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Abstract

Parental use of relational language with 3-year-olds in math and spatial activities: A
cross-cultural perspective

Yu Zhang

Relational reasoning lies at the core of math and spatial learning. Like other
cognitive abilities, relational reasoning is intertwined with one’s own cultural
experiences. Growing evidence has shown cross-cultural differences in attention to
relation and object in East Asian and North American participants (Kuwabara &
Smith, 2012; Masuda & Nisbett, 2001). However, our understanding of possible
mechanisms beyond the cultural variations is limited.

The present study aimed to fill this gap by examining #ow mothers from first-
generation Chinese immigrant and European-American cultural backgrounds use
relational language with their 3-year-olds in math-related activities in everyday
contexts (e.g., home). Specifically, we examined parental use of three types of
relational language (e.g., structural relation, object similarity, self-association) in
three activities (e.g., 3-D puzzle play, sorting activity, book reading). Additionally,
we examined cultural variations in parental language that directs children’s attention
to labeling objects or events. As a secondary question, we investigated the correlation
between parental relational language and children’s math performance in four tasks
(e.g., modified TOSA, matching dots, counting, give-n-task). Twenty European-
American (English-speaking) and 16 first generation Chinese immigrant (Chinese-
speaking) families were observed mostly at home.

Results showed that the Chinese immigrant mothers used a significantly
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higher proportion of structural relation in the puzzle and the sorting activities than
European-American mothers. Chinese immigrant mothers also attended more to
labeling objects or events than their counterparts. Generally, the mothers cross two
groups used more structural relation in the puzzle and the sorting activities whereas
they used more self-association in the book reading activity. No significant
correlations were found between parental use of relational language and children’s
math performance in the four tasks. Together, the findings suggest a culturally
specific way of engaging young children in relational learning by Chinese immigrant
mothers, and offer important insights into how parental language practice may serve

as a potential mechanism of early childhood math and spatial learning.
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Parental use of relational language with their 3-year-olds in math and spatial
activities: A cross-cultural perspective

Children possess a tremendous cognitive ability to learn. Relational reasoning,
the ability to discern meaningful patterns and regularities and make an inference in a
new situation, lies at the core of human learning (Hofstadter, 2001). This ability
allows us to solve mathematical problems, navigate maps and spatial locations, find
differences and similarities across contexts, search for patterns and regularities in
various situations, come to new conclusions or discoveries based on what have
known, and so on. Relational reasoning can be challenging for young children.
However, relational language, which involves making connections or comparisons,
and highlighting underlying relational structures of objects or events, has been shown
to facilitate children’s relational reasoning (e.g., Loewenstein & Gentner, 2005; Valle
& Callanan, 2006).

Like other cognitive abilities, relational reasoning is intertwined with one’s
own cultural experiences. A great body of research has shown cultural variations in
attention allocation in children and adults from some East Asian and North American
cultural communities (Carstensen et al., 2019; Kuwabara & Smith, 2012; Masuda &
Nisbett, 2001, Richland et al. 2010). Participants from some of the East Asian
communities (e.g., Hong Kong, Japan) tended to focus on contextual and relational
information in various social and cognitive tasks. In contrast, participants from some
of the North American communities tended to focus their attention on focal objects

and their features (e.g., Ji et al., 2000; Nisbett et al., 2001).



The primary purpose of the present study is to fill the gap in cross-cultural
research on children’s linguistic experiences pertaining to relational reasoning.
Specifically, the present research examined the similarities and differences in how
parents from different cultural backgrounds talk with their children in early relational-
learning activities in everyday contexts (e.g., home). The investigation focused on the
types of relational language that first-generation Chinese immigrant (Chinese-
speaking) and European-American (English-speaking) parents use with their 3-year-
olds in three activities (e.g., puzzle play, sorting game, and book reading) that
captured a range of everyday mathematical concepts.

Mathematical learning provided a useful platform to look into children’s
everyday experiences with relational learning. From a very early age, children are
involved in math-related activities at home (Saxe et al., 1987). To date, much of the
research on children’s math learning has focused on number experiences (e.g.,
parental number talk), number knowledge, and the relationship between the two
(Chang, Sandhofer, & Brown, 2011; Chang, Sandhofer, et al., 2011; Goodman et al.,
2008; Huttenlocher et al., 1991; Levine et al., 2010; Jordan et al., 2007, but see
Blevins-Knabe & Musun-Miller, 1996). However, children’s everyday experiences
with math learning extend beyond numerical activities. Children are provided with
everyday opportunities to participate in various activities that involve much broader
math-related concepts such as concepts about spatial relations, relative sizes, patterns,
and comparisons. This study also aimed to extend the research to these broader areas
of math learning. We took a sociocultural perspective (Rogoff, 2003; Rogoff et al.

2018) to examine children’s learning experience in everyday contexts (e.g., at home).



Specifically, the study examined parental use of relational language that captures a
broader level of mathematical concepts through parent-child interaction in three
spatial and math learning activities, as children’s cultural ways of learning are usually
facilitated or scaffolded by parents or others in the community (Vygotsky, 1978).
Relational language and relational reasoning

Relational reasoning is a symbolic process for thinking about relational
patterns and regularities between situations and making an inference in a new
situation (Hofstadter, 2001). Relational reasoning is ubiquitous in our everyday
learning environment, such as using maps, grouping objects, arranging patterns,
learning new words, and interpreting others’ social cues. Relational reasoning plays a
critical role in math and spatial reasoning (Loewenstein & Gentner, 2005; Mix, 2009,
Richland et al., 2007), and it is also an essential part of complex problem-solving
(Holyoak, et al., 1984) and scientific reasoning (Dunbar, 1995; Valle & Callanan,
2006). For example, parental use of relational analogies helped children understand
the illusion of motion that was produced by zoetrope exhibits in museums (Valle &
Callanan, 2006).

Yet, it can be challenging for young children to reason relationally or see
relational patterns and regularities in their problem-solving process. For example,
research done with children at 3 to 4 years old tended to find it difficult to pick out
correct relational correspondence when the situations involved complex relations
(Richland et al., 2010). One of the main challenges has to do with the tendency that
perceptual salience of object features could interfere with learning of new relations

among objects (Ferry et al., 2015; Gentner & Rattermann, 1991, Son et al., 2008,



2011). For example, compared to simple shapes, objects with rich details were more
likely to draw children’s attention to the details and prevent them from appreciating
the relational structure between the objects (Son et al., 2011). Relational reasoning
can also be difficult for children due to less developed executive functioning capacity
(Richland et al., 2006). Because reasoning about relationships requires learners to
hold information in mind, control their attention relevant aspects and filter irrelevant
information. It is a demanding process for young children. The lack of relational
knowledge in certain domains can further hamper the relational-reasoning process
(Cheng & Holyoak 1985; Gentner, 1989; Rattermann & Gentner, 1998a). This leads
some researchers to argue that acquiring adequate knowledge of relations would help
learners see relational structures and focus their attention on object properties (e.g.,
Rattermann & Gentner, 1998a).

To mitigate the demands of relational reasoning, Gentner (2016) argued that
relational language can be powerful in promoting the acquisition of relational
concepts and augmenting the capacity in the relational-reasoning process. The
definition of relational language usually involves highlighting underlying relations
between objects or events, inviting relational comparisons, and helping learners
extract common structures between exemplars, and in turn, facilitating learning and
transferring of relational concepts (Gentner, 2016). For example, Loewenstein and
Gentner (2005) provided empirical evidence to support the idea that relational
language augments children’s cognitive ability. The study examined the role of
spatial language on 4-year-old children’s ability to represent and reason about spatial

relations. Children were asked to retrieve an object from a three-tiered box after



seeing the same object was placed in another perceptually similar box. The findings
showed that children who heard spatial terms (e.g. in, on, under) in the task
performed significantly better than the ones in the control condition who did not hear
spatial terms but a general reference to location (e.g., “I am putting this here”).
Therefore, hearing spatial relational language helped children perceive and
conceptualize spatial relations among objects.

Relatedly, Rattermann and Gentner (1998b) examined the effect of using
relational labels on children’s performance in an analogical mapping task. In this
study, researchers introduced 3-year-olds to the use of the relational labels
“daddy/mommy/baby” to describe the relationship of monotonic change in size (e.g.,
large/medium/small), and then the children were asked to map objects based on their
relative size. The results showed that by using relational labels to represent the
relative size of exemplars, children were more likely to map objects based on their
relational match, suggesting that relational terms highlighted the underlying relations
between objects and in turn promoted children’s performance in analogical mapping.

The role of relational language in promoting children’s relational learning has
also been examined in more naturalistic settings. An observational study by Valle and
Callanan (2006) examined parental use of similarity comparisons in helping their
school-aged children learn unfamiliar scientific topics in museum settings.
Researchers analyzed parental use of similarity comparisons—statements connecting
or comparing the exhibit to real-world objects or events—during the exhibit visit.
Results showed that more than one-third of the parents used similarity comparisons

during the visit. Among those similarity comparisons, about half of the comparisons



were relational analogies—comparisons referred to a common relational structure
between the objects or processes. The findings also revealed that parental use of
relational analogies was positively associated with children’s post-task performance
of understanding of the topics.

Taken together, these studies indicate that relational language plays a critical
role in children’s learning and understanding of spatial and scientific concepts.
Specifically, by learning relational labels that represent underlying patterns among
exemplars children were more likely to map objects based on their relational
structures. By hearing spatial relational terms that highlight spatial relations between
objects and events, children were better at detecting spatial locations of hidden
objects. In addition, through parental use of similarity comparisons that relate tasks at
hand to more familiar real-world objects or events, children were better at learning
abstract scientific concepts.

From a sociocultural perspective (e.g., Rogoff, 2003; Vygotsky, 1978),
children learn through everyday communications and interactions with more
knowledgeable others, and through participation in practices and activities that are
available in their cultural communities. Language as an important cultural tool serves
critical functions in everyday cultural practices and children’s learning and reasoning.
In the realm of relational reasoning, relational language facilitates children’s
understanding of relational concepts and structures, and in turn, promotes children’s
learning and transfer (Gentner, 2016).

However, most research studies that examine the links between relational

language and relational reasoning have been conducted in the laboratories.



Laboratory experiments usually provide participants a controlled environment in
which systematic cues or learning phases are provided. But as we may agree,
children’s learning environment in everyday life is never carefully controlled.
Systematic and intentional teaching is not prevalent in parent-child interaction at
children’s early age in many cultural communities. Children are active participants in
the social environment, and their learning happens in different forms and through
various ways across cultural communities. What we have learned from the studies in
the laboratories is important to understand the mechanism of analogical reasoning,
but research that focuses on children’s cultural experiences is crucial to deepen our
understanding on relational reasoning and relational language use in everyday
contexts.
Cultural variations in relational learning

Theorists have argued that people’s thinking and reasoning shall not be
viewed as a universal process, rather, it is by and large rooted in the cultural ideals
and values of that community (Hofstede, 1980; Nisbett, 2003). Embedded in
Confucian ideology, Chinese culture values harmonious relationships and tended to
emphasize on collective agency in which individuals are understood as a part of a
group, rather than separate entities on their own (Fung, 1948; Nisbett et al., 2001).
Similarly, in the process of thinking and reasoning, one can not understand the part
without understanding the whole (Nisbett, 2003).

