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ABSTRACT
Previous research on speakers’ abilities to track non-adjacent dependencies
(e.g., vowels or consonants that co-occur across syllables) in artificial grammar
learning (AGL) tasks has shown that the acquisition of these patterns is extremely
difficult (e g Newport

slin

G mez

on tti Pe

, Nespor & Mehler

2005). One assumption made in this literature is that all speakers of all languages
should be capable of tracking these patterns even when the native language of those
speakers contains no such non-adjacent dependencies. This dissertation questions
this assumption by testing whether native Khalkha Mongolian speakers attend to
and track the frequency of vowel patterns and harmonic class size in their language.
It also tests their ability to acquire non-adjacent vocalic dependencies in AGL tasks.
Because Khalkha displays [ATR] vowel harmony (Svantesson, Tsendina,
Karlsson & Franzén 2005) which restricts vowel co-occurrences, it was
hypothesized that Khalkha speakers are biased towards attending to the frequency
and form with which these vowel patterns occur. The results of three experiments
indicated that Khalkha speakers both attend to and track the frequency with which
vowel patterns occur. These results also indicate that Khalkha speakers build
abstract categories based on the relative token numbers of [+ATR] and [-ATR]
harmonic spans.
Khalkha speakers were further tested in three experiments which focused on
spe kers’ bility to cquire novel non-adjacent vocalic dependencies in AGL tasks.
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The results indicated that participants successfully acquired vocalic dependencies
(both harmonic and disharmonic) in all three experiments. These results indicate
th t Kh lkh spe kers’ ttention is bi sed tow rds vowels reg rdless of h rmonic
status of the item.
Collectively, these results highlight the role of language-specific phonology in
the ways that speakers abstract and utilize phonological information. The special
status of harmonic vowel patterns and harmonic class size are new variables with
which to conduct future research on vowel harmonic languages and with vowel
harmonic language speakers. The effects of language-specific phonology on speech
perception and lexical access must be considered a crucial aspect in future
psycholinguistic research, particularly in regards to the aspects of language toward
which speakers attend.
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CHAPTER 1 INTRODUCTION
1.0 Introduction
A language speaker attends to many aspects of the speech stream while
perceiving speech. On a phonological level, for example, speakers attend to
phonemes, features, stress assignment, co-articulation and hyper-articulation
among many other things. Furthermore, it has also been shown that speakers attend
to the frequency with which sounds occur and co-occur (phonotactic probability) as
well as the number of words and segmental strings which are phonologically similar
(phonological neighborhood density; e.g., Vitevitch & Luce 1998; Frisch, Large &
Pisoni 2000; Coleman & Pierrehumbert 1997; Bailey & Hahn 2001; Hammond 2004,
2003; Garlock, Walley, & Metsala 2001; Luce & Pisoni 1998; Ziegler, Muneaux, &
Grainger 2003; McClelland & Elman 1986.)
The aspects of language which are attended to and tracked by speakers have
been the focus of much rese rch Spe kers’ bilities to tr ck nd ttend to
non-adjacent dependencies (e.g., the co-occurrence of vowels or consonants that are
not immediately next to each other) are among those aspects which have been
investigated. Previous work on spe kers’ bilities to cquire these dependencies in
artificial grammar learning tasks has shown that they are acquired with difficulty
(e.g., Newport

slin

G mez

Onnis hristi nsen h ter

Onnis Mon gh n hristi nsen
G mez

3

on tti Pe

h ter

, Nespor & Mehler

2005). However, one assumption made in this literature is that all speakers of all
languages should be capable of tracking these patterns, even when the native
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language of those speakers contains no such non-adjacent dependencies; i.e., the
human brain predisposes all speakers to track the same kind of linguistic
information, regardless of their native language. This dissertation questions this
ssumption by proposing th t spe kers’ ttention to spects of the speech stre m is
influenced on a language-specific basis by spe kers’ native language phonologies.
This dissertation focuses on how native Khalkha speakers attend to
non-adjacent phonological dependencies by testing whether Khalkha speakers
attend to and track the frequency of vowel patterns (segmentally non-adjacent
vowels within a word) and harmonic class size (the relative number of words which
share the same value of a harmonic feature) in their language. It also tests their
ability to acquire non-adjacent vocalic dependencies in artificial grammar learning
tasks.
Because Khalkha displays [ATR] vowel harmony (Svantesson, Tsendina,
Karlsson & Franzén 2005), which restricts vowel co-occurrences on a purely
phonological basis, it is hypothesized that Khalkha speakers are biased towards
attending to vowels in the speech stream. It is hypothesized that Khalkha speakers
attend to the frequency and form with which vowel patterns occur. Further, it is
hypothesized that Khalkha speakers form abstract categories called harmonic
classes which are based on the relative number of [+ATR] and [-ATR] words, or
harmonic spans, in their language. Finally, it is hypothesized that Khalkha spe kers’
bias towards attending to vowels will allow them to successfully acquire
non-adjacent vocalic dependencies in artificial grammar learning tasks precisely
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because their language requires them to attend to vowel patterns in order to form
grammatical utterances. Before introducing these hypotheses in greater detail, a
detailed expl n tion of wh t is me nt by the term ‘non- dj cent dependency’ is
necessary.
1.1 Non-adjacent Dependencies
A non-adjacent dependency consists of two or more co-occurring linguistic
elements not immediately contiguous within the speech stream and whose
co-occurrence is grammatically required. For example, in Figure 1.1 below, a string
of linguistic elements (which could be considered words, morphemes, phonemes,
phonological features or any linguistic unit) is indic ted by the ch r cters ‘x’ nd ‘Y ’
Within this string the ‘Y’s’ re considered to be non-adjacent because the linguistic
elements represented by the ‘x’ interrupt the contiguity of the units represented by
‘Y ’ The ‘Y’s’ re considered to be dependent on one nother bec use the presence of
one grammatically requires the co-occurrence of the other(s).

[…x0Y1x0Y2x0Y3x0…]
Figure 1.1 Schematic
representation of
non-adjacent
dependency
A wide variety of the languages of the world display restrictions on
non-adjacent linguistic elements. On a syntactic level, for instance, participants of a
sentence may be required to agree with a verb several words away, as illustrated in
(1):
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(1)

The girls from the table in the corner say hello

Failure to constrain agreement of non-adjacent subjects and verbs results in
ungrammaticality, as illustrated by the example in (2):
(2)

*The girls from the table in the corner says hello.
On a morpho-syntactic level the type of interrogative particles at the end of a

sentence may depend on whether a wh-word is used at the beginning of a sentence.
This is the case, for example in Khalkha, illustrated in (3):
(3) Ta jamar nom-nd durshtai ve?
You which book-DAT like
INTERROGATIVE
Which book do you like?
Ta nom-nd durshtai yu?
You book-DAT like
INTERROGATIVE
Do you like books?
(Saryyl & Narantsetseg 2001)
On a strictly phonological level, vowel harmony is perhaps the best known
type of non-adjacent dependency, though theories which treat vowel harmony as an
adjacent, or local, phenomenon will be discussed momentarily. Vowel harmony
restricts the co-occurrence of vowels, regardless of the number of intervening
consonants, according to agreement of specific feature or features within a word, a
word and its affixes, or sometimes even across word boundaries (van der Hulst &
van der Weijer 1995). Or in other words: “… h rmony system requires th t two or
more not-necessarily –adjacent segments must be similar in some way.” ( rch ngeli
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& Pulleyblank 2007, p.353). Khalkha, for example, displays both [ATR] and
rounding harmony (Svantesson, Tsendina, Karlsson & Franzén 2005; Rialland &
Djamouri 1984). As shown in Table 1.1, vowels are required to agree within a word
and its affixes in terms of the feature [ATR].
Table 1.1 Examples of Khalkha [ATR] harmony
[-ATR]
a. [p t ŋ]
[pat ŋ ]

‘broth’
‘broth-GENITIVE’

[+ATR]
[elʒeg]
[elʒegee]

b. [nʊʊtʰaɢ]
‘homeland’
[uneŋ]
[nʊʊtʰaɢaa] ‘homeland-GENITIVE’ [uneŋee]
c. [pɔlʒɔr]
[pɔlʒɔrɔɔ]

‘crystal’
‘crystal-GENITIVE’

‘liver’
‘liver-GENITIVE’
‘truth’
‘truth-GENITIVE’

[pompog]
‘ball’
[pompogoo] ‘ball-GENITIVE’

Both [ATR] and rounding harmony in Khalkha are subject to further
restrictions and exceptions. However, the examples in Table 1.1 provide a basic
picture of the harmony. Complete details of both harmonies are given in Section 1.5
later in this chapter.
While vowel harmony is offered here as an example of a non-adjacent
phonological dependency, it should be noted that a variety of formal phonological
theories treat vowel harmony as an adjacent phenomenon, espousing the view that
segmentally non-adjacent vowels are made contiguous by a single articulatory
gesture or that while vowels may be segmentally non-adjacent, they are featurally
adjacent (e.g., Öhman 1965; Dettweiler 2000; Walker 2000; Gick et al. 2006; Gafos
1996; Benus & Gafos 2006; Archangeli & Pulleyblank 1987, 1994). In this
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dissertation, this view of vowel harmony is neither opposed nor supported. Instead,
working on the assumption that the speech stream is processed on a segmental
level, the distributions of co-occurring vowels in vowel harmonic systems are
regarded only at a segmental level.
Therefore, on this segmental level, a vowel harmonic language like Khalkha
places restrictions on the co-occurrences of vowel segments, requiring that all
vowels within a word and its affixes agree in terms of the feature [ATR]. This
necessarily limits the possible permutations of permitted vowel patterns in the
language. Both because of the reduced number of legal vowel patterns and the
phonological nature (i.e., feature sharing) of the restrictions on vowel patterns in
Khalkha, it is proposed that a Khalkha speaker attends to vowels in a way that a
speaker of a non-vowel harmonic language would not. This proposal has significant
implications for the interpretation of the results of several studies which examined
how participants attend to and acquire non-adjacent phonological dependencies.
These studies are now briefly introduced.
1.2 Previous Literature
Non-adjacent phonological dependencies have been examined and studied in
a variety of ways. Vowel harmony, for example, has been examined extensively by
formal theories of phonology, seeking to propose an adequate theoretical basis for
the articulatory facts of non-local agreement of features, transparency and opacity
(e.g., Archangeli & Pulleyblank 1994; Walker 2000; Öhman 1965; Dettweiler 2000;
Walker 2000; Gick et al. 2006; Gafos 1996; Benus & Gafos 2006). Because this
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dissertation focuses on the ways in which speakers of a vowel harmonic language
may be biased towards attending to segmentally non-adjacent vowels in the speech
stream, the liter ture ex mining spe kers’ bilities to cquire segmentally
non-adjacent phonological dependencies is highly relevant. This dissertation
focuses on reviewing a series of studies which have examined spe kers’ bility to
attend to and acquire non-adjacent phonological dependencies in artificial grammar
learning tasks (e.g., Newport

slin

on tti Pe

, Nespor & Mehler 2005;

Goméz 2002; Onnis et al. 2003, 2004).
1.2.1 Artificial Grammar Learning
Artificial grammar learning tasks consist of presenting participants
synthesized speech streams which contain phonological, morphological or syntactic
patterns researchers in order to ex mine p rticip nts’ cquisition of these p tterns
This methodology is useful because it can provide an opportunity to offer
participants strictly controlled linguistic input in order to examine the effect of
chosen variables. In terms of AGL tasks which exhibit non-adjacent phonological
dependencies, typically training streams consist of non-adjacent segments with high
transitional probability, while all other adjacent and non-adjacent segments display
low transitional probability. This is illustrated below in Figure 1.2, where the
segments indic ted by ‘x’ occur t r ndom s indic ted by the l ck of identic l
subscript numer ls The ‘Y’s’ however in Figure
as demarcated by the brackets.

occur twice in specific order,
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…x1Y1x2Y2x3Y3

x4Y1x5Y2x6Y3…

Figure 1.2 High and low transitional
probability in AGL sample stimuli
This results in a high transitional probability for the non- dj cent ‘Y’ strings
and low transitional probability for both the non- dj cent ‘x’ strings nd lso for ll
other adjacent transitions: the probability of ‘x1’ followed by ‘Y1’ nd the prob bility
of ‘Y1’ followed by ‘x2’ nd so on through the speech stre m Depending on the goals
of a given AGL study, non-adjacent segments which exhibit high transitional
probability may or may not exhibit further dependencies, such as shared features.
After listening to such stimuli, participants in these tasks are typically given a
forced-choice t sk between ‘words’ nd ‘p rt-words ’

‘word’ is an item which

contains the high probability non-adjacent segments.
‘word’

…x1Y1x2Y2x3Y3

‘word’

x4Y1x5Y2x6Y3…

Figure 1.3 'Word' strings in AGL
stimulus stream
A ‘p rt-word’ is n item which contains segments which exhibit low adjacent
and non-adjacent transitional probability. As illustrated in Figure 1.4 below, a
part-word overlaps the boundaries of two high probability strings, resulting in a low
probability string.
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‘part-word’

…x1Y1x2Y2x3Y3

x4Y1x5Y2x6Y3…

Figure 1.4 'Part-word' string in AGL
stimulus stream
Much of this research shows such dependencies are acquired with difficulty
by participants (e.g., Cleeremans & McClelland 1991; Goméz 2002; Newport & Aslin
2004; Bonatti et al. 2005). Acquisition success can be influenced by a variety of
variables. For instance, token/type ratios (or variability of intervening material)
(Onnis et al. 2004; Gómez 2002) and transitional probabilities (Newport & Aslin
2004) both play a role in participants’ successful cquisition of non-adjacent
dependencies. Further, there is some debate about the types of non-adjacent
dependencies that participants are capable of acquiring (Bonatti et al. 2005; Mehler,
Pe

, Nespor & Bonatti 2006). The results of some studies indicate that participants

were unable to use statistical information to acquire non-adjacent dependencies
exhibited by syllables, but successfully used statistical information to acquire
non-adjacent dependencies exhibited by consonants and by vowels (Newport &
Aslin 2004). Yet the results of other studies indicate that participants were only able
to acquire non-adjacent vocalic dependencies with certain token/type frequency
conditions, while they had no troubles using statistical information to acquire
non-adjacent dependencies exhibited by both syllables and by consonants (Bonatti
et al. 2005, 2007; Mehler et al. 2006).
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Of particular interest in the conflicting results offered by these studies is the
role of statistical information, or the transitional probabilities displayed by
non-adjacent dependencies used in these studies. Transitional probability, a type of
conditional probability, is traditionally defined as the probability with which one
unit follows another, such as the probability of one phoneme following another
(McQueen & Pitt 1996). Transitional probability is calculated by summing the
frequency of p ir of phonemes’ co-occurrence and then dividing this value by the
frequency of the unit for which probability is sought (Pitt & McQueen 1998). This
type of transitional probability can be used to calculate the probability of adjacent
units, but it is also possible to calculate transitional probability for non-adjacent
units, such as the probability of a phoneme in the first syllable being followed by a
given phoneme in a second syllable (for examples see: Newport & Aslin 2004;
Bonatti et al. 2005). The standard equation to identify transitional probability of
non-adjacent segments is illustrated in Figure 1.5 below:

Figure 1.5 Schematic representation of transitional probability

In the face of conflicting levels of acquisition success for different types of
non-adjacent dependencies, researchers have focused the debate about the source
of these discrepancies on the statistical capabilities of human cognition and
naturalness. In order to explain why participants failed to acquire non-adjacent
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syllabic dependencies, some researchers suggest that participants cannot use
statistical information to acquire non-adjacent dependencies which do not exist in
natural languages (Newport & Aslin 2004). These researchers suggest, therefore,
that participants failed to acquire non-adjacent syllabic dependencies because they
do not occur natural languages (Newport & Aslin 2004). These researchers suggest,
instead, that language speakers only have the ability to extract statistical
information about the types of non-adjacent dependencies that naturally occur in
human language. Further, they suggest that this offers support to the hypothesis
that languages evolve within the constraints of cognitive function; essentially, that
the forms in which language may occur are delimited by the constraints of human
cognition.
According to this viewpoint, speakers use statistical information offered by
language input to form rules or patterns. However, speakers can only use statistical
information about certain kinds of rules or patterns because the forms of language
are limited by the constraints of human cognition. This results in a cyclical process
in which patterns or rules exist in a language, generating statistical information
which the human mind can then extract in order to form a mental representation of
such a pattern or rule. Crucially, however, human cognition restricts the types of
patterns and rules which might exist, resulting in a continual cycle of language
formation and lexical representation-building.
Conversely, other researchers (Bonatti et al. 2005, 2007; Mehler et al. 2006)
propose that the failure of participants to acquire one type of non-adjacent
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dependency over another indicates that although human cognition has remarkable
statistical abilities, these abilities are not used in order to extract rules or patterns
from the speech stream. These researchers suggest that the statistical information
offered by patterns or rules found in language is an epiphenomenon not exploited
by human cognition to acquire rules or patterns. Instead, they propose that
participants’ bility to cquire non-adjacent dependencies of, crucially, CV syllables
and consonants, but not of vowels or VC syllables, provides evidence for the idea
that consonants and vowels play different roles in language processes; namely, that
consonants are cues for lexical access, while vowels are not (Bonatti et al. 2005,
2007; Mehler et al. 2006).
Why participants in one study should successfully acquire one type of
non-adjacent dependency, but fail to do so in another is an interesting phenomenon.
Why would participants in Newport & Aslin (2004) successfully acquire
non-adjacent vocalic dependencies, but participants in Bonatti et al. (2005; 2007)
and Mehler et al. (2006) fail to do just this? The specifics of each of these studies will
be presented in detail in Chapter 2, however in the interest of providing a brief
overview for the reader, a few of the differences between these studies are outlined
here.
The studies differed in a variety of factors. Newport & Aslin (2004) use
monolingual English speakers, while Bonatti et al. (2005, 2007) and Mehler et al.
(2006) use monolingual French speakers. Each study differed in the token/type
ratio of items—number (or variability) of frames and medial items, a variable which
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has been shown to be highly influential in successful acquisition of non-adjacent
dependencies (Onnis et al. 2004; Gómez 2002; Keidel, Jenison, Kluender, &
Seidenberg 2007). While the studies differ in their conclusions about the use of
statistical information by participants to acquire non-adjacent dependencies, all
studies focus their conclusions on the types of units for which humans are able to
detect non-adjacent dependencies, and therefore, by extension, the types of units
that human cognition is capable of manipulating. They do not take into account the
possibility that language-specific phonology m y be bi sing f ctor in p rticip nts’
ability to attend to one type of unit over another.
1.3 The Focus of this Dissertation
The AGL literature raises many questions about the form and acquisition
status of non-adjacent phonological dependencies. However, this body of literature
shares an implicit assumption that the human brain is predisposed to attend (or fail
to ttend) to the s me linguistic elements reg rdless of whether spe ker’s
language exhibits such an element. This assumption is problematic given the limited
number of language groups tested. Previous AGL studies do not consider the role of
language-specific phonology in p rticip nts’ success or f ilure t cquiring different
types of non-adjacent phonological dependencies.
Therefore, as mentioned previously, this dissertation examines the role that
language-specific phonology plays not only in spe kers’ success t cquiring
non-adjacent phonological dependencies, but also in influencing language speakers
to attend to certain aspects of language more than others. The dissertation focuses
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on the ways in which speakers attend to and track non-adjacent vocalic
dependencies in the vowel harmonic language, Khalkha. Furthermore, using
artificial grammar tasks of the type outlined above, this dissertation also examines
the role that specific-language phonology may play in biasing Khalkha participants
in the acquisition of non-adjacent vocalic dependencies.
This dissertation proposes that language-specific phonology biases speakers
towards attending to some linguistic elements more than others. This proposal
takes the form of three specific hypotheses. Because Khalkha displays [ATR] and
rounding harmony, it is first hypothesized that speakers are biased to attend to and
track the form and frequency of vowel patterns. For example, it is proposed that a
Khalkha speaker has an awareness that both [_a_a_] and [_u_u_] are extant vowel
patterns in the language and also has some sense of the frequency of their relative
occurrence; namely, that [_a_a_] is a frequently occurring vowel pattern while
[_u_u_] is a rarely occurring vowel pattern. Secondly, it is hypothesized that Khalkha
speakers build abstract classes based on the relative token number of [+ATR] versus
[-ATR] words or harmonic spans. Specifically this means that a Khalkha speaker
abstracts all Khalkha words into two categories: [+ATR] and [-ATR] and has some
sense of the relative size or number of tokens within these two classes. Finally, it is
hypothesized that Khalkha spe kers’ bi s tow rds ttending to vowels will llow
them to successfully acquire non-adjacent vocalic dependencies in artificial
grammar learning tasks precisely because their language requires them to attend to
vowel patterns in order to form grammatical utterances.
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The results of six experiments, all conducted with native Khalkha speakers in
Ulaanbaatar, Mongolia, are presented. In addition, information about the first
searchable Khalkha corpus, created to derive the lexical statistics used in these
experiments, is also presented. The results of Experiments 1, 2 and 3 reveal
significant effects of vowel pattern frequency and harmonic class size for speakers
of Khalkha. These results provide support to the hypothesis that Khalkha speakers
attend to the form and frequency of vowel patterns in their language. They also
support the hypothesis that Khalkha speakers form abstract categories, or harmonic
classes, and have some knowledge of their relative size. The results of Experiments
4, 5, and 6 indicate that speakers of Khalkha can successfully acquire non-adjacent
vocalic dependencies, though participants in previous studies failed to do so
(Bonatti et al 2005, 2007; Mehler et al 2006).
Collectively, these results highlight the role of language-specific phonology in
the ways that speakers abstract and utilize phonological information. Harmonic
vowel patterns and harmonic class size are new variables with which to conduct
future research on vowel harmonic languages and with vowel harmonic language
speakers. Additionally, the effects of language-specific phonology on speech
perception and lexical access must be considered a crucial aspect in future
psycholinguistic research, particularly in regards to the types of phonological units
available to speakers of a language.
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1.4 Organization of the Dissertation
The dissertation is organized as follows: Chapter 2 offers a complete
description of the studies examining non-adjacent dependencies referenced above;
Chapter 3 details the creation of a searchable corpus of Khalkha and presents
Experiment 1, a word familiarity judgment experiment conducted with native
Khalkha speakers; Chapter 4 presents the results of Experiments 2 and 3,
well-formedness experiments which examine vowel pattern frequency and
harmonic class size; Chapter 5 presents the results of three artificial language
learning experiments conducted with native Khalkha speakers; Chapter 6 discusses
the implications of the combined findings and concludes the dissertation. However,
before moving on to the details of previous literature on non-adjacent phonological
dependencies, it is helpful to provide some background on vowel harmony in
Khalkha so the reader has some sense of the harmony system in the language.
1.5 Background on Khalkha Vowel Harmony
Khalkha contains two types of vowel harmonyː [ATR] harmony and rounding
harmony. Of these two harmony types, [ATR] harmony is the most regular; all
monomorphemic and multimorphemic items participate. Rounding harmony, as is
typologically common, is parasitic in Khalkha (Svantesson et al. 2005; Kaun 1995).
Harmony is categorized as parasitic when its occurrence depends on the presence of
a shared feature (Steriade 1981, 1994; Vaux 1993; Kaun 1995). In Khalkha,
rounding harmony is classified as parasitic because it exists only within its relative
[ATR] classes. Essentially, this means that in Khalkha, though round vowels may
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share the feature [round], only vowels which have the same specification for the
feature [ATR] may share the feature [round].
Before proceeding to a description of the vowel harmony systems, a little
background about the phonemic inventory is necessary. While vowels are obviously
of importance, for the sake of exposition, a consonantal inventory is first provided
here in Table 1.2 to make plain the phonemic contrasts relevant to Khalkha.
Table 1.2 Khalkha consonantal inventory (Svantesson et al. 2005)
Labial

