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Doctor of Philosophy (2004)
Kin Tong Chan
Department of Human Development and Applied Psychology

University of Toronto

Abstract

This study investigated Chinese-English bilinguals’ theory-of-mind development. It
draws on the literatures of two related areas of research of young children’s development:

children’s theory of mind and childhood bilingualism.

The present study planned to verify the following statement: Bilinguals are more
advanced in their cognitive as well as theory-of-mind development. The aim was
achieved by comparing 31 balanced bilingual preschoolers’ and 29 monolingual
preschoolers’ performance on 3 cognitive tasks and 4 theory-of-mind tasks. The 3
cognitive tasks employed included 1 reasoning task (Dimensional Change Card Sort Task)
and 2 metalinguistic awareness tasks (Moving Word Task and Synonym Production

Task).

Results from Multivariate Analysis of Covariance showed that bilinguals are more
advanced in their cognitive as well as theory-of-mind development after the effects of 3
covariates (age, verbal and nonverbal abilities) were taken into account. Further analysis
with Hierarchical Multiple Linear Regressions suggested that bilinguals’ advantage in
theory-of-mind development mostly hinges on their advantage in cognitive development
(e.g., inhibitory control, reasoning, and metalinguistic awareness). Educational

implications as well as suggestions for further studies were also discussed.
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Chapter 1: Introduction

During the preschool years (from 3 years to 6 years of age), young children make
amazing progress in various aspects of development. In the area of social development,
the greater sense of personal identity and self-concept completely change the way
preschoolers interact with others. They engage more in cooperative play, enjoy
responsibility, can take the perspectives of others as well as manipulate others’ actions.
With respect to cognitive development, young children are acquiring thinking and
reasoning skills that enable them to sort, match, and classify objects, and to understand
simple concepts of cause and effect. Changes in the use of speech and language mark the
most dramatic transformation during the preschool period. Communication proceeds
from starting to use more complete sentences to almost complete mastery of the rules of

gramimar.

There are at least two reasons why researchers from various disciplines are interested
in the extraordinary development in the preschool years. Firstly, this early stage of
development by and large sets the foundation of the entire course of psychological
development. Secondly, in contrast to infants and toddlers, preschoolers’ ability to
follow simple instructions, answer simple questions, describe events, and share feelings

permit a step-by-step pursuit of the progress in various aspects of their development.



The present study draws on two related areas of research of young children’s
development; children’s theory of mind' (ToM), and childhood bilingualism.
Researchers in the field of theory-of-mind development try to study what young children
know about their own and other people’s mind (e.g., desires, thoughts, and beliefs). One
of the major contributions from the field of theory-of-mind development is the
identification of a significant milestone in early childhood development: in general, 4-
year-olds but not 3-year-olds are able to ascribe false beliefs (beliefs that are incongruent

with shared reality) to themselves and others (Wimmer & Perner, 1983).

The development of this capacity provides young children with a better
understanding of others’ behaviour, including the idea that they can mislead others by
inducing false beliefs in others. For example, 5-year-olds are able to keep a secret so as
not to spoil a surprise birthday party for their mother; they will look away from the target
object before announcing the hints while playing the game of “I-spy”; they may pretend
that they are asleep so that their mother might not ask them to brush their teeth before

going to bed.

Currently, there is much debate as to the role of cognitive ability in children’s
theory-of-mind development (Frye, 1999; Perner & Lang, 2002; Perner, Stummer, &
Lang, 1999; Zelazo, Jacques, Burack, & Frye, 2002). While recent research indicates a
close association between certain aspects of cognitive development (e.g., executive

function, reasoning skill, metalinguistic awareness) and children’s theory-of-mind

! As different theorists in the field do not agree on what “theory of mind” actually means, some of them
even hesitate to use the term. Throughout this dissertation, theory of mind refers to the cognitive capacity
to predict others’ behaviour by taking account of their mental states.
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development, researchers disagree on the underlying mechanisms of how the
development of these two capacities are related. I propose that we should investigate
theory-of-mind development in a specific population that is more advanced in cognitive
ability but not in other aspects of development (e.g., language proficiency). This
complementary line of research should add valuable information about the role of

cognitive capacity in children’s theory-of-mind development.

In the field of childhood bilingualism, one main focus is to study the effects of
learning a second language on various aspects of young children’s development (e.g.,
language, cognitive development). Recent research indicates that bilingual preschoolers
outperform monolingual preschoolers in a number of cognitive tasks (e.g., metalinguistic
tasks, reasoning tasks), particularly when the participants are required to inhibit attention
to misleading information presented in the tasks (for a relevant review, please see,
Bialystok, 2001; Hakuta, Ferdman, & Diaz, 1987; Lee, 1996). In contrast, language
proficiency (measured in conventional methods such as vocabulary tests or tests of
general language development) of the monolingual and bilingual participants in these
studies was either equivalent or in a few cases, showed monolingual advantage. In other
words, bilinguals are more advanced in certain areas of cognitive development but not in

language proficiency of the language they shared with their monolingual peers.

I suggest that at this point in the field of research in early childhood development, a
study of bilinguals’ theory-of-mind development would be fruitful to both the fields of
childhood bilingualism as well as children’s theory-of-mind development. On one hand,
it would be interesting to see whether bilinguals’ advantages in cognitive development

(as seen in their performance in tasks such as metalinguistic tasks and reasoning tasks)
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extend to the area of social cognitive development (measured by their performance in
theory-of-mind tasks). On the other hand, bilinguals’ differential development among
various aspects of psychological processes that typically develop together (i.e., more
advanced in cognitive development but not in language proficiency) would help to clarify

the role of cognitive capacity in children’s theory-of-mind development.

Grounded in the theoretical and empirical knowledge reviewed in the fields of
childhood bilingualism and children’s theory of mind, I plan to verify the following thesis
statement: Bilinguals are more advanced in cognitive as well as theory-of-mind

development.

The remainder of the thesis is organized as follows. Chapter 2 and 3 review relevant
research that has been done in the area of theory-of-mind development and of
bilingualism respectively. Chapter 4 outlines the research questions and specific
concerns in the research design. Chapter 5 describes the methods employed in the
present study. Chapter 6 reports the results of the study. Chapter 7 discusses the results
presented in Chapter 6, concluding with a discussion of their implications for educational

practices and future research in young childhood development.



Chapter 2: Children’s Theory of Mind

2.1 Overview

Over the past two decades, a rapidly expanding literature on children’s theory-of-
mind development has had a major influence in cognitive, developmental, and
psychopathological psychology, helping to shape research agendas within each of these
fields. The core assumption tying this literature together is that people believe that their
own and others’ everyday actions are governed by mental states and processes, e.g.,
intentions, beliefs, desires, etc. (Astington, 1993). It is argued that adults in western
industrialized cultures attempt to predict and explain others’ behaviour by ascribing
mental states to others. The cognitive capacity to predict others’ behaviour in terms of
mental states and processes has recently been referred as a theory of mind. Many
researchers in this field are interested in the development of this social cognitive ability in

young children.

Research results indicate that 4-year-olds, but not 3-year-olds, generally pass a
battery of theory-of-mind tasks. Examples include the false-belief story task (Perner,
" Leekam, & Wimmer, 1987), the deceptive box test (Gopnik & Astington, 1988; Perner et
al., 1987), and the appearance-reality test (Flavell, Flavell, & Green, 1983). The reliable
performance discrepancies between 4-year-olds and 3-year-olds in theory-of-mind tasks
has been replicated in many studies during the past decade (for a relevant review, please

see, Flavell, 1999; Wellman, Cross, & Watson, 2001).



2.2 Young Children’s Performance in Theory-of-mind Tasks

In the original Wimmer and Perner (1983) false-belief task, the child participant
observed a story enacted with a pair of dolls: a boy called Maxi and his mother. Maxi
puts his chocolate in a kitchen cupboard (location A) and then departs from the scene. In
his absence, his mother enters and transfers the chocolate to another cupboard in the
kitchen (location B). The child is then informed that Maxi is returning to the kitchen to
get his chocolate, and is asked where Maxi will look. Wimmer and Perner (1983) found
that children below 5 years of age often gave realist judgments that Maxi would look
where the chocolate actually is, rather than in the location where Maxi thinks the
chocolate is. Four-year-olds performed much better in the false-belief task when it was
made explicit that Maxi did not know that the chocolate had been transferred to a new
location (e.g., Perner et al.’s study in 1987). In either case, original or modified false-

belief tasks, 3-year-olds did not perform above chance level.

In the original (Perner et al., 1987) deceptive box test, the experimenter shows the
child participant a Smarties tube. The experimenter then asks the child to guess the
content of the tube. After the child has replied “Smarties”, the experimenter reveals
surprisingly that the contents are pencils. When the pencils are replaced in the tube, the
experimenter asks the child what another child will think is in the tube. Results showed
that 3-year-olds often make the realist error and say that another child will think there are
pencils in the Smarties tube. Gopnik and Astington (1988) adapted the deceptive box test
to ask children to comment on their own initial belief about the deceptive box’s content.

They found young children were no better at reporting their own false belief (or



“representational change” as it was called in Gopnik and Astington’s article) than

attributing a false belief to others.

In a standard appearance-reality test (Flavell et al., 1983), children were shown
objects that appeared to be one thing but were really another (e.g., a sponge that was
painted to look like a rock). After the children felt it and found out it was a sponge, they
were asked what the object looked like and what it really was, what their friend would
think it was when he or she first saw it, and what they thought it was when they first saw
it>. Results indicated that 3-year-olds generally could not distinguish between the

phenomenal appearance and the actual reality.

In addition to the robust performance discrepancies between 4-year-olds and 3-year-
olds in theory-of-mind tasks, Gopnik and Astington (1988) showed that understanding of
false belief, understanding the appearance-reality distinction, and understanding

representational change are closely related.

2.3 Early Theories of Theory-of-mind Development

In view of the evidence, researchers in the late 1980s and early 1990s formulated
three dominant theories to explain the performance discrepancies between 4-year-olds
and 3-year-olds in theory-of-mind tasks. They are the modular-theory, theory-theory, and
simulation-theory. These theories of theory-of-mind development attempted to answer
the questions of what is developed and how the development occurred (for a relevant

review, please see e.g., Carruthers & Smith, 1996; Flavell, 1999).

2 Strictly speaking, Flavell et al. (1983) did not ask these theory-of-mind questions. Gopnik and Astington
added the false-belief questions to appearance-reality materials in their 1988 study.
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Modular-theorists (e.g., Leslie, 1988) proposed that children’s understanding of core
mental states (e.g., think, feel, know, want) is inborn and their theory-of-mind capacity
takes the form of a cognitive module. Development of theory-of-mind capacity is
achieved by maturation, although appropriate stimuli or experiences are required to
trigger the development of the theory-of-mind module. This module is a domain-specific
information processing system that only operates on specific inputs and offers highly
constrained outputs and is not entirely under voluntary control. Once fully developed,
the module will not be modified in differential ways by different experiences, and thus
the modular account predicts that the acquisition of a theory of mind is largely uniform
across both individuals and cultures. Leslie (1988) maintained that what is developed
around 4 years of age is the link between children’s causal view of the physical world and
their capacity to represent mental states. As a result, 4-year-olds “would treat mental
states as both causes of behavior and effects of perceptual exposure to a situation”
(Leslie, 1988, p. 38). Thus, they could use the mental states (e.g., beliefs) they attributed

to others to predict others’ behaviour.

Theory-theorists (e.g., Gopnik & Wellman, 1992) proposed that children generally
build a theory-like body of knowledge about the mind to interpret, explain and predict
others’ behaviour. The mental state concepts they possess are abstract and the constructs
they build are coherent and interdependent. One of the important roles of these concepts
and constructs is to depict causality in phenomena and observations. The concepts,
constructs and theories constructed are not static, instead, the whole system will
reorganize itself in response to data and new evidence. This predicts a succession of

theories developed, each extending or replacing the earlier theory. According to Gopnik



and Wellman (1992), 2-year-olds are equipped with a desire/perception theory of
behaviour and are inclined to predict others’ behaviour in terms of desires. Until they
acquire the belief/desire theory of mind and behaviour at around 4 years of age, children

are prone to commit realist errors in false-belief tasks.

Simulation-theorists (e.g. Goldman, 1989; Harris 1992) maintained that children’s
concepts of mental states are derived from their own direct experience of such states
rather than developed through some process of abstract theorizing (for a relevant
argument, please see, Astington, 1996). According to this view, young children are able
to ascribe mental states to themselves by introspection, they can then ascribe mental
states to others by a process of simulation. According to Johnson (1988), children’s
theory-of-mind development hinges on their enhanced knowledge of second-order

reflections on first-order concepts (e.g. desires, beliefs, feelings, and the like).

Although the above theorists did not agree on the origins of mental state concepts
and the process of theory-of-mind development, they were alike in at least three points.
Firstly, they all predicted universality, at least in the early years, in children’s mental
state understanding, for example, children develop pretence capacity at around 2 years of
age; they are capable of distinguishing between physical and mental entities at about 3
years of age; and they can ascribe false belief to others around 4 years of age. However,
individual differences in children’s theory-of-mind development was by and large
neglected (for a relevant argument, please see, e.g., Bartsch & Estes, 1996; Lillard, 1998).
Secondly, they construed theory-of-mind development as a domain-specific one, and de-
emphasized the impact of linguistic and other cognitive capacities on theory-of-mind

development. Thirdly, they all emphasized the development of theory-of-mind capacity
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within the individual, while the contribution of sociocultural factors was largely
neglected (for a relevant argument, please see, e.g., Astington, 1996; Lillard, 1998;

Vinden & Astington, 2000).

The issues of universality and domain-specificity of children’s theory-of-mind
development are closely related to the present study and will be discussed in detail in the

following two sections.

2.4 Universal Trend in Theory-of-mind Development
2.4.1 Comparison Across Countries

The basic pattern of results of theory-of-mind studies (performance discrepancies
between 4-year-olds and 3-year-olds in theory-of-mind tasks) has been replicated in
many studies across different countries (Wellman, 1998). With the help of a meta-
analysis, Wellman et al. (2001) concluded that children in all countries exhibit the same
developmental trajectory (younger children’s performance in theory-of-mind tasks was
below chance level while those of the older children was above chance level).
Nevertheless, closer examination of Wellman et al.’s data (2001) showed some modest
differences among the results obtained from different countries®. For example: their
regression models predicted that a 60-month-old child from Japan will perform below
chance level in theory-of-mind tasks while a 60-month-old child from Australia will

perform near perfect level (correct percentage above 94%) in theory-of-mind tasks.

3 Since “country of origin” is not the main focus of their study, Wellman et al. (2001) did not elaborate on
the differences in developmental trend obtained among different countries.
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2.4.2 Individual Differences

As reliable as the performance discrepancies between the 4-year-olds and 3-year-olds
in theory-of-mind tasks are, results obtained from several recent studies found a
remarkable number of 3-year-olds passed the theory-of-mind tasks, much earlier than
previously thought (e.g. Dalke, 1995; Freeman & Lacohée, 1995; Rice, Koinis, Sullivan,
Tager-Flusberg, & Winner, 1997; Robinson & Mitchell, 1995; Wellman, Hollander,

Schult, 1996).

