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ABSTRACT
Spatial Language Development in Preterm and Full-Term Infants: The Role of Object
Exploration and Parents’ Spatial Input
Mert Kobas
Master of Arts in Psychology
August 2021

Through object exploration, infants learn features about objects, which is related to
children’s language learning. Object exploration and parents’ verbal spatial input may lead to
cascades for the development of spatial language that can differ for preterm infants and full-
term infants. This longitudinal study examined whether object exploration at 14 months and
parents’ spatial input at 14 (Time 1) and 19 (Time 2) months were related to spatial language
in preterm (Mean gestational age = 30 weeks) and full-term infants (Mean gestational age =
38.9 weeks) at 26 months. The object exploration at Time 1 and parents’ spatial input at
Times 1 & 2 were coded from the free play sessions. We expected that preterm infants would
receive less spatial input from their parents compared to full-term infants and they would
explore the objects less than full-term infants. Additionally, object exploration was associated
with parents’ spatial input and together they predicted children’s spatial language, providing
developmental cascades. Our results showed that there was no difference for object
exploration and parents’ spatial input based on neonatal condition. Object exploration was
not uniquely associated with parents’ spatial input, controlling for age and neonatal condition.
However, we found that the interaction between object exploration and parents’ spatial input
at 14 months predicted spatial language at 26 months, regardless of neonatal status. These
findings suggest that object exploration and parents’ spatial input lead to a cascading effect
on the development of spatial language at younger ages for preterm and full-term children.

Keywords: object exploration, spatial language, parental input, preterm infants



OZETCE
Preterm ve Full-Term Bebeklerde Uzamsal Dil Gelisimi: Obje Kesfinin ve Ebeveynin
Uzamsal Kelime Kullaniminin Rolii
Mert Kobas
Psikoloji Boliimii, Yiiksek Lisans

Agustos, 2021

Bebekler objeleri kesfederek objelerin 6zelliklerini 6grenebilir. Ayrica obje kesfi dil
gelisimi ile de yakindan alakalidir. Obje kesfi ve ebeveynlerin uzamsal kelime kullanima,
zamanindan once dogan (preterm) ve zamaninda dogan (full-term) bebeklerde gelisimsel
kaskadlar yaratarak, uzamsal dil gelisimine katkida bulunabilir. Bu boylamsal ¢alisma
zamanindan 6nce dogan (preterm, ortalama dogum haftas1 = 30 hafta) ve zamaninda dogan
bebeklerde (full-term, ortalama dogum haftasi= 38,9 hafta),14.aydaki (1.zaman dilimi) obje
kesfinin ve 14. (1. zaman dilimi) ve 20. (2. zaman dilimi) aylardaki ebeveynlerin uzamsal
kelime kullanimlarinin, 26. (3. zaman dilimi) aydaki ¢ocuklarin uzamsal dil geligimi ile
iligkisini incelemistir. 1. zaman dilimindeki obje kesfi ve 1. ve 2. zaman dilimindeki
ebeveynlerin uzamsal kelime kullanimlar1 serbest oyun oturumlarindan kodlanmistir. Bu
calismada, preterm bebeklerin, full-term bebeklere gére ebeveynlerinden daha az uzamsal
kelime duymasi ve daha az obje kesfi yapmalar1 beklenmekteydi. Ek olarak, obje kesfinin
ebeveynlerin uzamsal kelime kullanimlari ile iliskili olmasi ve obje kesfi ile ebeveynlerin
uzamsal kelime kullanimlarinin etkilesiminin ¢ocuklarin uzamsal kelime bilgisini yormadasi
beklenmekteydi. Sonuglarimiz obje kesfi ve ebeveynlerin uzamsal kelime kullanimi agisindan
preterm ve full-term bebekler arasinda bir fark olmadigini gosterdi. Obje kesfinin, yas ve
yenidogan durumu kontrol edildiginde, ebeveynlerin uzamsal dil kullanimi ile arasinda
anlamli bir iligki bulunmamaktadir. 14. aydaki obje kesfi ve ebeveynlerin uzamsal dil
kullanimi arasindaki etkilesim degiskeni, yenidogan durumu farketmeksizin, 26. aydaki
uzamsal kelime sayisin1 yordamaktadir. Bu sonuglar, obje kesfi ve ebeveynlerin uzamsal
kelime kullaniminin bir kaskad etkisi yaratarak, full-term ve preterm bebeklerdeki uzamsal
dil gelisimine katkida bulundugunu goéstermektedir.

Anahtar kelimeler: obje kesfi, uzamsal dil, ebeveynlerin kelime kullanimlari, preterm
bebekler
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Chapter 1:
INTRODUCTION

Infants’ actions broaden their learning opportunities, and consequently cognitive
skills, such that exploration of objects or spatial area contributes to the development of
language skills. Previous studies have examined the relation between infants’ exploratory
actions and their cognitive skills, investigating the real-time interactions and cascading effect
of motor behaviors on cognitive development (Adolph & Hoch, 2019; Iverson, 2010; Smith
& Gasser, 2005). Object exploration provides information about objects with real-time
behaviors (Jarvis, West & lverson, 2020). Children having differential developmental
trajectories are behind typically developed children in these skills. For instance, preterm
infants, who are born before 37 weeks of gestational age, have been reported as having
developmental delays in motor skills and object exploration (Ruff et al., 1984; Benassi et al.,
2016; Zuccarini et al., 2018). These problems in exploration may lead to a cascading effect
on later language development in preterm infants. Rather than the direct relation between
exploration and overall language development, exploration may support specific linguistic
units in language development such as spatial language or object names (Smith, 2013;
Oudgenoeg-Paz, Leseman & VVolman, 2015). However, exploration may become impactful
for language development with support of social interactions. For example, parental verbal
input plays a great role in infants’ cognitive achievements (Golinkoff et al., 2019; Masek et
al., 2021). Quality and quantity of parental input are related to children’s language
development (e.g., Anderson et al., 2021; Huttenlocher et al., 2007). More importantly,
specific types of linguistic input such as spatial input referring to object sizes, features,
rotations, locations or directions are related to development in specific domains such as
spatial cognition and spatial language (Pruden, Levine & Huttenlocher, 2011; Kisa et al.,
2019), and learning object names (Kobas, Aktan-Erciyes & Goksun, 2021). Building on

these earlier findings, this study investigates (1) the relation between object exploration and



spatial language input of parents in preterm and full-term infants, and (2) the role of object
exploration and parents’ spatial input on later spatial language of preterm and full-term
infants.
1.1 Spatial Language

Spatial words describe actions, features of objects, and relations between objects. For
example, we use adjectives to describe spatial features of objects like small, tiny, or big. We
also use prepositions to express the spatial relations between a figure object and a reference
object (Talmy, 1983; Munnich & Landau, 2010). As an example, in the sentence “I put the
book on the shelf,” “on” connects the figure object (the book) to the reference object (the
shelf). In that sense, prepositions are the expressions of regions or positions based on the
reference object (Munnich & Landau, 2010) as well as the expressions of containment and
support (Parish-Morris, 2011). Containment is the description of whether an object covers or
includes another object fully or partially, like milk in a bowl. Support describes whether an
object is placed on top of the other object, such as a computer on the desk. Although infants
categorize these relations from very early on, comprehension and production of the words
that describe these relations can be challenging (Casasola, 2008; Casasola, 2018).

Infants need to understand spatial categories to map the labels onto these spatial
relations (Gentner & Boroditsky, 2001). However, this process is difficult due to the
relational nature of spatial words (Gentner, 2016). The first spatial words that can be
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comprehended and produced by infants are “in,” “on” and “under” in different languages
such as English, Turkish, or Hebrew (Bowerman, 1996). Even infants at 15 months can
comprehend these words if the events are familiar (Hoff & Shatz, 2009). From 18 months on,
infants extend this comprehension towards unfamiliar events or situations (Meints et al.,

2002). Children who learn English, Italian or Turkish can comprehend the terms for “near”

around 2;5 years old and express it at around 3 years old (Johnston, 1988). The terms for



“between” is comprehended and expressed between 3 and 4 years in these languages. “Right”
and “left” are the last ones that children can comprehend and produce by 4-5 years (e.g.,
Scott & Sera, 2018; Turan, Kobas & Goksun, 2021).