One line of well-replicated cross-cultural studies has shown that adults and
children from certain East Asian cultural backgrounds tended to employ a holistic

cognitive process in relational reasoning compared to their counterparts from certain



North American cultural backgrounds (e.g., Kitayama et al., 2003; Nisbett et al.,
2001; Peng & Paletz, 2011). For example, when asked to describe a scene (e.g., an
aquarium), adults from the United States described the scene by focusing on the main
focal object (e.g., a large fish in the center). In contrast, adults from Japan focused
more on contextual components (e.g., water color, plants, small fish) in relation to the
central fish. This finding along with many others (Kitayama et al., 2003; Masuda &
Nisbett, 2001, 2006; Nisbett & Miyamoto, 2005; Nisbett et al., 2001) suggested that
adults from some East Asian communities were more likely to allocate attention to
relations within a larger whole while adults from European-American communities
tended to focus attention on objects and their features.

Similar findings were obtained from developmental studies with children
(Carstensen et al., 2019; Duffy et al., 2009; Kuwabara et al., 2011; Kuwabara &
Smith, 2012; Moriguchi et al., 2011; Richland et al., 2010). For example, Carstensen
et al. (2019) examined how Chinese and American 3-year-olds performed in a causal
relational match-to-sample task. Results showed that Chinese children in China were
more likely to identify relational patterns in the tasks and preferred relational matches
in ambiguous settings compared to their English-speaking American peers. In another
study, Richland and colleagues (2010) examined how relational complexity would
affect U.S. and Hong Kong preschoolers’ performance on pointing out the correct
relational correspondence in pictures of everyday events. Participants were provided
with pictures that depicted either one relation (low relational complexity) or two
relations (high relational complexity) between the objects and characters. Results

showed that Hong Kong children were more likely to pick out the correct relational



correspondence across the pictures of everyday events than their U.S. counterparts
when the relational complexity was high. Taken together, these findings suggested
that adults and children from certain East Asian communities (e.g., China, Japan)
were more likely than their counterparts from certain North American communities
(e.g., the U.S., Canada) to pay attention to relations between objects and their
contexts in their learning process.

Even though a large body of research has well supported the observed cultural
pattern on relational learning, the possible mechanisms of the cultural pattern remains
unclear. Researchers have argued that parent-child interaction is a contributing force
to the cultural variation in children’s relational learning (Christie et al., 2020;
Kuwabara & Smith, 2016b). Up to date, very limited research has examined parent-
child interaction as a possible mechanism beyond the cultural variations observed in
the past research (Carstensen et al., 2019; Duffy et al., 2009; Kuwabara & Smith,
2012; Masuda & Nisbett, 2001). One study by Senzaki and colleagues (2016)
investigated parental talk with their children (4-6 and 7-9 years old) in responding to
different vignettes in a lab setting (Senzaki et al., 2016). The vignettes were similar to
those used in Masuda and Nisbett (2001). In the study, parent-child dyads were asked
to describe six vignettes jointly, and researchers later coded for parents’ verbal
description. Results showed that Japanese parents with children of 7 to 9 years of age
made more references to context-related elements (e.g., backgrounds), whereas their
American counterparts were more likely to focus on the focal objects during the
interaction (Senzaki et al., 2016), providing further evidence to support the cultural

variation in relational learning through parental talk with their children. The findings



supported the view that parent-child interaction can may serve as a mechanism of
children’s relational learning.

Indeed, these findings provided evidence to help us think about the origins of
these cultural variations, and the sociocultural perspective (e.g., Rogoft, 2003;
Vygotsky, 1978) leads us to speculate that variations in the reasoning style are rooted
in people’s cultural beliefs and values which are embedded in their cultural practices
and language in everyday contexts. Children’s learning happens through their
everyday interactions and communications with caregivers and others in the cultural
community. Rogoff (2003) discussed the importance of the role parents play in
everyday interaction. She posited a view that human development and learning is a
cultural process through which children develop to be participants in the cultural
communities, and there are different ways of interaction guided by the practices and
values of different cultural communities. Thus, from Rogoff’s sociocultural
perspective, children’s learning and cognitive development should be understood
through their everyday cultural experiences.

We argue that taking on this perspective to study cross-cultural variations of
children’s learning is particularly important. Any observed cultural patterns should
not be seen as a homogeneous group feature that applies to everyone with the group
membership, as it would easily lead to overgeneralization based on only a limited
sample population of certain cultural groups. Learning and development happen
through everyday participation in cultural practices (Rogoff et al., 2018). In addition,

relational learning is a complex process. To understand cultural similarities and
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differences require even more attentiveness to how children learn in their everyday
settings.
Learning as cultural experience

Human as social beings live in different cultural communities, Vygotsky
(1978) believes that all types of learning and cognitive reasoning are situated in
cultural communities. Things that children learn and how they learn lie heavily in
their everyday interactions with others. As Rogoff (2003) also argued, our thinking is
rather a culturally specific process, and the cognitive development of a person is
situated in his/her everyday cultural practices. Therefore, cultural variations in the
performance of cognitive tasks could be explained by the variations of participants’
everyday cultural experiences.

Indeed, children’s learning experiences are likely shaped by their immediate
contexts such as the physical environment and activities at the moment. Parents or
other community members might engage in children’s learning based on what is
available at the moment and adjust their language use when the activity changes. For
example, parents might naturally use more spatial language when playing blocks and
puzzles with their children (Ferrara et al., 2011; Pruden et al., 2011), and make more
personal connections and similarity comparisons when helping children understand
abstract contents of a museum exhibit (Valle & Callanan, 2006). Thus, parent-child
interaction is not only shaped by the large sociocultural environment but also
influenced by the immediate activity at hand.

To understand children’s cultural experiences in learning, cultural

psychologists proposed a situated perspective—that is, instead of seeing culture as a
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category assigned to individuals, we should see culture as a “dynamic repertories of
practices” where our learning happens in different ways which dynamically depend
on certain contexts. (Bang, 2015; Rogoff et al., 2007). Relatedly, Hatano (1988)
proposed an idea of adaptive expertise—the ability to flexibility apply and transfer
conceptual knowledge to solve problems in novel situations. He argued that learners
gain conceptual and meta-procedural knowledge in a certain domain by interacting
with experts or more experienced others in their cultural community where rich
artifacts are available for learning. At the same time, the knowledge is learned
through the use of a symbol system (e.g., language, number) that’s adapted by that
community. Both Bang’s (2015) and Hatano’s (1988) ideas highlight the importance
of one’s everyday cultural practices in learning and development.

Therefore, in order to understand the manifestation of certain cultural
variations in relational reasoning, researchers should situate children’s learning in
their everyday contexts and investigate their cultural ways of learning. From the
perspective of relational reasoning, investigations of parental use of relational
language through their cultural experiences have significant implications in children’s
learning and development.

The present study

Considering the importance of studying children’s cultural ways of learning
through their lived experience, the significance of relational language in children’s
cognitive development, and the lack of research on examining the possible
mechanisms of cultural variations in children’s relational reasoning, the primary

purpose of the present study was to explore how mothers from first-generation
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Chinese immigrant and European-American backgrounds use relational language in
three math and spatial activities (e.g., 3D-puzzle play, sorting game, book reading)
with 3-year-olds in everyday settings (e.g., home). Particularly, we examined first-
generation Chinese immigrant mothers who spoke Chinese (either Mandarin or
Cantonese) and predominantly European-American mothers who spoke English in
California, United States. We asked two questions: what kinds of relational language
do parents use in each activity? How do parents from these two cultural backgrounds
use relational language with their 3-year-olds?

Previous cultural research suggested parents from certain East Asian
communities tended to view objects or events in a more holistic view than their North
American counterparts. For example, Japanese parents tended to situate individual
objects in the contexts (e.g., creating narratives that relate individual animal figures to
the group), or direct children’s attention to the contextual information (e.g.,
backgrounds) when describing different vignettes. In contrast, parents in some North
American communities tended to focused on the focal objects and its attributes
(Kuwabara & Smith, 2016b; Senzaki et al., 2016). Along this line, it seems plausible
to predict that Chinese immigrant mothers might use more relational language that
highlights relations among objects or events, particularly, they might be more likely
to use a type of relational language that situates individual objects in relation to other
objects and attend individual objects as a supporting component of a group. On the
other hand, European-American mothers might focus more on non-relational aspects

such as labeling objects and features.
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Therefore, besides relational language, we also examined parental talk that
focused on labeling surface level information of objects to see if there were cultural
variations in parental use of object labeling. Based on past research that North
American participants tended to focus on objects whereas East Asians tended to focus
on relations (Masuda & Nisbett, 2001; Senzaki et al., 2016), we predicted that the
European-American mothers would use more object labels than the Chinese
immigrant mothers.

In addition, parental use of relational language might differ based on the
activities at hand. The present study employed three activities that are commonly
available to children in the current communities—a commercially available 3D
wooden puzzle (see figure 1), a sorting set that contained 9 foam balls of three colors
and sizes (see figure 2), and a wordless picture book that depicted a wide range of
everyday math-related scenes (see figure 3). These activities were chosen to capture a
range of math-related learning contexts that are common to children’s everyday
environment. Past research has shown that parents were sensitive to the immediate
learning contexts and tended to adjust their use of language based on different types
of toy manipulation (Ferrara et al., 2011; Verdine et al., 2019). In the present study,
the 3D-puzzle and the sorting set involved manipulating and arranging groups of
objects based on spatial relations, patterns, size organizations and so on. The picture
book reading, on the other hand, usually involved interpreting and verbalizing what is
depicted on the book page. Thus, it is plausible to predict that the mothers might use
more relational language that highlights spatial relations or patterns in the 3D-puzzle

and the sorting activity than the book reading activity.
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Past research has shown positive correlations between parental talk (e.g.,
spatial terms, number talks) and children’s later spatial reasoning or mathematical
skills (Pruden et al., 2011; Verdine et al., 2017). Therefore, a secondary purpose of
this research was to explore the links between parental relational language and
children’s math task performance. Based on past research on young children’s math
and spatial reasoning, we measured children’s spatial ability with a modified TOSA
(Verdine et al., 2014) in which children were asked to re-assemble premade Lego
models. We also used additional three tasks to examine children’s number sense: a
matching dots task (Mix, 1999a; 1999b) in which children were asked to select a
corresponding choice card that depicted the same quantity as the target card, a
counting task where children were asked to count ten dots, and a give-n-task (Wynn,
1990) in which children were asked to give a certain quantity of toys to the
researcher. Based on previous findings (Pruden et al., 2011; Verdine et al., 2017), we
hypothesized that mothers’ relational language use would positively correlate with
children’s math performance. However, it is worth noting the present study aimed to
examine the parental relational language that captures a broader level of math-related
concepts such as language that highlights patterns, spatial relations, size relations and
similarity comparisons, whereas the past research (e.g., Pruden et al., 2011) has
examined relational language as in specific spatial terms (e.g., deictic words,
dimensional adjectives, shape terms). Also, past research has mainly examined the
long term effect of parental use of relational terms on children’s math-related

performance at a later age (e.g., Pruden et al., 2011). Therefore, it is likely that we
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would not find correlations between parental relational language and children’s math
performance in the present study.
Method

Participants

The participants were 36 mothers and their 3-year-old children (17 girls, 19
boys; M = 38.3 months, SD = 5.1 months). There were 16 first-generation Chinese
immigrant families (8 girls, 8 boys; M = 37.1 months, SD = 5.0 months; range: 30.1
months to 47.7 months) and 20 families (9 girls, 11 boys; M = 39.2 months, SD = 5.1
months; range: 30.5 months to 47.6 months) from predominantly European-American
backgrounds.l The families were recruited from local libraries, word of mouth, or an
existing subject pool from the Infant Development Lab at UCSC. The majority of
families come were from middle-class backgrounds (see Table 1 for demographic
information). All European-American and 6 of the Chinese immigrant families were
recruited from the Bay area in California, and the remaining 10 Chinese immigrant
families were recruited from Los Angeles, CA. All but 4 dyads participated at their
own home. One European-American family preferred to participate in the lab, and
three Chinese families participated in a study room at local libraries because it was
part of their everyday activity such as toddler or preschooler story times and social
gatherings in the libraries.

