences in everyday interactions.

3.2. Book Reading Conditions as Significant Predictors

Book reading conditions emerged as significant predictors of parental input in several
models, providing partial support for our hypotheses. Although we expected book
reading condition to predict parental input across all models, condition effects were
not uniformly observed. Contrary to our predictions, the fingers book did not

consistently elicit the highest levels of parental math input.

When children’s mathematical skills were not considered, parents assigned to read the
dots book produced more speech-only and multimodal math input than parents in the
neutral book condition. However, when children’s mathematical skills were
considered alongside the book reading condition, parents assigned to read the dots
book continued to provide more speech-only input than those in the neutral book
condition. Together, these findings suggest that abstract visual cues, such as dots, can
effectively prompt parents to produce math-related talk, even in the absence of explicit

gestural affordances.

In contrast, gestural cues embedded in the fingers book were more closely associated
with increases in multimodal parental math input. Across several models, parents
assigned to read the fingers book produced more multimodal input than the parents

assigned to read the neutral book, although these effects were sometimes marginal and
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reached significance only in specific models (e.g., those including Caterpillar Task
performance). This pattern suggests that gestural cues selectively support parents’ use
of multimodal input rather than uniformly increasing overall math-related talk.
Previous work has similarly shown that parents’ gesture use plays a central role in
shaping multimodal interactions with children across activities (Hanner et al., 2019;

LeFevre et al., 2009).

These findings align with prior research demonstrating that children benefit from
increased parental math input, both speech-only and multimodal (Goldstein et. al.,
2016; Gunderson & Levine, 2011; LeFevre et al., 2009; Levine et al., 2010). Our
results extend this literature by showing that different types of cues embedded in books
may differentially support the modality of parental math input. Specifically, abstract
visual cues and gestural cues appear to facilitate parental input through partially
distinct mechanisms, with abstract cues promoting speech-only math talk and gestural

cues promoting multimodal input.

Interestingly, parents who read the dots book often provided more speech-only input
than parents who read the fingers book, an effect that was significant in several models
(e.g., those including Caterpillar Task scores and large-distanced Non-Symbolic
Comparison, Symbolic Comparison, and Numerical Mapping tasks). Although this
finding runs contrary to our hypothesis, it is consistent with evidence suggesting that
gesture use may not uniformly support all early mathematical concepts. For instance,
Yilmaz et al. (2025) reported that gesture use reduced children’s performance in
cardinality tasks, which closely aligns with the present findings given that the dots
book elicited math input without relying on gestures. Previous work has also shown
that gestural cues are particularly beneficial for supporting more abstract mathematical
reasoning (Cook et al., 2013); whereas the present study focused on foundational skills
such as cardinality and counting. Moreover, dot-based cues require dynamic mappings
between gesture, number words, and quantity, potentially placing greater cognitive

demands on both children and parents at this developmental stage.
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3.3. Children’s Symbolic Comparison (large distance) Scores as Significant

Predictors

In the present study, we examined several mathematical skills as potential predictors
of parental math input during book reading. Our results showed that only children’s
symbolic comparison performance on large distance trials related to multimodal
parental math input. Symbolic comparison skill reflects children’s digit knowledge
and their ability to understand numerical magnitudes (Batchelor et al., 2015; Norris et
al., 2015; Zhang et al., 2022) without relying on counting strategies or external

supports such as fingers or objects.

Previous research has demonstrated that parents systematically adjust their input in
response to their children’s developmental levels and domain-specific knowledge. For
instance, Goldstein et al. (2016) showed that parents provided more mathematical
input to their older children, while Ramani et al. (2015) reported that parents produced
more complex math input for with more advanced numerical knowledge. Similarly,
Karadoller et al. (2025a) found that parents directed more multimodal input toward
full-term children with lower vocabulary skills. Together, these studies suggest that
parents are sensitive to their children’s current level of understanding and adapt their

input accordingly.

Our findings extend this literature by showing that higher levels of symbolic numerical
knowledge may be associated with reduced multimodal parental math input during
book reading. One possible interpretation is that parents perceive children with
stronger symbolic comparison skills as requiring less gestural or multimodal
scaffolding and therefore rely more on speech-based input. This interpretation is
consistent with evidence suggesting that gesture use is particularly beneficial for
supporting the acquisition of more complex or emerging mathematical concepts
(Yi1lmaz et al., 2025). In the context of the present study, children who already
demonstrated strong symbolic comparison abilities may not have elicited additional

multimodal support from their parents.
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Overall, these results indicate that children’s mathematical skills do not broadly
predict parental math input during book reading. Instead, associations between child
skills and parental input appear to be limited and skill specific. This pattern suggests
that while parents can adjust their input in response to children’s abilities, such
adjustments may occur selectively and depend on the particular mathematical domain

being engaged.

3.4. Limitations and Future Directions

The present study focused on parental math input, analyzing parents’ speech-only and
multimodal (speech plus gesture) contributions during play and book reading.
However, mathematical interactions are inherently bidirectional: children also actively
contribute mathematical information during conversations (Rowe et al., 2008).
Moreover, parents are known to tailor their input dynamically in response to children’s
moment-to-moment needs and existing knowledge (Karadoéller et al., 2025a; Ramani
et al., 2015). Future studies would therefore benefit from incorporating children’s
math-related speech and gesture use to more fully capture the interactive nature of

parent—child mathematical exchanges.

In addition, although children’s gesture use has been shown to play an important role
in mathematical problem solving (Brooks et al., 2018), children’s gestures were not
examined in the present study. Investigating how children use gestures during math-
related interactions and how parents respond to or build on these gestures represents
an important direction for future research. Such work could provide deeper insight into
how multimodal communication supports mathematical learning in naturalistic

contexts.

The present study did not focus on gender differences; however, since math-related
input can be impacted from the gender of the child (Uscianowksi et al., 2020), we
controlled gender in our models. Our results did not show gender differences in terms
of parental input. However, due to the purpose of the present study at the beginning,
our data did not include girls and boys equally in our sample. Therefore, this difference

may prevent us from generalizing our results about genders. In the future, boys and
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girls may be included numerically equally in a similar study in order to see the results

of gender more suitably.

3.5. Conclusion

The present study investigated whether parental math input during book reading is
related to parents’ own tendency to provide math input, the extent to which the book
reading materials cue parents to produce math input, and preschool-aged children’s
mathematical skills. Parental math input did not differ across dyads during the play
session, which preceded random assignment to book reading conditions. In contrast,
parental input differed systematically across book reading conditions: parents
provided more speech-only math input when reading the dots book and more
multimodal math input when reading the fingers book compared to the neutral book.
Multimodal math input during play significantly predicted multimodal input during
book reading, indicating stability in parents’ use of gestures across activities.
Children’s mathematical performance was largely unrelated to parental input, with the
exception of symbolic comparison skill in large distance trials, which was associated
with multimodal input. Overall, parental math input appears to be shaped primarily by
contextual cues and parents’ own input tendencies rather than by children’s

mathematical skill levels.
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B. PARENTAL APPROVAL FORM

Veli Onay Mektubu
Saym Veliler, Sevgili Anne-Babalar,

Orta Dogu Teknik Universitesi Psikoloji Boliimii Yiiksek Lisans 6grencisi
olarak tez kapsaminda “Multimodal Ebeveyn Girdisi ve Okul Oncesi Cocuklarinin
Matematik  Performans1  Arasindaki  iliski” bashkli arastirma calismasini
yiiriitmekteyim.