There is a great diversity in the age of acquisition of spatial labels and categories.
Importantly, spatial language is also closely related to later spatial development. Besides
communicative functions, spatial language augments children’s spatial skills because spatial
language highlights spatial information, supports learning of spatial relations, and allocates
attention to task-specific information. For example, Loewenstein and Gentner (2005) found
that prompting children with spatial language such as “on, in, under” increased their
performance on a spatial mapping task. Following this, Simms and Gentner (2019) used a
spatial task that requires finding a hidden object in the middle of other objects. They found
that 4 years-olds would be more successful in this task, if they knew the words “middle” and
“between.” Recently, Turan and colleagues (2021) showed that comprehension and
production of postpositions in Turkish were related to preschool-aged children’s mental
rotation abilities. Therefore, the development of spatial skills is intertwined with the
development of spatial language. However, both the acquisition of spatial language and its
relation to spatial skills in children under the risk of developmental delays such as preterm
infants are understudied.

Preterm infants are born before 37 weeks of gestational age. Based on gestational age,
preterm infants are mostly divided into 3 groups: Extremely preterm infants are born before 28
weeks, very preterm infants are born between 29 and 32 weeks, and moderately preterm infants
are born between 33 and 37 weeks (Quinn et al., 2016). Preterm birth brings cognitive and
physical problems such as language delays or motor problems (Sansavini, Guarini & Caselli,
2011). Even preterm infants who follow typical developmental pathways were reported as

having lower scores on visuospatial performance and spatial working memory than full-term



infants at ages 3-4 (Vicari et al., 2004). Preterm infants also show delays in both receptive and
expressive language development (e.g., Caravale et al., 2005; Foster-Cohen et al., 2007;
Sansavini et al., 2011). Studies on early spatial language development in preterms are very rare
and blended with general language development analyses. A meta-analysis study by van Noort-
van der Spek and colleagues (2012) covered 7 studies with preterm infants and showed that
preterm infants between 3 and 12 years are behind full-term infants for complex language
functions (i.e., the complete assessment of preposition knowledge, verb knowledge, grammar
competence and linguistic complexity). A recent study (Clingan-Siverly et al., 2021) found that
there was no difference in spatial language in a puzzle playing task between preterm and full-
term preschoolers.

Overall, these variations in the age of acquisition for spatial language and spatial
categories point out different developmental pathways (i.e., cascades) for spatial language
development in both full-term and preterm infants.

1.2 Developmental Cascades

The development of cognitive and motor skills consists of multiple pathways in
multiple timelines with complex interactions among different domains, structures, and
functions, which are called developmental cascades (Oakes & Rakison, 2019). The
developmental cascades approach implies that an early achievement in the developmental
system, such as reaching the sitting milestone, leads to possible pathways (e.g., object
exploration) to help develop later cognitive or motor skills (e.g., object knowledge). This
approach argues that earlier experiences on different skills, interactions, or maturational
attainments enable some pathways for the development of certain skills. However, this does
not imply that earlier experiences that enable these pathways must be causes of
developmental milestones (Adolph, 2019). Indeed, different pathways combine and lead to

development of a cognitive skill.



Cumulative and enabling effects of earlier experiences improve developmental system
in multiple ways. Every new achievement starts a new pathway that enables the acquisition of
different skills. For example, infants can utter their first words at around their first birthdays.
They need to map words onto objects or concepts to produce their first words, but this is not
enough for word learning. Infants also need to perceive the related words among the speech
stream with their statistical learning abilities for mapping process (Saffran, 2003). The
statistical learning related experiences is not a cause for uttering “ball” as a first word, as
infants perceive many words in the speech stream, but it enables a developmental pathway
for the first word expressions through mapping referents to concepts with other possible
pathways (e.g., Smith, 2013). Developmental cascades reflect individual variabilities in early
development and delays in cognitive and motor skills of infants as a result of these
cumulative effects (lverson, 2021).

Spatial language development can also be investigated within the developmental
cascade perspective. For the development of spatial language in infants, object exploration
and parents’ spatial input can lead to a cascading effect on later spatial language. Following
this, we first reviewed the literature on object exploration and parents’ spatial input in full-
term and preterm infants. Then, we explained how these factors enable cascades for spatial
language development.

1.3 Object Exploration

Examining or manipulating objects and space is a way to interact with the world.
When children interact with their environment, perceptual and motor skills allow searching
for spatial clues. These skills enable manual actions for real-time interactions. Manual actions
can be diverged from rhythmic movements towards goal-directed movements such as
reaching. Object exploration as a discovery process of objects’ physical properties is a big

part of the manual actions. Hence, the development of fine motor skills that enrich manual



actions also supports object exploration. For example, neuromuscular growth of hand skills
(e.g., bimanual coordination) and increase in body-related grasping-reaching size (i.e.,
increase in the distance of reaching an object or grasping a big size object in time) promote
object exploration (Oudgenoeg-Paz et al., 2015). Infants have sophisticated object
exploration skills at around 6 months (Lobo et al., 2015). They demonstrate more complex
behaviors such as turning and looking by 6 months. Hence, these complex behaviors provide
a broad scale of information about objects when combined with manual and visual
exploration.

Object exploration is mainly investigated on the basis of 6 different behaviors. These
are holding, mouthing, transferring, banging, shaking, and fingering (Ruff, 1984; Jarvis et al.,
2020). Holding is grasping an object by applying a force with hands. Mouthing is taking an
object into the mouth. Transferring is changing an object between two hands. Banging is
hitting an object onto a place or another object. Shaking is moving the object forward and
backward. Fingering is touching the surface of an object gently.

Obiject exploration enables different developmental pathways for language and other
cognitive skills. In a study of Needham (2000), infants between 3 and 4 months can start to
learn object features to segregate objects with exploration. Following this, Wilcox and
colleagues (2007) found that object exploration improves individuation of objects through
acquiring color information at around 9 months. Object exploration promotes problem
solving skills (Caruso, 1993; Lobo & Galloway, 2008), causal understanding (Rakison &
Krogh, 2011), and understanding object similarities (Woods & Wilcox, 2013). Object
exploration also facilitates infants’ social understanding through recognition of other people’s
goal-directed actions at 3 months (Sommerville et al., 2005).

Spatial skills are closely related to object exploration. Slone and colleagues (2018)

investigated mental rotation skills of 4-month-olds. Infants worn Velcro mittens gloves and



explored the 3-D objects similar to the ones in the Shepard-Metzler mental rotation task.
Their mental rotation performance was measured with simplified version of Shepard-Metzler
in a visual habituation task. Results showed that object exploration promotes mental rotation
skills at 4 months. Similarly, infants at 6 months would have been better in a different mental
rotation task, if they manually had explored the objects rather than only looking at them
(Mohring & Frick, 2013). In a similar mental rotation task of Slone et al. (2018), Schwarzer
and colleagues (2013) found that infants who explored five different toys freely looked at
mirror images of objects longer than the control group at 9 months. The increasing
performance of infants in mental rotation task can be related to the effect of object
exploration on learning object shapes. For example, infants can learn 3-D visual
representations with the rotation behavior in object exploration (Soska, Adolph & Johnson,
2010). Following this finding, Schrdder and colleagues (2020) found that object exploration
intervention facilitates visual form perception such as shapes at 8 months. These studies
highlight that object exploration is associated with spatial skills, starting very early on and in
a comprehensive way.

Language development is also predicted by early object exploration in full-term
infants, infants having risks of autism, and preterm infants within 24 months of age (e.g.,
Hellendoorn et al., 2015; Oudgenoeg-Paz, Volman & Leseman, 2016; Zuccarini et al., 2017;
Zuccarini et al., 2018). Object exploration may enable cascades for specific linguistic units
such as object words or spatial language. For the object words, Smith (2013) proposed a
possible cascade starting from sitting onset. Sitting frees hands that make object exploration
possible. Object exploration promotes visual representation of objects because when infants
hold an object, that object can be attended better than other objects in the visual field. Infants’
object manipulation such as rotating them or fingering them provides broad multimodal

information about object. Overall, mapping words onto visual representations of objects



becomes easier with object exploration, providing information about object features and
object locations that consist of visual representations of objects (Samuelson, 2021).