Dalke (1995, Experiment 2), with explicit reference to deception when testing the
participants, showed that 71% of participants with mean age of 4-1 passed the false-belief
task. In addition, thirteen of the 30 3-year-olds (43%) correctly answered the false-belief
question, regardless whether there was explicit reference to deception in the task.
Robinson and Mitchell (1996, Investigation 5) showed that 70% of participants with
mean age of 3-11 could employ false belief to explain but not to predict others’ erroneous
behaviour. Wellman et al. (1996, Study 4), with their new “thought bubbles” method,

showed that 61% of their participants with mean age of 3-7 passed the false-belief task.

Freeman and Lacohée (1995, Experiment 1) demonstrated that 63% of participants
with mean age of 3-6 could recall their own false belief when exposed to relevant cues in
a deceptive box test. Rice et al. (1997, Study 1) found 85% of the participants with mean
age of 3-5 passed the (rock-sponge) appearance-reality test in the context of a deceptive
game. In addition, 74% of participants with mean age of 3-6 passed the (rock-sponge)
appearance-reality test when they did not need to hold conflicting object identities in

mind at the same time.
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Moreover, Jenkins and Astington (1996) tested 68 children between the ages of
about 3 and 5% years with four different theory-of-mind tasks (2 change-of-location and
2 unexpected-content tasks). Results indicated that children’s performance across all
tasks differed considerably, with 37% of them passing all four tasks, 10% passing three,
16% passing two, 10% passing one, and 27% passing none. Also, 29% of children
passed either an unexpected-content task or a change-of-location task, but not both. In
other words, while one child passed a change-of-location task but not an unexpected-
content task, another child could pass an unexpected-content task but not a change-of-

location task.

Altogether, this evidence reveals that there are significant differences in theory-of-
mind development when we compare the performance among individuals as well as
across countries. All of the three approaches (modularity theory, theory-theory, and
simulation-theory) that predicted universality in theory-of-mind development would need

some elaboration or revision in order to account for these research findings.

2.5 Domain Specificity in Theory-of-mind Development

Now we move on to the issue of domain specificity in theory-of-mind development.
During the preschool years, striking changes take place in children’s language and
general cognitive functioning. In recent years, more and more researchers have argued
that the 3-year-olds’ inferior performance in theory-of-mind tasks could be explained at
least in part by referring to their deficit in language ability and general cognitive
functioning (Astington & Jenkins, 1999; Carlson, Moses, & Hix, 1998; Davis & Pratt,

1995; Doherty & Perner, 1998; Frye, Zelazo, Brooks, Samuels, 1996; Frye, Zelazo, &
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Palfai, 1995; Gerstadt, Hong, & Diamond, 1994; Gordon & Olson, 1998; Hughes, 1998a;
Hughes, 1998b; Hughes, Dunn, & White, 1998; Jenkins & Astington, 1996; Moore et al.,

1995; Russell, Jarrold, & Potel, 1994).

In this section, I will briefly delineate two aspects of early childhood development
that have been demonstrated to be intimately tied with children’s theory-of-mind
development. The impact of language ability will be followed by cognitive capacities
such as: working memory capacity, metalinguistic awareness, inhibitory control, and

reasoning ability.

2.5.1 Language Ability and Theory-of-mind Development

In the first five years of life, we can see rapid developments in linguistic as well as
theory-of-mind understanding. This observation suggests that language ability might be
closely tied with children’s theory-of-mind development. Moreover, de Villiers (1995,
cited in Astington & Jenkins, 1999) argued that “syntactic development -- specifically,
the acquisition of object complementation -- promotes false-belief understanding because
the syntax of complementation provides the format needed to represent false beliefs.” (p.
1318). A number of recent studies confirmed that there seemed to be a strong association
between false-belief understanding and language ability (e.g. Astington & Jenkins, 1999;

Cutting & Dunn, 1999; Hughes, 1998a; Jenkins & Astington, 1996).

Jenkins and Astington (1996) tested sixty-eight 3- to 5-year-olds on four standard
false-belief tasks. They found that general language ability (measured by the Test of

Early Language Development, Hresko, Reid, & Hammill, 1981) was a significant
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predictor of false-belief understanding, and the children could not pass false-belief tasks

before they reached a threshold level of language ability.

In a longitudinal study, Astington and Jenkins (1999) attempted to reveal the nature
of the relation between language and theory-of-mind development. Results indicated that
language ability at Time 1 uniquely accounted for a significant amount of variance in
theory-of-mind scores at Time 2 and Time 3 (about 3.5 months and 7 months later
respectively). On the other hand, children’s earlier theory-of-mind performance was not
useful in predicting later language ability. In addition, results showed that children’s
syntax understanding but not semantic understanding made unique contribution to the
prediction of theory of mind. This result pattern was consistent with de Villiers’

argument.

In a similar vein, several studies showed that the use of mental verbs in natural
discourse seems closely related to the child’s theory-of-mind capacity. Brown, Donelan-
McCall and Dunn (1996) found that children’s use of mental state terms in conversations
with siblings and friends correlated with their performance on two false-belief measures.
Moreover, Moore, Pure and Furrow (1990) found that 4-year-old children’s ability to
differentiate between the mental terms know and think in terms of their degree of
certainty correlated with their ability to pass false-belief tasks; children below the age of

4 generally fail to make this distinction.

Moreover, results obtained from the studies of atypical children’s development also
showed support for the importance of language ability in theory-of-mind development.

Peterson and Siegal (1995) studied a group of signing, deaf children of normal
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intelligence from ages 8 to 13, who had only begun having access to conversation about
mental states upon entering primary school. Sixty-five percent of these children failed a
false-belief task which was passed by normal children between the ages of 4 and 5. Also,
Kazak, Collis, and Lewis (1997) found a highly significant correlation between language

skills and the ability to attribute mental states to others in autistic children.

2.5.2 Cognitive Capacity and Theory-of-mind development
2.5.2.1 Working Memory Capacity

It had been argued that young children’s performance in theory-of-mind tasks
depended on their ability to fulfil the information processing demands of the tasks (for a
relevant argument, please see, e.g. Case, 1989 cited in Astington, 1996; Olson, 1989;
1993). Results from several recent studies did illustrate that children’s working memory

capacity was significantly correlated to their theory-of-mind development.

Jenkins and Astington (1996) employed the Stanford-Binet bead memory task as a
measure of nonverbal memory, they found that nonverbal memory was significantly
correlated to children’s false-belief understanding. However, the correlation between
nonverbal memory and false-belief understanding became non-significant when the effect

of age was partialled out.

Davis and Pratt (1995) found that backward digit span, widely used as a measure of
processing capacity, significantly predicted 3- to 5-year-olds’ performance on the false-
belief task with age and Peabody Picture Vocabulary Test-Revised (PPVT-R, Dunn &

Dunn, 1981) score controlled. They further suggested that children’s growth in central
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executive capacity is important in determining children’s success or failure on false-

belief tasks.

Gordon and Olson (1998) employed the counting and labelling task as a measure of
children’s working memory capacity. In this task, 3- to S-year-olds were asked to count
while naming objects, for example, saying, “One is a doll, two is a car, three is a spoon”
(Gordon & Olson, 1998, p. 75). The results indicated that changes in working memory

capacity were related to the acquisition of a theory of mind.

Hughes (1998a) employed the noisy-book auditory sequencing task as a measure of
working memory. Results showed that auditory working memory remained significantly
correlated to children’s false-belief understanding with the effect of age being partialled

out.

2.5.2.2 Metalinguistic Awareness

When a child can demonstrate metalinguistic understanding is much debated
(Doherty & Perner, 1998; Goetz, 1999). Metalinguistic awareness generally refers to an
understanding that language is a formal system carrying meaning”. Perner (1992) argued
that success on the false-belief task relies on an understanding of the representational
nature of mental states. Doherty and Perner (1998) maintained that both understandings
are based on a common conceptual basis and suggested a close relationship between

metalinguistic awareness and theory-of-mind development.

* There is a richer literature about metalinguistic awareness in the field of bilingualism. For a more detailed
review of this topic, please refer to section 3.2.3.

16



Doherty and Perner (1998) studied 3- to 5-year-olds’ performance on a
metalinguistic task (synonym judgment and production) and a false-belief task. They
found that young children generally could pass both tasks around the age of 4, and there
is a strong correlation (» = .70) between the two tasks even after they partialled out

control measures and verbal intelligence.

In an experimental study, Goetz (1999) provided some support for the claim that
metalinguistic awareness and theory-of-mind development are related. Results showed
that Mandarin-English bilinguals outperformed both English monolingual and Mandarin

monolingual children in several theory-of-mind tasks and a metalinguistic naming task.

25.23 Executive Function and Inhibitory Control

Executive function could be defined as the ability to maintain an appropriate
problem-solving set for attainment of a future goal (Duncan, 1986); it includes
capabilities in planning, impulse control, inhibiting prepotent but irrelevant responses to
salient stimuli, set maintenance, organized search, and flexibility of thought and action
(Happé, 1994; Jarrold, Boucher, & Smith, 1994). In addition, executive function,
especially for those processes underlying goal-directed behaviour, is thought to be
indicative of frontal lobe functioning (Bishop, 1993; Hughes, 1998a; Shallice, 1988, cited

in Jarrold et al., 1994).

Welsh, Pennington, and Groisser (1991) identified three principal factors for
executive control: working memory, inhibitory control, and attentional flexibility (for a
relevant review of the tasks that were used to implicate the above executive functions,

please see, Miyake, Friedman, Emerson, Witzki, Howerter, & Wager, 2000). Tasks
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previously used to test working memory usually require the participants to actively
manipulate the content of working memory rather than passively store information
(Miyake et al., 2000). Inhibitory control commonly refers to the ability to actively
suppress dominant thought processes or well-learned/automatic responses that are not
relevant to the goal or task at hand (Miyake et al., 2000). Attentional flexibility concerns
one’s ability to shift back and forth between multiple task demands, operations, or mental

sets (Monsell, 1996, cited in Miyake et al., 2000).

Until recently, study of normal young children’s executive function was neglected
within developmental psychology; executive function tests were mainly employed to find
out the cognitive deficits of people with autism or frontal lobe trauma (for a brief review,
please see, Bishop, 1993; Ozonoff, Pennington, Rogers, 1991). However, things have
changed lately. Recent studies showed that executive function, particularly inhibition
processes, did play an important role in young children’s difficulties with the false-belief

tasks (Carlson et al., 1998; Hughes et al., 1998; Moore et al., 1995; Russell et al., 1994).

Moore et al. (1995) showed that under the condition of having a strong and
conflicting desire, only 5-year-olds were able to recognize that another person may desire
something different. In contrast, when the children themselves held no strong desire,
even 3-year-olds were able to judge another person’s desire correctly. They went on to
suggest that false-belief tasks “require executive functioning or the inhibition of more
‘cognitively salient’ information” (Moore et al., 1995, p. 467) and that is why young

children met so much difficulty in it.
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Russell, Mauthner, Sharpe, and Tidswell (1991) developed a ‘windows task’, which
was a strategic deception task that required young children to point to an empty box that
had a transparent window that they, but not their opponent, could see, in order to deceive
the opponent and win chocolates in a competitive game. They found that 3-year-olds met
considerable difficulties in performing the task. It seemed that young children found it
difficult to inhibit the prepotent but incorrect response (pointing at the box that contained
the chocolate). About half of the 3-year-olds kept pointing incorrectly to the transparent

window of the box containing chocolate in all the 20 test trials’.

Russell et al. (1994) further showed that eliminating the opponent in the ‘windows
task’ did not help the 3-year-olds’ performance. They went on to argue that 3-year-olds
failed the ‘windows task’ because of the executive demand rather than the theory-of-mind
component of the task. Those younger participants found it difficult to disengage from a
target object (a chocolate) while indicating a place (the empty box) where the target is

absent.

Carlson et al., (1998) found that 3-year-olds deceived frequently under conditions
requiring relatively low inhibitory control (e.g., using misleading pictorial cues or arrows)
but failed to do so under conditions of high inhibitory control (deceptive pointing). They
concluded that young children’s difficulty on deceptive pointing tasks lies in a failure of

inhibitory control.

° However, Samuels, Brooks, and Frye (1996) could not replicate the results of Russell et al.’s (1994)
study. The participants in Samuels et al.’s study performed well in the windows task. Moreover,
performance on the windows task was found to be unrelated to performance on standard theory-of-mind
tasks.
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Putting them together, the above studies provided circumstantial evidence for a link
between the ability to exert inhibitory control and theory-of-mind capacity. More
convincing evidence for a close relationship between the two came from several recent
studies that showed that inhibitory control tasks significantly predicted performance on
false belief tasks over and above other confounding factors such as age, verbal, and

nonverbal ability (Carlson, Moses, & Breton, 2002; Hughes, 1998a; Hughes, 1998b).

Carlson et al. (2002) administered a battery of executive function tasks, ToM tasks,
as well as measures of verbal and performance intelligence, to 47 typically developing
preschool children. Among the executive function tasks, they adopted two tasks from
Kochanska et al.’s study (1996) to measure ability concerning inhibitory control:
“Bear/Dragon” task, a simplified version of “Simon Says”, that required the children to
obey the commands of a “nice Bear” but ignore the commands of a “naughty Dragon”;
and “Whisper” task that required the participants to voluntarily lower their voice when
they read out the names of familiar cartoon characters such as Big Bird, Pocahontas,
Donald Duck, Snow White, The Beast, and Mickey Mouse. Results indicated that
inhibitory control tasks significantly accounted for 9% of participants’ performance on
false belief tasks even after the effects of age, verbal and nonverbal abilities were

partialled out.

Hughes (1998a) employed Luria’s hand game and a Detour-reaching box as
inhibitory control tasks. Results showed that inhibitory control tasks were strongly
associated with children’s performance in a deception task and false belief explanation

task when the effect of age was partialled out. Indeed, the correlation of performance on
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inhibitory control tasks and the deception task remained significant even after the effects

of age, verbal and nonverbal ability were all partialled out.

In a longitudinal study, Hughes (1998b) employed a battery of executive function
tasks (including two inhibitory control tasks) to take a closer look at the relationship
between executive function and theory-of-mind development in young children (3- to 5-
year-olds). Results indicated that executive function performance at Time 1 accounted
for 34% of the variance in theory-of-mind scores one year later. In contrast, only 6% of
variance in Time 2 theory-of-mind performance was accounted for by initial theory-of-
mind performance alone. On the other hand, theory-of-mind performance at Time 1 did
not account for a significant portion of variance in executive function performance at

Time 2.