Thirteen of the Chinese immigrant families (81%) were originally from

Mainland China, and 3 (19%) were from Taiwan. At the time of participation, the

Four mothers were mixed ethnicity (2 Caucasians/Asian Pacific Islander, 1 Caucasian/Hispanic, 1
Caucasian/Native American)
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mothers had lived in the United States for an average of 10.9 years (SD = 5.7 years,
range: 2.5 to 22 years). Eight of the 16 Chinese immigrant families spoke Mandarin;
they came from various cities in Mainland China (e.g., Hangzhou) or Taiwan. The
other 8 Chinese families spoke Cantonese—a local dialect of the southeast provinces
of China; they came from various cities in Guangdong province. Mandarin and
Cantonese differ in phonological aspects: Mandarin has 4 tones and Cantonese has as
many as nine tones. However, these dialects share the majority of the vocabulary and
syntax (Organization for Economic Cooperation and Development, 2016). Given the
shared linguistic aspects of the two dialects, we did not differentiate between
Mandarin- and Cantonese-speaking families.

All of the European-American families spoke English and all except two’
(90%) were born in the U.S. and had lived in the U.S. since born (M =35.6, SD = 7.5
years, range = 12 to 44 years). All children except one’ were born in the U.S. (see
Table 2 and Table 3 for more information about parental language and cultural
backgrounds)
Procedure

The study procedure was identical for all families except for the language
used (i.e., English, Mandarin, or Cantonese, whichever was their home language).
After the mothers provided informed consent, the mother-child dyads were asked to

draw a family scene together for 5 minutes as a warm-up activity. Next, the dyads

2 One mother was born in South Africa, and has lived in the U.S. for 24 years; another mother was
born in Czech Republic and has lived in the U.S. for 12 years. For these two families, they only speak
English at home.

? A Chinese immigrant child was born in Taiwan
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engaged in three main activities in a fixed order, after which the mothers were asked
to fill out surveys on demographic information, family language and acculturation
experiences (see Appendix). While the mother was filling out the survey, the
researcher carried out, in a fixed order, a series of early math and spatial tasks
designed to measure early understanding of mathematical concepts.

Parent-child activities (30-35 minutes)

Activity 1: 3D puzzle. A commercially available toy set, “Bunny Peek a Boo”
(Figure 1), that is suitable for children from 2 to 5 years was used. The toy set
consisted of a wooden rabbit (approximately T 3.25 in x D 2 in) three wooden blocks:
(1) a hollow blue cube block (3 in x 3 in) with two star and circle shape opening on
the side of the block, (2) a yellow cuboid block (L 2.5 inx W 2.5 in x H 1.5 IN) with
a circle opening on top; (3) a red cuboid block (L 2.5 inx W2.5 in x H 1.5 in) with a

half circle opening; and (4) a set of game cards (see Figure 1 below).

-f .
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Figure 1. Image of the “Bunny Peek a Boo” puzzle game. Image taken from the official toy website:
https.//www.smartgames.eu/uk/one-player-games/bunny-boo

In this activity, mother-child dyads were asked to sit next to each other either
in front of a table or on the ground. The researcher placed the puzzle pieces in front of
the dyads (from right to left: bunny, blue block, red block, and yellow block). A
picture stand was used to hold the game card which was placed next to the puzzle.

The dyads were asked to recreate the image shown on the game card (a front view) by
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using one or more blocks and the rabbit collaboratively®. The researcher first
demonstrated how to make the front view of the pieces look like the game card. Then
the dyads were given up to 9 trials (one trial at a time) to complete. The activity
usually lasts around 20-25 minutes. The difficulty level gradually increased from two-
block models to four-block models. The game was chosen because of two reasons.
First, the game involved variety of spatial concepts especially three-dimensional
spatial relations, and it was likely to elicit spatial relational language between the
dyads. Second, the design of the blocks was attractive and suitable for 2- to 5-year-
olds to play.

Activity 2: Sorting. After the first activity, the researcher provided a total of
9 foam balls for the mother-child dyads to sort however they want for about 5
minutes (see Figure 2). The balls were assorted in three colors (e.g., red, yellow,
green) and three sizes: large (2.5-inch diameter), medium (2-inch diameter), and
small (1.5-inch diameter). Each color set involved three balls varying in size (e.g.,
large, medium, small). A plastic egg carton was also provided to place the balls. The
set of materials was chosen because it elicits attention to sorting, patterning, relative

sizes, and one-to-one correspondence (Mix et al., 2011).

I I

4 Instructions: “In the activity, I want you and [child name] work collaboratively and try to make the
front view of the puzzle pieces look like what shows on the game card.”
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Figure 2 Nine sorting balls of three assorted colors (red, green, yellow) and sizes (2.5 in, 2 in, 1.5 in).

Activity 3: Book reading. The mother-child dyads received a modified
version of the book pages of Math Counts (see Figure 3 for sample pages). All of the
original texts were removed leaving pictures only, and the pages were laminated and
placed in a one-inch thick, three-ringed binder. The book pages covered a wide range
of math-related concepts (e.g., size, pattern, sorting, number, shape) that children are

commonly exposed to in their everyday life.

, Y @ ,
Figure 3 Sample book pages of modified Math Counts series by Henry Arthur Pluckrose after
removing the texts

Children’s early math and spatial tasks (10-15 minutes)

Task 1: Modified TOSA. The children were assessed on a modified’ Test of
Spatial Assembly (TOSA) (Verdine et al., 2014). The task required the children to
recreate a model made of colored plastic Mega Blocks using a matching set of blocks.
The preassembled models were glued together for the children to observe from
different angles (see Figure 4). In the task, the researcher started with a demonstration

trial to make sure that the children understood the task®. Then the researcher

> We included children as young as 30-month-olds (ranged from 30 to 47 months), and 1/3 of children
were younger than 36 months. The previous study (Verdine et al., 2014) involved children who were
older than 36 months (ranged from 38 to 48 months). Therefore, we modified the original 3-D TOSA
to better suit the current sample. The modified version included four models that were used in the
original study, and four variations that differed in orientations of the upper piece(s).

® The researcher first showed the child a pre-assembled block model and the corresponding pieces, and
said, “now I am going to show you how to make these block pieces look like this model right here.”
The researcher “I am going to try to make my pieces look just like this (point to the model)”, then
placed the pieces in a certain orientation that did not match the model (small piece was not aligned
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proceeded to the test trials, one set at a time in a fixed order. The target model was
always visible throughout children’s respective trials, and no feedback was given
during the trials. A total of 8 trials (see Figure 4) were used and the difficulty level
gradually increases from two-block models to three-block models. After the test

trials, the researcher took photographs of the constructions for later coding.

IT L
> s e

Figure 4 Modified TOSA that consists of four 2-block models (upper row) and four 3-block models
(lower row).

Task 2: Matching dots. Next, the researcher carried out a quantity mapping
task in which the children were asked to match small quantity of dots to a target
picture in each set (Mix, 1999a; 1999b). The children were given a target card and
two choice cards in each trial, and the children were asked to point to one choice card
that has correct match with the target. The other choice card has the numeriosity
either plus or minus 1 to the target set (see Figure 5 for a sample set). Each child
received one demonstration trial and 3 practice trials, and then followed by 10 test

trials’. In each trial, the target set and the choice cards were facing up and visible to

with the bottom piece). Then as ask, “does this one look like the model?” if the child says No,
researcher says, “you are right, it does not look like this model.” If the child says Yes, research says,
“hmm, no, it does not look like the model, it’s different, could you show me where is different?” After
confirming the child could identify the non matching model, the researcher then places the pieces in
the correct formation.

7 First, use the target set of one dot, researcher gave a demonstration, instruction: “We are going to
play a new game. I will show you how it goes.” Then, researcher present the target (at top middle) card
with two choice cards at the bottom that’s visible to the child. Then say “see, (point to the correct
choice card), this goes with this card (point to the target card). Next, researcher proceed to practice

21



the child. Within each pair of choice cards, both cards were controlled for either

density or line length, the order of the trials was counterbalanced.

Target Set

Choice Card Choice Card
Figure 5 Sample test cards. Image taken from Mix (1999)

Task 3: Counting. The researcher then prompted the children to count from 1
to 10 while the child was pointing to a card with a line of 10 dots®. After counting the
dots, the researcher asked the children how many dots there were.

Task 4: Give-n-task (Wynn, 1990). This task included 12 toy bananas, a
black toy bowl, and a puppet puppy. In each trial of give-n-task, the researcher asked
the children to give a number of items to the puppet puppy. The first trial was always
a familiarization trial and the researcher asked for 1 banana, and it was followed by 6

test trials.” The requested quantity varied from 1 to 6.

trials, says, “Now it’s your turn” and the child receives three practice trials, instruction “see this (point
to target), which card goes with this card?” (wait for 5 sec) if the child did not respond, say “could you
point to the card that matches this (point to target). If correct, researcher says “That’s right! That’s the
card! Good job!” If incorrect, researcher points to the correct answer and says, “Nope, that’s not the
matching card, this is the card that matches.” After the practice trials, the researcher proceeded to the
test trials. No feedback is given during test trials.

¥ Instruction: “could you put up your finger and point to the dots and count them?”. After counting the
dots, the researcher asked: “so how many dots are there?”