Object exploration may play a specific role in the development of spatial language
besides its relations with spatial skills. For example, Oudgenoeg-Paz and colleagues (2015)
found that exploration at 20 months mediated the relation between sitting onset and spatial
language at 36 months. In a further study, exploration at 20 months mediated the relation
between walking onset and spatial language at 43 months (Oudgenoeg-Paz et al., 2016).
These studies involve both object exploration (i.e., fine motor toys such as blocks or cups)
and spatial exploration (i.e., gross motor toys such as tunnel or hoops) and revealed roles of
object exploration in spatial language development. A possible mechanism behind this may
be related to manipulating the location and position of objects during object exploration. This
manipulation may trigger parents’ spatial input, which facilitates mapping process of spatial
language.

Infants who follow different developmental trajectories explore objects and spatial
area later than typically developing children. Jarvis and colleagues (2020), for example,
found that the delay in sitting onset was associated with delays in object exploration in
children with a high risk of autism. Since the changes or transitions in the motor skills
influence changes in object exploration, these infants may benefit from exploration later than
infants following typical trajectories.

For the preterm infants, only a few studies have examined the connection between
object exploration and cognitive skills. For example, Ruff and colleagues (1984) investigated
the relation between early object exploration on later cognitive development with 30 typical
and atypical preterm and 20 healthy full-term infants. Atypical preterm infants have unilateral
or bilateral neurological damage due to preterm birth. In this study, Ruff and colleagues

(1984) classified atypical infants as high-risk group based on their risk for the brain potential,



the duration of living in an incubator and neurobehavioral test scores. The cognitive skills,
which was measured by Bayley’s MDI at 24 months in this study, were eye-hand
coordination, imitation and comprehension, and social/active vocabulary. They found that
object exploration at 9 months predicted children’s cognitive skills at 24 months. Zuccarini
and colleagues (2017) also found that object exploration of extremely preterm infants at 6 and
9 months predicted language and cognitive skills measured with General Development
Quotient at 24 months. Therefore, object exploration may play a role in later cognitive and
language development in preterm infants.

As preterm infants follow different developmental pathways, the developmental
cascades for spatial language may vary for preterm infants. Previous studies reported that
preterm infants are under risk of delays in motor skills (Sansavini et al., 2011). These delays
may be an obstacle for preterm infants to explore objects and elicit parental input. For
example, the frequency of object exploration for preterm children is less than full-term peers
at around 6 months (Lobo et al., 2015; Zuccarini et al., 2016). Due to delays in their motor
development, preterm infants cannot explore objects like full-term infants. Therefore, the
developmental trajectories of spatial language for preterm infants may be different than full-
term infants. Problems with object exploration may lead to cascading effect on delays in
language development in preterm infants (e.g., Zuccarini et al., 2018).

1.4 Parents’ Spatial Input

Parents’ language input is one of the primary factors for language development in
infants (Huttenlocher et al., 2007). Both quantity and quality of parental input play a role in
language development (Anderson et al., 2021). Joint attention and children’s real-time
behaviors shape parents’ language input that facilitates not only infants’ language
development but also their cognitive skills through child language (Golinkoff et al., 2019).

Parents’ spatial input is a good example for this link. Pruden and colleagues (2011) found that
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parents’ spatial input from 14 months towards 46 months predicts children’s spatial skills at
54 months. Furthermore, this relation is mediated by the spatial word knowledge of children.

Parents’ spatial input contains words that describe size, shape, features, and
orientation of objects, deictics such as here or there, location words such as prepositions, or
amount words (Cannon, Levine & Huttenlocher, 2007; Kisa et al., 2019). Space is
continuous, but spatial words help form category boundaries in space, highlighting spatial
relations for children so that they can use their spatial skills more efficiently. For example,
using the word “on” helps 18-month-old infants learn the spatial concept of support
(Casasola, 2005).

Spatial language development needs parents’ spatial input within social interactions.
Polinsky and colleagues (2017) evaluated parents’ spatial input from 3-min conversations in a
museum. In the experimental group, parents were prompted for spatial talk with flashcards
and in the control group, parents were not prompted to use any specific words. Parents’
spatial input facilitates children’s talk about spatial features and relations. In a puzzle play
setting, parents talking about space between 2 and 4 years predicted spatial language
development of girls at around 4 years (Levine et al., 2012). Following this, Kisa and
colleagues (2019) found that parents’ spatial input increased by age, controlling sex and
spatial word knowledge of infants. These studies indicate that parents’ spatial input in infancy
facilitate spatial language development and its effect increases by age. Parents’ spatial input
may also be related to earlier experiences such as exploring objects with their features, sizes,
shapes or locations and location changes.

Parental verbal input is also effective on language and cognitive development of
preterm infants (Adams et al., 2018). A few earlier studies showed that preterm and full-term
infants are similar in the amount of parental input (Salerni et al., 2007; Adams et al., 2018).

These advantages of parental input seem to be independent from birth status or health history.
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Talking about objects, actions, relations, and concepts enriches learning opportunities for
language and cogpnitive skills of preterm infants from low SES families (Smith et al., 2000).
In a recent study, Clingan-Siverly and colleagues (2021) found that there was no difference
both for verbal and gestural spatial language between 3- to 5-year-old preterm and full-term
children. Furthermore, regardless of neonatal condition, parents’ spatial input in both
modalities was related to children’s mental transformation scores through children’s use of
spatial language. However, none of these studies has investigated the role of manual
experiences together with parents’ spatial input on preterm infants’ spatial language
development.

1.5 Developmental Cascades for Spatial Language in Preterm & Full-Term Infants

Developmental cascades allow changing physical and social interactions with the
accessible environment. For example, when infants reach to sitting milestone, they can reach
and hold the objects easier than before. Infants, then, can turn the objects and examine their
spatial features after they hold the objects. Therefore, interactions with objects provide new
information about object features, spatial interactions, or social interactions. In line with these
arguments, infants’ spatial language learning may emerge through real-time interactions in
the environment. Real-time interactions such as object exploration are executed by motor
behaviors, thus, the development of motor behaviors play a role in exploration (Soska et al.,
2010). Interacting with the environment contributes to children’s understanding of spatial and
action-based relations and learning their names.

Object exploration can lead to the cascading effect on spatial language development,
but parents’ spatial input can have a role in this relation. When infants explore the
environment, they use perceptual skills to learn affordances, locations, and spatial features of
objects such as their size or shape. Object knowledge, which can be considered an early basis

of language development, is constructed with visual and manual exploration in the first years
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of life (Oakes & Rakison, 2019). Exploration of objects requires perceptual skills such as
eye-hand coordination. Infants explore the features and shapes of objects to recognize and
label them (Smith, 2009). Beyond that, object information is related to learning the perceptual
concepts behind the spatial language. For example, the exploration of objects brings location
information (e.g., putting a toy on a table). Furthermore, exploration of locations (e.qg.,
searching a toy in a toy box) also leads to object exploration (Landau & Stecker, 1990).
However, children are not passive learners in the environment. Their exploration of objects
triggers and shapes parental input (Tamis LeMonda et al., 2013). Parents’ spatial input (i.e.,
talking about spatial features, locations, and orientations of objects) is related to children’s
spatial language development (e.g., Pruden et al., 2011). Therefore, object exploration and
parents’ spatial input can be two factors behind the development of spatial language in
preterm and full-term infants. The delay or decrease in one of them may be related to the
delay in spatial language, especially for preterm infants.

Infants can explore objects and spatial area alone, but they can also interact with their
parents during exploration episodes. At 4 months, infants usually focus on a single object that
is held by their mothers or themselves (de Barbaro et al., 2016). However, they can distribute
their attention between their mothers and the objects that they interact at around 12 months.
Therefore, parental engagements may be more effective at around 12 months. Parental
engagements can be defined as verbal or non-verbal efforts to shape the interaction with
objects, places, or people of infants. For example, when an infant holds an object, parents
may offer a box to put that object in.

Parental engagement in exploring objects is one of the factors that shape children’s
learning episodes (Tamis-LeMonda et al., 2013). Parents canalize their infants' exploration
efforts to more effective learning processes. McQuillan and colleagues (2019) found that

these engagements during object exploration increase learning opportunities of object
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features visually. Object exploration such as holding or turning objects provides informative
moments for the visual system. Furthermore, visual representations based on object shapes
are key factors in mapping processes for language development (Yu & Smith, 2012).
Therefore, parents continue to label relations or objects, but they also verbally and manually
contribute to exploration episodes.