2524 Reasoning Ability

Frye et al. (1995) proposed that one of the major developments during the preschool
period is the ability to make correct embedded inferences. Frye et al. maintained that
there was remarkable similarity underlying the abilities to make embedded inferences and
to ascribe false beliefs to others. To make a correct embedded inference, one has to
correctly make a judgment according to one dimension in spite of the tendency to make a
conflicting judgment according to another dimension. In order to pass a false-belief task,
the child must be able to make a judgment from the other person’s perspective despite the
tendency to make a conflicting judgment from their own perspective. Thus, Frye et al.
(1995) maintained that “Without the type of reasoning represented by embedded

inferences, young children should not succeed at theory of mind or comparable
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nonmental-state tasks” (p. 487) (e.g., card sorting task in their study) (for a more
complete argument, please see, e.g., Frye, Zelazo, & Burack, 1998; Zelazo, Frye, &

Rapus, 1996).

Frye et al. (1995) adapted Gopnik and Astington’s (1988) appearance-reality false-
belief test as their theory-of-mind tasks while a card sort test (Dimensional Change Card
Sort Task or DCCS Task in short) served as the main nonmental-state embedded
inference task. In their card sort test, the participants were required to sort blue triangles
and red circles into two piles by matching to two standard cards: a red triangle and a blue
circle. In the two training phases, the participants were trained to sort the cards by each
of the two dimensions (color-shape). During the test phases one and two, they were told
to sort the cards according to the rules they employed in the second and first training
phases respectively. In the last test phase, they had to switch to the other rule on each

trial.

Frye et al. (1995, Experiment 2) showed that there were significant correlations
among 3-to 5-year-olds’ performance in theory-of-mind tasks and the card sort test. The
correlations persisted even after the effect of age had been partialled out. Frye et al.
(1995, Experiment 3) further showed that theory-of-mind tasks were not correlated with
various inference tasks (e.g. sorting according to one dimension; sorting according to two
dimensions) other than the embedded inference task (sorting according to one-of-two
dimensions). Frye et al. (1995) suggested that future research should try to verify the

relation between reasoning ability and theory-of-mind development in other populations.
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2.5.3 Summing Up on the Issue of Domain Specificity

To sum up, recent studies cast serious doubts on the argument that theory-of-mind
development is a domain-specific one. Instead, it was demonstrated that domain-general
developments (such as language ability and cognitive capacities) play an important role

in children’s theory-of-mind development.

In typical development, it seemed that language ability, cognitive capacities, and
theory of mind developed at the same pace. This posed some challenge in investigating
the role of cognitive capacity in theory-of-mind development. I propose that we should
investigate theory-of-mind development in a specific population that is more advanced in
cognitive ability but not in other aspects of development (e.g., language proficiency).
This complementary line of research should add valuable information about the role of

cognitive capacity in children’s theory-of-mind development.
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Chapter 3: Bilingualism

Over the past decade, the effect of globalization is far reaching in making a world of
much more diversified and multicuitural countries. This implies that more and more
young children find themselves living in an environment where more than one language
is used; more and more young children are expected to possess and use more than one

language.

3.1 Definition of Bilingualism

Researchers in multiple disciplines (education, linguistics, and psychology) are
interested in investigating the impact of acquiring a second language on various aspects
of development (e.g., language proficiency, cognitive capacity). In order to put the study
of bilingualism in perspective, there is a need for researchers to clearly define

bilingualism, and to lay out the criteria they use to recruit bilingual participants.

3.1.1 Who is Bilingual?

Although researchers generally agree that Bilingualism refers to the capacity of those
people who possess or who use two linguistic systems®, they differ in their opinions about
who shall be included in the study of development in bilingual children. Their views
vary from insistence that a bilingual should achieve “native-like” competence in the two
languages to the more pragmatic assertion that a bilingual is someone who can function

in each language according to given needs (for a relevant review, see Bialystok, 2001).

§ This definition was labeled as cognitive bilingualism as opposed to the psychosocial bilingualism and
societal bilingnalism definitions (Hakuta et al., 1987).
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3.1.2 Balanced Bilinguals’

It is not at all surprising to find that the criteria used to choose bilingual children as
participants of studies greatly influenced the results obtained in those studies. Early
studies that showed negative impact of bilingualism in verbal and nonverbal development
were heavily criticized for their failure to adequately assess and consider differences in
degree of bilingualism. For example, some of those studies used foreign last name or
place of birth of participant’s parents as criteria for classifying bilingualism (for a

relevant review, see Lee, 1996).

Peal and Lambert’s study (1962) was a methodological breakthrough in terms of
research methodology in the field of bilingualism. They were the first to introduce the
criteria of “Balanced Bilinguals” (those who have equal facility in two languages) in
recruiting participants in their landmark study. Although the definition of balanced
bilinguals did vary a bit from study to study, many recent studies recruited balanced

bilinguals as their participants (for a relevant review, see Bialystok, 2001; Lee, 1996).

In this chapter, we will focus on two lines of research with bilingual children that
are most relevant to the present study, bilinguals’ cognitive development and bilinguals’

social cognitive development.

7« . in ideal situation ... @ balanced bilingual child is a child who can function,, age appropriately, in his

or her two languages” (Hakuta et al., 1987, p. 291)
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3.2 Bilinguals’ Cognitive Development

The long held myth that bilingualism would hinder children's cognitive development
has been refuted by a number of studies conducted in the 1970s and 1980s which
demonstrated a bilingual superiority effect on various measures of cognitive development.
These measures included metalinguistic awareness, creativity, concept formation, social
sensitivity, problem solving, perceptual disembedding, understanding complex
instructions, memory, classifying objects, science concepts, and role taking (for a
relevant review, please see, Bialystok, 2001; Goetz, 1999; Hakuta et al., 1987,

Ricciardelli, 1992).

3.2.1 Inhibitory Control in Bilingual Populations

For the tasks mentioned above that showed bilingual advantages, many of them
required the participants to demonstrate executive function or inhibitory control ability.
For example, Duncan and De Avila (1979, cited in Hakuta et al., 1987) found that
balanced bilingual children were more field independent and were better in Piagetian

conservation tasks.

Dempster (1992) regarded the field dependence task and Piagetian conservation task
as “interference-sensitive tasks”: “In a field dependence task, the participant encounters
conflicting visual cues and must inhibit the tendency to respond to the more salient one in
order to achieve a correct solution.” (p. 53). Field dependent individuals find it difficult
to inhibit the activation of irrelevant information and are more susceptible to error with

the presence of more salient irrelevant cues.
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In order to pass Piagetian conservation tasks, one must understand that certain
properties of objects remain unchanged despite irrelevant changes in the appearance of
one or more of the objects (Dempster, 1992). Many researchers had demonstrated that
the difficulties of conservation tasks could be profoundly altered by adding or subtracting

misleading information in the tasks (for a brief review, please see, Dempster, 1992).

Bilingual children are frequently exposed to situations that require them to
voluntarily inhibit responding from one language and search for the appropriate response
from another language. Thus, it is reasonable to expect “balanced bilingual children”

possess better inhibitory control.

3.2.2 Reasoning Ability in Bilingual Populations

In addition to the ability to direct inhibitory control, previous studies also
demonstrated more advanced reasoning ability in balanced bilinguals. For example,
bilingual participants in Bain’s (1974) study were more advanced in capacities for
classification and rule generalization. Diaz (1985) employed two groups of Spanish-
English bilingual children aged 5 to 7 years of age in his study. Results showed that
children in the High English-Proficiency group (mean score of English PPVT is 29.5)
outperformed the children in the Low English Proficiency group (mean score of English
PPVT is 7.44) in a task that required the ability to reason by analogy. They performed
better in a task that required them to complete sentences presented in the following
format: “The princess is beautiful, the monster is _____.” The difference in
performance was close to significance even after the effects of socioeconomic status and

parental employment were partialled out.
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Bialystok (1999) tested sixty preschoolers’ performance in Zelazo et al.’s (1996)
card sort task (DCCS)®. Results indicated that bilingual children significantly
outperformed their monolingual peers in the card sort test. This result is particularly
relevant to the present study because (1) preschoolers were employed as participants, and
(2) preschoolers’ performance in DCCS has been shown to be highly correlated with the
performance in theory-of-mind tasks. Thus, it would be interesting to replicate the
bilingual advantage in DCCS performance, and examine whether the bilingual advantage

in reasoning ability extends to their performance in theory-of-mind tasks.

3.2.3 Metalinguistic Awareness in Bilingual Populations

Metalinguistic awareness has been defined as “The ability to make language forms
opaque and attend to them in and for themselves ...” (Cazden, 1974; cited in Bialystok,
2001, p. 121). In other words, metalinguistic awareness involves the ability to
differentiate language as “forms” from language as “meanings”. Well before any effort
was devoted to compare monolinguals’ and bilinguals’ capacity of metalinguistic
awareness, Leopold (1949; cited in Goetz, 1999) had argued that learning more than one
language in childhood would be likely to increase a child’s metalinguistic awareness.
Based on the observations of his bilingually-raised daughter, he theorized that
bilingualism may help loosen the relationship between the phonetic word and its meaning,
thus making children more aware of the abstractness and symbolism of words. Findings

from recent studies verified his hypothesis, and showed that bilinguals possess an equal

§ For more detail about the procedures of the card sort task, please see section 2.5.2.4.
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or more advanced level of metalinguistic awareness as compared to their monolingual

counterparts (for a relevant review, please see Bialystok, 2001; Goetz, 1999; Lee, 1996).

Ever since researchers started to compare the capacity of metalinguistic awareness
between monolinguals and bilinguals, a significant portion of the literature has been
devoted to investigating their understanding of lexical or referential arbitrariness. In
Ben-Zeev’s task (1977), children were told, “In this game, the way to say we is with
spaghetti. How would you say, We are good children?” Results indicated that bilingual
children were significantly more reliable than monolinguals in making the required
substitution and saying “Spaghetti are good children.” Goetz (1999) showed that
Chinese-English bilingual preschoolers outperform their monolingual peers in a similar
metalinguistic naming task. Campbell and Sais (1995) also found that bilingual children
were more aware of the lexicon and the arbitrariness of language. In addition to
awareness of lexical arbitrariness, several studies indicated that bilinguals showed better
syntactic awareness and performed better in syntax correction tasks (e.g., Bialystok, 1988;

Cromdal, 1999; Galambos & Goldin-Meadow, 1990).

Recall that Bialystok (1999) showed that bilingual preschoolers significantly
outperformed monolinguals in the card sort task (see section 3.2.2). In the same study,
she found that children’s performance in the card sort task was closely associated to their
performance in a metalinguistic awareness task (Moving Word Task). This task assessed
preliterate children’s understanding of the invariance of symbolic relations. This was
achieved by administering the following procedure: A child was required to name two
pictures. Then a card with the name of one of the pictures was brought to the attention of

the child. After the experimenter told the child what the card said, the card was placed
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under the picture of the named object. While the child’s attention was distracted, the card
was “accidentally” kicked so that it was under the wrong picture. The child was then
asked what the card said to check their understanding that the word on the card was not

changed even when the card was placed under a different picture.

Children’s performance in metalinguistic tasks is one of the focuses of the present
study. I will try to replicate the close association between children’s performance in
DCCS and the moving word task as shown in Bialystok’s study (1999). Moreover, it
would be interesting to see whether there is a close relationship between children’s
performance in the moving word task and theory-of-mind tasks. In addition, I would like
to replicate the finding of a close association between children’s performance in the
synonym production task and theory-of-mind tasks as shown in Doherty and Perner’s
(1998) study (please see section 2.5.2.2). It would also be interesting to see whether
bilingual preschoolers outperform their monolingual peers in the synonym production

task.

3.2.4 Bilinguals’ Language Ability

Among the various methods used to assess preschoolers’ language development,
vocabulary assessment represents one of the most common measure in the literature. In
the field of childhood bilingualism, there is a debate over whether bilingualism results in
a slower rate of vocabulary development. While some researchers, such as Goodz (1994)
report no delay or retardation, other researchers have reported lower vocabulary scores
for bilingual than for monolingual children in the common language they used (for a

relevant review, please see Bialystok, 2001, Chapter 3).
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In typical development, language proficiency and cognitive capacity are closely
linked together. However, many studies, which reported bilingual advantages in
cognitive tasks, recruited bilingual children whose language abilities (mainly vocabulary
measurements in the language they shared with the monolinguals) were equal to or lower
than those of the monolingual children (e.g., Bain, 1974; Bialystok, 1988; 1997; 1999;
Cromdal, 1999; Galambos & Goldin-Meadow, 1990; Goetz, 1999; Tsushima & Hogan,

1975).

Recall that in section 2.5.3, I proposed that there is a need to study the theory-of-
mind development in a specific population that is more advanced in cognitive ability but
not in other aspects of developmgnt (e.g., language proficiency”). The bilingual
population provides a good candidate on this criterion. A study of bilingual children’s
theory-of-mind development would help us better understand the role of cognitive

capacity in theory-of-mind development.

3.2.5 Why are Bilinguals More Advanced in Cognitive Capacities?

Given the solid evidence for positive links between bilingualism and cognitive
capacities, researchers have proposed various theories to explain the positive relationship.
In the following, I will summarize several theories and the cognitive processes believed

to be responsible for the positive relationship.

? It should be noted that balanced bilinguals did show advantages in specific language abilities such as
metalinguistic awareness (please see section 3.2.3). For the purpose of the present study, language
proficiency refers to the language ability measured by more conventional measurements such as vocabulary
tests or tests of general language development.
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3.2.5.1 Objectification Theory

Objectification theory (Hakuta, 1986) claims that bilinguals’ more advanced
cognitive development results from their ability to objectify language. By acquiring two
languages, bilinguals learn more about the forms as well as the functions of language in
general. Their understanding of language in general as a symbolic system enables them
to process concepts through higher levels of symbolic and abstract thinking (for a more

detailed argument, please see, e.g., Hakuta, 1986; Lee, 1996; Vygotsky, 1986).

3.2.5.2 Analysis and Control Framework (Bialystok 1993)

The analysis and control framework (Bialystok, 1993) was developed to analyze the
information processing demands of various metalinguistic tasks. Within this framework,
linguistic and metalinguistic tasks could be organized according to the same dimensions.
Bialystok argued that this would provide a common ground to relate achievements of
metalinguistic awareness (e.g., ability to correct grammatical errors, understanding of
arbitrariness of language) to each other as well as relate achievements of metalinguistic

awareness to other linguistic accomplishments (e.g., reading, writing poems).

Bialystok (1993, 1999) identified two common processing components of
metalinguistic tasks, analysis (of representational structure) and control (of attentional
processing). The analysis component is the ability to represent increasingly explicit and
abstract representational structure while the control component is the ability to selectively
attend to specific aspects of a representation, particularly in misleading situations.
Bialystok then argued that the two processing components are related but can be varied

independently. By analyzing the processing needs of a number of metalinguistic tasks

32



and comparing bilinguals” and monolinguals’ performance in these tasks, she concluded
that bilinguals’ advantage in cognitive tasks could only be found consistently in tasks that
required high levels of attentional control together with moderate levels of
representational analysis. In other words, Bialystok maintained that bilinguals’ ability to
exert better control of their attention leads to their better performance in a number of

cognitive tasks.

