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Abstract

The aim of the present thesis was to examine the AoA effect on
lexical processing of first and second languages. By doing so 1t was
expected to shed some light over aspects of the nature and location of the
AoA effect. Chapter One reviews factors affecting the achievement of
bilinguality, several proposals of bilingual lexical organization, and two
models of bilingual word recognition and production. Also considered
are the findings on the AoA influence over a number of lexical tasks and
the latest accounts of the AoA effect. Chapter Two consists of an initial
testing of the AoA effect on Spanish and English as first languages.
Chapter Three goes on to assess the AoA effect on English as a second
language. The results of these experiments suggest that the AoA eftect
tound 1in L2 could be 1n fact a reflection of the AoA effect ot L1. For
this reason, Chapter Four examines whether first language AoA ettects
are independent from second language AoA effects. Chapter Five
explores the claim that AoA emerges from arbitrary connections formed
between representations. This idea was tested with a word reading task
completed in Spanish a language with predictable letter to sound
connections, and 1n English, a language with more arbitrary mappings
between letters and sounds. The results of experiments in Chapter Four
and Five suggest that AoA is not likely to be located at the semantic
representations level. Chapter Six further examines the relation between
the AoA effect and the semantic representations on a translation
judgement task. Finally, Chapter Seven discusses the results of the

present thesis on the light of current theories of AoA and models of

bilingual lexical organisation.
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Chapter One

CHAPTER ONE

AGE OF ACQUISITION EFFECTS IN LEXICAL PROCESSING.

1.1 Introduction

The cognitive mechanisms that underlie the use of language are
one of the main interests in psycholinguistic research. Through the study
of brain damaged individuals, children’s language development, adult
lexical performance, and computer simulations, a great understanding of
the language system has already been gained. Another area of interest in
cognitive research 1s that of bilingualism. The study of bilingualism has
not only helped to understand how bilinguals process two languages and
how these languages are stored, it has also provided valuable 1nsights on

general cognitive and linguistic processes.

One line of research frequently utilised in the investigation of
monolingual and bilingual lexical processing 1s the comparison of
reaction times (RTs) and/or accuracy across different tasks or across
different sets of stimuli within the same task. Picture naming, lexical
decision and word naming belong to a group of basic tasks traditionally
used in the investigation of the lexicon. They capture elemental lexical
processes such as word production and word recognition, providing
evidence crucial to the construction of theories and models of language
organisation. ~Within these models there is general agreement on the
basic cognitive modules involved in the comprehension and production

of single words, such as semantic and lexical modules. However, how

16



Chapter One

exactly the specific components of each module such as object

representations, concepts, and words are stored and related to each other

1S still a matter of debate.

Words differ in the central components of language; orthography,
phonology, morphology, semantics and syntax. In addition, the use and
configuration of any language endows words with other types of
attributes such as their frequency of use, their degree of concreteness etc.
The study of how different properties of the words affect lexical
processing latencies has proved to be a usetul tool in the investigation of
lexical organization and cognitive processes in monolinguals and
bilinguals. The frequency at which a word 1s encountered is possibly the
lexical attribute most extensively studied. Its effect has been widely
investigated and 1t has been considered the key factor in explaining how
words are accessed for recognition and production. As a consequence it
has been incorporated in a number of models of monolingual and

bilingual lexical processing (McClelland & Rumelhart, 1981; Dijkstra &
Van Heuven, 1998).

However, word frequency is not the only lexical property atfecting
reaction latencies. Imageability (the ease with which a word evokes a
mental image), cognate status (similarity of two words across languages
in form and meaning), familiarity of the words and word length amongst
others are word attributes that have generated varying degrees of
investigation and have been shown to affect the speed at which words
are recognised and produced. Another relevant word property 1is age of
acquisition (AoA). Its effect in word processing times has been proved

to be as robust as the effect of word frequency. The AoA effect has been

17



Chapter One

observed in the same tasks in which word frequency is detected, leading
researchers to suggest that AoA and word frequency might attect the
same lexical stage or processes (Ellis & Lambon Ralph, 2000;
Monaghan & Ellis, 2002a). Despite its empirically demonstrated
relevance, AoA has been somehow ignored in the construction of most

models of lexical access.

The work that has been done regarding age of acquisition and its
eftect in the second language of bilinguals has been mainly focused on
the influence of how old you are when you start learning an entire
second language. However, bilingual studies regarding the age at which
individual words are acquired (AoA) are scarce. Yet the understanding
of how the AoA of each word operates and exerts its influence 1n the
language system can be elicited from the study of the AoA effect in

bilinguals, in particular those bilinguals who have acquired the second

language late 1n life.

