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Chapter 7: Experiment 5 — Effects of bilingualism on executive functioning and
conversational understanding
7.1 Introduction

Experiment 4 investigated whether training the shifting EF of 3- and 4-year-
olds would enhance their CVT performance. However, it did not provide strong
support for the proposal that EF promotes CU. Although EF training appeared to lead
to marked improvements in EF ability, it did not appear to significantly enhance
performance on the CVT. Post-training CVT scores were not significantly better than
pre-training CVT scores. Nevertheless, performance on the CVT rose from chance
levels prior to the EF training, to significantly above chance levels followihg the
training. This reflected the progression made from chance to above chance lévels of
performance for items representing the Maxims of Quality and Politeness following
EF training. This improvement in CVT performance, although not significant in
relation to pre-training levels, is nonetheless consistent with the suggestion that EF
enhances CU. Although a control training condition would be required to establish
that CU promotion was not a consequence of more general training effects.
Establishing that children with enhanced EF also possess advanced CU would be an
alternative method of providing support for the proposal that EF promotes CU.
Bialystok (1999, 2001) suggests that bilinguals display advanced EF compared to
monolinguals. Thus Experiment 5 sought to establish that bilinguals possess superior
CU relative to their monolingual counterparts.

Definitions of bilingualism vary considerably. At a very basic level,
bilingualism can be charact¢rized as proficiency in two languages. However Bialystok
(2001) points out that judgements of proficiency alter in accordance with contrasting

epistemological stances taken towards language development. She notes that, at a
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formalist extreme, Bloomfield (1933) argues that bilinguals should demonstrate
complete fluency in both of their languages whilst at a functionalist extreme Grosjean
(1989) proposes the less demanding requirement that bilinguals need only
demonstrate the capability to use each language to satisfy their communicative needs.
It is not only the definition of language “proficiency” that causes problems. Bialystok
(2001) notes that the conceptualisation of “language” is also awkward. That language
would not seem constrained to the domain of vocal communication, so that the
classification “bilingual” should encompass individuals proficient in both a signed
and a vocal language, or even two signed languages, is not difficult to appreciate.
However Bialystok also remarks on the often apparent arbitrariness of language
delineation so that structural and operative differences between dialects of the same
language can often seem at a greater contrast than those observed between two
distinct languages. This issue can be problematic in determining what it is about the
management of two languages that leads to processing differences between bilingual
and monolingual populations.

Aside from formal and functional perspectives on issues of language
proficiency, Bialystok (2001) points out the importance of considering competency
levels in each of the bilingual’s individual languages, and also the competency-
balance between their two languages. Both factors would appear to influence
bilingual performance (Bialystok, 1988). Thus it has been suggested that comparison
of the cognitive development of monolingual and bilingual children ought to control
for the effects of language competency and language balance by employing bilinguals
with competency levels in their individual languages close to those of the
monolinguals, and with approximately equal proficiency in their two languages

(Bialystok, 2001). Although alternatively, language competency levels and balance
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could be controlled by covarying the vocabulary scores of both language groups in
monolingual-bilingual analyses.

However, the proposal that monolingual-bilingual comparisons should avoid
differences in language levels is simply put forward as a recommendation to enable
investigators to uncover optimum performance from bilinguals. Discovery that
unbalanced bilinguals who are weaker in their second language or even their first
language compared to monolinguals, could demonstrate equal or even superior task
performance comparative to their monolingual counterparts would confer an even

greater advantage to the effect of bilingualism.

7.2 Comparison of the language skills of monolingual and bilingual children

It has been suggested that bilingual children might be expected to demonstrate
advanced CU compared to their monolingual counterparts. However this expectation
of linguistic superiority is in stark contrast to earlier findings reviewed by Diaz (1983)
which indicated that, compared to monolinguals, bilingual children possessed an
impoverished vocabulary (Barke & Perry-Williams, 1938), demonstrated inadequate
articulation (Carrow, 1957) and weaker writing skills (Harris, 1948). Indeed Bialystok
(2001) observes that Macnamara (1966) attempted a very basic form of “meta-
analysis” on studies of bilingual language development, from which he concluded that
language development suffered as a result of bilingualism.

However, Bialystok points out that earlier research and Macnamara’s analysis
can be criticised on both methodological grounds (which Macnamara himself
concedes) and conceptual grounds. With regards to the latter point, Bialystok suggests
that bilinguals often encounter a fractionation of social contexts in accord with

language exposure, as when a child is exposed to one language at home and in the
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community but is exposed to a different language in school. She argues that this
contextual differentiation leads to discrepancies in the way a bilingual’s language is
used, supported and so develops, both in relation to their other language and in
relation to the language of a monolingual. Thus, skills in the bilingual’s different
languages are not comparable and neither should they be directly contrasted with the
skills of a monolingual. A monolingual in one of the bilingual’s languages is likely to
have used that language in multiple additional contexts to the bilingual, e.g., not just
at home, but also in school and at church. He or she might have also received support
for this language from additional sources not available to the bilingual, e.g., not just
from parents but also from their teachers, friends and from watching television. The
monolingual is thus likely to have developed the language in an alternative manner to
the bilingual.

In contrast to earlier studies, more recent evidence has indicated the absence
of a bilingual-monolingual difference and even a slight bilingual advantage in basic
language abilities. For example, Pearson, Fernandez, and Oller (1993) reported no
significant difference between the total production vocabulary expressed by 8-30
month old Spanish-English bilinguals and age-matched Spanish and English
monolinguals. Furthermore, these bilingual toddlers were found to demonstrate
enhanced receptive vocabulary. Moreover, a wealth of studies have actually revealed
a bilingual metalinguistic superiority.

Metalinguistic awareness denotes the ability to “objectify” language
(Cromdal, 1999). It requires speakers and listeners to “look af language rather than
through it to the intended meaning” (Cummins, 1978, p. 127, italics added) in order to
focus on the structure rather than the communication. Bialystok (2001) categorises

tasks assessing metalinguistic awareness into those that investigate “word awareness”
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involving the appreciation of words as basic units of meaning and an understanding of
how meaning is assigned to these words, “syntactic awareness” involving
grammatical knowledge and “phonological awareness” involving the appreciation of
component speech sounds and their function. Bialystok observes that bilinguals show
a degree of superiority on tasks from all of these categories. For example, Ben-Zeev
(1977) reported that Hebrew-English bilinguals between 5 and 9 years outperformed
monolingual English and Hebrew children of the same age on a symbol/word
substitution task, whilst Ricciardelli (1992) found that Italian-English bilingual 5- and
6- year olds had superior grammatical awareness to monolingual English children of
the same age. Feldman and Shen (1971) showed that Spanish-English bilingual 4-, 5-
and 6-year-olds were significantly better at symbol/word substitution than same-age
Spanish monolinguals, and the results of Galambos and Hakuta (1988) indicated that
the degree of bilingualism demonstrated by Spanish-English bilinguals aged between
5- and 13-years-of-age was related to their ability to detect ambiguity and
grammatical errors. Furthermore, Galambos and Goldin-Meadow (1990) discovered
that Spanish-English bilinguals aged between 4 and 8 years were better at noting
grammatical errors than same-age Spanish monolinguals and were more proficient at
correcting grammatical errors than same-age Spanish and English monolinguals and
Campbell and Sais (1995) demonstrated that bilingual Italian-English 4-year-olds had
an advantage over same-agé. English monolinguals on a phoneme deletion task and on
a phoneme categorisation task. In addition, Yelland, Pollard, and Mercuri (1993)
produced evidence that English Italian bilinguals aged between 4 and 8 years had a
significantly greater ability to analyse the physical structure of words than same-age
monolingual English children. However, Bialystok notes that the bilingual advantage

evidenced in all of these tasks is not all encompassing. Bialystok claims that the
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specific nature of the metalinguistic tasks used determines the outcome of bilingual-
monolingual performance comparisons.
7.3 Executive functioning and bilingualism

Bialystok (2001) uses an “analysis-control” processing framework to describe
the demands of metalinguistic tasks and to differentiate those tasks on which
bilinguals reveal an advantage. She defines “analysis” as the ability to form mental
representations of a subject, whether in the form of a concrete situation or event or
presented as a set of abstract rules or hypotheses. “Control” is conceptualised as the
EF ability to direct consideration of, or selectively attend to, such representations
enabling focused processing of particular aspects of these mental knowledge
structures. Bialystok notes that all tasks will involve both analysis and control
processes to a degree but observes that tasks which primarily assess knowledge, such
as basic grammatical judgement tasks which examine appreciation of grammatical
rules, emphasise the analysis component. She considers that tasks which primarily
assess the ability to ignore familiar but irrelevant cues, such as conventional word
meanings in arbitrary word substitution tasks, emphasise the control (EF) component.

Consideration of bilingual-monolingual performance comparisons reported in
the literature, acroés tasks conceptualised in terms of their relative analysis-control
demands, led Bialystok to conclude that the bilingual advantage is restricted to tasks
emphasising processing control/EF. As support, she further considers the effect on the
monolingual-bilingual performance comparison, of manipulating a single task so that
the demands for analysis and control are varied. She notes that in a typical
grammaticality judgement task, in which meaningful though often grammatically
incorrect sentences such as THE GIRL CHOCOLATE BAR ATE THE are presented,

bilingual and monolinguals improve at the same rate, in accordance with their level of
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literacy (Bialystok, 1986). Since such a task primarily assesses knowledge of
grammar, it can be considered high in demand for analysis, its low involvement of
distracting cues, limiting its demands for processing control.

However, Bialystok (2001) notes that when the sentences used in the task
become non-sensical, as in THE GIRL RED SHOE ATE THE, bilinguals demonstrate clear
superiority (Bialystok, 1986). Although the analysis requirements of these task
sentences are still high, the incorporation of contextually inappropriate and therefore
distracting words raises the control (EF) demands to a similar elevated level.
Bialystok (2001) uses this finding to support her suggestion that is the ability of
bilinguals to control their processing, that differentiates their metalinguistic
performance from that of monolinguals, not their ability to represent knowledge,
which she claims is similar across groups.

Further evidence supports the proposal that the bilingual processing advantage
promotes control of attention (EF), but leaves their ability to represent information at
a monolingual level. Bialystok and Senman (2004) gave an appearance reality task to
monolingual English 4- and 5-year-olds and same age bilinguals from a variety of
native language backgrounds (e.g. Armenian, Filipino, Hebrew, Russian, Tagalog,
Spanish, Arabic, African, Chinese, Somali, Hungarian, Polish, Persian, Mandarin and
French) who spoke English as a second language. They found that there was no
difference between the ability of monolinguals and bilinguals to appreciate the
appearance of task items, indicating a similar ability to represent knowledge.
However, bilinguals appeared to be better able to inhibit the deceptive appearance
information to enable identification of the true character of the stimuli, once
differences between the language proficiency of the two groups was taken into

account.
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Similarly, Bialystok and Martin (2004) gave four DCCS tasks to Chinese-
English bilingual 3- and 4-year-olds and same-age English monolinguals. Consistent
with a bilingual advantage in shifting EF, bilinguals outperformed the monolinguals
on two standard tasks which assessed the ability to shift between basic perceptual
representations of the images on the target and sorting cards, such as shape, colour
and object. However, there was no difference between the performance of the
bilingual and monolingual groups on two modified versions of the task which
required children to shift between more complex semantic representations of card
images, such as function, location, kind and place. If bilinguals have superior
representational abilities, their performance advantage should have carried over to the
complex representation tasks. However, the greater representational demands of these
tasks appeared to have reduced bilingual performance levels to those produced by'
monolinguals. This indicates that the facilitatory effects of bilingualism apply to
shifting EF abilities but may not extend to representational power.

Bialystok, Martin, and Viswanathan (2005) note evidence indicating that both
of a bilingual’s language systems remain active during processing in either language
(Chen & Ho, 1986; Dijkstra, Grainger, & Van Heuven, 1999; Gollan, Forster, &
Frost, 1997). For example, Chen and Ho (1986) demonstrated that bilinguals take
longer than monolinguals to identify in one language the colours of the ink uéed to
write conflicting colour words in a colour stroop task, despite the fact that the
conflicting words they need to ignore are written in their other language. The “naming
cost” indicates active interference from, and hence processing of, the other language
despite its irrelevance to the task set.

Bialystok et al. (2005) suggest that the constant threat to processing in one of a

bilinguals’ languages from intrusion of processing in their other language requires
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bilinguals to actively inhibit the irrelevant language. This process serves to enhance
their inhibitory ability. Consistent with this proposal, Bialystok (2009) notes that
neuroimaging studies (Hernandez, Dapretto, Mazziotta, and Bookheimer 2001;
Rodriguez-Fornells et al., 2005) reveal the activation of frontal brain regions which
are commonly associated with EF activity in bilinguals when they switch or select
between their languages.

Bialystok (2009) considers that Abutalebi and Green’s (2007) model of brain
network connections engaged in bilingual language production is a plausible account
of the way in which the bilingual EF advantage might arise. In this model, there is a
network involving various parts of the brain, such as the prefrontal cortex, anterior
cingulate cortex, inferior parietal region and basal ganglia, which are involved in
bilingual language processing. However, Bialystok notes that these networks are not
solely devoted to language processing and also play a role in non-linguistic
processing. She suggests that, when bilinguals are required to select between their
languages, it is not just brain regions specialized in language production, such as
Broca’s area, which are involved. Areas dedicated to conflict resolution, such as the
dorsolateral prefrontal cortex and anterior cingulated gyrus, are also activated. She
proposes that the linguistically motivated activation of conflict resolution areas in
bilingual language selection, in addition to the standard applications observed in
monolinguals, effectively “trains” bilinguals’ EF resources, enhancing their
application.

Emmorey, Luk, Pyers, and Bialystok (2008) demonstrated that enhanced EF in
bilingualism arises from selecting between competing language systems rather than
the act of selection itself. Emmorey et al. used flanker tasks to compare the EF

performance of monolinguals, bilinguals whose two languages were spoken, and
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bilinguals who used one spoken and one signed language. The premise was that
signed and spoken languages were not mutually exclusive, using two different forms
of production and so enabling simultaneous usage, reducing the conflict involved in
language selection. It was expected that the reduced conflict experienced by
bilinguals using both signed and spoken languages would prevent EF training effects,
removing the EF superiority for this bilingual group. However, it was anticipated that
this EF advantage would remain for bilinguals whose two languages were spoken,
preventing simultaneous production. The mutual exclusivity experienced by this latter
group of bilinguals was expected to promote conflict resolution, resulting in EF
training effects. Indeed, as expected, the EF performance of the spoken and sign
bilingual group did not differ from that of the monolingual group, whilst the bilingual
group whose two languages were spoken demonstrated the standard bilingual EF
advantage.

However, Bialystok points out that the bilingual EF superiority is not just
attributable to the enhancement of standard mechanisms of control. She notes the
observation of Bialystok et. al. (2005) that the enhanced performance of bilinguals in
a Simon EF task was attributable to their additional activation in the language
specialised region: Broca’s area. Thus, the bilingual EF advantage is attributable to
“both more resources (Broca’s area) and more efficient resources (other frontal
regions)” (Bialystok, 2009, p.8).

The bilingual enhancement of non-linguistic specific frontal region sources of
EF and supplementary application of the typically linguistic-specific Broca region to
non-linguistic EF tasks, provides accommodation for findings indicating that the

bilingual advantage in control extends beyond the linguistic domain. For example,
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Bialystok and Codd (1997) reported that bilingualism promoted the application of
control to quantification tasks. Bilingual children aged 4 and 5 years who spoke
fluent English as well as one of a variety of additional languages performed better
than same age English monolinguals, in a control-rich element of the Towers task.
The bilingual children were better able to ignore deceptive perceptual cues to
quantity, and instead counted individual component blocks of each tower, enabling
more accurate identification of the towers with the greatest number of blocks.

A bilingual control advantage can also be linked to benefits in spatial
awareness. Bialystok and Majumder (1998) found that 7- to 9-year-old French-
English bilinguals outperformed same-age English monolinguals on the Block Design
task (Weschler, 1974), which requires control of attention to individual marked blocks
rather than the whole pattern they create when placed together. Bilingual children
have also been found to demonstrate enhanced performance relative to the
monolinguals, on the Water Levels Task (Piaget & Inhelder, 1956) which assesses
appreciation that the water level axis observed when the liquid is enclosed ina
container is determined by the horizontal base on which the container is placed, rather
than the base of the container itself.

The enhanced bilingual performance on the appearance-reality task reported
by Bialystok and Senman (2004), which requires control of attention away from the
form of items, and revealed by Bialystok and Martin (2004) on the DCCS, which
requires control of attention directed towards sorting dimensions (see p258-259)
provide additional evidence that bilingualism promotes the application of control to
the non-linguistic domains of object identification and categorisation respectively.

Bilingual superiority in executive control also may have a facilitating effect on

visual perception. Bialystok and Shapero (2005) found that bilingual 6-year-olds who
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spoke English at school but used another language such as French, Korean, Chinese,
Russian or Spanish, at home, were better able to make out the alternative image in a
reversible figure, than same-age English monolinguals. Viewing the alternative figure
requires exertion of control to direct attention away from the obvious image in search
of another figure.

Feng, Diamond, and Bialystok (2007) demonstrated an additional bilingual
benefit for non-linguistic control manifest in memory updating. Children were
presented with 9 squares set out in a 3 x 3 matrix and were then shown a series of
sequences in which individual squares were marked one at a time. The children were
told that the markings reflected the jumps of a frog moving from one pond (square) to
another, and were asked to remember these jumps. They were then asked to recall
these jumps either in the order in which they were made (assessing basic short-term
memory) or according to some ordering rule (assessing the ability to manipulate
information held in memory/updating), such as one requiring identification of the
squares jumped on whilst moving from left to right in each row, and from the top row
to the bottom row. Feng et al. reported that there was no difference between the
ability of bilingual and monolingual children to recall jumps made in the order they
were made. However, they found a bilingual advantage for memory updating based
on children’s recall manipulated according to ordering rules.

Martin-Rhee and Bialystok (2008) refined current understanding of the
bilingual EF advantage by demonstrating that bilingual superiority was not
generalised across inhibitory control tasks. They looked at the inhibitory performance
of 4- and 8-year-old English speaking bilinguals who also spoke either French,
Chinese, Spanish, Russian or Hebrew. Martin-Rhee and Bialystok found that these

bilinguals outperformed same-age English monolingual children on Simon tasks
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requiring suppression of attention to irrelevant cues such as location in space, to
enable focus on relevant cues such as colour. However, this bilingual advantage was
not found to extend to performance on “opposite” tasks which required suppression of
pre-potent responses such as standard labelling of a cat, to enable novel conflicting
responses such as labelling the cat as a “dog”. Martin-Rhee and Bialystok used these
findings to argue that the bilingual advantage applied to inhibition of interference but
not inhibition of responses.

Whether, the superior control ability of bilinguals can be interpreted in terms
of socioeconomic status (SES) or cultural differences in communication sensitivity is
controversial. Morton and Harper (2007) suggested that differences in SES associated
with bilingualism and monolingualism might account for variation in control
proficiency, rather than the number of languages children have been exposed to.
Children from backgrounds of high SES had previously been found to demonstrate
enhanced EF relative to children from backgrounds of low SES (Mezzacappa, 2004).
Furthermore, Morton and Harper pointed out that previous studies appearing to reveal
a bilingual advantage in control ability, neglected to consider the influence of SES on
their data. Therefore, Morton and Harper recruited English monolingual and English-
French bilingual 6- and 7-year-olds from very similar ethnic and SES backgrounds,
and investigated language group differences in performance on the Simon EF task.
Morton and Harper found no difference in the control ability of the two groups.
Furthermore, Morton and Harper found that SES was significantly related to control
competence within their sample.

However, Carlson and Meltzoff (2008) have since reported evidence of a
bilingual superiority in control ability when SES has been taken into accouﬁt. They

compared the control abilities of 4-, 5- and 6-year-olds who had been classified as
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either monolingual English with only minimal exposure to a second language, English
dominant but belonging to an immersion group with 6-months experience of either
Spanish or Japanese instruction, or bilingual since birth: Spanish-English. Like
Martin-Rhee and Bialystok (2008), Carlson and Meltzoff sought to provide
elucidation of the bilingual superiority in control. They wanted to investigate whether
this bilingual advantage extended beyond control in the cognitive domain, to include
motor control. Carlson and Meltzoff were interested in whether the bilingual
advantage in command over cognitive focus, as required in the DCCS task for
example, was mirrored by superior management of motor behaviours, as would be
required if a child was rewarded for not opening a present immediately.

Carlson and Meltzoff (2008) initially found no significant difference between
the control ability of any of the language groups. However, when the significantly
lower SES and verbal ability of the bilingual group was taken into account, the
" cognitive control ability of the bilingual group was significantly enhanced relative to
the monolingual and immersion groups. When SES and verbal ability was covaried,
there was no significant difference between the control ability of the immersion and
monolingual groups. The bilingual superiority remained however, even when the
significantly higher value attributed to obedience by the parents of the bilingual
children, was taken into account. Furthermore, in concordance with the findings of
Martin-Rhee and Bialystok (2008), Carlson and Meltzoff reported that the bilingual
advantage in control was restricted to tasks requiring cognitive control. Bilinguals did
not demonstrate enhanced performance relative to the monolingual or immersion
groups on tasks requiring motor control.

Evidence thus appears to indicate that bilinguals do demonstrate enhanced EF

and that this ability is not restricted to linguistic specific tasks but can be applied to
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other quite disparate domains such as those of visual perception and quantification.
However, this enhanced control does not appear to be manifest in the physical realm,

seeming to confine itself to cognitive control.

7.4 Aim (;f Experiment S

Studies suggest that bilinguals indeed demonstrate sensitivity to the
communicative context from an early age. Genesee, Nicoladis and Paradis (1995)
reported that 2-year-old French-English bilinguals used more of their mother’s native
language with their mothers and more of their father’s native language with their
fathers, even when both parents were present and were using both distinct languages
with their children. Furtﬁer, Genesee, Boivin, and Nicoladis (1996) found that this
accommodation effect extended to monolingual French or English strangers.