3.253 Rule Use and Reasoning

The Cognitive Complexity and Control Theory (CCC Theory) proposed that the
complexity of rule use develops over the course of the preschool period. Complexity, in
the theory, is a measure of the number of degrees of embedding in a system of inferences.
While 3-year-olds are able to follow the instructions according to a pair of arbitrary rules,
the ability to integrate two incompatible pairs of rules into a single rule system via a
higher order rule develops around 5 years of age (Frye, 1999; Zelazo, Carter, Reznick, &
Frye, 1997; Zelazo et al., 2002). According to the CCC Theory, children who pass
DCCS not only have to demonstrate inhibitory control, they must also have represented
incompatible rules in a hierarchy that includes explicit and conscious representation of
the rules. Thus, CCC Theory would suggest that bilinguals who outperformed

monolinguals in DCCS are more advanced in reasoning ability.

Diaz and Padilla (1985, cited in Lee, 1996) suggested a related view to explain the
posttive relationship between bilingualism and cognitive capacities. They investigated
the cognitive capacities of Spanish-English bilinguals who varied in their proficiency in

L2 (in this case, English) in their 1985 study. They found that bilinguals who are highly
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proficient in both L1 and L2, in comparison to those with lower proficiency in L2,
produced more self regulatory utterances and employed more task-relevant linguistic
functions (e.g., labelling, guiding, transitional and planning utterances). This led them to
conclude that bilinguals’ enhanced ability in using language as a tool to guide and
regulate their thinking and action (self regulatory function) is the reason why they are

more advanced in cognitive abilities.

3.3 Bilinguals’ Social Cognitive Development

When compared to the rich literature in bilinguals’ cognitive development, efforts
invested in studying bilinguals’ social cognitive development have been minimal and the
results sometimes equivocal. Two relevant studies did suggest that bilingual children (4-
7 years of age) might be more sensitive to others' needs, thoughts and feelings (Genessee,

Tucker, & Lambert, 1975; Sperling, 1990).

Three groups of children were employed in Genessee et al.'s (1975) study: A control
group of English-speaking students, English-speaking students who attended English
schools with a French-speaking teacher, English-speaking students who attended French
schools with a French-speaking teacher. The participants were asked to explain how to
play a game to two different listeners - one blindfolded and one not blindfolded. Results
showed that the two immersion groups mentioned more about the materials of the game

to the blindfolded than to the sighted listener than did the control group.

Participants in Sperling's (1990) study were given two role-taking tasks: Chandler's
Bystander Cartoons and Borke's Interpersonal Task. These tasks assessed children's

ability (1) to discover abstract relations among several parts of a figure and (2) to take the
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perspective of one or more story characters. Results showed that bilinguals were more
communicative about what was perceived to be the innermost thoughts and feelings of

the story characters, whereas monolinguals gave more factual accounts of story events.

Only a few studies have been conducted to investigate the theory-of-mind
development in bilingual children. Goetz (1999) employed three groups of children in
her study, Chinese monolinguals, English monolinguals, and Chinese-English bilinguals.
The participants were tested twice (within a week) on a battery of theory-of-mind tasks
(appearance-reality task, level 2 perspective-taking task, deceptive-box task, and standard
false belief task), a language ability test (PPVT — III), and two metalinguistic tasks
(metalinguistic naming task and metalinguistic form-meaning task). The Chinese and
English monolingual participants were tested twice in their native languages respectively.
On the other hand,‘ the bilingual participants were tested once in English and once in

Chinese. The order of the test languages was counterbalanced among bilingual children.

Results showed that there were no significant differences between Chinese and
English monolinguals’ performance in theory-of-mind tasks and metalinguistic tasks.
Although there was a trend that English monolinguals’ performance in the language
ability test was significantly better than that of Chinese monolinguals’, Goetz (1999)
maintained that the comparison might not be meaningful as the translated Chinese
version of PPVT-III was not standardized. The finding of interest was the comparison
between monolinguals’ and bilinguals’ performance in theory-of-mind tasks. Bilinguals
were generally outperformed by both monolingual groups in the receptive language test.
On the other hand, bilinguals outperformed both monolingual groups in theory-of-mind

tasks at time 1 but not at time 2 (a week after time 1).
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3.4 Summary of Literature Review

In summary, theory of mind and childhood bilingualism are two rapidly growing
fields in developmental psychology. However, researchers in these two fields have
largely overlooked the efforts of each other. After reviewing the literatures from both
fields, I could see coordinated efforts in the two fields might help resolve controversial
issues as well as broaden the research agenda in their fields, and thus, enhance our

knowledge of young children’s early development.

On the one hand, by comparing monolinguals’ and bilinguals’ performance in a
battery of cognitive tasks and theory-of-mind tasks, we could provide valuable
information about the relationship between cognitive capacities and theory-of-mind
development. The information might be instrumental for theorists to resolve the debates
in the field, e.g., issue of domain specificity of theory-of-mind developrhent, and the role

of cognitive capacity in theory-of-mind development.

On the other hand, the field of childhood bilingualism could be benefited by the
research in the field of theory of mind. Researchers in the field of theory of mind have
made remarkable contributions in understanding young children’s social cognitive
development while the literature in bilingual children’s social cognitive development is
sparse and minimal. By studying bilinguals’ theory-of-mind development, we could
broaden the research agenda in the field of childhood bilingualism. Moreover, the results
obtained might also help theorists to formulate models to explain the positive link

between bilingualism and cognitive capacities.
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Chapter 4: The Study

This chapter outlines the research questions and general hypotheses of the present
study. Following the research questions and general hypotheses, rationales for specific

designs of the present study are discussed.

4.1 Research Questions

The primary purpose of this study was to answer the questions: When compared to
monolingual preschoolers, (1) are bilingual preschoolers more advanced in cognitive
development?; (2) are bilingual preschoolers more advanced in theory-of-mind
development?; and (3) If the answers to Questions 1 and 2 are affirmative, 1s there any
relationship between the bilingual advantages in cognitive and theory-of-mind
development? To be more specific, is bilinguals’ advantage in theory-of-mind

development hinged on their more advanced cognitive development?

To answer the three research questions, children’s performance on: (1) three
cognitive tasks; (2) a battery of theory-of-mind tasks; (3) a vocabulary test; (4) a
language ability test; (5) a nonverbal ability task, were measured. The first research
question was answered by comparing bilinguals’ and monolinguals’ performance on the
cognitive tasks (one card sort reasoning task and two metalinguistic awareness tasks)
when factors such as age, language ability and nonverbal ability are partialled out. The
second research question was answered by comparing bilinguals’ and monolinguals’
performance on theory-of-mind tasks when factors such as age, language ability and
nonverbal ability are partialled out. The third research question was answered with the

help of a specific statistical technique: Multiple Linear Regression. Essentially, the
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partial correlation between bilingual status and children’s performance on theory-of-mind
tasks were compared before and after the effects of their performance on cognitive tasks

are partialled out.

4.2 Hypotheses

As suggested by theories and research results reviewed in the past two chapters, I
planned to verify the following thesis statement: Bilinguals are more advanced in
cognitive development as well as in theory-of-mind development. This thesis statement

generated more specific hypotheses as follows:

Hypothesis 1. Bilinguals would outperform their monolingual peers in a battery of
cognitive tasks. This prediction is based on the theories and results of recent studies in
the field of childhood bilingualism. As theorists in the field of childhood bilingualism
suggest, bilinguals are more advanced in their ability to exert attentional control while
analyzing representational structure, to process concepts through higher levels of
symbolic and abstract thinking, to explicitly represent and use complex rules to regulate
action, and thus are more advanced in their cognitive development (for a brief review of
relevant theories, please see section 3.2.5). Moreover, recent studies have shown that
bilinguals outperform monolinguals in a number of cognitive tasks (for a brief review of

relevant studies, please see section 3.2). Altogether, this evidence supports Hypothesis 1.

Hypothesis 2. Bilinguals would outperform their monolingual peers in theory-of-
mind tasks. This prediction is based on the theories and results of previous studies in the
fields of children’s theory of mind and childhood bilingualism. Although theorists in the

field of children’s theory of mind differ in their opinions about the role of cognitive
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capacities in theory-of-mind development, research results consistently show positive
relationships between children’s performance in cognitive tasks and theory-of-mind tasks
(for a brief review of relevant studies, please see section 2.5.2). Moreover, recent studies
consistently showed bilingual advantages in a number of cognitive tasks (for a brief
review of relevant studies, please see section 3.2). Altogether, these evidences provided

support for Hypothesis 2.

4.3 Rationale for Specific Design of The Present Study

As mentioned in my summary of literature review, there has been little precedent
work for studying bilinguals’ theory-of-mind development. Consequently, the chief
value in much of what I have done may be two-fold: (1) replicating the major result
patterns of relevant studies in the field of childhood bilingualism and children’s theory of
mind; and (2) showing that such a coordinated effort can provide valuable insights about
children’s early development for the fields of childhood bilingualism and children’s
theory of mind. With this outcome in mind, I aimed (1) to follow the designs of relevant
studies (in the fields of childhood bilingualism and children’s theory of mind) as closely
as possible so that I would be able to replicate their major findings; and (2) to keep the
methods of the study as simple as possible and report them in as much detail as necessary

to provide the foundation for more fine-tuned research in the future.

4.3.1 Criteria for Choosing Participants

Setting up criteria for choosing participants in a bilingual study is an essential yet
difficult decision for the researcher. As Bialystok (2001, p. 1) pointed out, “the idea of

an ‘uncontaminated’ monolingual is probably a fiction ...”. What level of knowledge or
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competency in the second language (L.2) could be regarded as bilingual remains a

challenging issue for researchers.

4.3.1.1 Balanced Bilinguals

Ever since the publication of the landmark study by Peal and Lambert (1962),
researchers who aim at comparing monolinguals’ and bilinguals’ performance became
more aware of the need to recruit comparable children in the monolingual and bilingual
subgroups. Recent research frequently aims at recruiting balanced bilinguals as the
participants (for a relevant review, see Bialystok, 2001; Lee, 1996). Although the
specific criteria for balanced bilinguals (sometimes referred to as fully bilinguals) vary
from study to study, the main idea is to recruit bilinguals who are about equally proficient
in the two languages they use. Using balanced bilinguals as participants, many recent
studies showed that bilinguals outperformed their monolingual peers in a number of
cognitive tasks. This result pattern was contradictory to the results obtained in early
studies that used ill-defined or arbitrary criteria in recruiting bilingual participants (for a

relevant review, see Lee, 1996).

The practice of recruiting balanced bilinguals as participants did receive some
criticism. For example, it is possible that only more intelligent children manage to
become balanced bilinguals, thus the conclusion drawn might not be a valid description
of bilinguals as a whole (for a relevant argument, see Hakuta et al. 1987, for an
alternative research design, see Diaz, 1985). Nevertheless, one of the major goals of the
present study was to replicate the major findings of previous studies, thus, balanced

bilinguals were recruited as participants in the present study. From this point onwards,

40



unless stated otherwise, bilinguals refer to balanced bilinguals (for the specific

procedures to recruit balanced bilinguals, please see section 5.2, 5.3.1, and 5.4.1).

4.3.1.2 Chinese-English Bilinguals

The language choice (i.e., Chinese as L1 and English as L.2) is not a main focus of
the present study. Nevertheless, the rationale for recruiting Chinese-English bilinguals as
participants and its potential threat to the external validity'® of the study are briefly

discussed.

Rationale. The first reason to recruit Chinese-English bilinguals as participants is
because of their significant representation in the bilingual population in Toronto.
Toronto has been rated by many (including the United Nations) as the most multicultural
city in the world. It holds more than 90 vibrant ethnic groups and over one million non-
English, non-French speaking people. The Chinese community is the largest Non-British,
Non-French ethnic group in Toronto. During the 1996 Census, there were 335,185
people with Chinese ethnic origin living in Toronto, accounting for 7.6% of the total

population in Toronto (Statistics Canada, 1997).

The second reason is the availability of balanced bilinguals in the particular ethnic
group. Like many other ethnic groups, many Chinese living in Toronto communicate by
their home language (in this case, a dialect of Chinese such as Cantonese, Mandarin) at

home. Thus, most of the children possess age-appropriate functioning in Chinese (L1).

1% External validity refers to the ability to generalize results obtained across situations, populations, and
time (Cook & Campbell, 1979). In this case, it refers to the ability to generalize results obtained to
bilingual populations with different L1 and L.2.
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Meanwhile their proficiency in English (1.2) might be a concern. Thus, we decided to
recruit Chinese-English bilinguals in all-day daycare centres. With the assumption that
after one or two years in daycare centres, many of them will have picked up enough
proficiency in English to reach our criterion as balanced bilinguals. Moreover, a
significant number of Chinese who live in Toronto came from Hong Kong. Being a
British colony for about a century, many immigrants from Hong Kong are fluent in
English. They might use Chinese and English intermittently to communicate with each
other at home. In this way, their children might already have some experience with

English before they enter daycare centres.

The third reason is a practical one. In order to screen for balanced bilinguals to take
part in the study, different language versions of a receptive language test were
administered to the bilinguals. By recruiting Chinese-English bilinguals as participants,
the examiner (a Chinese-English bilingual) was able to conduct the screening procedure

without help.

Potential threats to external validity. By recruiting Chinese-English bilinguals as
participants, there are two questions to answer that are related to the potential threats to
external validity. The first question is related to their cognitive development: “How is
the Chinese-English bilinguals’ cognitive development compared to that of other groups
of bilinguals?” As was reviewed in Chapter 3, one of the most robust finding in
bilinguals’ cognitive development is that bilinguals outperform their monolingual peers
in a number of cognitive tasks particularly when the participants are required to inhibit
attention to misleading information presented in the tasks. This pattern of results is

consistently demonstrated in Chinese-English, French-English, Italian-English, and
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Spanish-English bilingual populations (for a relevant review, please see Bialystok, 2001).
Thus, there is good reason to believe that results obtained about Chinese-English
bilinguals’ cognitive development could be generalized to the general bilingual

population.

The second question is related to their theory-of-mind development: “How is the
Chinese-English bilinguals’ theory-of-mind development compared to that of other
groups of bilinguals?” Goetz (1999) reviewed several different cultural practices (e.g.,
Chinese children were found to acquire verbs relatively early; Chinese children use
mental verbs less frequently) that might have a significant impact on their theory-of-mind
development. Experimental results seem to argue for the opposite. For example, Goetz
(1999) showed that there were no significant differences between Chinese and English

monolinguals’ performance in theory-of-mind tasks and metalinguistic tasks.