Bu calismanmin amaci nedir? Calismanin amaci, ebeveynlerin jest ve s6z
kullanarak cocuklara sagladiklar1 girdi ile okul oncesi ¢ocuklarmin matematik
performanslar1 arasindaki iligkiyi incelemektir.

Sizin ve ¢ocugunuzun katilimei olarak ne yapmasim istiyoruz?: Calismanin
amacint gergeklestirebilmek i¢in ¢ocugunuzun ve sizin (anne ya da babadan biri)
beraber oyun ve kitap etkinlikleri yapmasini ve sonrasinda ¢ocugunuzun matematik
igerikli cesitli etkinlikleri yapmasini isteyecegiz. Sizin ve ¢ocugunuzun oyun ve kitap
etkinligi sirasindaki cevaplarinizi/davranislarinizi video kaydi bigiminde toplayacagiz.
Katilmaya goniillii olup ¢ocugunuzun da katilimina izin verdiginiz takdirde uygun bir
zamanda ev ziyareti ile bu etkinlikleri gerceklestirecegiz. Sizden c¢ocugunuzun
katilimc1 olmasiyla ilgili izin istedigimiz gibi, ¢alismaya baslamadan ¢ocugunuzdan
da sozlii olarak katilimiyla ilgili rizas1t mutlaka alinacak.

Cocugunuzdan alman bilgiler ne amacgla ve nasil kullamlacak?:
Cocugunuzdan ve sizden alacagimiz cevaplar tamamen gizli tutulacak ve sadece
aragtirmacilar tarafindan degerlendirilecektir. Elde edilecek bilgiler sadece bilimsel
amacla kullanilacak, cocugunuzun ya da sizin isim ve kimlik bilgileriniz hi¢bir sekilde
kimseyle paylasilmayacaktir. Bu ¢aligmadan alinacak bilgiler multimodal ebeveyn
girdisi ve cocuklarin matematik performansi arasindaki iliskinin anlasilmasina 6nemli
bir katki saglayacaktir.

Cocugunuz ya da siz calismay1 yarida kesmek isterseniz ne yapmahsimiz?:
Cocugunuzun cevaplayacagi sorularin onun psikolojik gelisimine olumsuz etkisi
olmayacagindan emin olabilirsiniz. Yine de bu formu imzaladiktan sonra hem siz hem
de cocugunuz katilimciliktan ayrilma hakkina sahipsiniz. Katilim sirasinda sorulan
sorulardan ya da herhangi bir uygulama ile ilgili bagka bir nedenden 6tiirii cocugunuz
kendisini rahatsiz hissettigini belirtirse ya da kendi belirtmese de arastirmaci ¢gocugun
rahatsiz oldugunu Ongoriirse, caligmaya sorular tamamlanmadan ve derhal son
verilecektir. Sayet siz ¢ocugunuzun rahatsiz oldugunu hissederseniz, bdyle bir
durumda ¢alismadan sorumlu kisiye ¢ocugunuzun ¢alismadan ayrilmasini istediginizi
sOylemeniz yeterli olacaktir.
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Bu cahsmayla ilgili daha fazla bilgi almak isterseniz: Arastirmayla ilgili
sorularinizi agagidaki e-posta adresini kullanarak bize yoneltebilirsiniz.

Saygilarimla,
Tuggce Yalcinkaya
Psikoloji Boliimii Yiiksek Lisans Ogrencisi
Orta Dogu Teknik Universitesi, Ankara
e-posta:
Liitfen bu arastirmaya katilmak konusundaki tercihinizi asagidaki

seceneklerden size en uygun gelenin altina imzanizi atarak belirtiniz ve bu formu
arastirmaciya veriniz.

A) Bu arastirmaya tamamen goniillii olarak katiliyorum ve c¢ocugum
...................................... "nin da katilime1 olmasina izin veriyorum. Caligmayi istedigim
zaman yarida kesip birakabilecegimi biliyorum ve verdigim bilgilerin bilimsel amagli
olarak kullanilmasini kabul ediyorum.

Baba Adi-Soyadi........ccceeeveeiiennnnn. Anne Adi-Soyadi.......c.cceeveeeiieniieiieniennn.

B) Bu calismaya  katilmayr  kabul  etmiyorum ve = ¢ocugumun
........................................ ‘nin da katilime1 olmasina izin vermiyorum.

Baba Adi-Soyadi.......coceeieniiiennnens Anne Adi-Soyadi......c.ccceeeveniiniincnnienen.
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C. INFORMED CONSENT

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, Orta Dogu Teknik Universitesi Psikoloji Boliimii Yiiksek Lisans
ogrencisi Tugce Yalginkaya tarafindan yiiksek lisans tezi kapsaminda
yiritilmektedir. Bu form sizi arastirma kosullar1 hakkinda bilgilendirmek igin

hazirlanmustir.
Cahismanin Amaci Nedir?

Arastirmanin amaci, multimodal (jest ve sz ile) ebeveyn girdisi ile okul 6ncesi

cagindaki cocuklarin matematik performansi arasindaki iliskiyi incelemektir.
Bize Nasil Yardimc1 Olmamz Isteyecegiz?

Arastirmaya katilmay1 kabul ederseniz, sizin i¢in de uygun olan ve tarih ve
saati Onceden planlanmis bir ev ziyareti gerceklestirilecektir. Ziyareti sadece
arastirmact (1 kisi) gergeklestirecektir. Bu ev ziyaretinde ¢ocugunuz ve calismaya
katilmaya goniillii ebeveynlerinden biri ile oyun ve kitap etkinligi yapilacaktir. Bu
etkinlikler daha sonra analiz edilmek tizere video kaydina alinacaktir. Sonrasinda
cocugunuz ile arastirmaci matematik igerikli ¢esitli etkinlikler yapacak ve arastirmaya

gontlli olarak katilan ebeveynden de demografik form doldurmasi istenecektir.
Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Arastirmaya katiliminiz tamamen goniilliilik temelinde olmalidir. Calismada
sizden ve ¢ocugunuzdan kimlik belirleyici higbir bilgi istenmemektedir. Cevaplariniz
tamamiyla gizli tutulacak ve sadece arastirmacilar tarafindan degerlendirilecektir.
Katilimcilardan elde edilecek bilgiler toplu halde degerlendirilecek ve bilimsel

yayinlarda kullanilacaktir.
Katilimimizla ilgili bilmeniz gerekenler:

Bu ¢alismaya katilmak tamamen goniilliiliik esasina dayalidir. Calisma, genel
olarak kisisel rahatsizlik verecek sorular veya uygulamalar igermemektedir. Ancak,

katilim sirasinda sorulardan ya da herhangi baska bir nedenden 6tiirii kendinizi rahatsiz
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hissederseniz calismay1 yarida birakabilirsiniz. Bdyle bir durumda calismay1

uygulayan kisiye ¢alismadan ¢ikmak istediginizi sdylemek yeterli olacaktir.
Arastirmayla ilgili daha fazla bilgi almak isterseniz:

Calismanin sonunda, bu calismayla ilgili sorulariniz cevaplanacaktir. Bu
calismaya katildiginiz i¢in simdiden tesekkiir ederiz. Calisma hakkinda daha fazla
bilgi almak i¢in Psikoloji Boliimii yiiksek lisans 6grencisi Tugge Yalcinkaya (e-posta)
ile iletisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu calismaya tamamen goniillii olarak
katiliyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Isim Soyad Tarih Imza
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D. TURKISH SUMMARY / TURKCE OZET

BOLUM 1

GIRIS

Matematik becerileri, ¢ocuklarin gelisiminin temel alanlarindan birini olusturur.
Cocuklar, erken yaslardan itibaren sayisal ve matematiksel kavramlarla etkilesime
girme firsat1 bulurlar, bunlarin ¢cogu ebeveyn girdisi yoluyla ev ortaminda ortaya ¢ikar

(bkz., Anderson vd., 2005; Uscianowski vd., 2020).