Parents give feedback with spatial words to their children when they explore objects
in free play episodes. Object exploration is not only manipulating one object, but infants can
“put” an object “on” a table, “throw” an object “in”” a box. That is, object exploration may
trigger parents’ spatial input use in real-time or in developmental time. Parents give feedback
for the within and between object relations with verbs and prepositions beyond only
descriptive sentences such as “look, this is a ball.”.

No previous research has examined whether parents of preterm infants adjust their
input based on responses they receive within infants’ object explorations. Although preterm
infants benefit from parental input like full-term infants, their delays in object exploration
may lead to receiving less spatial input over time. This in turn may negatively relate to
preterm infants’ spatial language development.

1.6 The Current Study

This study investigates the relation among object exploration at 14 months, parents’
spatial input at 14 and 20 months, and spatial language of infants at 26 months in preterm and
full-term infants. We have three main questions: (1) Do preterm and full-term infants differ in
object exploration and receiving parents’ spatial input? (2) Is object exploration associated
with parents’ spatial input for both groups? (3) Are object exploration and parents’ spatial
input related to later spatial language of infants interactively or separately?

Object exploration of infants was coded in a dyadic free play setting with caregivers

at Time 1 when children were 14 months. We also coded parents’ spatial input in play
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sessions at two time points when children were 14 and 20 months. Children’s spatial
language is assessed through parental reports at 26 months.

We expect that preterm and full-term groups will differ in object exploration and the
amount of parental spatial input they receive. Previous studies (Ruff et al., 1984; Lobo et al.,
2015; Zuccarini et al., 2016) found that preterm infants explored objects less than full-term
infants at 6 and 9 months (but also see Zuccarini et al., 2018). Following these results, we
expect that preterm infants will significantly explore objects less than full-term infants.
Although a previous study (Clingan-Silverly et al., 2021) found no difference between
preterm and full-term preschoolers in receiving parental spatial input, we still do not know
whether preterm infants hear fewer spatial words from their parents than full-term infants in
the first two years.

If object exploration triggers parental input (e.g., Tamis-LeMonda et al., 2013;
Iverson, 2021), parents’ spatial input may also be less for preterm infants than full-term
infants related to a decrease in object exploration. We also hypothesize that object
exploration is related to parents’ spatial input. Previous studies showed that object
exploration shapes parental input, which leads to cognitive changes in infants (e.g., Tamis-
LeMonda et al., 2013; McQuillan et al., 2019). However, how object exploration is related to
specific units of parental input such as spatial input has not been studied. We expect that
object exploration will be positively related to parents’ spatial input. When infants explore
more, they hear more about objects’ spatial features such as size, location or deictic
information. This relation may be different for preterm infants as their delays in object
exploration can lead to delays in parents’ spatial input.

For the third question, we hypothesize that object exploration at Time 1 and parents’
spatial input at Times 1 and 2 will predict infants’ spatial language at 26 months, controlling

for children’s age, and overall vocabulary comprehension. In this question, we used object
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exploration in the analysis to see how infants’ own efforts lead the developmental pathway
for spatial language. Preterm infants can follow a different developmental pathway, thus,
there may be a difference between preterm infants and full-term infants for these relations.
We also hypothesized that the interaction between object exploration and parents’ spatial
input will predict infants’ spatial language at Time 3. Infants who explore objects more may
hear more spatial input from their parents. We predict that beyond their unique predictions to
spatial language development, the interaction between object exploration and parents’ spatial

input will predict spatial language of preterm and full-term infants.

Chapter 2:

METHOD
2.1 Participants

The data for this study came from a longitudinal study that investigates preterm and
full-term infants’ cognitive and language skills. We focus on three time points (Time 1, Time
2, and Time 3) in this study. Seventy-eight infants (34 girls, 44 boys, Mage = 13.7, SD =1.40,
range=10-18 months) participated in the study in Time 1. The preterm group in this sample
consisted of 42 infants and the full-term group consisted of 36 infants. At Time 2, there were
65 infants in total (29 girls, 36 boys, Mage = 20.1, SD =1.33 range=18-24 months). The
preterm group in this sample consisted of 31 infants and the full-term group consisted of 34
infants. At Time 3, there were 48 infants (20 girls, 28 boys, Mage = 26, SD =1.21, range=24-
29 months). The preterm group in this sample consisted of 21 infants and the full-term group
consisted of 27 infants (for all demographic information see Table 1). We used corrected ages
for the preterm infants. Based on cranial ultrasound, 16 preterm children (for Time 1,
Mage=13.7 months, SD=1.68; for Time 2, Mage=20.4 months, SD=1.75; for Time 3,
Mage=26.3 months, SD=1.17) were reported as having minor medical complications. None

of these infants have retinopathy due to prematurity. We merged the entire preterm group
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checking whether significant difference between these infants and the rest of the preterm
group. The results demonstrated that preterm infants with medical complications were not
different from other preterm infants for object exploration, parents’ spatial input, and word
comprehension at Time 1 (all ps>.05).

Parents of infants gave informed consent and Kog¢ University's Institutional Review
Board approved the study (Project name: A longitudinal study of examining preterm and full-
term children’s early language and cognitive development-Protocol no: 2018.118.IRB3.083).

Table 1. Demographic information of children born full-term and preterm

Preterm Full-Term X?ort p d
Time 1 Meanor% SD Meanor% SD
% Girl 41 47 0.36 0.55 -
GA (weeks) 30 3.17 39 1.40 -15.5 <.001 -3.51
Birth Weight (g) 1506 533 3297 400 -16.6 <.001 -3.76
Maternal Education (years) 15 201 16 2.06 -2.44 0.017 -0.56
Time 2
% Girl 39 50 0.84 0.36 -
GA (weeks) 30 325 39 143 -14 <.001 -3.48
Birth Weight (g) 1501 532 3311 402 -15.6 <.001 -3.86
Maternal Education (years) 15 1.73 16 212 -2.06 0.044 -0.51
Time 3
% Girl 33 48 1.07 0.30 -
GA (weeks) 29 315 39 1.44 -14.3 <.001 -4.16
Birth Weight (g) 1369 482 3329 440 -14.7 <.001 -4.27

Maternal Education (years) 15 1.83 16 1.96 -1.54 0.131 -0.45
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2.2 Measures
2.2.1 Time 1 Measures

TCDI-1. Parents completed Turkish Communication Development Inventory-1
(TCDI-1) to assess their infants’ language development between 8-16 months. As the Turkish
adaptation of MacArthur-Bates CDI, the focus of TCDI-1 is receptive language, expressive
language, and early communicative behavior (Aksu-Kog et al., 2019). TCDI questionnaires
were used to administered to both full-term and preterm infants (e.g., Kisa et al., 2019; Aktan-
Erciyes & Goksun, 2019; Kobas, Aktan-Erciyes, & Goksun, 2021; Kobas et al., under review).

Vocabulary Checklist that is the first part of TCDI-1 consists of 418 items. Parents are
expected to assess word comprehension and word production in this checklist. We used word
comprehension subscale as a control variable of early language development in this study.
Aksu-Kog and colleagues (2019) found high internal consistency (Cronbach’s a =.99) for word
comprehension subscale.

Free Play Session. Infants and their caregivers play with toys together in play
sessions. These sessions are a good way to obtain semi-naturalistic observations of infants’
and caregivers’ behaviors. The play sessions were used to measure object exploration and
parents’ spatial input.

In this session, first, infants and parents were welcomed into a silent room with toys
and a carpet. They were asked to play with the given toys (1 abacus, 4 cubes, 1 ball, 2 plush
toys, and 1 book) for 10 minutes. The instruction of the experimenter was, “Here, we want
you to play with your child as you play at home.” These play sessions were recorded with a

camera that was placed at a corner of the room.
2.2.2 Time 2 Measure

Free Play Session. The same session was applied with the same play setting of Time

1. The same toys were used. We coded parents’ spatial input from these sessions at Time 2.
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2.2.3 Time 3 Measures

TCDI-2. Parents were asked to fill Turkish Communication Development Inventory 2
(TCDI-2). TCDI-2, which is the Turkish adaptation of MacArthur-Bates CDI, has been
administered to examine infants’ communicative and language skills (Aksu-Kog et al., 2019).
TCDI-2 can be used for infants between 16 and 36 months of age. TCDI-2 includes two parts.
The first part is the Words, including 711 items. The items in the Words part are used to
measure expressive language of infants (Aksu-Kog et al., 2019). For this study, we considered
verbs and prepositions as spatial language at 2 years. Therefore, we summed prepositions and
verbs from TCDI-2 to measure spatial language. For our study, we did not use the second part,
which was the Sentences Section.