? Instruction: “we are going to play a new game now. In this game, you will help me give some fruit to
my friend Jojo. Here are some fruits and this is my friend Jojo. Jojo likes to play, but she is very
hungry now. Can you give her [number] banana please?”
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Coding

Trained research assistants who are native English or Chinese speakers
transcribed videotaped recordings of parent-child dyads’ speech during the activities.
To address our research question about parental relational language use, we
developed a coding scheme that was derived from Valle and Callanan (2006) in
which researchers investigated parental use of similarity comparisons to help their
children understand museum exhibitions. Inter-rater reliability was established on
30% of transcripts (6 transcripts of European-American dyads and 5 transcripts of
Chinese immigrant dyads). Simple agreement and Cohen’s Kappa are reported below.
Once we established reliability, parental language use in English and Chinese were
coded in the relevant language by native speakers. Reliability disagreements were
resolved through discussions.
Parental relational language in parent-child activities

The current coding scheme of relational language included three main
categories, that is, 1) Structural relation was defined as instances that parents elicit
attention to underlying relations among objects at hand. The structural relation could
be highlighting spatial relation (e.g., “let’s put the red piece on top of the yellow
one”), patterns (e.g., “do you want to make these balls go red, yellow and green?”),
size relation (e.g., we can make large, medium, and small), or analogous relation
(e.g., “this is daddy ball, mommy ball, and baby ball”). 2) Object similarity was
defined as instances when parents make explicit comparisons among the objects or
events that are identical or similar in appearance (e.g., “it matches”; “does it look like

the picture?”, “this [puzzle piece] looks like a red bench”). 3) Self association was
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defined as instances that parents make connections between the current objects/events
to child’s previous experience or knowledge or explanations of real-life situation
(e.g., “do you remember last time the teacher taught us this?” “we also have a
thermometer at home so we know the temperature”).

Besides the three categories of relational language, we also coded for the
Object label instances when mothers direct children’s attention to objects or events
without relating, connecting or comparing to other objects or events. For example, an
instance was counted when the parent was labeling an object or directing attention to
certain attributes of the object (e.g., “what color is this?” “we need the bunny and the
red one.”); however, if an instance involved relating or making connections between
objects/events, it was counted towards the corresponding relational language
category. For example, “a man is in front of the truck” was counted as an instance of
structural relation, as “in front of”” implies a spatial relation between the man and the
truck.

The rest of parental talk that did not fit the above categories was coded as
instances of the others category (e.g., “look at this”; “let’s see how we are going to
make this”, “that was fun”). As they did not speak to the research questions, we did
not analyze this category except for including them in the total utterances each
mother made during the activities.

In coding instances of parental talk, each instance was defined as a sentence or
segments conveying a complete thought, even when subjects or verbs were not
present. For example, “Ok, do you want to put the green one next to the red?” was

counted as two instances (“ok’ was counted as one instance of other category, “do
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you want to put the green one next to the red?” was counted as one instance of
structural relation category). On the other hand, segments that did not convey a
complete thought or involved simple repetitions of the same segments (e.g., “let’s,
let’s put it inside”) were counted as a single instance.

Inter-rater reliability was established on 30% of the transcripts. Simple
agreement ranged from 79% to 95% across categories. Inter-rater reliability using
Cohen’s k was good to excellent, ranged from .74 to .94.

Children’s performance on early math tasks

Children’s performance of the modified TOSA was scored based on the
scoring manual by Verdine et al. (2014) on dimensional score coding which follows
two steps. In the first step, the relative location of the component piece to the base
piece (the biggest piece or the piece that has the most other block pieces attached)
was scored. The child received 1 point when the vertical location of a component
piece matches the target, 1 point when the orientation of the component piece
matches the target model, and 1 point when the component piece was placed over the
correct pips to the base--translation. The second-step scoring was used on the four
models involving three pieces (the lower row in Figure 4). Only the relation of the
two component pieces was coded in the second step, points were given when the
component pieces were placed in correct vertical location, orientation, and
translation to each other. The total possible point of the task was 40 points.

For the Matching dots task, there were a total of 10 test trials, the researcher
gave one point to every time the child made a correct response (i.e., pointed to the

correct corresponding card in responding to researcher’s request), resulting a total of
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10 possible points. Next, when scoring children’s performance on the Counting task,
the researcher recorded whether the child was able to count to 10 without making any
mistake, and whether they answered the how many question correctly. A child could
be either correct or incorrect in counting to 10 and answering the how many question.
In the give-n-task task, each child was given a total of six testing trials, and researcher
gave one point to each time the child gave correct number of items, resulting a total
of 6 possible points.
Results

The following sections report key analyses pertaining to the primary research
questions that this study sought to address. Additional data analyses and results are
included in Appendix E.
Parental use of relational language

The primary goal of this study was to examine the similarities and differences
in the use of relational language by mothers from European-American (English
speaking) and first-generation Chinese immigrant (Chinese speaking) families when
they engaged their 3-year-old children in each of the three activities (i.e., 3D-puzzle,
sorting, and book reading). Based on past research (e.g., Kuwabara & Smith, 2016b),
the Chinese immigrant mothers were expected to use more relational language,
especially structural relation in the puzzle and the sorting activities than their
European-American counterparts.

As mentioned above, the utterances made by the mothers were coded as one
of the five categories (including the others category). The number of total instances

(aggregated across the five categories: structural relation, object similarity, self
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association, object label, and others) showed that in our sample, the Chinese mothers
talked more in general (M = 431.8 total instances, SD = 177.5) than the European-
American mothers (M = 350.7 total instances, SD = 101.6); however, the difference
was not statistically significant, #34) = 1.73, p = .09. Moreover, the Chinese mothers
used significantly more structural relation instances (M = 78.9 instances, SD = 37.4)
than the European-American mothers (M = 39.2 instances, SD = 19.1; #34) =4.13,p
<.001, Cohen’s d = 1.34). As can be seen in Table 4 that lists the descriptive data, a
pattern seemed to emerge across three activities—that the Chinese immigrant mothers
made more instances of structural relation than their counterparts in the 3D-puzzle
(1(34) = 2.89, p = .001, Cohen’s d = .93), the sorting (#(34) = 4.56, p <.001, Cohen’s
d =1.49), and the reading (#(34) = 2.36, p = .02, Cohen’s d = .77) activity.

To control for the marginally different total utterances made by the two
groups, proportions were calculated by dividing the number of instances in each
category of relational language by the total instances in each activity. The analyses in
the subsequent section utilize the proportional data (see Table 5). Preliminary
analyses indicated that demographic factors such as children’s gender, age, and
mothers’ year of education (ps > .32) were not significantly linked to any key
measures of parental use of relational language. Therefore, these factors were
excluded from the subsequent analyses.

We first investigated whether the overall proportion of relational language of
three categories (structural relation, object similarity, and self association) across
three activities (3D-puzzle, sorting, and book reading) to the total instances mothers

used in the three activities differed cross-culturally. An independent sample #-test
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revealed that, overall, the Chinese immigrant mothers used a significantly higher
proportion of relational language (M = .30; SD = .09) than their European-American
counterparts (M = .23; SD = .06; t(34) =2.44, p = .02, Cohen’s d = .80).

Next, we investigated whether parental use of each category of relational
language across three activities differed cross-culturally. A series of independent
sample z-tests revealed that the Chinese immigrant mothers used a significantly
higher proportion of structural relation (M = .18; SD = .05) than their European-
American counterparts (M = .11; SD = .04; t(34) = 4.82, p <.001, Cohen’s d = 1.59).
In addition, the European-American mothers were more likely to use object similarity
comparisons (M = .06; SD = .03) than their Chinese immigrant counterparts (M = .05;
SD = .03), but the difference did not reach statistical significance (#(34) = 1.93, p
= .06, Cohen’s d = .65). The mothers from two groups were similar in their use of
self-association instances (#34) = 0.46, p =.7).

3D-puzzle. An independent sample #-test revealed no significant group
difference in the proportion of overall relational language used by the European-
American (M = .26; SD = .09) and the Chinese immigrant (M = .30; SD = .09; #(34) =
1.23, p = .23, Cohen’s d = .41) mothers in this activity. However, as alluded to in the
Introduction, the 3D-puzzle activity may offer unique affordances for the use of the
structural relation terms. This possibility was tested by a 3 (Relational Category:
structural relation, object similarity, or self-association) x 2 (Culture Group: Chinese
immigrant or European American) mixed ANOVA. As predicted, the results
indicated that the Chinese immigrant mothers used a higher proportion of structural

relation than their European American counterparts (F(1, 34) = 7.57, p = .009, partial
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n®=.18) in this activity. There were no significant group differences for the
categories of object similarity (F(1, 34) = 2.66, p = .11) and self association (F(1, 34)
=.06, p =.82). See Figure 6.

Additional analyses examined the cross-group pattern of using the three
categories. Across the two groups, the mothers tended to use a higher proportion of
structural relation (M = .17, SD = .07) than object similarity (M =.08, SD = .05, M
difference = .09, SE = .01, p <.001, CI of the difference [ .06, .12]), and more
structural relation than and self association (M = .02, SD = .02, M difference = .15, SE
=.01, p <.001, CI of the difference [ .12, .18]), and more object similarity than self
association (M difference = .06, SE = .01, p <.001, CI of the difference [ .04, .08]) in

the puzzle activity.
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Figure 6. Proportion of relational language in 3-D puzzle activity

Sorting activity. As in the 3D-puzzle activity, the data aggregated across
three categories showed that the Chinese immigrant mothers used a significantly
higher proportion of relational language (M = .39; SD = .15) than the European-
American mothers (M = .21; SD = .11, #34) = 4.10, p <.001, Cohen’s d = 1.36).
Next, we examined the use of each category by the two groups of mothers. Similar to

the puzzle activity, the Chinese immigrant mothers used a higher proportion of
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structure relation than their European American counterparts (F(1, 34) =21.75, p
<.001, partial n° = 39). No significant group differences were observed for object
similarity (F(1, 34) = 0.85, p =.77) or self association (F(1, 34) = 0.56, p =.46). See
Figure 7.

Similar to the puzzle activity, the mothers across two groups used a
significantly higher proportion of structural relation (M = .21, SD = .13) than the
category of object similarity (M =.02, SD = .03; M difference = .18, SE = .02, p
<.001, CI of the difference [ .13, .24]) and self association (M = .06, SD = .12; M
difference = .15, SE = .03, p < .001, CI of the difference [ .07, .23]) in this activity.
There was no significant difference between the category of object similarity and self

association (ps > .45).
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Figure 7. Proportion of relational language in sorting activity

Reading activity. The data aggregated across three categories revealed no
significant group difference in the proportion of overall relational language used by
the European-American (M = .22; SD = .11) and the Chinese immigrant (M = .24; SD
=.14; #(34) = 0.60, p = .55, Cohen’s d = .40) mothers in this activity. Next, we

examined the use of each category. Differed from the puzzle and sorting activities,
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there was no significant culture differences in the type of relational language in the
book-reading activity (F(1, 34) = 0.40, p = .53).