The goal of the present thesis was to explore the AoA effect in a

second language acquired during adulthood. By doing so the 1ssue of

whether age or a critical period 1s the essential factor in the AoA effect
was examined. Chapter Two consists of a pilot investigation of the AoA
effect in Spanish and English as first languages. Chapter Three will
address the issue of whether or not lexical processing 1n a second
language will be influenced by the AoA variable. Chapter Four, will
assess whether first language AoA and second language AoA effects are
independent of each other. Evidence of independent effects will suggest
that AoA is lexically rather than semantically located. Chapter Five will
address Ellis and Lambon Ralph’s (2000) AoA theory that, based on the

1



Chapter One

performance of a connectionist network, situates the AoA effect in the
links between representations. Finally, the AoA effect will be further
studied in a word translation task. This semantic task will determine the
importance that AoA has, not only in the recognition and production of
words, but also in their comprehension. It will also assess the
unequivocal influence of AoA on the bilingual lexical domain. The
results of these experiments will then be discussed in terms of their
implications for current theories of AoA and current theories of bilingual

word recognition and production.

The present Chapter will start with an examination of the
definitions and dimensions of bilingualism followed by the latest views
on how the words are organised in the bilingual mind. The most
influential bilingual models on word recognition and production will
then be reviewed. Finally, past research on AoA will be described, along
with the theories that have proposed an explanation for the AoA effect,

1ts nature and location.

1.2 Bilingualism

1.2.1 Detfinitions

Bilingualism 1s a difficult notion to define. It 1s complicated to
find a single definition broad enough to capture all instances of
individuals who are called ‘bilingual’. The popular view understands
bilingualism as the ability to speak two languages pertectly. This was
the idea considered by Bloomfield (1933), an influential linguist who
defined bilingualism as “the native-like control of two languages™ (pp.

19
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55-56). Although it is possible to find such bilingual people, it will
exclude most individuals since very few people have the opportunity to
develop a native-like competence in two languages. Other authors
placed bilingualism at the other end of the scale: Macnamara (1966)
defined a bilingual as a person who possesses at least one of the
language skills (speaking, listening, reading, & writing) to a minimal

degree in a second language.

Between these two extremes 1t 1s possible to find a whole array ot
definitions. Some authors (e.g., Hamers & Blanc, 1989; Baker, 1993)
have underlined the methodological problems of such definitions, as
having insufficient precision and being difficult to operationalise. What
1s meant by native-like competence or what 1s meant by minimal? How

much 1s 1t necessary to know to be considered bilingual?

Grosjean (1989) offered a holistic view of bilingualism as opposed
to the most renowned fractional view that traditionally divided bilinguals
into two groups: the ‘real’ bilinguals who are fully competent in the two
languages and all the others who are special types of bilinguals:
‘unbalanced’, ‘semilingual’, etc. = The holistic view conceives the
bilingual as a person who has two separate language competences, which
are similar if not equal to the two corresponding monolinguals. From
this functional perspective, bilingualism 1s “the regular use of two
languages and bilinguals are those people who need and use two
languages in their everyday lives” (Grosjean, 1992, p.51). Datferent
proficiency in the languages of a bilingual 1s common because most

bilinguals use their second language for different purposes and functions.
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[t 1s rare that the same level is needed for every skill in the two

languages (Grosjean, 1982).

1.2.2 Determining factors in bilingualism

The bilingual population constitutes a very heterogeneous group.
There are a large number of factors involved in the acquisition of a
second language and therefore in the wultimate achievement of
bilinguality. The factors that will be discussed 1n detail in the present

review are those crucial to wunderstanding the bilingual group

investigated in the current thesis.

1.2.2.1 Competence

The level of competence achieved by each bilingual 1s closely
related with other factors such as the need and use of languages, age of

acquisition, context of acquisition, socio-cultural factors, etc.

The level of proficiency 1s a factor commonly used to classity or
distinguish between different types of bilingualism. Hence, balanced
bilinguals are those who have an equivalent fluency 1n both languages,
normally at a native-like level. This group 1s composed of those
individuals who learnt both languages early in childhood and use them at
an equal level in time and situations. Dominant bilinguals possess a
better proficiency of one of the two languages, often the mother tongue.
The loss of the first language 1s rare but can also occur. Children
exposed to a second language and deprived of the use of the mother

tongue are particularly vulnerable to first language attrition, especially

21



Chapter One

prior to the age of 7 (Harley & Wang, 1997). This reveals that a high
level of competence in early second language acquisition 1S not an

automatic outcome but depends on the use and presence of both

languages in the child’s environment.
1.2.2.2 Age of acquisition' and critical period

The age at which a second language 1s acquired has been shown to
be an important factor in the explanation and understanding of why
bilinguals achieve different levels of proficiency (Long, 1990; Pali,
1990; Migiste, 1986; Snow & Hoefnagel-Hoehle, 1978). Indeed,
differences observed between the level of attainment of children and

adults have led many researchers to distinguish between early

bilinguality versus late bilinguality.