Bu tiir girdiler, yalnizca konugma yoluyla veya konusma ve jestlerle multimodel
bicimlerde saglanabilir, boylece matematiksel kavramlarin gorsel temsillerini sunulur
(Karadoller vd., 2025a). Ebeveyn matematik girdisinin énemini kabul edilmesine
ragmen, nispeten az sayida ¢aligma bunun ¢ocuklarin matematik gelisimiyle iliskisini
incelemistir (6rn., Brooks vd., 2018; Cook vd., 2017) ve daha az1 bu iliskide jestlerin
roliine odaklanmistir ancak jestlerin ebeveyn girdisinde baskin oldugu gosterilmistir

(Karadoller vd., 2025a).

Giincel calismada, kitap okuma sirasinda ebeveynlerin matematik girdisinin, okul
oncesi ¢ocuklarinin matematik becerileri, ebeveynlerin matematik girdi saglama
egilimi ve kitap okuma materyallerinin ebeveynleri matematik girdisi {iretmeye ne

kadar yonlendirip yonlendirmedigini inceleyen kapsamli bir yaklagim benimsenmistir.

Bu amagla ti¢ kitap okuma kosulunda (jestli & gorsel isaret, soyut % gorsel isaret ve
isaretsiz) yalnizca konugsma ve multimodel (konusma ve jestler) ebeveyn matematik
girdisini, yar1 yapilandirilmis bir oyun oturumunda ebeveyn matematik girdisini ve

okul 6ncesi ¢ocuklarinin ¢esitli matematik becerileri incelenmistir.
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1.1. Matematik Gelisimi

Matematik yetenegi genellikle ¢cocuklarin okul ¢caginda edindikleri becerilere baglanir.
Ancak ¢ocuklar erken yaslardan itibaren sozsiiz gorevlerde sayilarin farkindaligini
gosterirler ve konugma, jest veya isaretler yoluyla say1 baglantili girdiye maruz kalirlar
(Barner vd., 2025). Okul oncesi yillardaki matematik becerisi, sonraki yillardaki
matematiksel basarilarla nemli 6l¢iide iliskilidir (6., Watts vd., 2014). Ornegin,
“say1 hissi” ¢ocuklarin erken yaslardan itibaren sahip oldugu ozelliklerden biridir
(bkz., Dehaene, 2011) ve okul oncesi ile okul yillar1 boyunca kademeli olarak gelisir
(Yilmaz, 2017). Bu kavram nesnelerin yaklasik sayisal degerini anlamay1 veya iki

degerin birbirine gore azligini ve ¢oklugunu saymadan tahmin etmeyi ifade eder.

Arastirmacilar, ¢ocuklarin matematik anlayislarini nasil gelistirdiklerine dair birkag
teori onermistir. Ornegin, ¢ocuklar 2 yasindan sonra kisa siireligine 10'a kadar say1
listesini ““sayabilir” fakat sayilarin anlamini ancak 4 yasinda ogrenirler (Carey ve
Barner, 2019). Bilen-seviye cergevesine gore, ¢ocuklar sirasiyla bir bilenden iki
bilene, li¢ bilene ve dort bilen seviyesine yaklasik 6 aylik araliklarla gecerler (Carey,
2009; Le Corre ve Carey, 2007; Sarnecka ve Lee, 2009). Bu seviyelerde ¢ocuklar
bilen-seviyelerinin Otesindeki say1 kelimelerinin anlamlarin1 bilmezler ancak say1
sembollerini esdeger kiime boyutundaki nesnelerle eslestirebilirler. Dort bilen
olduklarinda, yani yaklasik 4 yasindayken, “kardinalite” ilkesini de anlayabilirler.
Kardinallik, bir nesne kiimesinin miktarii gosteren say1 kelimesini ifade eder (6m.,
Carey ve Barner, 2019; Mix vd., 2005), ayn1 zamanda kiimedeki nesneler sayildiginda
sOylenen son say1 degerini verir (Fuson, 1991). Cocuklar, gercek hayatta kardinalite
becerisini kazanarak sayr kelimelerini ve bu kelimelerin anlamlarini yaklasik 46

aylikken eglestirmeye baslar (Levine vd., 2010; Ramani vd., 2015).

1.2. Ebeveyn Matematik Girdisi

Ebeveyn girdisi, biligsel ve kavramsal anlama dahil olmak {izere c¢esitli alanlarin
gelisimiyle ilgilidir (bkz., Anderson vd., 2005; Uscianowski vd., 2020). Ramani ve
arkadaslarma (2015) gore oyun ve kitap okuma (Unliitabak vd., 2022), alisveris
(Hanner vd., 2019; LeFevre vd., 2009) ve yemek pisirme (Swirbul ve Melzi, 2023),

52



ebeveynlerin ¢ocuklara bilgi vermesi i¢in Onemli etkinliklerdir. Bu etkinlikler

cocuklarin biligsel gelisimini ve kavramsal anlayisini destekler.

Sayilar, ebeveynlerin bu etkinlikler sirasinda bebekleri ve kii¢lik cocuklariyla en sik
konustugu konulardan biridir (Anderson vd., 2005; Gunderson ve Levine, 2011; Mix
vd., 2012; Swirbul ve Melzi, 2023). Ebeveynlerin sayilar hakkinda konugmasi,
cocuklarin matematik becerileriyle iliskilidir. Ev ortaminda ‘“sayr konusmasi’na
maruz kalma, sayma yeteneklerinin gelisiminde kritik bir rol oynayabilir (Goldstein
vd., 2016; Gunderson ve Levine, 2011; LeFevre vd., 2009; Levine vd., 2010).
Bebeklikte bile, ebeveynler c¢ocuklariyla etkilesimde bulunduklarinda sayilardan
bahsederler. Calismalar, ebeveyn matematik girdisi i¢in yasin (Goldstein vd., 2016),
girdi tiirlinlin (Karadoller vd., 2025a; Ramani vd., 2015) ve modalitenin (konusma
veya jest) (Cook vd., 2017; Karadoller vd., 2025a) 6nemini gostermektedir. Ayrica,
calismalar, cocuklarin ¢ok erken yaslardan itibaren ebeveyn matematik girdisi aldigini
(Gunderson ve Levine, 2011; LeFevre vd., 2009; MacDonald ve Murphy, 2021; Mix
vd., 2012) ve bu girdinin kendiliginden multimodel oldugunu gdstermektedir
Karadoller vd., 2025a). Ancak multimodel matematik girdisi ile okul Oncesi
cocuklarda say1 becerilerinin gelisimi arasindaki iliski iy1 anlagilmamaktadir. Ayrica
ebeveynlerin yalnizca konugsma veya multimodel matematik girdisi saglama
egiliminin ne kadar oldugu ve kitap okuma materyallerinin bu girdi i¢in onlar1
yonlendirip yoOnlendirmedigi ve nasil yonlendirdigi bilinmemektedir. Ek olarak
ebeveyn girdisi genellikle ya bir 6ngoriicii ya da sonug olarak incelense de bir
etkinlikte (6rn., yalnizca konusma ve multimodel formlarda oyun oturumlari) ebeveyn
girdisinin bagka bir etkinlikteki ebeveyn girdisi ile (6rn., yalnizca konugsma ve
multimodel bi¢cimlerde kitap okuma oturumlari) iliskili olup olmadig1 ve nasil iliskili