An issue that warrants discussion is the fact that the Chinese verb “LCUE” (yi3 wei2)
means “think incorrectly”. This is a commonly used verb to denote false beliefs by
Chinese-speaking adults and some Chinese-speaking children. Previous studies showed
that false-belief markers (including verbs with false-belief connotation) significantly
enhanced children’s performance in theory-of-mind tasks only when those markers were
used in the false-belief questions (Lee, Olson, & Torrance, 1999; Shantz, Martinez,
Diesendruck, & Akar, 1995 cited in Goetz, 1999). In the present study, the test language
for all tasks was English, and no verbs with false-belief connotation were used. Thus,
there is good reason to believe that results obtained about Chinese-English bilinguals’

theory-of-mind development could be generalized to the general bilingual population.
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4.3.2 Choice of Tasks

As mentioned before, I have aimed to follow the design of previous studies as
closely as possible so that I would be able to replicate their major findings. Thus, the
tasks used in the present study were selected from those that have been successfully
employed in the fields of childhood bilingualism and children’s theory of mind. The

following is the list of the tasks I used in the present study:

4.3.2.1 Receptive Language Test

A receptive language test is needed to screen for balanced bilinguals as participants.
Peabody Picture Vocabulary Test-R (PPVT-R, Dunn & Dunn, 1981) was used as the
screening test. Different versions of PPVT have been widely administered as
screening/control measure or general language ability test in previous studies (e.g.,
Bialystok, 1999; Doherty, 2000; Doherty & Perner, 1998; Goetz, 1999; Riggs,'Peterson,

Robinson, Mitchell, 1998; Zelazo et al., 2002).

4.3.2.2 Language and Nonverbal Ability Tests

An emerging assumption in the study of theory-of-mind development is that general
language proficiency and general cognitive functioning influence children’s theory-of-
mind development. This assumption underlies the common use of general language
proficiency and nonverbal abilities as covariates in recent studies (e.g., Davis & Pratt,
1995; Frye et al., 1995; Hughes, 1998a, 1998b; Jenkins & Astington, 1996). In light of
this concern, a general language proficiency test and a nonverbal ability task were
administered, and their scores were used as covariates in data analysis (for a relevant

argument, see, Astington, 2003; Goetz, 2003).
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The Test of Early Language Development-3 (TELD-3, Hresko, Reid, Hammill, 1999)
was administered as a verbal ability measurement in the present study. The TELD-3is a
standardized test to measure the development of spoken language (including receptive
and expressive abilities) in young children. Different versions of TELD have been
widely used as a measure of general language ability (e.g., Astington & Jenkins, 1999;

Jenkins & Astington, 1996).

In previous studies in the field of children’s theory of mind, a number of tasks were
administered to measure the participants’ general cognitive functioning. The tasks used
varied from a single subtest of a standardized intelligence scale (e.g., Bead Memory
subtest of Stanford-Binet Intelligence Scale in Jenkins & Astington, 1996; Block Design
subtest of British Ability Scales in Russell et al., 1991) to a complete nonverbal ability
scale (e.g., all 6 performance subtests of McCarthy Intelligence Scales in Hughes, 1998a

and Hughes & Dunn, 1998).

The Block Design subtest of the Wechsler Preschool and Primary Scale of
Intelligence—Revised (WPPSI-R; Wechsler, 1989) was administered as a nonverbal
ability measurement in the present study. The rationale for choosing the Block Design
task is multi-fold. Firstly, I planned to keep the design as simple as possible, and the
inclusion of a complete nonverbal ability scale in the present study was not viable
because there are already 9 other tasks (four false-belief tasks, three cognitive tasks, one
general language ability task, and a receptive language task) included in the study.
Secondly, the measure of general cognitive functioning is not a main focus of the study,
the score will only be used as a covariate in the data analysis. Thirdly, the Block Design

subtest is valid and reliable. The factor loading of Block Design on the Performance
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Factor in a factor analysis was the highest (.70) among all other subtests in the
Performance Scale. The reliability coefficient of Block Design subtest was the highest (»
= .85) among all other subtests in the Performance Scale (Wechsler, 1989). Last but not
the least, previous studies in the field of childhood bilingualism showed that balanced (or
fully) bilinguals outperformed their monolingual peers in the Block Design subtest (e.g.,
Bialystok & Majumder, 1998; Johnson & Rosano, 1993). Thus, using the raw score of
the Block Design subtest as a covariate is useful in ruling out alternative interpretation
such as “bilinguals outperformed their monolingual peers in cognitive and ToM tasks

because they have a higher Performance 1Q”.

4.3.2.3 Theory-of-Mind Tasks

Measuring children’s theory-of-mind capacity is the main focus of the study.
Recently, researchers revealed a couple of issues about the consistency of children’s
performance in theory-of-mind tasks. Jenkins and Astington (1996) showed that
children’s performance across four theory-of-mind tasks differed considerably (see
section 2.4.2). Moreover, Mayes, Klin, Tercyak, Cicchetti, and Cohen (1996)
demonstrated that the 2- to 3-weeks test-retest reliability of children’s performance in
theory-of-mind tasks were unsatisfactorily low. As a result, many recent studies included
more than one theory-of-mind task in their studies (e.g., Goetz, 1999; Miller, Holmes,

Gitten, & Danbury, 1997; Zelazo et al., 2002).

A group of four theory-of-mind tasks was included in the present study. These tasks
were adopted from the procedure used by Jenkins and Astington (1996). The four tasks

covered all the three types of widely used theory-of-mind tasks described in section 2.2.
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4.3.24 A Battery of Cognitive Tasks

Measuring children’s cognitive capacity is another main focus of the study. The
literature concerning children’s cognitive capacity ties together research in the fields of
childhood bilingualism and children’s theory of mind. Cognitive tasks that depend on
children’s cognitive abilities in inhibitory control, metalinguistic awareness, and
reasoning are widely used in both fields. As reviewed in Chapter 2 and Chapter 3, Frye
et al. (1995) demonstrated the close relationship between children’s performance in
DCCS task (a measurement of reaéoning ability) and theory-of-mind tasks; Doherty and
Perner (1998) showed the positive link between children’s performance in Synonym
Production Task (SPT; a measurement of metalinguistic awareness) and theory-of-mind
task; Bialystok (1999) demonstrated that balanced Chinese-English bilinguals
outperformed their monolingual peers in DCCS task and the Moving Word Task (MWT;
a measurement of metalinguistic awareness). Thus, the DCCS task, the Moving Word
Task, and the Synonym Production Task were administered in the present study to

measure the participants’ cognitive capacities.
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Chapter 5: Methodology

5.1 OQOverview

The main purpose of the study is to investigate cogniﬁve and theory-of-mind
development in Chinese-English bilingual and English monolingual preschoolers.
Seventy-four children were invited to the screening phase while sixty of them
participated in the two main experimental sessions. The present chapter includes a

detailed description of the tasks administered and the procedures that were followed.

5.2 Participants

Efforts were made to try to recruit 32 English monolingual and 32 balanced Chinese-
English bilingual preschoolers (for operational definition of balanced bilinguals, see
section 5.3.1) for the present study. Each group of participants would be further divided
equally into two age groups. As a result, 74 children (33 English monolingual and 41
Chinese-English bilingual preschoolers) were interviewed in a screening session. The
PPVT-R was used to ensure that the bilingual children in the final sample had roughly
equal proficiency in both languages (English and Chinese) they use (please see section
5.3.1). Three monolingual children chose not to take part and one was admitted to the
hospital. One bilingual child chose not to take part and one moved during the data
collection phase; eight bilingual children were not equally proficient in the languages
they use. As a result, sixty children (29 English monolinguals and 31 Chinese-English

bilinguals) were included in the final sample.

At the time of the screening session, the 29 English monolingual children ranged in

age from 2,9 to 5,11 (M = 4,4); the 31 Chinese-English bilingual children ranged in age
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from 2,9 to 5,10 (M = 4,4). Twelve of the 29 English monolingual and 15 of the 31

bilingual preschoolers are boys.

All the children were recruited from 12 different daycare centres in the city of
Toronto (in the areas of downtown Toronto, Scarborough, and York). These daycare
centres were located in neighbourhoods that cover a wide range of socioeconomic status
(ranged from low to middle class). The number of monolingual and bilingual
preschoolers recruited in the 12 day care centres is shown in Table 5.1. Parents and
childcare supervisors confirmed the children’s status as monolingual English or bilingual

Chinese-English when granting permission for the child’s participation in the study.

Table 5.1 Number of Monolingual and Bilingual Prescheolers Recruited in Each of the 12
Day Care Centres

Day Care Centre Monolingual Children Bilingual Children
Recruited Recruited
1 0 5
2 4 3
3 3 4
4 0 2
5 6 2
6 3 1
7 3 2
8 3 5
9 1 0
10 1 1
11 2 1
12 3 5
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5.3 Tasks and Materials
5.3.1 PPVT-R as a Balanced Bilingual Screening Test

A balanced bilingual child is operationally defined as a child who is equally
proficient in the two languages he/she speaks (in this case, English and Chinese). The
Chinese and English PPVT-R (Dunn & Dunn, 1981) raw scores were used to screen

bilingual participants balanced as far as possible to participate in the present study.

The English version of PPVT-R is a standardized test of receptive vocabulary.
Children are shown a card containing four different pictures and are asked to point to the
picture that best depicts a word given orally by the experimenter. A basal score is
established for the child and testing continues through increasingly difficult items until
the child makes six errors in eight consecutive responses. Form L was administered in
English to all the children. Since there is no standardized Chinese version, the
experimenter translated form M of PPVT-R into Chinese. The Chinese PPVT-R was
given to the bilingual participants only. The raw scores obtained were used in data

analysis.

5.3.2 TELD-3 as Verbal Ability Measurement

The TELD-3 (Hresko, Reid, Hammill, 1999) is a standardized test of receptive and
expressive language development, syntax and semantics for children age 2 years through
7 years 11 months of age. The test items are ordered by difficulty level and each child
began with the recommended entry point based on his/her age. The test continued until

the participant failed five consecutive items (the recommended ceiling). The mean raw
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scores obtained from the two subtests (receptive language and expressive language

subtests) were used in data analysis.

5.3.3 Block Design Subtest as Nonverbal Ability Measurement

The Block Design subtest of the WPPSI-R (Wechsler, 1989) was employed to assess
the children’s nonverbal ability. The Block Design subtest requires the child to analyze
and reproduce, within a specified time limit, patterns made from flat, two-coloured

blocks. The raw scores obtained were used in data analysis.

5.3.4 Theory-of-mind (ToM) tasks

A group of four different theory-of-mind tasks was administered to the participants.
Two were simple versions of the standard change-in-location paradigm (Wimmer &
Perner, 1983) while the other two tasks involved something unexpected (Perner et al.,
1987). These tasks were adopted from Jenkins and Astington’s (1996) study. However,
the last two tasks were slightly modified, instead of just asking questions to probe
children’s understanding of others’ false beliefs, questions to probe children’s
understanding of their own false beliefs (sometimes denoted as representational change)

were also asked.

For the two change-in-location tasks, the stories were acted out for the children using
toys. For example, a girl doll put a crayon in her desk and went away. While she was
gone her brother took it out, draw a picture, and put it away in a cupboard. Then the girl
returned and wanted to draw a picture with the crayon. The children were asked where
she would look for it. Two control questions were given to check that children

remembered both the original location and the new, actual location of the crayon.
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For the two modified tasks, one of them was an unexpected-content task. Children
were shown a crayon box and asked what was inside. After they said it had crayons in it
they were shown that it actually contained elastics. The elastics were put back inside the
box and the children were asked two false-belief questions. For the others’ false-belief
question, the children were asked what another child, who had not seen inside the box,
would think was inside it before opening it. For their own false-belief question, the
children were asked what they had thought was inside the box before opening it. The
other task used the picture book from Gopnik and Astington (1988) in which a partial
view of what appear to be cat’s ears are actually the petals of a flower (unexpected
picture, or sometimes referred as appearance-reality task). For the other’s false-belief
question, the children were asked what another child, who saw only the partial view,
would think it was, before seeing the whole picture. For their own false-belief question,
the children were asked what they had thought the picture was before seeing the whole

picture (Please see Appendix A for a sample of the protocol).

5.3.5 DCCS Task as a Cognitive Capacity Task (Reasoning Skill)

We adopted the Dimensional Change Card Sort Task (DCCS Task) developed by
Zelazo et al. (1996). A set of laminated cards (11cm x 7cm) was employed in the present
study. There were two target cards (a red car and a blue flower) to be matched and 14
test cards (7 red flowers and 7 blue cars). Children were asked to sort the test cards into
two groups on the basis of one dimension of the cards (e.g., colour) and later to re-sort
the same cards on the basis of a different dimension (shape). The card sort task involved

a preswitch phase, a postswitch test phase, and a knowledge-action phase.
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In the preswitch phase, the child sat at a small table in front of two trays, each large
enough to hold the cards. One target card was affixed to a stand behind each of the two
small trays. Then, the experimenter pointed to the target cards and explained the rules of
the game according to the relevant dimension. For example, if colour was the relevant
dimension in the preswitch phase, the experimenter said: “This is the colour game. In the
colour game, (child’s name), all the red cards go there, and the blue cards go there. Ifit
is a red card, it goes here, and if it is a blue card, it goes there. So, (child’s name), put the
red cards here, and the blue cards there.” There was a single training trial to sort one card
with feedback, followed by the remaining 7 cards. Each card was placed face down in
the tray as it was sorted. The experimenter repeated the rule as he handed the child each
card, “Remember to put all the red cards here, and all the blue cards here.” The
experimenter labelled each test card by the relevant dimension only. For example,

“Here’s a blue one, where does it go?”

The target cards and the test cards remained the same in the postswitch phase. Cards
that had been sorted (face down) into the trays were left in the trays. The experimenter
told the child that they would now play a new game, and explained the rules again using
the other dimension, in this case, shape. The experimenter said: “Okay, now we’re going
to switch. We are not going to play the colour game anymore, we are going to play the
shape game. In the shape game, (child’s name), all the flowers go in this tray, and all the

cars go in this tray.” Again, the child was given 7 cards to sort.

The final phase was the knowledge-action phase. Children were asked about their
knowledge of the rules and then assessed for their ability to sort the cards according to

this knowledge. For the two knowledge questions, children were asked about each of the
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two postswitch rules: “Where dothe _____ (e.g., flowers) gointhe ___ (e.g., shape)
game? Where dothe _____ (e.g., cars) go in the (e.g., shape) game?” In response to
each question, children were required to point unambiguously to one of the two trays.

For the action question, children were given a sorting trial that was similar to the
postswitch trials in the card sort proper. Children were told, “Play the _____ (e.g., shape)
game,” given a test card that was labelled by the relevant dimension only, and asked,
“Here is a (e.g., car). Where does it go?” As in the card sort proper, children were
required to place the card into one of the two trays (Please see Appendix A for a sample

of the protocol).