Alveolar Alveo- Palatal Velar Uvular
Palatal
pʰ p pʲʰ pʲ tʰ
tʲʰ tʲ gʲ
(ɢ)
Plosives
t
g
tsʰ ts tʃʰ tʃ
Affricates
ʃ
xʲ
Fricatives
s
x
nʲ
Nasals
m mʲ
n
ŋ
lʒ
lʒʲ
Lateral Fricatives
rʲ
Trills
r
ʋ ʋʲ
Approximants
j
As the consonantal inventory indicates, voicing is not contrastive in Khalkha,
though aspiration and palatalization are. It should also be noted here that the
consonant phonemes [g] and [ɢ ] are of particular interest to a discussion of Khalkha
vowel harmony. The two consonant segments alternate according to the harmonic
class in which they occur. The velar stop [g] occurs only in [+ATR] harmonic spans,
while the uvular stop [ɢ] occurs only in [-ATR] harmonic spans (Svantesson et al.
2005).
Of most interest is, of course, the vowel inventory of Khalkha. It should be
noted that the identified vowel inventory of Khalkha has varied from researcher to
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researcher, namely Poppe (1970), Street (1963), Steriade (1979), Archangeli &
Pulleyblank (1994), Rialland & Djamouri (1984) and Svantesson, Tsendina,
Karlsson, and Franzén (2005). For the current work, the vowel inventory of
Svantesson et al. (2005) and Rialland & Djamouri (1984) is adopted. These authors
provide convincing justification for this inventory based upon the acoustic and
spectrographic analyses conducted by these authors with native Khalkha speakers.
This inventory is independently confirmed by acoustic and spectrographic analyses
of another native speaker of Khalkha (LaCross, in prep.). It should also be noted that
though the inventory offered by Rialland & Djamouri (1984) appears to contradict
Svantesson et al. (2005), this is simply due to representational differences. Rialland
& Djamouri use [ ] nd [ ], but their descriptions of the featural specifications of
these vowels indicate these segments to be [ʊ] and [ɔ], respectively (1984ː p. 335).
The vowel inventory represented in Table 1.3 below is adopted for the
current dissertation.
Table 1.3 Khalkha vocalic inventory (Svantesson et al. 2005; Rialland &
Djamouri 1984)
Front Central Back
[+High] i iː
u uː
ʊ ʊː
[-High] e eː o oː
a aː ɔ ɔː

+ATR
-ATR
+ATR
-ATR

Additionally, Khalkha contains five diphthongs: [ai, ɔi, ʊi, ui, ei]. These
diphthongs participate fully in vowel harmony, such that the [ATR] value of the first
member of each diphthong determines the [ATR] harmonic class in which its
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respective diphthong may surface. Within these [ATR] classes, the value for the
feature [Round] of the first member of the diphthong also plays a role in rounding
harmony. The role of the second member of each diphthong, [i], points towards its
transparency to both harmony types, which will also be discussed. Before a
complete description of each harmony type is provided, a brief description of the
harmonic domain is helpful.
1.5.1 Domain of Vowel Harmony
In Khalkha, the domain of vowel harmony is restricted to non-compound
words and their affixes. Typically, compound words are used as proper names; for
instance the proper name [narantsetseg] consists of two words, [naran] which
me ns ‘sun’ nd [tsetseg] which me ns ‘flower ’ [ATR] and rounding harmony are
maintained within each word in the compound, but not across the entire compound
word. In Table 1.4, we see examples within both the [-ATR] and [+ATR] classes.
Table 1.4 Examples of [ATR] vowel harmony
[-ATR]
Monomorphemic Stem [jamaː] goat
[aːʋ-ɢaː] father –POS
Noun + Affix
[aʋ-aːrai] take –IMP(polite)
Verb + Affix

[+ATR]
[teʋtʃeːr] patience
[eːtʃ-eː] mother –POS
[er-eːrei] turn –IMP
(polite)

Besides non-compound words and their affixes, Khalkha vowel harmony can
also extend beyond word boundaries in certain interrogative constructions. The
yes/no interrogative particles [ʊː]/[uː] maintain, respectively, the [-ATR] and
[+ATR] values from conjugated verb stems. The same is true for the interrogative
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particles [jʊ]/[ju] which roughly me n “which ” The examples in Table 1.5 illustrate
the extension of [ATR] harmony beyond a word boundary.
Table 1.5 Extension of harmony beyond word boundaries
a) [ʊː] and [uː]
Harmonic Class Interrogative particle
Example
[ʊː] (yes/no question particle) ta sʊːsan ʊː?1 (Did you sit?)
-ATR
[uː] (yes/no question particle) ta nuːlʒsen uː? (Did you move?)
+ATR
b) [jʊ] and [ju]
Harmonic Class Interrogative particle
[jʊ] (which)
-ATR
+ATR
[ju] (which)

Example
jʊ tʊː? (Which song?)
ju xuː? (Which child?)

The previous examples have illustrated vowel harmony and its domains with
complete featural identity. However, Khalkha harmony is not restricted to complete
segmental featural identity. Therefore, the restrictions of [ATR] and rounding
harmony in Khalkha are now presented.
1.5.2 [ATR] Harmony
[ATR] harmony in Khalkha restricts the co-occurrence of vowels within a
word and its affixes to vowels which share the value for the feature [ATR]. With the
exception of the vowel [i], vowels with differing values for the feature [ATR] may
not co-occur within the same harmonic domain. This splits the vowel inventory
nearly in half, as illustrated by Table 1.6. The vowels here are displayed in such a

When the past tense suffix [sVn] is added to the end of a word before an interrogative particle, the
vowel is most commonly deleted. (E.g., /ta sʊːsan ʊː/ is most commonly pronounced [ta sʊːsnʊː].) It
should be noted, that when not deleted, this second syllable vowel is generally a reduced and
centralized allophone of the indicated vowel.
1
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way that alternating pairs are directly above and below one another. Note that only
the vowel [i] is unpaired:
Table 1.6 Division of vowels according to [ATR] classes
+ATR e o u i
-ATR a ɔ ʊ
With the exception of [a] and [e]2, these alternating or harmonic pairs differ
only in the feature [ATR] and alternate according to the presence or absence of this
feature in the harmonic domain in which they appear. As the following data attests,
the vowel co-occurrence restrictions of [ATR] harmony hold for both
monomorphemic and multimorphemic items.
1.5.2.1 [ATR] Harmony in Monomorphemic Forms
[ATR] harmony is demonstrated with the data sets in Table 1.7 below. These
monomorphemic words are divided according to [ATR] class. Note that items are
arranged in rows where harmonic pairs are more clearly illustrated. These items,
arranged in rows which contrast not only [ATR] harmonic classes, but also
alternating vowel pairs, illustrate the available vowel sequencing and therefore
vowel harmonic processes active in Khalkha in monomorphemic words.

The segments [a] and [e] differ in not only [ATR] values, but additionally in their value for the
feature [Back]. However, as the data attest, these two segments consistently alternate with one
another according to [ATR] harmonic class.
2
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Table 1.7 Examples of [ATR] harmony: Monomorphemic words
Type
[-ATR]
aC0a
aC0ʊ
ɔC0ɔ
ɔC0ʊ
ʊC0ʊ
ʊC0a
[+ATR]
eC0e
eC0u
oC0o
oC0u
uC0u
uC0e

IPA

Gloss

[patʰ ŋ]
[atʊː]
[xɔːrsɔlʒ]
[xɔtʃʊːlʒ]
[tʃʰʊlʒʊː]
[nʊtʰaɢ]

meat broth
horse
grudge
stump
stone
homeland

[tʰeʋtʃeːr]
[telʒguːr]
[xotoː]
[otlʒguːr]
[nutuːr]
[uneː]

patience
store
countryside
hanger
pestle
cow

By looking at example items in this fashion, the restriction on the
co-occurrence of vowels with differing [ATR] values becomes very clear: no
monomorphemic words contain vowels with differing [ATR] values.
The reader will have also noted the absence of /i/ from the example data in
Table 1.7. As stated previously, the high vowel [i] is transparent to [ATR] harmony.
As illustrated in Table 1.8, the [+ATR] segment [i] may occur in a [-ATR] harmonic
domain, provided it occurs in a non-initial syllable. When [i] occurs in an initial
syllable, however, it requires all following segments to also be [+ATR], as illustrated
by the complete lack of [-ATR] items in the upper right corner of the figure.
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Table 1.8 Transparency of [i]: Monomorphemic words
[+ATR]
[i] in Initial Syllable [siːmxi]
[ʃireː]
[pitʒruː]
[i] Harmony Medial [merktʃilʒtʰen]
[golʒtʃilʒtso]
[xuniːrxuː]
[i] in Final Syllable

[peːlʒi]
[tsogi]
[tʰuːxi]

[-ATR]
gap
table
rash
[aʋiralʒt] climbing
expert
[pɔginɔ]
to shine
to be short
outsider-like [mʊŋinʊː] muddle
headed
[ʃaʃiŋ]
gloves
religion
[ɔlʒi]
bee
to squint
[tʰʊːtʃʰi]
raw
lamenter

As the following section demonstrates, [ATR] harmony in multi-morphemic words is
exhibited in the same way as mono-morphemic words.
1.5.2.2 [ATR] Harmony in Multimorphemic Forms
Khalkha is an agglutinative language with a rich variety of morphological
suffixes (Binnick 1969, 1980; Poppe 1970; Street 1963; Saryyl & Narantsetseg 2001;
Svantesson 2005). Suffixes relevant to vowel harmony are illustrated in Table 1.9
below:
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Table 1.9 Khalkha suffixes with alternating vowels (Saryyl & Narantsetseg
2001)
Type

Ablative

Instrumental

Genitive

Commitative

Desiderative

Imperative
(polite)

Affix

-(g/ɢ)3Vːs

-(g/ɢ)Vːr

-(g/ɢ)Vː

-tVi

-mVːr

-(g/ɢ)VːrVi

[+ATR] Example

[-ATR] Example

ter emlʒlek-eːs irsen.
He hospital-ABL came.
He came from the
hospital.
pi elʒtʒik-eːr irsen
I donkey-INSTR came.
I came by donkey.

ter amerikt-aːs irsen
He America-ABL came.
He came from America.

eːtʃ-eː
mother-GEN
My mother

ax-aː
brother-GEN
My brother

eːtʃ emtʃ-tei yersen
Mother doctor-COM
spoke.
Mother spoke with the
doctor.

eːtʃ pagʃ-tai yersen
Mother teacher-COM
spoke.
Mother spoke with the
teacher.

pi er-meːr bain
I turn-DES. to be.
I want to turn.

pi aʋ-maːr bain
I take-DES. to be.
I want to take (it).

er-eːrei
turn-IMP
Please turn!

aʋ-aːrai
take-IMP
Please take (it)!

pi maʃiːn-aːr irsen
I car-INSTR came.
I came by car.

The p renthetic l cit tion “(g/ɢ)” is used to indic te epenthetic conson nts which, as noted
previously, harmonize according to the [ATR] class, where [g] is epenthesized in [+ATR] harmonic
domains and [ɢ] is epenthesized in [–ATR] domains (Svantesson et al. 2005). Epenthesis is used in
the language to resolve vowel hiatus at the stem-affix juncture which is not tolerated in the language
(Svantesson et al. 2005).
3
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Table 1.9 illustrates the affixes in Khalkha which contain alternating vowels.
It is important to note that the same generalizations about monomorphemic items
in Khalkha can be made about multimorphemic items: [ATR] harmony is completely
regular with the exception of [i], which when in initial syllable position in the root
requires all subsequent vowels in the root and affix to be [+ATR], but is transparent
to harmony in any other syllable in the word or its affixes.
In order to exemplify the patterning of [ATR] harmony instantiated by all
affixes in Table 1.9, the Genitive case is selected to illustrate multimorphemic
root-affix combinations in Table 1.10 below, using the words from Table 1.7 as
examples. As can be seen, [ATR] harmony continues in these affixed forms in the
same manner exhibited by the monomorphemic forms: segments which have
differing values for the feature [ATR] may not co-occur within the same harmonic
domain.

39

Table 1.10 [ATR] harmony: Multi-morphemic words
Type
[-ATR]
aC0a
aC0ʊ
ɔC0ɔ
ɔC0ʊ
ʊC0ʊ
ʊC0a
[+ATR]
eC0e
eC0u
oC0o
oC0u
uC0u
uC0e

Root

Stem+ Genitive Case: N + (g/ɢ)Vː
Root + Affix
Gloss

/patʰ ŋ/
/atʊː/
/xɔːrsɔlʒ/
/xɔtʃʰʊlʒ/
/tʃʰʊlʒʊː/
/nʊtʰaɢ/

[patʰ ŋ ː]
[atʊːɢaː]
[xɔːrsɔlʒɔː]
[xɔtʃʰʊlʒaː]
[tʃʰʊlʒʊːɢaː]
[nʊtʰaɢaː]

my meat broth
my horse
my grudge
my stump
my stone
my homeland

/tʰeʋtʃʰeːr/
/telʒguːr/
/xodoː/
/otlʒguːr/
/nuduːr/
/uneː/

[tʰeʋtʃʰeːreː]
[telʒguːreː]
[xodoːgoː]
[otlʒguːreː]
[nuduːreː]
[uneːgeː]

my patience
my store
my countryside
my hanger
my pestle
my cow

While the data in Table 1.10 exhibit the regularity of [ATR] harmony, the
transparency of [i] is illustrated in Table 1.11 via these same words, with the
Accusative Case marker inserted (as it normally would be) between the stem and
the Genitive Case marker. As these words demonstrate, [i], when in a non-initial
syllable, neither blocks harmony nor alternates to accommodate it.
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Table 1.11 Transparency of [i]: Multi-morphemic words
Type
[-ATR]
aC0a
aC0ʊ
ɔC0ɔ
ɔC0ʊ
ʊC0ʊ
ʊC0a
[+ATR]
eC0e
eC0u
oC0o
oC0u
uC0u
uC0e

Stem+ Accusative Case + Genitive Case: N + iːg/ɢ + Vː
Root
Root + Affix
Gloss
/patʰ ŋ/
/atʊː/
/xɔːrsɔlʒ/
/xɔtʃʰʊlʒ/
/tʃʰʊlʒʊː/
/nʊtʰaɢ/

[patʰ ŋiːɢaː]
[atʊgiːɢaː]
[xɔːrsɔlʒiːɢɔː]
[xɔtʃʰʊːlʒiːɢaː]
[tʃʰʊlʒʊːgiːɢaː]
[nʊtʰagiːɢaː]

this broth of mine
this horse of mine
this grudge of mine
this stump of mine
this stone of mine
this homeland of mine

/tʰeʋtʃʰeːr/
/telʒguːr/
/xodoː/
/otlʒguːr/
/nuduːr/
/uneː/

[tʰeʋtʃʰeːriːgeː]
[telʒguːriːgeː]
[xodoːgiːgoː]
[otlʒguːriːgeː]
[nuduːriːgeː]
[uneːgiːgeː]

this patience of mine
this store of mine
this countryside of mine
this hanger of mine
this pestle of mine
this cow of mine

Additionally, it is helpful to illustrate the positional effects of [i] in
multimorphemic items, just as it was shown in monomorphemic items in Table 1.8.
Table 1.12 takes the same words from Table 1.8 and once again, the Genitive case is
used to illustrate the patterning of [ATR] harmony within a multimorphemic
domain, representative of all alternating affixes in Khalkha. The table illustrates [i]
in an initial syllable in multimorphemic words, [i] in the final syllable of the root in
both [+ATR] and [-ATR] words, and also [i] harmony medially in both [+ATR] and
[-ATR] words.
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Table 1.12 Positional effects and transparency of [i]: Multi-morphemic words
[i] in
Initial
Syllable
[i]
Harmony
Medial
[i] in Final
Syllable

[+ATR]
[siːmxigeː]
[ʃireːgeː]
[pitʃruːgeː]
[merketʒilʒteneː]
[golʒtʃilʒtsogoː]
[xuniːrxuːgeː]
[peːlʒigeː]
[tsogigeː]
[tʰuːxigeː]

[-ATR]
my gap
my table
my rash
my expert
my shining
my
outsider(ness)
my gloves
my bee
my raw(ness)

[aʋiralʒtaː]
my climbing
[pɔginɢɔː]
my short(ness)
[mʊŋinʊːɢaː] my muddle
headed(ness)
[ʃaʃiŋ ː]
my religion
[ɔlʒiɢɔː]
my squint
[tʰʊːtʃiɢaː]
my lamenter

As Table 1.12 illustrates, the same generalizations hold for the positional effects of
[i]: when in an initial syllable in the root, [i] requires all subsequent vowels to be
[+ATR], but when it occurs in a non-initial syllable in the root, it acts as a
transparent segment, neither conforming to nor disrupting the [ATR] harmonic
domain in which it appears.
1.5.3 Rounding Harmony
The other harmony type present in Khalkha is rounding harmony. Of the four
round segments in the vowel inventory, [o], [ɔ], [u] and [ʊ], it has been argued that
[o] and [ɔ] act as triggers to rounding harmony, requiring that all subsequent
segments be [+Round] (Svantesson et al. 2005; Rialland & Djamouri 1984;
Archangeli & Pulleyblank 1994; Steriade 1979; Binnick 1990). As noted previously,
rounding harmony in Khalkha is parasitic, meaning that it occurs only within
respective [ATR] classes (Svantesson et al. 2005; Kaun 1995). Vowels within a word
and its affixes in Khalkha may only share the feature [round] if they have the same
value for the feature [ATR].
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1.5.3.1 Rounding Harmony in Monomorphemic Forms
The data in Table 1.13 illustrate rounding harmony in monomorphemic
forms. With two exceptions, all vowel sequence types included contain an initial
round vowel, requiring subsequent vowels to agree in terms of the feature [Round].
Table 1.13 Rounding harmony: Monomorphemic words
[-ATR]
Type Root
ɔC0ɔ [xɔːrsɔlʒ]
ɔC0ʊ [xɔtʃʊːlʒ]
ʊC0ʊ [tʃʰʊlʒʊː]
ʊC0ɔ

Gloss
grudge
stump
stone

Type
oC0o
oC0u
uC0u
uC0o

[+ATR]
Root
Gloss
[xotoː]
countryside
[otlʒguːr] clothes hanger
[nutuːr]
pestle

Importantly, the two bottom cells in Table 1.13 are unfilled. This is because the
[+Hi] segments [u] and [ʊ] are opaque to rounding harmony in Khalkha. They block
the subsequent occurrence of non-high [Round] vowels. This can be seen more
clearly with the data in Table 1.14.
Table 1.14 The opaque segments [u] and [ʊ]
Followed by [-Round] non-high
vowels
[u] [uneː]
cow
[ʃugeː]
table
[tudʒeː]
lock
[ʊ] [ʊlʒan]
red
[tsʊrɢaː]
six
[nʊtag]
homeland

Followed by [+Round] high
vowels
[nuduːr]
pestle
[xumus]
people
[xutsuː]
neck
[tʃʊlʒʊː]
stone
[xʊlʒʊ]
gourd
[ʊdʒʊ]
wide

In addition to its transparency to [ATR] harmony, the segment [i] is also
transparent to rounding harmony. It can occur within a rounding harmonic domain,
as the following examples in Table 1.15 illustrate.
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Table 1.15 Transparency of [i] to Rounding harmony: Monomorphemic words
[i] in
Initial
Syllable
[i]
Harmony
Medial
[i] in Final
Syllable

[+ATR]
iC0o
iC0u

[pitʒruː]

rash

oC0iC0o [golʒtʃilʒtso] shine
uC0iC0u [xuniːrxuː]
outsider
-ish
oC0i
[tsogi]
bee
[tʰuːxi]
uC0i
raw

[-ATR]
iC0ɔ
iC0ʊ
ɔC0iC0ɔ
ʊC0iC0ʊ

[pɔginɔ]
short
[mʊŋinʊː] muddle

ɔC0i
ʊC0i

[ɔlʒi]
[tʰʊːtʃʰi]

squint
griever

The shaded cells in Table 1.15 indicate non-attested vowel sequences. The lack
of attested forms in the [-ATR] initial-syllable [i] category is unsurprising given the
restrictions of [ATR] harmony discussed earlier. However, [i] in an initial syllable
within the [+ATR] harmonic class raises some questions. For [ATR] harmony, [i] is
transparent to harmony in non-initial positions. However, if it occurs in an initial
syllable, it requires all subsequent vowels to be [+ATR]; that is, it triggers [ATR]
harmony. In terms of rounding harmony, how can [i] in an initial syllable be
followed by the [+round] vowel [u]? Is it the case that, unlike [ATR] harmony,
rounding harmony is not triggered by the initial syllable vowel? But if this is so, then
one must question why there no attested forms of [i] in an initial syllable followed
by [o]? These questions are strengthened by the observation that [u] and [ʊ] are
both commonly allowed to occur after the other non-round segments [e] and [a]
respectively. The words [telʒguːr] ‘store’ and [atʊː] ‘horse’ are just two examples.
While the majority of monomorphemic forms obey the restrictions of rounding
harmony, it is also important to note that it is possible to find some idiosyncratic
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monomorphemic exceptions to rounding harmony, such as the [+ATR] words
[xoxte] ‘mythological bird’ and [xoːnte] ‘thrush.’
1.5.3.2 Rounding Harmony in Multimorphemic Forms
Multi-morphemic forms follow the same patterns exhibited by mono-morphemic
forms as well, as illustrated by the data in Table 1.16. In Table 1.16, rounding
harmony is illustrated with the ablative, instrumental, possessive, desiderative, and
simultaneous case and aspect affixes. As Table 1.16 illustrates, however, the high
vowels [u] and [ʊ] do not surface in affixes. Therefore, the shaded cells indicate the
unattested vowel sequences in these multimorphemic forms in order to illustrate
the extent to which this restriction limits rounding harmony.
Table 1.16 Rounding harmony: Multimorphemic words

Ablative
noun + V:s
Instrumental
noun + V:r
Genitive
noun + V:
Desiderative
verb + mV:r

Type
ɔC0ɔ
ɔC0ʊ
ʊC0ʊ
ɔC0ɔ
ɔC0ʊ
ʊC0ʊ
ɔC0ɔ
ɔC0ʊ
ʊC0ʊ
ɔC0ɔ

ɔC0ʊ
ʊC0ʊ
Simultaneous ɔC0ɔ
verb + ŋg/ɢVː
ɔC0ʊ
ʊC0ʊ

[-ATR]
IPA
Gloss
[sɔlʒɔːŋɔɔs] from
Korea

ɢɔlʒɔːr

by river

nɔmɔː

my book

tɔglʒmɔːr

want to
play

tɔglʒɔːnɢɔː

while
playing

[+ATR]
Type IPA
Gloss
oC0o oglʒoːnoːs
from
morning
oC0u
uC0u
oC0o tomroːr
by iron
oC0u
uC0u
oC0o pompogoː
my ball
oC0u
uC0u
oC0o noxmoːr
want to
patch
oC0u
uC0u
oC0o omsongoː
while
dressing
oC0u
uC0u
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1.5.4 Vowel Sequencing
At this point it is helpful to summarize these vowel sequencing restrictions for
both [ATR] and rounding harmony. Table 1.17 summarizes the available patterns
based on these data sets. The column on the left illustrates a preceding vowel
segment while the row on the top illustrates the vowels which may follow these
initial vowels in a subsequent syllable. The shaded cells indicate non-occurring
vowel sequencing patterns in monomorphemic words or stems. The check marks
indicate attested patterns. These vowel sequences are identical for both
monomorphemic and multimorphemic forms.
Table 1.17 Attested vowel sequencing in Khalkha
Non-initial Vowel
a ɔ ʊ e o

a 
 
ɔ

ʊ 

e
 
o

u

i

u






i








1.5.5 Conclusion of Description of Vowel Harmony
To summarize the harmony systems of Khalkha, vowels with differing values for
the feature [ATR] may not co-occur within the same stem and affix. This statement
is qualified by the exceptional behavior of high vowels [i]. Rounding harmony is also
somewhat further qualified by its parasitic status and the high number of exceptions
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due to the presence of two opaque segments [u] and [ʊ], as well as the transparent
status of [i].
Of most interest to this dissertation are the resulting restrictions on possible
vowel sequences which occur within the language. Using the seven monophthong
vowels in Khalkha, 49 two-vowel sequences are possible. However, the strictures of
harmony delimit this number to 9 [-ATR] sequences and 13 [+ATR] sequences, a
total of 22 non-adjacent two-vowel sequences. However, it must be remembered
that the monophthong vowels indicated in Table 1.17 are only a subset of the vocalic
inventory. When the diphthongs and long vowels are included, resulting in 20 total
vowels, the number of possible vowel sequences increases exponentially to 400,
though of these, only 169 are harmonically legal (72 [-ATR] and 97[+ATR]
sequences). These possible sequences are illustrated in Table 1.18 below.
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Table 1.18 Possible vowel sequencing in Khalkha
Non-initial Vowel
a ɔ ʊ aa

 
a
 
ɔ

 
ʊ
 
aa 
 
ɔɔ
 
ʊʊ 
 
ai 
 
ɔi
 
ʊi 
e
o
u
i
ee
oo
uu
ii
ei
oi
ui
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Unlike the attested non-adjacent two-vowel sequences illustrated in Table 1.17,
the vowel sequences illustrated in Table 1.18 are only possible and harmonically
legal sequences. As the corpus analyses discussed later in Chapter 3 indicate, only a
subset of these vowel sequences is actually attested. Both the attested and
unattested non-adjacent two-vowel sequences are of crucial importance as stimuli
for Experiments 1-3, as will be further discussed in Chapters 3 and 4. Before getting
into details about these experiments, however, it is helpful to delve more deeply
into the research literature on non-adjacent phonological dependencies.
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CHAPTER 2 NON-ADJACENT PHONOLOGICAL DEPENDENCIES
2.0 Introduction
As discussed in Chapter 1, the prevalence of non-adjacent phonological
dependencies in the world’s l ngu ges r ises questions about why they are so
difficult to acquire in artificial grammar learning tasks. The results of the studies
mentioned in Chapter 1 indicate that in some cases participants were able to
successfully acquire certain types of non-adjacent dependencies, while in other
cases they were unsuccessful with the same types of dependencies. These studies
focused largely on the role of statistical probability and naturalness in their
discussions of p rticip nts’ success nd f ilure to cquire cert in dependencies
However, the studies, all of which relied on French or English speakers as
participants, do not consider a potential role of native language bias on acquisition
success or failure of given dependencies. In order to more fully consider the
potenti l c uses for p rticip nts’ success nd f ilure to cquire certain non-adjacent
phonological dependencies, it is necessary to examine more thoroughly the
structure and results of this literature.
In addition to these studies, which have all focused on the acquisition of
non-adjacent dependencies exhibited by artificial grammar, it is also helpful to
review the literature on phonological pattern effects in native languages (e.g., Bailey
& Hahn 2001; Coleman & Pierrehumbert 1997; Frisch, Large & Pisoni 2000;
Pierrehumbert 1994; Munson 2001; Vitevitch, Luce, Charles-Luce & Kemmerer
1997). Though these studies largely focus on adjacent pattern effects, their results
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must be considered potentially analogous to understanding the ways in which
speakers track and attend to non-adjacent phonological patterns in their native
languages.
2.1 Artificial Grammar Learning Studies
As mentioned in Chapter 1, a wide variety of studies exist which have
examined the acquisition of non-adjacent dependencies in artificial grammar
learning tasks (AGL). Essentially, an AGL task consists of creating stimuli (typically
auditory) which display specific dependencies (adjacent or non-adjacent). In the
studies reviewed in this dissertation, these dependencies are non-adjacent (e.g.,
vowels, consonants, or syllables which co-occur across syllable boundaries).
Participants are then exposed to these stimuli, which are typically concatenated
such that dependencies exhibit a high transitional probability, while all other
transitions exhibit low transitional probability. Transitional probability in these
studies is calculated as mentioned in Chapter 1, as a type of conditional probability
for the occurrence of one unit, given the occurrence of another unit. After passively
listening to stimuli, participants are then tested on whether they have acquired the
dependency in question. A thorough examination of these studies and their
implications is offered here.
2.1.1. Newport and Aslin (2004)
Newport & Aslin (2004), using an artificial grammar learning task (AGL),
investigate how well participants acquire non-adjacent dependencies, based solely
on transitional probability of syllables, vowels, and consonants. In a series of three
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experiments, Newport & Aslin find that native English speaking participants are
unable to acquire dependencies between non-adjacent syllables, but are able to
acquire dependencies between non-adjacent vowels and non-adjacent consonants.
It should be noted that because the AGL experiments conducted with Khalkha
speakers presented later in this dissertation are modeled on Newport & Aslin
(