2.3 Procedure

Infants were tested at Kog¢ University or in Cerebral Palsy Turkey Metin Sabanci
Center. Free play sessions at two time points were recorded by a video camera. The duration
of free play sessions was 10 minutes. These sessions were the last part of a series of studies
that took approximately 75 minutes in total. TCDIs were completed by parents during their
participation or via internet. Coding and data entry were completed later. Infants received a
book as a gift and parents were compensated for transportation expenses.

2.4 Coding
2.4.1 Object Exploration

Object exploration behaviors of infants were coded from 5 minutes of play session
videos out of 10 minutes at Time 1 using ELAN software (Lausberg & Sloetjes, 2009). We
used only Time 1 for this coding because infants show object exploration behaviors with fine
motor toys less, whereas they start to engage in gross motor toys and spatial (or locomotor)
exploration after the first year (e.g., Oudgenoeg-Paz et al., 2015, Oudgenoeg-Paz et al., 2016;

Hoch, Rachwani & Adolph, 2020). Time sensitive coding was done, and coders were trained
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before to agree on at least 80% of the behaviors. We used object exploration and caregiver’s
object manipulation categories in this study. We measured the duration and frequency (i.e.,
how much they performed) of object exploration episodes.

Infants’ intentional engagement with objects were coded as object exploration.
Following Jarvis et al. (2020), these behaviors were classified into 4 subcategories: holding,
inspective actions, rhythmic actions, and mouthing. Holding is any kind of engagement that
includes grasping with a whole hand (i.e., palmar grasp) or fingers (i.e., pincer grasp).
Inspective actions include turning, fingering, and transferring behaviors. Turning is
manipulating spatial orientation of objects to examine them or place them better. Transferring
is changing an object between hands, and fingering is gentle finger movements on the surface
of objects. Rhythmic actions include shaking and banging. Shaking is moving the object from
forward to backward or other directions repeatedly. Banging is throwing or hitting objects to
another one or a place like a wall or floor. Mouthing is bringing objects into the mouth to
lick, bite or hold them.

Parental object manipulation is any kind of action with objects that is executed in line
with infants’ exploration. Rolling balls, placing cubes into their places, or counting with the
abacus are the examples of this behavioral category. If caregivers engage with objects for
other purposes such as tidying up the objects, we did not consider them as parental object
manipulation.

The intraclass correlation (ICC) analyses showed a high degree of reliability between
the two coders for the total duration of object exploration (ICC was .98 with a 95%
confidence interval from .960 to .996, F(13, 13)=84.737, p<.001), total duration of
caregivers’ object manipulation (ICC was .99 with a 95% confidence interval from .988 to
999, F(13, 13)=280.083, p<.001), total frequency of object exploration (ICC was .82 with a

95% confidence interval from .474 to .942, F(13, 13)=6.031, p<.001), and total frequency of
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parents’ object manipulation (ICC was .96 with a 95% confidence interval from .879 to .987,
F(13, 13)=27.173, p<.001).
2.4.2 Parents’ Spatial Input

Parents’ spatial input was coded from play sessions at Time 1 and Time 2. The coding
schema has been adapted from Cannon et al. (2007). We followed the Turkish version of
coding schema that was used in Kisa et al. (2019). The verbal transcriptions of play sessions
were done by blind assistants. The transcriptions were then coded for spatial words or phrases
of parents. For what part of spatial input, words related to size, shape, feature, and orientation
of object were coded such as “big” (biiyiik in Turkish), “square” (kare in Turkish), “front
side” (6n yiizii in Turkish), “turning” (¢evirmek in Turkish). For the where part, words related
to deictic, amount, and location/direction of objects will be coded such as “here,” “all,” “on.”
We coded only the total number of spatial feature words (token) because the token of parental
input is a better indicator for the contribution of parents on language development than type
around 2 years old (Anderson et al., 2021). Additionally, parental spatial input token is also
correlated with parental spatial input type (Kobas et al., 2021). We summed all the spatial
words of parents and divided them to video durations separately in every time points and we
used them in our regression analyses.

The intraclass correlation (ICC) analyses indicated a high degree of reliability
between the two coders for the total spatial input of parents at Time 1 (ICC was .97 with a
95% confidence interval from .550 to .992, F(19, 19)=74.725, p<.001) and Time 2 (ICC was

.941 with a 95% confidence interval from .852 to .977, F(19, 19)=17.086, p<.001).
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Chapter 3:
RESULTS

Descriptive data for object exploration coding can be found in Table 2. The
Bonferroni correction was applied in the comparisons (p < .006). Preterm infants were not
different than full-term infants for holding, inspective actions, rhythmic actions, and
mouthing behaviors for both duration and frequency, ps> .006 (Table 2).

Table 2. Descriptive data for duration and frequency of sub-categories in object exploration

and group differences: Sample Sizes (n), Adjusted Means, Adjusted SDs, ranges, F, p, and
partial eta-squared (np?) values for ANCOV As for preterm and term infants controlling related

ages.
Preterm (n=33) Term (n=36) ANCOVA
(duration) Mean (SD) Range Mean (SD) Range F p np>
Holding 106 46.6  21-189 90.2 37.3 10-154 0.90 035 0.01
Inspective Actions 55.3 414 5-192 58.3 347 2-165 0.007 0.94 0
Rhythmic Actions 16,5  14.7 0-65 111 125 0-40 0.86 036 0.01
Mouthing 524 113 0-62 294 784 0-43 0.14 0.71 0
(frequency)
Holding 0.05 0.02 0.01-0.09 005 0.02 0.01-01 0.07 0.80  0.001
Inspective Actions 0.04 0.02 0.003-0.08 0.04 0.02 0.004-0.09 0.19 0.67  0.003
Rhythmic Actions  0.02  0.02 0-0.06 001 0.01 0-0.04 3.42 0.07  0.05
Mouthing 0.004 0.006 0-0.03 0.003 0.007 0-0.03 0.19 0.66  0.003




Descriptive information and age-adjusted comparisons of the key variables for each
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group are presented in Table 3. The Bonferroni correction was applied in the comparisons (p

<.006). Parents’ spatial input did not differ to preterm and full-term infants at 14 months and

at 20 months. Parental object manipulation was also similar between the two groups at 14

months. Preterm infants were similar to full-term infants for word comprehension, and object

exploration at 14 months, and spatial language at 26 months (Table 3).

Table 3. Group Differences: Sample Sizes (n), Adjusted Means, Adjusted SDs, ranges, F, p,
and partial eta-squared (np?) values for ANCOVAs for preterm and term infants controlling
related ages. The Bonferroni correction was applied in the comparisons (p < .006).

Preterm Term ANCOVA

n Mean (SD) Range n Mean (SD) Range F p np>
Time 1 Word 39 917 894 0-343 36 138 78.7 17- 0.69 041 0.01
Comprehension 317
Object Exploration 33 183 46 89-259 36 162  49.6 62- 1.25 0.27 0.02
(duration) 237
Object Exploration 33 0.11 0.03 0.06- 36 010 004 0.04- 050 0.48 0.01
(episode) 0.16 0.21
Parents’ Object 33 152 343 109- 36 149 409 66- 0.03 0.86 0.00
Manipulation 243 255
(duration)
Parents’ Object 33 0.07 0.02 0.03- 36 0.07 002 0.03 012 0.74 0.00
Manipulation 0.13 0.12
(frequency)
Parents’ Spatial 41 0.07 0.03 0.02- 36 0.09 004 0.04- 6.68 0.01 0.08
Input at Time 1 0.14 0.16
Parents’ Spatial 29 0.07 0.03 0.01- 34 0.08 003 0.04- 3.05 0.09 0.05
Input at Time 2 0.13 0.16
Cumulative Parents” 29 0.14 0.06 0.02- 34 017 0.06 0.08- 3.00 0.09 0.05
Spatial Input 0.24 0.30
Time 3 Spatial 20 733 69.1 0-167 27 953 67.7 0-223 0.90 0.35 0.02

language




Table 4. Correlations between different measures.
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Age at
Time
1