oldugu konusunda ¢ok az sey bilinmektedir.

1.3. Jestler ve Matematik Becerilerinin Gelisimi

Cocuklar, soyut kavramlar1 Ogrenirken jestleri gbzlemlemekten faydalanir.
Ebeveynler, kitap okuma gibi etkinlikler sirasinda (Rowe vd., 2008; Unliitabak vd.,
2022) oldugu kadar matematikle ilgili kitap okuma etkinliklerinde de (Karadoller vd.,

2025a) cocuklariyla iletisim kurarken jestleri kullanirlar.
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Calismalar hem egitim ortamlarinda hem de ev ortaminda matematik 0grenimini
desteklemede jestlerin roliinii giderek daha fazla incelemektedir (bkz., Cook vd.,
2013). Daha yeni caligmalar, jestlerin roliinlin matematiksel alanlar arasinda
degisebilecegini gostermistir. Yilmaz ve arkadaslar1 (2025) 4 yasindaki ¢ocuklarda
jest kullanimini incelemis ve gorevler arasinda farkli etkiler bulmustur: Jestler sozel
olmayan aritmetik performansi artirirken, ¢ocuklarin kardinallik gorevindeki
performansin1 azaltmistir. Yazarlar, erken yastaki cocuklar icin daha az jest
kullaniminin ¢ocuklarin say1 kelimeleri, sayma gibi daha temel kavramlar1 edinmeleri
konusunda fayda saglayabilecegini one siirmiiglerdir ve jestlerin bu kavramlari

ogrenmede dogrudan desteklemeyebilecegini belirtmislerdir.

Calismalar egitim ortamlarinin yani sira jestler ebeveyn girdisiyle evde erken
matematik 6grenimiyle de iliskili oldugunu gostermistir (Karadoller vd., 2025a).
Ancak kitap okuma sirasinda ebeveyn jest kullanimi ile ¢ocuklarin matematiksel
performansi1 arasindaki iliski hald yeterince anlagilmamaktadir. Ayrica mevcut
caligmalar farkli etkinlikler ve gérevler arasinda jestli girdilerin miktarin1 ve dogasini
nadiren karsilastirir. Ek olarak 6nceki ¢alismalar dncelikle kiigiik cocuklar veya okul
cagindaki ¢ocuklar iizerine odaklanmis, okul oOncesi ¢ocuklar1 biiylik Olciide
kesfedilmemistir. Daha da 6nemlisi simdiye kadarki ¢alismalarda annelerin ¢ocuklarin
farkli matematik gorevlerindeki performansini dikkate alarak ne kadar yalnizca
konusma ve multimodel matematik girdisi sagladigini sistematik olarak ayarlayip

ayarlamadigin arastirilmamastir.

1.4. Giincel Calisma

Giincel c¢alisma, kitap okuma sirasindaki ebeveynlerin matematik girdisinin;
ebeveynlerin matematik girdisi saglama egilimiyle ilgili olup olmadigini, kitap okuma
materyallerinin ebeveynleri matematik girdisi saglamaya ne kadar yonlendirdigini ve

okul 6ncesi ¢cocuklarin matematik becerilerinin bunlarla iliskisini arastirmistir.

Aragtirma sorularimiz asagidaki gibidir:
l. Ebeveyn matematik girdisi, oturumlar (oyun oturumu ve kitap okuma oturumu)

ve kitap okuma kosullar ile ilgili olarak degisir mi?
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2. Ebeveyn matematik girdisi, ¢ocuklarin matematiksel becerileriyle ilgili mi?

Tiim anne-cocuk ikilileri 6nce ayn1 yar1 yapilandirilmis oyun oturumunu tamamlayip
ardindan rastgele bir sekilde kitap okuma kosullarindan birine (parmaklar, noktalar
veya notr) atanacagindan oyun oturumunda ebeveyn matematik girdisinde herhangi
bir fark Ongoriillmemistir. Buna karsilik ebeveyn matematik girdisinin, oyun
oturumunda farkli kitap okuma kosullarinda hem yalmizca konugsma hem de
multimodel bi¢imlerde farkli olacagi Ongoriilmiistiir. Matematikle ilgili kitaplar
(parmaklar ve noktalar) okuyan ebeveynlerin ipuglari olmayan kitab1 (nétr) okuyan
ebeveynlere kiyasla daha fazla ve multimodel matematik girdisi saglayacagi
Ongoriilmiistiir. Ayrica ipuglart iceren kitap okuma kosullar1 arasinda parmaklar
kitabina atanan ebeveynlerin noktalar kitabina atananlardan daha fazla matematik
girdisi saglayacagi ongoriilmiistiir. Ayrica ¢cocuklarin matematik becerilerinin kitap
okuma sirasinda ebeveynlerin sagladigi matematik girdilerinin miktar1 ve modalitesi

ile iligkili olacag1 ongdriilmiistiir.

BOLUM 2

YONTEM

Bu ¢alisma i¢in Orta Dogu Teknik Universitesi Insan Arastirmalar1 Etik Kurulundan
(0199-ODTUIAEK-2024) etik onay ve Milli Egitim Bakanligindan (54850036-044-
E.436) arastirma izni alinmistir. Ayrica ebeveynlerden kendileri i¢in bilgilendirilmis

onam ve ¢ocuklari i¢in ebeveyn onay formlar1 ve ¢ocuklardan da s6zIii onay alinmistir.

2.1. Katihmcilar

Calismaya 73 adet (49 kiz) 59 ay 19 giin ve 66 ay 20 giin yas araligindaki ¢ocuklar ve
anneleri katilmigtir. Tek dislama kriteri gelisimsel ve O6grenme sorunlari olan

¢ocuklardir.
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2.2. Arastirma Araclan

2.2.1. Oyun Oturumu

Calismanin basinda ebeveyn-cocuk ikilileri 10 dakikalik ¢esitli oyuncaklardan olusan

yar1 yapilandirilmis bir oyun oturumuna katilmaistir.