) for the re der’s e se the design nd results of this study re presented here

in detail.
In the first experiment, an artificial language was created by permutating the
selected consonant inventory (b, d, p, t, g, k, r, l) and selected vowel inventory (a, i, u,
e, o) into 14 CV syllables. Of these, 10 syllables were selected to serve as the first
nd third syll bles in 5 syll bic “fr mes ” The remaining four syllables served as
medial syllables. When inserted into these five syllabic frames twenty ‘words’ were
formed. The syllabic frames, medial syllables and resulting words are displayed in
Table 2.1.
Table 2.1 Item schema adapted from Newport & Aslin (2004, p. 132)
first_third σ
Frames
ba_te
gu_do
pi_ra
ke_du
lo_ki

second σ
di
ku
to
pa

Resulting ‘Words’
ba di te
ba ku te
ba to te
ba pa te

gu di do
gu ku do
gu to do
gu pa do

pi di ra
pi ku ra
pi to ra
pi pa ra

ke di du
ke ku du
ke to du
ke pa du

lo di ki
lo ku ki
lo to ki
lo pa ki

These words were then synthesized and concatenated to form a continuous
speech stream, which contained 6 randomly ordered repetitions of the twenty
items. No cues that might indicate word boundaries, such as pauses or lengthening,
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were allowed. The resulting 7 minute speech stream was played at a rate of 216
syllables per minute and was repeated 3 times to participants, resulting in 21
minutes of exposure to items.
Newport & Aslin (2004) report the transitional probabilities of all adjacent
and non-adjacent segments in their stimuli. Crucially, the reported transitional
probabilities of adjacent syllables within a word were low: the transitional
probability of a first to second syllable was 0.25 and from a second to third syllable
was 0.20. Due to the randomization of items within the speech stream (which
excluded immediate repetitions), the transitional probability of third syllables and
following first syllables was 0.25. However, for the transitional probability of
non-adjacent syllables, the probability of the first syllable co-occurring with the
third syllable was 1.0. The other non-adjacent transitional probabilities were low:
the second syll ble to following item’s first syll ble w s
to the following item’s second syll ble w s

nd the third syll ble

5 To offer a schematic representation

of the transitional probabilities, Figure 2.1 was created. All probabilities included
are the values reported by Newport & Aslin (2004).

Adjacent Transition Probabilities

Non-Adjacent Transition Probabilities

0.25 0.20

[CV1CV2CV3][CV1CV2CV3]…

1.0

[CV1CV2CV3][CV1CV2CV3]…

0.25

Figure 2.1 Transitional probability calculations

0.20 0.25
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After exposure to the constructed speech stream, participants were tested on
their acquisition of words through a discrimination task of words and part-words.
Test words were five items selected from the twenty words used in the speech
stream. Part-words were constructed by exchanging the third syllable in each of the
five test words with another syllable. The resultant test items retained the same
adjacent transitional probabilities displayed by the exposure items, but for the
non-adjacent transitional probabilities, there was a high transitional probability for
the words and a low transitional probability for the part-words. The five words and
five part-words were presented in randomized pairs, resulting in 25 test pairs.
Interestingly, results indicated that participants failed to learn the
non-adjacent dependency displayed by the first and third syllables in exposure
words. In an attempt to rule out various possible factors which may have caused
participants to fail to acquire syllabic non-adjacent dependencies, Newport & Aslin
report eight different trial experiments. These experiments altered language size,
number of medial syllables and syllable frames, amount of exposure, test items,
multi-day exposure, and consonant and vowel inventory selection. Furthermore,
Experiment 3 significantly restricts the number of syllabic frames and medial
syllables in an attempt to offer a simplified version of a non-adjacent syllabic
dependency language. Neither Experiment 3 nor any of the trial experiments
resulted in successful acquisition of syllabic non-adjacent dependencies by
participants.
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In Experiments 2 and 4 of Newport & Aslin (2004), the acquisition of
non-adjacent dependencies exhibited by consonants and vowels is explored. In
Experiment 2, four languages were created in order to control for possible
idiosyncratic preferences for specific phonetic segments or positions by
participants. Two consisted of non-adjacent syllable dependencies, similar to that
used in Experiment 1, while the other two languages displayed non-adjacent
dependencies of consonants. Focusing on the non-adjacent segmental language, the
consonantal inventory (b, p, d, t, g, k) and vowel inventory (a, i, u, e, o, ae) were
permuted to produce 12 CV syllables (pa, da, po, do, gi, ki, gu, ku, tae, bae, te, bu).
E ch “non-adjacent segment language consisted of 16 trisyllabic words, constructed
from two unique consonant-frames and two vowels that could follow each
conson nt” (p 39) This is illustrated in the schema below adapted from Newport &
Aslin (2004, p.139) in Figure 2.2.

C1

V1

C2

V2

C4

V1
V2

V3

C3

V6

V4

C5

V3
V4

V5

C6

V5
V6

Figure 2.2 Item construction schema,
(figure adapted from Newport and
Aslin 2004, p. 139)

The stimuli construction schema noted in Figure 2.2 was used to create 16 items,
eight per conson nt l fr me This resulted in two “f milies” of items per
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experimental language, each of which shared the same consonantal frame. These
families of items are illustrated below in Table 2.2.

Table 2.2 Consonantal frames and vowel fillers (figure adapted from Newport
& Aslin 2004, p. 140)
Language A
p_g_t_
d_k_b_
pagitae dakibae
pogute dokube
pogitae dokibae
pagutae dakubae
pagute dakube
pogite
dokibe
pagite
dakibe
pogutae dokubae

Language B
t_d_k_
b_p_g_
tadibae bapigae
todube bopuge
todibae bopigae
tadubae bapugae
tadube bapuge
todibe
bopige
tadibe
bapige
todubae bopugae

The transitional probabilities that resulted from these permutations were
similar, though simplified due to a lower number of frames and vowels, to those
exhibited by stimuli in Experiment 1. However, in Experiment 2 transitional
probabilities had to be controlled both for adjacent and non-adjacent syllables, as
well as adjacent and non-adjacent consonants. Due to a constrained randomization
of items within the speech stream, the transitional probability of adjacent syllables
both within words and across word boundaries was 0.50. The transitional
probability of adjacent segments (consonant to vowel and vowel to consonant) was
always 0.50 for all adjacent segments. For non-adjacent consonants, spanning word
boundaries, the transitional probabilities was also 0.50. However, within words, the
transitional probability of the non-adjacent consonants was always 1.0.
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Simil rly to Experiment

‘words’ were synthesized nd conc ten ted to

form a continuous speech stream which played at a rate of 278 syllables per minute
for language A and 280 syllables per minute for language B. Participants were
exposed to this speech stream twice for a total of twenty minutes. Participants were
tested in the same way as Experiment 1: through a forced discrimination task of
words and part-words, all selected and created along the same lines as in
Experiment 1. Results indicated that participants were once again unsuccessful at
acquiring non-adjacent syllable dependencies. However, participants were
successful in acquiring non-adjacent consonant dependencies.
In Experiment 4, the final experiment of Newport & Aslin (2004), two
languages which display non-adjacent dependency of vowels were created. These
languages were created from the same consonantal and vocalic inventory used in
Experiment 2. The same 12 CV syllables were permuted. However, items in this
experiment were structured so that instead of a consonantal frame, a vocalic frame
was created. Similar to Experiment 2, two vocalic frames for each language was
created and two possible consonants were inserted into each consonantal position.
These permutations resulted in 16 tri-syllabic words, with four items per
vocalic frame. The vocalic frames and consonant fillers are illustrated below in
Table 2.3.
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Table 2.3 Vocalic frames and consonantal fillers (figure adapted from Newport
& Aslin 2004, p. 149)
Language A
_a_u_e _o_i_ae
pagute pogitae
dagute dogitae
pakute pokitae
pakube pokibae
pagube pogibae
dakute dokitae
dakube dokibae
dagube dogibae

Language B
_ae_a_u _e_o_i
paegatu pegoti
daegatu degoti
paekatu pekoti
paekabu pekobi
paegabu pegobi
daekatu dekoti
daekabu dekobi
daegabu degobi

Transitional probabilities of both adjacent and non-adjacent segments and
syllables were controlled as they were in Experiment 2. The resulting transitional
probabilities of all adjacent and non-adjacent segments and syllables was 0.50, with
the crucial exception that non-adjacent vowels within a word had a transitional
probability of 1.0.
Once again items were synthesized and concatenated to create a continuous
speech stream which played at a rate of 284 syllables for ten minutes. Participants
were exposed to two repetitions, resulting in twenty minutes exposure. They were
again tested in a forced choice discrimination task between words and part words.
Results of this experiment indicated that participants successfully acquired the
non-adjacent vocalic dependencies.
To summarize the findings of Newport & Aslin (2004), it was found that
while participants were capable of learning non-adjacent dependencies of
consonants and of vowels solely on the basis of statistical information contained in
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the transitional probabilities, the same information did not allow participants to
learn non-adjacent dependencies of syllables. Newport & Aslin (2004) take the
results of these experiments and conclude that participants were successful at
acquiring artificial languages which exhibit the same types of non-adjacent
dependencies seen in the world’s l ngu ges Non-adjacent syllabic dependencies do
not occur in the world’s l ngu ges while non-adjacent consonantal and vocalic
dependencies do. So for instance, no language displays restrictions on non-adjacent
syllables, but languages, like Chumash, can restrict the occurrence of non-adjacent
consonants (Walker 2000) or Yoruba which restrict the co-occurrence of
non-adjacent vowels (Archangeli & Pulleyblank 1989). Newport & Aslin conclude
that participants are able to learn only what occurs naturally. Newport & Aslin
extend this logic and question whether it might be possible that languages evolve
according to the constraints of human cognition, essentially suggesting that the
limits of human cognition delimit the forms in which language may occur.
However, another possibility is raised by the results of these experiments.
Rather than human cognition delimiting language, it might be the case that
languages delimit or bias a language speaker towards attending to some aspects of
language more than others. It may be the case that the participants in Newport &
Aslin (2004) attended to non-adjacent consonantal and vocalic dependencies, but
not syllabic dependencies because of biases in attention caused by their native
language, English. Furthermore, the token/type frequency ratio (the number of
non-adjacent dependencies/the number of items which exhibit each non-adjacent
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dependency) in Newport & Aslin (2004) was not explicitly controlled. This is a
variable which has been shown to have significant effects on p rticip nts’ success in
acquiring non-adjacent dependencies (e.g., Gómez 2002). The token/type frequency
ratio employed by Newport & Aslin (2004) may have also played a role in
p rticip nts’ cquisition successes nd f ilures Further work offers a variety of
compelling insights to the findings of Newport & Aslin (2004).
on tti e , Nespor & Mehler (2005)
Bonatti et al. (2005) investigated whether human cognition is equipped with
a general all-purpose statistical mechanism which identifies rules or patterns in the
speech stream based solely on transitional probabilities between, in this case,
non-adjacent dependencies. They asked whether the patterns found in language
constrain the types of statistical calculations upon which human cognition relies.
Bonatti et al. theorized that consonants and vowels play functionally different roles
in speech segmentation, namely that consonants provide lexical access cues, while
vowels provide only prosodic information. Based upon this theory, they proposed
that participants would be able to acquire non-adjacent dependencies of consonants
and consonant initial syllables only, but not be able to acquire non-adjacent
dependencies of vowels or vowel initial syllables. These proposals are particularly
notable, given the findings of Newport & Aslin (2004), in which participants had no
difficulty acquiring non-adjacent vocalic dependencies. However, Bonatti et al.
(2005) claimed the p rticip nts’ successful cquisition of voc lic dependencies in
Newport & Aslin (2004) is an artifact of the specific token/type frequency ratio
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employed in that study. This claim will be discussed in greater detail in conjunction
with the results of the experiments conducted by Bonatti et al. (2005), which tested
p rticip nts’ bility to cquire non-adjacent vocalic dependencies. In a series of
three experiments, they examined native French speaking participants’ bility to
acquire non-adjacent dependencies of CV and VC syllables, and consonants and
vowels.
In Experiment 1, Bonatti et al. tested participants’ bility to cquire
non-adjacent dependencies exhibited by consonants. They created an artificial
language using the consonant inventory (p, ʀ, g, b, d, k, m, l, t) and the vowel
inventory (u, a, i, e, o, y). From these inventories, 18 CV syllables were created and
grouped into three different “f milies ” Each family consisted of four words, all of
which held constant the same sequence of consonants. These families are illustrated
below in Table 2.4.
Table 2.4 Consonantal item families (figure adapted from Bonatti et al. 2005,
p.453)
p_ʀ_g_
puʀagi
puʀegy
poʀagy
poʀegi

b_d_k_
biduka
bidoke
byduke
bydoka

m_l_t_
malitu
malyto
melito
melytu

A seven-minute synthesized speech stream was then created by
concatenating 12 of these nonce items. The concatenation was restricted in such a
way that identical items or items from the same family could not be presented twice
in succession. Furthermore, the transitional probabilities of the consonants within
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words was always 1.0, while the transitional probabilities of all other segments,
both within and between words, and between adjacent and non-adjacent segments
was 0.50. Participants listened to this synthesized speech stream twice in succession
separated by two minutes of silence. Participants were then tested through a forced
choice t sk between “words” nd “p rt-words ” which were cre ted by segmenting
h lfw y through “words” th t were dj cent in the speech stre m The results
indicate that participants acquired the non-adjacent dependency exhibited by
consonants in the artificial language.
In Experiment 2, Bonatti et al. examine participants’ bility to cquire
non-adjacent dependency exhibited by vowels. An artificial language was created
using the consonant inventory (p, k, m, t, l, ʀ) and the vowel inventory (ɔ, i, a, o, ɛ, y,
u, e, ɑ). The cre tion of 8 V syll bles upon which the cre tion of three “f milies” of
four words each was similar to Experiment 1, except that the transitional
probabilities between consonants and vowels were inverted. These three families
are illustrated below in Table 2.5.
Table 2.5 Vocalic item families (figure adapted from Bonatti et al. 2005, p.453)
_ɔ_i_a
pɔkima
pɔʀila
tɔkila
tɔʀima

_o_ɛ_y
mopɛky
motɛʀy
lopɛʀy
lotɛky

_u_e_ɑ
kumepɑ
kuletɑ
ʀumetɑ
ʀulepɑ

These words were concatenated in a synthesized speech stream in an
identical fashion to Experiment 1, with the exception that the transitional
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probabilities between vowels within a word was 1.0 and 0.50 at word boundaries,
while all other transitional probabilities of segments both within and between
words was 0.50. Once again, participants were tested on their acquisition of
non-adjacent dependencies exhibited by vowels through a forced choice task
between words and part-words.
However, the results of this experiment indicated that participants were
unsuccessful at acquiring the non-adjacent dependencies exhibited by vowels in the
stimuli items. Results indicated no significant difference between participants’
choice of words over part-words. In order to ensure that the results did not reflect
some unknown idiosyncrasy of the materials used in Experiment 2, another version
of Experiment 2 was run, replicating the same structure of Experiment 2, which also
resulted in the same failure. Participants in both Experiments 2a and 2b were
unable to acquire non-adjacent dependencies exhibited by vowels.
In an attempt to determine if some preference might exist for non-adjacent
dependencies exhibited by consonants over vowels, Bonatti et al. ran another
version in which participants were exposed to items with equal transitional
probabilities between both non-adjacent vowels and both non-adjacent consonants
in Experiment 3. In this experiment, 3 families of 3 words each were created. They
are illustrated below in Table 2.6.
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Table 2.6 Item families (figure adapted from Bonatti et al. 2005, p.456)
Consonantal Tier
p_ʀ_g_
p_ʀ_g_
p_ʀ_g_

Vocalic Tier
_ɑ_e_o
_u_i_ɛ
_y_ɔ_a

Words
pɑʀego
puʀigɛ
pyʀɔga

b_d_k_
b_d_k_
b_d_k_

_ɑ_e_o
_u_i_ɛ
_y_ɔ_a

bɑdeko
budikɛ
bydɔka

m_l_t_
m_l_t_
m_l_t_

_ɑ_e_o
_u_i_ɛ
_y_ɔ_a

mɑleto
mulitɛ
mylɔta

In this experiment, as opposed to Experiments 1 and 2, both the transitional
probabilities of non-adjacent vowels and non-adjacent consonants within words
were held equal at 1.0 and at word boundaries 0.50. The familiarization and testing
phases of this experiment were identical to Experiments 1 and 2, with the exception
that the test words of Experiment 3 consisted of part words based on consonant
dependencies, and part words based on vocalic dependencies.
The results of this experiment indicated that participants preferred words
based on consonant dependencies. Bonatti et al. interpreted this to mean that
consonants and vowels played a different function within participants’ gr mm rs
Namely, that consonants are used to initiate lexical access searches, while vowels
provide only prosodic or “gr mm tic l” inform tion
In an attempt to isolate why Newport & Aslin (2004) were able to illustrate
successful acquisition of non-adjacent dependencies based on vowels, Bonatti et al.
examine the stimuli structure of Newport & Aslin (2004). They point out that
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Newport

slin (

) construct stimuli consisting of only two “f milies” in the

sense of Bonatti et al., thus necessitating a much higher rate of repetition of vocalic
dependencies within the same speech stream. Bonatti et al. replicated this
token/type frequency ratio for item structure in Experiment 2c, and participants in
this experiment successfully acquired non-adjacent dependencies exhibited by
vowels.
2.1.3 Comparison of Results
The difference in the successful acquisition of non-adjacent vocalic
dependencies between participants in Newport & Aslin (2004) and Bonatti et al.
(2005) points to an important factor in the acquisition of non-adjacent
dependencies in general: token/type frequency ratio, or variability. Token
frequency is the number of non-adjacent dependencies, while type frequency is the
number of items which display that dependency. Table 2.7 illustrates the token/type
frequency ratios used for each dependency type.
Table 2.7 Token/type frequency ratio variability for Newport & Aslin (2004)
and Bonatti et al. (2005)
Dependency Frames Words Acquired
Type
(type) (token) Dependency?
CV_CV
5
4
no
3
3
yes
C_C
2
8
yes
3
4
yes
V_V
2
8
yes
3
4
no
2
8
yes

Study
N&A
B et al.
N&A
B et al.
N&A
B et al.
B et al.
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As Table 2.7 indicates, participants in both Newport & Aslin (2005) and
Bonatti et al. (2005) were only able to acquire non-adjacent vocalic dependencies
when the token/type frequency ratio was 2/8, or two vocalic dependencies, with
eight items per dependency. As Bonatti et al. (2005) point out, this design structure
automatically entails a high level of repetition of the vocalic dependency. Bonatti et
al. (2005) argue that this repetition enables participants to acquire vocalic
dependencies. When Bonatti et al. (2005) altered the token/type frequency ratio to
3/4, or three vocalic dependencies with four items per dependency, participants
were unable to acquire the dependencies. As the reader will note, however,
participants in Bonatti et al. (2005) were able to acquire consonantal dependencies
at a 3/4 token/type frequency ratio. Bonatti et al. interpret this success, as noted
above, as an indication that language speakers are predisposed to attend to
consonants, and not vowels, in the speech stream.
Several studies have examined how token/type frequency ratios, or as
they’re c lled in the following liter ture v ri bility effects can affect the acquisition
of non-adjacent dependencies (Onnis, Monaghan, Christiansen, & Chater 2004;
Gómez 2002; Onnis, Christiansen, Chater & Gómez 2003). Though the variability
effects illustrated by Onnis, Monaghan, Christiansen, & Chater (2004), Gómez
(2002), and Onnis, Christiansen, Chater & Gómez (2003) are all based on
morpho-syntactic experiments, it seems likely that variability is also playing a role
in the acquisition of non-adjacent phonological dependencies. Therefore, a brief
examination of these studies is offered. In line with the language used by these
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studies type/token frequency r tio will be referred to s ‘v ri bility’ in this
discussion.
2.1.4 Morpho-Syntactic Studies of the Acquisition of Non-Adjacent
Dependencies
In order to more clearly examine the possible effects of variability on the
acquisition of non- dj cent phonologic l dependencies it’s import nt to first
provide a brief description of the original morpho-syntactic studies. After examining
the findings of these studies, their implications for the acquisition of non-adjacent
phonological dependencies will be discussed.
2.1.4.1 Gómez (2002)
This study, through two experiments, examined how the variability of
intervening filler material may affect the acquisition of non-adjacent
morpho-syntactic dependencies. Both adults and 18-month olds were tested in two
experiments. In both experiments, participants were exposed to nonsense strings
created from an artificial language. These strings consisted of three elements: aXb,
(for example: pel-wadim-jic) such that a and b were paired reliably, but the middle
element X was drawn from a pool of varying size, dependent on condition. The a_b
p irs or fr mes s they’re referred to in this study re the non-adjacent
dependencies utilized in the study. Though, it should be noted that because the a_b
dependencies were CVC items, units composed of more than one phoneme, they are
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considered to be a non-adjacent morpho-syntactic dependency and not a
non-adjacent phonological dependency4.
Participants were either exposed to items where X was drawn from a pool of
2, 6, 12, or 24. In the adult experiment, there were a total of 3 non-adjacent frames
(a_b) and in the infant study, there were a total of 2 non-adjacent frames. It should
also be noted that within the 3 item strings, each item was separated by a pause of
250 milliseconds and each string was separated from other strings by a pause of
750 milliseconds.
The results of both experiments indicated that participants’ bility to cquire
the non-adjacent dependency jumped significantly higher when the set size of
intervening material increased to 24. Interestingly, there was no gradual increase in
accuracy rates of participants with the gradual increase in set size. Instead, a sharp
increase occurs when the set size reaches 24. These results indicate that high
variability of intervening material allowed participants to identify the invariant
material (the dependency or frame).
In terms of token and type frequency and the results of Newport & Aslin
(2004) and Bonatti et al. (2005), this variability effect is highly relevant. Participants
in both these studies were only able to acquire non-adjacent vocalic dependencies
when the token/type ratio was 2/8, or two vocalic dependencies with eight items
4