Additional analyses examined the cross-group pattern in their use of the three
categories of relational language. Differed from the puzzle and sorting activities,
across the two groups, the mothers used a significantly higher proportion of self
association (M = .17, SD = .02) than structural relation (M = .05, SD = .05; M
difference = .12, SE = .02; p <.001, 95% CI of the differences [.07, .17]) which in
turn was used at a higher proportion than object similarity (M =.01, SD = .02; M

difference = .04, SE = .01; p =.001, 95% CI of the differences [.01, .06]).
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Figure 8. Proportion of relational language in reading activity

Activity type and parental relational language

The results so far have clearly indicated that the use of relational language is
sensitive to the type of activities that the dyads engaged in. To further clarify the
relation between the activity type and children’s language experience, we conducted a
two-way repeated measure ANOVA to compare the proportion of relational language
used by the mothers in the categories of structure relation, object similarity, and self-

association by the activity type of puzzle, sorting, and reading. This 3 x 3 ANOVA
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revealed a significant interaction of language category and activity type (F(4, 140) =
53.25, p <.001, partial n> = .60). Pairwise comparisons with Bonferroni corrections
(see Figure 10) indicated that the mothers used a significantly higher proportion of
structure relation in the puzzle activity (M = .17, SD =.07) and sorting activity (M
=.21, SD = .12) than the reading (M = .05, SD = .05) activity (M differences = .12
vs .15; SE = .01 vs .02, ps <.001, 95% CI of the differences [.10, .15] vs [.11, .21]).
In addition, the mothers were more likely to speak about object similarity in the
puzzle activity (M = .08, SD = .05) than the sorting activity (M = .02, SD = .03, M
difference = .06, SE = .01, p <.001, CI of the difference [ .04, .09]) and the reading
activity (M = .01, SD = .02, M difference = .07, SE = .01, p <.001, CI of the
difference [ .05, .09]). In addition, the mothers used a higher proportion of self-
association in the book reading activity (M = .17, SD = .11) compared to the puzzle
activity (M = .02, SD = .02; M difference = .15, SE =.02; p <.001, 95% CI of the
differences [.10, .19]) and the sorting activity (M = .06, SD = .12); M difference = .11,

SE =.02; p <.001, 95% CI of the differences [.06, .16]). See Figure 9.
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Figure 9. The proportion of parental use of relational language for each category by activity type

Children’s math performance
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The secondary purpose of this study was to examine children’s performance
on the four math tasks and test their performance was correlated with parental use of
relational language (see the descriptive data in Table 6). Pearson’s correlation
analyses were conducted to investigate the association between parental use of
relational language (across all activities, by each relational category, and by each
activity), and children’s performance on each of the four tasks (see Table 7 and Table
8). Across the three activities, there were no significant correlations between
children’s math performance and the proportional use of relational language overall
(ps > .20), for each category (ps > .14), or for each activity (p > .07). Further
correlation analyses separating two groups of families showed that for European-
American families, parental use of structure relation negatively correlated with
children’s performance on Give-n-task (» = -0.47, p = .05). There were no other
significant correlations between the proportions of relational language and children’s
math performance for either culture group (ps > .12), see Table 7.

In general, older children performed significantly better than younger children
in the modified TOSA (F(1, 23) = 7.32, p =.01 partial n° = .24) and the Give-n-task
(F(1,23)=9.90, p = .005, partial n° = .30), and marginally better than younger
children in the matching dots task (F(1, 23) = 3.81, p =.06, partial n* = .14). In
addition, Chi-square analyses showed no significant effects on the performance of
counting to 10 based on gender (y*(1, 32) = 2.33, p = .13), culture group (}*(1, 32) =
.35, p=.56), and age group (¥*(1, 32) = 1.66, p = .20), and there were no significant
effects on the performance of answering the how-many question based on these

characteristics as well (ps > .40). See the descriptive data in Table 6.
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Parental use of object labels

Beyond relational language, we examined maternal use of object labels during
the three activities. Based on the previous research on cultural variations in children’s
and adults’ attention to object and relation (Kitayama et al., 2009; Kuwabara &
Smith, 2012; Masuda & Nisbett, 2001), we hypothesized that the European-American
mothers would use more object labels than the Chinese immigrant mothers. However,
a reverse pattern was observed in the data aggregated across the three activities and
the data from the reading activity. Contrary to the prediction, a 3 (Activity type) x 2
(Culture Group) mixed-ANOV A comparing the aggregated data revealed that the
Chinese immigrant mothers in our sample used a significantly higher proportion of
object labels (M = .31, SD = .07) than the European-American mothers (M = .26, SD
=.06; F(1, 34) = 8.59, p <.01, partial n* = .20). Combining the two groups, the

mothers used a significantly higher proportion of object labels in reading activity (M

47, 8D = .12) than in the puzzle activity (M = .21, SD = .08, M difference = .26, SE

.02; p <.001, 95% CI of the differences [.21, .31]) and the sorting activity (M = .22,
SD = .10, M difference = .25, SE = .02; p <.001, 95% CI of the differences

[.19, .31]). See Figure 10.

0.40

0.00

European-American Chinese immigrant

B Puzzle B Sorting B Reading

Figure 10. Proportion of object labeling in three activities
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Discussion
Parental relational language

Overall, the Chinese immigrant mothers in our sample used a significantly
higher proportion of relational language (aggregated across three categories) than
their European-American counterparts. This pattern was mainly driven by the
difference in mothers’ use of structural relation. The Chinese immigrant mothers used
a significantly higher proportion of structural relation in the puzzle and the sorting
activities than their European-American counterparts. In other words, in the activities
that involved arranging or manipulating groups of objects (e.g., puzzle pieces, sorting
balls), the Chinese immigrant mothers were more likely to relate objects to one
another through spatial organization or pattern arrangement than the European-
American mothers. On the other hand, a trend seems to emerge that the European-
American mothers, in general, tended to make more explicit comparisons based on
object similarities (i.e., object similarity) than the Chinese immigrant mothers,
however, the difference did not reach a statistical significance. In addition, the two
groups connected children’s prior knowledge or experience to the current objects or
event (i.e., self association) in a similar proportion of their talk.

The findings partially resonated with the past research on parent-child
interaction in toy play situations. In particular, Kuwabara and Smith (2016b) found
that compared to the American parents, the Japanese parents in their study tended to
group animal figures together and create narratives that relate individual actions to the
group. The present study provided a closer look at three types of relational language

used by parents in their children’s everyday math learning contexts. Of the three types
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of relational language, the Chinese immigrant mothers only used the structural
relation category at a higher rate than their European-American counterparts.

This finding may be explained by the differences in how structural relation,
object similarity, and self association depict interrelationships between objects or
events. In the structural relation category, individual objects are put in context with
other objects. That is, an individual object is described in relation to one another and
is viewed as a supporting component of a group. On the other hand, both object
similarity and self association draw comparisons between distinct individual entities.
Specifically, object similarity stresses the explicit comparisons between separate
entities (e.g., whether the puzzle set matches the target picture), and self association
highlights connections and similarities between the current event and children’s
knowledge or experience.

Given the prior finding that East Asians were more likely than North
Americans to consider individual objects in context with other components as a
holistic group (Duffy et al., 2009; Kuwabara & Smith, 2012; 2016a; Masuda &
Nisbett, 2001), it is unsurprising that cultural differences emerged specifically in the
type of relational language (i.e., structural relation) that considers individual objects
in relation to one another and each individual object is viewed as a supporting
component of a group. For example, a common instance by the Chinese immigrant
mothers during the sorting activity was “we can make it large medium small”. In this
instance, an individual ball was put in contexts and considered as a part of a group
that conveys a relational pattern. Each object was understood through its size relation

with the others.
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As discussed in the Introduction, Chinese culture, rooted in Confucian
ideology, values harmonious relationships (Fung, 1948). This emphasis on
relationality could shape people’s perception of the physical environment (Ji et al.,
2000; Nisbett et al., 2001) and how parents engage their children in everyday
interactions (Kuwabara & Smith, 2016b). Through this cultural lens, individual
objects in the physical environment shall not be viewed as separate entities
independent from their contexts or environment. Rather, individuals are understood as
a part of a group (Nisbett et al., 2001). When engaging in activities such as describing
vignettes or grouping objects (Kuwabara & Smith, 2016b; Senzaki et al., 2016), the
East Asian participants tended to see objects or events as a holistic group in which
each component was interrelated with one another as well as related to the group. The
present findings supported the cultural phenomenon that certain East Asian
participants tended to be more holistic in perception and cognitive processes than
their North American counterparts (Masuda & Nisbett, 2001; Nisbett et al., 2001;
Nisbett & Miyamoto, 2005).

Besides cross-cultural investigations, a possible future step can examine
parental language practice within its own cultural group to understand individual
variations in children’s learning experiences. For example, families’ cultural
background could also be intertwined with families’ home language and their socio-
historical contexts, such as birth place, family tradition, living neighborhood,
occupation, income, etc. Thus, further investigations of within group variations can
offer insights of children’s learning experience at an individual level.

Parental use of relational language is context-dependent
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In general, the mothers from both groups adjusted the types of relational
language based on the activity at hand. When engaging in activities involving spatial
manipulation (i.e., puzzle) or pattern organization (i.e., sorting), the mothers were
more likely to use structural relation that draw attention to underlying relations
between objects. On the other hand, when engaging in the book reading activity in
which the pages depicted everyday math-related events or objects, the mothers were
more likely to connect the book content to children’s past experience or knowledge.

These findings revealed that children’s experience with parental relational
language was context-dependent. The results resonated with the previous studies
(Ferrara et al., 2011; Verdine et al., 2019) that parents would adjust their use of
language based on the context of the activity. Similarly, the mothers in the present
study adjusted the types of relational language based on the activity at hand. From the
sociocultural perspective, parent-child interaction is usually shaped by the immediate
contexts that the dyads are situated in (Bang, 2015; Hatano, 1988; Rogoff et al.,
2007). For example, the book reading activity provided an immediate context for the
dyads to engage in self-reflection and explanation, whereas the puzzle activity and the
sorting activity served as learning grounds for the dyads to engage in spatial
arrangement and pattern making. Broadly speaking, children’s learning opportunities
are embedded in their everyday contexts that involve different kinds of activities.
Here, we provided three sets of activities that parents may do with their children in
everyday life to look into children’s learning experiences. The results speak to the
critical role of children’s immediate contexts in shaping their everyday learning

experiences.
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Taken together, the present findings on parental use of relational language
carried significant implications in cross-cultural research on relational learning. First,
this investigation of relational language encompassed different types of relational
concepts in parent-child interactions, which allowed researchers to get a more
nuanced view of relational language practices used by the mothers from two cultural
groups across different activities. Parental language practice was found to be activity-
dependent, underscoring the importance of the immediate contexts in shaping
children’s learning experiences. Second, the findings speak to a culturally-specific
relational learning experiences in Chinese immigrant families. It is possible that
continued exposure to relational language that highlights relation of objects to one
another and the contexts could help Chinese-heritage children attend to relevant
relational aspects more often in their learning experiences than their European-
American peers. From this view, the present results could serve as a potential
explanation for the observed cultural variations in children’s response in various
cognitive tasks (Duffy et al., 2009; Kuwabara & Smith, 2012; Masuda & Nisbett,
2001; Richland et al., 2010).