2.2.2. Kitap Okuma Oturumu

Ebeveynlerden evde yaptiklari gibi cocuklarina kelimesiz resimli bir kitap okumalari
istendi. Calismada kullanilan kitap, Monica Maas’in (t.y.) “Bobbi Telt Tot 10” adli

eserinden uyarlanmistir.

Bu ¢alisma amaciyla, ii¢ kitap okuma kosulu olusturulmustur.

Jestli gorsel isaret durumu (parmaklar kitab1), her sayfa i¢in belirli numaray1 gosteren
el(ler) lizerindeki parmaklar icermektedir. Soyut gorsel isaret kosulu (noktalar kitabi),
zar(lar) izerinde belirli say1y1 gosteren noktalari icermektedir. Gorsel isaret igermeyen
(nétr kitap) kosul sayfalarinin altinda ise higbir ipucu bulunmamaktadir. Anne-¢ocuk

ikilileri rastgele bir sekilde kitap okuma kosullarindan birine atanmustir.

2.2.3. Matematik Gorevleri

2.2.3.1. Tirtil Gorevi

Gorev, cocugun kardinalite becerilerini 6lgmektedir (Hanula ve Lehtinen, 2005).
Cocugun farkli sayida ayaklar1 olan tirtillara ¢orap kutusundan dogru sayida ¢orap
getirmesi beklenmektedir.

Tirtilin ithtiya¢ duydugu tiim ¢oraplar ayn1 anda getirilmelidir ve cocugun goérevin nicel

amacini, yani tirtila tam olarak dogru sayida ¢corap getirmeyi anladigi teyit edilmelidir.

Almabilecek en yiiksek puan 10’dur.
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2.2.3.2. ileri ve Geri Sayma Gérevi

Cocuktan 20'ye kadar saymasi ve ardindan 20'den geriye dogru saymasi istenmistir.
Iki puan belirlenmistir: Bunlar “hatalarla sayma” yani cocugun ulastig1 en yiiksek say1

ve “hatasiz sayma” yani ¢ocugun hatasiz ulastigi en yiiksek sayidir.

Ayni puanlama geriye dogru sayma igin de uygulanmistir. iki gorevde de aliabilecek
en yliksek puan 20’dir. Cocuklara sayma sirasinda miidahale edilmemis ancak

baslangigta aragtirmaci ilk iki say1y1 sdylemistir.

2.2.3.3. Sembolik Olmayan Karsilastirma Gorevi

Gorev, cocugun say1 hissini ve yaklasik temsilleri anlamasini 6l¢gmeyi amaglamaktadir
(Batchelor vd., 2015). Cocuk bilgisayar ekraninda i¢inde farkli sayida noktalar olan
iki yuvarlak gérmiis ve noktalari saymadan miimkiin olan en hizli sekilde daha fazla
noktali yuvarlagi segmesi istenmistir. Karsilastirilan iki say1 arasindaki sayisal mesafe
ya kiigiik (1 veya 2 mesafe) ya da biiyiiktiir (3 veya 4 mesafe). Cocuklar 20 gorev

tamamlamistir.

2.2.3.4. Sembolik Karsilastirma Gorevi

Bu gorev, g¢ocuklarin sayilar1 saymadan taniyip taniyamayacagimi Olgmektedir
(Batchelor vd., 2015). Cocuk bilgisayar ekraninda iginde farkli rakamlar olan iki
yuvarlak goérmiis ve miimkiin olan en hizli sekilde daha biiyiik rakamin oldugu
yuvarlagi se¢mesi istenmistir. Karsilagtirilan iki say1 arasindaki sayisal mesafe ya
kiiciik (1 veya 2 mesafe) ya da blyiiktiir (3 veya 4 mesafe). Cocuklar 20 gorev

tamamlamistir.

2.2.3.5. Sayisal Haritalama Gorevi

Bu gorev, ¢ocugun sembolik olmayan sayisal uyaricilar1 sembolik sayisal uyaranlara
esleme yetenegini 6lgmektedir (Batchelor vd., 2015). Cocuk bilgisayar ekraninda

icinde farkli rakamlar olan iki yuvarlak ve noktalar olan bir yuvarlak gormiis ve
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noktalar1 saymadan miimkiin olan en hizli sekilde nokta sayisina denk gelen rakami
iceren yuvarlagi segcmesi istenmistir. Karsilastirilan iki say1 arasindaki sayisal mesafe
ya kiigiik (1 veya 2 mesafe) ya da biiyiiktiir (3 veya 4 mesafe). Cocuklar 20 gorev

tamamlamuistir.
2.3. Uygulama

Tim etkinlikler ya ¢ocuklarin evinde ya da anaokullarindaki bir sinifta yapilmistir.
Tiim ikililer ayn1 oyun oturumu materyallerini kullanmistir. Ote yandan, kitap okuma
oturumu icin farklh kitaplar kullanilmistir. Bir grup (23 ikili) jestli (parmaklar)
ipuglarinin oldugu, baska bir deyisle sayilarin resimlerini el hareketleri olarak
gordiikleri (6rn., ¥) kitabi okumustur. Diger bir grup (25 ikili) ise kitab1 soyut
(noktalar) ipuglarinin oldugu yani zarlarda sayilar1 simgeleyen noktalarin (6rn., ";'7')
oldugu kitab1 okumus ve son grup da (25 ikili) ipuclarinin olmadigi (n6tr kosul) kitabi

okumustur.

Oyun ve kitap okuma oturumlarindan sonra ¢ocuklar matematik gorevlerini ayni
sirayla tamamlamis ve ebeveynler de demografik bilgi formlarmi doldurmustur.

Calisma yaklagik bir saat siirmiistiir.
2.4. Kodlama

Oyun ve kitap okuma oturumlar1 ebeveynlerin matematik girdisi i¢in yaziya dokiilmiis
ve kodlanmistir. Kodlama, Karaddller ve arkadaglart (2025a) ornek alinarak hem
konusma hem jest i¢in yapilmistir. Daha sonra “yalnizca konusma” ve “multimodel”

girdi gruplar1 olusturulmustur.
2.4.1. Konusma
Konusma kodlamasi i¢in dort kategori tanimlanmistir: kardinalite, sayma,

karsilagtirma ve Ol¢lim birimi. Kardinalite, annenin nesnelerin sayisini dogrudan

s0ylemesini, sayma annenin saymasini, karsilastirma annenin sayilar1 karsilastirdigi
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durumlari, 6l¢li birimi ise saymin ardindan Sl¢iilebilir bir birimin geldigi durumlari

ifade eder.

2.4.2. Jest

Jest kodlamasinda sadece matematikle ilgili jestler kodlanmistir. Ug tiir jest kategorisi
tanimlanmistir: sayi, isaret ve kardinalite. Say1 jestleri agik ve uzatilmis parmaklarla
nesnelerin miktarin1 gostermeyi, isaret annenin agik ve uzatilmis parmaklarla
nesnelere veya sayfadaki karakterlere isaret etmesini, kardinalite ise annenin her
nesneyi tek tek sayarak veya toplu halde bir grup nesneyi gostererek isaret etmesini

ifade etmektedir.

2.5. Bulgular

2.5.1. On Bulgular

Her bagimli degiskeni iceren tek yonlii bir ANOVA yapilmistir (oyun oturumunda
yalnizca konusma matematik girdisi, oyun oturumunda multimodel matematik girdisi,
kitap okuma oturumunda yalnizca konugma matematik girdisi ve kitap okuma

oturumunda multimodel matematik girdisi).