Though the non-adjacent CV and VC syllables used in both Newport & Aslin (2004) and Bonatti et al.
(2005) are composed of more than one phoneme, this literature refers to these non-adjacent syllables as
non-adjacent phonological dependencies, and not morpho-syntactic dependencies. The grounds on which
this distinction is based are unclear. If the criterion is simply the presence of multiple phonemes in a unit,
then it’s possible that non-adjacent syllabic dependencies in Newport & Aslin (2004) and Bonatti et al.
(2005) could also be considered morpho-syntactic.
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per dependency. This results in high variability of frame material relative to the low
number of dependencies. As Gómez (2002) indicates, this design type facilitates
p rticip nts’ bility to cquire the non-adjacent dependency at hand. The
implications and restrictions of variability effects are further examined in Onnis,
Christiansen, Chater & Gómez (2003).
2.1.4.2 Onnis, Christiansen, Chater & Gómez (2003)
This study t kes G mez’s e rlier work nd exp nds upon it cl rifying the
role of variability of intervening material in the acquisition of non-adjacent
morpho-syntactic dependencies. Specifically, these researchers seek to examine
whether learners might have default statistical strategies, such as n-gram
tr nsition l prob bilities for processing speech stre m or whether le rners’
statistical mechanisms simply seek the invariant, regardless of structure. In order to
ex mine this question these rese rchers lso seek to cl rify the ‘v ri bility effect’
indicated by Gómez (2002). The v ri bility effect s noted bove is “ f cilit tory
effect in detecting invariant structure when the context is highly variable, but not
when it is moder tely or even little v ri ble” (Onnis et l

3 p 889)

Onnis et al. (2003) replicate Gómez (2002), but add another condition, one in
which the intervening material displays zero variability. This means that
participants were exposed to items where the frame was the same: aXb, cXd, eXf,
etc… They hypothesize that participants’ bility to detect non-adjacent
dependencies relies not only on high variability of intervening material, but that
participants will also be able to detect non-adjacent dependencies when the
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intervening material displays no variability, thus allowing the non-adjacent
dependencies to stand out more to participants.
They conduct two experiments, both on adults. Experiment 1 was
conducted using an auditory modality while Experiment 2 used a visual modality.
With the exception of modality, items are identical in both experiments and also
identical in construction to Gómez (2002).
The results of both experiments in this study indicated that participants’
acquisition of non-adjacent dependencies spiked on the extreme ends of the set
sizes. These results fulfilled the hypothesis that participants would benefit from a
facilitatory effect from both high variability and zero variability of frame material in
their acquisition of non-adjacent dependencies.
2.1.4.3 Onnis, Monaghan, Christiansen, & Chater (2004)
Thus far, both of these studies (Gómez 2002 and Onnis et al. 2003) used
pauses to demarcate both within and between item strings. The use of these pauses
represents a possible confound to applying the results of this work to real-time
speech segmentation. Therefore, Onnis et al. (2004) replicated the studies and
methodologies utilized in Gómez (2002) and Onnis et al. (2003), with the exception
that the use of pauses in stimuli material was treated as an explicit variable in the
experimental design. Experiment 1 replicated the variability effect found in Gómez
(2002) and Onnis et al. (2003) using previous methodology where within strings,
items were demarcated by 250 millisecond pauses and between strings 750
milliseconds.
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But, in an attempt to make the speech streams more closely resemble
real-time speech, Experiment 2 used a different set of stimuli: concatenated CV
syllables with no pauses, generating a continuous speech stream. These stimuli
items were cre ted to resemble the s me nine word types from Pe

, Bonatti,

Nespor & Mehler (2002), which examined the use of pauses in artificial learning
tasks of this nature.
Participants were exposed to an auditory speech stream made up of
three-syllable items constructed aXb. Similar to the morpho-syntactic experiments,
X, the intervening material was drawn from a pool of 3 or 24 CV syllables, depending
on condition. (Unfortunately, there was no zero variability condition in this
experiment.) 3 frames were used. Speech was artificially synthesized (unlike the
previous morpho-syntactic research which used recordings of a female voice),
stress, lengthening, reduction, and other possible boundary cues were all eliminated
from the speech stream.
Despite the absence of pauses, the results of this experiment fell in line with
previous findings. Results indicated that participants failed to acquire non-adjacent
dependencies when the intervening material exhibited low variability, while they
were able to successfully acquire the non-adjacent dependencies when the
variability of the intervening material was high.
2.1.5 Summary of AGL studies
The results of these studies are highly relevant to the findings of Newport &
Aslin (2004) and Bonatti et al. (2005). The results can be summarized simply. High
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variability of frame material (or a low number of non-adjacent dependencies
combined with a high number of items exhibiting the dependency) facilitates
p rticip nts’ bility to cquire dependencies in artificial grammar learning tasks.
Similarly, zero variability of frame material also results in a facilitatory effect on
p rticip nts’ cquisition success
These findings are consistent across all three morpho-syntactic dependency
studies reviewed here, regardless of modality or use of pauses in experimental
design. These results are summarized in Table 2.8. The number of frames (or
dependencies) is indicated in the first column, followed by the number of words
exhibiting that frame. The acquisition success for each token/type ratio in each
study is indic ted by ‘no ’ indic ting p rticip nts f iled to cquire the dependency
or ‘yes ’ indic ting th t p rticip nts successfully cquired the dependency
Table 2.8 Summary of CVC_CVC morpho-syntactic dependency studies
Frame
(token)
3
3
3
3
3

Word
(type)
1
2
6
12
24

Gómez (2002) Onnis et al. (2003) Onnis et al. (2004)
n/a
no
no
no
yes

yes
no
no
no
yes

n/a
no
no
no
yes

As Table 2.8 illustrates, in all of the above studies CVC_CVC dependency
acquisition was strongly affected by variability of the frame material, or in other
words, the token/type frequency ratio of items. These findings provide support to
the claim of Bonatti et al. (2005) that participants in Newport & Aslin (2004) were
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able to acquire to non-adjacent vocalic dependencies as a result of a facilitatory
effect of a low number of dependencies and a high number of items exhibiting these
dependencies. For the re der’s convenience T ble 7 is repe ted here s T ble 9
Table 2.9 Token/type frequency ratio variability for Newport & Aslin (2004)
and Bonatti et al. (2005)
Dependency Frames Words Acquired
Type
(type) (token) Dependency?
CV_CV
5
4
no
3
3
yes
C_C
2
8
yes
3
4
yes
V_V
2
8
yes
3
4
no
2
8
yes

Study
N & A (2004)
B et al. (2005)
N & A (2004)
B et al. (2005)
N & A (2004)
B et al. (2005)
B et al. (2005)

However, variability effects do not explain why participants in Bonatti et al.
(2005) were able to acquire non-adjacent consonantal dependencies, but not vocalic
dependencies, at a 3/4 token/type ratio frequency. It is claimed in Bonatti et al.
(2005) that consonants and vowels are attended to in a different fashion by
language speakers; namely, that while language speakers are predisposed to attend
to consonants as cues to trigger lexical access, vowels provide only prosodic
information and as such, are not as closely attended to.
Another possibility exists which could explain why participants at the same
level of token/type frequency ratio were able to successfully acquire consonants but
not vowels. Bonatti et al. (2005) (as well as the claims of Newport & Aslin (2004)
about statistical probability and naturalness) do not consider a possible influence of
native language bias on the types of units to which language speakers attend.
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As discussed in the introduction in Chapter 1, it is possible that language
speakers are biased to attend to different aspects of language on a language-specific
basis. Though the ability of participants in both studies to acquire non-adjacent
vocalic dependencies can be attributed to a token/type frequency ratio, or
variability effect, such an explanation does not account for the difference in
acquisition success between consonantal and vocalic dependencies in Bonatti et al.
(2005). Alternatively, the reason why native French speakers did not attend to
vocalic dependencies could be the result of a language-specific bias. Because none of
the previous literature considers this as a potential influencing factor, no
conclusions about the role of language-specific biases can be drawn on the basis of
their findings.
However, a relevant body of work is the extensive research done on
phonological pattern effects. While this body of literature largely focuses on
adjacent phonological patterns, it provides valuable data on the aspects of language
to which speakers are likely to attend. In particular, the role of statistical probability
and phonological pattern frequency effects is highly relevant to an examination of
what language speakers attend to in the speech stream.
2.2 Native Language Phonological Pattern Research
A variety of literature has examined phonological patterns and their
frequency effects on speech perception, production and acquisition (e.g., Coleman &
Pierrehumbert 1997; Frisch, Large & Pisoni 2000; Pierrehumbert 1994; Munson
2001; Vitevitch, Luce, Charles-Luce & Kemmerer 1997; Munson 2001; Treiman,
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Kessler, Knewasser, Tincoff, & Bowman 2000; Pitt & McQueen 1998, 1996).
Collectively these studies provide strong evidence that language speakers attend to
the frequency with which phonological units occur and co-occur (on a segmentally
adjacent basis) within language. Based on these frequency counts, speakers can also
calculate probabilities of co-occurrence.
Phonological pattern frequency, also known as phonotactic probability and
tr nsition l prob bility “refers to the frequency with which sequence of
phonemes occurs in words in the lexicon” (Munson

) It has been found, by a

variety of researchers, that measures of phonological pattern frequency have
significant effects on participants’ perform nce in well-formedness tasks (e.g.,
Coleman & Pierrehumbert 1997; Frisch, Large & Pisoni 2000; Pierrehumbert 1994),
phoneme monitoring tasks (McQueen & Pitt 1996), item recall tasks (Frisch et al.
2000), language games (Treiman et al. 2000), repetition tasks (Vitevitch et al. 1997),
phonetic categorization tasks (Pitt & McQueen 1998).
Coleman & Pierrehumbert (1997), Frisch, Large & Pisoni (2000) and Hay,
Pierrehumbert & Beckman (2003) all conduct well-formedness experiments using
non-words. In all of these studies, participants were asked to indicate how possible
a word of English each item might be. The results indicated, for all studies, that
phonological pattern frequency (of sequentially adjacent item segments) had a
significant correlation to well-formedness judgments.
McQueen & Pitt (1996) conduct a phoneme monitoring task, in which
participants were asked to identify the final phoneme in CVC and CVCC nonwords.
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The results indicate that high transitional probability (adjacent phonological pattern
frequency) had a significant effect on participants’ success r te in identifying the
first consonant of the two consonant clusters in CVCC nonwords, though not on
identification of the final consonant in CVC items. McQueen & Pitt (1996) propose
that high transitional probability aids participants only in the more difficult task of
identifying the first member of adjacent consonants, as opposed to the easier task of
identifying the final consonant of CVC items. Pitt & McQueen (1998) further explore
these results by conducting phonetic categorization experiments. The results of
these further experiments indicate that degree of transitional probability of the
sequence being c tegorized h d signific nt effect on p rticip nts’ success r te
Frisch, Large & Pisoni (2000) created multi-syllable nonwords based on
probabilities exhibited by segments in an English dictionary. In a recognition
memory t sk p rticip nts were required to indic te whether they’d he rd test
items during a training phase. The results of this study indicate that nonwords with
higher probability segments were significantly more accurately recognized than
nonwords with low probability segments.
Treiman, Kessler, Knewasser, Tincoff, & Bowman (2000) conducted an
experiment in which participants were presented with two CVC nonword items. One
of the items contained a high frequency VC sequence while the other contained a
low frequency VC sequence. When participants were required to blend the two
items into a new word, the results indicated that low frequency VC sequences were
broken up significantly more often than high frequency VC sequences.
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Vitevitch, Luce, Charles-Luce, & Kemmerer (1997) conducted a repetition
task in which participants were required to simply say nonce items aloud after
hearing them. The results of this study indicate significantly longer pauses between
the offset of the stimuli and the onset of the spoken response when the stimuli
contained two low frequency syllables, as opposed to two high frequency syllables.
Furthermore, it was found that that in terms of repetition accuracy, words that
contained two low transitional probability syllables were repeated significantly less
accurately than words containing at least one high frequency syllable.
Munson (

) found th t p rticip nts’ well-formedness ratings of

nonwords correlated with the frequency of embedded adjacent patterns, such that
nonwords with high frequency embedded patterns were rated significantly higher.
This study also included a phoneme repetition task, which indicated that child
p rticip nts’ repetition ccuracy was significantly affected by the degree of
frequency of segment sequences. Additionally, the mean duration and durational
variability of responses in the repetition task were also significantly affected by the
frequency of embedded segment sequences.
Collectively, these studies on adjacent phonological pattern frequency
provide strong and ample evidence that language speakers track the frequency with
which adjacent segments occur, as well as the transitional probability of one
segment to the next. Further, it is clear that humans utilize this information in
forming abstractions and generalizations about their native language (in all these
cases, English). However, these studies do not directly address questions about
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non-adjacent phonological dependencies. Furthermore, it is unclear, based upon
these results, how phonologized dependencies, adjacent or non-adjacent may differ
from phonotactic transitional probabilities.
2.3 Summary
The phonological pattern literature highlights the ability of language
speakers to attend to the frequency and subsequent statistical probability of
adjacent phonological patterns in language. However, it is unclear whether
language speakers might attend to non-adjacent phonological dependencies in the
same way they do for adjacent phonological dependencies. This literature provides
support to the notion that speakers attend to the co-occurrence of adjacent
phonemes. However, it is uncertain how spe kers’ ttention to these
co-occurrences would change if they were not segmentally adjacent, an arguably
more difficult co-occurrence to note.
Furthermore, it is not specified how phonology motiv tes spe kers’ ttention
towards these co-occurrences, adjacent or non-adjacent. All of the phonological
pattern literature cited here focuses on native English speaking participants, so it is
not possible to make any strong conclusions about the role of language-specific
phonology. However, if speakers, regardless of native language phonology, were
equally likely to attend to non-adjacent co-occurrences as they are to adjacent
co-occurrences, then this would suggest, for example, that a speaker of American
English would track the frequency not only of a word like [hotɛl] but also the
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frequency with which the vowel sequence [o_ɛ] occurs, though the co-occurrence of
vowels in English are not phonologically constrained.
A language, like American English, as opposed to Khalkha, has no restrictions
on the co-occurrence of vowel sequences, though quality is affected by stress and
position. So, taking the standard vocalic inventory for English, including diphthongs,
[i, ɪ, e, ɛ, æ, u, ʊ, o, ʌ, ɔ, ɑ, aʊ, aɪ, ju, ɔɪ] as identified by Hammond (1999), there are 15
vowels5. Permutations of these 15 vowels result in 225 possible non-adjacent
two-vowel sequences. As illustrated in the vowel sequencing chart in Table 1.18 in
Chapter 1, though permutation of all Khalkha vowels result in 400 possible
non-adjacent two-vowel sequences, the strictures of the harmony system delimit
this number to 169 and not all of these actually occur in the language (as corpus
analyses in Chapter 3 attest), resulting in far fewer extant non-adjacent two-vowel
sequences.
Because the phonology of vowel harmonic languages restricts the
co-occurrence of vowels, these languages, therefore, have a limited number of
possible vowel sequences. Given this, it makes sense that speakers of vowel
harmonic languages would be sensitive to the frequency of the resulting limited
number of vowel sequences. While the distributions of vowels within words in
non-vowel harmonic languages might be otherwise constrained by language-specific
phonotactic rules (such as stress and position restrictions), the number of possible
5

It’s important to note that the vocalic inventory of American English is subject to much dialectal
variation. However, this inventory represents a fairly standard form. Also, this inventory and the resulting
tally do not include reduced vowels like [ə] or [ɨ].
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vowel sequences is in no way constrained in the same sense that it would be in a
vowel harmonic language. Speakers of a non-vowel harmonic language are thus
exposed to a much higher number of possible vowel patterns. Furthermore, the
nature of the restrictions within vowel harmonic languages, on the level of
phonology, is qualitatively different than restrictions of non-vowel harmonic
languages. It is unlikely that speakers of non-vowel harmonic languages would track
the frequency with which such vowel patterns occur.
Along these lines, it is likely that in artificial grammar learning tasks, such as
those outlined in this chapter, participants are predisposed to attend to different
aspects of language on a phonology-specific basis. Due to both the high numbers of
non-adjacent vowel sequences and the non-phonological status of such sequences, it
is unlikely that speakers of non-vowel harmonic languages (like English or French)
would track the frequency with which non-adjacent vowel patterns occur in their
language, or any novel language to which they are exposed.
Therefore it is possible th t p rticip nts’ f ilure to cquire non-adjacent
vocalic dependencies in Bonatti et al. (2005) was the result of a language-specific
bias which does not require them to attend to the distribution of non-adjacent
vowels in the speech stream. However, such a claim must be tested explicitly.
Therefore, the following experiments in this dissertation test the ability of native
speakers of Khalkha , a vowel harmonic language, in order to see if they attend to
the frequency with which non-adjacent vocalic patterns, or vowel patterns, occur in
their language. They are further tested to examine if they have formed abstract
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categories, based on the co-occurrence of a shared phonological feature. Finally, in a
series of artificial grammar learning tasks, native Khalkha speakers are also tested
to ascertain if they are predisposed to attend to and subsequently acquire
non-adjacent vocalic dependencies, even at the same token/type frequency ratios
for which participants in Bonatti et al. (2005) failed to do so.
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CHAPTER 3 CORPUS CREATION AND EXPERIMENT 1
3.0 Introduction
This chapter provides a detailed account not only of the creation of a Khalkha
searchable corpus, but also of Experiment 1, a familiarity task on real words of
Khalkha conducted with native Khalkha participants. The corpus is the source of all
lexical statistics, such as word and vowel pattern frequency, harmonic class size, and
neighborhood density, used in the experiments presented in this dissertation. After
the details of the corpus are discussed, the details of Experiment 1 are offered. This
experiment, in addition to providing data on the effects of word frequency and
vowel pattern frequency on Khalkha spe kers’ word processing, also offers
verification of the reliability of the lexical statistics derived from the corpus.
3.1 Corpus Creation
One of the reasons why no psycholinguistic studies have been conducted
with Khalkha spe kers prior to this dissert tion’s work is the l ck of digitized,
searchable corpus. Such a corpus is crucial in order to derive lexical statistics to use
as independent variables in such a study. Therefore, in order to conduct the
experiments presented in this dissertation, a searchable corpus was created.
According to 2003-2008 surveys conducted by UNESCO, the adult literacy rate
(people age 15 and up who can both read and write) is quite high in Mongolia, at
97%. Therefore, it was deemed appropriate to cull online Khalkha text resources in
order to create the corpus. Given the high rate of literacy, it was expected that such
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text resources would be fairly representative of the average Khalkha spe ker’s
lexicon and usage trends.
The resulting corpus was roughly a half million tokens in size. It was
gathered from several online Khalkha language sources. These sources are, in order
of the size of their contribution to the resulting corpus: Onoodor Sonin (Өнөөдөр
Сонин: http://www.mongolnews.mn), Khalkha Wikipedia
(http://mn.wikipedia.org), and Tsahii Murtuu (http://www.tsahimurtuu.mn).
Onoodor Sonin, the newspaper from which the majority of the corpus is derived, is
one of the n tion’s l rge daily papers. Khalkha Wikipedia was taken in its entirety. In
addition, Tsahii Murtuu, another news site, was also added in its entirety to the
corpus.
Onoodor Sonin, the major source of the corpus, was mined on a daily basis
for new content for a total of six months prior to the design of the experiments
presented in this dissertation. All text of all articles which appeared in the paper,
with the exception of article titles and newspaper headings, were taken and added
to the corpus. Article titles and newspaper headings, which are often repetitively
worded, or sometimes part of serial installments using the same title, were
deliberately excluded in order to avoid any possible skewing of lexical usage
statistics. For example, the words “Шинжлэх ухаан технологи” ([ʃintʃlʒɛx ʊxaan
texnɔlʒɔgi] “technology nd innov tion”) re the title of a recurring segment on
Technology and Innovation in the paper. If titles like these were left in, appearing as
they do on a daily basis as the section title, the words ‘технологи’ ([texnɔlʒɔgi]
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“technology”) and ‘Шинжлэх ухаан’ ([ʃintʃlʒɛx ʊxaan] “innov tion”) would appear
to exhibit a high frequency of occurrence. However, this high frequency is not
reflected in the text of the article bodies, and therefore does not reflect standard
usage by native speakers. Therefore, all titles were excluded as a measure to
prevent skewing of frequency statistics of this nature.
Though traditional Khalkha script is a part of the standard Khalkha primary
and secondary school curriculum, Khalkha Cyrillic is the primary orthography used
in the country—used in newspapers, books, school materials, and on the internet. It
was adapated from Russian Cyrillic for use in the country in the 1940s (Svantesson
et al. 2005). The shallowness of the orthography made it possible to derive a highly
workable strategy for deriving phonological statistics. As Table 3.1 illustrates, with a
few noted exceptional spelling conventions which were taken into account, there is
a near one to one correspondence between Cyrillic graphemes and phonemes for
Khalkha.
Table 3.1 Sound to grapheme correspondences for Khalkha
Consonants
Cyrillic IPA Cyrillic IPA Cyrillic IPA
п /pʰ/
ц /tsʰ/
н /ŋ/
б /p/
ч /tʃʰ/
нг /ŋ/
пь /pʲʰ/
ж /tʃ/
л /lʒ/
бь /pʲ/
с /s/
ль /lʒʲ/
т /tʰ/
ш /ʃ/
р /rʲ/
д /t/
хь /xʲ/
р /r/
ть /tʲʰ/
х /x/
з /ts/
дь /tʲ/
м /m/
в /ʋ/
гь /gʲ/
мь /mʲ/
вь /ʋʲ/
г /g/
н /n/
я /ja/
г /ɢ/
нь /nʲ/
ю /ju/

Vowels
Cyrillic IPA
и /i/
э /e/
ө /o/
ү /u/
а /a/
о /ɔ/
у /ʊ/
й /i/
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Therefore, once the corpus was compiled, a basic Python script was created
to convert the corpus to its IPA equivalents using the above transliterations. Two
exceptional spelling conventions which are not representative of actual
pronunciation standards were also identified and appropriately converted. Both
exceptions involve two possible phonemes for one grapheme. Specifically, the
gr pheme ‘г’ c n indic te both /g/ nd /ɢ/, dependent on the [ATR] class of the
dom in in which it ppe rs (Sv ntesson et l

5)

lso the gr pheme ‘н’ c n

indic te both /n/ nd /ŋ/ depending on its position within word (Sv ntesson et
al. 2005). These exceptions are represented below in Table 3.2.
Table 3.2 Identified consonantal exceptions to grapheme-phoneme
correspondences (Svantesson et al. 2005)
Exception:
г = /g/ nd
/ɢ/
н = /n/ nd
/ŋ/

Rule generated:
г = /g/ only in [+ATR] domains
н = /n/ only word initi lly or word
medially

г = /ɢ/ only in [-ATR]
domains
н = /ŋ/ only word fin lly

Therefore for both of these exceptions ll items cont ining ‘г’ were ppropri tely
converted to [g] in [+ATR] items and to [ɢ] in [-ATR] items. Similarly, the position of
‘н’ in items w s noted nd it w s tr nscribed s [n] or [ŋ] in inti l/medi l nd
word-final position, respectively.
In regards to possible exceptions involving vowels, it should be noted that in
Khalkha there is the tendency for non-initial vowels to reduce (to centralize and
truncate) in some contexts (Svantesson et al. 2005; Poppe 1951; Street 1963; Stuart
& Haltod 1957; Kakudô 1974; Rialland & Djamouri 1984). Reduction varies greatly

84

and no universally accepted explanation exists to explain the contexts which trigger
reduction. For example, the second vowel in the item /atʃilʒ/ (ажил: “work”) is
commonly pronounced [ɨ], but the second vowel in the item /samar/ (самар: “nut”)
is pronounced [a]6. Furthermore, researchers disagree on degree of reduction
(Svantesson et al. 2005; Poppe 1951; Street 1963; Stuart & Haltod 1957; Kakudô
1974; Rialland & Djamouri 1984). Therefore, in the interest of simplicity and in line
with traditional analyses (Poppe 1951), these reduced non-initial vowels were
treated as allophonic variants of their respective monophthong counterparts (e.g.,
the vowel pattern extracted from/atʃilʒ/ was [a_i]). These processes made it
possible to derive not only lexical statistics but also phonological pattern and
distribution information from the corpus.
Once these conversions were complete, another set of Python scripts were
created and utilized to derive a variety of the lexical and phonological statistics used
in the experiments presented in this dissertation and other experimental work on
Khalkha7. The resulting lexical and phonological statistics were: word frequency
(the number of times each word occurs), bisyllabic vowel pattern frequency (the
number of times each extant two-vowel sequence occurs in the corpus), harmonic
class size (the number of words in the [+ATR] vs. [-ATR] categories), a disharmonic
vowel sequence count (vowel sequences which do not obey the rules of Khalkha
harmony), bigram frequency (the transitional probability of two-phoneme
6

These pronunciations are based on the author’s knowledge of Khalkha, and are confirmed by a native
speaker.
7 Special thanks to Jeff Berry for extensive help in Python programming.
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transitions) and neighborhood density counts (the number of items which overlap
by at least one phoneme).
Each of these statistics was derived in order to appropriately test Khalkha
spe kers’ sensitivity to the v ri bles selected in e ch experiment in this
dissertation. Of these variables, word frequency, bisyllabic vowel pattern frequency,
and harmonic class size were all explicitly tested as independent variables in the
experimental work presented here. The other statistics, disharmonic vowel
sequence count, bigram frequency and neighborhood density counts were used to
control potential confounds in stimuli selection.
Before continuing on with the details of Experiment 1, it is important to
clarify how high and low frequency bins were identified for both word and vowel
pattern frequency variables. The criterion for establishing word frequency bins is
addressed first. Word frequency ranges of bisyllabic words in the corpus extend
from the highest at 150.8 occurrences per 100,000 words to 0.2 occurrences per
100,000 words at the lowest (before 0 occurrences). Therefore, in order to
determine cutoff marks for high frequency and low frequency bins, this range was
divided into three sections, to form a high and a low frequency bin, separated by a
third bin, a buffer zone. High frequency items occurred within a range of
150.8/100,000 – 9/100,000. This is a large range from which to draw high
frequency words. However, its size was due to the fact that there were fewer high
frequency words than low frequency words, which necessitated a larger range for
high frequency words than low frequency words, as illustrated in Figure 3.1. Low
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frequency items occurred only at the lowest possible frequency: 0.2/100,000 (each
token occurred only once in the corpus). Items occurring more often than
0.2/100,000 but less often than 9/100,000 were considered to be of neither high
nor low frequency.
In Figure 3.1, lines and numbers have been included to indicate the high and
low frequency bins s well s the buffer re The re m rked “ ” is the r nge from
which high frequency words were selected The re m rked “ ” is the r nge from
which low frequency words were selected The re m rked “3” is the buffer
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between the two ranges.