Moreover, a few sfudies have indicated that bilinguals demonstrate superiority
in CU tasks. Genesee, Tucker, and Lambert (1975) reported that when asked to
explain a game to blindfolded participants, bilingual English-French 5- to 7-year-olds
made more reference to (unseen) materials involved (e.g. “there is a die”) indicating
their appreciation of the use of visual context when interpreting instructions, than
same age monolinguals. Also, Doyle, Champagne and Segalowitz (1977) reported
that French-English bilinguals demonstrated greater story-telling fluency than
monolinguals, indicating an enhanced ability to consider linguistic context effects.
However, the two studies cited above are around 30-years-old, with the bilingual
status of children in the Genesee et al. (1975) study not even clear, presumed on the
basis of inclusion in an immersion program, but lacking verification from

consideration of language proficiency levels.
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More recently, Siegal, lozzi, and Surian (2009) found that bilingual Italian-
Slovenian 4-, 5- and 6-year-olds attained significantly higher CVT scores than Italian
and Slovenian monolinguals of the same age. Moreover, this bilingual superiority
effect was found despite the fact that both monolingual groups demonstrated greater
language proficiency on picture vocabulary tasks. However, although Siegal et al.
also looked at the effect of bilingualism on EF, they found no evidence that access to
two languages conferred an advantage on inhibitory EF ability, as assessed using the
Day-Night task (Gerstadt, Hong, & Diamond, 1994), and found that both bilinguals
and monolingual Slovenians demonstrated greater shifting EF, measured using the
DCCS (Zelazo, 2006), than monolingual Italians. There was no significant difference
in the shifting EF ability of the bilinguals and rhonolingual Slovenians. Furthermore,
the bilingual advantage in CVT performance remained when DCCS performance
taken into account, indicating that the bilingual superiority in CU was not attributable
due to their enhanced EF abilities on this measure.

A bilingual advantage on the CVT could reflect an enhanced representational
skill, arising from the ability to conceive/represent the same concepts in two different
language forms. This might promote perception of language as a mere representation
of meaning, and so enable earlier ability to represent context as additional evidence
relevant to the meaning of communication. However, findings which indicate that the
bilingual advantage does not extend to representational abilities (Bialystok &
Senman, 2004; Bialystok & Martin, 2004) suggest this explanation is unlikely. There
is thus the need for further investigation into the relationships between bilingualism,
EF and CU.

Alternatively, a bilingual advantage on the CVT might result from their

possession of enhanced ToM rather than enhanced EF per se. As argued in Section
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1.6, CU requires appreciation of communicative intentions, and intentions are a type
of mental state, so CU would seem to require ToM competence. Furthermore, Goetz
(2003) and Kovacs (2008) reported that 3- and 4-year-old Mandarin-English
bilinguals and 2- and 3-year-old Romanian-Hungarian bilinguals demonstrated
superior ToM skills to same age monolingual children in these languages, consistent
with a ToM account of bilingual CU advantage. However one could question, as
Goetz does, the mechanism promoting precocious ToM development in bilinguals.
Goetz’s consideration of enhanced representational ability (enabling conception of the
representational nature of mental states) would appear undermined by studies
mentioned above, which indicate that the bilingual advantage does not extend to
representational abilities. Her suggestion that early pragmatic sensitivity to the
linguistic knowledge of others stimulates more general appreciation of the potential
for conflicting mental representations, attributes enhanced ToM skills to early CU
competence in the first place, failing to provide a ToM account of initial pragmatic
advantage. However, Goetz also considers whether enhanced EF promotes ToM
appreciation, by enabling inhibition of automatic behaviour processing biases. Such
an account would in fact seem to be consistent with an EF model of cu development,
" where these processing biases would appear to be directed at the interpretation of
linguistic behaviour.

The purpose of Experiment 5 was to examine whether the EF superiority of
bilingual children confers an advantage to their CU. More specifically, Experiment 5
was conducted to investigate the effect of bilingualism upon performance on the CVT
and EF ability, and to examine the relationship between EF and CVT proficiency. EF
ability was assessed in terms of performance on the Frog-Simon inhibitory task and

the Dibbets updating task which had both been previously used in Experiments 2 and
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3, and the DCCS shifting task which had previously been employed in Experiments 3
and 4. The bilingual population consisted of 4- and 5-year-olds who were bilingual in
Italian and English, having been exposed to English mainly in their school context.
Their performance was compared to that of age-matched monolingual English
children.

In line with previous evidence of a bilingual advantage in EF and CU, it was
hypothesised that the bilingual children would demonstrate enhanced performance on
the one or more of the EF tasks and on the CVT compared to the group of
monolingual English children. Furthermore, in accordance with the masked
competence model of CU development, it was predicted that performance on one or

more of the EF tasks would predict performance on the CVT.

7.5 Method
* Participants. Bilinguals: These were 19 children aged between 48 and 66

months (M: 58.42 months, SD: 5.24.months). The children attended an English
Instruction International school in Trieste, Italy. These children were predominantly
white and middle class and spoke Italian as their first language. None were known to
have any specific language impairment. All had Italian-speaking parents and had been
exposed to English as a second language through the school environment. Two other
children were excluded, both of whom were aged 60 months. These were an
Australian boy who had English-speaking parents and had been exposed to Italian
outside the home and a native Italian who was unable to follow English instructions.

English Monolinguals: These consisted of 19 native-born English participants
with English-speaking parents and living in England, reflecting the same proportion

of 4- and 5-year-olds found in the bilingual/second language exposed group (M: 62.68
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months, SD: 6.31 months). These children were predominantly Caucasian and middle
class and spoke only English. None were known to have any specific language
impairment.

Procedure. All children were tested individually in a quiet area of their school.
The bilingual participants completed seven tasks: two CVTs - one in English and the
other in Italian, two picture vocabulary tasks - one in English (BPVS) and the other in
Italian (IPVS: Dunn & Dunn 2000), and three EF tasks — the Frog Simon Inhibition
task, the DCCS shifting task and the Dibbets updating task. The experimenter
providing instruction for the Italian CVT and the IPVS was an Italian native-speaker
who introduced these tasks to the bilinguals in Italian. All other tasks were presented
in English by an English native-speaking experimenter. English monolinguals
completed all of the tasks presented to the bilinguals with the exception of the Italian
CVT and IPVS. All tasks were presented to the English monolinguals in English by
the same native-speaking English experimenter who had worked with the bilingual
group.

Testing was conducted over the course of three sessions for the bilingual
group and two sessions for the English monolingual group. Each session lasted
between approximately 10 and 20 minutes. The first session commenced witha CVT
followed by a picture vocabulary task in the corresponding language. For the bilingual
group the language of the CVT and picture vocabulary task used in this session was
counterbalanced. The second session, was used to present the Frog Simon Inhibitory
task, the DCCS shifting task and the Dibbets Updating task, in that order. The third
session, given only to the bilinguals, was used to present the CVT and picture

vocabulary task in the language not received in the first session.
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CVTs. The English version was identical to the CVT presented in Experiment
3 (see Section 5.2). The Italian CVT used the same puppet scenario as the English
CVT, and was almost an exact Italian translation, with the exception that three items
had been modified slightly to accommodate the different cultural background of the
Italian children. For example, in response to the question: “What do you usually have
for lunch?” the response given to the English monolinguals of “A sandwich” was
replaced with “Pasta” (see Appendix XII).

Picture Vocabulary Tasks. The BPVS was used to assess picture vocabulary
scores (PVS) in English. The Italian Picture Vocabulary Scale (IPVS) was used to
assess Italian PVS.

Frog Simon Inhibitory EF Task. This was identical to the task used in
Experiment 2 (see Section 4.2). No child failed to respond correctly to the first two
slides.

DCCS Shifting EF Task. This was identical to the task used in Experiment 1
(see Section 3.2). No child failed to sort 5 cards correctly in the pre-switch phase.

Dibbets Updating EF Task. This was based on the training task used in
Experiment 2 (see Section 4.2). However, two modifications were introduced. First,
training scores in Experiment 5 were based on the classification of children with
regards to the three performance categories used to identify those who were suitable
to move onto the switch test trials in Experiment 2. Thus, in Experiment 5 children
were awarded points on the basis of having achieved a poor, intermediate or good
level of updéting training. This contrasts with the less finely differentiated training
score scheme used in Experiment 2 in which children were awarded points on the
basis of having achieved either weak or strong updating training. Second, the criterion

used to distinguish children in the “Good Level of Updating Training” category from
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children in the “Intermediate Level of Updating Training” category, was deemed as
the ability to correctly identify the location of the kitten on 8 rather than the original 7
consecutive trials. This was for ease of scoring. Children who were classified as
belonging to the “Good Level of Updating Training” category, were assigned a score
of 3. Children belonging to the “Intermediate Level of Updating Training” category
were assigned a score of 2 and children in the “Poor Level of Updating Training”

category were assigned a score of 1.

7.6 Results
Score means and standard deviations are presented in Table 7.1. As has often
been observed, the bilingual children’s vocabulary scores in both of their languages

lagged behind those of the monolingual group.

Table 7.1: Mean scores and standard deviations achieved for all of the tasks given to the monolingual

English children and Italian-English bilingual children in Experiment 5.

Italian-English English
bilinguals monolinguals
No. of children 19 19
Age in months 58.42 (5.24) 62.68 (6.31)
British PVS standard scores 76.95 (11.02) 108.95 (12.04)
Italian PVS standard scores 86.26 (12.08) -
English CVT/25 14.58 (3.86) 18.53 (4.13)
~ Italian CVT/25 17.42 (2.99) -
DCCS shifting EF/6 4.37 (2.61) 5.42 (1.47)
Frog-Simon Inhibitory EF/20 18.05 (1.31) 17.32 (2.14)
Dibbets updating training EF/3  1.89 (0.99) 2.26 (0.99)

Note: PV S=Picture Vocabulary Scores; CVT=Conversational Violations Task; DCCS=Dimensional
Change Card Sort Task; EF=Executive Functioning.
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Relationship between language group and CVT competence: Native language CVT
The effect of language group on native language CVT performance was
investigated by comparing the native language CVT scores of the Italian-English
bilingual children with those of the monolingual English children. Preliminary t-tests
revealed significant differences between the language groups in both age, t(36) =
2.266, p<0.05 and standardised native language PVS, (36) = 5.797, p<0.001. The
English monolingual children were significantly older and had significantly greater
native language PVS than the Italian-English bilingual children. Thus, both age and
native language PVS were covaried out of analyses focusing upon language group
differences in native language CVT performance. A 2 (language group: Italian-
English bilingual children vs. English monolingual children) X 5 maxim (First
Quantity vs. Second Quantity vs. Quality vs. Relation vs. Politeness)‘ANCOVA,
covarying out age in months and native language PVS, was conducted to assess native
Janguage CVT performance (see Table 7.2 for mean CVT scores and standa;d
deviations for the language groups across maxims). Although the main effect of
language group was not significant, F(1, 178) = 1.573, p>0.20, there was a significant
main effect of maxim, F(4, 178) = 3..785, p<0.01. Performance on CVT items
reflecting the maxims of Quality, Relation and Politeness appeared to be greater than
performance on items reflecting the maxims of First and Second Quantity, although
performance for all maxims was above chance (t’s>4.275, p’s<0.001). There was no
significant interaction between language group and maxim, F(4, 178) = 0.073,
p>0.90. Table 7.3 reports the summary data for this analysis and Table 7.4 reports the
estimated marginal means and standard errors of CVT scores for the language groups

across maxims when the effects of age and native language PVS were taken into

account.
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Table 7.2: Mean maxim scores and standard deviations for the Italian-English bilingual and English

monolingual children.
Italian-English Italian-English English
bilingual children: bilingual children:  monolinguals:
English CVT Italian/Native CVT  English/Native
CVT
First Quantity  2.47 (1.07) 3.26(1.28) 3.42 (1.17)
Second Quantity 2.74 (1.37) 3.05(0.78) 3.32(0.89)
Quality 13.05(0.91) 3.68 (1.11) 3.79 (1.36)
Relation 3.11 (1.24) 3.68(1.11) 4.00 (0.88)
Politeness 3.21 (1.27) 3.74 (0.81) 4.00 (1.16)

Table 7.3; Summary table for the 2 (Language group: Italian-English bilingual children vs. English
monolingual children) x 5(Maxim) analysis of covariance of native language CVT scores partialling

out the effects of age and standardised native language PVS.

Source ’ SS df MS F p Partial Eta’
Within 173.650 178 0.976

Age covariate 31.031 1 31.031 31.809 0.001 0.152
Native PVS covariate 1.543 1 1.543 1.582 0.210 0.009
Language group 1.535 - 1 1.535 1.573 0.211 0.009
Maxim 14.768 4 3.692 3.785 0.006 0.078
Language group X maxim  0.284 4 0.071 0.073 0.990 0.002
(corrected model) 50.145 11 4559 4.673 0.001 0.224
(corrected total) 223.795 189
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Table 7.4: Estimated marginal mean native language CVT maxim scores and standard errors for the
Italian-English bilingual and English monolingual children, when the effects of age and native

language PVS had been taken into account.

Italian-English English
bilingual children:  monolinguals:
Italian/Native CVT  English/Native

CVT
First Quantity 3.50(0.24) 3.18(0.24)
Second Quantity 3.29(0.24) 3.08(0.24)
Quality 3.92(0.24) 3.55(0.24)
Relation 3.92(0.24) 3.76(0.24)
Politeness 3.98(0.24) 3.76(0.24)

Relationship between language group and CVT competence: English language CVT
The effect of language group on English CVT performance was investigated
by comparing the English CVT scores of the Italian-English bilingual children with
those of the monolingual English children. Preliminary t-tests revealed significant
differences between the language groups in standardised English PVS scores, (36) =
8.545, p<0.001. English monolingual children had significantly greater English PVS
than Italian-English bilingual children. Thus, both age and English PVS were
covaried out of analyses focusing upon group differences in performance on the
English CVT. A 2 language group X 5 maxim ANCOVA, covarying out age
and English PVS was conducted to assess performance on the English CVT (see
Table 7.2 for mean CVT scores and standard deviations for language groups across
maxims). Although there was no significant main effect of language group, F(1, 178)
= 0.363, p>0.50, the main effect of maxim was significant, F(4, 178) = 3.270, p<0.05.
Consistent with the analysis of performance across maxims for the native language
CVT, performance on English CVT items reflecting the maxims of Quality, Relation

and Politeness was greater than performance on items reflecting the maxims of First
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and Second Quantity. As with the results on native-language CVT scores,
performance was above chance for all maxims (£'s>2.285, p’s<0.05), and there was
no interaction between language group and maxim, F(4, 178) = 0.183, p>0.90. Table
7.5 reports the summary data for this analysis and Table 7.6 reports the estimated
marginal means and standard errors of CVT scores for the language groups across

maxims when the effects of age and English language PVS were taken into account.

Table 7.5: Summary table for the 2 (Language group: Italian-English bilingual children vs. English
monolingual children) x 5(Maxim) analysis of covariance on English language CVT scores partialling

out the effects of age and standardised English language PVS.

Source SS df MS E p Partial Eta’
Within 191.534 178 1.076
Age covariate 23.529 23.529 21.867 0.001 0.109

1
English PVS covariate 9.794 1 9794 9.102 0.003 0.049
Language group 0.390 1 0390 0363 0.548 0.002
Maxim 14.074 4 3.518 3270 0.013 0.068
4 0.197 0.183 0.947 0.004
(corrected model) 89.145 11 8104 7531 0.001 0.318

(corrected total) 280.679 189

Language group X maxim  0.789

Table 7.6: Estimated marginal mean English language CVT maxim scores and standard errors for the
Italian-English bilingual and English monolingual children, when the effects of age and English
language PVS had been taken into account.

Italian-English English

bilingual children:  monolinguals:

English CVT English CVT
First Quantity ~ 2.95(0.26) 2.95(0.26)
Second Quantity 3.21(0.26) 2.84(0.26)
Quality | 3.53(0.26) 3.32(0.26)
Relation 3.58(0.26) 3.53(0.26)

Politeness 3.68(0.26) 3.53(0.26)
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Relationship between language group and EF ability

The effect of language group on EF ability was examined by comparing the
EF scores of the Italian-English bilingual children with those of the monolingual
English children. Previous t-tests had established significant differences between the
language groups in both age and standardised English PVS scores. Language group
differences in English, but not native language, PVS scores were considered in
regards to EF analyses because the EF tasks were all presented in English.
ANCOV As were therefore performed on scores in the EF tasks, partialling out age
and English PVS. The ANCOVA on scores in the DCCS shifting EF task revealed
that although the bilinguals tended to perform better than the monolinguals on the
DCCS shifting task when the effects of age and English PVS were controlled, the
effect of language group was just below significance, F(1,34) = 3.408, p<0.08. Table
7.7 reports the summary data for this analysis and Table 7.8 reports the estimated
marginal means and standard errors of DCCS scores for the language groups when the

effects of age and English language PVS were taken into account.

Table 7.7: Summary table for the 2 (Language group) analysis of covariance on DCCS scores
partialling out the effects of age and standardised English language PVS.

Source SS af  MS E p Partial Eta’
Within 118.846 34  3.495

Age covariate 0.022 1 0.022 0.006 0.937 0.000
English PVS covariate 39.655 1 39.655 11.345 0.002 0.250
Language group 11913 1 11.913 3.408 0.074 0.091
(corrected model) 52733 3 17.578 5.029 0.005 0.307

(corrected total) 171.579 37
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Table 7.8: Estimated marginal mean DCCS shifting EF, Frog Simon Inhibition EF and Dibbelts
updating EF scores and standard errors for the Italian-English bilingual and English monolingual

children, when the effects of age and English language PVS had been taken into account.

[talian-English English

bilingual children: monolinguals:

English CVT English CVT
DCCS shifting EF 5.87(0.61) 3.92(0.61)
FrogSimon inhibition EF 18.46(0.58) 16.91(0.58)
Dibbets updating EF 1.78(0.32) 2.38(0.32)

The ANCOVAs performed on scores attained in the Frog-Simon inhibition
and Dibbets updating EF tasks did not reveal a language group effect either, F(1,34) =
2.331, p>0.10, and F(1,34) = 1.128, p>0.20 for the inhibition and updating EF tasks
respectively. Table 7.8 reports the estimated marginal means and standard errors of

inhibition and updating scores for the language groups when the effects of age and

English language PVS were taken into account.

Relationship between EF ability and CVT competence

Table 7.9 presents correlations found between task scores for all 38 children
when both tasks had been given to the bilingual and monolingual children, and for 19
children when only one of the language groups had received both tasks. Performance
on the FrogSimon inhibition EF task was not found to be related to performance on
either the English CVT (r=-0.118, p>0.20) or the Italian CVT (r=-0.037, p>0.40).
Similarly, performance on the Dibbets updating EF task was not found to be related to
cither English CVT scores (r=0.241, p>0.07) or performance on the Italian CVT
(=0.034, p>0.40). However, although there was only a very weak correlation
between DCCS shifting EF scores and performance on the Italian language CVT,

(r=0.050, p>0.40), there was a strong positive correlation between DCCS scores and
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performance on the English CVT (r=0.441, p<0.01). Further analyses revealed that
DCCS scores were also significantly positiQely correlated with performance on the
English PVS (r=0.488, p<0.01), and that there was a significant association between
English PVS performance and scores on the English CVT (r=0.590, p<0.01). When
English PVS scores were partialled out, the relationship between DCCS scores and

performance on the English CVT became nonsignificant (r=0.217, p>0.09).



Table 7.9: Intercorrelations for the the CVT and EF measures
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Age EnglishCVT  ItalianCVT EnglishPVS  ItalianPVS DCCS-EF  FrogSimon-EF  Dibtrain-EF
(months)

Age (months) -

EnglishCVT  0.619** -

ItalianCVT 0.478* 0.319 -

EnglishPVS 0.433** 0.590** 0.134 -

ItalianPVS -0.188 -0.096 -0.193 -0.387 -

DCCS-EF 0.202 0.441** 0.050 0.488** -0.250 -

FrogSimon-EF 0.036 -0.118 0.037 -0.078 0.308 -0.163 -

Dibtrain-EF 0.237 0.241 0.034 0.107 -0.192 0.218 -0.168 -

N.B. English CVT: Scores on the English CVT produced by English monolinguals and Italian-English bilinguals, Italian CVT: Scores on the Italian CVT produced by

Italian-English bilinguals, EnglishPVS: Standardised scores on the British Picture Vocabulary Scale produced by English monolinguals and Italian-English bilinguals, Italian

PVS: Standardised scores on the Italian Picture Vocabulary Scale produced by Italian-English bilinguals, DCCS-EF: Scores for the 2 box dimensional change card sort shift

EF task produced by English monolinguals and Italian-English bilinguals, FrogSimon-EF: Scores for the Inhibition EF task produced by English monolinguals and Italian-

English bilinguals, Dibtrain-EF: Scores for the Updating EF task produced by English monolinguals and Italian-English bilinguals. For underlined task score correlations,

n=19. For all other task scores n=38. *:Correlation is significant at the 0.05 level (1-tailed). **:Correlation is significant at the 0.01 level (1-tailed).
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Analysis of CVT data collected from the Italian-English bilingual children

To investigate whether the CVT scores of the Italian-English bilingual
children were affected by the first language in which they were tested, the task
language or individual maxims, a 2 (First test language: English vs. Italian) X 2 (CVT
language: English vs. Italian) X 5 (Maxim) ANOVA was conducted on the
performance of the bilingual children. The numbers of children were comparable
across first test language groups. Table 7.10 presents the mean maxim scores and
standard deviations associated with first test language and task language. The analysis
revealed a main effect of the first language in which a child was tested, F(1, 170) =
15.507, p<0.001. Children tested in Italian first attained significantly higher scores
than children tested in English first. A main effect of task language was also
uncovered, F(1, 170) = 9.943, p<0.01. As would be expected on the basis of their PVS
scores, children performed significantly better on the Italian CVT than on the English
CVT. In addition, there was a main effect of individual maxims, F(4, 170) = 3.365,
p<0.05. Although, a conservative Scheffe test performed to analyse the variations
between scores for the various maxims represented in the CVT, did not reveal any
significant differences between maxim pairs, all p’s >0.05.

However, the ANOVA further revealed that the main effects of first test
language and CVT language were subsumed by a significant first test language-CVT
language interaction effect, E(1, 170) =12.103, p<0.01 (see Figure 7.1). Children who
were tested in Italian first, performed significantly better on the English CVT than
children tested in English first, F(1,17) =21.534, p<0.001. By contrast, the English
CVT scores of children tested in Italian first, did not differ significantly from the
scores of children tested on the Italian CV'T, whether they were tested in Italian first,

F(1,14) = 0.016, p>0.90 or English first, F(1,17) = 0.236, p>0.60. First test language
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did not appear to affect performance on the Italian CVT, F(1,17) = 0.061, p>0.80. No

other interactions were significant. Table 7.11 reports the summary data for this

analysis.

Analysis of the Italian-English bilingual children’s PVS scores across languages
A paired-samples t-test revealed a significant difference in the standardised
PVS scores awarded to the Italian-English bilingual children in their different

languages t(18) =2.109, p<0.05. Scores were greater on the Italian PVS.
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Table 7.10; Mean maxim scores and standard deviations associated with first test language and task

language for the Italian-English bilingual participants

First test CVT language Maxim Mean score Number of
language and standard  participants
deviation
Italian Italian First Quantity 3.13 (1.73) 8
Second Quantity  3.00 (0.76) 8
Quality 4.00 (1.07) 8
Relation 3.88 (1.36) 8
Politeness 3.63 (0.74) 8
English First Quantity 3.00 (1.07) 8
Second Quantity  3.13 (1.36) 8
Quality 3.63 (0.74) 8
Relation 3.75 (1.58) 8
Politeness 4.38 (0.74) 8
English Italian First Quantity 3.36 (0.92) 11
Second Quantity  3.09 (0.83) 11
Quality 3.45 (1.13) 11
Relation 3.55 (0.93) 11
Politeness 3.82(0.87) 11
English First Quantity 2.09 (0.94) 11
Second Quantity  2.45 (1.37) 11
Quality 2.64 (0.81) 11
Relation 2.64 (0.67) 11
Politeness 2.36(0.81) 11
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Table 7.11: Summary table for the 2 (First test language: Italian or English) x 2(CVT language) x 5
(Maxim) analysis of variance on the CVT scores of the Italian-English bilingual children.