Sonuglar, oyun oturumu matematik girdilerinde, ebeveynlerin yalnizca konusma (F(2,
70) = 1.99, p = .145) veya multimodel (F(2, 70) = 9.95, p = .391) matematik girdisi
saglama bigimlerinde daha sonra atanan kitap okuma kosullarina goére farkli

olmadiklarini gostermistir.

Buna karsilik kitap okuma oturumu matematik girdilerinde ebeveynlerin farkl kitap
okuma kosullarinda yalnizca konusma (F(2, 40.0) = 7.09, p = .002) ve multimodel
(F(2, 34.6) = 637, p = .004) matematik girdilerinin sikliginda fark oldugu
goriilmiistiir. Tukey HSD diizeltmesi ile yapilan Post hoc testlere gore, noktalar
kitabini1 okuyanlar yalnizca konusma (ortalama fark = 11.24, p = .002) ve multimodel

(ortalama fark = 4.88, p = .012) girdi i¢in ndtr kitabr okuyanlardan anlamli sekilde
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farklidir. Bu sonuglar, kitap okuma kosullarinin girdi konusunda fark yarattigini

gostermektedir.

Kitap okuma oturumu sirasinda ebeveynlerin matematik girdisi lizerindeki kitap
okuma kosullarinin etkisini incelemek i¢in iki ayr1t ANCOVA (biri yalnizca konugma
matematik girdisi, digeri multimodel matematik girdisi i¢in) gerceklestirilmis ve oyun

oturumu sirasinda ebeveyn matematik girdisini kovaryant olarak kontrol edilmistir.

flk ANCOVA'da, oyun oturumu sirasinda ebeveynlerin yalnizca konusma matematik
girdisi, kitap okuma oturumundaki yalnizca konugsma matematik girdisi ile istatistiksel
olarak iliskili olmadig1 bulunmustur, F(1, 69) = 2.33, p = .131, kismi 5* = .03. Ayrica
oyun oturumu girdisi kontrol edildikten sonra kitap okuma kosullarinin (parmaklar,
noktalar, notr) kitap okuma girdisi lizerinde dnemli bir etkisi oldugu goriilmiistiir, F(2,
69) = 6.28, p = .003, kismi #*> = .15. Noktalar kitabmi1 okuyan ebeveynlerin, notr kitabi
okuyanlara gore kitap okuma oturumunda daha fazla yalnizca konusma girdisi
sagladig goriilmiistiir, ortalama fark = 11,26, %95 GA [0,41, 1,59], pTukey = .002,
Cohen'ind = 1,00.

Ikinci ANCOVA'da, oyun oturumu sirasinda ebeveyn multimodel matematik girdisi,
kitap okuma oturumundaki multimodel matematik girdisi ile istatistiksel olarak iliskili
bulunmustur, F(1, 69) = 6.59, p = .012, kismi > = .09. Oyun oturumu sirasinda daha
fazla multimodel matematik girdisi saglayan ebeveynlerin kitap okuma oturumunda
da daha fazla multimodel matematik girdisi sagladigi gortilmiistiir, f = .21, p = .002).
Oyun oturumu girdisi kontrol edildikten sonra kitap okuma kosullarinin kitap okuma
girdisi lizerinde dnemli bir etkisi oldugu goriilmiistiir, (2, 69) =5.25, p = .008, kismi
1* = .13. Noktalar kitabin1 okuyan ebeveynlerin nétr kitabr okuyanlara gore daha ¢ok
multimodel girdi sagladig1 goriilmiistiir, ortalama fark = 5.18, %95 CI [0.33, 1.50],
pTukey = .005, Cohen'in d = 0.92.

Bir bagka ANOVA, oyun veya kitap okuma oturumlarinda yalnizca konugma veya

multimodel ebeveyn girdilerinde anlamli cinsiyet farklar1 olmadigin1 gostermistir.
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Cogu matematik gorevi performanslarinin birbirleriyle korelasyon halinde oldugu
goriilmiistiir. Sadece geriye sayma ve kitap okuma kosullar1 arasinda anlamli pozitif

korelasyon bulunmustur (» = .23, p = .054).

2.5.2. Temel Bulgular

Iki bagimli degisken icin (kitap okuma sirasinda ebeveynlerin yalmizca konusma
matematik girdisi ve kitap okuma sirasinda multimodel ebeveyn matematik girdisi)

sekiz hiyerarsik regresyon modeli olusturulmustur.

Tiim modeller ayn1 ii¢ adimi takip etmis ancak matematik gorevleri ve oyun
oturumundaki ebeveyn girdi modalitesi modeller arasinda farklilik yaratmistir. Tiim
modellerin ilk adimda ¢ocugun cinsiyeti ve oyun oturumu matematik girdisi kontrol
edilmistir (yalnizca konugma girdisi modelleri i¢in yalnizca konusma girdisi ve
multimodel girdi modelleri i¢in multimodel girdi). Ikinci adim ¢ocuklarin matematik
becerilerini icermektedir: iki modelde Tirt1l Gorevi sonuglari, iki modelde hatasiz Ileri
Sayma ve hatasiz Geri Sayma sonuglari, iki modelde Sembolik Olmayan Karsilastirma
(kiictik/bliyiik mesafe), Sembolik Karsilastirma (kiigiik/biiylik mesafe) ve Sayisal
Haritalama Gorevleri (kiiglik/biiyiik mesafe) yer almistir. Son olarak, son adimda tiim

modellerde kitap okuma kosullar1 (parmaklar, noktalar, nétr) bulunmaktadir.

[k modelde ancak son adim modeli énemli Slgiide gelistirmis (F(2, 67) = 6.83, AR* =
.16, p = .002) ve toplam varyansin %20.3"linii agiklamistir (F(5, 67) = 3.42, p = .008).
Noktalar kitabin1 okuyan ebeveynler, parmaklar kitabini okuyan ebeveynlere kiyasla
daha fazla yalnizca konusma girdisi saglamistir (f = .63, p = .031). Baska hi¢bir

anlaml etki bulunmamistir (tiim p degerleri > .05).

Ikinci modelde yine ancak son adim modeli &nemli dlciide gelistirmis (F(2, 67) =5.58,
AR?= 13, p = .006) ve toplam varyansin %20.4"inii aciklamistir, F(5, 67) =3.44, p =
.008). Oyun oturumundaki multimodel girdinin anlamli bir yordayici oldugu
goriilmiistir (f = .30, p =.010). Buna ek olarak parmaklar kitabin1 okuyan ebeveynler,
ndtr kitab1 okuyan ebeveynlere kiyasla daha fazla multimodel girdi saglamistir (f = -

.54, p = .054). Baska hi¢bir anlaml1 etki bulunmamastir (tiim p degerleri > .05).
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Uciincii modelde yine son adim modeli énemli dl¢iide gelistirmis (AR? = .15, F(2, 66)
= 6.26, p = .003) ve toplam varyansin %21.4"linii aciklamistir, F(6, 66) = 3.00, p =
.012. Ancak, hi¢bir degisken yalnizca konusma matematik girdisini anlamli bir sekilde

yordamamustir (tiim p degerleri > .05).