Number of Bisyllabic Words

Figure 3.1 High (indic ted by “ ”) nd low frequency (indic ted by “ ”) bins
for Khalkha words and the buffer zone between the two categories (indicated
by “3”)
The criterion for determining frequency ranges for vowel patterns must now
be explained. The corpus contains a total of approximately 500,000 items which
contain 2,298 distinct vowel patterns. Of these 2,298 vowel patterns, 59 are
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bisyllabic (and harmonically legal8). The relative frequency of these 59 vowel
patterns was determined by identifying the fifteen most frequently occurring and
the fifteen least frequently occurring patterns. These are illustrated in Table 3.39.
Table 3.3 15 Most and Least Frequent Vowel Patterns
High Frequency
a_a
e_e ɔ_ɔ
ʊ_a
o_o a_i
ai_i
u_e i_e
ɔ_i
ii_i
ee_e
ʊʊ_ʊ a_aa ɔ_ɔɔ

Low Frequency
u_ui u_ei i_uu
ʊ_ʊʊ e_uu
i_ei
ɔ_ʊʊ e_ui a_ii
u_uu i_ui o_u
o_uu e_u
u_u

Similarly to the criterion for word frequency bins, the goal for vowel pattern
frequency categorization was simply to form three bins, a high and low frequency
bin sep r ted by buffer zone

ll items’ vowel p tterns were selected from within

these ranges. The rate of occurrence (or frequency) of these 59 vowel patterns
ranged from 4,650.7 occurrences per 100,000 vowel patterns to 0.57 occurrences
per 100,000 vowel patterns. High frequency vowel patterns occurred within a
range of 4,650.7/100,000 – 572/100,000. Low frequency vowel patterns occurred
within a range of 80/100,000 - 0.57/100,000.

8

The corpus contains a small percentage (3%) of disharmonic forms. These forms are loan words,
acronyms, and typos found in the source materials.
9
Because the low frequency bin is largely populated by diphthongs and long vowels, it may lead the reader
to assume that these vowels are rare or unusual in Khalkha. It must be noted, however, that individually,
these vowels occur at a high rate of frequency (due to their appearance in several common morphemes); it
is simply as bisyllabic sequences that their frequency of occurrence drops.

Frequency of Occurence
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Figure 3.2 High (indic ted by “ ”) nd low frequency (indic ted by “ ”) bins
for Khalkha vowel patterns and the buffer zone between the two categories
(indic ted by “3”)
In Figure 3.2, as before, lines and numbers have been included to indicate the high
nd low frequency bins s well s the buffer re The re m rked “ ” is the r nge
from which high frequency words were selected The re m rked “ ” is the r nge
from which low frequency words were selected The re m rked “3” is the buffer
between the two ranges.
3.2 Experiment 1: Word and Vowel Pattern Frequency
Experiment 1, a word familiarity task, was conducted to determine whether
Khalkha speakers are sensitive to effects of word frequency and vowel pattern
frequency, in accordance with the lexical statistics compiled from the corpus. In line
with previous work which shows strong correlations between familiarity and
frequency information (Gernsbacher 1984; Connine et al. 1990; Francom, LaCross, &
Ussishkin 2010), it is hypothesized that high frequency words and words with high
frequency vowel patterns will be rated more familiar and result in faster response

89

times than low frequency stimuli. This experiment also served to test the reliability
of the Khalkha corpus generated for this study and to confirm that it offers reliable
statistics in terms of word frequency and vowel pattern frequency.
3.2.1 Participants
Participants consisted of 28 students recruited from the Khalkha State
University of Education in Ulaanbaatar, Mongolia. All participants were adult native
speakers of Khalkha. None reported any hearing or visual impairments. All
participants identified themselves as monolingual, though as is common in
Mongolia, most of them had taken foreign language courses in Russian, English or
Japanese. Eight participants were discarded due to high levels of background noise
and other disruptions, resulting in a total of 20 participants. While there is some
minor dialectal variation in Khalkha, dependent on geographic region, participants
were not controlled for dialect. However, the home province and language
background of each participant in this and all subsequent experiments were noted
as a precaution in case dialect differences arise as a factor in this research.
3.2.2 Materials
In order to test the effects of both word and vowel pattern frequency,
bisyllabic real word items were selected from the corpus from four different
categories, as illustrated in Table 3.4. Bisyllabic words were selected because they
represent the simplest possible dependency, consisting of only two units.
Furthermore, they are also a common prosodic form in Khalkha because the
infinitive, the past tense, the future tense, the present continuous, and the
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desiderative forms all typically result in bisyllabic forms (Saryyl & Narantsetseg
2001).
Table 3.4 Item categories for Experiment 1
Item Category
High frequency words with high frequency vowel sequences
Low frequency words with high frequency vowel sequences
High frequency words with low frequency vowel sequences
Low frequency words with low frequency vowel sequences
Total Number of Items:

Number of items
100
100
6
32
238

Due to the difficulty of finding real word items in the third and fourth
categories, it was not possible to obtain equal item numbers for each category. As
Figure 3.3 indicates, corpus analyses revealed a sharp difference in the number of
bisyllabic words with high frequency vowel patterns, as opposed to bisyllabic words
with low frequency vowel patterns. Though the numbers of high and low frequency
word per each type of vowel pattern frequency are proportionally similar, there
were, overall, many fewer high and low frequency words which contained low
frequency vowel patterns.

91

Number of Words

1200
1000

1014

800
600
400
200

High Frequency Words
Low Frequency Words
395
30

0
High Frequency
Vowel Pattern

89

Low Frequency
Vowel Pattern

Figure 3.3 The distribution of high and low frequency bisyllabic words with
high and low frequency vowel patterns in the corpus
The reader may also question why only six high frequency words with low
frequency vowel sequences and only 32 low frequency words with low frequency
vowels sequences were selected for Experiment 1 items, given that there were more
available in the corpus, as indicated by Figure 3.3. However, Figure 3.3 represents
all bisyllabic words in Khalkha, including multimorphemic and function words.
Items in Experiment 1 were restricted to monomorphemic content words only,
which resulted in even further restrictions on item availability.
In regards to vowel patterns, experiment items were selected from words
which contained the fifteen most frequent and fifteen least frequent bisyllabic
patterns in the language, as indicated by Table 3.3. These patterns are repeated here
for the re der’s convenience in T ble 3 5
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Table 3.5 High and low frequency vowel patterns used in items in Experiment
1
High Frequency
a_a
e_e ɔ_ɔ
ʊ_a
o_o a_i
ai_i
u_e i_e
ɔ_i
ii_i
ee_e
ʊʊ_ʊ a_aa ɔ_ɔɔ

Low Frequency
u_ui u_ei i_uu
ʊ_ʊʊ e_uu
i_ei
ɔ_ʊʊ e_ui a_ii
u_uu i_ui o_u
o_uu e_u
u_u

3.2.3 Procedure
The experimental paradigm was a real word-familiarity task. Items were
presented visually in the native orthography on a laptop monitor on E-Prime.
Participants were instructed to indicate by pushing a key on the keyboard, on a scale
of 1-5, how familiar each word was. Responses and response time data were
recorded. Response time was recorded from onset of stimuli presentation. All
instructions and consent procedures were presented in Khalkha.
Because this, the first psycholinguistic experiment conducted in Mongolia,
represented a significantly novel experience for all experiment participants, it was
unclear how participants might perform. Therefore, it was decided to allow
participants up to ten seconds to make each familiarity rating decision. This is an
unusually long window for tasks of this nature. However, given the completely naïve
participant population, for the first experiment, it was deemed the most practical
arrangement.
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3.2.4 Results
Participants’ responses nd response time d t were first analyzed in order
to determine outliers. Because participants were allowed lengthy response times,
the standard deviations in response time were quite high (SD 1056). The histogram
in Figure 3.4 illustrates.

Figure 3.4 Histogram of response times for Experiment 1
Though standard deviations were high, note that most response times cluster in the
range of 50 to 2500 milliseconds. Results presented here are from those
participants whose response times fall within this range. All others were considered
outliers and excluded from analysis. These exclusions accounted for approximately
10% of the total collected data.
3.2.4.1 Familiarity Ratings Analyses
As Figure 3.5 illustr tes p rticip nts’ familiarity ratings fell in line with the
hypothesized outcome: they rated high frequency words with high frequency vowel
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patterns as most familiar. The items which were rated the lowest were low
frequency words with low frequency vowel patterns.
4.5
Well-formedness Ratings

4
3.5
3
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2.5
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2

High Frequency Words
Low Frequency Words

1.5
1
0.5
0
High Frequency
Vowel Patterns

Low Frequency
Vowel Patterns

Figure 3.5 Participants' well-formedness ratings per item category in
Experiment 1
A series of repeated measures ANOVAs were run in order to analyze the data
for the by-subjects analysis and a two-way between subjects ANOVA was run for the
by-items analysis. These analyses indicated there was a significant main effect of
word frequency on participants’ word f mili rity r tings both by subjects
(F1(1,19)=53.446, p <0.001) and by items (F2(1,5)=13.695, p<0.05), such that
participants rated high frequency words as significantly more familiar than low
frequency words. Though a significant main effect of vowel pattern frequency was
found for the by-subjects analysis on p rticip nts’ r tings (F (

9)=

75 p

<0.005), no significant effect was found for the by-items analysis (F2(1,5)=0.746,
p>0.05). Therefore, in keeping with the strictest standards, this cannot be
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considered signific nt effect of vowel p ttern frequency on p rticip nts’
familiarity ratings. Similarly, though there was a significant interaction between the
two variables in the by-subjects analysis (F1(1,19)=11.614, p<0.05), there was not a
significant interaction by-items (F2(1,5)=0.609, p>0.05). This, like the results of the
vowel pattern frequency analyses, was interpreted as a non-significant result.
Therefore, simple effects analyses were not conducted.
3.2.4.2 Response Time Analyses
s Figure 3 6 illustr tes p rticip nts’ response times lso fell in line with the
hypothesized outcome: they responded most quickly to high frequency words with
high frequency vowel patterns. The items which were responded to most slowly
were low frequency words with low frequency vowel patterns.
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Figure 3.6 Participants' Response Times per item category in Experiment 1
Though these response times trended in the hypothesized direction, analyses
showed that this trend was not statistically significant. A series of repeated
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measures ANOVAs were run in order to analyze the data for the by-subjects analysis
and two-way between subjects ANOVA was run for the by-items analysis. These
analyses did not reveal a significant effect of either word frequency (F1(1,19)=1.77,
p>0.05, F2(1,5)=0.552, p>0.05) or vowel pattern frequency (F1(1,19)=0.03, p>0.05,
F2(1,5)=0.937 p>

5) on p rticip nts’ response times in the experiment Simil rly

there was not a significant interaction of the two factors in the response time
analyses (F1(1,19)=0.004, p>0.05, F2(1,5)=0.002, p>0.05). Therefore, no simple
effects analyses were conducted on response time data.
3.3 Conclusion
Although the results show that the word frequency ratings derived from the
corpus are consistent with both predicted results and word frequency effects found
in other languages it’s puzzle there were no signific nt effects of vowel p ttern
frequency or any significant differences in response time data between item
categories. There are several possible reasons why participants’ were not subject to
a significant effect of vowel pattern frequency or that there were no significant
effects on response times in the experiment. The lack of significant effects of both
word nd vowel p ttern frequency on p rticip nts’ response times is addressed
first.
As predicted, all experiment participants found the task a completely novel
experience. While most of the participants were familiar with the act of sitting in
front of and using a computer, none of them had ever participated in a behavioral
experiment before and the experience of answering questions on a computer
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proved unusual. Initially, due to cultural norms, it was difficult to persuade
participants to do the task unaided by friends or associates. Participants also tended
to ask questions during the task, answer cell phones, or become distracted. Another
difficulty stemmed from the interference of p rticip nts’ instructors ttempting to
assist, as per cultural norms. These initial p rticip nts’ difficulty in d pting to
basic experimental protocol (among the eight who were discarded) provided initial
justification for an extended response time window. However, the decision to not
more tightly restrict response times resulted in high variability in reaction times.
This variability is likely the culprit confounding any possible significance in
response times.
However, the lack of an effect of vowel pattern frequency on familiarity
ratings is of particular interest. Several possible explanations must be considered.
Firstly, it must be considered that the main thesis of this dissertation is not
supported and that Khalkha speakers do not attend to vowel patterns, and
therefore, the frequency with which these patterns occur in the language and usage
are not tracked in the same way as word frequency. Another possibility is that
effects of vowel pattern frequency may be weaker than effects of word frequency.
Perhaps real word frequency effects obscured and confounded any possible effects
of vowel pattern frequency. A third possible explanation lies in the unequal
distribution of test items. Recall that it was impossible to use equal item numbers in
each of the four item categories. In particular, it was difficult to find
monomorphemic items with low frequency vowel patterns. It may be that the
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uneven distribution of these items resulted in a lack of power for statistical
analyses, particularly for the by-items analyses.
To summarize, the signific nt effect of word frequency on p rticip nts’
familiarity ratings indicates that the new corpus produces accurate lexical statistics.
This indicates that all subsequent work may reasonably utilize and rely upon
statistics derived from this corpus. Further, the results of Experiment 1 offer
evidence about Khalkha spe kers’ lexicons nd speech perception processes.
Namely, the results indicate that speakers of Khalkha are subject to word frequency
effects, a result consistent with all previous work examining word frequency effects
in other languages.
However, the failure to find a significant effect of vowel pattern frequency
must be further examined in order to determine its validity. Therefore, in keeping
with the possibility that real word frequency effects and unequal item numbers may
have obscured a potential effect of vowel pattern frequency, Experiment 2 was
conducted. This experiment, which uses equal numbers of nonce items in a
well-formedness task provides an opportunity to address both of these possibilities
at once.
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CHAPTER 4 EXPERIMENTS 2 AND 3
4.0 Introduction
This chapter introduces Experiments 2 and 3. These experiments directly
seek support for two of the main hypotheses of the dissertation. It was hypothesized
that because Khalkha displays vowel harmony, native Khalkha speakers are biased
to attend to and track the frequency with which vowel patterns occur in their
language. Furthermore, it was also hypothesized that in addition to attending to
vowel patterns, Khalkha speakers build two abstract categories, or harmonic
classes, based on the number of [+ATR] words and [-ATR] words in their language.
Experiment 2, a well-formedness task with nonce words, seeks to determine if
native Khalkha speakers attend to and track the frequency with which vowel
patterns occur in their language. Because this experiment uses equal numbers of
nonce words as stimuli items, it allows a way to circumnavigate the potential
confounds of real word frequency and unequal number items discussed in
conjunction with the results of Experiment 1. Experiment 3, another
well-formedness task using nonce words, seeks to determine if native Khalkha
speakers form abstract categories, or harmonic classes, based on the shared
harmonic feature [ATR]. Similarly to Experiment 2, because Experiment 3 uses
nonce words, it also makes it possible to seek potential effects of harmonic class size
without real word frequency effects obscuring them.
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4.1 Experiment 2: Vowel Pattern Frequency
While Experiment 1 confirmed an effect of word frequency, a significant
effect of vowel pattern frequency was not found. Since it may be possible that
effects of vowel pattern frequency were obscured by real word frequency effects, it
is necessary to conduct a similar experiment in order to address this issue.
However, in order to isolate any reaction time and rating effects to vowel pattern
frequency alone, Experiment 2 uses nonce words in a well-formedness task. In a
well-formedness task, participants are asked to give scalar ratings on the likelihood
that the nonce words could be words of their native language. Because high
frequency vowel patterns occur often in the language, it is expected that nonce
words which contain them will sound more like well-formed Khalkha words.
Therefore, it is hypothesized that participants will rate items with high frequency
vowel patterns as more word-like than items with low frequency vowel patterns.
Furthermore, it is predicted that items with high frequency vowel patterns (those
predicted to be most word-like) will result in slower response times than items with
low frequency vowel patterns. This hypothesis is line with previous findings from
well-formedness tasks where the more word-like a nonce item is judged, the slower
participants are to respond them as a result of high lexical activation in similar
items in their native lexicon (e.g., Vitevitch & Luce 1998; Ziegler, Muneaux, &
Grainger 2003; McClelland & Elman 1986).
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4.1.1 Participants
Participants were 40 students from the Khalkha State University of
Education in Ulaanbaatar, Mongolia. An additional 4 participants were discarded
due to high background noise or computer error. All participants were adult native
speakers of Khalkha. None reported any hearing or visual impairments. All
participants identified themselves as monolingual.
4.1.2 Materials
In order to test the effects vowel pattern frequency, CVCVC nonce word items
were created. As shown in Table 4.1, they belonged to one of two different
categories:
Table 4.1 Item categories for Experiment 2
Item Category
Nonce words with high frequency vowel sequences
Nonce words with low frequency vowel sequences
Total Number of Items

Number of Items Example
225
[galas]
225
[guluis]
450

The same vowel patterns used in Experiment 1 were used in Experiment 2. The
fifteen most frequent and the fifteen least frequent vowel patterns found in
bisyllabic items are shown once more for the re der’s convenience in T ble
Table 4.2 Vowel patterns used for Experiment 2
High Frequency
a_a
e_e ɔ_ɔ
ʊ_a
o_o a_i
ai_i
u_e i_e
ɔ_i
ii_i
ee_e
ʊʊ_ʊ a_aa ɔ_ɔɔ

Low Frequency
u_ui u_ei i_uu
ʊ_ʊʊ e_uu
i_ei
ɔ_ʊʊ e_ui a_ii
u_uu i_ui o_u
o_uu e_u
u_u

.
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Using the Khalkha consonantal inventory (Svantesson, et al. 2005), 450
three-consonant frames were randomly generated with Python scripts. Each of the
fifteen high frequency vowel patterns was inserted into fifteen different consonantal
frames, resulting in 450 unique CVCVC nonce words with high frequency vowel
patterns. These same consonantal frames were used to do the same for the low
frequency vowel patterns, resulting in a total of 900 CVCVC nonce items10. High and
low frequency vowel pattern items were then split and counterbalanced into two
lists, to not only avoid repetition effects of consonantal frames, but also to increase
statistical power. This resulted in two counterbalanced lists of 450 unique CVCVC
nonce items each. Within each list, no consonantal frame was repeated, and each
vowel pattern was repeated fifteen times.
4.1.3 Procedure
Items were presented visually on a laptop monitor with E-prime. Participants
were instructed to read each word and then indicate, on a scale of 1-5, how possible
a word of Khalkha each word was. Responses and response time data were
recorded. Response times were measured from stimuli display onset. After
completing Experiment 1, participants discussed experimental protocol with
colleague students at the Khalkha State University of Education, the testing site.
Consequently, novel participants in Experiment 2 had some sense of what to expect
from an experimental paradigm before arriving to participate. Therefore, in this
experiment, as opposed to Experiment 1, response times were capped to 2 seconds.
10

Each item was checked against the corpus of Khalkha to ensure that no item was inadvertently a real
lexical item.
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If participants failed to respond after a 2 second interval, the next trial item was
displayed.
4.1.4 Results
P rticip nts’ responses nd response time d t were first n lyzed in order
to determine outliers. Several important factors combined to result in lower
st nd rd devi tions for p rticip nts’ response times in Experiment

Furthermore

the imposed upper time limit of 2000 milliseconds constrained standard deviations
(SD: 501.173). However, this time limit also resulted in a high number of missed
responses for each participant, particularly in the initial stages of the experiment.
This is indic ted by the high number of ‘ ’ response times in the histogr m in Figure
4.1.

RT (milliseconds)

Figure 4.1 Histogram of response times for participants in Experiment 2
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In order to exclude the non-responses which resulted from the time-outs, and also
to ensure that active online processing was being analyzed, a minimum response
time cutoff was established at 50 milliseconds. All analyses and graphs following
consist of data taken from within the 50-2000 millisecond response time range.
s T ble 3 illustr tes p rticip nts’ r tings nd response times fell in line
with the hypothesized outcome: they rated highest and responded slowest to nonce
word items with high frequency vowel patterns.
Table 4.3 Ratings and RTs from Experiment 2
Item Category
Rating RT (ms.)
Nonce words with High Frequency Vowel Patterns 2.5
986.48
Nonce words with Low Frequency Vowel Patterns 2.21
961.55

A one-factor ANOVA using the factor vowel pattern frequency, which was a
within-subjects factor for the by-subjects analysis but a within-items factor for the
by items analysis, was conducted. Analyses revealed a significant main effect of
vowel p ttern frequency on p rticip nts’ well-formedness ratings, such that
participants rated nonce items with high frequency vowel patterns as significantly
better formed than items with low frequency vowel patterns (F1(1,37)=87.956,
p<0.001; F2(1,448)=79.144, p<0.001). Figure 4.2 illustrates vowel pattern
well-formedness ratings.
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Figure 4.2 Participants' well-formedness
ratings of high versus low frequency vowel
pattern items in Experiment 2
Additionally, there was also a significant main effect of vowel pattern
frequency on p rticip nts’ response times to high versus low frequency vowel
pattern items (F1(1,37) = 10.842, p<0.005; F2(1,448)=10.906, p<0.005)11. In line
with the hypothesized outcome, participants responded significantly more slowly to
nonce items with high frequency vowel patterns than to items with low frequency
vowel patterns. This significant difference in response times to high versus low
frequency vowel pattern items is illustrated in Figure 4.3 below.