Besides the verbal language that was examined in the present study, future
studies could examine parental use of non-verbal relational gestures (e.g., linking
gesture, iconic gesture) that connect and compare objects in parent-child interactions
because of two reasons. First, researchers have found that the use of relational
gestures (e.g., linking gestures, comparative gestures) was positively correlated with
mathematical and spatial understanding and learning in children and adults (Goldin-

Meadow & Alibali, 2013; Richland, 2015; Richland & McDonough, 2010; So, Shum,
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& Wong, 2015). Second, our everyday communication involves both verbal language
and non-verbal gestures and cues. Research of non-verbal communication carries
functions to widen our understanding of children’s cultural ways of learning and
education.

Correlation between relational language and children’s math performance

The secondary purpose of this study was to tested whether children’s math
performance was correlated with parental use of relational language. In general, older
children performed better than their younger peers in the math tasks. This finding
supports the existing literature on the developmental trajectory of children’s learning
and math understanding, where children’s mathematical understanding is positively
correlated with their age (Sarnecka & Carey, 2008; Sophian 2007).

In addition, the results showed no significant correlations between parental
relational language (across all activities, by each relational category, or by each
activity) and children’s performance on each of the four tasks, suggesting that
parental relational language may not be associated with children’s math performance
at the moment. It is possible that continued exposure to parents’ relational language
would contribute to children’s math learning in the long run. Children usually
undergo gradual transformations in their learning and development. Research shows
that parental language serves as an important resource for children’s learning (Levine
et al., 2010). Still, such influences likely emerge over time and across experiences.
Indeed, many previous studies have used a longitudinal design to examine the
correlation between children’s exposure to spatial and number language and their

math performance or academic performance at a later age (Casey et al., 2018; Levine
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et al., 2010; Pruden et al., 2011). This type of design allows researchers to look into
children’s long term exposure to certain language practice at home with their parents.
A possible future follow-up study could employ a longitudinal design to examine
parents’ relational language use at different time points and investigate the correlation
between parental relational language across time and children’s math and spatial
understanding at a later age.

Another possibility is that children’s own production of relational language
might play a more significant role in their math performance than parents’ relational
language at the moment. Past research suggested that children’s spatial word
production predicted their performance on subsequent spatial tasks (Hermer-Vazquez
et al., 2001; Miller et al., 2016; 2017; Polinsky et al., 2017). For example, 5- to 6-
year-old children’s own production of spatial words such as left and right positively
associated with their performance on the spatial tasks that were related to those
relations (Hermer-Vazquez et al., 2001). Similarly, 4-year-olds’ spatial language
during parent-child interaction, predicted their subsequent puzzle performance
(Polinsky et al.,2017). It is plausible that children’s own production of certain
relational words is a more accurate representation of their apprehension of certain
relational concepts, which in turn is were more likely to correlate with their
performance. Future work could consider children’s relational language production
and its relation to their math performance.

Object labels. Contrary to our prediction, the results showed that compared to
the European-American mothers, the Chinese immigrant mothers were more likely to

label objects or direct children’s attention to certain attributes of objects (e.g., “what
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color is this?” “we need the bunny and the red one”, “I see radishes and carrots™).
This finding might seem surprising because past research showed that Canadian
parents were more likely than Japanese parents to mention focal objects and their
features when describing different vignettes with their 7- to 9-year-olds, whereas
Japanese parents were more likely to mention contextual information, such as
background objects (Senzaki et al., 2016). However, driven by the purpose of the
study, the coding scheme focused on relations, connections and comparisons among
objects in mothers’ talk. As the non-relational category, object labeling instances
direct children’s attention to label objects without making connections or
comparisons with other objects or events, regardless of whether it referred to focal
objects or background objects in the activities. It could be possible that Chinese
immigrant mothers in the study used object labels to attend to both focal and
background objects during the interaction. Future research could be conducted to
examine how often parents draw children’s attention to focal objects or background
objects to gain a deeper understanding of parental use of object labels.
Linguistic variations

Given the participants in the present study involved Chinese-speaking and
English-speaking participants, some might argue that the variation in parental use of
relational language could be attributed to the linguistic variations between Chinese
and English. Past research has shown that caregivers who spoke Asian languages
(e.g., Japanese, Korean, Chinese) used more action-oriented words and verbs such as
ate, swimming than English-speaking parents (Au et al., 1994; Fernald & Morikawa,

1993; Gopnik et al., 1996; Tardif et al., 1999). English speaking caregivers
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preferentially used common nouns such as naming objects and non-referential verbs
such as looks like, watch (Goldfield, 1993; Gopnik et al., 1996). Researchers argued
that by using referential verbs in everyday language, children were more readily to
pay attention to the interactions between entities and their relations with one another
(Richland et al., 2010). The present study approached parental language in a different
way. We coded parental relational language based on whether it was making
connections or comparisons between objects or events. A high proportion of
relational language involved prepositions (e.g., inside, on top of, behind, etc.) and
naming objects (e.g., “let’s put the red piece on top of the yellow one,” “do you want
to make these balls go red, yellow and green?”’). We paid close attention to the
linguistic meanings when coding parental relational language. For instance, the

Chinese immigrant mothers often used the word “HL[f1” to refer to the spatial relation

of “inside”’; however, sometimes they would use the term to refer to “about
something”. Thus, the latter case would not be considered towards relational
language.

We acknowledge the importance of linguistic variations in different
languages, and how they could contribute to our learning and communication. Studies
with bilingual participants could be useful to examine the linguistic aspect of
language in parent-child interaction. For example, if it was the linguistic variation
between Chinese and English predicted the difference in parental use of relational
language, then we should expect that fluent Chinese-English bilingual parents would
use more relational language (e.g., structural relation) when speaking Chinese and

less so when speaking English. However, it is also critical to be aware of how
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language is an important cultural tool that is intertwined with one’s value and
historical contexts. We should not see linguistic aspects of a language as independent
from one’s cultural context and practice.
Concluding remarks

In conclusion, the present study examined parental use of relational language
with their 3-year-olds in everyday math and spatial activities across two cultural
communities—first-generation Chinese immigrant and European-American families.
Both Chinese immigrant mothers and European-American mothers used three types
of relational language and the types of relational language varied depended on the
immediate contexts (e.g., activity) they were engaging in. The Chinese immigrant
mothers were more likely to use relational language that relates objects with one
another through spatial organizations or pattern arrangements than their European-
American counterparts. On the other hand, the mothers of both groups were similar in
making explicit comparisons based on object similarities and children’s prior
knowledge/experience. The present study showed that the mothers from both groups
used the activities as contexts to engage young children in relational learning,
complementing the sociocultural view that children’s learning is situated in their
everyday cultural experiences (Bang, 2015; Rogoft, 2003). In addition, our findings
revealed both similarities and variations in parental use of relational language,
suggesting a culturally specific way of engaging young children in relational learning
by Chinese immigrant parents. These findings offer important insights into how
parents from different cultural communities engage their children in relational

learning through the use of relational language, and how parental language practice
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may serve as a potential mechanism of early childhood math and spatial learning.

45



Table 1. Demographic information of families

European-American Chinese Immigrant

M (yrs) SD M (yrs) SD

Child age 39.2 5.08 37.1 4.94

Mother age 38.0 4.24 34.4 4.85

Father age 40.9 6.23 38.9 9.36

Mother education 15.9 2.06 15.1 3.19

Father education 15.7 2.46 15.9 2.33

N % N %

. Boy 11 55% 8 50%
Child gender .

Girl 9 45% 8 50%

<30K 2 11% 3 19%

30K-50K 0 0% 4 25%

Family income 50K-75K 3 16% 0 0%

75K-100K 3 16% 3 19%

>100K 11 58% 6 38%
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Table 2. First-generation Chinese immigrant mothers’ language and acculturation information (Proportions

appear in parentheses)

workplace are from (if
applicable)

Only More Chinese | Both More English Only
Chinese | than English Equally | than Chinese English
In general, what language do | 2 (\13) | 11 (.69) 3(19) |0 0
you read and speak?
What was the language you 16 (1) 0 0 0 0
used as a child?
What language do you usually | 12 (.75) | 4(.25) 0 0 0
speak at home?
What language do you usually | 6 (.38) 7 (.44) 2(.13) 1(.06) 0
speak with your friends?
In what language(s) are the 6 (.38) 5(.31) 4 (.25) 1(.06) 0
television programs you
usually watch?
In what language(s) are the 5(31) |9(.56) 2(13) |0 0
online media/websites you
usually browse?
Only More Chinese Both More Only
Chinese than Americans | equally Americans than | Americans
Chinese
Your close friends are 5 (,3 1) 11 (,69) 0 0 0
As you grew up, your friend 8 (.57) 6 (.43) 0 0 0
groups were from
You prefer going to social 2(.13) | 11(.69) 2(.13) | 1(.06) 0
gathering at which the people
are from
The persons you visitor who | 7 (.44) | 8 (.5) 1(.06) |0 0
visit you are from
If you could choose your 1(.06) 1 (.06) 13 (.81) | 1(.06) 0
children’s friends, you would
want them to be
The people of the 14 (1) 0 0 0 0
neighborhood you grew up in
were from
The people of your current 0 2 (.14) 5(.36) 3(.21) 4 (.29)
neighborhood are from
The people of your current 1(17) | 1(17) 1(17) | 1(17) 2 (.33)
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Table 3. European-American mothers’ language and acculturation information (Proportions appear in

parentheses)
Only More English Both More other Only other
English | than other Equally | language than | language
language English

In general, what language 15(.79) | 4 (.21) 0 0 0

do you read and speak?

What was the language you | 17 (.90) | 1 (.05) 0 0 1(.05)

used as a child?

What language do you 18 (.95) | 1 (.05) 0 0 0

usually speak at home?

What language do you 18(.95) |0 1(05) [0 0

usually speak with your

friends?

In what language(s) are the 16 (.84) | 3(.16) 0 0 0

television programs you

usually watch?