Source SS df MS F p Partial Eta’

Within 185.568 170  1.092

First test language 16.927 1 16.927 15.507 0.001 0.084

CVT language 10.854 1 10.854 9.943 0.002 0.055

Maxim 14694 4 3.674 3365 0.011 0.073
1

First test language x  13.212 13.212 12,103 0.001 0.066
CVT language

First test language x  2.820 4 0.705  0.646 0.630 0.015
Maxim

CVT language X 1.199 4 0.300 0275 0.894 0.006
Maxim

First test language x  4.315 4 1.079 0988 0.416 0.023
CVT language X

Maxim

(corrected model) 66.832 19 3517 3222 0.001 0.265
(corrected total) 252,400 189
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Figure 7.1: Mean Maxim Scores for Italian-English Bilingual Children across Alternative
First Test Languages and CVT Languages
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7.7 Discussion

This study was concerned with investigating the effects of bilingualism on CU
to determine whether a bilingual EF advantage would confer a corresponding CU
benefit. However, in contrast to expectations, and the findings of Feng, Diamond and
Bialystok (2007), Martin-Rhee and Bialystok (2008) and Carlson and Meltzoff
(2008), Italian-English bilingual 4- and 5-year-olds did not demonstrate significantly
greater updating, inhibitory or shifting EF ability compared to English monolinguals.
Furthermore, and also contrasting with expectations, and the findings of Siegal, lozzi

and Surian (2009), the bilingual children in Experiment 5 did not reveal a CU
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advantage. The bilinguals achieved CVT scores in both their native Italian language
and their second language of English, which did not differ significantly from the
English CVT scores of the English monolinguals when the effects of age and
language proficiency were taken into account.

In addition to the small sample size used, the uneven balance of the language
proficiencies of the bilingual children might be considered accountable for their lack
of CU advantage. Bilingual proficiency in Italian was significantly better than English
language proficiency, a consequence of the fact that the bilingual Italian children
participating in this experiment had only been exposed to English as a second
language for about a year. This group might thus more appropriately be labelled
“marginal bilinguals” a term borrowed from Yelland, Pollard, and Mercuri (1993).

It is notable that whilst bilingualism appeared to have a positive effect on
shifting EF in this study which was only just below significance, once the influences
of age and vocabulary were taken into account, it did not appear to confer even such a
slight benefit to either inhibitory or updating abilities. This result contrasts with
reports that bilingual children display enhanced performance on inhibitory tasks
(Martin-Rhee and Bialystok, 2008) and updating tasks (Feng et al. 2007). However, as
Morton and Harper (2007) argue, it is not actually clear that target language
production in bilingualism does place demands on and so consequently train,
inhibitory abilities, as Bialystok would suggest. Non-target language translation
equivalents promote target language picture naming relative to semantically unrelated
words (Costa, Miozzo, & Caramazza, 1999). Moreover, target language “tip of the
tongue™ phenomena and speed of picture naming are reduced for words with non-
target language translation equivalents relative to words lacking translation

equivalents in the non-target language (Gollan & Acenas, 2004; Gollan, Montoya,
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Fennema-Notestine, & Morris, 2005). These findings indicate that far from
introducing a competition for attentional resources, the presence of a non-target
language might facilitate allocation of attentional resources to the target language.
Indeed, Morton and Harper propose that the necessity of frequent shifting between
languages and the consequential training this could entail might be more responsible
for the enhancement of control typically demonstrated by bilinguals, a suggestion
which sits well with the enhancement, albeit non-significantly, of shifting ability
demonstrated by the bilinguals in the current study. This proposal is lent further
support by Kovécs and Mehler (2009) who report a bilingual shifting advantage for
children as young as 7-months-old. Both monolingual and bilingual Italian infants
learned to use auditory and visual cues to predict rewards on one side of a computer,
indexed by their eye-gaze fixation. However, only the bilingual infants were able to
shift their predictive focus when the cues switched to signal rewards on the other side
of the screen. A shifting benefit demonstrated at such a young age, provides an
indication that shifting plays a central role in the EF superiority of bilinguals.
However, the limited extent of bilingualism displayed by the bilinguals in this
study could be used to explain the absence of gains in inhibitory and updating abilities
for this group. Furthermore, it might be argﬁed that either inhibitory or updating EF
abilities, or both, play a central role in CU, so that the CU of the bilinguals would
have been enhanced had the degree of bilingualism afforded gains in one or both of
these EF abilities. However, the results of Experiment 3 indicate that it is shifting EF
and not inhibitory or updating EF that is related to CVT performance. Therefore, the
absence of a bilingual CU superiority would appear to be attributable to fact that the
bilinguals in this study did not demonstrate a significant shifting EF benefit.

Although a relationship was demonstrated between the shifting EF and CVT
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performance of 4- and 5-year-old English monolinguals in Experiment 3, a training
study which significantly improved the shifting abilities of 3- and 4-year-old English
monolinguals in Experiment 4 did not induce improvements in CVT performance.
Furthermore, Siegal et al. (2009) reported that covarying out the shifting EF ability of
the 4- to 7-year-old Italian-Slovenian bilinguals they tested, could not account for a
bilingual CVT advantage found, suggesting that the shifting ability of the bilingual
children was not responsible for their superior CU. However, a positive relationship
was demonstrated between shifting EF ability and CVT performance in Experiment 5.
It might thus be that had the bilingual’s shifting advantage in Experiment 5 been
significant, it would have conferred a corresponding CU advantage.

However, because the bilingual children in Experiment 5 were found to
demonstrate lower proficiency in English (the language in which the EF tasks were
presented) than the English monolinguals, English proficiency was covaried, along
with age, out of analyses examining the relationship between language groups and EF
scores. Indeed, prior to the partialling out of English proficiency, the bilinguals did
not even demonstrate a non-significant shifting benefit indicating the dependence of
this non-significant benefit on the partialling out of English proficiency. Furthermore,
English proficiency was also covaried out of an analysis examining the relationship
between language groups and English CVT performance. This analysis did not reveal
a bilingual CU superiority. However, whilst this could be attributable to the fact that
the bilingual advantage was not significant, it could also be due to the relationships
found between English language proficiency and both shifting EF and English CVT
performance.

Since CVT performance reflects CU, which is an aspect of linguistic

proficiency, the relationship between English PVS and English CVT scores is
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unsurprising. Furthermore, linguistic ability has been implicated in EF (Singer &
Bashir, 1999; Vygotsky, 1962). Thus the relationship found between English PVS
scores and shifting EF ability was also anticipated. Partialling out the effect of English
language proficiency from the correlation between shifting EF and English CVT
performance reduced the relationship from significance to non-significance. Thus it
would seem that English language proficiency was mediating the relationship between
shifting EF and English CVT performance in Experiment 5. Partialling out the effect
of English proficiency on English CVT performance, appeared to remove the
bilingual disadvantage of the non-native language format. However, it also appeared
to dissolve the relationship between shifting and English CVT performance, removing
the chance that even a significant shifting advantage revealed following the partialling
out of vocabulary ability would have been found to promote the English CVT
performance of the bilinguals.

However, having established that the bilingual CVT advantage they found
could not be attributed to enhanéed shifting EF abilities assessed using the DCCS,
Siegal et al. (2009) suggested that bilingualism might lead to the promotion of EF in
language-specific contexts, and that superior CVT performance might follow from
these language-exclusive EF gains. Siegal et. al. proposed that the early vocabulary
delay experienced in bilingualism, might lead to reliance on and consequential
promotion of a compensatory mechanism placing more focus on the communicative
context of language than typically demonstrated by monolinguals at this stage of
language development. Siegal et al. suggested that this mechanism would require and
so drive improvements in EF exerted in communicative situations, to enable attention
to be shifted from the inherent language-stage-appropriate focus on the message to the

communicative environment. It was argued that the promotion of such language-
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specific manifestations of EF would lead to improvements in CU resulting in gains in
CVT performance. Suggestions were made for future research to look at the
relationship between bilingual performance on language-focused EF measures such as
The Hayling Sentence Completion Task which requires participants to complement
sentence fragments using words unrelated to the given content, and CU tasks such as
the CVT.

There was a significant maxim effect in CVT performance across languages,
with children demonstrating superior performance on trials assessing appreciation of
the maxims of Quality, Relation and Politeness comparative to performance on trials
assessing appreciation of the maxims of First or Second Quantity on both English and
native CVTs. This pattern of performance is in concordance with the findings of
Siegal et al.’s Experiment 2, Surian, Baron-Cohen and van der Lely (1996) and
Experiment 3 of this thesis, although the appropriateness of the CVT items designed
to assess appreciation of the Maxim of First Quantity has been called into question |
(see Section 5.4). Nevertheless, performance was at greater than chance-levels for all
maxims.

The native language CVT performance of the bilingual children in this study
was compared to that of the Italian bilinguals in Siegal et al.’s Experiment 1. The 4-
and 5-year-olds tested in this study (M= 58 months) achieved mean scores of 3.26,
3.05, 3.68, 3.68 and 3.74 for groups of CVT items assessing the appreciation of the
maxims of First Quantity, Second Quantity, Quality, Relation and Politeness
respectively. This can be contrasted with Siegal et al.’s sample of 4- to 6-year-olds
(M= 66 months), who achieved mean scores of 3.41, 3.86, 4.50, 4.41 and 4.82
respectively in these trials. The Siegal et al. sample scored more highly in all of the

maxim-based item groups but was older by 8 months. Furthermore, as highlighted in
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Section 5.4, there was a difference in the CVT task demands made in the current
study and the Siegal et. al. study. In the Siegal et al. study, children were directed to
identify the silly or rude responses in each statement pair. However, in contrast,
children in the current study were asked to identify the appropriate statement in each
pair. The silly or rude responses might actually be more salient to the children
precisely because of their inappropriateness. This could mean that children in the
current study had to exert inhibitory ability in order to overcome their attention to the
inappropriate responses and respond correctly. This inhibitory demand might not have
been placed on the Siegal et al. sample who in contrast were asked to identify the
inappropriate responses.

The CVT performance of the monolingual children in this study was also
compared to that of the Italian monolinguals in Siegal et al.’s Experiment 1. The 4-
and 5-year-olds tested in this study (M = 63 months) achieved mean scores of 3.42,
3.32, 3.79, 4.00 and 4.00 for groups of CVT items assessing the appreciation of the
maxims of First Quantity, Second Quantity, Quality, Relation and Politeness
respectively. Siegal et al.’s sample of 4- to 6-year-olds (M= 64 months) achieved
mean scores of 3.37, 3.26, 3.84, 3.84 and 4.26 respectively in these trials. The maxim
scores of the monolinguals in the current study seem roughly .equal to those of the
monolinguals in the Siegal et al. sample. This corresponds with their almost identical
mean age, and suggests that age rather than differences in task demands might be
accounting for the differences in CVT performance between the monolinguals in
Experiments 3 and 5 of this thesis and the monolinguals in Siegal et al. Experiment 1

and between the bilinguals in Experiment 5 and the bilinguals in Siegal et al.

Experiment 1.
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The Italian dominance of the bilinguals in this study led them to attain greater
scores on the Italian CVT than on the English CVT. However, a detailed analysis of
the CVT performance of the bilinguals revealed an interaction between CVT language
and order of presentation. The English CVT scores of bilinguals tested on the Italian
CVT first were significantly better than the English CVT scores of bilinguals tested
on the English CVT first. However, the first CVT language did not appear to affect
performance on the Italian CVT: Italian CVT scores for children presented with the
[talian CVT first were not significantly different from Italian CVT scores for children
presented with the English CVT first. Thus, the enhanced English CVT performance
of the bilinguals presented with the Italian CVT first is unlikely to be attributable to
simple practice effects. Interestingly, the English CVT scores of bilinguals tested on
the Italian CVT first, did not differ significantly from the Italian CVT s;:ores of the
bilinguals, whether these Italian CVT scores were from children tested in English first
or Italian first. This result suggests that the greater CVT performance in Italian, and
on the English CVT when it was presented after the Italian CVT, was reflecting more
accurate interpretation of the instructions for the CVT task when these had been
presented in Italian as they were for the Italian CVT, than when they were presented
in English as they were for the English CVT. Thus it seems likely that the bilinguals
would have improved their scores on the English CVT presented before the Italian
CVT if the instructions for this task had been presented in Italian.

Experiment 5 was conducted to investigate the effect of bilingualism on CU,
and to examine the impact of bilingualism on the nature of the relationship between
EF and CU. A couple of previous studies have indicated that bilinguals demonstrate
superiority in CU tasks (Doyle, Champagne and Segalowitz, 1977; Genesee, Tucker

and Lambert, 1975) and Siegal et al. have recently reported a bilingual superiority on
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the CVT (Siegal, lozzi, & Surian, 2009). However, this is the first study examining
the connection between bilingualism and CU to systematically examine the role of EF
in this relationship by employing measures to comprehensively reflect a current
model of EF. Although Siegal et al. used measures of shifting and inhibitory EF to
investigate the role of EF in the relationship between bilingualism and CVT
performance in bilingual Italian-Slovenian 4-, 5- and 6-year-olds and same-age
monolingual Italians and Slovenians, they did not include, for example, a measure of
updating to reflect fully the various EF components such as have been described by

Miyake et al. (2000).

7.8 Conclusions

Experiment 5 provided further evidence that shifting EF was related to CVT
scores. However, the bilingual group did not demonstrate evidence of a significant EF
superiority or an advantage in performance on the CVT. Thus the current study was
not able to provide strong support for the masked competence account of CU.
Experiment 6 was conducted to more comprehensively assess the nature of the
relationship between EF and CU in monolingual children by presenting two tasks to
measure CU and two tasks to assess each aspect of the 3-factor model of EF proposed

by Miyake et al. (2000).
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Chapter 8: Experiment 6 — A further examination of the relationship between
executive functioning and conversational understanding
8.1 Introduction

Experiment 5 investigated whether childhood bilingualism, which has often
been reported to promote EF, also has a positive effect on CU. However, despite
controlling for language group differences in age and vocabulary sc'ores, neither
bilingual EF, not bilingual CVT performance was not found to be significantly better
than monolingual performance. Thus, Experiment 5 did not provide strong support for
the proposal that EF promotes CU.

Nevertheless, replicating the findings from Experiment 3, Experiment 5
demonstrated that shifting EF ability was positively related to a general measure of
CU: the CVT, in line with the masked competence account. This compliments the
findings of Experiment 2 which revealed that updating EF ability was significantly
related to a specific aspect of CU: the computation of Sls.

The aim of Experiment 6, the final study in this thesis, was to provide a more
detailed analysis of the relationship between the different EF abilities and CU.
Children were presented with both the SI and CVT tasks together with the inhibitory,
shifting and updating EF tasks used in Experiments 2-5 and three additional measures
each of which was chosen to reflect a different one of Miyake et. al’s 3 EF
components. This design enabled a more extensive investigation of the EF-CU
relationship, allowing the association to be examined using alternative EF measures
and permitting assessment of the robustness of the EF-CU relationships found in
earlier studies in the thesis.

As discussed in Section 1.5.2, Nilsen and Graham (2008) found that children’s

scores on the Red dog-blue dog inhibition EF task were positively related to
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successful performance on a referential communication CU task. The Red dog-blue
dog task is similar to the day-night inhibitory EF task used in Experiment 1 in that
both tasks require children to inhibit a label commonly associated with a picture they
are shown (e.g. “night” if they are shown a picture of a black sky with a moon and
stars or “red” if they are shown a picture of a dog depicted in red ink) in order to
provide an alternative semantically conflicting label (e.g. “day” for the night sky
picture and “blue” for the red coloured dog). However, the association between the
picture and the label to be inhibited in the Red dog-blue dog task is more direct than
in the day-night task. The colour description of the dog in the Red dog-blue dog task
is a perceptual attribute which is automatically processed upon visual presentation of
the picture stimulus. However the temporal description of the sky scene in the day-
night task is a conceptual attribute which requires conscious processing. One might
therefore anticipate that children would find the rules of the Red dog-blue dog task
easier to grasp than those of the day-night task and so would not need the lengthy
training required by many in Experiment 1. Since the Red dog-blue dog task has
already been shown to linked to a measure of CU, it would seem suitable for inclusion
in Experiment 6. The inhibitory EF tasks used in the final study of this thesis thus
comprised the Frog Simon task used in Experiments 2, 3 and 5 and the Red dog-blue
dog task employed by Nilsen and Graham in an article published after the previous
experiments had been completed.

The shifting EF tasks used comprised the DCCS measure which had been
presented in Experiments 3-5 and the Flexible Item Selection Task (FIST) created by
Jacques and Zelazo (2001) and also employed by Nilsen and Graham (2008). As with
the DCCS, the FIST requires children to shift their focus between alternative

perceptual attributes of figures displayed on cards to enable reclassification. Each



Chapter 8: Experiment 6, 304

FIST trial comprises presentation of three cards, such that one pair of cards is similar
on a dimension not shared by the remaining card, and a different combinatory pair is
similar on another dimension not shared by the excluded card. For example, on one
trial, children may be shown a card (A) depicting two large blue cars, another card (B)
depicting two large blue fish and a further card (C) depicting two large red fish. Cards
(A) and (B) would thus Be similar in terms of colour: blue, and so would form one
pair and cards (B) and (C) would be similar in terms of subject: fish and so form the
other pair. However, whilst the shared attributes are identified for the children in the
DCCS i.e. children are told they must sort according to the shape rule so their focus is
directed towards matching cards according to the shape dimension, the FIST requires
independent recognition of common perceptual dimension values. In the FIST
children are not given a sorting rule but are asked to identify two cards which are the
same in some way, requiring an unguided search for similarities across a range of four
presented dimensions. Furthermore, having established similarities, children must also
identify differences on the same dimension. Each trial presents children with three
cards displaying four dimensions of subject, colour, size and number. However, all
three cards are identical on two dimensions only demonstrating differences on the
other two dimensions. Cards (A), (B) and (C) in the earlier example demonstrated
differences on the dimensions of subject and colour but were all identical with regards
to the dimensions of number and size. It would not be appropriate to match two cards
on a dimension when all three cards were identical in that respect, so the task requires
children to identify differences in dimensions in addition to similarities. One might
thus anticipate that children would find the FIST more difficult than the DCCS and so
produce more variability in their scores on the former task. Greater score variability

might increase the likelihood that a relationship between CU and EF would be
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uncovered. Although Experiments 3 and 5 revealed a relation between DCCS scores
and performance on the CVT measure of CU, Experiment 1 did not find an
association between DCCS performance and success on the SI task measure of CU.
However, only the 6-year-olds were performing above chance on the SI task and their
DCCS performance was almost at ceiling. If additional score variability occurs on the
FIST shifting EF task compared to the DCCS shifting EF task, a significant
relationship might emerge between SI appreciation and the FIST measure of shifting
EF.

The updating EF tasks comprised the Dibbets training measure which had
been presented in Experiments 2, 3 and 5 and The Farmyard Animal Task (FAT)
which was a new measure created for this experiment. Like the Dibbets updating task,
the FAT demands that children update their mental representation of a scene by
deleting past details of a scene that have been superseded by recent changes and
replacing these with more current information. The FAT presents children with a
series of sequences of animals leaving a barn, and following each sequence children
are asked to identify the animals who are currently the last to have left the} barn.
However, whilst the attributes to be updated in the Dibbets updating EF task remain
visually present in the scene when the children are questioned, the information to be
updated in the FAT does not. One might thus an'ticipate that children would find the
FAT more difficult than the Dibbets updating EF task. No relationship was found
between performance on the SI task and test scores on the Dibbets updating EF task in
Experiment 2. However, there was a significant relationship between training scores
for the Dibbets updating EF task and SI scores. Nevertheless, the training scores only
differentiated 2 levels of performance, preventing a comprehensive assessment of the

impact of EF variation on CU. The incorporation of a more difficult updating EF task



Chapter 8: Experiment 6, 306

with greater scope for assessing variation in performance was thus anticipated to

provide stronger evidence for the effect of updating EF on CU.

8.2 Method

Participants. These consisted of 89 children were divided among three age
groups; 28 4-year-olds (M= 56.39 months, range = 51-59 months), 30 5-year-olds (M
= 67.20 months, range = 61-71 months) and 31 6-year-olds (M = 75.77 months, range
=72-81 months). The children were predominantly white and middle class, and were
recruited from primary schools in Sheffield. All children spoke English as their first
language, and none were known to have any specific language impairment. Eight
other children (aged 51, 51, 53, 58, 63, 66, 72 and 77 months) were excluded as three
were unable to complete the FAT updating task and five were unable to complete the
testing sessions due to school absence.

Procedure. All children were tested individually in a quiet area of their school.
Each child completed eight tasks: two CU tasks — the SI task and the CVT, two
inhibitory EF tasks — the Frog Simon task and the Red dog-blue-dog task, two shifting
EF tasks — the DCCS task and the FIST task and two updating EF tasks - the Dibbets
task and the FAT. Testing was conducted over the course of three sessions. Each
session lasted between approximately 10 and 20 minutes, and the order of task
presentation was fixed. The first session commenced with the SI task followed by the
CVT. The second session was used to present the Frog Simon Inhibitory task, the
DCCS shifting task and the Dibbets Updating task, in that order. The third session,
was used to present the Red dog-Blue dog inhibitory task, the FIST shifting task and
the FAT updating task, also in that order. The interval between testing sessions was

usually between 1 and 2 days.
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Session 1 Tasks:
SI task This was identical to the task used in Experiment 2 (see Section 4.2).
CVT This was identical to the CVT presented in Experiments 3 and 5 (see Section
5.2).

Session 2 Tasks:
Frog Simon (FS) Inhibitory EF Task. This was identical to the task used in
Experiments 2, 3 and 5 (see Section 4.2). No child failed to respond correctly to the
first two slides.
DCCS Shifting EF Task. This was identical to the task used in Experiments 1, 3 and 5
(see Section 3.2). No child failed to sort 5 cards correctly in the pre-switch phase.
Dibbets Updating EF Task. This was identical to the task used in Experiment 3 5 (see
Section 7.5), with children’s updating ability differentiated into three levels and the
criterion used to distinguish children in the “Good Level of Updating Training”
category from children in the “Intermediate Level of Updating Training” category, set
as the correct identification of the location of the kitten on 8 consecutive trials.