5.3.6 MWT Task as a Cognitive Capacity Task (Metalinguistic Awareness)

This task was adapted from the Moving Word Task (MWT) developed by Bialystok
(1999). The experimenter introduced two puppets to the child. Then, the experimenter
showed the child two pictures of common objects, for example, a king and a tree, and
named them. The experimenter then showed the child a card with the name of one of the
pictured objects printed on it and told the child what the card said. The experimenter
placed the card under the picture of the named object and asked the child'' what the card
said (introductory question). While the child’s attention was distracted by the puppets
who began a scuffle, the card was “accidentally” kicked so that it was under the wrong
picture. The child was asked for the second time what the card said, but this time the

card was under the wrong picture (inconsistent question). Finally, the experimenter drew

' Teachers in the childcare centres were asked to confirm that the children participating in the study were
not yet able to read independently.
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the child’s attention to the mess that the puppets had made and said it must be tidied up.
The experimenter replaced the card under the original picture, and then the child was
asked for the third time what the card said (consistent question). As the card was being
moved back and forth, there was no discussion of the pictures nor was the child’s
attention explicitly drawn to them. Three such sequences were presented to each child,
using different picture pairs and word cards on each sequence (Please see Appendix A for

a sample of the protocol).

5.3.7 SPT as a Cognitive Capacity Task (Metalinguistic Awareness)

This task is adapted from the Synonym Production Task (SPT) developed by
Doherty and Perner (1999). Children were asked to produce synonyms of four
experimental items: Hat/Cap; Cup/Mug; Coat/Jacket; Bucket/Pail. The Synonym
Production Task involved three phases: vocabulary-check, modeling phase, and test

phase.

In the vocabulary-check phase, we tested the children’s knowledge of the synonyms
used later in the test phase. Four letter-size cards were used, each of them having four
pictures on it. Two of the pictures were drawings of the experimental items used later.
The other two pictures on each card were chosen from among a bird, a dog, an apple, and
a flower. Children were shown each card and were asked to point to, e.g., a cup. If they
hesitated, encouragement was given and the question was repeated if they answered
incorrectly. On the second presentation of the same picture a few items later, children

were asked to point to a mug (the synonym of a cup).
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In the modeling phase, the experimenter introduced a Playpeople doll (5 inches) and
a Puppet to the child. Then the child was shown three hand drawn 10x15 cm colour
pictures of the modeling items (Rabbit/Bunny, Ship/Boat, Sofa/Couch). When the
picture of a rabbit was shown, the experimenter told the child that it could be called a
rabbit or a bunny. After the Playpeople doll “provided” one synonym, the child was
asked to help the Puppet to produce the other synonym. If the child failed to answer, the

following prompts were used:

Prompt 1: Can you think of another way of saying Rabbit?
and then if necessary

Prompt 2: What’s another word for Rabbit?

If the child repeated the same word as the doll, they were told, “But
(Playpeople doll’s name) called it a rabbit. Puppet wants to say something different”. If

the child misnamed the object, they were told, “But it isn’t really (the

child’s response), is it? Puppet wants to say what it really 1s, but in a different way”.

Finally, the experimenter provided the synonym if the child failed to do so.

The procedure in the test phase was similar to that of the modeling phase, except that
the experimenter did not provide the synonym. If the child did not produce the synonym
following the prompts, the experimenter reassured the child with phrases such as “Never
Mind” or “That’s a hard one, isn’t it?”” and the next item was presented. All the four
experimental items were presented twice in fixed order. On the second presentation the
doll used the other synonym. The order of items and first synonym/second synonym

were as follows:
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Hat/Cap
Cup/Mug
Coat/Jacket
4.  Bucket/Pail

Rl S

(Please see Appendix A for a sample of the protocol).

5.3.8 Parental Assessment Questionnaire

The Bilingual Family Questionnaire was employed to assess the parents’ input in
their children’s language ability. This questionnaire was adapted from the Bilingual
Family Telephone Questionnaire (Paradis, Crago, Genesee, & Rice, 2003) with several
minor modifications. The parent of each bilingual child participating in the initial
screening phase was asked to complete the Bilingual Family Questionnaire at home and
to mail the completed questionnaire back to the experimenter. Because some parents
may have felt more comfortable reading and writing in Chinese, a Chinese translation of
the Bilingual Family Questionnaire was sent with the English version. A sample of the

Questionnaire together with the results obtained are presented in Appendix B.

5.4 Procedures
5.4.1 Initial Screening Session

The present study included an initial screening session and two main experimental
sessions. Seventy-four participants participated in the initial screening session (which
will be referred as Timel throughout this dissertation). The purpose of the initial
screening session was to ensure that the bilingual children in the final sample were
balanced bilinguals. Most Chinese-English bilingual children speak Chinese (Cantonese

or Mandarin) at home but English in the community and at school. We assume that the
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bilingual participants were fluent in Chinese but varied in their mastery of English. Thus,
the bilingual children were tested with English and Chinese Peabody Picture Vocabulary
Test-R (PPVT-R). Thirty-one Bilingual children who had comparable scores in English
and Chinese PPVT-R were invited to take part in the two main experimental sessions.
The 29 monolingual children received only the English PPVT-R in the screening session

and then they all participated in the two main experimental sessions.

5.4.2 Experimental Session One and Two

In each of the two main experimental sessions, each participant was tested
individually in a quiet place. There was a 5-minute warm-up session to help the
participant familiarize with the testing environment. In the first experimental session
(which will be referred as Time2 throughout this dissertation), children were given the
TELD-3, the Block Design subtest of the WPPSI-R, and the DCCS task. Altogether, this
session lasted for about 45 minutes. In the second experimental session (which will be
referred as Time3 throughout this dissertation), children were given the Theory-of-mind
tasks, the Moving Word Task, and the Synonym Production Task. Altogether, this
session lasted for about 45 minutes. All tasks in the two main experimental sessions were

administered in English.

5.4.3 Time Gap Between Sessions

Due to a number of reasons (to name a few, daycare staff strike, children caught
chicken-pox on the scheduled day of experiment, snowstorms, efforts to recruit more
older monolingual and younger bilingual participants, etc.), the time gap between

sessions varied significantly among children. The time gap between Timel and Time2
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ranged from O to 73 days with a mean of 34.7 (SD =23.0). Both screening session and
experimental session one were administered to one monolingual and two bilingual
children on the same day. Extra break was given to those children. Meanwhile the time
gap between Time2 and Time3 was better controlled; it ranged from 18 to 54 days, with a

mean of 23.7 (SD = 5.80).

5.4.4 Counterbalancing

Efforts were made to counterbalance the orders of the task presentation in the two
experimental sessions. Similar efforts were made to counterbalance the false-belief
questions asked in the two theory-of-mind tasks that involved unexpected contents; the
order of “colour game” and “shape game” in the DCCS task; the order of the word pairs
used in the MWT; and the order of the synonym pairs in vocabulary check phase of SPT.
However, due to losing participants, the task presentation order as well as stimuli
presentation order in theory-of-mind tasks, DCCS task, MWT, and SPT were not
completely counterbalanced. However, it should be noted that significant task order

effects were seldom reported when these tasks were used in previous studies.

59



Chapter 6: Results

Preliminary analyses were conducted to compare the verbal and nonverbal abilities
of the participants in the bilingual and the monolingual groups. This was followed by
descriptive analyses of the major variables included in the present study. A multivariate
analysis of covariance (MANCOVA) was calculated to compare the performance of
bilinguals against monolinguals on a number of cognitive measurements as well as
theory-of-mind tasks. Hierarchical multiple linear regressions were conduqted to

evaluate the impact of bilingual status on children’s theory-of-mind development.

6.1 Group Equivalency in Age, Verbal and Nonverbal Abilities

The gender distribution was fairly evenly balanced for the two language groups, (1,
N=60)=.29, ns. A paired-sample T-test was used to check the manipulation of
“balanced” bilinguals. For the bilingual group, no significant difference was found

between their performance on the Chinese and English PPVT-R with #30) = .72, ns.

Demographic information on the bilingual and monolingual groups is shown in Table
6.1. A multivariate analysis of variance (MANOVA) was used to test whether the two
groups of participants differed in their age at Timel, Time2, or Time3. Multivariate
statistics showed that there was no evidence that the two groups of children differed in
their age at Timel, Time 2, or Time3 (Wilks’ Lambda = .980, F(3, 55) = .374, ns).
Unless otherwise stated, when “age” is used as a covariate in all the subsequent analyses,
the mean age of the participants at Time2 and Time3 (main experimental sessions of the
study where TELD-3, Block Design, DCCS task, ToM tasks, MWT, and SPT were

administered) is used.
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Analyses were also conducted to examine whether the two groups differed on their
verbal and nonverbal abilities measured by English PPVT-R, TELD-3, and Block Design,
using MANCOVA with language status as the independent variable and age of the
participants as the covariate. The overall MANCOVA showed significant effect for
language status (Wilks’ Lambda = .658, F(3, 55) = 9.52, p <.01). Follow-up univariate
analyses revealed that bilingual participants significantly outperformed the monolinguals
in the Block Design test (F(1, 57) =9.78, p <.01). On the other hand, monolingual
participants significantly outperformed the bilinguals in the English PPVT-R (¥(1, 57) =
12.4, p <.01). Although their performance on TELD-3 showed a similar trend as the

English PPVT-R, the difference was not statistically significant (¥(1, 57) = 2.1, ns).

Table 6.1 Means (Standard Deviations) on Age, PPVT-R Score, TELD-3 Score, & Block
Design Score for Monolingual and Bilingual Children

Monolingual Children Bilingual Children
Age at Timel in months 52.6 (12.0) 52.7 (8.6)
Age at Time2 in months 53.8(11.9) 53.9(8.8)
Age at Time3 in months 54.5(11.9) 54.7 (8.8)
English PPVT-R 41.3 (16.5) 34.7 (14.6)
Chinese PPVT-R N/A 33.5(15.0)
TELD-3 243(54) 23.2(5.9)
Block Design 14.3 (9.7) 17.4 (7.5)

6.2 Preliminary Analysis

In this section, the monolingual and bilingual participants’ performance in each of

the cognitive tasks was examined. After that, the relationships among the major variables
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in the present study were evaluated with the help of graphical and statistical methods.

Comparisons to results obtained from previous studies were made where appropriate.

6.2.1 Performance in ToM Tasks and the Three Cognitive Tasks

Before we examine the participants’ performance in these four tasks, it should be
noted that the distribution of ToM, DCCS, MWT, and SPT scores were not normal
(please see Figure 6.1 to Figure 6.4). Instead, they all showed a general tendency of

negative kurtosis'? and various degrees of positive or negative skewness.

In the literature of developmental psychology, quite a number of tasks have been
developed to detect the emergence of certain capacities of young children. When these
tasks were first developed, it was not uncommon that they were used as dichotomous
scales (e.g., skills mastered or not, concepts acquired or not, etc.). The ToM tasks and
DCCS task used in the present study are examples of these tasks. In order to achieve
more reliable measures, or to observe more gradual development, multiple trials of the
same task (e.g., DCCS task, MWT, and SPT) or a group of similar tasks (e.g., ToM task)

could be administered.

When these measures were used in previous studies, it was common to see the

distributions of the scores would show a tendency of negative Kurtosis (e.g., Bialystok,

12 Kurtosis indicates the central tendency of a distribution. The negative kurtosis of ToM, DCCS, MWT,
and SPT scores reflected the fact that the distributions were too flat with too many scores located in both
tails of the distributions. Skewness indicates the symmetry of a distribution. The positive skewness of
ToM and SPT scores reflected the fact the mean score was leaning towards the left tail of the distribution.
This could result from a pileup of low scores; a number of extremely high scores; or a combination of both.
On the other hand, the negative skewness of DCCS scores reflected the fact that the mean score was
leaning towards the right tail of the distribution. This could result from a pileup of high scores; a number
of extremely low scores; or a combination of both.
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1999; Doherty and Perner, 1998; Jenkins and Astington, 1996). In other words, a
significant number of participants failed most or all of the trials (or tasks) while quite a
number of other participants passed most or all of the trials (or tasks). In addition, if the
study recruited more participants who passed the task, a negative skewness is expected.
On the other hand, if younger children who have yet to master the tasks were recruited, a

positive skewness 1s expected.

Although the distribution of ToM, DCCS, MWT, and SPT scores showed significant
kurtosis", there is no simple or common transformation reported to normalize
distribution of extreme kurtosis but normal skewness. Moreover, it was rarely reported in
previous studies (if in any) that these scores were transformed to achieve a more normal
distribution. Furthermore, recall that one of the main aims of the study is to compare the
main findings with previous studies, thus, the ToM, DCCS, MWT, and SPT scores were

not transformed in any of the subsequent statistical analyses.

6.2.1.1 Passing Age and Passing Percentage

For the children who participated in the present study, the four capabilities seemed to
emerge at about the same age or rate: the mean age of children who scored at least one in
the four tasks (DCCS, MWT, SPT, and ToM) were 59.9, 59.9, 58.9, and 58.0 months
respectively; the percentage of children who scored at least one in the four tasks were

58.3%, 51.7%, 63.3%, and 56.7%. However, ToM capacity seemed to develop much

1? Significant test for skewness could be conducted by comparing the obtained skewness with zero using
the z distribution. The same is true for testing the significance of kurtosis. The skewness of the score of
ToM, DCCS, MWT, and SPT ranged from -.32 to .49 and the standard error of skewness is 0.31 (all
absolute values of zs < 1.59, ns). The kurtosis of these scores ranged from -1.26 to -1.94 and the standard
error of kurtosis is 0.61 (all absolute values of zs > 2.07, all ps <.05).
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more gradually than the other three: the mean age of children who scored perfectly in the
four tasks (DCCS, MWT, SPT, and ToM) were 62.0, 62.3, 63.1, and 69.2 months
respectively; the percentage of children who scored perfectly in the four tasks were 50%,

36.7%, 30%, and 6.7% respectively.

6.2.1.2 Theory-of-mind tasks

In their 1996 study, Jenkins and Astington employed a four-point scoring scheme.
The participants’ ToM score was calculated in the following manner. Each of the four
ToM tasks (Box/Basket Task, Desk/Cupboard Task, Book Task, and Crayon Box Task)
included a main target question that required the participants to infer others’ thought or
action according to their false belief. Children were given one point for each of the four
tasks only if they passed the target question together with all the control question(s) of

the task. A ToM score was derived which is the total for all four tasks.

In the two transfer of location tasks (Box/Basket Task, Desk/Cupboard Task), the
control questions test the participants’ memory of the original location and the new,
actual location of the target object (ball or crayon). In the two unexpected-content tasks
(Book Task, Crayon Box Task), the control questions test the participants’ memory of the
reality, i.e., what the picture really is and what is really in the crayon box. At least 90.0%
(range from 90.0% in the Box/Basket Task to 100% in the Book Task) of the participants
passed the control question(s) for each of the four tasks. The pattern of results is
consistent across both language groups. This indicated that the children generally had

little problem in following the stories or instructions of the tasks.
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It should be noted that a six-point scoring scheme was attempted in addition to the
four-point scoring scheme mentioned in the above paragraphs. The two extra points of
the six-point scoring scheme came from the two non-story tasks. In addition to the four
points allocated to the main target questions, children were given one point if they passed
each of the two questions regarding their own false beliefs (representational change).
Cronbach alphas were calculated for the four-point scoring scheme as well as the six-
point scoring scheme. With the four-point scoring scheme, o = .725, and the correlation
coefficients between each item and the ToM composite score ranged from .337 to .688.
With the six-point scoring scheme, = .759, and the correlation coefficients between
each item and the ToM composite score ranged from .412 to .631. In all subsequent data
analyses, the four-point scoring scheme was employed to calculate the participants’ ToM
scores. The rationales for using the four-point scoring scheme are as follows: Firstly, the
two different scoring scheme yielded similar reliability statistics; Secondly, the two ToM
composite scores calculated from the two scoring schemes are highly correlated, with
r(60) = .922 and p < .001; the results obtained could be better compared with that of

Jenkins and Astington’s (1996) study.