The age of acquisition factor has been commonly considered the
major determinant of proficiency in L2. It has been traditionally thought
that in order to achieve a native like competence in a second language,
introduction 1s necessary during early childhood. This notion derives
from the critical period hypothesis. Lennenberg (1967) was one of the
first to apply the critical period notion to the acquisition of language.
The critical period was described as a specific time period 1n which the
acquisition of language must occur. The critical period account for
language has generated an extensive amount of research. Regarding the
acquisition of the first language, most researchers agree that early

deprivation of language can cause severe linguistic deficit. Studies have

' The age of language acquisition referred to here, must not be mistaken with the age of acquisition
variable that is mentioned later relating to the age or order at which words are acquired.
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been based on cases of children who for different reasons have suftered
linguistic isolation, normally due to social deprivation or deainess.
These children show poor achievement in all linguistic aspects 1f
language is introduced after early childhood (Grimshaw, Adelstein,
Bryden, & MacKinnon, 1998; Long, 1990). Exact timing is difficult to
determine, since research depends on the age at which the challenged
child 1s detected. Newport (1990) reported that linguistic competence
might be deficient if the first language 1s introduced after the age of six.
These findings support the idea of a critical or sensitive period for the
acquisition of the first language that 1s generally accepted among
psycholinguists. However, great controversy exists among those
researchers who have sought to apply the critical period hypothesis to the
acquisition of a second language. Critical period proponents rely on the
apparent inability of older learners to achieve native-like proficiency if
the 1nitial exposure starts beyond a certain age. The available data
suggests the existence of not just one critical or sensitive period but
different maturational constraints for the different linguistic aspects of
language. Thus, acquisition may need to start betore the age of 6 (Long,
1990) if native-like phonology is to be achieved; before the age of 15 for
morphology and syntax (Patowski, 1979). Johnson and Newport (1989)

detected a linear decline in grammatical abilities starting around the age

of & through to puberty.

Underlying neurological changes as an explanation for the age
differences found in the acquisition of the first and second language are
as yet poorly understood and controversial. =~ Among the different
theories of brain changes and maturation, the process of myelination

might be the more promising for those who support the concept of a
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critical period. Different cortical areas myelinate at different times,
offering a potential biological explanation for the existence of different
sensitive periods for the different aspects of language. The basic 1dea is
that synaptic plasticity is reduced in highly myelinated areas. Primary
sensory-motor areas are myelinated first, followed by higher-order
associations. Thus, around puberty the language cortex is left with
reduced plasticity after which language learning ability may also be

reduced (Pulvermiiller & Schumann, 1994).
1.2.2.3 Sociocultural and personality factors

Factors such as social class, ethnic identity etc., also play an
important and complex role in the acquisition of a second language. It is
considered that these factors do not determine the learning process or the
state of bilinguality, but rather the social conditions and attitudes

assoclated with them. However, other variables such as motivation,

attective state, aptitude, learning style, and personality affect the
learning process and the ultimate attainment (Ehrman, 1996; Ellis, 1994;
Gardner & Lambert, 1972). Details of the importance of these factors in

second language acquisition are not discussed here in depth, as they do

not hold relevance for the present thesis.

1.2.3 Word knowledge organisation in bilinguals

How the word knowledge 1s organised in bilingual memory has
been a topic of research that has captured the attention of linguists and
cognitive psychologists for the past fifty years. There have been a

number of attempts to understand how two languages might be
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represented in the brain. How the languages might be connected and
whether the cognitive subsystems that encapsulate the two languages
change with the development in second language proficiency. Some of

the more important contributions to this research are reviewed below.

1.2.3.1 Coordinate, Compound and Subordinative systems.

Weinreich (1953) suggested that the way in which the two
languages of a bilingual are learned and used influences the way they are
encoded 1n the brain. He proposed three possible systems of bilingual
lexical representation: compound, coordinate, and subordinative systems.
They difter in the number of conceptual storages (one or two) and in the

way conceptual representations are accessed from an input word.

The compound system 1s formed by two lexical storages (one for
each language) and a single conceptual system shared between the two
languages. The compound system 1s the result of learning two
languages 1in one context where they were used interchangeably. In the
mind of a compound bilingual a single concept has one mental
representation, but two verbal labels attached to it. The coordinate
system 1s composed of two lexical storages and two conceptual systems,
one for each language. It is the result of learning each language in a
separate environment or context such as one language being spoken at
home and the other at school. The subordinative system corresponds to
those bilinguals who have learnt a new language with the help and by
comparison with the other. In these cases the referents for the new
learned words are not their meanings, but their equivalent translations

into the first language. Thus, 1n the subordinative system the second

UNIVERSITY
OF YORK
LIBRARY
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language (L2) words have direct links with first language (L1) words but

no direct links with the conceptual representations.