Session 3 Tasks:
Red dog-blue dog (RDBD) Inhibitory EF Task. This followed the procedure used by
Nilsen and Graham (2008). Two different cards were shown, each depicting a cartoon
dog outlined in black ink. The pictures of the dogs were identical except with respect
to colour: One dog was filled in with blue ink, the other dog was filled in with red ink
(see Appendix XIII). Children were informed that the name of the dog filled in with
blue ink was “Red”, and that the name of the dog filled in with red ink was “Blue”.
They were then asked to name each dog as it was presented. Two practice trials were
provided, each presenting a different coloured dog. Children were required to |

correctly label the dogs in both practice trials in order to move on to the test trials
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Corrective feedback was provided if a dog was incorrectly labelled, although this
rarely occurred. Following correct identification in the practice trials, 28 test-trials
were given. Each test trial involved presentation of a card depicting either a red- or a
blue-coloured dog. The red dog was shown in half of the test trials and the blue dog
was shown in the other half of the trials. The trials were quasi-randomly interspersed
in the following order: BMBMMBMBBMMBMBMBBMBMMBMBBMBM (B=
picture of dog filled in with blue ink, M= picture of dog filled in with red ink). Scores
ranged between a minimum of 0 points if the children responded on the basis of ink
colour in all test-trials and a maximum of 28 points if the children correctly named the
dog stimulus in each test-trial.

FIST Shifting EF Task This followed the procedure used by Jacques and Zelazo
(2001). Children were initially given 1 demonstration trial followed by two criterion
trials. All three of these trials involved the presentation of four cards, which depicted
figures with four varying dimensions: subject, size, colour and number. For example,
one card might depict 2 large yellow balls, another card might depict one medium red
fish. Each of these pre-experimental trials presented two pairs of identical cards, i.e.
two cards each depicting two large yellow balls (Cards A and B) and two cards each
depicting one medium red fish (Cards C and D). The spacing of the card pair
members varied across the trials. In the demonstration trial, each member of one pair
was placed at either end of the sequence and members of the other pair were
presented together in the middle: ACDB. However, in the first criterion trial, the
members of both pairs were presented next to their identical pair member: ABCD,
and in the second criterion trial, pair members were separated by one member from

the other pair: ACBD.
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The experimenter introduced the demonstration trial by saying: “Look! Here’s
a card, another card, here’s another card and another card. I’m going to pick two cards
that are the same in 1 way. So I’ll pick these two cards (pointing simultaneously to
Cards 1 and 4: A and B). These two cards are the same because they both have one
medium red fish on each card. So they’re the same. Now I’m going to pick two cards
that are the same but in a different way. So I'll pick these two cards (pointing
simultaneously to Cards 2 and 3: C and D). These two cards are the same because
they both have two large yellow balls on each card. That’s why they’re the same. So
these two cards are the same (pointing simultaneously to Cards 1 and 4) and these two
cards are the same (pointing simultaneously to Cards 2 and 3). But see, these two
cards here are different from these two cards. You know what? Now it’s your turn to
show me some cards.”

In the criterion trials, children were instructed to “Show me two cards that are
the same in one way” and having done this, to “Show me two cards the same in a
different way.” They were then asked to explain why each pair was the same.
Children needed to pass both criterion trials to go on to the 12 test trials. The test
trials were the same as the criterion trials except that children were only presented
with three cards and were required to match the same card twice, with different pair
members each time to reflect matching on two different dimensions (see Appendix
X[V for examples of cards used in the demonstration, criterion and test trials). A
score was awarded for pair-matching, ranging from a minimum of 0 if children were
unable to match any second pair appropriately in any trials to a maximum of 12 if
children matched all second pairs appropriately in all trials. A more conservative
measure of matching-explanations was scored and recorded separately, ranging from

a minimum of 0 if children were unable to explain why any appropriate second pair
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was matched in any trials to a maximum of 12 if children were able to explain why all
appropriate second pairs were matched in all trials.
FAT Updating EF Task This was presented on a laptop using a Power-Point program.
The first slide (A) presented all the animals used in the task: a mouse, a sheep, a
rabbit, a cow, a chicken, a dog, a goose, a horse, a pig, a cat, a turkey and a duck, to
ensure children were familiar with the animals involved and to provide names for any
creatures which a child was unable to label (see Appendix XVa). Each animal
appeared consecutively following appropriate naming of the previous animal
presented. If a child was unable to name any of the animals, the experimenter labelled
them instead and went back to those animals once all the creatures had appeared on
screen to re-establish the names of those animals. This occurred frequently with the
goose and the turkey, and sometimes with»the duck which a lot of children initially
labelled as a chick. However, the remaining animals were usually labelled
successfully, and following experimenter labelling of any animals a child failed to
name in the manner intended, children demonstrated appropriate labelling behaviour.
The next slide (B) was then presented and revealed a barn scene in which
several animals: a pig, a chicken and a cow, were shown to be on their way to the
barn (see Appendix IXb). This slide was used to establish that participants understood
the concept of “last” and the animal furthest away from the barn (the cow) was
highlighted with a purple border. Children were told that it was dinner-time on the
farm and that although some of the animals were already in the barn eating their
supper, some were still on their way. Several animals then appeared on the screen,
one after the other, all moving towards the barn, and stopping just outside the barn,
forming an orderly queue. Children were encouraged to label the animals as they

appeared “There is the pig....and the chicken...and the cow” and were asked which
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animal would get to the barn last. Whether or not a child correctly identified the cow
(a few did not), they were told that the cow would get to the barn last and that they
could tell which animal would get there last because of the a purple shape around it.
At this point, the experimenter pointed to the purple border encompassing the cow.
Children were then shown some more animals appearing and joining the queue: a
duck and a rabbit (Slide C, see Appendix XVc,). The moment the cow was
superseded by the duck, the purple border around the cow disappeared, and the last
animal to emerge: the rabbit, was instead highlighted with the purple border. Again,
children were encouraged to label the animals as they appeared, and asked to identify
the animal who would get to the barn last now. Correct identification of the rabbit
resulted in presentation of the first practice trial. All children correctly identified the
rabbit.

Having generated a labelling behaviour evoked by the appearance of each
animal and established that children understood that purple borders identified the last
animals in each sequence, children were then presented with a practice trial in which
they were asked to tell the experimenter which animal was the last animal to come out
of the barn. The practice trial was introduced by telling participants that all of the
animals were in the barn eating their dinner, and that when they were finished they
would come out to play in the field. An animal: a rabbit, then appeared at the barn
door and moved horizontally across the screen until it reached the far side. The first
animal out of the barn then disappeared and the second animal: a cat, appeared at the
barn door. This creature also proceeded to move across the screen and then disappear,
at which point the third and “last” animal: a horse, appeared at the barn door,
highlighted by a purple frame. The third creature then proceeded to move across the

screen, surrounded by its purple frame, before it disappeared.
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Children were encouraged to label each animal, with the experimenter doing
so if the child failed to label. Whilst this sometimes happened initially, once children
got used to the experimenter labelling the animals, they started labelling the animals
themselves without the experimenter’s input. Once the “last” purple-bordcred animal
had disappeared, the experimenter asked, “Who was the last animal out of the barn.”
If children failed to correctly identify the horse, as sometimes happened, they were
corrected and reminded that the horse had had a purple shape around it. All children
were then told, “But now some more animals are coming out of the barn™ and they
viewed three different animals appear and move across the screen in the same manner
as the three previous animals. As before, the third animal was “last” and purple-
bordered, and following its disappearance children were asked, “Who was the last
animal out of the barn”. The few incorrect answers were corrected and children
reminded about the significance of the purple border. Children then saw a final series
of three animals leaving the barn, the third of which was “last” and purple-bordered
and were asked, “Who was the last animal out of the barn.” Correct identification of
the third and trial-final “last” animal led to commencement of the test-trials.
However, a couple of children incorrect identified the last animal on this trial. They
received further practice trials, identical to the first practice trial except with respect
to the order in which particular animals were shown to leave the barn. For example
the rat was the final “last” animal in the first practice trial, but the dog was the final
«]ast” animal in the second practice trial. Correct identification of the final “last”
animal in any practice trial resulted in presentation of the test-trials and a score of 1
point. All children presented with the FAT managed to identify the final “last” animal

in a practice trial, eventually.
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The first and second test-trials were identical to the practice trials, except that
children were now asked to identify the last two animals out of the barn each time,
both of which were surrounded by purple frames. However inaccurate identifications
were not corrected. A point was awarded for each of the final “last” two animals
correctly identified in each trial. The third and fourth test-trials were similar to the
first two test-trials, except that children were now asked to identify the last three
animals out of the barn each time and each trial consisted of three groups of four
animals leaving the barn. A point was awarded for each of the final “last” three
animals correctly identified in each trial.

Scores were based on identification of the final “last” animals in each trial,
and ranged between a minimum score of 1 awarded for the necessary correct
identification of the last animal in a practice trial, and a maximum score of 11
achieved by correctly identifying the final “last” two animals in the first and sccond
test trials and correctly identifying the final “last” three animals in the third and fourth
test trials.

A subset of 32 children comprising 8 4-year-olds, 23 5-year-olds and 1 6-year
old, were given the BPVS as an additional measure. The majority of these children
had been included in Experiment S as the English monolingual sample. Standardised
BPVS scores were used as a measure of verbal intelligence to scrutinise results from

the main sample.



8.3 Results

The children’s performance on the measures is shown in Table 8.1
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Table 8.1 Mean scores and standard deviations achieved for the SI, CVT and inhibition, shifting, and

updating EF tasks given to the 4-, 5- and 6-year-olds in Experiment 6.

4-year-olds S-year-olds 6-year-olds
N - 28 30 31
Age in months 56.39 (2.49) 67.20 (2.66) 75.77 (2.63)
SI score/4 0.46 (1.11) 2.13(1.68) 2.13 (1.78)
SI justification/4 0.25 (0.93) 1.33 (1.56) 1.52 (1.71)
CVT score/25 16.36 (3.28) 20.93 (2.70) 20.55 (3.22)
FS Inhib EF/20 17.54 (2.52) 17.67 (2.07) 18.35 (1.62)
RDBD Inhib EF/28 19.07 (6.56) 24.83 (3.76) 22.19 (6.83)
DCCS Shift EF/6 4.86 (2.34) 5.80 (0.55) 5.58 (1.26)
FIST Shift EF match/12 7.96 (3.77) 8.07 (4.04) 8.90 (4.09)
FIST Shift EF explan/12 4.14 (3.26) 6.50 (3.92) 6.71 (3.70)
Dibbets Update EF/3 2.04 (1.11) 2.30 (0.95) 2.29 (0.97)
FAT Update EF/11 8.21 (1.55) 8.97 (1.71) 9.29 (1.44)

Note: SI=Scalar Implicature task, CVT = Conversational Violations Task, FS Inhib EF = Frog Simon

task measure of inhibitory executive functioning component, RDBD Inhib EF = Red Dog-Blue Dog

task measure of inhibitory executive functioning component, DCCS Shift EF = Dimensional Change

Card Sort task measure of shifting executive functioning component, FIST Shift EF match = Number

of correct matches in Flexible Item Selection Task measure of shifting executive functioning

component, FIST Shift EF explan = Number of appropriate justifications for correct matches in

Flexible Item Selection Task measure of shifting EF component, Dibbets Update EF = Level of

updating training achieved in Dibbets task measure of updating EF component, FAT Update EF =

Number of correct responses in Farmyard Animals Task measure of Updating EF component.

Relationship between EF ability and CVT performance

Tables 8.2-8.4 display the results of ANOV As investigating the effects of EF,

age and maxims on CVT performance. Tables 8.5-8.11 report the means and standard

deviations of CVT scores for children demonstrating weak and strong EF ability

across the maxims and age groups. Children’s inhibitory EF assessed using the Frog

Simon task was classed as strong if scores for the task were 19 or greater and weak if
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these were less than 19. Inhibitory EF assessed using the Red Dog Blue Dog task was
classed as strong if scores for the task were 25 or greater and weak if these were less
than 25. Children’s shifting EF assessed using the DCCS task was classed as strong if
scores for the task were 6 and weak if these were less than 6. Shifting EF assessed
using FIST matching scores was classed as strong if scores for the task were 10 or
greater and weak if these were less than 10. Shifting EF assessed using FIST
explanation scores was classed as strong if scores for the task were 7 or greater and
weak if these were less than 7. Children’s updating EF assessed using the Dibbets task
was classed as strong if training scores were 3 and weak if these were less than 3.
Children’s updating EF assessed using the FAT was classed as strong if scores were
10 or greater and weak if these were less than 10. The weak and strong division
criteria were selected on the basis that they enabled as equal a split as possible in the
number of children assigned to the two EF ability groups for each task. Age group
had three levels: 4-year-olds vs. 5-year-olds vs. 6-year-olds. Type of maxim had five
levels: First Quantity vs. Second Quantity vs. Quality vs. Relation vs. Politeness.

For weak versus strong ability groups respectively for the Frog Simon
inhibitory task, N was 18:10 for the 4-year-olds, 18:12 for the 5-year-olds, and 14:17
for the 6-year-olds. For weak versus strong ability groups respectively for the Red
Dog Blue Dog inhibitory task, N was 21:7 for the 4-year-olds, 8:22 for the 5-year-
olds, and 16:15 for the 6-year-olds. For weak versus strong ability groups respectively
for the DCCS shifting task, N was 6:22 for the 4-year-olds. The 5- and 6-year-olds,
were performing at ceiling on this task and so were excluded from analyses. For weak
versus strong ability groups respectively for the FIST scores shifting measure, N was
17:11 for the 4-year-olds, 16:14 for the 5-year-olds, and 7:24 for the 6-year-olds. For

weak versus strong ability groups respectively for the FIST explanation shifting
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measure, N was 21:7 for the 4-year-olds, 12:18 for the 5-year-olds, and 13:18 for the
6-year-olds. For weak versus strong ability groups respectively for the Dibbets
updating task, N was 13:15 for the 4-year-olds, 11:19 for the 5-year-olds, and 11:20
for the 6-year-olds. For weak versus strong ability groups respectively for the FAT
updating task, N was 22:6 for the 4-year-olds, 17:13 for the S-year-olds, and 13:18 for
the 6-year-olds.

The criterion for significance was set at the conservative level of 0.01 to offsct
the increased likelihood of Type I error incurred by inclusion of multiple analyses.
Main effects of performance on the Red dog-blue dog inhibitory EF task and the
Dibbets updating EF task were revealed. There were also main effects of age group
and type of maxim. However, there were no interaction effects. Strong performers on
the Red dog-blue dog inhibitory EF task and the Dibbets updating EF task attained
significantly greater CVT scores than low performers on these tasks. One-tailed t-tests
revealed that the CVT performance of the 5- and 6-year-olds was significantly greater
than the performance of the 4-year olds, t(56) = 5.815, p<0.001, and t(57) = 4.946, p<
0.001, respectively. However the CVT performance of the 5- and 6-year-olds did not
differ significantly, t(59) = 0.505, p>0.60. Scheffe tests indicated that performance on
the Maxims of First and Second Quantity was significantly worse than performance

on the Maxims of Quality, Relation and Politeness p’s<0.001.
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Table 8.2 Results of 3 (age group: 4-year-olds vs. 5-year-olds vs. 6-year-olds) x 2 (inhibitory EF level:
FS scores <19 =weak vs. FS scores 219 =strong; RDBD scores <25 =weak vs. RDBD scores > 25

=strbng) x 5 (type of maxim: First Quantity vs. Second Quantity vs. Quality vs. Relation vs. Politeness)

ANOVAs on the CVT measure.

df E p partial Eta’

Age group

FS 2,415  37.526 0.001 0.153

RDBD 2,415  20.156 0.001 0.089
EF level

FS 1,415 0.119  0.731 0.000

RDBD ’ 1,415  6.735  0.010 0.016
Type of maxim

FS 4415 22466 0.001 0.178

RDBD 4,415  23.584 0.001 0.185
Age group x EF level

FS 2415 2760  0.064 0.013

RDBD 2,415 2330 0099 0.011
Age group X type of maxim

FS 8,415  0.831 0.575 0.016

RDBD 8,415 1.008 0.429 0.019
EF level x type of maxim ‘

FS 4,415 1.066 0373 0.010

RDBD 4415 0888 0471 0.008
Age group x EF level x type of maxim

FS 8,415  0.815  0.590 0.015

RDBD 8,415 2.085 0.036 0.039

Note: EF level=Level of executive functioning; FS=Frog-Simon task; RDBD= Red dog-blue dog task,
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Table 8.3: Results of 3 (age group) x 2 (shifting EF level: DCCS scores <6 =weak vs. DCCS scores
=6=strong; FIST match scores <10 =weak vs. FIST match scores 2 10 =strong; FIST explan scores
<7 =weak vs. FIST match scores 2 7 =strong) x 5 (type of maxim) ANOVAs on the CVT. N.B. DCCS
shifting analyses did not include the age group variable.

df E o partial Eta®

Age group

FIST match 2,415  34.557 0.001 0.143

FIST explan 2,415  34.722 0.001 0.143
EF level

DCCS 1,130 0.147 0.702  0.001

FIST match 1,415 1.161 0.282  0.003

FIST explan 1,415 0.001 0976 0.000
Type of maxim

DCCS 4,130 3.805 0.006 0.105

FIST match 4,415 19.486 0.001 0.158

FIST explan 4,415 18.567 0.001 0.152
Age group x EF level

FIST match 2,415 1.543 0.215 0.007

FIST explan 2,415 3.108 0.046 0.015
Age group X type of maxim

FIST match 8,415 0503 0.854 0.010

FIST explan 8,415 0.678 0.711 0.013
EF level x type of maxim

DCCS 4,415 0343 0848 0.010

FIST match 4415 1125 0.344  0.011

FIST explan 4,415 0332 0.857  0.003
Age group x EF level x type of maxim

FIST match | 8,415 0473 0.875 0.009

FIST explan 8,415 0491 0.863 0.009

Note: DCCS=Dimensional Change Card Sort task; FIST match=Flexible Item Selection Task matching

scores; FIST explan=Flexible Item Selection Task explanatory scores.
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Table 8.4: Results of 3 (age group) x 2 (updating EF level: Dibbets scores <3 =weak vs. Dibbets
scores =3=strong; FAT scores <10 =weak vs. FAT scores > 10 =strong) x 5 (type of maxim) ANOVAs

on the CVT measure

df E D partial Eta’

Age group

Dibbets 2,415 35922 0.001 0.148

FAT 2,415 23997 0.001 0.104
EF level

Dibbets 1,415 9.930 0.002 0.023

FAT 1415 2.606  0.107 0.006
Type of maxim

Dibbets 4,415 21.242 0.001 0.170

FAT 4,415 16.688 0.001 0.139
Age group x EF level

Dibbets 2,415 2386 0.093 0.011

FAT 2,415 0374  0.688 0.002
Age group x type of maxim

Dibbets 8,415 0.850 0.559 0.016

FAT 8,415 0.695 0.696 0.013
EF level x type of maxim

Dibbets 4,415 0.061 0.993 0.001

FAT 4,415 0710 0.586 0.007
Age group x EF level x type of maxim

Dibbets 8,415 0.683 0.706 0.013

FAT 8,415 0.617 0.764 0.012

Note: FAT =Farmyard Animal Task.
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Table 8.5: CVT score means and standard deviations across the maxims for children demonstrating
weak and strong inhibitory EF on the Frog Simon (FS) task across the 4-year-old, 5-year-old and. 6-
year-old age groups.

Age group FS Inhibitory EF Maxim Mean CVT score  Standard deviation

4 Weak 1 2.83 1.15
2 3.11 1.02

3 3.39 1.20

4 3.50 0.99

5 3.61 1.24

Strong 1 2.20 1.55

2 2.90 0.57

3 3.30 1.16

4 3.50 1.27

5 4.30 1.06

5 Weak 1 3.61 1.42
| 2 3.39 0.70

3 433 0.97

4 4.50 0.71

5 4.61 0.78

Strong 1 3.42 1.44

2 4.17 | 0.72

3 4.67 0.65

4 4.58 0.67

5 4.83 0.58

6 Weak 1 3.86 1.03
2 3.50 0.94

3 4.64 0.63

4 4.57 0.76

5 4.79 0.43

Strong 1 3.65 1.00

2 3.35 0.79

3 4.12 1.36

4 4.24 0.83

5 4.53 0.84
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Table 8.6: CVT score means and standard deviations across the maxims for children demonstrating

weak and strong inhibitory EF on the Red dog blue dog (RDBD) task across the 4-year-old, 5-year-old

and. 6-year-old age groups.

Age group RDBD Inhibitory EF Maxim Mean CVT score  Standard deviation

4

Weak

Strong

Weak

Strong

Weak

Strong

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

1

N H WD = R W N = s W N

2.76
3.00
3.19
3.19
3.52
2.14
3.14
3.86
4.43
4.86
3.50
3.38
4.25
4.50
4.50
3.55
3.82
4.55
4.55
4.77
3.50
3.56
4.25
4.44
4.75
4.00
3.27
4.47
4.33
4.53

1.22
0.84
1.21
1.03
1.21
1.57
1.07
0.90
0.54
0.38
1.31
0.74
1.04
0.76
0.54
1.47
0.80
0.80
0.67
0.75
0.97
0.73
1.13
0.81
0.58
1.00
0.96
1.13
0.82
0.83
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Table 8.7: CVT score means and standard deviations across the maxims for children demonstrating
weak and strong shifting EF on the DCCS task in the 4-year-old age group (5- and 6-year-olds were

performing at ceiling so were excluded from analyses).

DCCS Shifting EF Maxim  Mean CVT score Standard deviation

Weak 1 2.33 1.21
2 2.83 0.98
3 3.33 1.37
4 3.83 1.17
5 3.67 1.21
Strong 1 2.68 1.36
2 3.09 0.87
3 3.36 1.14
4 3.41 1.05
5 3.91 1.23
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Table 8.8: CVT score means and standard deviations across the maxims for children demonstrating

weak and strong shifting EF on the FIST matching measure across the 4-year-old, 5-year-old and. 6-

year-old age groups.

Age group FIST match shifting EF Maxim  Mean CVT score

Standard deviation

4 Weak 1 2.41 1.28
2 3.00 0.87

3 3.18 1.19

4 3.59 1.00

5 3.71 1.21

Strong 1 2.91 1.38

2 3.09 0.94

3 3.64 1.12

4 3.36 1.21

5 4.09 1.22

5 Weak 1 3.25 1.48
2 3.88 0.81

3 4.19 0.98

4 4.44 0.73

5 4.63 0.81

Strong 1 3.86 1.29

2 3.50 0.76

3 4.79 0.58

4 4.64 0.63

5 4.79 0.58

6 Weak 1 3.57 1.27
2 3.57 1.13

3 4,71 0.76

4 4.57 0.79

5 4.71 0.49

Strong 1 3.79 0.93

2 3.38 0.77

3 4.25 1.19

4 4.33 0.82

5 4.63 0.77
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Table 8.9: CVT score means and standard deviations across the maxims for children demonstrating
weak and strong shifting EF on the FIST explanatory measure across the 4-year-old, 5-year-old and.
6-year-old age groups.