A comparison of the descriptive statistics of the participants’ ToM scores for the two
language groups is shown in Table 6.2. Overall, the participants obtained a mean score of
1.33 (SD = 1.40) out of a possible score of 4. The score was a bit low when compared to
a mean score of 2.21 (SD = 1.65) obtained in Jenkins and Astington’s (1996) study. This
probably is due to the fact that the present study recruited more children who lived in
neighbourhoods that cover a wider range of socioeconomic status. Bilinguals obtained a

higher ToM score (M = 1.58) in comparison to that of monolinguals (M = 1.07).
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Table 6.2 Means, Standard Deviations, Medians, Skewness, and Kurtosis on ToM Scores
for Monolingual and Bilingual Children

Monolingual Bilingual Children Overall
Children
ToM Scores
Mean 1.07 1.58 1.33
SD 1.28 1.48 1.40
Median 1.00 2.00 1.60
Skewness 851 196 490
Kurtosis -.647 -1.52 -1.26
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Figure 6.1 Frequency Distribution of ToM Scores

6.2.1.3 Dimensional Change Card Sort Task

The DCCS score was obtained by counting the number of cards (out of a possible of
7) that were sorted correctly during the post-switch phase. However, if a participant did
not pass all the 3 knowledge phase control questions, a zero DCCS score was assigned to

the participant. In their original study, Zelazo and colleagues (Zelazo et al., 1996)
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classified children as either passing or failing the task on the basis of a criterion of 80%
correct or above as pass and less than 80% correct as fail. However, it was decided to use
distributed scores to observe more gradual development and to compare performance
across tasks as suggested by Bialystok (1999). Of the 35 children (58%) who passed all
of the 3 questions in the knowledge phase, 30 children sorted all the cards correctly in the
post-switch phase; 4 children sorted 6 out of 7 cards correctly; and 1 child sorted 5 out of
7 cards correctly. Of the 25 children (42%) who did not pass all of the 3 questions in the
knowledge phase, 22 children sorted all the cards in the wrong tray; 1 child sorted 1 card

correctly; and 1 child sorted 4 cards correctly.

A comparison of the descriptive statistics of the participants’ DCCS scores for the
two language groups is shown in Table 6.3. Overall, the participants obtained a mean
score of 3.98 (SD = 3.41) out of a possible score of 7. Bilinguals obtained a higher
DCCS score (M = 4.42) in comparison to that of monolinguals (M = 3.52). The general
pattern of results (bilinguals outperformed monolingual participants) was comparable to
the results obtained in Bialystok’s study (1999) although the discrepancy of performance
between bilingual and monolingual children was greater in Bialystok’s study. In the
present study, the bilinguals sorted 63% of the cards in the correct tray while bilinguals in
Bialystok’s study sorted 82% of the cards in the correct tray. However, the differences in
participants’ demographics (age, socioeconomic status) between the two studies made

direct comparison very difficult (if not impossible).
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Table 6.3 Means, Standard Deviations, Medians, Skewness, and Kurtosis on DCCS Scores
for Monolingual and Bilingual Children

Monolingual Bilingual Children Overall
Children
DCCS Scores
Mean 3.52 4.42 3.98
SD 3.47 3.35 3.41
Median 6.00 7.00 6.50
Skewness -.052 -.600 -.319
Kurtosis -2.12 -1.72 -1.94

Std. Dev = 3.41
Mean = 4.0
N =60.00

=}

Frequency
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Figure 6.2 Frequency Distribution of DCCS Scores

6.2.1.4 Moving Werd Task

Following the suggestion of Bialystok (1999), the participants’ MWT score was
calculated in the following manner. Children received a point for each question correctly
answered. Thus, a score out of 3 for each of the introductory, inconsistent, and consistent

questions would be obtained. The introductory question elicited near-perfect
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performance. Three children made an error on one item. Hence, the mean score for
introductory question was 2.95 (SD = 0.22). Similarly, most children did not have
difficulties with the consistent question, and the mean score for the consistent question
was 2.57 (SD = 0.85). “The relevant data for this task come from the second question,
the inconsistent item” (Bialystok, 1999, p. 641). Thus, a child’s performance on the

inconsistent question was assigned as that participant’s MWT score.

A comparison of the descriptive statistics of the participants’ MWT scores for the
two language groups is shown in Table 6.4. Overall, the participants obtained a mean
score of 1.30 (SD = 1.39) out of a possible score of 3 (across three trials). Bilinguals
obtained a higher MWT score (M = 1.74) in comparison to that of monolinguals (M =
0.83). The score was a bit low when compared to the mean scores (M= 1.87, M = 2.46)
obtained by monolingual and bilingual participants respectively in Bialystok’s (1999)
study. Differences in participants’ demographics (age, socioeconomic status) might be

some of the reasons behind the performance differences in the two studies.

Table 6.4 Means, Standard Deviations, Medians, Skewness, and Kurtosis on MWT Scores
for Monolingual and Bilingual Children

Moneolingual Bilingual Children Overall
Children
MWT Scores
Mean 0.83 1.74 1.30
SD 1.31 1.34 1.39
Median 0.00 200 1.00
Skewness 1.06 -.291 293
Kurtosis -.847 -1.79 -1.83
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Figure 6.3 Frequency Distribution of MWT Scores

6.2.1.5 Synonym Production Task

The SPT score was obtained by counting the number of pairs of synonyms (out of a
possible of 4) that were produced during the test phase. The four pairs of synonyms
included in the present study are Hat/Cap, Cup/Mug, Coat/Jacket, and Bucket/Pail. In the
vocabulary check phase, most of the participants had no problem pointing to the correct
picture of CUP, HAT, JACKET, and COAT, and the correct response percentages for the
four items were 100%, 98%, 97%, and 93% respectively. On the other hand, only 48%,
73%, 83%, and 87% of the participants responded correctly when asked to point to the

pictures of MUG, CAP, PAIL, and BUCKET respectively.

Parallel to what was observed in the vocabulary check phase, children did not

perform equally to the four pairs of synonyms in the test phase, and most of them had
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difficulty in producing the synonym pair of Cup/Mug. The percentage of participants
who were able to produce the synonym pair of Hat/Cap, Cup/Mug, Coat/Jacket, and
Bucket/Pail were 45%, 10%, 55%, and 33% respectively. The percentage of participants
who were able to produce 3 pairs of synonyms but failed to produce the synonym pair of

Hat/Cap, Cup/Mug, Coat/Jacket, and Bucket/Pail were 0%, 17%, 0%, 3% respectively.

To further examine whether any one synonym pair was harder than another, a
multivariate analysis of variance .(MANOVA) was calculated. The four synonym pairs
were entered as dependent measures while bilingual status was used as a grouping
variable. Results indicated that the synonym pair (Cup/Mug) was significantly harder
than the other 3 pairs of synonym, and the synonym pair (Bucket/Pail) was significantly
harder than the remaining pairs of synonym (Hat/Cap and Coat/Jacket), with F(1, 58) =

7.04, p < .01; F(1, 58) = 1.67, p < .01 respectively.

In Doherty and Perner’s study (1998), vocabulary failures in the vocabulary check
phase were partialled out when analyzing the data. However, there were already 3
covariates in the present study, thus, it was decided that vocabulary failures would not be
used as covariates in subsequent analyses. Instead, the synonym pair Cup/Mug was
deleted for further data analyses. The new SPT score was obtained by counting the
number of pairs of synonym (out of a possible 3) produced by the participant in the test

phase.

A comparison of the descriptive statistics of the participants’ SPT scores for the two
language groups is shown in Table 6.5. Overall, the participants obtained a mean score of

1.37 (SD =1.26) out of a possible score of 3. Monolinguals obtained a SPT score (M=
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1.38) in comparison to that of bilinguals (M = 1.35). The mean number of synonym pairs
produced by the participants of the present study was 1.37 (out of a possible of 3) which
was comparable to the 2.2 synonym pairs (out of a possible of 5) produced by the

children in Doherty and Perner’s (1998) study.

The result pattern of monolinguals obtaining a comparable SPT score in comparison
to that of bilinguals was a bit surprising to say the least. A closer examination of the data
revealed that 13 monolinguals (44.8%) received a zero SPT score while 9 bilinguals
(29.0%) did the same. In other words, a higher percentage of bilingual preschoolers

produced at least one synonym pair.

Table 6.5 Means, Standard Deviations, Medians, Skewness, and Kurtesis on SPT Scores
for Monolingual and Bilingual Children

Monolingual Bilingual Children Overall
Children
SPT Scores
Mean 1.38 1.35 1.37
SD 1.37 1.17 1.26
Median 1.00 1.00 1.00
Skewness 138 308 207
Kurtosis -1.90 -1.37 -1.63
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Figure 6.4 Frequency Distribution of SPT Scores

6.2.2 Relationships Among the Major Variables

In the previous section, participants’ performance in each of the individual tasks was
reviewed. With the help of graphical and statistical methods, an overview of how the

major variables relate to each other is examined in this section.

6.2.2.1 Pearson Correlations

Pearson product moment correlations between the three covariates (age, scores in
TELD-3, scores in Block Design task) with other major variables in the study (bilingual
status, scores in ToM, DCCS, MWT, and SPT) are shown in Table 6.6. It shows that the
three covariates were generally strongly associated with the scores in ToM, DCCS, MWT,
and SPT. This confirmed the need to include age, language proficiency, and general

nonverbal ability as covariates in the study.
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Table 6.6 Pearson Correlations of the 3 Covariates with Bilingual Status, Scores in ToM,
DCCS, MWT, and SPT (W =60)

Age TELD-3 Block Design
Bilingual Status 01 -10 18
ToM Scores 60 *E* 6] *F* 57 wk
DCCS Scores .69 Fx* T2 wkE 7] EE*E
MWT Scores 62 FE* 55 wEx* 6] FHk
SPT Scores 73 Ak JT1 kEE 68 *x*

o **xp < 001

Table 6.7 gives the Pearson product moment correlations between the scores of ToM,
DCCS, MWT, SPT, and bilingual status. Before we continue, let me restate the thesis
statement: Bilinguals are more advanced in cognitive development (e.g., reasoning,
metalinguistic awareness) as well as in theory-of-mind development. The thesis
statement predicts significant correlations between bilingual status and scores in ToM,
DCCS, MWT, and SPT after the variance of age, scores in TELD-3 and Block Design are

partialled out.

The correlation coefficients shown in Table 6.7 indicated strong relationships among
the scores in ToM, DCCS, MWT, and SPT. Bilingual status was significantly associated
with the score of MWT before the covariates were partialled out. After the effects of age,
verbal and nonverbal abilities were taken into account, bilingual status remained
significantly associated with the scores of MWT and became significantly associated

with the scores of ToM, but not with the scores of DCCS and SPT.
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Table 6.7 Pearson Correlations of Bilingual Status, Scores in ToM, DCCS, MWT, and SPT
(N =60)

Bilingual Status ToM Scores DCCS Scores MWT Scores

ToM Scores 18

DCCS Scores 13 62 Fkx

MWT Scores 33 *% 53 wE*E A F¥*

SPT Scores -.01 ST xE*E 52 xw* 56 *H*
Partial correlations after effects of age, scores in TELD-3 and Block Design were partialied

out (df = 55)

ToM Scores 31*

DCCS Scores 20 29 *

MWT Scores 42 Fxx 24 .04

SPT Scores .05 06 : -.08 .19

o *p<.05 *p<.0l. ***p<.001.

6.2.2.2 Bivariate Scatterplots

Bivariate scatterplots of bilingual status and the scores of SPT, DCCS, MWT, and
ToM are shown in Figure 6.5. Please note that kernel density diagrams of the variables
are shown in the diagonal cells, and the straight line appearing in each of the off-diagonal
cells is the regression line fitted by Least Square Method. The plots show that there were
strong relationships among the scores in SPT, DCCS, MWT, and ToM. On the other
hand, bilingual status seemed to be moderately associated with the score of MWT, but

not with the scores of SPT, DCCS, and ToM.
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Figure 6.5 A Matrix of Bivariate Scatterplots among Bilingual Status and the Scores of
SPT, DCCS, MWT, and ToM

Figure 6.6 is a matrix of bivariate scatterplots of cognitive capacities against the 3
covariates (age, TELD-3, Block Design) for monolingual and bilingual participants.
These plots represented one of the several possible ways to examine the possible

interaction effect between bilingual status and the covariates on young children’s
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cognitive capacities development. The dotted line and the solid line appearing in each

cell are the regression lines for monolingual and bilingual participants respectively.

The plots showed that the effects of covariates on cognitive capacities are generally
consistent for both monolingual and bilingual preschoolers. Young children’s cognitive
capacities are better developed when they grow older. Moreover, there are positive
relationships between children’s cognitive capacities (e.g., reasoning and metalinguistic
awareness) and their verbal and nonverbal abilities. Nevertheless, two possible patterns
of interaction effects between bilingual status and the covariates could be identified from
the plots. The first pattern is best demonstrated by the interaction effect of bilingual
status and age on ToM scores. The slope of the regression line for bilingual children
appeared to be steeper than that of monolingual children. This might indicate a faster
pace in theory-of-mind development in bilingual children at least as tested in English.
However, this pattern of result should be interpreted with caution. As younger bilingual
participants may be disadvantaged by test language and the effect of bilingual status on
ToM development does not show up until they grow older. The second pattern is best
demonstrated by the interaction effect of bilingual status and TELD-3 scores on the
scores of MWT. The negative y-intercept of the regression line for monolingual children
indicated that language ability did not affect monolingual preschoolers’ performance in

MWT unless a threshold of language ability is met.
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Figure 6.6 A Matrix of Bivariate Scatterplots of Cognitive Capacities against the 3
Covariates for Monolingual and Bilingual participants

6.2.2.3 Multivariate Plots

Multidimensional icon plots are powerful methods used in exploratory data analysis.
The basic idea of icon plots is to represent individual units of observation as graphical
objects where values of multiple variables are assigned to specific dimensions of the
objects. This method is useful for identifying clustering of multivariate data or
multivariate outliers (Johnson, 2000). A Chernoff’s faces icon plot prepared by SYSTAT
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10.2 is shown in Figure 6.7. In the plot, a Chernoff’s face icon was plotted for each
participant and the icons of monolingual participants were compared to that of bilingual
participants. Six variables were selected in this graphical display: standardized scores of
MWT, ToM, DCCS, Block Design, TELD-3, and English PPVT-R. The relative values
of the selected variables for each case are represented by the different facial features of
the Chernoff’s face icons. Two outside features of the face icons (Hair Length and Ear
Radius) represent the verbal abilities of the participants while four inside features
(Eyebrow Width, Eye Width, Nose Width, and Mouth Width) represent the cognitive
abilities and ToM capacities. It seems that, more often than not, the face icons of
bilingual children showed wider mouth, nose, eyes, and eyebrows. This indicated that
the bilinguals obtained higher scores in MWT, Block Design, ToM, DCCS tasks
respectively. On the other hand, the face icons of monolingual children showed longer
hair and bigger ears. This implied that the monolingual children obtained higher scores
in English PPVT-R and TELD-3 respectively. Please note that the Monolinguals’ icons
are sorted by their scores in English PPVT-R and the Bilinguals’ icons are sorted by their

scores in MWT to highlight the different characteristics of the two groups.
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Figure 6.7 Chernoff’s Faces Icon Plot of the Standardized Scores of English PPVT-R,
TELD-3, DCCS, ToM, Block Design, and MWT for Monolingual and Bilingual Participants

6.3 MANCOVA

The effect of bilingual status on young children’s cognitive functioning (reasoning

ability and metalinguistic awareness) as well as theory-of-mind development was

assessed with a one-way MANCOVA. Bilingual status was treated as the between

subject factor while age, scores in TELD-3, and Block Design were used as covariates.