Dérdiincii modelde yine son adim modeli énemli dl¢iide gelistirmis (AR = .12, F(2,
66) = 5.03, p =.009) ve toplam varyansin %19.5"ini agiklamistir, F(6, 66) =2.67, p =
.022). Oyun oturumundaki multimodel girdinin anlamli bir yordayict oldugu
goriilmiistiir (8 = .30, p = .013). Baska hig¢bir anlamli etki bulunmamistir (tim p
degerleri > .05).

Besinci modelde yine son adim modeli dnemli dl¢iide gelistirmis (AR? = .14, F(2, 65)
=5.80, p =.005) ve toplam varyansin %20.5'ini agiklamistir, F(7, 65) = 2.40, p = .030.
Ancak, hicbir degisken yalnizca konusma matematik girdisini anlamli bir sekilde

yordamamustir (tlim p degerleri > .05).

Altinc1 modelde yine son adim modeli nemli dl¢iide gelistirmis (AR*>= .13, F(2, 65)
=5.15, p=.008) ve toplam varyansin %20'sini agiklamistir, F(7, 65) =2.33, p =.035).
Oyun oturumundaki multimodel girdinin anlamli bir yordayic1 oldugu goriilmiistiir (4

=.30, p =.014). Baska hi¢bir anlamli etki bulunmamaistir (tiim p degerleri > .05).

Yedinci modelde yine son adim modeli énemli lgiide gelistirmis (AR* = .15, F(2, 65)
= 5.97, p = .004) ve toplam varyansin %20.6'sin1 agiklamistir, F(7, 65) = 2.41, p =
.029. Noktalar kitabin1 okuyan ebeveynler, parmaklar kitabin1 okuyan ebeveynlere
kiyasla daha fazla yalnizca konusma girdisi saglamistir (5 = .58, p = .046). Baska

higbir anlamli etki bulunmamustir (tim p degerleri > .05).

Sekizinci modelde ikinci adimin anlamli ve toplam varyansin %]15,1'ini agikladig:
goriilmiistiir (F(5, 67) = 2,38, p = .047) ancak ikinci adim da modeli anlaml1 sekilde
gelistirmemistir (AR*>=.08, F(3, 67)=2.10, p = .108). Oyun oturumundaki multimodel
girdinin (f = 27, p = .022) ve cocuklarin biiylik sayisal mesafeli Sembolik

Karsilagtirma Gorevi sonuglarinin (f = -.26, p = .054) anlamli yordayicilar oldugu da
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gdriilmiistiir. Ayrica son adim modeli énemli dlciide gelistirmis (AR = .09, F(2, 65)
=3.83, p=.027) ve toplam varyansin %24'iinii agiklamistir, F(7, 65) =2.94, p =.010).
Oyun oturumundaki multimodel girdinin anlamli bir yordayici oldugu goriilmiistiir (4

=.30, p =.010). Baska hi¢bir anlaml1 etki bulunmamuistir (tiim p degerleri > .05).

BOLUM 3

TARTISMA

Bu c¢alismada ebeveynlerin kitap okuma sirasindaki matematik girdisinin;
ebeveynlerin kendi matematik girdisi saglama egilimleri, kitap okuma materyallerinin
ebeveynleri matematik girdisi iiretmeye ne kadar yonlendirdigi ve okul Oncesi

cocuklarinin matematik becerileriyle ilgili olup olmadig1 incelenmistir.

Bulgular, oyun oturumunda ebeveynlerin yalnizca konugsma ve multimodel matematik
girdilerinin farklilik gostermedigini ancak kitap okuma oturumu sirasinda
ebeveynlerin matematik girdilerinin kitap okuma kosullarma gore farklilik

gosterdigini belirtmistir.

Kitap okuma sirasinda ebeveynlerin matematik girdisi, ¢ocuklarin matematik
performansindan ziyade Oncelikle baglamsal faktorler ve ebeveynlerin temel girdi
egilimleriyle sekillenmistir. Ozellikle oyun oturumu sirasinda ebeveynlerin
multimodel matematik girdisi, kitap okuma oturumu sirasinda multimodel matematik
girdilerini istikrarli sekilde yordamis ve bu ebeveynlerin etkinlikler arasinda jest
kullanimindaki istikrarini gostermistir. Ayrica kitap okuma kosullar1 ebeveyn girdisini
sistematik olarak etkilemistir. Ebeveynler noktalar kitabin1 okurken noétr kitaba kiyasla
daha fazla yalnizca konugma matematik girdisi saglamis, parmaklar kitabin1 okurken
ise notr kitaba kiyasla daha fazla multimodel matematik girdisi saglamistir. Cocuklarin
matematik gorev performansi ne yalnizca konugsma ile ne multimodel ebeveyn

matematik girdisi ile tutarli sekilde iliskili bulunmustur. Sadece biiyiik sayisal mesafeli
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sembolik karsilastirma becerisinin multimodel matematik girdisiyle iligkili oldugu

goriilmiistiir.

3.1. Oyun Oturumundaki Multimodel Ebeveyn Girdisi

Oyun oturumu sirasinda multimodel girdi saglayan ebeveynlerin kitap okuma
oturumunda da multimodel matematik girdisi saglama egiliminde oldugu goriilmiistiir.
Bu bulgu, ebeveynlerin etkinlikler arasinda multimodel girdi kullaniminda istikrarh
oldugunu gostermektedir. Onceki calismalar, multimodel girdinin baskin girdi
tiirlerinden biri oldugunu (Karadéller vd., 2025a) ve ebeveynlerin cocuklartyla iletisim
kurarken dogal olarak jestleri konusmayla entegre ettigini tutarli bir sekilde
gostermistir (Cook vd., 2012; Karadoller vd., 2024; Karadoller vd., 2025a; Karadoller
vd., 2025b; Rowe vd., 2008). Bulgularimiz, ebeveynlerin multimodel girdi kullanma
egiliminin tek bir baglamla smirli olmadigini, farkli aktiviteler arasinda

genellestirdigini gostererek bu literatiirii genisletmektedir.

Onceki arastirmalarin ¢cogu, ebeveyn girdisi ile ¢ocuk sonuglar1 arasindaki iliskilere
(Karadoller vd., 2025a; LeFevre vd., 2009; Ramani vd., 2015) odaklanmistir. Buna
karsilik mevcut ¢alisma dogrudan ebeveyn girdileri arasindaki iligkiyi incelemektedir.
Bildigimiz kadariyla bu, ebeveynlerin yart yapilandirilmis bir oyun oturumu
sirasindaki multimodel matematik girdisinin sonraki matematikle ilgili kitap okuma
oturumundaki multimodel matematik girdisini 6ngdrdiigiinii gosteren ilk ¢aligsmadir.
Bu bulgular multimodel matematik girdisinin hem baglama duyarli hem de igsel tutarl
ebeveyne 0zgii bir iletisim tarzin1 temsil edebilecegini gostermektedir. Ebeveynlerin
multimodel girdilerinde baglamlar arasi siirekliligi gdstererek bu ¢aligma ebeveynlerin
giinliik etkilesimlerde erken matematik deneyimlerini nasil destekledigine dair bir

anlay1s sunmaktadir.