Age group FIST explan shifting EF Maxim  Mean CVT score  Standard deviation

4 Weak 1 2.67 1.28
2 3.10 0.89

3 3.42 1.21

4 3.67 0.97

5 3.90 1.18

Strong 1 2.43 1.51

2 2.86 0.90

3 3.14 1.07

4 3.00 1.29

5 3.7 1.38

5 Weak 1 3.33 1.44
2 3.75 0.75

3 4.08 1.08

4 4.33 0.78

5 4.50 0.91

Strong 1 3.67 1.41

2 3.67 0.84

3 4.72 0.58

4 4.67 0.59

5 4.83 0.51

6 Weak 1 3.54 1.05
2 3.31 0.95

3 4.54 0.97

4 4.54 0.78

5 4.62 0.87

Strong 1 3.89 0.96

2 3.50 0.79

3 4.22 1.22

4 4.28 0.83

5 4.67 0.59




Chapter 8: Experiment 6, 325

Table 8.10: CVT score means and standard deviations across the maxims for children demonstrating

weak and strong updating EF on the Dibbets task across the 4-year-old, 5-year-old and. 6-year-old

age groups.

Age group Dibbets Updating EF Maxim  Mean CVT score  Standard deviation

4 Weak 1 2.31 1.44

2 3.00 0.71

3 3.15 1.21

4 3.08 1.19

5 3.69 1.32

Strong 1 2.87 1.19

2 3.07 1.03

3 3.53 1.13

4 3.87 0.83

5 4.00 1.13

5 Weak 1 3.36 1.43

2 3.55 0.93

3 4.64 0.92

4 4.73 0.65

5 4.64 0.92

Strong 1 3.63 1.42

2 3.79 0.71

3 4.37 0.83

4 4.42 0.69

, 5 4.74 0.56

6 Weak 1 3.55 1.13

2 3.09 0.94

3 3.82 1.40

4 4.09 0.94

5 4.45 0.69

Strong 1 3.85 0.93

2 3.60 0.75

3 4.65 0.81

4 . 4.55 0.69

5 4.75 0.72
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Table 8.11: CVT score means and standard deviations across the maxims for children demonstrating

weak and strong updating EF on the FAT across the 4-year-old, 5-year-old and. 6-year-old age

groups.
Age group FAT Updating EF Maxim Mean CVT score  Standard deviation
4 Weak 1 2.41 1.33
2 3.00 0.87
3 3.36 1.29
4 3.59 0.96
5 3.77 1.31
Strong 1 3.33 1.03
2 3.17 0.98
3 3.33 0.52
4 3.17 1.47
5 4.17 0.75
5 Weak 1 3.53 1.38
2 3.82 0.73
3 4.41 0.94
4 4.41 0.71
5 4.65 0.79
Strong 1 3.54 1.51
2 3.54 0.88
3 4.54 0.78
4 4.69 0.63
5 4.77 0.60
6 Weak 1 3.46 1.13
2 3.38 0.87
3 4.31 1.18
4 4.15 0.90
5 4.54 0.88
Strong 1 3.94 0.87
2 3.44 0.86
3 4.39 1.09
4 4.56 0.71
5 4.72 0.58
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Relationship between EF ability and SI scores

Tables 8.12-8.14 display the results of ANOVAs investigating the effects of
EF and age on SI scores. Tables 8.15-8.17 report the means and standard deviations of
SI scores for children demonstrating weak and strong EF ability across the age
groups. As before, the criterion for significance was set at 0.01. Children were
divided into the same strong vs. weak EF groups used in the CVT analyses. Thus
again, the DCCS shifting ability of the 5- and 6-year-olds was not included in these
analyses. There was a main effect of age. However, there were no m'ain effects of EF
and no interaction effects. 1-tailed t-tests revealed that the SI scores of the 5- and 6-
year-olds were significantly greater than the scores of the 4-year olds, (50.528) =
4.505, p<0.001, and , £(50.727) = 4.353, p< 0.001, respectively. However the SI

scores of the 5- and 6-year-olds did not differ significantly, t(59) = 0.010, p>0.90.

Table 8.12: Results of 3 (age group) x 2 (inhibitory EF level) ANOVAs on the SI scores measure

df E p partial Eta’
Age group
FS 2,83 9.343 0.001  0.184
RDBD 2,83 6.660 0.002  0.138
EF level
FS 1,83 0.885 0.350  0.011
RDBD 1,83 0.078 0.781  0.001
Age group x EF level
FS 2,83 1.008 0.369  0.024

RDBD 2,83 2.770 0.068  0.063
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Table 8.13: Results of 3 (age group) x 2 (shifting EF level) ANOVAs on the SI scores. N.B. Shifting

analyses did not include the age group variable.

df E p partial Eta’

Age group

FIST match 2,83 9.574 0.001 0.187

FIST explan 2,83 7.772 0.001 0.158
EF level

DCCS 1,26 0.008 0.931 0.000

FIST match 1,83 0.161 0.689 0.002

FIST explan 1,83 0.498 0.482 0.006
Age group x EF level

FIST match 2,83 0.064 0.938 0.002

FIST explan 2,83 0.892 0.414 0.021

Table 8.14: Results of 3 (age group) x 2 (updating EF level) ANOVAs on the S scores measure

df

F

E p partial Eta’

Age group

Dibbets 2,83 9.461 0.001 0.186

FAT 2,83 8.119 0.001 0.164
EF level

Dibbets 1,83 0.455 0.502 0.005

FAT 1,83 0.005 0.942 0.000
Age group x EF level _

Dibbets 2,83 1.276 0.285 0.030

FAT 2,83 1.269 0.287 0.030
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Table 8.15: SI score means and standard deviations for 4-year-old children demonstrating weak and

strong EF across the battery of EF measures used.

EF skill EF ability Mean Sl score  Standard deviation
FS inhibition Weak 0.33 0.97
Strong 0.70 1.34
RDBD inhibition Weak 0.19 0.51
Strong 1.29 1.89
DCCS shifting Weak 0.50 0.84
Strong 0.45 1.18
FIST match shifting Weak 0.47 1.07
Strong 0.45 1.21
FIST explan shifting Weak 0.38 0.97
Strong 0.71 1.50
Dibbets updating Weak 0.69 1.18
Strong 0.27 1.03
FAT updating Weak 0.50 1.23
Strong 0.33 0.52

Table 8.16: SI score means and standard deviations for 5-year-old children demonstrating weak and
strong EF across the battery of EF measures used. N.B. DCCS shifting performance was not included

due to the ceiling performance of this age group

EF skill EF ability Mean Sl score  Standard deviation
FS inhibition Weak 2.44 1.46
Strong 1.67 1.92
RDBD inhibition Weak 2.50 1.69
Strong 2.00 1.69
FIST match shifting  Weak 2.00 1.79
Strong 2.29 1.59
FIST explan shifting Weak 2.33 1.83
Strong 2.00 1.61
Dibbets updating Weak 2.00 1.67
Strong 2.21 1.72
FAT updating Weak 2.35 1.66

Strong 1.19 1.73
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Table 8.17: SI score means and standard deviations for 6-year-old children demonstrating weak and
strong EF across the battery of EF measures used. N.B. DCCS shifting performance was not included

due to the ceiling performance of this age group

EF skill EF ability Mean Sl score  Standard deviation
FS inhibition Weak 243 1.65
Strong 1.88 1.90
RDBD inhibition Weak 2.56 1.71
Strong 1.67 1.80
FIST match shifting Weak 2.00 1.73
Strong 2.17 1.83
FIST explan shifting Weak 1.69 1.84
Strong 2.44 1.72
Dibbets updating Weak 1.55 1.86
Strong 2.45 1.70
FAT updating Weak 1.69 1.75
Strong 2.44 4 1.79

Relationship between EF ability and SI justifications

Tables 8.18-8.20 display the results of ANOVAs investigating the effects of
EF and age on SI justifications. Tables 8.21-8.23 report the means and standard
deviations of SI justifications for children demonstrating weak and strong EF ability
across the age groups. Again, the criterion for significance was set at 0.01 and as
before, children were divided into the same strong vs. weak EF groups used in the
| CVT analyses. Thus the DCCS shifting ability of the 5- and 6-year-olds was not
included in these analyses. There was a main effect of age. However, there were no
main effects of EF and no interaction effects. 1-tailed t-tests revealed that the SI
justifications of the 5- and 6-year-olds were significantly greater than the scores of the
4-year olds, 1(47.763) = 3.237, p<0.001, and £(47.176) = 3.580, p< 0.001,
respectively. However the SI justifications of the 5- and 6-year-olds did not differ

significantly, t(59) = 0.436, p>0.60. Again, the unequal distribution of N across
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DCCS groups means that analyses of shifting EF using this measure should be
cautiously considered.

Table 8.18: Results of 3 (age group) x 2 (inhibitory EF level) ANOVAs on the S justifications measure

df E p partial Eta’
Age group
FS 2,83 5.545 0.005 0.118
RDBD 2,83 3.189 0.046 0.071
EF level
FS 1,83 0.696 0.406 0.008
RDBD 1,83 0.995 0.321 0.012
Age group x EF level
FS 2,83 0.003 0.997 0.000
RDBD 2,83 0.936 0.396 0.022

Table 8.19: Results of 3 (age group) x 2 (shifting EF level) ANOV As on the Sl justifications measure,
N.B. Shifting analyses did not include the age group variable.

df F p partial Eta’

Age group

FIST match 2,83 5.355 0.006 0.114

FIST explan 2,83 4.380 0.016 0.095
EF level

DCCS 1,26 0.545 0.467 0.021

FIST match 1,83 0.106 0.746 0.001

FIST explan 1,83 0.744 0.391 0.009
Age group x EF level

FIST match 2,83 0.016 0.984 0.000

FIST explan 2,83 0.699 0.500 0.017
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Table 8.20: Results of 3 (age group) x 2 (updating EF level) ANOVAs on the SI justifications

df F p partial Eta’

Age group

Dibbets 2,83 5.230 - 0.007 0.112

FAT 2,83 5.133 0.008 0.110
EF level

Dibbets 1,83 2.056 0.155 0.024

FAT 1,83 0.013 0.908 0.000
Age group x EF level

Dibbets 2,83 0.699 0.500 0.017

FAT 2,83 2.606 0.080 0.059

Table 8.21: 8! justification means and standard deviations for 4-year-old children demonstrating weak

and strong EF across the battery of EF measures used.

EF skill EF ability Mean SI justification  Standard deviation
FS inhibition Weak 0.17 0.71
Strong 0.40 1.27
RDBD inhibition Weak 0.00 0.00
Strong 1.00 1.73
DCCS shifting Weak 0.00 0.00
Strong 0.32 1.04
FIST match shifting ~ Weak 0.24 0.97
Strong 0.27 0.91
FIST explan shifting Weak 0.19 0.87
Strong 0.43 1.13
Dibbets updating Weak 0.23 ‘ 0.83
Strong 0.27 1.03
FAT updating Weak 0.32 1.04

Strong 0.00 0.00
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Table 8.22: SI justification means and standard deviations for 5-year-old children demonstrating weak
and strong EF across the battery of EF measures used. N.B. DCCS performance was not included due

to the ceiling performance of this age group

EF skill EF ability Mean SI justification  Standard deviation
FS inhibition Weak 1.22 1.48
Strong ~ 1.50 1.73
RDBD inhibition Weak 1.25 1.83
Strong 1.36 1.50
FIST match shifting Weak 1.25 1.61
Strong 1.43 1.56
FIST explan shifting Weak 1.42 1.68
Strong 1.28 1.53
Dibbets updating Weak 1.09 1.58
Strong 1.47 1.58
FAT updating Weak 1.59 1.70
Strong 1.00 1.35

Table 8.23: SI justification means and standard deviations for 6-year-old children demonstrating weak
and strong EF across the battery of EF measures used. N.B. DCCS performance was not included due

to the ceiling performance of this age group

EF skill EF ability Mean SI justification  Standard deviation
FS inhibition Weak 1.36 1.55
Strong 1.65 1.87
RDBD inhibition Weak 1.56 1.71
Strong 1.47 1.77
FIST match shifting ~ Weak 1.43 1.51
Strong 1.54 1.79
FIST explan shifting Weak 1.08 1.55
‘ Strong 1.83 1.79
Dibbets updating Weak 0.91 1.58
Strong 1.85 1.73
FAT updating Weak 0.92 1.50

Strong 1.94 1.77
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BPVS sub-sample

The preceding analyses were then repeated and restricted to a sub-sample of
children given the BPVS. This enabled partialling out of standardised BPVS scores,
which can be used as a measure of verbal intelligence and which were found to
related to CVT performance, r=0.333, p<0.031. However, because this group was
mainly comprised of 5-year-olds, the effects of age were not investigated but were co-
varied out along with the standardised BPVS scores. Table 8.24 presents the
performance of the sub-sample on all the measures.

Table 8.24: Mean scores and standard deviations achieved for all of the tasks given to the subset of the
4-, 5- and 6-year-olds in Experiment 6 who received the BPVS.

N : 32

Age in months 64.63 (5.74)
SI score/4 1.69 (1.75)
SI justification/4 1.19 (1.55)
CVT score/25 19.53 (4.03)
Frog-Simon Inhib EF/20 17.72 (2.28)
Red-Blue dog Inhib EF/28 23.84 (4.95)
DCCS Shift EF/6 5.66 (1.15)
FIST Shift EF match/12 9.13 (3.42)
FIST Shift EF explan/12 6.81 (3.59)
Dibbets Update EF/3 2.25(0.98)
Farm Update EF/11 8.81 (1.66)
BPVS standardised score 109.78 (11.15)

Relationship between EF ability and CVT performance

Tables 8.25-8.27 display the results of ANOVAs investigating the effects of
EF and maxims on CVT performance in the BPVS sub-sample. However, because
these analyses only considered two main effects, the criterion for significance was

Jowered to the 0.05 level. Tables 8.28-8.30 report the estimated marginal means and
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standard errors of CVT scores for children demonstrating weak and strong EF ability
across the maxims when the effects of age and BPVS scores were taken into account.

Children’s inhibitory EF assessed using the Frog Simon task was classed as
strong if scores for the task were 19 or greater and weak if these were less than 19.
Inhibitory EF assessed using the Red Dog Blue Dog task was classed as strong if
scores for the task were 26 or greater and weak if these were less than 26. Children’s
shifting EF assessed using the DCCS task was classed as strong if scores for the task
were 6 and weak if these were less than 6. Shifting EF assessed using FIST matching
scores was classed as strong if scores for the task were 11 or greater and weak if these
were less than 11. Shifting EF assessed using FIST explanation scores was classed as
strong if scores for the task were 8 or greater and weak if these were less than 8.
Children’s updating EF assessed using the Dibbets task was classed as strong if
training scores were 3 and weak if these were les§ than 3. Children’s updating EF
assessed using the FAT was classed as strong if scores were 9 or greater and weak if
these were less than 9. As before, weak and strong division criteria were selected on
the basis that they enabled as equal a split as possible in the number of children
assigned to the two EF ability groups for each task. Type of maxim had five levels:
First Quantity vs. Second Quantity vs. Quality vs. Relation vs. Politeness.

For weak versus strong ability groups respectively for the Frog Simon
inhibitory task, N was 18:14 and for the Red Dog Blue Dog inhibitory task, N was
17:15. For weak versus strong ability groups respectively for the FIST scores shifting
measure, N was 16:16 and for the FIST explanation shifting measure, N was 17:15.
Performance on the DCCS shifting task was at ceiling, thus DCCS scores were
excluded from these analyses. For weak versus strong ability groups respectively for

the Dibbets updating task, N was 12:20 and for the FAT updating task, N was 14:18.
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The main effects of performance on the Red dog-blue dog inhibitory EF task
and the Dibbets updating EF task and of maxims, found in the main sample were also
revealed in the BPVS sub-sample. There were no interaction effects. High performers
on the Red dog-blue dog inhibitory EF task and the Dibbets updating EF task attained
significantly greater CVT scores than low performers on these tasks. Scheffe tests
could not be conducted on the maxim scores because of the covariation of age and
BPVS. However, estimated marginal means were concordant with the relationship
uncovered in the main sample: performance on the Maxims of First and Second
Quantity appeared to be poorer than performance on the Maxims of Quality, Relation
and Politeness.

A partial correlation controlling for the effect of standardised BPVS scores
and age in months was conducted to investigate a relationship between DCCS
performance and CVT scores in the BPVS subsample. A significant positive
association was revealed, r=0.356, p<0.05. Correlations focusing on the relationship
between DCCS performance and the individual maxims represented in the CVT
revealed that DCCS performance was strongly related to scores for the Maxim of
Second Quantity, r=0.519, p<0.01, and was also significantly associated with scores

for the Maxim of Quality, r=0.360, p<0.05.
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Table 8.25: Results of 2 (inhibitory EF level: FS scores <19 =weak vs. FS scores 219 =strong; RDBD
scores <26 =weak vs. updating EF scores > 26 =strong) x 5 (type of maxim) ANCOVAs on the CVT

measure controlling for age and BPVS scores in the BPVS sub sample.

df E p partial Eta’

EF level

FS 1,148 3.250 0.073  0.021

RDBD 1, 148 14.150 0.001 0.087
Type of maxim

FS 4,148 5.387 0.001 0.127

RDBD 4,148 5.624 0.001 0.132
EF level x Type of maxim

FS 4,148 0.516 0.724 0.014

RDBD 4,148 0.414 0.798 0.011

Table 8.26: Results of 2 (shifting EF level: FIST match scores <11 =weak vs. FIST match scores 2 11
=strong; FIST explan scores <8 =weak vs. FIST match scores > 8 =strong) x 5 (type of maxim)

ANCOVAs on the CVT measure controlling for age and BPVS scores in the BPVS sub sample

df E p partial Eta’

EF level

FIST match 1,148 0.479 0.490  0.003

FIST explan 1,148 0.018 0.895  0.000
Type of maxim

FIST match 4,148 5.087 0.001 0.121

FIST explan 4,148 4.963 0.001  0.118
EF level x Type of maxim

FIST match 4,148 0.663 0.619  0.018

FIST explan 4,148 0.251 0.909  0.007
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Table 8.27: Results of 2 (updating EF level: Dibbets scores <3 =weak vs. Dibbets scores =3 =strong;
FAT scores <9 =weak vs. updating EF scores > 9 =strong) x 5 (type of maxim) ANCOVAs on the CVT

measure controlling for age and BPVS scores in the BPVS sub sample

df E p partial Eta’

EF level

Dibbets 1,148 10.314 0.002  0.065

FAT 1,148 0.067 0.796  0.000
Type of maxim

Dibbets 4,148 5.276 0.001 0.125

FAT 4,148 4.759 0.001 0.114
EF level x Type of maxim ‘

Dibbets 4,148 0.754 0.557  0.020

FAT 4,148 0.676 0.610  0.018
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Table 8.28: Estimated marginal mean CVT scores and standard errors across the maxims for children
in the BPVS sub sample demonstrating weak and strong inhibitory EF on the Frog Simon (FS) and Red
dog blue dog (RDBD) tasks when the effects of age and BPVS scores were taken into account.

EF measure EF ability Maxim Mean CVT score  Standard error
FS inihibition Weak 1 3.44 0.25
2 3.38 0.25
3 3.88 - 0.25
4 4.05 0.25
5 4.10 0.25
Strong 1 3.29 0.28
2 3.79 0.28
3 429 0.28
4 4.37 0.28
5 4.65 0.28
RDBD inhibition ~ Weak 1 309 0.25
2 3.44 0.25
3 3.67 0.25
4 3.85 0.25
5 3.97 0.25
Strong 1 3.70 0.26
2 3.70 0.26
3 3.70 0.26
4 3.70 0.26
5 3.70 0.26
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Table 8.29: Estimated marginal mean CVT scores and standard errors across the maxims for children
in the BPVS sub sample demonstrating weak and strong shifting EF on the FIST measures when the
effects of age and BPVS scores were taken into account. N.B. DCCS performance was not included due

to the ceiling performance of this subgroup

EF measure EF ability Maxim Mean CVT score  Standard error
FIST match Weak 1 3.12 0.26
shifting
2 3.62 0.26
3 3.94 0.26
4 431 0.26
5 4.25 0.26
Strong 1 3.63 0.26
2 3.50 0.26
3 4.19 0.26
4 4.07 0.26
5 4.44 0.26
FIST explan Weak 1 3.26 0.26
shifitng
2 3.67 0.26
3 4.08 0.26
4 4.26 0.26
5 4.32 0.26
Strong 1 3.51 0.27
2 3.44 0.27
3 4.04 0.27
4 4.11 < 0.27
5 437 0.27
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Table 8.30: Estimated marginal mean CVT scores and standard errors across the maxims for children
in the BPVS sub sample demonstrating weak and strong updating EF on the Dibbets and FAT tasks

when the effects of age and BPVS scores were taken into account.

EF measure EF ability Maxim Mean CVT score  Standard error
Dibbets updating Weak 1 2.84 0.29
2 3.42 0.29
3 3.59 0.29
4 4.09 0.29
5 3.92 0.29
Strong 1 3.70 0.23
2 3.65 0.23
3 4.35 0.23
4 4.25 0.23
5 4.60 0.23
FAT updating Weak 1 3.37 0.28
2 3.72 0.28
3 3.94 0.28
4 4.29 0.28
5 4.08 0.28
Strong 1 3.38 0.25
2 3.44 0.25
3 4.16 0.25
4 4.10 0.25
5 4.55 0.25

Relationship between EF ability and SI scores

Table 8.31 displays the results of ANOV As investigating the effect of EF on
SI lscores. As before, the criterion for significance was set ét 0.05. Table 8.32 reports
the estimated marginal means and standard errors of SI scores for children
demonstrating weak and strong EF ability when the effects of age and BPVS scores
were taken into account.. Children were divided into the same strong vs. weak EF

groups used in the CVT analyses. Thus again, data from the DCCS shifting task was
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not included in these analyses. There were no main effects of EF and no interaction
effects. A partial correlation controlling for the effect of standardised BPVS scores
was conducted to investigate a relationship between DCCS performance and SI scores

in the BPVS subsample. This did not reveal a significant association, r=0.074, p>0.30.

Table 8.31: Results of 2 (EF level) ANCOVAs on the SI score measure controlling for age and BPVS

scores in the BPVS sub sample

E p partial Eta’
EF level
FS 0.573 0.455 0.020
RDBD 0.171 0.683 0.006
FIST match 3.400 0.076 0.108
FIST explan 3.937 0.057 0.123
Dibbets 0.464 0.501 .0.016
FAT 0.001 0.970  0.000

Note: All dfs=1,28.