Weinreich (1953) pointed out that this classification is not rigid
but flexible. He suggested that a transition would eventually occur from
a subordinative type of bilingual to a coordinative type with an increase
of proficiency in the second language. He also suggested that even
words could differ in the way they are represented with some words

being of the coordinate type while others of the compound type.
1.2.3.2 Word Association and Concept Mediation models

Word association and concept mediation models have been more
recently proposed. They distinguish between two types of representation
in bilingual memory; a lexical and a conceptual representation. These

models resemble Weinreich’s subordinative and compound language

configurations.

The word association model assumes that the words 1n the second
language are directly connected with their translation equivalents in the
first language. Only first language words have direct access to their
concepts. According to the word association model a second language

word has to be translated to the first language in order to access 1ts

meaning.

The concept mediation model, however, does not assume direct

links at a lexical level but direct connections of both lexicons to a
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common semantic representation. The word association and concept

mediation models can be seen in Figures 1.1 and 1.2 respectively.

Concepts

Figure 1.1 The word association model of bilingual memory (Potter, So
Von Eckardt, & Feldman, 1984). Words in the second language are
directly _connected with their counterparts 1n the first language and

indirectlv connected to the conceptual representations.

Concepts

I1 L2

Figure 1.2 The concept mediation model of bilingual memory (Potter
o. Von Eckardt., & Feldman, 1984). Words 1n the second and first

language are linked directly with their conceptual representations.
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Potter, So, Von Eckardt, and Feldman (1984) tested these models
in two experiments, one carried out with proficient bilinguals and the
other with relatively novice bilinguals. The concept mediation
hypothesis predicts little or no difference in the time needed to name a
picture in L2 and to translate a word from L1 to L2 since both tasks
require first an access to the meaning of the picture or the word in L1
and a subsequent access to the L2 word form. The word association
hypothesis, however, predicts that translating from L1 to L2 will take
less time than naming pictures in L2 since translation can be
accomplished through direct lexical links and picture naming requires
the extra step of retrieving the concept first and then the L2 word. Potter
et al. (1984) showed that proficient bilinguals and not-so-proficient
bilinguals translated words into L2 and named pictures 1 L2 at
approximately the same speed. The results were taken as support for the

concept mediation model.

A criticism that Potter et al.’s (1984) study has received 1s that the
bilingual participants were perhaps proficient enough to have developed
a conceptual link to both languages. Kroll and Curley (1988) carried out
a study using balanced bilinguals and a group of novice bilinguals with
less fluency in the second language than those in Potter et al.’s (1934)
study. Balanced bilinguals named pictures and translated words at
approximately the same speed. However, unlike Potter et al.’s (1984)
study, the novice bilinguals were faster to translate words than to name
pictures in the second language. Overall these results support both the
concept mediation and the word association model, suggesting an
important difference in the language organization ot novel and proficient

bilinguals. It is conceivable that a developmental shift occurs and an
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initial word association language organization eventually becomes

conceptually mediated. This developmental shift was captured 1n the

revised hierarchical model proposed by Kroll and Stewart (1994).

1.2.3.3 A revised model of lexical and conceptual representation in

bilingual memory

Kroll and Stewart (1994) proposed the revised hierarchical model
(RHM), a hybrid model that combines the assumptions of the word

association and the concept mediation model.

The translation asymmetry found in previous studies (Chen &
Leung, 1989; Kroll & Curley, 1988), with faster translation latencies
from L2 to L1 than from L1 to L2, 1s accounted 1in the model as the extra
semantic step required to translate in one direction (from L1 to L2) but

not in the other (from L2 to L1), just as monolingual research argues that
naming pictures takes longer than naming words due to the inevitable
semantic involvement in picture naming that is absent in naming words.
To accommodate these new findings, Kroll and Stewart (1994) proposed
the revised hierarchical model. According to the model, lexical and
conceptual links are created in the course of learning a second language.
The strength of these connections varies depending on the fluency in L2.
In general, for those bilinguals more fluent in one language than the
other the model states that word forms in L1 are strongly linked to their
semantic representations and weakly connected to L2 word forms. Some
L1 words would not even have yet a L2 word equivalent. Direct
connections between words in L2 and semantics are also tormed but

these are weak. L2 word forms are strongly linked to word torms in L1
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and all L2 words will have a translation equivalent in L1 to be linked to.
The lexical connections assumed by the model are bi-directional but,
possibly as a result of the common practice of learning words in a new
language by associating them with their translation in L1, the lexical
links are stronger from L2 to L1 than from L1 to L2. The L2 lexicon is
assumed to be smaller than the L1 lexicon, as bilingual speakers

typically know more words in their first language than in their second

language. The revised hierarchical model can be seen in Figure 1.3

Concepts

Figure 1.3 Revised hierarchical model of bilingual memory (Kroll &
Stewart, 1994). Words in L2 are strongly linked to their translations
equivalents in I.1 but weakly linked to their semantic representations.
However, words 1in L1 have strong links with their conceptual

representations but are weakly connected with their translation

equivalents in 2.
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1.2.4 Bilingual models of word recognition and production