11

Counterbalanced group was also included as a between-subjects variable in the by-subjects analysis. No
significant difference was found between groups, which is unsurprising, given that its inclusion was only as
a control to remove variability from the error term.
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Figure 4.3 Participants' response times to
high versus low frequency vowel pattern
items in Experiment 2
4.1.5 Experiment 2 Results Discussion
The results from Experiment 2 provide support to the hypothesis that
Khalkha speakers attend to and track the frequency with which vowel patterns
occur in their language. Furthermore, the main effect of vowel pattern frequency on
both p rticip nts’ r tings nd response times in this experiment provide support to
the idea that the lack of a significant effect of vowel pattern frequency in Experiment
1 was the result of unequal item numbers and a confound from word frequency
effects.
However, the results from Experiment 2 do not indicate why Khalkha
speakers attend to vowel patterns in their language. One possibility is that Khalkhas
attend to vowel patterns because vowel harmony restricts the number of possible
vowel sequences, resulting in high transitional probability of non-adjacent vowels.
Yet another possibility is that Khalkhas attend to vowel patterns, not only because
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of their high transitional probability, but also because these non-adjacent vowels
share a phonological feature. In order to determine the nature of Khalkha spe kers’
attention to vowel patterns, Experiment 3 was conducted. Experiment 3 sought to
determine whether Khalkha speakers attend to not only vowel pattern frequency,
but also note the presence of feature sharing between non-adjacent vowels. If
Khalkha speakers attend to both vowel pattern frequency and feature sharing
between non-adjacent vowels, it would strongly suggest that language-specific
phonology delimits the types of abstractions available to speakers; i.e., that speakers
of a language are biased to attend not only to transitional probability, but also to the
abstract phonological restrictions which structure their language.
4.2 Experiment 3: Harmonic Classes
In order to test whether language-specific phonology delimits, or biases
speakers to the types of bstr ctions v il ble to spe kers’ cognitions it was
necessary to find a variable specific to Khalkha phonology. A variable of this nature
would only be available to speakers of a language if they abstracted it from the
information available by language-specific phonology. The language-specific
variable selected for this experiment was harmonic class size.
Harmonic classes are defined as the two classes of vowels which result when
the Khalkha inventory is split into two different classes, [-ATR] vowels and [+ATR]
vowels. Corpus analyses reveal that there are more words which contain [-ATR]
vowels than [+ATR] vowels. Corpus analyses reveal this is true for all bisyllabic
words in the corpus, as illustrated by Figure 4.4
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Figure 4.4 Harmonic class distribution of bisyllabic words.
A manual tally of [+ATR] and [-ATR] indicates that this is also true for all words (not
just bisyllabic items) in the Khalkha-English Dictionary, as illustrated in Figure 4.5
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(Bawden 1997).
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Mongolian English Dictionary
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Figure 4.5 Harmonic class distribution of all words in dictionary.
It’s possible th t participants have some awareness of the difference in size
between these two harmonic classes. Such awareness would essentially be the same
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as a type frequency abstraction derivable only from the information offered by the
language’s phonology. Such a possibility is not without precedent. Suomi &
McQueen (1997) discovered an effect of harmonic class size on participants’
performance in a word boundary spotting task in Finnish. This effect was
discovered inadvertently, through post-hoc analyses. Experiment 3 seeks to use this
variable in order to determine how language-specific phonology might be
influencing or biasing the types of abstractions that language speakers create.
Experiment 3 looks for an effect of harmonic class size on participants’
ratings and response times. In order to isolate any reaction time and rating effects to
harmonic class size alone, Experiment 3 uses nonce words in a well-formedness
task. The hypothesized outcomes for this experiment go two different directions,
depending on the dependent variable. For ratings, it is hypothesized that
participants will rate items from the [-ATR] class as more well-formed than items
from [+ATR] class. In terms of response times, it is hypothesized that participants
will respond slowest to words from the [-ATR] class, due to increased search space,
than to words from the [+ATR] class, the smaller class.
4.2.1 Participants
All participants were students of the Khalkha State University of Education. A
total of 67 participants participated. Seven participants were discarded due to high
levels of background noise, as well as and computer and researcher error.
Participants were divided into four counterbalanced groups, each of which
contained a total of 15 participants. All participants were adult native speakers of
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Khalkha. None reported any hearing or visual impairments. All participants
identified themselves as monolingual.
4.2.2 Materials
In order to test the effects harmonic class size, nonce word items were
created. In order to control possible effects of vowel pattern sequences, vowel
patterns were also controlled. Therefore, test items belonged to one of four different
categories, illustrated in Table 4.4.
Table 4.4 Item categories for each counterbalanced group inExperiment 3
Item Category
Nonce words with [-ATR] high frequency vowel
patterns
Nonce words with [-ATR] low frequency vowel
patterns
Nonce words with [+ATR] high frequency vowel
patterns
Nonce words with [+ATR] low frequency vowel
patterns
Total Number of Items

Number of
Items
64

Example

64

[motʃos]

64

[mʊtʃʊʊs]

64

[metʃuus]

[matʃas]

256

The high and low frequency vowel patterns were selected from among the
same vowel patterns identified for Experiments 1 and 2.12 However, Table 4.5
illustrates, for this experiment, vowel patterns were balanced for harmonic class.
Note that the number of vowel sequences was reduced to four per class, per
frequency level. The segment [i] was avoided all together as its status as a

12

The frequency range had to be expanded for two patterns beyond the 15 previously shown for [-ATR]
low frequency vowel sequences, as there were not enough in the original set.
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transparent vowel may possibly induce a skewing effect in participants’ r tings nd
response times.
Table 4.5 Vowel patterns used in Experiment 3
[-ATR] Harmonic Class [+ATR] Harmonic Class
ɔ_ɔ
ʊ_a ʊʊ_ʊ o_o
High Frequency a_a
e_e
u_e ee_e
Low Frequency ʊ_ʊʊ ɔ_ʊʊ ʊ-ʊ a-ʊ
e_uu u_uu o-u o-uu

Additionally, neighborhood density was also controlled, such that every item
used in the experiment had a neighborhood density count of 0. Neighborhood
density counts were based on the data provided by the corpus. This was done in
order to control any possible skewing effects due to this variable. Neighborhood
density has been shown to influence well-formedness ratings, such that nonce
words which h ve high phonologic l neighborhood density in p rticip nts’ n tive
languages are typically rated better formed than items with low neighborhood
density (Vitevitch & Luce 1998; Ziegler, Muneaux, & Grainger 2003; McClelland &
Elman 1986).
The same consonantal frames from Experiment 2 were used for Experiment
3. Remember that these frames were created by using the Khalkha consonantal
inventory (Svantesson, et al. 2005), to generate three-consonant random frames
with Python scripts. Of these, 256 were chosen as consonantal frames for
Experiment 3.
Each of the vowel patterns from each of the above categories was inserted 4
times into these 256 consonantal frames. This resulted in 1056 unique CVCVC
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items13. High and low frequency vowel patterns and [+ATR] and [-ATR] items were
then split and counterbalanced into four lists, to not only avoid repetition effects of
consonantal frames, but also to increase statistical power. This resulted in four
counterbalanced lists of 256 unique CVCVC nonce items each. Within each list, no
consonantal frame was repeated, and each vowel pattern was repeated 4 times.
4.2.3 Procedure
Items were presented visually on a laptop monitor with E-prime. Participants
were instructed to read each word and then indicate, on a scale of 1-5, how possible
a word of Khalkha each word was. Responses and response time data were
recorded. Response times were measured from stimuli display onset. In this
experiment, as in Experiment 2, response times were capped to 2 seconds. If
participants failed to respond after a 2 second interval, the next trial item was
displayed.
4.2.4 Results
Participants’ responses nd response time d t were first analyzed in order
to determine outliers. Once again, the time limit imposed on participants resulted in
a high number of missed responses, or non-responses, in the initial stages of the
experiment This is indic ted by the high number of ‘ ’ response times in the
histogram in Figure 4. Similarly to Experiment 2, in order to ensure that these
non-responses were excluded and that online processing was analyzed, a minimum
cutoff of 50 milliseconds was established. All data for subsequent analyses is taken
13

Once again, each item was checked against the corpus of Khalkha to ensure that no item was
inadvertently a real lexical item.
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from within the 50-2000 millisecond range. However, similar to Experiment 2,
standard deviations for Experiment 3 (SD: 536.562) were low in comparison to
Experiment 1.

RT (milliseconds)

Figure 4.6 Histogram of participants' response times in Experiment 3

As Figure 4.7 illustr tes p rticip nts’ r tings fell in line with the
hypothesized outcome. Participants rated [-ATR] items as most well-formed.
Furthermore, there are differences between items based on vowel pattern
frequency, such that items with high frequency vowel patterns were rated better
formed than items with low frequency vowel patterns.
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Figure 4.7 Well-formedness ratings per item category in Experiment 3
4.2.4.1 Well-formedness Rating Analyses
Beginning with effects of vowel pattern frequency14, a series of repeated
measure two-factor ANOVAs, with vowel pattern frequency and harmonic class size
as independent variables. These factors were within subjects factors for the by
subjects analysis and between factors for the by items analysis. A significant main
effect of vowel pattern frequency was discovered on well-formedness ratings (F1(1,
56)=39.404, p<0.001; F2(1,255)=44.502, p<0.001), such that participants rated
items with high frequency vowel patterns as better formed than items with low
frequency vowel patterns. A significant main effect of harmonic class size was also
reve led for p rticip nts’ well-formedness ratings (F1(1, 56)=10.238, p<0.01;
F2(1,255)=3.825, p<0.05). Participants rated items from the [-ATR] harmonic class

14

Counterbalanced group was again included as a between-participants variable in the by-participants
analysis. No significant difference was found between groups, which is unsurprising, given that its
inclusion was only as a control to remove error variability.
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as significantly better formed than items from the [+ATR] harmonic class. There was
no significant interaction between vowel pattern frequency and harmonic class size
(F1(1,56)=2.273, p>0.05; F2(1, 255)=1.984, p>0.05), so simple effects were not
analyzed.
4.2.4.2 Response Time Analyses
A series of repeated measure two-factor ANOVAs, with vowel pattern
frequency and harmonic class size as independent variables. These factors were
within-subjects factors for the by subjects analysis and between-items factors for
the by items analysis. A significant main effect of vowel pattern frequency was
discovered for p rticip nts’ response times (F1(1,56)=4.874, p<0.05;
F2(1,255)=7.401, p<0.01). Participants responded significantly faster to items with
low frequency vowel patterns. A significant main effect of harmonic class was not,
however, discovered for p rticip nts’ response times (F ( 56)=

p>

5

F2(1,255)=0.113, p>0.05). There was also no significant interaction between vowel
p ttern frequency nd h rmonic cl ss size for p rticip nts’ response times
(F1(1,56)=2.667, p>0.05; F2(1,255)=1.494, p>0.05), therefore simple effects were
not analyzed.
4.2.5 Experiment 3 Results Discussion
The results from Experiment 3 provide support to the hypothesis that
Khalkha speakers build abstract categories, harmonic classes, based on the relative
numbers of words which share the phonological features [+ATR] and [-ATR]. The
results from Experiment 3 also provide confirmation that the effects of vowel
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pattern frequency are reliable and replicable, which provides further support to the
hypothesis that Khalkha speakers attend to and track the frequency with which
vowel patterns occur in their language.
4.3 Conclusion
The signific nt effect of h rmonic cl ss size on p rticip nts’ well-formedness
ratings in Experiment 3 provides some evidence about the nature of Khalkha
spe kers’ ttention to non-adjacent vowels in the speech stream. As discussed
earlier, it was unclear whether Khalkhas attend to non-adjacent vowels due to their
high transitional probability (which is a result of vowel harmonic restrictions on
vowel co-occurrences) or whether speakers also note that non-adjacent vowels
within words share phonological features. Because the results indicate that Khalkha
speakers form abstractions based on the relative number of [+ATR] and [-ATR]
words in each harmonic class, this provides support to the idea that speakers note
the presence of feature sharing between non-adjacent vowels. This suggests that
language-specific phonology biases speakers towards attending to vowels not only
because of the high transitional probabilities between non-adjacent vowels which
result from vowel harmony, but also that, on a non-segmental level, speakers can
form abstract categories based on a purely phonological variable: phonological
feature sharing.
In terms of the implications for the role of language-specific phonology in
biasing speakers towards attending to certain aspects of language over others, these
findings are provocative. Khalkha speakers’ bi s to attending to both vowel pattern
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frequency and feature sharing between non-adjacent vowels strongly suggests that
language-specific phonology, as proposed earlier, delimits the types of abstractions
readily available to speakers. Essentially, this means that speakers are biased to
attend to different aspects of language on a language-specific basis. Or put another
way, language speakers are not universally predisposed to attend and track the
same aspects of language.
Therefore, the effects of language-specific phonology on speech perception
and lexical access must be considered a crucial aspect in future psycholinguistic
research, particularly in regards to the types of phonological units available to
speakers of a language. Harmonic vowel patterns and harmonic class size are critical
variables with which to conduct future research on vowel harmonic languages and
with vowel harmonic language speakers. If these variables are not controlled for,
they represent potential confounds for behavioral research on vowel harmonic
languages.
However, further work is needed to more deeply examine the nature of
language-specific effects on cognition, especially in regards to acquisition and
frequency effects. Therefore, Experiments 4, 5 and 6 seek to examine these very
areas. These experiments also provide comparable data to the current literature by
employing an artificial grammar learning paradigm. Comparison of Khalkha
spe kers’ performance to that of English or French participants in the literature
reviewed in this dissertation offers a particularly revealing look at the role of
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language-specific phonology and its influence on the aspects of language to which
speakers attend.
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CHAPTER 5 EXPERIMENTS 4, 5 AND 6
5.0 Introduction
Experiments 4, 5 & 6 all seek to determine how native language phonology
may alter the acquisition of non-adjacent phonological dependencies. These
experiments follow in methodology from the substantial body of experimental
literature on non-adjacent dependency acquisition using an artificial grammar
learning task (AGL) discussed in earlier chapters (Newport & Aslin 2004; Gómez
Onnis Mon gh n hristi nsen
G mez

3

on tti Pe

h ter

Onnis hristi nsen h ter

, Nespor & Mehler 2005; among others). The

experimental paradigm follows directly from these studies: participants are exposed
to a continuous speech stream constructed from concatenated CV syllables, where
specific triplets of non-adjacent vowels exhibit high transitional probability. All
other transitional probabilities between both adjacent and non-adjacent segments
are low. Participants are then tested on their acquisition of these high probability
non- dj cent dependencies through forced choice t sk between ‘words’ (items
which contain high probability vowel triplets) nd ‘p rt-words’ (items which
overlap two high probability triplets and thus display three low-probability vowel
strings) taken from the training speech stream. It is hypothesized that participants
will acquire non-adjacent vocalic dependencies, evidenced through a significant
preference for ‘words’ vs ‘p rt-words ’ though n tive English and French
participants displ yed dif iculties doing so (Newport

slin

G mez
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Onnis Mon gh n hristi nsen
G mez

3

on tti Pe

h ter

Onnis hristi nsen h ter

, Nespor & Mehler 2005; among others).

5.1. Experiment 4
Experiment 4 was conducted as a replication of Bonatti et al. (2005). As
discussed previously, this study used an AGL paradigm to test whether participants
would be able to detect non-adjacent dependencies based solely on transitional
probabilities exhibited by the speech stream. Furthermore, it compared
p rticip nts’ success t cquiring non-adjacent dependencies exhibited by different
units, namely: consonants, vowels, consonant-initial CV syllables, and vowel-initial
VC syllables. The experimental results of Bonatti et al. (2005) indicate that
participants successfully acquired non-adjacent dependencies exhibited by
consonants and consonant-initial CV syllables only. Participants failed to acquire
non-adjacent dependencies exhibited by both vowels and vowel-initial VC syllables.
Bonatti et al. (2005) conclude that these results indicate that consonants and vowels
perform fundamentally different tasks in speech recognition and lexical access,
specifically that consonants act as triggers to lexical access, while vowels provide
prosodic information and are not cues for lexical access.
However, as discussed earlier, all participants in Bonatti et al. (2005) were
native French speakers. It may be the case that speakers of a vowel harmonic
language, which places special emphasis on vowels and their distribution, would
acquire non-adjacent vocalic dependencies at a higher rate of success than native
French speakers. Therefore, Experiment 4 seeks to provide comparative data with
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Experiment 2 in Bonatti et al. (2005). In Experiment 4, a replication of Bonatti et al.
(2005), native Khalkha speakers listen to a stream of concatenated CV syllables
which contain high probability vowel triplets. Participants are then asked to identify
‘words’ ( V V V strings cont ining the high prob bility vowels) over ‘p rt-words’
(CVCVCV strings which contain low probability segments). The only cue available to
Khalkha participants, like French participants in Bonatti et al. (2005), is the high
transitional probability exhibited by vowel triplets. In order to more closely
replicate Bonatti et al. (2005), vowel triplets in Experiment 4 do not obey the rules
of Khalkha harmony. It is hypothesized that because Khalkha displays vowel
harmony, Khalkha speakers will be predisposed to attend to non-adjacent vowels in
the stimuli, harmonic or not. Therefore, it is hypothesized that Khalkha p rticip nts’
accuracy rate of acceptance of words over part-words, which indicates acquisition of
non-adjacent vocalic dependencies on the basis of statistical information alone will
be higher than the French participants in Bonatti et al. (2005), whose choices
resulted in a word preference average of 54.2% (±11.7%: p. 454-455).
5.1.1 Participants

Twenty students from the State University of Education in Ulaanbaatar,
Mongolia participated in the experiment. No participants were excluded from
Experiment 4. All participants were adult native speakers of Khalkha. None reported
any hearing or visual impairments. All participants identified themselves as
monolingual.
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5.1.2 Materials

It’s important to note that all stimulus construction replicated the
methodology used by Newport & Aslin (2004) and Bonatti et al. (2005). Following
this literature, items were created using a subset of the native inventory of the
consonants and vowels of the participants, in this case Khalkha. CV syllables were
permutated from a six-member subset of the consonantal inventory [p, m, tʰ, s, g,
x]15 and a nine-member subset of the vocalic inventory [i, e, o, u, a, ɔ, ʊ, ai, ei]
(Svantesson et al. 2005). (Due to concerns over positional restrictions and stress,
certain consonants and long vowels were excluded.) From these sub-inventories, a
36 CV syllable inventory was created.
Three non-occurring Kh lkh vowel “triplets,” (three-vowel sequences),
were selected from the vocalic inventory. These triplets were: [_e_ai_ʊ], [_a_ei_o],
and [_i_u_ɔ]. Note that, as mentioned previously, none of these vowel triplets obey
the rules of Khalkha [ATR] or rounding harmony. This was done in order to more
closely replicate stimuli in Bonatti et al. (2005)16. CV syllables were arranged into
CVCVCV items which displayed these triplets. These CVCVCV items and their
respective vowel triplets are displayed in Table 5.1 below.

15

The use of [g] as consonant represents a possible confound because, as noted, the consonant alternates
according to harmonic class in Khalkha (see Ch.1). However, the effect of [g] on participants’ responses
was investigated and though there were not enough item numbers to generate a statistical analysis,
responses to [g]-initial items did not pattern differently from other responses in Experiments 4, 5 and 6.
16
However, harmonicity of triplet is a potentially important variable. It is more carefully examined in
Experiments 5 and 6.
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Table 5.1 Vowel triplets and items for Experiment 4
_e_ai_ʊ
pemaitʰʊ
gesaixʊ
pesaitʰʊ
gemaixʊ

_a_ei_o
matʰeipo
saxeigo
maxeipo
satʰeigo

_i_u_ɔ
tʰipumɔ
xigusɔ
tʰigumɔ
xipusɔ

Following the methodology used by Newport & Aslin (2004) and Bonatti et
al. (2005), the selection of random consonant fillers was constrained to two possible
consonants in each consonantal slot, as illustrated by the schema in Figure 5.1.
Three possible consonants could fill the intervening consonantal slots, with two
options per slot.

C1
C2

V1

C1
C2

V2

C1

V3

C2

Figure 5.1 Item construction schema for
Experiment 4 (adapted from Newport &
Aslin 2004, p.140)

According to this stimulus schema, the transitional probabilities both within
a word and between words are controlled, such that the transitional probability
between non-adjacent vowels within words is 1.0, but at word boundaries it is 0.50.
Adjacent transitional probabilities of both consonants and vowels, both between
and within words was always 0.50. These permutations resulted in 12 CVCVCV
words for Experiment 4, all of which belonged to one of three vowel triplet families,
as illustrated previously in Table 5.1.
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The physical construction of the auditory stimuli differed from previous
literature. All previous literature used artificially synthesized speech created with
the use of extant speech synthesizers for English or French (Newport
G mez
h ter

Onnis Mon gh n hristi nsen
G mez

3

on tti Pe

h ter

slin

Onnis hristi nsen

, Nespor & Mehler 2005). However, a Khalkha

speech synthesizer does not exist. Therefore, in order to create items, all CV
syllables were concatenated from the recorded speech of a native Khalkha speaker.
All stimuli were auditory and were recorded in Ulaanbaatar, Mongolia with a
Countryman head-mounted microphone, using a digital portable Edirol recorder (24
bit 96 KHz Wave/MP3 recorder: R-09Hr) and portable pre-amp with phantom
power. The speaker was a 28 year old female speaker who is a native speaker of
Khalkha with no distinctive regional dialectal markers. The recording took place in a
quiet classroom at the University of Technology and Science.
Much care was taken to ensure fluent and natural sounding stimuli.
Therefore, all permutations of possible CV syllables were generated from the
consonantal and vocalic inventories [p, m, tʰ, s, g, x] and [e, ai, ʊ, a, ei, o, i, u, ɔ]
respectively. Each of these CV syllables, the target CV syllables, was then embedded
into a carrier CV_TARGET_CV frame. These frames were controlled such that the
second CV syllable member of the frame had one of three places of articulation:
bilabial, alveolar, or velar. The CV_TARGET_CV frames also agreed with the target CV
syllables in terms of harmonic class. These frames are illustrated schematically in
Table 5.2 below.
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Table 5.2 Schema for target CV recording
[-ATR] Target CV Syllables
bilabial te_CV_pe
alveolar te_CV_te
velar
te_CV_xe

[+ATR] Target CV Syllables
ta_CV_pa
ta_CV_ta
ta_CV_xa

After recording all embedded target CV syllables in their respective frames,
each target syllable was spliced out and then concatenated into a stimulus item.
Each stimulus item was concatenated such that place of articulation of the
subsequent CV syllable agreed with the place of articulation of the subsequent CV
syllable of the test stimulus item. For example, for the test item [pemaitʰʊ], [pe] was
spliced from the recording item [tepepe] because it was recorded preceding a
bilabial, [mai] was spliced from a recording item [temaite] because it was recorded
preceding an alveolar and [tʰʊ] was spliced from the recording item which agreed
with the subsequent stimulus item’s first syll ble’s pl ce of rticul tion This care
with the place of articulation of subsequent consonants has the added benefit of
helping to prevent the introduction of conflicting VC transition cues that could slow
processing or lead to misrecognition (Whalen 1984; Marslen-Wilson & Warren
1994; McQueen, Norris & Cutler 1999).
CVCVCV stimuli items were then concatenated into pseudo-randomized lists.
Twelve stimuli items were concatenated into six different pseudo-randomized lists,
which resulted in a stimulus stream of 72 CVCVCV items. This stimulus stream was
played at a rate of approximately 300 syllables per minute (in line with the reported
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rate in Newport & Aslin 2004). It was repeated a total of 20 times, which resulted in
a training phase of approximately 14 minutes.
Additionally, pitch and stress information were removed using overlap-add
resynthesis (formerly known as PSOLA resynthesis: Boersma & Weenink 2008) in
order to avoid any false cues about word boundaries. However, a slightly falling
pitch contour was added to the complete string in order to make it sound slightly
more natural. It is important to note that no pauses between CV syllables were
allowed. This was done so that the only cues participants might have about word
boundaries would come strictly from the high transitional probabilities of the vowel
triplets and the low transitional probabilities between all other adjacent and
non-adjacent segments.
Test items were constructed using the same methods, with the exception that
two c tegories of items were constructed: “words” nd “p rt-words ” Words
consisted of items which contain one of the high probability vowel triplets, as
displayed in Figure 5.2 below.

‘word’

…c1V1c2V2c3V3

‘word’

c4V1c5V2c6V3…

Figure 5.2 'Words' are composed of
high probablity vowel triplets
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Part-words were CVCVCV items whose syllables overlapped two word boundaries,
thus containing low probability vowels, in the stimulus stream as heard by
participants, as illustrated in Figure 5.3 below.
‘part-word’

…c1V1c2V2c3V3

c4V1c5V2c6V3…

Figure 5.3 'Part-words' contain low
probability vowels
In order to avoid a potential confound, all words and part-words were also
analyzed in terms of their bigram frequency. Bigram frequency is the conditional
probability with which one segment is followed by an adjacent segment in a specific
language (Andrews 1992; Gernsbacher 1984; Lee 2003). Therefore, in order to
determine that participants were not influenced by the probability of summed
bigram frequencies for words versus part-words, all words’ and part-words’ bigr m
frequency probabilities were calculated. A t-test analysis comparing the bigram
frequency probability of words to part-words did not indicate a significant
difference (t(79)=-0.099, p>0.05). These results indicate that participants would not
be influenced by bigram probabilities of items.
5.1.3 Procedure
Participants sat in a quiet room at a Dell Mini laptop and wore a pair of
Audio-Technica headphones (ATH-M40fs). Written instructions, auditory stimuli
and the auditory test phase were all presented on the laptop and presented with
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E-prime P rticip nts’ first instructions told them to sit and passively listen to the
words of an artificial language for approximately fourteen minutes, after which they
would be tested on their knowledge of the language. After this fourteen minute
training phase, participants received a second set of instructions indicating that they
would hear a series of pairs of words. Participants were instructed to select, by
pushing keys on a keyboard, which of the two words they thought they’d he rd
before in the training phase. Unbeknownst to p rticip nts however they’d ctu lly
heard both words in the training phase. The item pairs consisted of a word and a
part-word, separated by two seconds of silence.
On average, the total duration of the experiment was approximately 25-30
minutes. However, due to initial pilot studies in which high numbers of participants
failed to respond and timed out, which resulted in blank data files, it was decided
that no time-out would be used, so that participants could wait as long as they
wanted before responding17. This means that in order to advance through the
experiment and hear the next item pair, participants were compelled to respond.
This resulted in varying total experiment lengths, but 25-30 minutes was the
average length.