Table 8.32: Estimated marginal mean S/ scores and standard errors for children in the BPVS sub
sample demonstrating weak and strong EF across the battery of EF tasks used when the effects of age
and BPVS scores were taken into account. N.B. DCCS performance was not included due to the ceiling

performance of this subgroup

EF skill EF ability Mean SI score Standard error
FS inhibition Weak 1.90 0.42
Strong 1.41 0.47
RDBD inhibition Weak 1.56 0.44
Strong 1.84 0.47
FIST match shifting ~ Weak 1.13 0.42
Strong 2.24 0.42
FIST explan shifting Weak 1.12 0.41
Strong 2.33 0.43
Dibbets updating Weak 1.96 0.51
Strong 1.52 0.39
FAT updating Weak 1.70 0.49

Strong 1.68 0.43
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Relationship between EF ability and SI justifications

Table 8.33 displays the results of ANOVAs investigating the effect of EF on
SI justifications. Again, the criterion for significance was set at 0.05 and as before,
children were divided into the same strong vs. weak EF groups used in the CVT
analyses. Thus data from the DCCS shifting task was not included in these analyses.
Table 8.34 reports the estimated marginal means and standard errors of SI
justifications for children demonstrating weak and strong EF ability when the effects
of age and BPVS scores were taken into account. There were no main effects of EF
and no interaction effects. A partial correlation controlling for the effect of
standardised BPVS scores was conducted to investigate a relationship between DCCS
performance and SI justifications in the BPVS subsample. This did not reveal a

significant association, r=0.098, p>0.30.
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Table 8.33: Results of 2 (EF level) ANCOVASs on the Sl justification measure controlling for age and

BPVS scores in the BPVS sub sample

E p partial Eta’
EF level
FS 0.018 0.895 0.001
RDBD 0.187 0.669 0.007
FIST match 0.816 0.374 0.028
FIST explan 0.908 0.349 0.031
Dibbets 0.025 0.875 0.001
FAT 0.172 0.681 0.006

Note: All dfs=1,28.

Table 8.34: Estimated marginal mean S justifications and standard errors for children in the BPVS
sub sample demonstrating weak and strong EF across the battery of EF tasks used when the effects of
age and BPVS scores were taken into account. N.B. . DCCS performance was not included due to the

ceiling performance of this subgroup

EF skill EF ability Mean SI justification  Standard error
FS inhibition Weak 1.15 0.39
Strong 1.23 0.44
RDBD inhibition Weak 1.06 0.41
Strong 1.33 0.44
FIST match shifting  Weak 0.93 0.41
Strong 1.45 0.41
FIST explan shifting Weak 0.92 0.40
Strong 1.49 0.42
Dibbets updating Weak 1.25 0.47
Strong 1.15 0.37
FAT updating Weak 1.33 0.45
Strong 1.08 0.40

Inter-task correlations

Table 8.35 presents inter-task correlations present once the effects of age had

been partialled out. These were derived from data generated by the main sample of 89
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children tested. The CU tasks correlated significantly with each other, with the SI and
CVT measures correlating at the 0.01 level when SI scores were used, r=0.309, and at
the 0.05 level when SI justifications were used, r=0.231.

The two inhibitory EF measures (the Red Dog-Blue Dog task and the Frog
Simon task) did not correlate significantly with each other, r=0.154, p>0.07. Neither
did the two updating EF measures (the Dibbets task and the FAT), r=0.116, p>0.10.
However the shifting EF measures correlated significantly. The DCCS measure
correlated at the 0.01 level with both the FIST score measure, 1=0.428, and the FIST
explanation measure, r=0.348. The 2 FIST measures themselves (scores and
explanations) also demonstrated strong associations, r=0.857, p<0.001.

With the exception of a relationship between performance on the FAT
updating EF Task and the Frog Simon Inhibitory EF Task (r=0.320, p<0.01), a
relationship between performance on the FAT updating EF task and the FIST
matching score shifting EF measure (1=0.203, p<0.05) and a relationship between
performance on the FAT updating EF task and the FIST explanation score shifting EF
measure (r=0.208, p<0.05), EF tasks did not demonstrate significant relations with

other EF measures designed to focus on differentiable components of EF.

Comparison of CVT Maxim performance to chance

The performance of the main sample on the maxims reflected in the CVT was
compared to chance levels. Performancg was found to be significantly above chance
for all maxims, Maxim of First Quantity - t(88) = 5.787, p<0.001, Maxim of Second
Quantity - t(88) = 9.641, p<0.001, Maxim'of Quality - t(88) = 12.947, p<0.001,
Maxim of Relation- 1(88) = 16.217, p<0.001, Maxim of Politeness- t(88) = 18.766,

Q<0'001'



Table 8.35: Task score intercorrelations with age in months partialled out (n=89 )

Chapter 8: Experiment 6, 346

Slsco SHjust CVT Dog FroSi DCCS FISTsc FISTex  Dibb FAT
(Cu) (CL) (CU) (InhEF)  (InhEF) (ShiEF) (ShiEF) (ShiEF) (UpdEF) (UpdEF)
SIsco(CU) -
SIjust(CU) 0.811** -
CVT(CU) 0.309** 0.231* -
Dog(InhEF) -0.002  -0.030 0.263** -
FroSi(InhEF) -0.057  0.094 -0.031 0.154 -
DCCS(ShiEF)  0.003 0.048 0.060 0.022 -0.093 -
FISTsc(ShiEF) -0.028  0.062 0.000 0.089 0.118 0.428** -
FISTex(ShiEF) 0.079 0.112 0.047 0.158 0.126 0.348**  0.857** -
Dibb(UpdEF)  0.068 0.140 0.232* -0.024 -0.061 0.047 -0.083 -0.095 -
0.203* 0.208* 0.116 -

FAT(UpdEF) 0.101 0.171 0.216* 0.061 0.320** 0.088

N.B. SIsco(CU): Assessment of CU using SI scores, SIjust(CU): Assessment of CU using SI justifications, CVT: Assessment of CU using CVT scores, Dog(InhEF):

Assessment of Inhibitory EF using Red Dog-Blue Dog Task scores, FroSi(InhEF): Assessment of Inhibitory EF using Frog Simon Task scores, DCCS(ShiEF): Assessment of

Shifting EF using Dimensional Change Card Sort Task scores, FISTsc(ShiEF): Assessment of Shifting EF using FIST scores, FISTex(ShiEF): Assessment of Shifting EF

using appropriate number of FIST explanations, Dibb(UpdEF): Assessment of Updating EF using Dibbets Task, FAT: (UpdEF): Assessment of Updating EF using Farmyard

Animals Task, *Correlation is significant at the 0.05 level (1-tailed). **:Correlation is significant at the 0.01 level (1-tailed).
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8.4 Discussion

This study was concerned with providing a more detailed analysis of the
relationship between the different EF abilities and CU than had been presented in the
previous experiments. Children were given both the general and specific CU tasks
used in the preceding experiments in addition to the inhibitory, shifting and updating
EF tasks used in Experiments 2-5 and three further EF measures each of which was
assumed to reflect a different dimension of the three components of EF. The multitude
of EF and CU measures presented, enabled a replication test of the EF-CU
associations previously reported, using alternative EF and CU measures. It also
allowed for the reliability of the previous task-specific associations to be examined.
Furthermore, the large number of EF and CU tasks employed provided a means for
analysis of the validity of the EF and CU measures themselves. Additionally, a sub-
sample of children were given a vocabulary measure which also served as a measure
of verbal intelligence. This allowed more stringent examination of relationships found
between EF and CU measures by enabling the covariance of verbal 1Q levels.

In support of the masked competence account of the emergence of CU, a
relationship was found between inhibitory EF, assessed in terms of Red dog-blue dog
task performance, and the demonstration of CU assessed using the CVT and between
updating EF, assessed in terms of performance on the Dibbets task and the
demonstration of CU assessed using the CVT. Moreover, the effects of inhibition and
updating EF on CVT scores were found to remain significant even after the influences
of age and verbal IQ had been controlled for. Covarying out the effects of age and
verbal 1Q uncovered a further relationship between shifting EF, assessed in terms of

DCCS performance, and the demonstration of CU assessed using the CVT.
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Relationships had been revealed between the shifting and updating EF
components and CU in preceding experiments in this thesis, in line with the findings
from Experiment 6. Experiment 2 revealed a relationship between updating EF
measured using the Dibbets task and CU assessed using an SI task, whilst
Experiments 3 and 5 found gvidence of a relationship between shifting EF assessed
using the DCCS and a general measure of CU - the CVT. As well as providing further
support for the relationship between CU and the updating and shifting components of
EF, Experiment 6 produced evidence of a previously uncovered relationship between
inhibitory EF assessed using the Red dog blue dog task and CU measured using the
CVT.

Experiment 6 provided support for the relationship between shifting EF and
CU by replicating the task association found in Experiments 3 and 5 between
performance on the DCCS measure of shifting EF and the CVT measure of CU. In
Experiment 6, this association was found in data produced by a sub-sample of
children given the BPVS and was revealed following covariation of age and
vocabulary scores. Children typically pass the DCCS at around 4 years of age, the
youngest age group in Experiments 3, 5 and 6. It had previously been suggested
(Section 6.4) that children who had been found to perform poorly on the DCCS might
have been demonstrating atypical development, and that the relationship between
DCCS and CVT performance could have been attributable to an external factor
influencing both shifting EF and CU rather than a direct shifting EF-CU relationship.
However, the fact that the shifting EF-CU relationship was evident when score
variation attributable to verbal IQ was removed, indicates that the shifting EF-CU
relationship was not being mediated by verbal IQ. No relationship was found between

performance on the FIST shifting EF Task and success on a measure of CU. This
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concords with the findings of Nilsen and Graham (2008), when a referential
communication task was used as the CU measure.

Nevertheless, in contrast to expectations, the specific task performance
association which had previously provided support for the relationship between
updating EF and CU was not replicated in the current study. In Experiment 2,
performance on the Dibbets updating task had demonstrated relations with
performance on the SI measure of CU. However, this was not found in Experiment 6,
with performance on the Dibbets updating task instead demonstrating relations with
performance on the CVT measure of CU Therefore, whilst the results of Experiment 6
strengthen the validity of the conceptual relation previously proposed between
updating EF and CU, they do not provide support for the reliability of the task-
specific association,

Both the Dibbets updating task and the SI measure of CU were presented in
the first two testing sessions in Experiment 6, as they were in Experiment 2, which
indicates that the extended number of testing sessions in Experiment 6 was not
masking task associations. Furthermore, there was no interaction effect of age and
performance on the Dibbets updating EF task on SI scores, suggesting that the
relationship was not being masked by inclusion of additional data from the younger 4-
year-old age group included in Experiment 6 but not Experiment 2.

A comparison of the data produced for the Dibbets updating EF task during
Experiments 2 and 6 revealed that a greater proportion of children were classified as
having achieved strong updating training/a “good level of updating training” in
Experiment 6 than were classified as having reached this level in Experiment 2.
Whereas 54 out of 89 children (60.7%) achieved this level in Experiment 6, only 32

out of 62 children (51.6%) achieved this level in Experiment 2. The greater proportion
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of children achieving the highest level of updating training in Experiment 6 is even
more striking when one considers that not only did the latest experiment include a
younger 4-year-old age group not inclvuded in Experiment 2, but the criterion set for
achieving strong updating training had been raised from a bar of the correct location
of the kitten in 7 consecutive trials employed in Experiment 2 to a new bar introduced
in Experiment 5 and employed in Experiment 6, of the correct location of the kitten in
8 consecutive trials. Although it is not clear exactly why more children were
achieving a higher level of updating training in Experiment 6, it is possible that the
consequential reduction in score variance weakened demonstration of the relationship
between performance on the Dibbets updating EF task and SI scores.

However, children’s performance on the Dibbets updating EF task in
Experiment 6 was also comparatively high in relation to their performance on the
same task in Experiment 3 in which only 32 out of 60 children (53.3%) achieved
strong training and their task performance in Experiment 5 in which only 20 out of 38
children (52.6%) achieved strong training. Nevertheless, Experiment 6 revealed
evidence of a relationship between performance on the Dibbets updating EF task and
CVT scores which had previously alluded demonstration in Experiments 3 and 5. This
thus weakens the argument that the enhanced updating EF competence demonstrated
in Experiment 6 and its consequential reduction of task score variance, acted to mask
the relation between performance on the Dibbets updating EF task and SI scores.

The FAT updating EF task did not appear to demonstrate relations with
measures of CU performance in Experiment 6. However, the FAT also appeared to be
unrelated to performance on the Dibbets updating EF task. Furthermore, relations
were found between FAT performance and scores on the Frog Simon Inhibitory EF

task, the FIST matching score shifting EF measure and the FIST explanatory shifting
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EF measure. The apparent independence of the FAT and the other updating EF task in
Experiment 6, in conjunction with the discovery of relations between the FAT and
both inhibitory and shifting EF tasks, serves to cast doubt on the validity of the FAT
as a measure of updating EF ability.

Experiment 6 provided support for a rela;ionship between Inhibitory EF and
CU by demonstrating an association between performance on the Red dog-blue dog
inhibitory EF task and performance on the CVT measure of CU. The relationship
between scores on the Red dog-blue dog inhibitory EF task and success on a measure
of CU found in Experiment 6, is consistent with the relationship between performance
on the Red dog-blue dog inhibitory EF task and competence on a referential
communication CU task reported by Nilsen and Graham (2008).

However, Experiment 6 did not provide evidence of a relationship between
performance on the Frog-Simon Inhibitory EF task and either the SI or CVT measures
of CU. The lack of relation between performance on the Frog-Simon task and SI tasks
in line with the findings of Experiment 2. The apparent independence of performance
on the CU and Frog Simon tasks might reflect the fact that the Frog Simon task was
not providing an accurate measure of inhibitory ability. Although instructions for the
Frog Simon task required children to exert inhibitory ability to overcome pre-potent
tendencies and allow conflicting responses in accordance with instructions, children
were not under time pressure to respond. The result was that some children took a
noticeably long time to co-ordinate their responses to each trial, producing persuasive
evidence of poor inhibitory ability, despite eventually responding correctly in accord
with instructions. However, only accuracy of responses was used as a measure of
inhibitory ability and not response delay evidence. Support for the suggestion that the

Frog-Simon task was not providing an accurate measure of inhibitory EF is provided
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by the weak correlation it demonstrated with performance on the Red dog-blue dog
inhibition EF measure.

The presentation of multiple tasks to assess each of three proposed
components of EF and to measure CU, enabled the validity of the EF and CU
measures used in this study to be investigated through inspection of task correlations
following the pértialling out of age. The SI and CVT measures of CU were strongly
correlated, both when SI scores were used as the SI task performance measure and
when these were replaced with the more conservative measure of SI justifications.
Thus the SI and CVT tasks appeared to be reflecting the same construct, providing
support for their validity as measures of CU. Strong correlations were also apparent
between performance on the DCCS shifting EF and FIST shifting EF tasks. This was
the case both when FIST matching scores were used as the FIST task performance
measure and when these were replaced with the more conservative measure of FIST
explanations. Thus the DCCS and FIST tasks also appeared to be measuring the same
construct, providing support for their validity as measures of shifting EF.

However, performance on the Frog-Simon inhibitory EF and Red Dog-Blue
Dog inhibitory EF tasks was not strongly related. Similarly weak associations
emerged between the Dibbets updating EF and FAT updating EF tasks. The validity
of the inhibitory and updating EF tasks was therefore unclear. Indeed, as mentioned
previously, despite demonstrating a lack of association with the Dibbets updating EF
task, the FAT updating EF measure appeared to demonstrate strong relations with the
Frog Simon Inhibitory EF task, the FIST matching score shifting EF measure and the
FIST explanatory shifting EF measure. It thus seems that the FAT updating EF task
might be a complex measure more reflective of multiple skills than a single specific

aspect of EF. Indeed, difficulties which children appeared to encounter during early
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piloting of the FAT, would seem to provide an indication of the nature of some of the
confounding demands exerted by the task. Piloting revealed that a considerable
proportion of children, most notably from the younger age-groups, demonstrated a
large degree of difficulty in identifying the “last” animal in FAT trials, despite the
inclusion of two introductory scenes specifically designed to illustrate the meaning of
the concept. Later adaptations of the task used purple rectangular borders to highlight
the “last” animal(s) and children were told that they could use the these purple
“shapes” to identify which animal(s) was or were last. However, the very act of
having to use the purple border to recognise the “last” animal(s) might well have
created a cognitive burden which was subsequently reflected in task performance.
Furthermore, due to the large number of different farm animals required for the task,
and the young age of the children tested, a notable proportion of children experienced
difficulty naming one or two of the animals shown in the FAT (most notably the
turkey and the goose). However, children needed to be able to name all the animals in
order to identify those animals when they came out last. Although the experimenter
wouid eventually label an animal if a child failed to do so spontaneously, children
might not have been motivated to input externally-given labels to update their mental
representations of a scene from the FAT. Naming difficulties and trouble with
grasping the concept of “last” might thus also have been reflected in FAT
performance, confounding the degree to which this task provided an assessment of
updating EF.

However, although the Dibbets updating EF task was adapted from a task
originally designed as a measure of shifting EF (Dibbets & Jolles 2006), the fact that
it did not demonstrate clear relations with either the DCCS or FIST shifting EF tasks,

both of which appeared to demonstrate strong validity, suggests the Dibbets task was
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not reflecting shifting EF and was thus providing a less confounded assessment of
updating EF.

Although partial correlations were found between performance on the Frog
Simon Inhibitory EF task and scores on the FAT updating measure and between both
FIST shifting EF measures and the FAT updating measure, for the most part, EF tasks
did not demonstrate relationships with other EF measures gauging theoretically
distinct components. This provides support for the differentiated inhibitory, shifting
and updating EF construct proposed by Miyake et al. (2000) and is concordant with
the findings of Experiments 1 and 3.

In Section 5.4 the suggestion was raised that separate components of EF might
be serving different roles in the emergence of CU. This followed the discovery that
updating EF appeared to be related to the appreciation of Sls in Experiment 2, but
unlike shifting EF, was not found to be related to CVT performance in Experiment 3.
It was therefore suggested that updating EF might play a rather narrow role in CU,
associated specifically with appreciation of the First Maxim of Quantity, which is
focused upon in the SI task. It was proposed that shifting EF ability plays a more
general role associated with appreciation of all of the conversational maxims which
are reflected in the CVT. However, Experiment 6 revealed that all three components
of EF were related to CVT scores. This thus suggests that rather than acting
completely independently, the three components of EF are being engaged
simulténeously, playing complementary roles in the emergence of CU. It could be that
CU engages inhibitory EF ability to enable the inhibition of default literal
interpretations of communication where necessary, that shifting EF ability is
employed to enable switching between literal and contextually enriched

interpretations when required and that updating EF ability is relied on to ensure that



Chapter 8: Experiment 6 355

mental representations of the communicative situation reflect the current state of
information provided.

As expected, age was found to significantly enhance the performance of
children on all CU measures. However, the improvements appeared to manifest
themselves in differences between the CU performance of the 4-year-olds and the
older age-groups. The CU of the 5- and 6-year-olds did not appear to differ
significantly. Furthermore, detailed analysis of CVT performance supported the
pattern of maxim appreciation uncovered in Experiments 3 and 5 of this thesis and
reported by Siegal, Iozzi and Surian (2009) Experiment 2 and Surian, Baron-Cohen
and van der Lely (1996). Children demonstrated significantly better performance on
CVT items reflecting the Maxims of Quality, Relation and Politeness than on items
reflecting the First and Second Maxim of Quantity. This suggests that awareness of
the Maxims of Quality, Relation and Politeness emerges earlier on in development
than awareness of the two Quantity Maxims. However, the criticism of CVT items
reflecting the Maxim of First Quantity discussed in Section 5.4 indicates that any
conclusions regarding children’s maxim appreciation based on their CVT
performance should disregard evidence pertaining to the Maxim of First Quantity.

Although analyses indicated relationships existed between CVT performance
and scores on the Red Dog-Blue Dog inhibitory EF task, the DCCS shifting task and
the Dibbets updating EF task, it was possible that the positive influence of EF was
restricted to improvement on certain maxims reflected in the CVT rather than general
CVT performance. More fine-grained analyses indicated that the positive influence of
inhibitory and updating EF performance was generalised across the maxims reflected
in the CVT. However, correlations indicated that the relationship between

performance on the DCCS shifting task and the CVT arose from specific positive
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associations between DCCS performance and scores for CVT items reflecting the
Maxim of Second Quantity and the Maxim of Quality. That DCCS performance
appeared to demonstrate a specific relationship with CVT items reflecting the Maxim
of Second Quantity is surprising given that the DCCS training given in Experiment 4
did not promote scores for CVT items reflecting this maxim. However, the specific

. relationship found between DCCS performance and CVT items reflecting the Maxim
of Quality is consistent with the finding that the DCCS training in Experiment 4
appeared to promote performance for CVT items reflecting the Maxim of Quality to
significantly above chance levels.

As mentioned in Sections 5.4, 6.4 and 7.7, Siegal, Iozzi and Surian (2009)
investigated the contribution that inhibitory and shifting aspects of EF made to the
bilingual advantage for CVT performance. The day-night task employed in
Experiment 1 of this thesis, and the DCCS used in Experiments 1 and 3-6 of this
thesis, were used to assess inhibitory and shifting ability respectively. Siegal, lozzi
and Surian failed to find a relationship between bilingualism and inhibitory ability,
but found that Italian-Slovenian bilinguals and Slovenian monolinguals outperformed
Italian monolinguals on shifting ability. However, entering shifting ability as a
covariate was not found to eliminate the bilingual superiority in CVT performance.
The results of Experiment 6 suggest that a future study investigating the contribution
of EF to the bilingual CVT advantage might benefit from including the Red dog-blue
dog inhibitory EF and the Dibbets updating EF tasks.

The participants in Experiment 6 were found to be performing above chance on
all of the maxims reflected in the CVT and their CVT performance was compared to
that of the Italian monolinguals in Siegal, Iozzi and Surian (2009) Experiment 1. The

4- to 6-year-olds tested in this study (mean age 66.79 months) achieved means scores
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of 3.31, 3.39, 4.08, 4.16 and 4.42 for groups of CVT items assessing the appreciation
of the maxims of First Quantity, Second Quantity, Quality, Relation and Politeness
respectively. This can be contrasted with Siegal et al.’s sample of 4- to 6-year-olds
(mean age 64 months), who achieved mean scores of 3.37, 3.26, 3.84, 3.84 and 4.26
respectively in these trials. The Siegal et al. sample appear to be scoring lower for all
but the Maxim of First Quantity. However, although the sample of Siegal et al. was
younger, this was by less than 3 months. Such a slight age disadvantage would not be
expected to result in the fairly consistent display of reduced performance across the
different groups of CVT items. Although, the relevant comparison of the CVT
performance of the Siegal et. al. sample to the performance of the participants in
Experiment 3 of this thesis ought to be acknowledged. The Siegal et. al sample were 3
months older than the children in Experiment 3, and outperformed them on all
maxims reflected in the CVT.