In what language(s) are the 17 (.90) | 2 (.10) 0 0 0

online media/websites you

usually browse?
Only my | Mostly my own | Equally Mostly other Only other
own ethnic mixed ethnic ethnic
ethnic background ethnic background background
backgrou backgrou | than my own than my
nd nds own

Your close friends are from | 2 (.11) 12 (.63) 5(.26) 0 0

As you grew up, your friend | 2 (.13) | 12 (.75) 2(13) |0 0

groups were from

You prefer going to social 1(.05) 4 (.21) 14 (.74) | 0 0

gathering at which the

people are from

The persons you visitor | 2 (.11) | 11 (.61) 4(22) |1(.06) 0

who visit you are from

If you could choose your 0 0 18 (.95) | 1 (.05) 0

children’s friends, you

would want them to be

The people of the 3(17) | 11(61) 2(11) [2(11) 0

neighborhood you grew up

in were from

The people of your current | 2 (.11) | 14 (.78) 2(11) |0 0

neighborhood are from

The people of your current 0 4 (.29) 9 (.64) 1(.07) 0

workplace are from (if
applicable)
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Table 4. Mean frequency of parental use of relational language instances by category and parental use of
object labeling (Standard deviations appear in parentheses)

European-American Chinese Immigrant
(n=20) (n=16)
Relational (frequency) Puzzle Sorting Reading Total Puzzle Sorting Reading Total
27.3 8.6 3.3 39.2 52.7 19.6 6.6 78.9
Structural relation (15.3) (5.6) 3.1) (@19.1) (35.5) (8.8) 54) 374
18.4 1.7 1.7 21.8 16.1 1.9 5 18.6
Object similarity  (9.5) (2.9) (1.4) (10.0) (11.6) (2.8) (1.1) (@12.2)
4.7 3.0 15.4 23.1 59 5.6 18.6  30.1
Self-association  (5.5) (3.9) 9.8) (14.3) (7.2) (11.5)  (13.3) (25.6)
50.4 13.4 20.3 84.1 74.8 27.1 257 127.6
Total (24.3) (8.1) 25.7) (33.7) (44.0) (14.6) (16.0) (56.3)
Non-relational (frequency)
34.6 14.1 41.7 90.3 63.4 18.2 547 1363
Object labeling (17.8) (9.6) (13.2) (26.2) (43.6) (14.3) (19.6) (68.7)
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Table 5. Mean proportion of parental use of relational language by category and parental use of object
labeling (Standard deviations appear in parentheses)

European-American Chinese Immigrant
(n=20) (n=16)
Relational
(in proportion) Puzzle Sorting Reading Total Puzzle Sorting Reading Total
.14 .14 .03 A1 .20 .29 .07 18
Structural relation  (.06) (.10) (.03)  (.04) (.08) (.10) (.06) (.05
.10 .03 .02 .06 .07 .02 .004 .05
Object similarity  (.05) (.04) (.02)  (.03) (.04) (.03) (.01)  (.03)
.02 .05 17 .07 .02 .07 A7 .07
Self-association  (.02) (.06) (.11)  (.04) (.02) (.16) (1) (07)
.26 21 22 24 .30 .39 24 .30
Total (.09) (-12) (.11)  (.06) (.09) (.15) (.14)  (.09)
Non-relational
(in proportion)
18 .20 44 .26 24 25 51 31
Object labeling  (.05) (.04) (.11)  (.06) (.10) (.11) (.12)  (.07)
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Table 6. Children's mean performance of each math task based on age, gender and culture group. (Standard
deviations appear in parentheses)

Age group Gender Culture group Overall
Younger Older European-  Chinese
(30-39.0m) (39.1-48m) Boys Girls American immigrant
TOSA Dimensional
score (out of 40 pts; n = 24.79 32.76 2942 27.59 28.2 29.00 28.56
36) (7.05) (7.08) (8.57) (7.56) (8.87) (7.16) (8.05)
Matching dots 4.94 7.87 6.29  6.35 7.00 5.47 6.32
(out of 10 pts; n = 34) (3.67) (2.16) (3.64) (3.16) (3.02) (3.66) (3.35)
Give-n-task 2.37 4.18 332 329 3.50 3.07 3.30
(out of 6 points, n = 33) (1.41) (1.42) (1.80) (1.54) (1.76) (1.58) (1.67)
Counting task (%
correct)
Count to 10 (n=32) 59% 80% 56%  81% 65% 75% 69%
Answer how many
question (n=26) 46% 53% 43%  58% 44% 63% 50%
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Table 8. Correlation between the proportion of parental
relational language in each activity and children's performance
on math tasks.

3D Puzzle  Sorting Reading

Math tasks

1. TOSA Dimensional 022 0.07 0.06
score

2. Matching dots -0.06 -0.20 0.01
3. Give-n-task -0.10 -0.10 0.06
Counting (two parts)

4. Count to 10 -0.28 0.10 -0.32
5. An'swer how many -0.29 0.09 0.19
question
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Appendix A.
Demographic Survey

Child‘s name #% [ #:44: Sex PE1: M(%) F(%)
Date of Birth HiZ: H if):
Siblings b, 25 4H 4k Name 44 Sex 1k 5 Date of Birth 4 H 1]

Parent 1 ¥ 1

Name #:44: Sex ME5): M(H) F(%r) Age FH#:

Place of birth H}Z:Hl:

Number of years lived in the US 7£ FE[E 5% N 5 (LI K (years )

Ethnicity i f:

___Native American FIZEZE A ___ Asian/Pacific Islander YE%5/ A3 & K
___Hispanic FEHIF #5

__Black, none Hispanic JFPH P % B AN_ Caucasian FIFH A __ Other HAt

Education 27 £ : (12=high school graduate = -1 *#fz, 16=four-year college graduate K7 A}
“#{7, 18 or more = advanced degree = 55 ()

1lorless(3 T8/ NF114) 12 13 14 15 16 17 18 or more( K T 2% T 18 4F)

Current occupation 24 fij B
Previous occupation £ B (if different from current occupation #1J:F12%4 fif AL AN — £

):

Parent 2 K 2

Name #:44: Sex ME5H): M(H5) F(%r) Age FH#:

Place of birth H}/:Hl:

Number of years lived in the US 7£ FE[E 5% N 5 (LI K (years )

Ethnicity it f:

___Native American FIZ5Z A ___ Asian/Pacific Islander Y275/ A3 & K
___Hispanic FEHI 5

__Black, none Hispanic JFPH P %5 B AN Caucasian FIFH A __ Other HAt

Education (7 £ : (12=high school graduate =1 *#fz, 16=four-year college graduate K7 A}
“2{\7, 18 or more = advanced degree = 5 521\
1lorless(% T2/ NF114) 12 13 14 15 16 17 18 or more( K T 2% T 18 4F)

Current occupation 24 fij BV :
Previous occupation & £ B (if different from current occupation #1J:F12%4 fif BRAME AN — £

):

py

What is your family income per year? &85 i& RF - A%t %4 ?
y y pery
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_less than $15,000 2> T-$15,000
~$15,000 - $30,000
~$30,000 - $50,000
~$50,000 - $75,000

_over $100,000 /3£ $100,000
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Appendix B
Child Language Survey

Child Name £ 1 4: Date of birth 4= H 11

Birthplace H 4= 11 (city, country) (O i, [EZ):

What language(s) does your child speak?
ST U LR =2

What language(s) does your child understand?
SS9 T HET B LA 2

Do you consider your child to be bilingual? Yes(5£) No(7%)
TEAN IR ££1- 0] DAGE T P RR T 5 152

If yes, MR IE

Please specify the native or first language of your child:
T HARG £ T RS/ i S

Please specify the second language of your child:
T HARG L T s S

Please list all languages your child knows in order of most proficient to least proficient. Rate
his/her ability on the following aspects in each language. Please rate according to the following
scale (circle the number in the table) 7 4% A ZRFE B M I AR B S AN 2GRk HE 71 HE 7% 1 R
SERIPTIATE S, RO/ A S 9 2 E B T VR T DL P e okt 1T
PEAG (HlHE 2% Aot BRI 20):

I 7 — i LGS H fif L G A—FF
very poor poor fair functional good very good native-like
1 2 3 4 5 6 7
Language Speaking fluency 1% it 1% F2 FE Understanding ability H % £ 7
IER=R LN (circle one [ H— LT (circle one [ H— LT
1 2 3 4 5 6 17 1 2 3 4 5 6 17
1 2 3 4 5 6 17 1 2 3 4 5 6 17
1 2 3 4 5 6 17 1 2 3 4 5 6 17

What language does your child primarily use when speaking to you at home?
IR £ T AE R L SRR 5 512

Besides you, who lives in your household with the child?

b AL, BRI TR AR

What language(s) do others in your household speak to your child?
K B JE A B SRR £ 1 WA = 22 ?

Please describe language exposure of your child from other sources (e.g., TV, daycare etc)

T Ul WA £ 15 i DR 28 LA SRS e R I3RS (Mean: B, STJLPT 55

In an average day, what percentage of time is your child exposed to:

W1 PR KRR =5 PR LRI TR] 1Y) 7 70 L
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Language | (B 53K 1) : % Language 2 (iG55 M2 2):
%
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Appendix C
Parent Language Survey

Please read following questions and check (v') one choice that applies to you in each row.iF 7 {35 PL T
W] R HLE O — A7 1 ) R B IO — AR & I O, FRic )2 (V)

Only More Chinese | Both More English Only English
Chinese | than English or | equally | or Americans or

{XH 3z | Americans M1y | than Chinese Americans
ERE SUR AT PR SUL LN RIS 37

In general, what
languages do you read
and speak?

fa— M R =
I3 52 FI 22 I ?

What was the language
you used as a child?
A8/ NS s T IR

=7

What language do you
usually speak at home?

TEAE R I e 22
JIWERPTE 5 5 A Aii?

In which language do
you usually think?
22 G s S
P

What language do you
usually speak with your
friends?

RN A28 5 (5
Fhif S BT S UR?

In what language(s) are
the television programs
you usually watch?
s ARG S 1
ALY H 2

In what language(s) are
the online
media/websites you
usually browse?
SR ) SR A =
F T S AR/ DR 3k 2
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Appendix D

Parent Cultural Experience Survey

Only
Chinese

R E
A

More
Chinese than
English or
Americans
hEALZ T
FEA

Both

equally
P
5

More
English or
Americans
than Chinese
FKEAZT
ERIESPN

Only
English or
Americans

EE A

Your close friends are from

&I A

As you grew up, your friend
groups were from

FERRR I FE
KB T

You prefer going to social
gathering/parties at which the
people are from

e NI S I S
PN 5

The persons you visit or who
visit you are from

IEFEUT N B FE VT A

If you could choose your
children’s friends, you would
want them to be

AN RAGHE S £ T 1R A0/t )
WAL, A sne A S/ At ) 2
=R

A

The people of the
neighborhood you grew up in
were from

TELIN (B85 48 2

The people of your current
neighborhood are from
IEIAER 5 4R 0

The people of your current
workplace are from (If not
applicable, please put N/A)
IEIAE LAERY R e

(s, I N/A)
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Appendix E.
Additional data analyses and results

In this section, we report additional details on data analysis of parental relational
language, children’s math performance.

Parental relational language in 3-D puzzle activity

Frequency of overall relational language. An independent sample T-test
revealed that Chinese immigrant mothers (M = 74.8 instances, SD = 44.0) used
significantly more instances of relational language than the European-American
mothers (M = 50.4 instances, SD = 24.3; #(34) = 2.11, p < .05, Cohen’s d = .69) in this
activity'".