Dependent variables (DVs) included scores in ToM, DCCS, MWT, and SPT.
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To evaluate whether major assumptions of MANCOVA were met, procedures
suggested by Tabachnick and Fidell (1996) were followed. This was followed by
evaluating the effects of the covariates. After that, the multivariate and univariate

statistics are presented.

6.3.1 Evaluation of Assumptions (Please see Appendix C)
6.3.2 Effects of Covariates

Multivariate tests indicated that two of the covariates (age and TELD-3) produced
significant adjustment to the mean score of the DVs (F(4, 52) = 2.72, p < .05; F(4, 52) =
3.72, p = .01 respectively). On the other hand, scores of Block Design did not provide
significant adjustment to any of the DVs (all Fs(1, 55) < 1.2, all ns). Thus, scores of

Block Design are omitted from the subsequent MANCOVA.

6.3.3 MANCOVA with 4 DVs, 11V, and 2 Covariates

With the omission of one of the covariates (Block Design), a 4 DVs, 11V, 2
Covariates MANCOVA was conducted. Procedures used in Section 6.3.1 were used to
evaluate the assumptions of the new MANCOVA. The pattern of results obtained
concerning the evaluation of assumptions of MANCOVA was consistent with that of a

4DVs, 11V, 3 Covariates MANCOVA.

Results indicated an overall main effect for bilingual status on ToM scores and the
scores of a battery of cognitive ability tests (namely DCCS, MWT, and SPT). The
multivariate statistics for the between subject variable (Bilingual Status) was Wilks’
Lambda = .735, F(4, 53) =4.77, p < .01. Univariate statistics indicated that bilinguals

scored higher than monolingual children on theory-of-mind tasks (ToM), F(1, 56) = 4.89,
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p < .05; on a metalinguistic task (MWT), F(1, 56) = 13.3, p < .01; and on a reasoning task

(DCCS), F(1, 56) =4.25, p < .05 (please see Table 6.8).

Table 6.8 Observed Means, Adjusted Means, and Standard Errors for scores in ToM,
DCCS, MWT, and SPT by Bilingual Status

ToM * DCCS * MWT ** SPT
Monolingual
Children
Observed X 1.07 3.51 .83 1.38
Adjusted X 1.01 3.35 .80 1.34
SE 200 427 188 159
Bilingual
Children
Observed X 1.58 4.42 1.74 1.35
Adjusted X 1.63 4.58 1.77 1.39
SE 193 413 182 153
Partial Eta .08 .07 .19 .00
Squared
Observed Power 53 .58 95 .06

*p<.08. **p<.0l **p< 001

Note:

Partial Eta Squared is a measure of effect size provided by SPSS GLM procedure. It can be interpreted
here as the proportion of variance in the dependent variable (in this case, ToM, DCCS, MWT, or SPT) that
is attributable to the effect of bilingual status after the effects of the covariates were partialled out.

6.4 Partial Correlations and Multiple Linear Regressions

Results from the above MANCOVA showed that Bilinguals scored significantly
higher in ToM tasks as well as two of the three cognitive ability tasks (i.e., reasoning
ability measured by DCCS, and metalinguistic awareness measured by MWT). In this

section, I aim to show that bilinguals’ advantage in ToM development is due to their
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more advanced cognitive ability (e.g., reasoning ability and metalinguistic awareness).
This is achieved by examining the estimated unique contribution of bilingual status in
explaining children’s performance in the theory-of-mind tasks in a set of hierarchical

multiple linear regression analyses.

6.4.1 Model Specification

The main objectives of model specification are to include all the relevant variables
and exclude the unnecessary variables in the regression model. Moreover, the proper
functional form (mathematical function form) of each predictor that best depicts its

relationship with the dependent variable should be used in the regression equation.

In order to explain the variance of children’s performance in theory-of-mind tasks,
their bilingual status, age, general verbal and nonverbal abilities, more specific cognitive
capacities (i.e., reasoning ability and metalinguistic awareness) are included in the

regression equation.

6.4.1.1 Interaction Terms

Recall that in section 6.2.2.2, possible interaction effects between bilingual status
and the covariates on performance in theory-of-mind tasks were discussed. In regression
analysis, if an interaction term between two predictors has significant unique contribution
in predicting the dependent variable, the interaction term has to be included in the model
in order to avoid committing a specification error. With the help of partial correlation
analysis, only the interaction between bilingual status and age has significant unique

contribution in predicting children’s performance in the theory-of-mind tasks with #(56)
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=266, p <.05. Thus, the interaction term between bilingual status and age was included

in the model.

Aiken and West (1991) suggested that centered data should be used to yield a proper
interpretation of a regression model that involves an interaction effect. Thus, the
centered scores '* of bilingual status and age were used in the regression analysis, and the

interaction term was obtained by using the product of the two centered scores.

6.4.1.2 Proper Functional Form of Predictors

Bilingual status is a dichotomous variable, thus, only its linear relationship with the
score of ToM could be evaluated. Table 6.6 and Table 6.7 showed that the score of ToM is
moderately correlated to the children’s age, general verbal and nonverbal abilities, and
their scores in MWT, DCCS, and SPT, with all »s(58) > .50. The significant correlation
coefficients indicated significant linear (Y = b, + b,X) relationships between the
dependent variable and these predictors. Partial correlation analyses were conducted to
examine whether curvilinear (Y = b, + b.X + b,X’) functions of these predictors are the
more proper functional form in the regression model. Results of partial correlation
analyses showed that none of the square terms (b,X’) has significant unique contribution
in predicting children’s scores of ToM. Thus, only the linear forms of predictors were
used in the regression model. In other words, participants’ bilingual status, age, scores in

TELD-3, Block Design, DCCS, MWT, SPT, and the interaction term between bilingual

' Centered score is defined by the following formula: centered score = raw score — mean.
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status and age (product of bilingual status and age) were used to predict their score in

ToM.

6.4.2 Issues and Assumptions (Please see Appendix D)
6.4.3 Role of Bilingual Status in Predicting Scores in ToM tasks

A 2-Step multiple linear regression analysis was conducted with scores in ToM used
as the DV while bilingual status, age, scores in TELD-3, Block Design, and the
interaction term of age and bilingual status (which is referred as Age*Bilingual in this
section) were used as predictors. Age, scores in TELD-3, Block Design, and
Age*Bilingual were entered as predictors in Step 1 while bilingual status was entered in
Step 2. The results of this analysis can be seen in Table 6.9. After Step 1 when age,
scores in TELD-3, Block Design, and Age*Bilingual were in the equation, multiple R
=654, F(4, 55) = 10.3, p < .001. After Step 2 with bilingual status also in the equation,
there was a significant increase in R?, R? increment = .050, F..(1, 54) = 5.14, p < .05. This
showed that bilingual status provided significant unique impact on the scores of ToM

tasks.

The 2-Step multiple linear regression analysis was followed by a 3-Step multiple
linear regression analysis. Age, scores in TELD-3, Block Design, and Age*Bilingual
again were entered as predictors in Step 1. Instead of entering bilingual status in Step 2,
a battery of cognitive ability measures (DCCS, MWT, SPT) were entered as predictors in
Step 2. Bilingual Status was entered in Step 3. The results of this analysis can be seen in
Table 6.10. After Step 1 when age, scores in TELD-3, Block Design, and Age*Bilingual

were in the equation, as before, multiple R = .654, F(4, 55) = 10.3, p < .001. After Step 2
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with scores in DCCS, MWT, and SPT also in the equation, there was a significant
increase in B2, R? increment = .097, F..(3, 52) = 3.54, p < .05. After Step 3 with bilingual
status in the equation, the increase in adjusted R” is not statistically significant, R
increment = .011, F..(1, 51) = 1.91, ns. Combined with the results obtained in the 2-Step
multiple linear regression analysis, the results indicated that the significant predictive
power of bilingual status on the scores of ToM tasks revealed in 2-Step multiple linear
regression analysis was actually shared by the influence of participants’ cognitive
capacities (measured by the scores of DCCS, MWT, SPT). In other words, when
compared to monolingual preschoolers, bilingual preschoolers scored higher in ToM
tasks because they also scored higher in a battery of cognitive ability tests (i.e., DCCS

and MWT).

Table 6.9 Summary of a 2-Step Hierarchical Regression Analysis Examining the
Predictors of Performance in ToM Tasks

Step/variable B SEg B Change in R’
Step 1

Age .053 034 394

TELD-3 .058 050 234

Block Design 012 .039 077

Age*Bilingual 049 030 183 427 F**
Step 2

Age 068 034 499

TELD-3 100 051 405

Block Design -.034 .043 -212

Bilingual Status 719 317 259 050 *

*p<.05. **p<.01. ***p< 001
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Table 6.10 Summary of a 3-Step Hierarchical Regression Analysis Examining the
Predictors of Performance in ToM Tasks

Step/variable B SEjg B Change in R
Step 1

Age 053 034 394

TELD-3 .058 050 234

Block Design 012 .039 077

Age*Bilingual .049 .030 183 A27 Fxk
Step 2

Age 036 034 266

TELD-3 011 051 046

Block Design -.014 037 -.088

Age*Bilingual 061 028 227

DCCS 156 .060 381

MWT 225 127 224

SPT 061 166 055 097 *
Step 3

Age 047 035 346

TELD-3 038 .056 154

Block Design -034 042 -213

Age*Bilingual 055 029 205

DCCS 141 062 343

MWT 159 .140 159

SPT .064 166 .058

Bilingual Status 382 350 138 011

*p<.05 *p<.0l. **¥p<.001.
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Chapter 7: Discussion

There are six parts to this chapter. In Part One, I propose an answer to my first
research question: Are bilingual preschoolers more advanced in cognitive development
when compared to monolingual preschoolers? In Part Two, I discuss the findings related
to my second research question: Are bilingual preschoolers more advanced in theory-of-
mind development when compared to monolingual preschoolers? In Part Three, a claim
will be made towards my third research question: Is bilinguals’ advantage in theory-of-
mind development hinged on their more advanced cognitive development? Although the
study was not intended to evaluate existing theories or models, in Part Four, references to
those theories and models will be made in light of the results obtained in the present
study. On one hand, this will help to add perspective in interpreting the data. On the
other hand, this will help theorists to fine tune the existing theories and models in view of
the new evidence collected. In Part Five, educational implications will be briefly
discussed. Finally, in Part Six, which is the conclusion to this Chapter and to the entire

dissertation, I briefly summarize the main result and its implications.

7.1 Bilinguals’ Cognitive Development
7.1.1 Answering the First Research Question

In Chapter Four, I asked whether bilingual preschoolers are more advanced in
cognitive development when compared to their monolingual peers. The results of the
study suggest that they are and Hypothesis 1 (see section 4.2) of the study is supported.
With one exception, a good portion of the data indicates that there is distinctive bilingual

advantage in cognitive development, especially when it comes to capacities of inhibitory
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control, reasoning, and metalinguistic awareness. Their significantly enhanced
performance in the DCCS task showed that they are more able to inhibit prepotent but
irrelevant responses, apply complex rules, and plan their own action when faced with a
problem. While bilinguals showed enhanced performance across all three tasks (reflected
by the adjusted mean scores after the effects of age and language proficiency were
partialled out, please see Table 6.8), there are also differences. The dissociated result

pattern of the two metalinguistic awareness tasks warrants more discussion.

7.1.2 Bilinguals’ Capacity in Metalinguistic Awareness

Bilinguals significantly outperformed their monolingual counterparts in MWT. The
effect was very strong such that bilingual status significantly predicted performance in
MWT even before the effects of age and language proficiency were partialled out. On
the other hand, the difference between bilinguals’ and monolinguals’ performance in SPT
was not significant even after the effects of age and language proficiency were partialled
out. What are the implications for the dissociated pattern of results of the two

metalinguistic tasks?

The first possibility is that they measured very different capabilities. MWT was
developed to assess children’s understanding of the invariance of symbolic relations
while the SPT was developed to assess children’s understanding of the referential
arbitrariness of language. Bialystok (1993) proposed the analysis and control framework
to analyze task demands of metalinguistic tasks. With the use of two different but related
dimensions, namely representational analysis and attentional control, she argued that the

framework is useful to relate and categorize metalinguistic tasks. According to Bialystok,
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in differentiation from a linguistic task, a metalinguistic task demands either a high level

of representational analysis or attentional control.

My interpretation, according to my best knowledge of the framework, is that both
MWT and SPT are tasks that require a high level of attentional control and a moderate
level of representational analysis, and thus are comparable measures of children’s
metalinguistic awareness. In order to correctly answer the inconsistent question in the
MWT, a child has to inhibit responding to the irrelevant (or even misleading) information
(the wrong picture that the target word was put under). In order to produce the less
frequent synonym of a synonym pair in SPT, a child has to inhibit from repeating the
more frequent synonym just mentioned by the experimenter (a positively primed

prepotent response).

IfMWT and SPT measure a similar construct, the differences in the result pattern
might be due to some manipulation problems in administering the task in the present
study. Ihave reviewed the protocols between the present study and Doherty and Perner’s
(1998) study and found no major discrepancy in how the task was presented to the
children. A closer examination of the children’s response pattern revealed a couple of
interesting points: (1) a higher percentage of bilingual preschoolers produced at least one
synonym pair, however, monolingual preschoolers produced comparable number of
synonym pairs on average (please see section 6.2.1.5); (2) for the 13 monolingual
children who did not produce a synonym pair in the test phase, 8 of them were able to
recognize at least 3 pairs of synonyms (pointing to the target picture in response to the

label given orally by the experimenter) in the vocabulary check phase while only 3 of the
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