The performance inferiority of the Siegal et al. sample in comparison to the
children in Experiment 6 is particularly surprising given the difference in CVT task
demands favouring the Siegal et al. sample. In the Siegal et al. study, children were
directed to identify the silly or rude responses in each statement pair, whereas children
in Experiment 6 were asked to identify the appropriate statemént each time. It is likely
that the silly or rude responses are more salient to the children precisely because of
their inappropriateness. This could mean that children in Experiment 6 who were
asked to identify tﬁe appropriate statements, had to exert inhibitory ability to
overcome their attention to the inappropriate responses, to enable them to respond
correctly in this study. This inhibitory demand would not have been made of the

Siegal et al. sample, who in contrast, were asked to identify the inappropriate

responses.
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8.5 Conclusions

Experiment 6 provided considerable support for the masked competence
account of CU. Relationships were discovered between tasks assessing inhibitory,
shifting and updating components of EF and a broad measure of CU - the CVT. All
three components of EF proposed by Miyake et al. were thus found to demonstrate

relations to CU.
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Chapter 9: Summary of findings regarding the relationship between executive
functioning and conversational understanding
9.1 Introduction
This thesis provides details of six experiments conducted to elucidate the

relationship between executive functioning (EF) and conversational understanding
(CU). The six experiments, involving a total of 384 children, sought to provide
answers for the following questions:
1. Is there a relationship between EF and the expression of CU?
2. Does ToM play a role in the relationship between EF and CU?
3. Does EF training promote the emerging expression of CU?
4. Are there distinct EF components?

This chapter will review the findings that have been reported for the experiments
conducted and outline the implications that these results have on theoretical positions
concerning the emergence of CU. The chapter will conclude with some limitations of

the current studies and future directions for research.

9.2 Is there a relationship between executive functioning and the emerging
expression of conversational understanding?

Many previous studies indicated that children demonstrate CU when task
processing costs are minimised (Chierchia et al., 2001; Feeney, Scrafton, Duckworth
& Handley, 2004; Guasti et al., 2005; Papafragou & Musolino, 2003; Papafragou &
Tantalou, 2004; Pouscoulous, Noveck, Politzer & Bastide, 2007). Removing the need
to independently represent alternative interpretations of scalar implicatures (Sls),
training a focus on the appropriateness of communication (felicity), enhancing the

relevance of implicature generation, reducing the complexity of the implicature terms
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used and enabling children to express their understanding of the terms through their
actions rather than verbal responses, promotes young children’s SI ability. Similarly,
Meroni and Crain (2003) found that lengthening the amount of time children spent
processing “garden-path” instructions promotes their ability to use the task context to
influence their interpretation of the instructions. Further, Beck, Robinson and Frecth
(2007) found that removing children’s need to make an explicit decision as to whether
they should delay their response to an ambiguous message to await additional
information permits them to demonstrate sensitivity to ambiguity.

This collection of evidence suggests that there might well be a relationship
between children’s EF ability, which serves to control and regulate information
processing mechanisms, and their ability to demonstrate CU. Nilsen and Graham
(2008) investigated this more closely by presenting children with a CU task asscssing
their ability to use common ground information when forming and interpreting
communication, as well as tasks linked to three differentiable components of EF
proposed by Miyake et. al. (2001). The EF components Miyake et. al. propose
comprise the ability to inhibit prepotent or automatic responses, the ability to shift
between alternative mental representations of the world and the ability to update
information in working memory. Nilsen and Graham found that children’s ability to
inhibit prepotent responses was related to their CU, but did not find a relationship
between CU and their ability to manipulate information in working memory, or
between CU and their ability to shift between alternative representations of the world.

Experiment 1 of this thesis examined the EF-CU relationship further by
considering the relationship between 4-, 5- and 6-year-old’s appreciation of Sls as a
measure of CU and their shifting and inhibitory abilities as measures of EF.

Experiment 1 employed different CU and EF tasks to those used by Nilsen and
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Graham (2008) and presented control conditions along-side the experimental
manipulation in the CU task to assess the validity of the SI task. The superior
performance demonstrated in the control conditions relative to the experimental
condition of the SI task, indicated that the experimental manipulation was providing a
valid assessment of children’s ability to compute SIs. However, neither performance
on the day-night task measure of inhibitory EF, nor performance on the Dimensional
Change Card Sort (DCCS) measure of shifting EF was significantly related to CU.
The additional weak relationships found between EF and ToM measures contrast with
the significant associations reported in the literature suggesting that the day-night and
DCCS tasks may not have been sensitive enough measures to predict CU.

Experiment 2 thus presented new assessments of EF focusing on inhibitory
and updating abilities: the Frog Simon inhibitory task and the Dibbets updating task.
Performance on the Dibbets updating task was found to be positively related to the SI
appreciation of 5- and 6-year-olds. Interestingly, the amount of variance in SI scores
accounted for by updating ability doubled when analysis focused on a restricted
sample identified by their superior updating performance. The better the children
were at updating, the greater the role that updating EF ability was assigned in
computing Sls. Not only does this finding demonstrate the significance of updating
EF ability in the expression of SI appreciation, but it also highlights that other factors
are playing a role, and are more responsible for the level of SI appreciation
demonstrated when updating EF ability is less advanced.

Experiment 3 presented a new measure of CU: the CVT, based on the
measure of Surian, Baron-Cohen, and van der Lely (1996). The CVT provides a
general assessment of CU by examining sensitivity to a range of Griccan maxims.

The CVT contrasts with the SI task employed in the previous two experiments which
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provides a narrow measure of CU as a consequence of its focus on appreciation of the
Maxim of First Quantity. In addition to the inhibitory and updating EF tasks
employed in Experiment 2, Experiment 3 also presented the DCCS shifting EF task
used in Experiment 1. There was a significant relationship between CVT performance
and shifting EF but not inhibitory or updating EF.

It is interesting that updating ability did not appear to be related to the CVT
general measure of CU in Experiment 3, given that it was found to be related to the
narrow SI measure of CU in Experiment 2. However, the SI task assesses appreciation
of only one component of the CVT: Grice’s First Maxim of Quantity. The CVT
requires appreciation of four more of Grice’s conversational maxims, in addition to
the First Maxim of Quantity. It could be that updating ability plays a rather narrow
role in CU, associated specifically with the First Maxim of Quantity, whilst shifting
ability plays a more general role associated with appreciation of all of the
conversational maxims. Shifting abilityl was not measured in Experiment 2, as
Experiment 1 indicated that the task was too easy for the 5- and 6-year-olds tested.
However, had a more age-appropriate measure been employed, shifting ability might
have been found to be significantly related to SI scores. Such a scenario fits in well
with the general finding that the Maxim of First Quantity is grasped after the rest of
the conversational maxims (Siegal, ozzi, & Surian, 2008; Surian, Baron-Cohen, &
van der Lely, 1996). One would expect appreciation of a maxim to emerge later on if
it placed additional demands on EF.

Experiment 4 was designed to examine the relationship between DCCS and
CVT performance using a DCCS training study with 3- and 4-year-olds. However,
significant improvements in DCCS performance did not result in significant

improvements in CVT scores. It is unlikely that this was due to the younger age-group
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tested in this study, as the relationship did not emerge when analyses were split by
age. However, Experiment 3 had indicated that the effect of shifting ability on CVT
performance was rather small, accounting for only 3.10 % of the variance in CVT
scores. Thus, one might expect to see an effect of DCCS training on CVT
performance if a greater sample size was employed.

Experiment 5 was conducted to investigate the effect of bilingualism upon
the relationship between EF and CVT performance in 4- and S-year-olds. Much
evidence has been produced to support the proposal that bilinguals display advanced
EF (Bialystok & Codd, 1997; Bialystok & Majumder, 1998; Bialystok & Martin,
2004; Bialystok & Senman, 2004; Bialystok & Shapero, 2005; Feng, Diamond &
Bialystok, 2007). Establishing that a population who demonstrate enhanced EF also
possess advanced CU, would provide an alternative way of supplying support for the
proposal that EF promotes CU. Siegal, Iozzi and Surian (2009) found that bilingual
Italian-Slovenian 4-, 5- and 6-year-olds attained significantly higher CVT scores than
Italian and Slovenian monolinguals of the same age. However, Sicgal et al. did not
find that the bilingual superiority in CU was attributable to enhanced EF abilitics.
Experiment 5 was thus conducted to further investigate the effect of bilingualism
upon EF ability and performance on the CVT, and to examine the relationship
between EF and CVT proficiency.

Experiment 5 provided additional evidence that DCCS scores were
significantly related to English CVT performance. Furthermore, the bilingual children
were found to demonstrate a shifting benefit comparative to the monolinguals, albeit
not reaching a level of significance. Both the DCCS-CVT relationship and the non-
significant enhanced bilingual shifting emerged once the effects of English

vocabulary ability, which varied between the English monolingual and Italian-English



Chapter 9: Summary of findings 364

bilingual children, were partialled out. However, English vocabulary ability appeared
to demonstrate a mediatory role in the relationship between shifting EF and English
CVT performance. Thus the non-significant bilingual shifting benefit revealed when
English vocabulary ability was partialled out, did not correspond to a bilingual CVT
advantage. Furthermore, as in Experiment 3, there was no demonstration of a
relationship between CVT performance and either inhibitory or updating ability.

Selection of more balanced bilinguals whose English language proficiency
was more comparable to the that of the English monolinguals in this study, removing
the necessity for partialling out the effects of language proficiency, might have
revealed a bilingual advantage for English CVT performance. More balanced
bilinguals might also have demonstrated a significant level of enhanced shifting,
increasing the likelihood that a CVT advantage would be found. Alternatively, the
need for partialling out the effects of language proficiency would also have been
removed if the native language proficiency of the bilinguals had been comparable to
that of the monolinguals, and the EF tasks had been presented to the bilinguals in their
native language. This might have allowed relationships to emerge between EF and
performance on the bilinguals’ native language CVT.

Experiment 6 was concerned with providing a detailed analysis of the
relationship between the different EF abilities and CU. Children were presented with
both the general and specific CU tasks used in the preceding experiments in addition
to the inhibitory, shifting and updating EF tasks used in Experiments 2-5 and three
further EF measures each of which reflected a different dimension of the three aspects
of EF. These three new measures comprised the Red dog-Blue dog (RDBD)
inhibitory task and Flexible Item Selection Task (FIST) shifting task used by Nilsen

and Graham (2008) and the Farmyard Animals Task (FAT) updating Task designed
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for Experiment 6. A sub-sample of children were also given a vocabulary scale
serving as a measure of verbal intelligence, which allowed more stringent
examination of relationships found between EF and CU measures by enabling the
covariance of verbal IQ levels.

A nevu; relationship was found between inhibitory EF assessed in terms of
performance on the RDBD and CU assessed using the CVT. An anticipated
relationship, first indicated in Experiment 2, was revealed between updating EF,
assessed in terms of performance on the Dibbets task and CU assessed using the CVT.
Moreover, the effects of inhibition and updating EF on CVT scores were found to
remain significant even after the influences of age and verbal 1Q had been controlled
for. Covarying out the effects of age and verbal IQ uncovered a further relationship
between shifting EF, assessed in terms of DCCS performance, and the demonstration
of CU assessed using the CVT.

In line with the findings from Experiment 6, significant relationships had been
reported between two of the three EF components and CU in Experiments 2, 3 and 5
of this thesis: Experiment 2 revealed a relationship between updating EF measured
using the Dibbets task and the computation of Sls, whilst Experiments 3 and §
produced evidence of a relationship between shifting EF assessed using the DCCS
and the CVT as a general measure of CU. However, Experiment 6 lent further support
for the relationship proposed between updating EF and CU by providing evidence
based on performance on a different CU task: the CVT. Furthermore, a new
relationship was revealed between inhibitory EF assessed using a new measure: the
Red dog blue dog task and performance on the CVT.

Nevertheless, in contrast to expectations, the specific task performance

associations which had previously prdvided support for the relationship between
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updating EF-CU was not replicated in Experiment 6. Therefore, the results of
Experiment 6 strengthen the validity of the updating EF-CU conceptual relations
previously proposed, although it does not provide support for the reliability the task-
specific association previously found.

Aside from correlations involving an impure measure of updating in
Experiment 6, performance on the inhibition, shifting and updating EF tasks in
Experiments 1-3, 5 and 6 was not found to be significantly related, supporting the
suggestion that EF is composed of differentiable skills. The results of Experiment 2
and 3 had prompted suggestion that separate components of EF might be serving
different roles in the emergence of CU. This followed the discovery that updating EF
ability appeared to be related to the appreciation of SIs in Experiment 2, but unlike
shifting EF ability, was not found to be related to CVT performance in Experiments 3
or 5. However, Experiment 6 revealed that all three components of EF were related to
CVT scores. This pattern of results thus suggests that rather than acting completely
independently, the three components of EF are being engaged simultancously, playing
complementary roles in the emergence of CU.

Therefore, it appears that a considerable amount of evidence has been
produced to support the proposal that significant relationships exist between EF and
CU, that all three differentiable components of EF are involved in this relationship

and that it is demonstrated in regards to both specific and general aspects of CU.

9.3 Does theory of mind play a role in the relationship between executive
functioning and conversational understanding?
Since CU is thought to require appreciation of communicative intentions, ToM

was expected to demonstrate strong relations with CU. Indeed, much evidence had
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provided support for such a claim. Individuals with autism, who are thought to
possess ToM deficits, have been found to demonstrate impaired CU (Joliffe & Baron-
Cohen, 1999; Dennis, Lazenby, & Lockyer, 2001; Frith, 1989; Noveck, Guelminger,
Georgieff, & Labruyere, 2007). Furthermore, levels of ToM have been found to
predict CU in children with autism (Sodian & Frith, 1992; Surian, et al., 1996; Martin
& McDonald, 2003), in deaf children (Tedoldi, Surian & Siegal, 2005), in adults with
Schizophrenia (Langdon, Davies, & Coltheart, 2002), in patients with right
hemisphere brain damage (Winner et al. 1998) and in typically developing children
(Happé, 1993).

However, a wealth of studies in the literature also indicate that ToM
demonstrates a relationship with EF (Mitchell & Lacohee, 1991; Ozonoff et al., 1991;
Davis & Pratt, 1995; Frye et al., 1995; Diamond & Taylor, 1996; Hughes, 1998a;
Hughes, 1998b; Leslie & Polizzi, 1998; Carlson & Moses, 2001; Wellman, Cross, &
Watson, 2001; Zelazo et al., 2002; Hala, Hug & Henderson, 2003. The weight of
evidence thus supporting relationships between CU and EF (discussed in Section 9.2),
CU and ToM, ToM and EF, led Siegal and Surian (2004, 2007) to propose that ToM
might be mediating the relationship between CU and EF.

More specifically, default processing biases were thought to direct selection of
logical/linguistically determined speaker intentions in certain situations, but to focus
on contextual information in other instances, and to be overcome as processing
resources increased with age. Siegal and Surian (2004, 2007) proposed that the
development of an EF system enabled the child to resist these processing biases
allowing them to access logically rooted but contextually enriched interpretations.

However, the experiments in this thesis did not provide evidence to support a

ToM-mediated account of the EF-CU relationship. Although the results of
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Experiment 3 initially indicated that CU was associated with ToM, supporting the
conceptualisation of CU in terms of the appreciation of communicative intentions, the
relationship found between CU and ToM in Experiment 3 was actually subsumed by
the effects of EF. This would not be expected if ToM was mediating the relationship
between EF and CU.

Nevertheless, there were indications that performance on the ToM tasks
employed in Experiments 1-3 was more reflective of fatigue and irrelevant processing
costs than ToM ability. Although overall performance was very high for the first-
order tasks, significantly more children passed the first, first-order ToM task they
were presented with than passed the second, first-order ToM task presented in each
experiment, suggesting that some of the variation in first-order ToM scores might
have been reflecting fatigue rather than individual differences in ToM. This was
especially likely given that the first-order ToM tasks used are typically passed by
children who are of the same age as the participants taking part in those experiments.
Furthermore, although overall ToM performance was around chance levels for the
second-order tasks, as one might expect given that such tasks are normally passed by
children slightly older or at the top-end of the age-range tested in the current sct of
experiments (i.e. 6- and 7-year-olds), significantly more children failed the first,
second-order ToM task that they were presented with, than failed the second-order
ToM task presented second. This is concordant with the fact that the second-order
ToM task presented second, was designed to reduce the extent of non-ToM task
demands (Sullivan, Zaitchik, & Tager-Flusberg, 1994). The uneven distribution of
performance across second-order ToM tasks suggests that fatigue was unlikely to
account for much of the second-order task score variation. However, it does suggest

that a notable degree of score variation was likely to be reflecting irrelevant task
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processing costs rather than individual differences in ToM.

Siﬂce a fair degree of variance in ToM scores seems to reflect factors such as
language comprehension rather than ToM ability (Bloom & German 2000), the failure
to demonstrate a mediatory role for ToM in the EF-CU relationship could be
attributable to the inappropriateness of the specific ToM measures used. However,
there is little evidence to indicate a ToM task geared towards the precise age range of
the 4- to 6-year-olds targeted in the current series of studies, due to their age
suitability for the CU tasks presented. Nevertheless, a scale of ToM tasks put forward
by Wellman and Liu (2004) proposes that children find tasks which assess
appreciation of the difference between real and apparent emotion, more difficult than
traditional first-order ToM tasks. Furthermore, Wellman and Liu indicated that the
mean age at which children pass tasks measuring awareness of the differentiation
between real and apparent emotion, is just over 5-years-old. This is younger than the
age at which children are reported to pass second-order ToM tasks. Thus tasks
assessing appreciation of the difference between real and apparent emotion, might
have produced a greater degree of valid variation in ToM scores than the first- and
second-order ToM tasks used in Experiments 1-3. A greater variation in ToM scores

might have enabled significant relationships to be revealed between ToM and EF and

between ToM and CU.

9.4 Does executive functioning training promote the emerging expression of
conversational understanding?

The relationship consistently found between shifting EF and the CVT measure of
CU in Experiments 3, 5 and 6 could be attributable to a third mediating facltor which

promotes both shifting EF and CU. Establishing that training shifting EF results in
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enhanced CVT performance would provide evidence of a more direct link between
EF and CU.

A number of studies have managed to successfully improve children’s EF
abilities. Some of these studies have trained shifting EF using the DCCS mcasure
found to relate to CVT performance in Experiments 3, 5 and 6: Dowsett and Livesey
(2000), Kloo and Perner (2003), Mack (2007). Other studies have focused on different
aspects of EF such as visuo-spatial and verbal working memory (WM) span:
Klingberg et al. (2005) and self-regulatory private specch, self-inhibition and
planning: Diamond et al. (2007).

Although EF training has not always been found to be successful (Fisher, &
Happé, 2005; Rueda et al., 2005), the DCCS training program used by Kloo and
Perner (2003) appeared to be effective, and was based on the very task which was
found to be related to CVT performance in Experiments 3,5 and 6. Thus, the EF
training given in Experiment 4 of this thesis was based on the program used by Kloo
and Perner (2003). It was initially intended that Experiment 4 would also include
CVT training to investigate the possibility that the relationship between EF and CU
stemmed from the positive influence of CU on EF. However, a pilot study indicated
that a variety of CVT training methods did not raise CVT performance above chance
levels.

The training given in Experiment 4 appeared to lead to a significant increasc in
shifting EF, assessed and trained using the DCCS task, although a control training
condition would be required to establish that such effects were not the consequence of
more general training effects. Whilst pre-training DCCS performance had becn at
significantly below-chance levels, post-training levels were at significantly greater

than chance levels, indicating the attainment of DCCS competence. However, in
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contrast to expectations, multiple varied analyses failed to indicate that DCCS
training resulted in enhanced CVT performance, that' improvements in EF led to
sighiﬁcant corresponding rises in CVT scores, that DCCS performance post-training
affected CVT scores or improvement or even that pre-training DCCS scores were
related to pre-training CVT performance.

Nevertheless, tests indicated that although pre-training CVT scorcs were
merely at chance levels, post-training CVT scores were significantly better than
chance. This was attributable to the improvement from chance to above chance levels
for performance on CVT items reflecting the maxims of quality and Politeness and is
consistent with the theory that a degree of CVT improvement had followed DCCS
training. The CVT improvement from chance levels prior to DCCS training to
significantly above chance levels, post-training, provides some support for the
suggestion that CVT performance improved following DCCS training. Although, as
indicated above, a control training condition would be required to establish that such
effects were not the consequence of more general training effects. However, the fact
that the pre- to post-training CVT improvements were not significant suggests that the
influence of EF might be fairly restricted, so that a larger number of participants
would be required to reveal a significant effect. Indeed this would be consistent with

the small effect size reported for the DCCS-CVT relationship in Experiment 3 (partial

Eta® =0.031),.

9.5 Are there distinct components of exccutive functioning?
As indicated in Section 2.1, there is considerable dispute regarding the structural
nature of EF during childhood. Miyake et al (2000) proposed that although the EF

abilities of inhibition, shifting and updating were moderately correlated in adults, they
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were nevertheless clearly distinguishable, lecading them to present a 3-factor model of
EF in adulthood. However, it is not clear that EF exhibits a fractionated structure
during childhood. Research with children and adolescents between the ages of 2 and
21 years indicates that EF can be differentiated into component parts during
childhood (Espy, & Bull, 2005; Espy, Kaufman, McDiarmid, & Glisky, 1999;
Hongwanishi, Happaney, Lee, & Zelazo, 2005; Iuizinga, Dolan, & van der Molen,
2006; Lehto, Juujarvi, Kooistra, & Pulkkinen, 2003). However, a more recent study
with children between the ages of 2- and 6-ycars-of-age found that multifactor models
did not account for significantly more variance in EF scores, than a univariate model
(Wiebe, Espy, & Charak, 2008). Preference for parsimony led Wicbe ct al. to
conclude that a univariate model provides the best account of childhood EF.

In line with Miyake et al.’s 3-factor model of EF, analyses conducted on the EF
task data produced in Experiments 1-3 and 5 of this thesis consistently failed to
demonstrate significant relationships between children’s inhibitory, shifting and
updating EF ability. Experiment 4 only assessed the shifting aspect of EF.
Furthermore, although children’s performance on the FAT updating task employed in
Experiment 6 was found to be related to their performance on the Frog Simon
inhibitory task and the FIST switching measures, difficulties encountered during pilot
testing of the FAT and detailed in Section 8.4, suggested that this merely reflected the
unsuitability of the FAT as a measure of updating EF. Rather than forming a focused
measure of updating, the FAT appears to be a complex task making a varicty of
processing demands. Thus, the data presented in this thesis supports the suggestion

that EF is composed of distinct components during childhood.
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9.6 Theoretical implications
Beal and Flavell (1984) and Robinson and Whittaker (1986) put forward a conceptual
change account of CU. They argued that young children’s apparent inability to
consider the logical elements of a message in light of contextual factors, reflected the
inability of young children to conceptually differentiate between that which is said:
the logical/literal meaning (LM) and that which is meant: the intended meaning (IM).
However, recent research into the emergence of CU has indicated that young
children in fact do possess early LM-IM differentiation. Appreciation of this
distinction seems to be restricted with regard to certain contexts and response
modalities, suggesting that the understanding is less likely to be the potentially
conscious, explicit appreciation of adults, but rather, an unconscious, implicit
knowledge.