17

The high rate of failure to respond during these pilot studies stems from cultural reasons. In Khalkha
culture, if there is a right/wrong answer to a question and this answer is unknown, people typically prefer to
not respond and thus not risk losing face. This experimental paradigm, which instructed them to choose
only one word that they thought they’d heard before, was thus difficult for listeners to respond to for
cultural reasons.
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5.1.4 Experiment 4 Results
The decision to not cap response times in Experiments 4 resulted in very
high standard deviations (SD: 1875.059 ms). The histogram below in Figure 5.4

Number of responses

illustrates.

RT (milliseconds)

Figure 5.4 Histogram of Experiment 4 response times
Therefore, in order to normalize response time, responses with response
times less than 50 milliseconds and greater than 6000 milliseconds from the offset
of the second item in each stimuli pair, were excluded from analyses. These
exclusions accounted for less than 5% of total data. The top threshold for response
times (6000 milliseconds) is high in comparison to other online processing tasks of
this nature. However, given the novelty of the experimental setup to participants, it
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was decided that longer response times would be acceptable. (The average mean of
response times before excluding outliers was roughly 2303.88 milliseconds.)
5.1.4.1 Analyses: Words versus Part-Words
The results indicated that participants preferred words over part-words. As
Figure 5 5 illustr tes 59 6% of p rticip nts’ responses were for the word, while
41.4% of their responses were for the part-word.
70.0%
Percent Preference

65.0%
60.0%
55.0%

59.6%

50.0%

Word

45.0%

Part-Word

40.0%

41.4%

35.0%
30.0%
Experiment 4

Figure 5.5 Percent preference for Words over Part-words in Experiment 4
In line with the analyses used in Newport & Aslin (2004) and Bonatti et al.
(2005), a t-test comp ring p rticip nts’ preference for words to chance level (50%
word preference) w s conducted This n lysis reve led th t p rticip nts’ word
preference level (59.6%) was significantly higher than chance (t(19) = 5.749,
p<0.0001).
Response times were also analyzed P rticip nts’ ver ge response times
when they chose a word versus a part-word are illustrated in Figure 5.6 below. As
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Figure 5.6 illustrates, participants were slower when they selected a part-word over
a word.
1133
1132
RT (miiliseconds)

1131

1131.729

1130
1129

Words

1128

Part-Words

1127
1126
1125

1126.13

1124
1123

Figure 5.6 Participants' response times when they chose a word versus
part-word.
The average response times to words (2011.97) in comparison to part-words
(1131.73) were also subjected to a t-test analysis. However, this analysis did not
indicate a significant difference between response times for words versus
part-words (t(19)= -1.062, p>0.05). This is perhaps unsurprising given the high
st nd rd devi tions in p rticip nts’ response times
5.1.4.2 Analyses: Triplet biases
In order to underst nd better p rticip nts’ perform nce in Experiment
analyses of differences in preference levels and response times to the individual
vowel triplets used in the experiment were also conducted. As Figure 5.7 illustrates,
there were differences in average percent preference depending on the identity of
the vowel triplet the word contained. Specifically, participants were less likely to
select a word over a part-word when the triplet was [_i_u_ɔ].

132

Percent Word Preference

70.00%
60.00%

62.26%

66.16%

50.00%
47.11%

40.00%

_e_ai_ʊ
_a_ei_o

30.00%

_i_u_ɔ

20.00%
10.00%
0.00%
_e_ai_ʊ

_a_ei_o

_i_u_ɔ

Figure 5.7 Participants' word preference levels per vowel triplet in
Experiment 4
Furthermore, a one-factor repeated measures ANOVA analysis, using a
within-subjects and between-items design, revealed that these differences were
significant, finding a main effect of vowel triplet identity both by subject (F1(2,
38)=9.246, p<0.005) and by items (F2(2,69)=3.334, p<0.05). A series of t-tests were
run to analyze which of the vowel triplets resulted in a significant preference for
words over part-words over the level of chance. A significant difference from
chance for preference for words over part-words was found for both [_e_ai_ʊ]
(t(19)=4.606, p<0.001) and [_a_ei_o] (t(19)=5.84, p<0.001). However, there was not
a significant difference from chance in preference levels for words versus
part-words for [_i_u_ɔ] (t(19)= -0.773, p>0.5).
This difference in preference levels as per vowel triplet is troubling given
that all vowel triplets were non-extant in Khalkha (and so therefore had no
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frequency), were disharmonic and had equally high transitional probabilities.
However one possible expl n tion for p rticip nts’ pp rent difficulty in
identifying the high transitional probability for the sequence [_i_u_ɔ] is that it
contains an initial [i] segment.
As noted in Chapter 1, [i] is transparent to harmony, though its transparency
depends on position within the word. Therefore, though the vowel triplets were not
harmonic, participants ability to attend to to it may have been influenced by its
status not only as a transparent vowel, but also the restrictions which constrain its
positionality. Another possible explanation to consider is that the result is simply
an anomaly. Before continuing to other analyses, it should also be noted that a
one-factor repeated measures ANOVA analysis, using a within-subjects and
between-items design, did not find a significant difference in response time
dependent on vowel triplet (F1(2,38)=1.069, p>0.05; F2(2,69)=0.315, p>0.5).18
5.1.5 Discussion of Experiment 4 Results
The results of the analyses of Experiment 4 indicate that Khalkha
participants successfully acquired non-adjacent vocalic dependencies used in the
experiment, as evidenced by a significant main effect of preference for words over
part-words. P rticip nts’ successful acquisition of non-adjacent vocalic

18

Another factor which could potentially influence participants is harmonicity. While all triplets were
disharmonic, 13 part-words were inadvertently harmonic due to their position in the stimulus stream.
However, t-tests indicated that participants’ word preference levels were significantly above chance
whether the part-word was harmonic or disharmonic. Although the number of items in this comparison is
small, this suggest that any effect of harmonicity of the part-word response choice is small, at most.
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dependencies in Experiment 4 directly contrasts with n tive French p rticip nts’
failure to do so Experiments 2a and 2b in Bonatti et al. (2005).
The results of Experiment 4, contrary to those of Bonatti et al. (2005),
suggest that non-adjacent vocalic dependencies can indeed be acquired by
participants in AGL paradigms. Furthermore, the comparison between the results of
the Khalkha participants in the current study and the French participants in Bonatti
et al. (2005) lend support to the notion that language-specific phonology plays an
influential role in the types of non-adjacent dependencies available for abstraction.
Furthermore, it also provides support to the hypothesis that speakers are biased by
language-specific phonology to attend to different aspects of language.
However, the nature of this bias in attention must be further examined. For
instance, based on these results, the extent of language-specific bias is unclear. How
closely must language resemble a speaker’s n tive phonology in order to incur
bias towards attending to a given aspect of speech? For example, the vowel triplets
in Experiment 4 did not obey the rules of Khalkha [ATR] harmony. However, if
vowel triplets were harmonic, participants would essentially have two cues to
identifying word boundaries, statistical probability and mismatched harmonic
boundaries. Would Khalkha speakers have a higher preference level for words over
part-words if vowel triplets were harmonic? In order to examine the extent of
language-specific biases and the potential role of harmonicity as a cue to word
boundaries, two more AGL experiments were conducted.
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5.3 Experiment 5
In an attempt to further explore the role of language-specific influences on
the ways in which Khalkha speakers attend to non-adjacent vowels, Experiment 5
examines the potential role of harmonicity in influencing p rticip nts’ success r te
at acquiring non-adjacent vocalic dependencies. In this experiment all vowel triplets
are harmonic, closely following the same rules of phonology as participants’ n tive
language, Khalkha. Therefore, it is hypothesized that participants will acquire these
non-adjacent vocalic dependencies at a higher rate of accuracy than they did in
Experiment 4, where items were not harmonic.
5.3.1 Participants
Twenty students from the State University of Education in Ulaanbaatar,
Mongolia participated in the experiment. In addition to these twenty participants,
one participant was discarded due to high levels of background noise in the
experiment room. All participants were adult native speakers of Khalkha. None
reported any hearing or visual impairments. All participants identified themselves
as monolingual.
5.3.2 Materials
Stimuli construction was identical to Experiment 4, with the exception of the
selection and number of the vowel triplets. Items were created using a subset of the
Khalkha consonantal and vocalic inventory. CV syllables were permutated from the
same six-member subset of the consonantal inventory [p, m, tʰ, s, g, x], but for
Experiment 5 the vocalic sub-inventory consisted of 12 vowels [o, ei, u, ʊi, ai, ʊ, e, ui,
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i, ɔ, ɔi, a](Svantesson et al. 2005). From these sub-inventories, a 48 CV syllable
inventory was created.
In order to more deeply examine the role of language-specific phonology on
p rticip nts’ success t cquiring non-adjacent vocalic dependencies, stimuli for
Experiment 5 obeyed Khalkha rules of [ATR] and rounding harmony. Though vowel
triplets and the resultant items were all harmonic, it is important to note that none
of the vowel triplets or items actually occur in Khalkha. Unlike in Experiment 4, the
vowel triplets in Experiment 5 were harmonic and therefore, could potentially exist
in the language. Therefore, in order to avoid a potential confound of extant vowel
triplet frequency effects (as discovered in Experiments 2 and 3), non-extant vowel
triplets were selected. These vowel triplets were: [_o_ei_u] [_ʊi_ai_ʊ], [_e_ui_i], and
[_ɔ_ɔi_a]. Additionally, though it was unlikely given the non-extant status of the
vowel triplets, all resulting items were checked against the corpus as a precaution to
ensure that no real word items were inadvertently included.
In order to have equal numbers of both [+ATR] and [-ATR] items, four vowel
triplets were selected: 2 [+ATR] and 2 [-ATR]. This resulted in a higher number of
items for Experiment 5 than Experiment 4: 16 total items. These items, and their
respective vowel triplets, are illustrated in Table 5.3 below.
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Table 5.3 Experiment 5 items and vowel triplets
[+ATR]
o_ei_u
e_ui_i
pomeitʰu metʰuipi
goseixu
sexuigi
poseitʰu mexuipi
gomeixu setʰuigi

[-ATR]
ʊi_ai_ʊ
ɔ_ɔi_a
mʊisaigʊ tʰɔpɔima
xʊipaitʰʊ xɔgɔisa
mʊipaigʊ tʰɔgɔima
xʊisaitʰʊ xɔpɔisa

Note that [i], a [+ATR] segment is included in both harmonic classes, both as
an individual segment, but also as a second member of four diphthongs. However, as
noted in Chapter 1, [i] is transparent to harmony and may occur in either domain.
Furthermore, due to the restrictions of the vowel inventory of Khalkha, excluding [i]
or diphthongs would not have yielded enough vowels in order to create the
appropriate number of vowel triplets for each experiment. In Experiment 5, as in
Experiment 4, long vowels were excluded due to positional restrictions and their
role as stress cues (Svantesson et al. 2005).
These items were concatenated into 5 pseudo randomized lists, which
resulted in stimulus streams of 80 CVCVCV items each. These stimulus streams were
played at a rate of approximately 334 syllables per minute, in line with reported
rate of play in Newport & Aslin 2004. Each stream was repeated a total of 20 times,
which resulted in a training phase of approximately 14 minutes. However, because
items in this experiment were harmonic, items were arranged such that harmonic
class alternated between each word. That is, a [+ATR] CVCVCV item followed a
[-ATR] item and so on, throughout the training stream. For example, the [+ATR]
item [goseixu] had to be followed by a [-ATR] item, like [xɔpɔisa]. This arrangement
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provided another cue to the locations of potential word boundaries. Previous work
has shown that Finnish speakers use mismatched harmonic class as a cue to word
segmentation in a speech segmentation task (Suomi & McQueen 1997). Therefore,
participants in Experiment 5 had essentially two cues to word boundaries:
transitional probabilities and harmonic mismatch at word boundaries.
Additionally, it should be noted that physical construction of stimuli was
identical to Experiment 4. Recorded CV syllables were concatenated into CVCVCV
items in exactly the same way, using recorded CV syllables from the same recording
session with the native Khalkha speaker. Pitch and stress information were also
removed in the same way. Construction of test items was also identical. Test pairs
consisted of a word (a CVCVCV item which contained one of the selected vowel
triplets) and a part-word, which overlapped two word boundaries, and whose vowel
triplet thus exhibited a low transitional probability. In regards to part-words in
Experiment 5, due to the alternating harmonic class of each item in the training
stream, all part-words were thus necessarily disharmonic. For example, for the two
consecutive words provided in the previous example, [goseixu] followed by
[xɔpɔisa], the resulting part-word [xuxɔpɔi] is disharmonic according to the rules of
Khalkha harmony.
Finally it should be noted that as in Experiment 4, bigram analyses were
conducted on words and part-words to ensure that participants would not be
influenced by a potentially different degree of bigram probability between the two
classes of items. This analysis, a t-test as in Experiment 4, failed to reveal a
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significant difference between the two types of items (t(79)=0.086, p>0.05). This
indicates that participants will not be subject to an influence of differing bigram
probabilities in one item class over another.
5.3.3 Procedure
The procedure for Experiment 5 was identical to Experiment 4. Participants
sat in a quiet room at a laptop and read instructions on the laptop screen and then
listened to the fourteen minute training phase over headphones. After the training
phase, they once again read instructions which informed them to select one word in
each pair of words, based on whether they thought they had heard it in the training
phase. Once again, response times were uncapped and the experiment did not
advance until participants responded. This, again, resulted in an average
experiment duration of approximately 25-30 minutes.
5.3.4 Experiment 5 Results
As the histogram in Figure 5.8 below illustrates, response times, calculated
from the offset of the second item in test pairs, varied greatly (SD: 1899.465). The
same exclusionary criteria that were used in Experiment 4, were used in used in
Experiment 5 as well. Responses with response times below 50 milliseconds and
above 6000 milliseconds were excluded from all analyses. In Experiment 5, this
resulted in only 3.9% of the data being excluded.

Number of Occurrences
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RT (in ms.)

Figure 5.8 Histogram of response times for Experiment 5
5.3.4.1 Analyses: Preference for Word versus Part-word
The results indicated that participants once again preferred words over
part-words. As Figure 5.9 illustrates, 55.1% of p rticip nts’ responses w s the word,
while 44.84% of their responses was the part-word.
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Percent Preference

60.00%
55.00%

55.16%

50.00%
Word

45.00%

44.84%

40.00%

Part-Word

35.00%

30.00%
Experiment 5

Figure 5.9 Percent preference for Words over Part-words in Experiment 5
A t-test comparing particip nts’ preference for words to chance level (50%
word preference) revealed a significant difference (t(19)= 2.84, p<0.05). Response
times were lso c lcul ted P rticip nts’ ver ge response times when they chose
word versus a part-word are illustrated in Figure 5.10 below. As Figure 5.10
illustrates, participants were slower when they selected a part-word over a word.
1920

RT (milliseconds)

1900
1880

1897.05

1860

Words

1840

Part-Words

1820
1800

1811.31

1780
1760

Figure 5.10 Participants' response times when they chose words versus
part-words
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The average response times to words (1811.31 ms.) in comparison to
part-words (1897.05 ms.) were also subjected to a t-test analysis. However, this
analysis did not indicate a significant difference between response times for words
versus part-words (t(19)= 0.981, p>0.05). Once again, this is unsurprising given the
high st nd rd devi tions in p rticip nts’ response times
5.3.4.2 Analyses: Triplet biases
In order to check whether there were significantly different preference levels
for one vowel triplet over another, as was instantiated in Experiment 4, analyses of
differences in preference levels and response times to the individual vowel triplets
were also conducted. However, these differences were not as marked as in
Experiment 4. Therefore, unsurprisingly, a one-factor repeated measures ANOVA
analysis, using a within-subjects and between-items design, did not reveal a
significant main effect of vowel triplet identity, either by subject (F1(3, 57)=2.466,
p>0.05) or by items (F2(3, 76)=1.161, p>0.05). It should also be noted that similar
analyses did not reveal a significant difference in response time dependent on vowel
triplet (F1(2,38)=1.069, p>0.05; F2(2,69)=0.315, p>0.5).
5.3.5 Discussion of Experiment 5 Results
The results of the analyses of Experiment 5 indicate that Khalkha
participants once again successfully acquired the non-adjacent vocalic dependencies
used in the experiment, as evidenced by a significant main effect of preference for
words over part-words. Once again, these results contrast with the preference levels
of native French speakers in Experiment 2a and 2b in Bonatti et al. (2005).
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While participants exhibited a significant preference for words over
part-words in Experiment 5, their preference levels were not higher than preference
levels for words in Experiment 4, contrary to hypothesis. Furthermore, a t-test
analysis comparing Experiment 4 and Experiment 5 participants’ averaged item
ratings failed to reveal a significant difference between the word preference levels
in these experiments’ p rticip nts (t(19)=1.226, p>0.05). Based on these analyses, it
can be concluded that there was no significant difference between the two
experiments.
The lack of a significant difference between Experiment 4 and 5 is surprising,
given the difference in harmonic status of the items in Experiment 5. As stated
before, in Experiment 5, participants had two potential cues for word boundary
locations, both the transitional probability of vowel triplets and also the harmonic
mismatch at word boundaries. Despite the availability of the additional cue
(harmonic mismatch), participants were equally successful at acquiring vocalic
dependencies in Experiments 4 and 5.
These results run contrary to the hypothesis that participants would acquire
non-adjacent vocalic dependencies which display the same type of harmonic
restrictions s p rticip nts’ n tive l ngu ge more e sily th n non-adjacent vocalic
and disharmonic dependencies. However, Experiments 4 and 5 also had different
numbers of items/triplets. As mentioned, this has been shown to be very influential
in acquisition success in AGL tasks (Gómez 2002; Onnis et al. 2003, 2004; Bonatti et
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al. 2005). Therefore, Experiment 6, which uses an identical number of non-harmonic
stimuli, was conducted in order to provide a baseline comparison to Experiment 5.
5.4 Experiment 6
Experiment 6 seeks to provide results with which the compare the results of
Experiment 5. Experiment 6 was identical in every way with Experiment 5, with the
exception of the harmonic status of the items. All vowel triplets selected for
Experiment 6 were disharmonic sequences. Therefore, it is hypothesized that
participants in Experiment 6 will once again, in line with the results from
Experiments 4 and 5, display a significant preference for words over non-words,
indicating their acquisition of the experimental non-adjacent vocalic dependencies.
Further, it is predicted that there will be signific nt difference in p rticip nts’
preference levels for words over part-words between Experiments 5 and 6.
Specifically, it is predicted that if harmonicity acts as an additional cue to detect high
probability vowel triplets, then participants in Experiment 6 will display
significantly lower word preference levels than participants in Experiment 5, where
triplets were harmonic.
5.4.1 Participants
Twenty students from the State University of Education in Ulaanbaatar,
Mongolia participated in the experiment. In addition to these twenty participants,
four students were discarded due to high levels of background noise. All
participants were adult native speakers of Khalkha. None reported any hearing or
visual impairments. All participants identified themselves as monolingual.
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5.4.2 Materials
Stimulus construction was identical to Experiment 5, with the exception of
the selection of the vowel triplets. Once again, items were created using a subset of
the native inventory of the participants. CV syllables were permutated from the
same six-member consonantal sub-inventory [p, m, tʰ, s, g, x] and the 12 member
vocalic sub-inventory [o, ei, u, ʊi, ai, ʊ, e, ui, i, ɔ, ɔi, a](Svantesson et al. 2005). From
these sub-inventories, a 48 CV syllable inventory was created.
In order to match the stimulus numbers of Experiment 5, four non-extant
vowel triplets were selected and the same number of items, 16, was created. These
vowel triplets were: [_e_ai_ʊ] [_a_e_o], [_i_ʊi_ɔ], and [_ɔi_oi_u]. The resulting items,
and their respective vowel triplets, are illustrated in Table 5.4 below. Note that the
same vowels used in Experiment 5 are used in Experiment 6. The only difference is
the way in which selected vowels have been arranged into vowel triplets.
Table 5.4 Experiment 5 items and vowel triplets
e_ai_ʊ
pemaitʰʊ
gesaixʊ
pesaitʰʊ
gemaixʊ

a_ei_o
matʰeipo
saxeigo
maxeipo
satʰeigo

i_ʊi_ɔ
tʰipʊimɔ
xigʊsɔ
tʰigʊmɔ
xipʊsɔ

ɔi_oi_u
mɔisoigu
xɔipoitʰu
mɔipoigu
xɔisoitʰu

These items were concatenated into 5 pseudo randomized lists, which
resulted in stimulus streams of 80 CVCVCV items each. These stimulus streams were
played at a rate of approximately 334 syllables per minute, in line with reported
rate of play in Newport & Aslin (2004). Each stream was repeated a total of 20
times, which resulted in a training phase of approximately 14 minutes. However,
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because items in this experiment were not harmonic, it was not possible to alternate
harmonic class for adjacent items in the training stream.
Additionally, it should be noted that physical construction of stimuli was
identical to Experiments 4 and 5. Recorded CV syllables were concatenated into
CVCVCV items in exactly the same way, using recorded CV syllables from the same
recording session with the native Khalkha speaker. Pitch and stress information
were also removed in the same way. Construction of test items was also identical.
Test pairs consisted of a word (a CVCVCV item which contained one of the selected
vowel triplets) and a part-word, which overlapped two word boundaries, and whose
vowel triplet thus exhibited a low transitional probability. In regards to part-words
in Experiment 6, unlike Experiment 5, where all part-words were disharmonic, due
to the disharmonic nature of stimulus items in this experiment, it was possible that
some part-words were harmonic.
Finally it should be noted that as in Experiments 4 and 5, bigram analyses
were conducted on words and part-words to ensure that participants would not be
influenced by a potentially different degree of bigram probability between the two
classes of items. This analysis, a t-test as in Experiments 4 and 5, failed to reveal a
significant difference between the two types of items (t(79)=0.152, p>0.05). This
indicates that participants will not be subject to an influence of differing bigram
probabilities in one item class over another.
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5.4.3 Procedure
The procedure for Experiment 6 was identical to Experiments 4 and 5.
Participants sat in a quiet room at a laptop and read instructions on the laptop
screen and then listened to the fourteen minute training phase over headphones.
After the training phase, they once again read instructions which informed them to
select one word in e ch p ir of words b sed on whether they thought they’d he rd
it in the training phase. Once again, response times were uncapped and the
experiment did not advance until participants responded. This, again, resulted in an
average experiment duration of approximately 25-30 minutes.
5.4.4 Experiment 6 Results
The histogram below in Figure 5.11 illustrates the range of response times
incurred in Experiment 6 (SD: 2251.192). Once again response times below 50
milliseconds and above 6000 milliseconds were excluded from all analyses. Similar
to Experiments 4 and 5, this accounted for only 3.2% of the data.
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Figure 5.11 Histogram of response times in Experiment 6

5.4.4.1 Analyses: Preference for Words vs. Part-Words
The results indicated that participants once again preferred words over
part-words. As Figure 5.12 illustrates, 58.25% of p rticip nts’ responses chose the
word, while 41.75% of their responses chose the part-word.
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Figure 5.12 Percent preference for Words over Part-words in Experiment 6
A t-test comp ring p rticip nts’ preference for words to chance level (50%
word preference) revealed a significant difference (t(19)=3.499, p<0.005). Response
times were lso c lcul ted P rticip nts’ ver ge response times when they chose
word versus a part-word are illustrated in Figure 5.13 below. As Figure 5.13
illustrates, participants were slower when they selected a part-word over a word.
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Figure 5.13 Response times to words vs. part-words in Experiment 6
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The average response times to words (1727.68 ms.) in comparison to
part-words (1782.49 ms.) were also subjected to a t-test analysis. This analysis
indicated a significant difference between response times for words versus
part-words (t(19)=3.057, p<0.05). As Figure 5.13 illustrates, participants were
significantly faster in selecting words over part-words.