Since individuals have the potential to speak one, two or more
languages, models of word recognition and production for the
monolingual and bilingual case should not differ greatly in their basic
principles of lexical processing. For this reason most bilingual models
have extracted notions from monolingual models and have adapted them
to the bilingual model. This 1s the case of the two models reviewed
below. The Bilingual Interactive Activation model (Van Heuven,

Dykstra, & Grainger, 19938) 1s based on the interactive activation model

proposed by McClelland and Rumelhart (1981) while the Inhibitory
Control model (Green, 1998) incorporates Levelt’s (1989) division of the

lexical items into lemmas and lexemes.

1.2.4.1 The bilingual interactive activation model (BIA)

BIA (Van Heuven et al., 1998) 1s a model of bilingual word
recognition. The model attempts to offer a processing and organizational
account of the bilingual mental lexicon. In terms ot lexical organization,
Van Heuven et al. (1998) initially postulated an integrated lexicon for
both languages. This suggestion was inferred from the results of
progressive demasking and lexical decision tasks where it was shown
that the frequencies of the orthographic neighbours from the non-target
language influenced word recognition latencies.  However, in a
subsequent study an alternative lexical explanation was ottered (Dijkstra,
Grainger, & Van Heuven, 1999). It was suggested that homographs
(words with identical orthographic form across languages) and cognates

(words with identical orthography and meaning across languages) may

31



Chapter One

shared the same representations. The remaining lexical entries would
belong to independent L1 or L2 lexicons. However, later versions of the
model (Dijkstra & Van Heuven, 2002) have suggested independent

representations in L1 and L2 even for homographs. Cognates are

considered to have a special representation.

In terms of word recognition processes the model emphasises the
non-language selective nature of bilingual word access. Thus, an input
letter string causes parallel activation of all the words (in either
language) that share letters with the input letter string. Activated words
compete for selection until one of them surpasses its activation threshold
and 1s recognised. A layer of language word units controls the relative
activity of L1 and L2 sending top-down inhibitory etfects on the non-

target language words.

The activation thresholds of each word depend on their frequency
and in general the model assumes reduced subjective frequencies tor L2

words. A schematic representation of the model depicting an integrated

lexicon can be seen in Figure 1.4
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Spanish English

Dl
Word units Spanish English
Words Words

Letter units

LLanguage nodes

Features

Visual Input

Figure 1.4 Bilingual Interactive Activation model, BIA (Van Heuven
Diikstra, & Grainger, 1998).  The wvisual 1nput creates a parallel

activation of a number of words 1n both languages that will compete for

selection.

1.2.4.2 The inhibitory control model (I1C)

The IC model (Green, 1998) 1s a theoretical account of the
regulatory processes by which bilinguals use one language without
interferences from the other. The IC model proposes multiple levels of

control of the bilingual lexico-semantic system. It follows Levelt’s
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organisational principles assuming that every concept in the lexico-
semantic system is linked to a lemma (syntax information) whose
selection leads to the activation of the associated word form or lexeme

(phonological information).

Supervisory
Atentional

System
(SAS)

Goal Conceptualiser

Bilingual
Input lexico-semantic

system

Output

Figure 1.5 The Inhibition Control model, IC (Green, 1998). The

regulation of the bilingual lexico-semantic system 1s brought about b

multiple levels of control.

According to the model, before any linguistic task can be
performed, a task schema must be engaged; for example, naming a
picture in L1 or L2, translating from L1 to L2 or vice versa, etc. In
addition a language task mechanism is proposed. Its function 1s to
regulate the lexical output. For instance, it 1s assumed that an input letter
string will activate associated lemmas irrespective of the language. The

language task schema, governed in turn by an attentional system, is in
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charge of maintaining the activation of the target language lemmas while
inhibiting the lemmas of the non-target language. This inhibitory
mechanism provides an explanation for the ability of bilinguals to
selectively speak in one language or the other. It also predicts the often-
found asymmetry in the cost of switching from one language to the other
(Meuter & Allport, 1999; Macnamara, Krauthammer, & Bolgar, 1968).
The activation of lemmas from the two languages creates a competition
that 1s resolved by inhibiting the lemmas from the non-target language.
Inhibition 1s reactive, therefore the more active a non-target lemma, the
more 1nhibited 1t will be. Activating inhibited lemmas is a function of
the prior amount of suppression. As lemmas in L1 get higher activation
than lemmas 1 L2 the switching cost predicted by the model 1is

asymmetric.