Age at
Time 2

Age at
Time 3

Word
Compr
ehensi
on at
Time 1

Object
Explor
ation
(durati
on)

Object
Explor
ation
(freque
ncy)

Parent
§

Object
Manip
ulation
(durati

on)

Parents

Object
Manip
ulation
(freque
ncy)

Parent
§’
Spatial
Input
at

Time 1

Parent
§’
Spatial
Input
at

Time 2

Cumulat
ive
Parents’
Spatial
Input

Spatial
languag
eat
Time 3

Age at Time
1

Age at Time
2

0.55*

*%

Age at Time
3

0.48*

*%*

0.58**

Word
Comprehens
ion at Time
1

0.49*

**

0.18

0.26

Object
Exploration
(duration)

-0.26*

-0.25

-0.07

-0.31*

Object
Exploration
(frequency)

-0.19

-0.23

-0.12

-0.15

0.46**

Parents’
Object
Manipulatio
n (duration)

-0.17

-0.01

-0.27

0.33**

0.20

0.06

Parents’
Object
Manipulatio
n
(frequency)

-0.20

.0.02

-0.23

-0.19

.0.24

0.42**

0.51**
*

Parents’
Spatial
Input at
Time 1

0.21

0.10

0.09

0.36**

-0.24*

-0.18

0.06

-10

Parents’
Spatial
Input at
Time 2

0.07

0.24

0.22

0.09

-0.22

-0.08

0.13

0.16

0.57**
*

Cumulative
Parents’
Spatial
Input

0.20

0.17

0.17

0.24

-0.27*

-0.15

0.13

0.08

0.91**

0.86**

Spatial
language at
Time 3

0.35*

0.19

0.15

0.41**

-0.18

-0.15

-0.22

-0.07

0.17

0.05

0.14

Note. * p < .05, ** p < .01, *** p <.001.
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Table 4 showed the correlation matrix among different measures. Only age and word
comprehension at Time 1 were related to spatial language at Time 3. Therefore, we decided
to put these variables as a control variable in the regression analyses. As the frequency and
duration of object exploration correlated (r=0.46, p<.001), we used only duration of object
exploration in our analyses following previous studies (e.g., Jarvis et al., 2020).

We used Jamovi stats software to conduct a mixed ANOVA to test the relation
between object exploration and parents’ spatial input in preterm and full-term infants (R Core
Team, 2020; The Jamovi project, 2020). Object exploration and age were control variables,
neonatal condition was the between-subject variable, and time points were the within-subject
variables. The results showed that parents’ spatial input was similar across two time points,
F(1, 55) = 1.02, p = .317. There was not a statistically significant difference in parents’
spatial input based on the interaction between time and neonatal condition, controlling for age
at Time 1 and duration of object exploration, F(1, 55) = 0.11, p = 0.74. The interaction
between time and object exploration duration was not significantly related to parents’ spatial
input, controlling for age at Time 1 and neonatal condition, F(1, 55) =0.13, p = 0.72. There
was no significant main effects of neonatal condition, F(1, 55) = 1.81, p = 0.18, and object
exploration, F(1,55) = 2.37, p=0.13.

We used hierarchical linear regression analyses to examine the predictors of spatial
language at Time 3. In our first model, the first step included neonatal condition (i.e., being
preterm or not), infants' age, and word comprehension at Time 1. In the second step, the
duration of object exploration at Time 1 and parents’ spatial input at Time 1 were introduced.
The third step included the interaction term. This interaction term between object exploration
and parents’ spatial input was the cross product of related mean-centered terms. For Model 2,
neonatal condition, age at Time 1, and word comprehension at Time 1 were entered to step 1.

The second step included the duration of object exploration at Time 1 and parents’ spatial



input at Time 2. The third step included the interaction term of the duration of object
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exploration at Time 1 and parents’ spatial input at Time 2 (see Appendix A for other models

with frequency of object exploration, cumulative spatial input, and caregivers’ object
manipulation).

Table 5. Regression analyses of Model 1, spatial language of infants at 26 months as the
outcome variable.

Outcome: Spatial language at 26

months

Step  Predictors AR? F-change B t p

1 0.16 2.59
Neonatal Condition 0.01 0.02 0.99
Age at Time 1 0.16 0.94 0.35
Word Comprehension at 14 0.29 174 0.09
months

2 0.01 0.14
Neonatal Condition -0.002 -0.01 0.996
Age at Time 1 0.16 0.92 0.36
V\_/ord Comprehension at 0.97 150 0.14
Time 1
i)bject Exploration at Time -0.08 -0.52 0.61
Pe_lrents’ Spatial Input at .0.01 -0.06 0.95
Time 1

3 0.13 6.73
Neonatal Condition -0.11 -0.37 0.71
Age at Time 1 0.35 1.94 0.06
Word Comprehension at 0.24 141 0.17
Time 1
1Object Exploration at Time -0.16 1.07 0.29
Pa_lrents’ Spatial Input at -0.10 -0.66 051
Time 1
Obje_ct Exploration x 0.40 260 0.01*
Spatial Input

Note. * p <.05

The first model was significant and accounted for 30% of the variance (see Table 5),

F(6,38)=2.60, p =0.033. Neonatal condition, age at Time 1, and word comprehension were

not significant predictors at step 1. Object exploration and parents’ spatial input were not
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significant predictors at step 2. In the third step the interaction between object exploration
and parents’ spatial input at Time 1 was the only significant predictor, # =0.40, p = .01. The
third step was accounting for an additional 13% variance. When we use the frequency of
object exploration instead of duration, we had similar results (see Appendix A Model 1). We
also had similar results, using caregivers’ object manipulation as a control variable, but the
model was not significant (see Appendix A Model 2).

Table 6. Regression analyses of Model 2, spatial language of infants at 26 months as the
outcome variable.

Outcome: Spatial language at 26

months

Step Predictors AR? F-change P t p

1 0.16 2.59
Neonatal Condition 0.01 0.02 0.99
Age at Time 1 0.16 0.94 0.35
Word Comprehension at 14 0.29 174 0.09
months

2 0.01 0.13
Neonatal Condition -0.003 -0.01 0.99
Ageat Time 1 0.16 0.92 0.36
V\_/ord Comprehension at 0.7 152 0.14
Time 1
i)bject Exploration at Time -0.08 -0.50 0.62
Pe_lrents’ Spatial Input at -0.001 -0.005 0.99
Time 2

3 0.06 2.95
Neonatal Condition -0.09 -0.30 0.77
Age at Time 1 0.22 1.25 0.22
V\_/ord Comprehension at 0.92 198 0.21
Time 1
i)bject Exploration at Time 011 0.73 0.47
Pa_lrents’ Spatial Input at -0.02 011 0.92
Time 2
Object Exploration x 0.95 179 0.09

Spatial Input at Time 2

Note. * p <.05
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The second model was not significant (see Table 6), F (6,38) = 1.84, p =0.117. There
was no significant predictor in any steps. When we use the frequency of object exploration
instead of duration, we had similar results (see Appendix Model 3). Likewise, adding
caregivers’ object manipulation as a control variable yielded similar results (see Appendix
Model 4). Last, when we used the cumulative score of parents’ spatial input from Time 1 and
Time 2, instead of only one time point, the results were similar to the one we obtained with

Time 1 parents’ spatial input (see Appendix A Model 5).

Chapter 4:
DISCUSSION

This study examined the relations among object exploration, parents’ spatial input,
and spatial language development in preterm and full-term infants. We investigated three
questions. For the first question, we examined whether there was a difference between
preterm and full-term infants for object exploration and parents’ spatial input. Our
assumptions were not in line with our results as we did not find any difference between the
groups in these variables. For the second question, we predicted that there was a relation
between parents’ spatial input and object exploration. On the contrary to our hypothesis, we
found that object exploration was not related to parents’ spatial input at 14 months and at 20
months. For our last question we found that the interaction between parents’ spatial input and
object exploration at 14 months predicted spatial language at 26 months, rather than spatial
input and object exploration uniquely predicting spatial language.