3.2. Kitap Okuma Kosullar

Kitap okuma kosullari, birkag modelde ebeveyn girdisinin 6nemli yordayicilari olarak
ortaya c¢ikmig ve hipotezlerimizi kismen desteklemistir. Hipotezlerimizin aksine

parmaklar kitabin1 okuyan ebeveynler en ¢ok matematik girdisini saglamamugtir.
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Cocuklarin matematik becerileri dikkate alinmadiginda noktalar kitabini okuyan
ebeveynler, nétr kitab1 okuyan ebeveynlere gore daha fazla yalnizca konusma ve

multimodel matematik girdisi saglamistir.

Cocuklarin matematik becerileri kitap okuma kosulu ile birlikte degerlendirildiginde
noktalar kitabin1 okuyan ebeveynler, notr kitap kosullarindakilere gore yalnizca
konusma ile daha fazla girdi saglamaya devam etmistir. Bu bulgular, nokta gibi soyut
gorsel ipuclarinin jest olmasa bile ebeveynleri matematikle ilgili konugsmalar yapmaya

etkili bir sekilde tesvik edebilecegini gostermektedir.

Buna karsilik jestli ipuglart iceren parmaklar kitab1 multimodel ebeveyn matematik
girdisindeki artigla daha iligkilidir. Birgok modelde, parmaklar kitabin1 okuyan
ebeveynler, notr kitab1 okuyan ebeveynlerden daha fazla multimodel girdi iiretmis ve
belirli modellerde (6rn., Tirtll Gérevi) anlamli sonuglar gdstermistir. Bu oriintii, dnceki
calismalarla ortiiserek (Hanner vd., 2019; LeFevre vd., 2009) jestli ipuglarinin
ebeveynlerin matematikle ilgili genel konusmalari yerine multimodel girdi kullanimin

secici olarak destekledigini gostermektedir.

Bu bulgular, ¢ocuklarin hem yalnizca konusma ile hem de multimodel ebeveyn
matematik girdisinin artisindan fayda sagladigimi gosteren Onceki arastirmalarla
ortiismektedir (Goldstein vd., 2016; Gunderson ve Levine, 2011; LeFevre vd., 2009;
Levine vd., 2010). Bulgular kitaplardaki farkli ipu¢larinin ebeveyn matematik girdisi
modalitesini  farkli  sekilde destekleyebilecegini  gostererek bu literatiirii

genisletmektedir.

Noktalar kitabin1 okuyan ebeveynler, parmaklar kitabin1 okuyanlara gore genellikle
daha fazla yalnizca konusma girdisi saglamistir. Bu etki birka¢ modelde (6rn., Tirtil
Gorevi ve biiyiik sayisal mesafeli Sembolik Olmayan Karsilastirma, Sembolik
Karsilastirma ve Sayisal Esleme gorevleri gibi modellerde) anlamli bulunmustur. Bu
bulgu hipotezimize aykiri olsa da jest kullaniminin tiim erken matematik kavramlari
ayn1 sekilde desteklemeyebilecegini gosteren ¢alismalarla tutarlidir (6rn., Cook vd.,

2013; Yilmaz vd., 2025).
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3.3. Cocuklarin Sembolik Karsilastirma (Biiyiik Mesafe) Sonuclari

Bulgular, sadece multimodel ebeveyn matematik girdisi ile cocuklarin biiyiik sayisal
mesafeli sembolik karsilastirma performansinin iliskili oldugunu gdstermistir.
Sembolik karsilastirma becerisi, cocuklarin rakam bilgisini ve sayisal biiyiikliikleri
anlama yeteneklerini yansitir (Batchelor vd., 2015; Norris vd., 2015; Zhang vd., 2022).
Onceki arastirmalar, ebeveynlerin ¢ocuklarinin gelisim seviyelerine ve alana 6zgii
bilgiye yanit olarak girdilerini sistematik olarak ayarladigini gostermistir (6rn.,

Goldstein vd., 2016; Karadoller vd., 2025a; Ramani vd., 2015).

Bulgular, kitap okuma sirasinda multimodel ebeveyn matematik girdisinin
azalmasiyla daha yiiksek sembolik sayisal bilgi seviyelerinin iligkili olabilecegini
gostererek bu literatiirii  genisletmektedir. Ebeveynlerin daha giiglii sembolik
karsilastirma becerilerine sahip ¢ocuklarin daha az jest veya multimodel iskelete
ihtiyag duydugunu ve bu nedenle daha ¢ok konusma tabanli girdi sagladigi
diistiniilebilir. Bu, jest kullaniminin daha karmasik veya gelismekte olan matematiksel
kavramlarin edinilmesini desteklemek icin ozellikle faydali oldugunu gosteren

caligmalarla tutarhdir (Yilmaz vd., 2025).

Genel olarak bu sonuglar ¢cocuklarin matematik becerilerinin kitap okuma sirasinda
ebeveynlerin matematik girdisini yordamadigini gostermektedir. Bu Oriintii
ebeveynlerin ¢ocuklarin yeteneklerine gore girdilerini ayarlayabildiklerini ancak bu
ayarlamalarin segici ve ilgilenilen matematik alanina bagli olabilecegini

gostermektedir.

3.4. Siirlamalar ve Gelecek Calisma Onerileri

Mevcut ¢alisma ebeveynlerin matematik girdisine odaklanmis, oyun ve kitap okuma
sirasinda ebeveynlerin yalnizca konusma ve multimodel girdilerini analiz etmistir. Bu
nedenle gelecekteki caligsmalar, ebeveyn-cocuk matematik aligverislerinin etkilesimli
dogasini tam olarak yakalamak icin ¢ocuklarin matematikle ilgili konusma ve jest

kullanimin1 dahil etmekten fayda saglayacaktir.
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3.5. Sonu¢

Mevcut c¢alisma, kitap okuma sirasinda ebeveynlerin matematik girdisinin;
ebeveynlerin matematik girdisi saglama egilimiyle ilgili olup olmadigini, kitap okuma
materyallerinin ~ ebeveynleri ~ matematik  girdisi  iiretmeye  ydnlendirip
yonlendirmedigini ve okul 6ncesi ¢cocuklarinin matematik becerileriyle iliskili olup
olmadigin1 arastirmistir. Kitap okuma kosullar1 arasinda ise ebeveyn girdisinin
sistematik olarak farklilik gosterdigi goriilmiistiir. Oyun sirasindaki multimodel
matematik girdisi, kitap okuma sirasindaki multimodel girdisini anlamli sekilde
yordamigtir, bu ebeveynlerin jestleri etkinlikler arasinda kullandigi istikrari
gostermektedir. Cocuklarin matematik performansi ebeveyn girdileriyle biiylik dl¢iide
ilgisiz bulunmus, sadece biiyiik sayisal mesafeli sembolik karsilagtirma becerisi
performansinin multimodel girdiyle iliskisi goriilmiistir. Genel olarak ebeveyn
matematik girdisini ¢ocuklarin matematik beceri seviyelerinden ziyade baglamsal

ipuglar1 ve ebeveynlerin kendi girdi egilimleriyle sekillendirdigi gériinmektedir.
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