1.3 Age of acquisition (A0A)

1.3.1 The age of acquisition effect

Rochford and Williams (1962) observed that dysphasic patients
showed a degree of difficulty naming objects that was closely related to
the age of word acquisition in children. Carroll and White (1973a)
showed that the Rochford and Williams (1962) presaged age of
acquisition affected object naming RT. Since then 1t has been widely
demonstrated that, other factors being equal, words acquired early 1n life

are recognised and produced faster than words acquired some time later.

The AoA variable has been investigated in a number of different

tasks. In the current review only the AoA effect within picture naming,
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word naming and lexical decision processes will be discussed. Although
the effect of AoA has also been reported in other tasks such as memory

tasks, and face recognition tasks, such effects are not of primary interest

for the current study and therefore they will not be examined here.

1.3.2 Measures of AoA

The AoA measure adopted by most researchers consists of adult
estimations of the age they believe they were when they acquired a
particular word. Carroll and White (1973b) were the first to collect a

rated measure for the AoA for over 100 words. Participants rated each
word on a nine-point scale where 1 signified learnt before 2 years of age
and 9 learnt after the age of 13 years. Aware of the emerging importance
of AoA, Gilhooly and Logie (1980) collected ratings for a corpus of
1,944 words. The ratings followed the same instructions as Carroll and
White (1973b) except that a seven-point scale rather than a nine-point
scale was used. The scale ranged from 1, learnt before 2 years of age to
7, learnt after the age of 13 years. Gilhooly and Logie’ s (1980) corpus

and methodology have been widely used ever since.

Gilhooly and Logie’s (1980) AoA ratings showed an inter-group
reliability of 0.98. This means a high agreement amongst raters on the
factor they were rating. However, 1t 1s also important to assess the
validity of subjective measures. Regarding AoA 1t 1s vital to prove that
the AoA ratings are directly assessing the effects ot when words were

learnt and not their familiarity, frequency of occurrence, etc. (Morrison

& Ellis, 1995, 2000).
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Most studies have assessed the wvalidity of subjective AOA
measures by correlating AoA ratings with objective measures of AoA.
High positive correlations between the two measures will prove that
rated AoA i1s similar to objective AoA and therefore a valid measure to
use 1n the study of the AoA effect. Researchers have collected objective
measures of AoA 1n a number of different ways. Carroll and White
(1973a) showed a correlation of 0.85 between subjective AoA ratings
and the age at which children were able to name such 1tems. The norms
from the Mill Hill vocabulary test that gave the mean age at which
children learned to read words correctly were taken by Gilhooly and
Gilhooly (1980) as their objective measure of AoA. They reported a
correlation of 0.93 between rated and objective AoA. Jorm (1991)
reported a longitudinal single case study in which the different ages at
which Ruth, the author’s daughter, learnt to speak and read 94 nouns was
recorded. At the age of nine and eleven the child rated the same 94
nouns. The correlations between the objective and rated measures were
0.71 at nine years of age and 0.79 at eleven years of age. More recently,
Morrison, Chappell, and Ellis (1997) collected objective AoA measures
for 297 pictures. Two hundred and eighty children participated in the
study. Their ages ranged from 2 years and 6 months to 10 years and 11
months. They were asked to name each picture and were divided mnto
groups of 20 with 6 to 12 months difference between groups. The
objective AoA value for each word corresponded to the age band of the
eroup in which at least 75% of the children correctly recognised and
named the picture (with or without help from a phonetic, 1nitial sound,
cue). Morrison et al. (1997) reported a correlation of 0.76 between

subjective and objective age of acquisition measures.
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Taken together, the results of these studies show adults are able to
judge with considerable precision the order at which they and others
acquired words. The advantages of the use of objective AoA measures
are obvious. They assess directly and without doubt the real age at
which words were acquired. They will be the desirable measure for
experimental use whenever possible. However, objective AoA measures
are often laborious to obtain. Rated AoA measures, simple to collect,
have proved to be a valid substitute of the more desirable objective AoA

measurc.

1.4 The picture naming task

The picture naming task consists of the presentation of pictures of
single objects to individuals who are asked to name them aloud.
Reaction times (delay between the appearance of the picture and the
onset ot the participant’s response) and/or number of correct responses

are the standard measures subjected to statistical analysis.