Our results showed that there was no difference for object exploration between
preterm and full-term infants. Preterm infants were found to spend less time for object
exploration than full-term infants at 6 months (Lobo et al., 2015). Following this, Zuccarini
and colleagues (2017) demonstrated the same results for extremely preterm infants at 6

months. However, extremely preterm infants closed the gap at 9 months. In line with these
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findings, we showed that preterm infants’ object exploration durations and frequencies were
not different from full-term infants at 14 months. Object exploration is considered as an
important activity in the first year of life to learn about object features, manipulation of
objects and using bodies (Gibson, 1988). Even though preterm infants have delays in object
exploration in the first 6 months, possibly due to their motor delays, they can catch up with
their full-term peers by time. This improvement in preterm infants may reflect the role of
environmental factors in developmental timeline (Sansavini et al., 2021). However, preterm
infants may still be behind full-term infants for advanced object exploration skills. Although
preterm infants spend similar amount of time for object exploration, they still only explore
nearby objects on the ground due to possible delays in gross motor skills (e.g., Kobas et al.,
under review). Full-term infants can walk in the second year of their life that requires
integration of different skills such as walking while holding an object (Adolph & Hoch,
2019). In line with this, Heiman and colleagues (2019) found that object exploration does not
change in developmental timeline, but infants integrate their object exploration skills to
walking immediately. Preterm infants may suffer with integration of old skills to new ones.
While full-term infants explore distant and bigger objects with walking, preterm infants may
follow them behind in developmental timeline. Therefore, even the durations for object
exploration similar, the quality of object exploration (e.g., engaging with distant objects vs.
near objects) may differ between these groups. Future research should investigate the
integration of earlier skills (e.g., object exploration) to new ones (e.g., walking) in preterm
infants.

Parents provided similar amounts of spatial input to preterm infants and full-term
infants at 14 and 20 months. The cumulative spatial input was also parallel between groups.
Previous studies found that cumulative parents’ spatial input between 14 months and 42

months predicts spatial skills of infants (Pruden et al., 2011). With preschoolers, Clingan-
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Siverly and colleagues (2021) found that parents’ spatial input and children’s use of spatial
words were similar between preterm and full-term groups. Parents’ spatial input predicted
mental transformation scores through children’s spatial language in both groups. Our results
also align with this study, providing further support for parental spatial input and children’s
spatial language from the first two years. Full-term and low-risk preterm infants may follow
similar pathways for spatial language. The drawbacks and advantages of parents’ spatial
input on preterm birth can be investigated with extreme groups like extremely preterm infants
or atypical preterm infants who have neurological problems (for other examples, see
Oudgenoeg-Paz & Riviere, 2014; lverson, 2021).

Our correlational results showed a negative relation between object exploration and
parents’ spatial input, however, after controlling for age and neonatal condition, the relation
disappeared. Although parents tailor their spatial language input according to their children’s
language skills (Kisa et al., 2019), there may be individual differences among parents to
respond to the actions of children. For example, when a child searches a toy in a box, parents
can respond to this in many ways like “Do you want to get the ball?” or “Are you searching
for your ball in the box?”. Among these possibilities, some of them include spatial words like
“in,” but others do not include any spatial words. Therefore, spatial language use of parents
seems to depend on infants’ language level but not object exploration. This dependency may
be more visible before the first year because parents rely more on infants’ actions rather than
their emerging communication skills. Future research should investigate this relation before
infants reach their first birthdays.

In line with the developmental cascades approach (Oakes & Rakison, 2019), we asked
the unique and cumulative effects of infants’ object exploration and parental spatial input on
children’s spatial language use. Our findings highlight the interactive effects of object

exploration and parents’ spatial input at 14 months on spatial language of children at 26
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months. The main effects of object exploration and parents’ spatial input at 14 months did not
predict spatial language at 26 months. This interaction indicates that infants who explore
objects more and hear more parental spatial input comprehend and produce more spatial
language, regardless of neonatal condition. In a recent study with full-term infants, Kobas and
colleagues (2021) found that parents’ input for object features at 20 months predicted
children’s object word comprehension at 25 months beyond fine motors skills at 14 months.
Although fine motor skills were related to object word comprehension, parents’ input seems
to be a better predictor for object word comprehension. Infants need fine motor skills to hold
and manipulate objects. Nevertheless, different from fine motor skills, object exploration
provides referent experiences for representations of spatial relations. Parents’ spatial input
contributes to learning labels for those referents. The frequency of parental input is effective
on infants’ language development because it promotes the representations of the related
words in the input over other words (Lieven, 2010). Therefore, input or its referents (e.g., the
visual and manual experiences as a result of object exploration) may not be effective by itself
on learning of spatial words, but the interaction of these may enable the process of learning
spatial words.

Besides the interaction between object exploration and parents’ spatial input, as
developmental cascades approach argued (Adolph, 2019; Oakes & Rakison, 2019), there may
be several obvious and non-obvious pathways behind a developmental achievement. In the
context of spatial language development, infants may also learn spatial language via early
literacy or other types of explorations and play settings. Here, we only investigated object
exploration with manual and oral actions executed by fine motor skills. However, a previous
study (Oudgenoeg-Paz et al., 2015) found that walking attainment predicts spatial language
of infants through gross motor exploration (i.e., engaging toys that promote gross motor

movements). Therefore, infants may follow additional pathways for the development of
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spatial language. In line with this, we found that the interaction between object exploration at
14 months and parents’ spatial input at 20 months did not predict spatial language at 26
months. The interaction between these variables concurrently predicts spatial language, but
the interaction between object exploration at 14 months and parents’ spatial input at 20
months did not.

Last, our findings contribute to the processes of how young children learn spatial
language. Infants learn object words or names of living things heavily in the first years of
their lives (Golinkoff et al., 2019). Leaning spatial words is difficult, but it is important
because these words shape our spatial thinking (Gentner, 2016). From the developmental
cascade perspective, spatial words enable later developmental achievements related to spatial
skills. For example, Gentner and colleagues (2013) investigated deaf children who develop
their own gesture system (called homesigners). These children were worse at spatial tasks
than hearing children who have a proper linguistic system for spatial relations. This study
showed that learning spatial words augment spatial cognition. In a recent study, we found the
close link of preschoolers’ postposition knowledge and their mental transformation scores
(Turan et al., 2021). Learning spatial words enables new pathways for later cognitive skills.
However, some cascades also enable pathways to learn spatial words. Language development
is based on contingent parent-child engagements that include infants’ exploration and
parental verbal input (Masek et al., 2021). Following the results and anticipations of our
study, and previous studies (e.g., Pruden et al., 2011; Casasola, 2018), the interaction of
object exploration and parents’ spatial input may lead to cascading effect on spatial language
development that will allow new pathways for spatial skills, irrespective of prematurity of

children.
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Chapter 5:

CONCLUSION

This research investigated the relations among object exploration, parents’ spatial
input, and spatial language of preterm and full-term infants. We did not find any significant
differences between preterm and full-term infants for object exploration, parents’ spatial
input, and spatial language. These results pointed out that some factors support preterm
infants to follow similar developmental pathways with full-term infants. We showed that
spatial language at 26 months was predicted by an interaction between object exploration and
parents’ spatial input at 14 months. Our findings suggest a potential cascade of object
exploration and spatial input on spatial language both in preterm and full-term infants. Rather
than the unique contributions of these factors, an interactive cascade of object exploration and

spatial input can promote children’s spatial language development.
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Model 1: Frequency of object exploration and parents’ spatial input at Time 1 as

APPENDIX

Appendix A: Additional analyses for the regression models

explanatory variables

In this model, the first step included neonatal condition (i.e., being preterm or not),
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infants' age, and word comprehension at Time 1. In the second step the frequency of object

exploration at Time 1 and parents’ spatial input at Time 1 were introduced. Third step

included the interaction term. This interaction term between object exploration and parents’

spatial input was the cross product of the related mean-centered terms.

Table 1. Regression analyses of Model 1, spatial language of infants at 26 months as the

outcome variable.