A guiding theoretical framework of this thesis is that information processing
limitations may be masking children’s knowledge, preventing it from being exploited
during explicit (conscious) response consideration, in line with a performance account
of CU development (Surian, 1995). A masked competence account of CU has been
proposed which suggests that processing restrictions affect the ability to reason about
the mind (ToM), hindering accurate inference of speaker intentions (CU). As children
grow older these restrictions are thought to be overcome by the development of EF
abilities (Siegal & Surian, 2004; 2007). According to this analysis, ToM mcdiates the
relationship between EF and CU because CU is conceptualised as an aspect of ToM,
depending upon the ToM skill of interpreting intentions. EF is thought to cnable the
biases directing intention interpretation to be overpowered, in this way promoting CU.
For example, the evolutionary pressure for rapid language development might have

created a processing bias to select logical, linguistically determined speaker intentions
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in certain situations e.g. directed communication. An alternative bias to derive these
intentions solely from contextual information might be exhibited in other instances,
for example when listening to accounts of communication, as in a narrative. Both of
these biases might be overcome as processing resources incrcase with age. Sicgal and
Surian suggest that the development of an EF system allows children to overcome
such processing biases by enabling the inhibition of default interpretations. The
inhibition of default interpretations is thought to facilitate access to contextually
enriched but logically supported interpretations of speaker intentions.

The findings produced from Experiments 1-6 of this thesis appear to provide
partial support for the Masked Competence account of the emergence of CU. As
indicated in Section 9.2, there is much evidence for a relationship between EF-CU,
involving all three of Miyake et. al’s differentiable components of EF and in regards
to both specific and general aspects of CU. However, the role of ToM in this
relationship is not clear. The results of Experiment 3 indicated that CU was associated
with ToM, supporting the conceptualisation of CU in terms of the appreciation of
communicative intentions. However, the relationship found between CU and ToM in
Experiment 3 was actually subsumed by the effects of EFF which would not be
expected if ToM was mediating the relationship between EF and CU. It has however,
been suggested that the ToM measures used were not age-appropriate, and thus ToM
might be found to play a mediatory role if more sensitive tasks were used with this
age-range.

However, it should be noted that a masked competence account of CU has
been challenged. Beck, Robinson and Freeth (2007) suggest that reducing the
judgemental processing demands of CU tasks does not enable young children to

reveal implicit knowledge. They argue that the subsequent apparent demonstration of
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CU merely reflects the presence of other abilitics which do not involve representation
of CU. For example, as detailed in Section 1.5.2, Beck ct al. found that presenting an
ambiguity detection task which did not require a decision to be made, appeared to
enable children to demonstrate a competence which they were unable to reveal in a
similar task containing a dccision-making aspect. However, they propose that the
apparent enhanced performance merely results from the children’s ability to wait until
they can accurately identify items. Beck et. al. suggest that such performance
indicates recognition that items cannot be identified when information is ambiguous,
but not an understanding of what ambiguity actually means. In other words, Beck ct.
al. argue that passing such a task does not require children to represent indistinet
information as ambiguous. They consider that children can pass the task without
recognising that ambiguous information can represent multiple possible referents.
Nevertheless, researchers have enhanced the performance of young children,
by reducing the non-judgemental processing demands of CU tasks. For example, as
detailed in Section 1.5.2, Chierchia et al. (2001) presented children with a scenario for
which the strong descriptive term “and” was appropriate and then asked them to judge
the better description from a report containing a false SI entailing “not and” and an
account which did not evoke an SI, which was consistent with the meaning “and”. 3-
to 6-year-olds were found to display a preference for the description which did not
evoke the false SI. Similarly, Papafragou and Tantalou (2004) asked children to
recommend whether characters should be awarded prizes on the basis of judgements
concerning the SIs entailed by characters’ performance descriptions. They reported
that 4- and 5-year-olds were negatively evaluating characters whose descriptions
contained SIs entailing the non-completion of tasks at significantly above chance

levels. It is unclear why children would reveal a preference for descriptions not
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evoking false SIs in Chierchia et al.’s study if they were not computing the
inappropriate Sls. Similarly, it seems strange that children would demonstrate a bias
for awarding only those characters whose¢ performance descriptions did not cntail Sls
indicating non-completion of tasks in Papafragou and Tantalou’s study, if the
inappropriate SIs were not being computed. The results of such studies thus support
the suggestion that that carly CU is being masked by limited processing resources.
This concurs with the demonstration of EF-CU relations in the sct of studics
comprising this thesis, despite the usc of CU tasks with reduced processing demands.
The SI task used in Experiments 1, 2 and 6 promoted the relevance of ST computation
and was accompanicd by felicity training whilst the CVT employed in Experiments 3-
6 provided children with contrasting statement pairs to choosc between, removing the
need for independent representation of contrasting meanings. That EFF should continue
to exhibit strong relations to CU in such processing-minimised conditions, indicates
that it plays an integral role in the demonstration of CU.

The findings presented in this thesis also have a bearing upon the hypothesised
structure of EF and thereby provide clarification of the possible role of EF in CU. As
detailed in Section 2.1 and mentioned in Section 9.5, Miyake ct al (2000) proposed a
3-factor model of EF comprising inhibitory, shifting and updating abilitics. However,
Miyake’s model was based on the analysis of adult data, and contention remains
regarding the unified versus fractionated structurc of EF during childhood (Espy, &
Bull, 2005; Espy, Kaufman, McDiarmid, & Glisky, 1999; Hongwanishi, Happancy,
Lee, & Zelazo, 2005; Huizinga, Dolan, & van der Molen, 2006; Lchto, Juujarvi,
Kooistra, & Pulkkinen, 2003; Wicbe, Espy, & Charak 2008). EF task data produced
during this thesis consistently failed to demonstrate significant rclationships between

children’s inhibitory, shifting and updating EF ability. Thus, the data presented in this
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thesis suggests a fractionated account of childhood EF inline with the model of
Miyake et al.

The differentiation apparent between the EF abilitics measured in this study
lends strength to the possibility that EF components might be affecting CU in
different ways. However, Experiment 6 revealed that when differences in verbal 1Q
were removed, inhibitory, shifting and updating components of EF were all related to
CVT scores. This suggests that rather than acting completely independently, the three
components of EF are being engaged simultancously, playing complementary roles in
the emergence of CU. CU might engage inhibitory EF ability to enable the inhibition
of default literal interpretations of communication where necessary. Shifting EF
ability might be employed to enable switching between literal and contextually
enriched interpretations when required. Updating EF ability might ensure that mental
representations of the communicative situation reflect the current state of information

provided.

9.7 Limitations and future directions for research

Since it has been argued that the failure to find a mediational role for ToM in
the relationship between EF and CU might be attributable to the age-
inappropriateness of the ToM tasks used in the experiments of this thesis, it would
seem thaf future research ought to identify and employ ToM tasks which are more
suitable for the 4- to 6-year-old age range. As reported in .Scctions 5.4 and 9.3,
Wellman and Liu (2004) suggest that children pass ToM tasks which asscss
appreciation of the difference between real and apparent emotion at just over S-ycars-

of-age, which indicates that these tasks might be ideal.
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However, although this thesis has provided a considerable degree of evidence
to suggest that EF plays a role in the emergence of CU, the findings are limited by the
extent to which the concept of EF is understood. As indicated in Scction 2.1, the
concept of EF is hotly contested. Various proposals involve unified (Carlson, Moscs,
& Hix, 1998) and fractionated (Trancl, Anderson, & Benton, 1994) constructs, and
even the proposal that EF might be better conceptualised in terms of a problem
solving framework (Zelazo, Carter, Reznik, & Frye, 1997). Scparate contention
concerns the unitary versus compound nature of the EF structure during childhood
(Lehto, Juujarvi, Kooistra & Pulkkinen, 2003; Wicbe, Espy & Charak, 2008) lcaving
open the possibility for later changes to its constitution during the course of
development. However, even the methods used to investigate such structural claims
are questioned, with neuropsychological and factor-analytic approaches both
receiving criticism (Miyake et al., 2000; Zelazo & Muller, 2002).

. Banich (2009) proposes an integrated model of EF rescarch in a bid to
overcome the wide extent of controversy hampering this area of investigation, This
model seeks to link evidence found regarding the ncurobiological (neural
underpinning), computational (information processing) and psychological (cognitive
construct) basis of EF. For example, Banich points out that computational models of
EF conceptualise dompaninergic connections between the basal ganglia and frontal
cortex as acting as a gate preventing or allowing information stored in working
memory to escape enabling new information to enter (O’Reilly 2006). However
Banich also highlights neurological research which indicates that the posterior portion
of the dorsolateral prefrontal cortex would be likely to be affected by such gating as
this region of the brain appears involved in creating and maintaining attentional sets

(Herrington et al. 2009). Furthcrmore, Banich notes evidence from children relating to
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psychological and computational models of EF which indicates that the ability to
create abstract representations of categories affccts the ability to shift (Kharitonova,
Chien, Colunga, & Munakata, in press). Banich suggests that initial representations
might be weak, gaining strength following practice.

Banich links these three arcas of ET rescarch by suggesting that greater light
might be shed on manipulation in one domain through investigation in another, For
example, she suggests that the effects of EIF training, which often do not reveal
themselves behaviourally in the short term, might be more apparent initially in brain
imaging data revealing the activation of additional brain regions following training,
Such a holistic outlook is likely to cut down on the potential for dispute within the
field of EF and so serve to promote understanding of this complex domain.

Indeed, the integrated rescarch model of Banich (2009) has implications for
the shifting EF training study employed in Experiment 4 in which improvements in
EF were not found to lead to corresponding improvements in CU. The data in

Experiment 3 revealed that the effect size of the relationship between shifting EF and

CVT performance was fairly small (partial Eta’ =0.031), indicating that a training

effect would have been more likely to emerge if a larger training sample had been
tested. Unfortunately, because inclusion in the study required poor performance ona
pre-training shifting task, almost half of the children initially tested had to be
excluded from the study, diminishing the final sample size. However, future rescarch
testing a larger final sample might well reveal that training shifting EF promotes CU.
Nevertheless, Banich’s suggestion that the effects of training might, in the short-term,
be more noticeable through inspection of non-behavioural measures, indicates that
brain imaging data might have provided valuable insight in Experiment 4. Such data

might have revealed the inclusion of additional brain regions in task processing
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following training, €.g. the part of the brain responsible for shifting EFF might have
demonstrated greater activation during CU tasks following shifting training. This
would be likely to entail subsequent, albeit perhaps delayed, CU improvement.

Further studices could be conducted into the relationship between EF and CU
using a wider variety of CU tasks, such as thosc focused on the interpretation of
garden path sentences in context (Meroni & Crain, 2003) or isomorphic sentences
(Musolino & Lidz, 2006). Investigation of the EF-CU relationship in populations
thought to demonstrate diminished EF or CU would also help to shed light on the
nature of the association between these two factors. It would also be interesting to
investigate the nature of the EF-CU relation in populations with impaired EF ¢.g.
children with ADHD (Bravo, Martin & Dominguez, 2008) and in populations with
impaired CU e.g. children with autism (Dennis, Lazenby, & Lockyer, 2001).

Future studies could also employ more complex designs. For example, an
experiment could be conducted with a before-and-after, within-participants, priming
design. More specifically a priming paradigm could be uscd to assess whether CU
required inhibition of default logical interpretations. Using the experimental design of
Houdé and Guichart (2001), such a study could be conducted using a chronometric
paradigm in which older, CU competent children complete a two-part prime-probe
task. The first part of the task could present non-literal phrases, serving to prime
inhibition (if this the mechanism used for CU) of the litcral/logical interpretations. For
example, children could be presented with phrases which are metaphors such as “Max
is a real rock” and asked to indicate whether the meaning is good or bad. The second
part of the task could present literal phrases for which the child must resist the
(potentially) primed logical inhibition. For example, children could be presented with

accurate phrases such as “Max is a naughty boy” and asked to indicate whether the
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meaning is good or bad. The key would be to compare the reaction times of the
children to the literal phrase when it follows the inhibition-priming CU phrase, to
their reaction times to the literal phrase in a control condition in which the literal
phrase precedes the CU phrase (and so avoids negative priming cffects). It would be
predicted that longer comparative reaction times would be demonstrated for
interpretation of literal phrases following non-literal phrascs, indicating a ncgative
priming effect. Such a finding would support the theory that developing inhibitory
ability plays a role in the emergence of CU.

Another study could use dual-tasking methodology to assess whether EF
components play a role in the demonstration of CU. Children could be givena CU
task along-side a concurrent EF component task. The component task should fully
occupy their resources for that dimension of EF, preventing its deployment to the CU
task. For example, children could be requirced to perform an inhibitory task such as
Luria’s tapping task (1973), whilst responding to the CVT. Howecver, to avoid the
overlap in auditory processing that might be expected if both tasks were performed
concurrently, on-screen subtitles could be used to present the questions and statement-
pair responses given in the CVT.

In summary, the relationships found between childhood EF and CU in this
thesis provide a good basis for further research into the role of EF in the emergence of
CU. There is great scope for future research in a wide range of arcas, involving
different aspects of CU and EF, a varicty of experimental methods and with regard to
both typical and atypical development. Such a program of rescarch should do much to

promote our understanding of the nature and course of cognitive development.
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Appendix Ia: DCCS target cards.

Appendix Ib: DCCS test cards.
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Appendix II: Day-Night task cards.




Appendix IIIa: Sally-Ann first-order false belief task materials.

Appendix I1Ib: Max-ToM first-order false belief task materials.
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Appendix IVa: SI task Set 1 Control trials - The puppet says Teddy put all of the

hoops on the pole.

Appendix IVb: SI task Set 2 Control trials - The puppet says Teddy put all of the

hoops on the pole.
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Appendix IVc: SI task Set 3 Control trials - The puppet says Teddy put some of the

hoops on the pole.

Appendix IVd: SI task Set 4/SI trials - The puppet says Teddy put some of the hoops

on the pole.
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Appendix Va: Perner second-order theory of mind task materials.
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Appendix Vb: Sullivan et. al second-order theory of mind task materials.

Picture 1

D

vy

Picture 2
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Picture 3

Picture 4
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Picture 5
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Appendix VI: Frog Simon task slide series illustrating frog location on trials.

Slide 4
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Slide 13

Slide 14
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Slide 16
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AppendixVIla: Dibbets task updating sun slide

AppendixVIIb: Dibbets task updating ran slide
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Appendix VIII: CVT Script.

MARK: Hello children, my name is Mark. I’'m going to put some questions to two
friends of mine. First, let’s meet them:

LUCY: My name is Lucy.

JANE: My name is Jane.

A- First Maxim of Quantity
1 MARK : What would you like to buy in this pet-shop?

LUCY : An animal.
JANE : A cat,

2 MARK : How would you like your tea?
LUCY: With milk.
JANE :Ina cup.

3 MARK: What do you usually have for lunch?
LUCY: Some food.
JANE: A sandwich.

4 MARK: What did you see last night at the cinema?
LUCY: The Lion King.
JANE: A film.

5 MARK: What did you get for your birthday?
LUCY: A present.
JANE: A bicycle.

B- Second Maxim of Quantity

6 MARK: What did you have for breakfast?
LUCY: I had cornflakes, and then a boiled egg and toast.
JANE: A hard boiled egg cooked in hot water in a sauce pan.



Appendix VIII: CVT Script.

7 MARK: Who is your best friend?
LUCY: Peter is my best friend. He wears trousers.
JANE: Sam is my best friend. We go to school together.

8 MARK: Which baby animals do you like?
LUCY: 1 like puppies.

JANE: I like puppies which are animals with four legs and a tail.

9 MARK: Where did you go this morning?
LUCY: I went to the art room and I had fun.
JANE: I went to school and I didn’t stay at home.

10 MARK: What is your favourite colour?
LUCY: Yellow: it’s a colour of a colour.
JANE: Blue;: it’s the colour of the sea.

C- Maxim of Quality

11 MARK: Where do you live?
LUCY: 1 live on the moon.
JANE: I live in a town.

12 MARK: Do you have any brothers or sisters?
LUCY: Yes, I have 500.
JANE: Yes, I have 2 brothers.

13 MARK: Have you seen my dog?
LUCY: Yes, he is in the garden.
JANE: Yes, he is in the clouds.

14 MARK: Why don’t you play with me?
LUCY: Because I have to go home for tea.
JANE: Because I am playing with a Martian.
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Appendix VIII: CVT Script.

15 MARK: Is there any more chocolate?
LUCY: Yes, It’s all in my tummy.

JANE: Yes, I saved you a piece of mine.

D - Maxim of Relation

16 MARK: What did you do on holiday?
LUCY: I rode my bicycle all day.
JANE: My trousers were blue.

17 MARK: What did you do at school?
LUCY: We had a bath.
JANE: We drew some pictures.

18 MARK: What food do you like?
LUCY: I like the sea.
JANE: I like ice-cream.

19 MARK: What do you like watching on TV?

LUCY: 1 like cartoons.
JANE: I like sandwiches.

20 MARK: What game do you know to play?

LUCY: I know how to play football.
JANE: I know your name.

E- Maxim of Politeness

21 MARK: Do you like my t-shirt?
LUCY: It’s nice.
JANE: It’ s awful.
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Appendix VIII: CVT Script.

22 MARK: Would you like a piece of my cake?
LUCY: Yes please.
JANE: No, it makes me sick.

23 MARK: May I draw with your pencil?
LUCY: No, you can’t even draw.
JANE: No, I left it at home.

24 MARK: Would you like to play with me?
LUCY: No, you are too stupid.
JANE: No, I’'m too tired.

25 MARK: Will you help me clean up my room?
LUCY: No, do it yourself.
JANE: Yes, just hold on a second.
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Appendix IX: CVT Question Sequence

Item Number

1
13

24

23

12

21

18

25

14

19

10

22

16

15

17

Question

What would you like to buy in this pet-shop?

Have you seen my dog?
Would you like to play with me?
Which baby animals do you like?
What did you get for your birthday?
May I draw with your pencil?
Do you have any brothers or sisters?
Do you like my t-shirt?
What food do you like?
Will you help me clean up my room?
Why don’t you play with me?
How would you like your tea?
What do you like watching on TV?
Who is your best friend?
What is your favourite colour?
Would you like a piece of my cake?
What did you do on holiday?
Is there any more chocolate?
Where did you go this morning?
What did you do at school?
What did you have for breakfast?

What do you usually have for lunch?
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Maxim Violation
First Maxim of Quantity
Maxim of Quality
Maxim of Politeness

Second Maxim of Quant
First Maxim of Quantity
Maxim of Politeness
Maxim of Quality
Maxim of Politencss
Maxim of Relation
Maxim of Politeness
Maxim of Quality
First Maxim of Quantity
Maxim of Relation
Second Maxim of Quantity
Second Maxim of Quantity
Maxim of Politeness
Maxim of Relation
Maxim of Quality
Second Maxim of Quantity
Maxim of Relation
Second Maxim of Quantity

First Maxim of Quantity



Appendix IX: CVT Question Sequence

Item Number Question
11 Where do you live?
20 What game do you know to play?

4 What did you see last night at the cinema?
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Maxim Violation

Maxim of Quality
Maxim of Relation

First Maxim of Quantity



Appendix Xa: Set 1 Pre/post training DCCS 2 box cards.

Appendix Xb:Set 2 Pre/post training DCCS 2 box cards.
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Appendix Xc: Set 1 training I DCCS 2 box cards.

Appendix Xd: Set 2 training I DCCS 2 box cards.
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Appendix Xe: Training I DCCS 2 box cards.

Set 1.

Set 2.
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AppendixXf: Set 1 Training III DCCS 2 box cards.

AppendixXg: Set 2 Training III DCCS 2 box cards.
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AppendixXh: 3 box post-training DCCS cards.
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Appendix XI: Pre/post-training CVT used for PreCVT, PostCVTOId and PostCVTNew

CVT question sequence - Series A

Item Number
1
13

24

23
12
18

14

19

Question

What would you like to buy in this pet-shop?

Have you seen my dog?
Would you like to play with me?
Which baby animals do you like?
What did you get for your birthday?
May I draw with your pencil?
Do you have any brothers or sisters?
What food do you like?
Why don’t you play with me?
How would you like your tea?
What do you like watching on TV?

Who is your best friend?

Maxim Violation
First Maxim of Quantity
Maxim of Quality
Maxim of Politeness
Second Maxim of Quantity

First Maxim of Quantity
Maxim of Politeness
Maxim of Quality
Maxim of Relation
Maxim of Quality
First Maxim of Quantity
Maxim of Relation

Second Maxim of Quantity
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Appendix XI: Pre/post-training CVT used for PreCVT, PostCVTOId and PostCVTNew

CVT question sequence - Series B

Item Number
25
10
22
16
15
9

17

11

20

Question
Will you help me clean up my room?
What is your favourite colour?
Would you like a piece of my cake?
What did you do on holiday?

Is there any more chocolate?
Where did you go this morning?
What did you do at school?
What did you have for breakfast?
What do you usually have for lunch?
Where do you live?

What game do you know to play?

What did you see last night at the cinema?

Maxim Violation
Maxim of Politeness
Second Maxim of Quantity
Maxim of Politeness
Maxim of Relation
Maxim of Quality
Second Maxim of Quantity
Maxim of Relation
Second Maxim of Quantity
First Maxim of Quantity
Maxim of Quality
Maxim of Relation

First Maxim of Quantity
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Appendix XII: CVT script amendments for Italian children

Section A- First Maxim of Quantity
The question in Item 2 was changed from “How would you like your tea?” to “How would you

like your milk?” The responses were the same as before: “With milk™ versus “In a cup”.

One of the responses in Item 3 was altered. Although the question and one of the
answers remained identical to the English version: “What do you usually have for
lunch?” “Some food”, the remaining response was changed from “A sandwich” to

“Pasta”.

Section B- Second Maxim of Quantity
Both responses in Item 6 were modified. Following the question “What did you have
for breakfast?” The following two responses were given: “Milk with biscuits” and

“Milk, heated in a small pot, with round sweet biscuits”.
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Appendix XIII: Red dog-blue dog task stimuli

Name = ‘Blue’

Name = ‘Red’
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Appendix XIV: FIST demonstration, criterion and test trial cards

Demonstration trial:
ACDB

Second criterion trial:
ACBD

Test trial
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Appendix XV: FAT updating task

a) Slide A :
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Appendix XV: FAT updating task

b) Slide B

¢) Slide C
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