1.4.1 Factors atfecting picture naming

At least three main lexical processes have been suggested to be
indispensable to name pictures of objects etfectively. These are: object
recognition, object comprehension and lexicalization processes (Warren
& Morton, 1982). The visual features of the perceived object are the
first to be analysed. If the object 1s recognised as tamiliar an analysis of

its semantic nformation (knowledge of its structural and functional

characteristics such as ‘two legs’, ‘plumage’, ‘lays eggs’, etc.) will
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follow. The appropriate word form (‘bird’) can then be selected 1n the

so-called lexicalization process.

Two views have been proposed to explain the mechanisms
involved 1in the lexicalization process. One view assumes that from the
triggered semantic representations (‘two legs’, ‘plumage’...) activation
1s sent directly to the phonological forms of the words stored in the
phonological output lexicon (Humphreys, Riddoch, & Quinlan, 1988).
An alternative view divides the lexicalization process into two steps.
First the semantic representations activate the ‘lemmas’ that in turn will
spread activation to the ‘lexemes’ (Levelt, 1989; Jescheniak & Levelt,
1994). Lemmas are conceived as a level of word representation that

mediates between the semantics and the lexemes or phonological

representations of the words.

One approach to the study of which cognitive processes are
involved in picture naming is through the investigation of the effects that
different lexical properties have on object naming. Oldfield and
Wingfield (1965) reported a negative relationship between the naming
times to 26 pictures and the frequency of occurrence of their names.
Thus, the higher the frequency of a name the shorter 1ts naming time.
The frequency variable has been intensively investigated ever since
(Humphreys et al., 1988; Lachman, Shatfer, & Hennrikus, 1974). The
robust frequency effects consistently found were challenged by Carroll
and White (1973a, 1973b) who failed to find frequency etfects 1n a study
of picture naming times that for the first time controlled for age of
acquisition. Consistent with Carroll and White’s (1973a) study other
investigations (Gilhooly & Gilhooly, 1979; Morrison, Ellis, & Quinlan,
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1992) also failed to find frequency effects once AoA was controlled for.
This fact lead researchers to argue that the frequency effects found in the
past had in fact been confounded with AoA effects. However, two other
alternative explanations have been offered to account for the failure to
find word frequency effects. The first is the use of dated word frequency
counts such as Kucera and Francis (1967) while the second 1s the use of
the regression analysis technique over a low number of items causing a
reduction on the statistical power of the analysis (Barry, Morrison, &
Ellis, 1997; Monaghan, 2002). Subsequent studies with an increased
number of items and more modern measures of word frequency have
provided evidence of both frequency and AoA effects in object naming

speed (Barry et al.,, 1997; Ellis & Morrison, 1998; Snodgrass &
Yuditsky, 1996).

All the studies mentioned above have relied on multiple regression
analysis. One of the problems associated with multiple regression
analysis i1s that of multicollinearity. Multicollinearity occurs when two
predictor variables are highly correlated just as word trequency and AoA
are because high frequency words tend to be acquired earlier than low

frequency words. High correlated variables violate the assumption of

independency for regression, reducing its statistical power. In these

cases the relative contribution of each variable to the task results i1s

difficult to differentiate since a great proportion of the variance

associated with one of the inter-correlated variables 1s embedded 1n the

other variable.

Barry, Hirsh, Johnston, and Williams (2001) overcame the

problems associated with multiple regression by using a factorial design
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In which frequency was orthogonally manipulated while controlling for
AOA, familiarity, name agreement, image agreement, visual complexity
and word length. No frequency effects were found on object naming
speed. Meschyan and Herndndez (2002) also studied AoA and word
frequency effects in object naming using a factorial design. However,

unlike Barry et al. (2001), they found frequency effects when AoA had

been controlled for.

In conclusion, the word frequency effect in object naming is still a
matter of debate. Recent studies have suggested that its effect is
dependent of AoA effects and may be limited to late acquired words
(Barry et al., 2001; Barry, et al. 1997: Meschyan & Hernandez, 2002), in
which case the proportion of late acquired items used will affect the

likelihood of finding a significant frequency effect.