Outcome: Spatial language at 26

months

Step Predictors AR? F-change B t p

1 0.16 2.59
Neonatal Condition 0.01 0.02 0.99
Age at Time 1 0.16 0.94 0.35
Word Comprehension at 14 0.29 174 0.09
months

2 0.01 0.12
Neonatal Condition 0.02 0.06 0.95
Age at Time 1 0.15 0.83 0.41
\1N0rd Comprehension at Time 0.29 163 011
Object Exploration at Time 1 -0.07 -0.49 0.63
liarents’ Spatial Input at Time -0.01 -0.06 0.95

3 0.11 5.63
Neonatal Condition -0.03 -0.10 0.92
Age at Time 1 0.24 1.37 0.18
\1N0rd Comprehension at Time 0.30 1.80 0.08
Object Exploration at Time 1 -0.09 -0.65 0.52
i’arents Spatial Input at Time 0.002 0.01 0.99
Object Exploration x Spatial 0.34 537 0.02%

Input

Note. * p <.05
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This model was significant and accounted for 27% of the variance (see Table 1),
F(6,38)=2.37, p =0.048. Neonatal condition, age at Time 1 and word comprehension were not
significant predictors at step 1. Object exploration and parents’ spatial input were not
significant predictors at step 2. In the third step, the interaction between object exploration
and parents’ spatial input at Time 1 was the only significant predictor (f =0.34, p =.02). The

third step was accounting for additional 11% variance.



manipulation at Time 1 and word comprehension at Time 1 were entered to step 1. The

Model 2: Duration of caregivers’ object manipulation as a control variable

For this model, neonatal condition, age at Time 1, duration of caregivers’ object
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second step included the frequency of object exploration at Time 1 and parents’ spatial input

from Time 1. The third step included the interaction term of the frequency of object

exploration at Time 1 and parents’ spatial input at Time 1.

Table 2. Regression analyses of Model 2, spatial language of infants at 26 months as the

outcome variable.

Outcome: Spatial language at 26

months
Step Predictors AR? F-change B t P
1 0.17 2.06
Neonatal Condition 0.01 0.03 0.98
Age at Time 1 0.17 0.99 0.33
Word Comprehension at 14 0.25 138 0.18
months
Caregivers’ Object ) "
Manipulation at Time 1 0.4 S 0.46
2 0.004 0.08
Neonatal Condition 0.001 0.002 0.998
Age at Time 1 0.17 0.96 0.34
\1Nord Comprehension at Time 0.23 1.20 0.24
Caregivers’ Object ) )
Manipulation at Time 1 0.11 0.66 0.51
Object Exploration at Time 1 -0.06 -0.39 0.70
I;arents Spatial Input at Time 0.01 -0.04 0.97
3 0.12 6.07
Neonatal Condition -0.11 -0.36 0.72
Age at Time 1 0.35 191 0.06
\1Nord Comprehension at Time 0.23 1.30 0.20
Caregivers’ Object i i
Manipulation at Time 1 0.02 0.10 0.92
Object Exploration at Time 1 -0.16 -1.01 0.32
I:Earents Spatial Input at Time -0.10 -0.62 0.54
Object Exploration x Spatial 0.40 246 0.02%

Input

Note. * p <.05



This model was not significant (see Table 2), F (7,37) =1.44, p =0.06. There was no
significant relation in step 1 and step 2. In the third step, the interaction between object

exploration and parents’ spatial input at Time 1 was the only significant predictor (f =0.35,

p =.02).
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Model 3: Frequency of object exploration and parents’ spatial input at Time 2 as

explanatory variables

For this model, neonatal condition, age at Time 1 and word comprehension at Time 1
were entered to step 1. The second step included the frequency of object exploration at Time
1 and parents’ spatial input at Time 2. The third step included the interaction term of the
frequency of object exploration at Time 1 and parents’ spatial input at Time 2.

Table 3. Regression analyses of Model 3, spatial language of infants at 26 months as the

outcome variable.
Outcome: Spatial language at 26

months

Step Predictors AR? F-change P t P

1 0.16 2.59
Neonatal Condition 0.01 0.02 0.99
Age at Time 1 0.16 0.94 0.35
Word Comprehension at 14 0.29 174 0.09
months

2 0.01 0.12
Neonatal Condition 0.002 0.05 0.96
Age at Time 1 0.15 0.83 0.41
\1N0rd Comprehension at Time 0.28 166 011
Object Exploration at Time 1 -0.07 -0.46 0.65
lgarents Spatial Input at Time 0.002 0.012 0.99

3 0.02 0.97
Neonatal Condition -0.03 -0.08 0.94
Age at Time 1 0.19 1.01 0.32
\1N0rd Comprehension at Time 0.29 171 0.10
Object Exploration at Time 1 -0.04 -0.26 0.79
Iz’arents Spatial Input at Time 0.04 0.23 0.82
Object Exploration x Spatial 015 0.98 033

Input at Time 2

Note. * p <.05
This model was not significant (see Table 3), F (6,38)=1.44, p =0.226. There was no

significant relation in step 1, step 2, and step 3.
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Model 4: Duration of caregivers’ object manipulation as control variable

For this model, neonatal condition, age at Time 1, duration of caregivers’ object
manipulation at Time 1 and word comprehension at Time 1 were entered to step 1. The
second step included the frequency of object exploration at Time 1 and parents’ spatial input
at Time 2. The third step included the interaction term of the frequency of object exploration
at Time 1 and parents’ spatial input at Time 2.

Table 4. Regression analyses of Model 4, spatial language of infants at 26 months as the

outcome variable.
Outcome: Spatial language at 26

months
Step Predictors AR? F-change B t p
1 0.17 2.06
Neonatal Condition 0.01 0.03 0.98
Age at Time 1 0.17 0.99 0.33
Word Comprehension at 14 0.95 138 0.18
months
Caregivers’ Object ) i
Manipulation at Time 1 B2 R.7° 0.46
2 0.004 0.09
Neonatal Condition -0.003 -0.01 0.99
Age at Time 1 0.17 0.96 0.34
\1Nord Comprehension at Time 0.23 193 0.23
Caregivers’ Object ) i
Manipulation at Time 1 0.11 0.68 050
Object Exploration at Time 1 -0.06 -0.35 0.73
lgarents Spatial Input at Time 0.02 0.14 0.89
3 0.06 2.66
Neonatal Condition -0.09 -0.29 0.77
Age at Time 1 0.23 1.27 0.21
\1N0rd Comprehension at Time 0.20 107 0.29
Caregivers’ Object
Manipulation at Time 1 -0.08 -0.50 0.62
Object Exploration at Time 1 -0.10 -0.60 0.56
Iz)arents Spatial Input at Time 0001 001 0.99
Obiject Exploration x Spatial 0.95 163 011
Input

Note. * p <.05



This model was not significant (see Table 4), F (7,37) =1.58, p =0.17. There was no

significant relation in step 1, step 2, and step 3.
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Model 5: Duration of object exploration and parents’ cumulative spatial input from

Time 1 and Time 2 as explanatory variables

For this model, neonatal condition, age at Time 1 and word comprehension at Time 1

were entered to step 1. The second step included the frequency of object exploration at Time

1 and parents’ cumulative spatial input from Time 1 and Time 2. The third step included the

interaction term of the frequency of object exploration at Time 1 and cumulative parents’

spatial input.

Table 5. Regression analyses of Model 5, spatial language of infants at 26 months as the

outcome variable.

Outcome: Spatial language at 26

months

Step Predictors AR? F-change B t p

1 0.16 2.59
Neonatal Condition 0.01 0.02 0.99
Age at Time 1 0.16 0.94 0.35
Word Comprehension at 14 0.29 174 0.09
months

2 0.01 0.14
Neonatal Condition -0.002 -0.01 0.996
Age at Time 1 0.16 0.92 0.36
\1N0rd Comprehension at Time 0.27 152 0.14
Object Exploration at Time 1 -0.08 -0.51 0.61
Cumulative Parents’ Spatial -0.01 -0.04 0.97
Input

3 0.11 5.61
Neonatal Condition -0.12 -0.40 0.69
Age at Time 1 0.30 1.69 0.10
\1N0rd Comprehension at Time 0.22 197 0.21
Object Exploration at Time 1 -0.10 -0.69 0.49
Cumulative Parents’ Spatial 0.05 -0.34 0.74
Input
%tr))jjtct Exploration x Spatial 0.35 537 0.02*

Note. * p <.05
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This model was significant and accounted for 28% of the variance (see Table 5),
F(6,38)=2.37, p =0.048. Neonatal condition, age at Time 1 and word comprehension were not
significant predictors at step 1. Object exploration and parents’ spatial input were not
significant predictors at step 2. In the third step the interaction between object exploration
and parents’ spatial input at Time 1 was the only significant predictor (f =0.35, p =.02). The

third step was accounting for additional 11% variance.