Parental relational language by category. Next, we conducted a 3
(Relational category: structural relation, object similarity, self-association) x 2
(Culture Group: Chinese immigrant vs. European American) mixed ANOVA, with
category as repeated measures to investigate cultural variations in each of the
categories of relational language. See descriptive statistics in Table 4. As predicted,
results revealed a main effect of category (F (2, 68) = 92.58, p < .001, partial 0’
=.73), and a significant interaction between the category and culture group (F (2, 68)
=8.25, p =.001, partial n*>= .20).

The main effect of category revealed that mothers used a higher proportion of
structural relation (M = .17, SD = .07) than object similarity (M =.08, SD = .05, M
difference = .09, SE = .01, p <.001, CI of the difference [ .06, .12]) and self-
association (M = .02, SD = .02, M difference = .15, SE = .01, p <.001, CI of the
difference [ .12, .18]). The mothers also used a higher proportion of object similarity
than self-association (M difference = .06, SE = .01, p <.001, CI of the difference
[ .04, .08]) in this activity.

To understand the interaction between culture group and category, simple
main effects analyses were conducted, and results showed that Chinese immigrant
mothers used a higher proportion of structural relation than their European American
counterparts (F(1, 34) = 7.57, p = .009, partial n>= .18). There were no significant
group differences for the categories of object similarity (F(1, 34) =2.66, p = .11) and
self-association (F(1, 34) = .06, p =.82).

Parental relational language in Sorting activity

Frequency of overall relational language. An independent sample T-test
revealed that Chinese immigrant mothers (M = 27.1 instances, SD = 14.6) used
significantly more instances of relational language than the European-American
mothers (M = 13.4 instances, SD = 8.1; #34) = 3.58, p = .001, Cohen’s d = 1.16) in
this activity''.

'O Chinese immigrant mothers (M = 254.1 instances, SD = 141.6) used marginally more total talk
instances than European-American mothers (M = 187.2 instances, SD = 70.9, #(34) = 1.85, p = .07) in
this activity.

" Chinese immigrant mothers (M = 70.3 instances, SD = 30.0) and European-American mothers (M =
67.8 instances, SD = 29.9) used a similar amount of total talk instances in this activity (p > .8).
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Proportion of overall relational language. A similar analysis was conducted
as in the puzzle activity. Results showed that Chinese immigrant mothers (M = .39;
SD = .15) used a significantly higher proportion of relational language than
European-American mothers (M = .21; SD = .11; #(34) = 4.10, p <.001, Cohen’s d =
1.36) in general.

Parental relational language by category. Using the similar analysis in the
puzzle activity, I conducted a 3 (Relational category) x 2 (Culture group) mixed
ANOVA. See descriptive data in Table 5. Results revealed significant main effects of
category (F(2, 68) = 39.10, p < .001, partial n* = .54) and culture group (F(1, 34) =
16.40, p <.001, partial n*=33). We also found a significant interaction between
category and culture group (F(2, 68) = 6.58, p = .002, partial n° = .16).

The main effect of category revealed that the mothers used a significantly
higher proportion of structural relation (M = .21, SD = .13) than the category of object
similarity (M =.02, SD = .03; M difference = .18, SE = .02, p <.001, CI of the
difference [ .13, .24]) and self-association (M = .06, SD = .12; M difference = .15, SE
=.03, p <.001, CI of the difference [ .07, .23]) in this activity. There was no
significant difference between the category of object similarity and self-association.
The main effect of culture group revealed that Chinese immigrant mothers (M = .39,
SD = .15) used a higher proportion of relational language than European-American
mothers (M = .21, SD = .12) across all categories.

To understand the interaction between culture group and category, I
conducted simple main effects analyses, and results showed that Chinese immigrant
mothers used a higher proportion of structural relation than their European American
counterparts (F(1, 34) = 21.75, p < .001, partial n° = 39). There were no significant
group differences for the categories of object similarity (F#(1, 34) =.85, p =.77) and
self-association (F(1, 34) = .56, p =.46).

Parental relational language in Reading activity

Frequency of overall relational language. An independent sample T-test
revealed no significant differences between Chinese immigrant mothers (M = 25.7
instances, SD = 16.0) and the European-American mothers (M = 20.3 instances, SD =
10.4) in using relational language (#(34) = 1.22, p = .23, Cohen’s d = .20) in this
activity'.

Proportions of overall relational language. Similar analysis was conducted
as in the previous activities. We found no significant group difference in the
proportion of overall relational language used by the European-American (M = .22;
SD = .11) and the Chinese immigrant (M = .24; SD = .14; t(34) = .60, p = .55,
Cohen’s d = .40) mothers in this activity.

Parental relational language by category. Using the similar analysis in the
previous activities, I conducted a 3 (Relational category) x 2 (Culture group) mixed
ANOVA. See descriptive data in Table 5. The results revealed only a significant main
effect of category (F(2, 68) = 51.92, p < .001, partial n* = .60). The main effect of
category revealed that mothers used a significantly higher proportion of self-

'2 Chinese immigrant mothers (M = 107.4 instances, SD = 28.2) and European-American mothers (M
= 95.7 instances, SD = 22.0) used a similar amount of total talk instances in this activity (p = .17).
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association (M = .17, SD = .02) than structural relation (M = .05, SD = .05; M
difference = .12, SE = .02; p <.001, 95% CI of the differences [.07, .17]) which in
turn was used at a higher proportion than object similarity (M =.01, SD = .02; M
difference = .04, SE = .01; p =.001, 95% CI of the differences [.01, .06]). There were
no significant culture variations in parental use relational language in this activity.
Parental use of object labeling

We conducted a 3 (Activity type: puzzle, sorting, reading) x 2 (Culture Group:
Chinese immigrant vs. European American) mixed ANOVA, with activity type as
repeated measures to investigate cultural variations in parental use of object labeling.
The results revealed significant main effects of activity type (F(2, 68) = 89.56, p
<.001, partial n*=.73) and culture group (F(1, 34) = 8.59, p <.01, partial n> = .20).
The main effect of culture group revealed that Chinese immigrant mothers (M = .31,
SD = .07) used a significantly higher proportion of object labeling in general than
European American mothers (M = .26, SD = .06). The main effect of activity type
revealed that the mothers used a significantly higher proportion of object labeling in
reading activity (M = .47, SD = .12) compared to the puzzle activity (M = .21, SD
= .08, M difference = .26, SE = .02; p <.001, 95% CI of the differences [.21, .31])
and sorting activity (M = .22, SD = .10, M difference = .25, SE = .02; p <.001, 95%
CI of the differences [.19, .31]). The difference between the puzzle activity and the
sorting activity was not significant (p = 1.0) in this category.

Activity type and parental relational language

A two-way repeated measure ANOV A was used to examine whether the
proportion of relational language used by mothers in each of the three categories
(structural relation, object similarity, self-association) varied by the activity type
(puzzle, sorting, reading). Results showed a marginal main effect of activity type
(F(2,70) = 2.86, p = .06, partial n° = .08), a significant main effect of language
category (F(2, 70) = 31.51, p < .001, partial n’= .47), and a significant interaction
bgttween the activity type and language category (F(4, 140) = 53.25, p <.001, partial
n°=.60).

Pairwise comparisons using Bonferroni corrections (see Figure 6) revealed
that for the category of structural relation, the mothers used a significantly higher
proportion in the puzzle activity (M = .17, SD =.07) and sorting activity (M = .21, SD
=.12) compared to the reading (M = .05, SD = .05) activity (M differences = .12
vs .15; SE = .01 vs .02, ps <.001, 95% CI of the differences [.10, .15] vs [.11, .21]).
The difference between the puzzle activity and sorting activity was not significant
(p>.30).

For the category of object similarity, the mothers used a significantly higher
proportion in the puzzle activity (M = .08, SD = .05) compared to the sorting activity
(M =.02, 8D = .03, M difference = .06, SE = .01, p <.001, CI of the difference
[ .04, .09]) and the reading activity (M = .01, SD = .02, M difference = .07, SE = .01,
p <.001, CI of the difference [ .05, .09]). The difference between the sorting activity
and the reading activity was not significant (p >.20).

For the category of self-association, the mothers used a significantly higher
proportion in the reading activity (M = .17, SD = .11) compared to the puzzle activity
(M =.02, 8D = .02; M difference = .15, SE = .02; p <.001, 95% CI of the differences
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[.10, .19]) and the sorting activity (M = .06, SD = .12); M difference = .11, SE = .02; p
<.001, 95% CI of the differences [.06, .16]). The difference between the puzzle
activity and the sorting activity was not significant (p > .25) for this category.
Children’s performance on math tasks

As the secondary purpose, we examined children’s performance on four math
tasks and explored the correlation between parental use of relational language and
children’s math performance. We conducted a series of 2 (Culture group) x 2 (Gender
of child) univariate ANOVA, with children’s age in months as a covariate. The
dependent measures were the performance scores in each of the three tasks (modified
TOSA, matching dots, give-n-task). There were no significant main effects or
interaction for gender (ps > .73), or culture group (ps > .26) on the performance of
three tasks. However, the results revealed significant main effects of age on the
performance of modified TOSA (F(1, 31) = 14. 52, p = .001, partial n° = .32), give-n-
task (F(1,28) = 6.71, p = .02, partial n>=.19), and a marginal effect on matching dots
task (F(1, 29) = 3.90, p = .06, partial n> = .12). To investigate the age effect, we
conducted follow up ANOVA analyses using a median split of children’s age (median
= 39.03 months). This resulted in two age groups (younger children: 30.07 to 39.03
months vs. older children 39.1 to 47.7 months). The results revealed that older
children performed significantly better than their younger peers in modified TOSA
(F(1, 23) = 7.32, p =.01 partial n*= .24) and give-n-task (F(1, 23) = 9.90, p = .005,
partial n° = .30) after controlling for their gender or culture group. In addition, older
children performed marginally better than their younger peers in the matching dots
task (F(1,23) = 3.81, p =.06, partial 0’ = .14).

For the performance on the counting task, Chi-square analyses were
conducted based on children’s gender, culture group, and age group. Results showed
no significant effects on the performance of counting to 10 based on gender (y*(1, 32)
=2.33, p =.13), culture group (¥*(1, 32) = .35, p = .56), and age group (¥*(1, 32) =
1.66, p = .20), and there were no significant effects on the performance of answering
the how many question based on these characteristics as well (ps > .40). The
descriptive data seems to hint that older children were more likely to correctly count
to 10 and answer the how many question than their younger peers.

Relational language and math task performance

A series of Pearson’s correlation analyses was conducted to investigate the
association between parental use of relational language (across all activities, and by
each relational category), and children’s performance on each of the four tasks.
Results showed no significant correlations between children’s performance in each of
the four math tasks and the overall proportions of relational language use across all
activities (ps > .20), by each category (ps > .14), or by each activity (p > .07).

Next, we took into consideration of culture group to further investigate the
association between parental relational language use and children’s math
performance. Pearson’s correlation analyses for each culture group were conducted
(see Table 7). The results showed European-American mothers’ use of structural
relation negatively correlated with children’s performance on give-n-task (r = -0.47, p
=.05). There were no other significant correlations between the proportions of
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relational language and children’s math performance for either of the culture groups

(ps > .12).
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