Name agreement has been described as the level of consensus
amongst individuals on the name given to a particular picture. Name
agreement aftects the speed of naming objects with those pictures with
high name agreement being named faster than pictures with low name
agreement (Lachman, 1973; Lachman & Lachman, 1980). Two possible
locations for the name agreement effect have been proposed. One
situates the etfect at the level of the structural representations, where
pictures with low name agreement could be ambiguous, or more difficult
to 1dentify 1n the absence of a context. The other 1s located at a lexical
level and argues that the availability of more than one correct name

creates a competition that needs time to be resolved 1n pictures with low

agreement (Barry et al. 1997; Vitkovitch & Tyrrell, 199)5).
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1.4.2 The AoA effect in picture naming

Carroll and White (1973a, 1973b) were the first to investigate the
AoA effect. They aimed to clarify the frequency effect found by
Oldfield and Wingfield (1965) in an object naming task. Oldfield and
Wingtield (1965) had argued that word retrieval speed was a function of
word frequency. However, Oldfield and Wingfield’s study was based on
only 12 participants and 26 stimuli and had failed to control for the age
of word acquisition, a new variable that Rochford and Williams (1962)
had speculated to be highly correlated with aphasic’s accuracy at naming
objects.  Carroll and White’s (1973b) experiment consisted of 103
pictures named by 37 participants. Out of six variables (two indices of
word frequency, rated and objective AoA, number of letters and number
of syllables) only AoA emerged as a significant predictor of object
naming latencies. Carroll and White (1973b) concluded that AoA and
not frequency was the key factor of naming latencies. They suggested
that words are stored in mind chronologically and that this order had an

important impact in word retrieval.

The striking absence of an effect of word frequency and the
finding of a new word property provoked a thriving new line of research
whose focus was the AoA effect. Consistent with Carroll and White
(1973a, 1973b) there are a number of studies showing that the greatest
proportion of variance on immediate object naming speed was explained
by AoA (Barry et al., 1997; Ellis & Morrison, 1998; Gilhooly &
Gilhooly, 1979; Kremin, Hamerel, Dordain, De Wilde, & Perrier, 2000;
Lachman et al., 1974; Morrison et al., 1992). All of these studies have

relied on multiple regression analyses, a technique that has allowed
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authors to show the AoA effect over and above other variables such as
word frequency, familiarity, name agreement, word length, visual

complexity, etc.

Factorial designs have also been used in the investigation of the
AOA ettect on picture naming (Barry et al.,, 2001; Ellis & Morrison,
1998; Meschyan & Hernandez, 2002). Factorial designs allow an
independent manipulation of the variable of study avoiding the problems
that high correlated variables create when using multiple regression
analysis. In this line Barry et al. (2001) examined AoA and repetition
priming effects in a picture naming experiment in which AoA was
subjected to an orthogonal manipulation. AoA affected immediate
object naming across repetitions. The significant interaction found
between AO0A and repetition priming, with larger repetition priming
effect for late than for early acquired words, was interpreted as evidence
to situate the AoA effect at the level of lexical-phonological retrieval.

This notion of a lexical locus for AoA will be further examined in the

review of theories for AoA.

Barry et al. (2001) also explored the influence of AoA on delayed
naming. The same pictures utilised in immediate naming were presented
to 48 participants who had to name them once they disappeared from the
screen (1500ms after onset of presentation). No AoA effect was found.
This result, consistent with Ellis and Morrison’s (1998) findings, ruled
out the possibility of the AoA effect arising at the level of initiating

spoken responses.
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Overall, AoA is a well established effect in object naming
latencies.  Furthermore recent studies (Bogka, Masterson, Druks,
Fragkioudaki, Chatziprokopiou, & Economou, in press; Colombo &
Burani, 2002) reported AoA effects not only in the production times of

object names but also 1n the naming times of action pictures.

A ftinal source of data for AoA effects 1s the investigation of
naming accuracy showed by participants with deficits in language
processing. Lambon Ralph, Graham, Ellis, and Hodges (1998) explored
the factors affecting object naming accuracy in 9 patients with semantic
dementia. The naming success of the nine patients was determined by
AoA along with object familiarity and word frequency. Bell, Davies,
Hermann, and Walters (2000) analysed the naming accuracy of 26
patients before and after anterior temporal lobectomy. AoA was found
to influence correct object naming pre-surgery and post-surgery. Similar
results have been obtained in studies with patients with probable
Alzheimer’s disease (Cuetos, Martinez, Martinez, Izura, & Ellis, 1n
press), in normal elderly adults (Hodgson & Ellis, 1998), in patients with
aphasia (Cuetos, Aguado, Izura, & Ellis, 2002; Ukita, Abe, & Yamada,

1999), and in the semantic errors produced by a deep dyslexic patient

(Gerhand & Barry, 2000).

1.5 The word reading task

The word reading task consists of the recognition and
pronunciation of written words presented individually. Reaction times

(speed at which the participant’s response is produced after the
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presentation of the word) and/or reading accuracy are the standard

measures subjected to statistical analysis.

Theories of word reading (and other complex lexical skills) have
been traditionally based on descriptive models that by means of boxes
and arrows explained normal and impaired word reading processes.
T'hese models have been useful in the understanding of the components
mvolved in word reading. However, they have been recently
supplemented with neural net or connectionist models. Neural net
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