5.4.4.2 Analyses: Triplet biases
In order to check whether there were significantly different preference levels
for one vowel triplet over another, as was instantiated in Experiment 4, analyses of
differences in preference levels and response times to the individual vowel triplets
were also conducted. As in Experiment 5, these differences were not as marked as in
Experiment 4. Therefore, unsurprisingly a one-factor repeated measures ANOVA
analysis, using a within-subjects and between-items design, did not reveal a
significant main effect of vowel triplet identity, either by subject (F1(3,57)=0332,
p>0.5) or by items (F2(3,76)=0.205, p>0.5). It should also be noted that though
similar analyses did find a significant difference in response time dependent on
vowel triplet in the by subjects analysis(F1(3,57)=4.415, p<0.05), it was not
significant in the by items analysis (F2(3,76)=1.937, p>0.5).19

19

As in Experiment 4, harmonicity was a potentially confounding factor in Experiment 6. Experiment 6
contained 5 part-words that were inadvertently harmonic due to their position in the stimulus stream.
However, t-tests indicated that participants’ word preference levels were significantly above chance both
when the part-word was harmonic and disharmonic (p<0.05). Although the number of items in this
comparison is small, this suggests that any effect of harmonicity of the part-word response choice is small,
at most.
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5.4.5 Discussion of Experiment 6 Results
The results of the analyses of Experiment 6 indicate that Khalkha
participants successfully acquired non-adjacent vocalic dependencies used in the
experiment, as evidenced by a significant preference for words over part-words
from the level of chance. Once again, these results contrast with the preference
levels of native French speakers in Experiment 2a and 2b in Bonatti et al. (2005).
Of most note though Experiment 6 items were dish rmonic p rticip nts’
preference levels for words over part-words was actually higher. This is contrary to
the hypothesis that participants would be aided by the harmonic status of items. In
order to see whether these differences were significant, a one-factor repeated
measures ANOVA, with within-subjects analyses and between-items subjects, was
conducted to analyze the differences in preference levels in Experiment 5 and 6.
These analyses did not reveal a significant difference in preference levels between
Experiments 5 and 6 (F1(1,38)=1.028, p>0.5; F2(1, 158)=0.797, p>0.5). It should
also be noted that similar analyses of response times also did not reveal a significant
difference in response times between the two experiments by participants
(F1(1,38)=0.355, p>0.5), though the by items analysis did result in significance
(F2(1,158)= 4.402, p<0.05). This indicates that despite the presence of an additional
cue to identify word boundaries, harmonic mismatch, participants were equally
successful at acquiring non-adjacent vocalic dependencies in both Experiments 5
and 6. The implications of this will be discussed in the conclusion to this chapter.
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5.5 Conclusion
Collectively, the results from Experiments 4, 5 and 6 offer evidence that
language-specific phonology plays an important role in biasing speakers towards
attending to certain aspects of language over others. Of specific interest here, is
p rticip nts’ preference for words over p rt-words. As illustrated below in Figure
5.14, participants in all three experiments were able to acquire non-adjacent vocalic
dependencies.
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55.16%
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45.0%
40.0%

Part-Word
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41.4%

35.0%
30.0%
Experiment 4

Experiment 5

Experiment 6

Figure 5.14 Summary of preference levels for Experiments 4, 5, & 6
This significant preference, in all three experiments, indicates that
participants noted the high transitional probability of the vowel triplets and the low
transitional probability of all other segments, both adjacent and non-adjacent, and
segmented word boundaries accordingly. These findings are particularly intriguing
in light of the inability of native French speaking participants to do the same
(Bonatti et al. 2005). These findings offer support to the original hypothesis that
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Khalkha spe kers’ bi s towards attending to vowels will allow them to successfully
acquire non-adjacent vocalic dependencies in artificial grammar learning tasks
precisely because their language requires them to attend to vowel patterns in order
to form grammatical utterances.
However, the results of Experiment 5 indicate that language-specific
phonology nd in p rticul r Kh lkh spe kers’ ttention tow rds vowels nd
harmonic classes is more complicated than previously thought. Given that vowel
triplets in Experiment 5 exhibited both high non-adjacent transitional probability
and shared phonological features (were harmonic), it would be expected that
participants would benefit from these dual cues and acquire dependencies at a
higher rate of success than either Experiments 4 or 5. Instead, there were no
significant differences between the three experiments in terms of word preference
levels.
However, it may still be the case that the phonological feature sharing was
attended to by participants. Instead of acting as a facilitatory cue, however, it may
have acted as an inhibitor as a result of a potential native language similarity effect.
When participants listened to stimulus streams, it may be the case that vowel
triplets displaying a harmony type identical to their native language triggered
inhibition due to similarity to extant lexical items in their native language: a type of
phonological neighborhood density effect.
Previous research has shown that while dense phonological neighborhoods
can facilitate visual word recognition response times, it inhibits auditory word

154

recognition response times (Garlock, Walley, & Metsala 2001; Luce & Pisoni 1998;
Vitevitch & Luce 1998; Ziegler, Muneaux, & Grainger 2003; McClelland & Elman
1986). This has been suggested to be the result of lateral inhibition of competitor
candidates in lexical access (Luce & Pisoni 1998; McClelland & Elman 1986).
Further literature examining native language effects on second language processing
(a paradigm arguably similar to an artificial grammar learning task) have also found
inhibitory effects on second language perception tasks when test items have high
phonologic l neighborhood density in the p rticip nt’s n tive l ngu ge (V n
Heuven, Dijkstra, & Grainger 1998).
An analogous effect has also been found to be caused by native language
morphological family size. Morphological family size is the measure by which words
share morphemes (Marian & Blumenfeld 2006). For example, the item house occurs
in a variety of words: housing, roundhouse, workhouse, housed etc… This creates a
family of words all of which share one morpheme. The size of this family has been
found to effect speech processing and lexical access by a variety of studies (e.g.,
Dijkstra, Moscoso del Prado Martin, Schulpen, Schreuder & Baayen 2005; de Jong,
Schreuder & Baayen 2000; Bertram, Baayen & Schreuder 2000). Of particular
interest to the results of Experiment 5, effects of native language morphological
family size have been found to inhibit second language perception tasks (Dijkstra,
Moscoso del Prado Martin, Schulpen, Schreuder & Baayen 2005).
Collectively, the results of these studies indicate that cross-linguistically,
native language neighborhood density (both phonological and morphological)
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inhibits lexical access in an L2. These findings help explain why harmonicity failed
to act as a cue to participants in Experiment 5. While Experiment 5 stimuli did not
overlap segmentally or morphologically with native Khalkha items, they did overlap
in harmonic spans; that is, experimental items were either a [+ATR] harmonic span
or a [-ATR] harmonic span. Real Khalkha words also consist of [+ATR] or [-ATR]
harmonic spans. Furthermore, as indicated by the effects of harmonic class size in
Experiment 3, Khalkha speakers attend to and form abstractions based upon these
v lues P rticip nts’ signific ntly slower response times to nonce items from the
larger class, [-ATR], suggests strongly that this larger, more densely populated class
elicited inhibition in reaction times.
It is proposed here that harmonic class size is a type of phonological
neighborhood density. Khalkha words contain either a [+ATR] or [-ATR] harmonic
span. This results in two categories (or neighborhoods or families) of Khalkha
words, all of which share the same harmonic class, much in the same way that
members of a phonological neighborhood, or a morphological family share one
segment or one morpheme. The results suggest that Khalkha speakers in
Experiment 5were subject to an inhibitory effect of native language neighborhood
density when they encountered vowel triplets which contained harmonic classes
which were identical to those found in their native language. This hypothesis is
strongly supported by post n lyses of Experiment 5 p rticip nts’ word preference
levels for [+ATR] versus [-ATR] test items. A t-test analysis found a significant
difference in p rticip nts’ word preference levels for [+ TR] versus [-ATR] items
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(t(19)=2.121, p<0.05). Participants significantly preferred [+ATR] words over
part-words more than [-ATR] words over part-words. This significant difference is
illustrated in Figure 5.15 below.
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Figure 5.15 Percent word preference levels for [+ATR] versus [-ATR] test
items in Experiment 5
Given that [+ATR] is the smaller less densely popul ted cl ss p rticip nts’
higher word preference level for [+ATR] items strongly suggests that participants
not only attended to the phonological feature sharing exhibited by items, but that
they were subject to an inhibitory effect of a form of phonological neighborhood
density which resulted in a dispreference for [-ATR] items which exhibit high
phonological neighborhood density in the sense of harmonic class size.
Though Experiment 5 participants were not assisted by the dual cues
available in Experiment 5, they still successfully acquired the non-adjacent vocalic
dependencies exhibited by the stimuli. This success, in combination with the success
of participants in both Experiments 4 and 6, indicate that the acquisition of
non-adjacent vocalic dependencies in an artificial grammar learning task is possible.
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Furthermore Kh lkh spe kers’ bility to cquire non-adjacent vocalic
dependencies in the same conditions (token/type frequency ratio) that French
speakers could not provides support to the hypothesis that the aspects of language
to which speakers attend is influenced by language-specific properties. The
implications of these findings on future and existing research must be examined in
depth. These implications are discussed in the following final chapter.
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CHAPTER 6 DISCUSSION, IMPLICATIONS, AND CONCLUSION
6.0 Introduction
This dissertation proposed that the phonologies of speakers influence which
aspects of language speakers attend to in speech. Because Khalkha displays [ATR]
vowel harmony (Svantesson, Tsendina, Karlsson & Franzén 2005) which restricts
vowel co-occurrences on a purely phonological basis, it was hypothesized that
Khalkha speakers are biased towards attending to vowels in the speech stream.
Specifically, it was hypothesized that Khalkha speakers attend to the frequency and
form with which vowel patterns occur. This hypothesis was supported by the
significant effects of vowel pattern frequency found in Experiments 2 and 3. The
hypothesis that Khalkha speakers form abstract categories called harmonic classes
which are based on the relative number of [+ATR] and [-ATR] words, or harmonic
spans, in their language was supported by the results of Experiment 3 and
Experiment 5. Finally, the hypothesis that Khalkha spe kers’ bi s towards attending
to vowels would allow them to successfully acquire non-adjacent vocalic
dependencies in artificial grammar learning tasks was also supported by the results
of Experiments 4, 5 and 6. Collectively, these results highlight the role of
language-specific phonology in the ways that speakers abstract and utilize
phonological information. These findings give rise to a variety of implications.
In this concluding chapter, the implications of these findings are discussed.
Before this discussion, however, a brief summary of the results of all six
experiments is provided. Following this summary, the implications of the

159

experimental results are discussed. Following this discussion, potential areas of
future research are addressed before the final conclusion of this dissertation.
6.1 Summary of Results
A total of six experiments were reported in this dissertation. All were
conducted with native Khalkha speakers in Ulaanbaatar, Mongolia. These
experiments were made possible through the creation of a Khalkha corpus, which
provided the opportunity to derive statistical usage-based information about the
language. This statistical information, word frequency, vowel pattern frequency,
harmonic class size, neighborhood density, and bigram frequencies provided the
foundation for all experimental work.
6.1.1 Experiment 1: Effects of Word Frequency and Vowel Pattern Frequency
Experiment 1 sought to determine three things. First, it sought to determine
whether the newly created corpus created accurate and predictive lexical statistics
about Khalkha. Secondly, it sought to determine whether Khalkhas are subject to the
same types of word frequency effects that have been extensively reported for
speakers of many other languages. Finally, it sought to determine whether native
Khalkha speakers might be sensitive to frequency effects of vowel patterns.
Experiment 1 was a word-familiarity task, in which participants read real
words of Khalkha on a laptop screen. They indicated their familiarity with each item
by pressing 1-5 on a keyboard, with 5 being the most familiar. Items were high or
low frequency words with either high or low frequency vowel patterns.
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The results indicated that participants rated high frequency words as
significantly more familiar than low frequency words. However, a significant effect
of vowel pattern frequency was not found. The results of this experiment provide
verification that the new corpus provides accurate frequency ratings of words.
Further, these results indicate that Khalkha speakers, like speakers of many other
languages, are also subject to word frequency effects. However, it was unclear
whether the lack of vowel pattern effects might be due to a confounding effect of
word frequency or unequal item numbers. Therefore, Experiment 2 was conducted
to address this possibility.
6.1.2 Experiment 2: Effects of Vowel Pattern Frequency
Experiment 2 was conducted in order to isolate possible vowel pattern
frequency effects from the word frequency effects displayed in Experiment 1. The
methodology used in Experiment 2 was essentially identical to that used in
Experiment 1. Forty participants read words on a computer screen and responded
by pushing keys on a keyboard. However, in order to isolate effects of vowel pattern
frequency, Experiment 2 was a well-formedness task on nonce words (which have a
word frequency count of 0). Participants indicated how word-like each nonce item
was on a scale of 1-5, with 5 being the most like a word of Khalkha.
The results of Experiment 2 indicated that participants rated items with high
frequency vowel patterns as significantly better formed than items with low
frequency vowel patterns. Furthermore, there was a significant effect of vowel
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pattern frequency on response times, such that participants responded significantly
slower to items with high frequency vowel patterns.
These results suggest that, in addition to information about word frequency,
native Khalkha speakers have some sort of information about the identity and
relative frequency of vowel patterns stored in their grammars and that the lack of a
vowel pattern frequency effect in Experiment 1 was in fact due to the
overshadowing effect of word frequency and unequal item numbers. However, the
nature of Khalkha spe kers’ ttention to non-adjacent vowels in their language is
unclear. While the high transitional probabilities of vowel triplets are undoubtedly a
cue for word boundary identification, it is also possible that because Khalkha
displays harmony, speakers also attend to phonological feature sharing of
non-adjacent vowels. Attention to phonological feature sharing would be a direct
result of a native phonology bias. Furthermore, if Khalkha speakers attend to
phonological feature sharing as a cue for word boundary location, this indicates that
abstract phonological information biases speakers to attend to certain aspects of
language, not just on a segmental level, but on a featural level. Therefore,
Experiment 3 ex mines Kh lkh spe kers’ sensitivity to h rmonic cl ss size
variable available only through an abstraction of the phonological restrictions of the
language, in order to test the extent to which language-specific phonology biases
spe kers’ ttention to spects of the speech stre m.
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6.1.3 Experiment 3: Effects of Vowel Pattern Frequency and Harmonic Class
Size
Experiment 3 sought to explore how phonology may influence speakers of a
language to attend to one type of sequence over another. In order to determine the
extent to which phonology influences spe kers’ ttention, harmonic class size was
chosen as the independent variable. Khalkha has two harmonic classes available:
words which contain [+ATR] vowels and word which contain [-ATR] vowels.
Because there are more [-ATR] words than [+ATR] words in Khalkha, it was
hypothesized that participants would rate nonce [-ATR] items as significantly better
formed than nonce [+ATR] items. Furthermore, it was hypothesized that
participants would respond more slowly to items from the bigger class ([-ATR]).
Experiment 3 used methodology identical to Experiment 2. A total of sixty
participants took part in a well-formedness task. Items belonged to either the
[-ATR] or [+ATR] harmonic class. Furthermore, since vowel pattern frequency was
shown to have an effect in Experiment 2, vowel pattern frequency was also
controlled. Items contained either high or low frequency vowel sequences. Words
were displayed on a laptop screen. Participants indicated how word-like each nonce
item was on a scale of 1-5, with 5 being the most like a word of Khalkha.
The results of Experiment 3 indicated that participants once again were
subject to effects of vowel pattern frequency. They rated items with high frequency
vowel patterns as significantly better formed than items with low frequency vowel
patterns. Furthermore, there was a significant difference in response time to items
with high versus low frequency vowel patterns, such that participants responded
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most quickly to items with high frequency vowel patterns. Of most interest in this
experiment, the results indicated that there was a significant difference in
well-formedness ratings of [+ATR] items and [-ATR] items. Participants rated
[-ATR] items as significantly better formed than [+ATR] items.
These results indicate that not only do Khalkha speakers attend to the
frequency and form of vowel sequences in their language, but that they also form
abstractions based upon phonological information, here: harmonic class size. The
effect of harmonic class size indicates that Khalkha speakers have noted the
discrepancy in numbers of [+ATR] and [-ATR] words, which suggests that they have
abstracted two separate classes based on phonological feature sharing. This
provides support for the hypothesis that language-specific phonology influences and
constrains the types of abstractions that are available to speakers of a language.
6.1.4 Experiment 4: Artificial Grammar Learning of Non-adjacent Vocalic
Dependencies
Experiment 4 sought to determine how language-specific phonology may
influence Khalkha speakers when acquiring non-adjacent vocalic dependencies.
Experiment 4 was a replication of Bonatti et al. (2005). It was an artificial grammar
learning task in which twenty participants were exposed to a continuous speech
stream constructed from concatenated CV syllables, where specific triplets of
non-adjacent vowels exhibited high transitional probability, while all other
transitional probabilities between both adjacent and non-adjacent segments were
low. Participants were then tested on their acquisition of these high probability
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non- dj cent dependencies through forced choice t sk between ‘words’ nd
‘p rt-words’ t ken from the tr ining speech stre m

ec use of the speci l st tus of

vowel patterns in a vowel harmonic language and also because of the vowel pattern
frequency effects found in Experiments 2 and 3, it was hypothesized that Khalkha
participants would acquire non-adjacent vocalic dependencies, evidenced through a
signific nt preference of ‘words’ vs ‘p rt-words ’ though n tive English nd French
participants displayed dif iculties doing so (Newport
Onnis Mon gh n hristi nsen
G mez

3

on tti Pe

h ter

slin
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Onnis hristi nsen h ter

, Nespor & Mehler 2005; among others).

The results of Experiment 4 indicate that participants displayed a significant
preference for words over part-words, indicating that participants successfully
acquired the non-adjacent vocalic dependencies exhibited in the training stream.
These results contrasted with the results of Bonatti et al. (2005), where native
French participants did not display a significant preference level for words over
part-words. The result of the word preference analysis in Experiment 4, in
comparison with the results of Bonatti et al. (2005) provides support to the
hypothesis that language-specific phonology influences or biases speakers towards
attending to some sorts of linguistic units (here vowel patterns) more than others.
However, the precise nature of language-specific biases of Khalkha speakers
to attend to non-adjacent vowel patterns remains to be examined. As the results of
Experiment 3 indicated, Khalkha speakers attend to phonological feature sharing
and harmonic class size in their language. These results suggest that Khalkha
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speakers would also be biased to attend to phonological feature sharing in an
artificial grammar learning task. Furthermore, vowel triplet stimuli which exhibit
harmonicity as well as high transitional probability provide two cues for word
segmentation. The presence of two cues, instead of only one, should result in a
higher word preference level in Experiment 5 than was found in Experiment 4.
Therefore, Experiment 5 was conducted in order to examine the extent to which
Kh lkh spe kers’ n tive phonology bi ses them to ttend to phonologic l feature
sharing.
6.1.5 Experiment 5: Artificial Grammar Learning of Harmonic Non-adjacent
Vocalic Dependencies
Experiment 5 sought to determine whether Khalkha participants could
acquire non-adjacent vocalic dependencies which displayed [ATR] harmony at a
higher rate of success than they acquired disharmonic non-adjacent vocalic
dependencies. It was hypothesized that because Khalkha displays vowel harmony,
speakers would be biased to attend to phonological feature sharing of non-adjacent
vowels, and therefore benefit from an additional cue about word boundary
locations.
The results of Experiment 5 showed that participants displayed a significant
preference for words over non-words, indicating that participants successfully
acquired the non-adjacent vocalic dependencies. However, despite the availability of
the additional cue, harmonicity, they did not display higher word preference levels
than in Experiment 4. In fact, analyses comparing word preference levels between
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the two experiments indicated that there was not a significant difference between
them.
However, because Experiments 4 and 5 contained different ratios of vowel
triplets and words (token/type frequency ratio), a factor which has been shown to
influence p rticip nts’ success in cquiring non-adjacent dependencies in artificial
grammar learning tasks (e.g., Gómez 2002), comparisons between the two
experiments cannot be conclusive. Therefore, Experiment 6 was conducted in order
to provide a comparison to Experiment 5. Experiment 6, like 4, used disharmonic
stimuli.
6.1.6 Experiment 6: Artificial Grammar Learning of Disharmonic Non-adjacent
Vocalic Dependencies
Experiment 6 sought to further clarify why participants in Experiment 5
were not more successful in acquiring harmonic non-adjacent vocalic dependencies.
In order to do this, Experiment 6 sought to provide baseline comparison results
with which to compare Experiment 5 results using an equal token/type frequency
ratio to ensure equal difficulty of both experiments. Experiment 6 was a replication
of Experiment 5, with the exception that all vowel triplets were disharmonic. It was
hypothesized that participants in Experiment 6 would successfully acquire
non-adjacent vocalic dependencies, as evidenced through a significant preference
for words over part-words. However, it was also hypothesized that participants
would do so at a significantly lower preference levels for words over part-words
than participants in Experiment 5.
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The results of Experiment 6 indicate that participants, once again,
successfully acquired non-adjacent vocalic dependencies, as evidenced by a
significant preference for words over part-words. Furthermore, there was a
significant difference in response times to words versus part-words in Experiment
6. Participants responded significantly faster to words over part-words. However,
comparisons of the preference levels in Experiments 5 and 6 did not yield any
significant differences, despite the difference in stimuli harmonicity.
The failure of harmonicity to act as a word boundary spotting cue for
Experiment 5 participants makes it unclear whether participants attended to
phonological feature sharing or the harmonic class of stimulus items. Therefore, in
an attempt to clarify whether participants attended to the presence of feature
sharing or not, additional analyses were conducted to determine if Experiment 5
participants responded to [-ATR] items significantly different than to [+ATR] items.
Specific lly p rticip nts’ word preference levels for [-ATR] words versus [+ATR]
words was compared. This analysis revealed a significant difference, such that
participants preferred [+ATR] words significantly more often than they preferred
[-ATR] words. This significant difference in preference levels between the harmonic
classes indicates that participants not only noted the harmonic class of items, but
further that they were subject to a harmonic class size effect analogous to a type of
phonological neighborhood density effect.
As mentioned previously, [+ATR] is a smaller harmonic class than [-ATR] and
as the results of Experiment 3 indicates, Khalkha speakers are sensitive to the
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difference in size between the two classes. That participants preferred words from
the smaller class falls in line with previous findings about phonological
neighborhood density effects which indicate that while large phonological
neighborhoods inhibit p rticip nts’ responses in uditory t sks

sm ll

neighborhood f cilit tes p rticip nts’ responses both within p rticip nts’ n tive
language (Garlock, Walley, & Metsala 2001; Luce & Pisoni 1998; Vitevitch & Luce
1998; Ziegler, Muneaux, & Grainger 2003; McClelland & Elman 1986) and for
p rticip nts’ perform nce in L t sks (V n Heuven Dijkstr

Gr inger 998)

These findings help explain why harmonicity failed to act as a cue to
participants in Experiment 5. While Experiment 5 stimuli did not overlap
segmentally with native Khalkha items, they did overlap in harmonic spans.
Experimental items contained either a [+ATR] harmonic span or a [-ATR] harmonic
span. Real Khalkha words also consist of [+ATR] or [-ATR] harmonic spans.
P rticip nts’ signific ntly lower preference level for nonce items from the l rger
class, [-ATR], suggests strongly that this larger, more densely populated class
elicited inhibition in reaction times.
6.2 Implications
Collectively, the results of the experiments indicate that Khalkha speakers
are biased to attend to non-adjacent vowels not only in their own language, but also
in novel language input (e.g., the artificial grammars in the AGL tasks). The results of
Experiments 2 and 3 indicate that this attention to non-adjacent vowels has resulted
in grammatical knowledge about the form and relative frequency of vowel patterns
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in their language. Furthermore, this knowledge about the form and relative
frequency of vowel patterns extends beyond noting segmental co-occurrence
probabilities. As the results of Experiment 3 and Experiment 5 indicate, Khalkha
speakers also attend to the presence of phonological feature sharing between nonadjacent vowels, not only in their own language, but as the results from Experiment
5 indicate, in novel language input as well. Moreover, Khalkha speakers use this
knowledge about phonological feature sharing to build abstract categories,
harmonic classes, populated with the relative numbers of [-ATR] and [+ATR] words
in their language. The effect of these bstr ct cl sses on Kh lkh spe kers’
responses and response times acts in an analogous fashion to known effects of
phonological neighborhood density and morphological family size. Specifically, this
means that Khalkha speakers, when encountering items from the larger harmonic
class, exhibit an inhibition effect in their responses and response times, in the same
way that large phonological neighborhoods and large morphological family size
inhibits p rticip nts’ responses and response times in both native language and L2
language tasks.
6.2.1 The Language-specific Basis of Phonological Biases
These findings provide strong evidence about the aspects of speech to which
Khalkha speakers attend. But to what extent are these aspects of language
universally attended to? Would a French or English speaker also attend to nonadjacent vowels, note phonological sharing between them, and build abstract
categories representing the relative number of items which share a phonological
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feature? It is unlikely that speakers of languages like English or French would do so,
particularly given the results of Newport & Aslin (2004) and Bonatti et al. (2005).
The phonologies of languages like English and French give speakers no reason to
attend to non-adjacent vowels because they do not need to conform to specific
constraints about non-adjacent vowels in order to form grammatical utterances. In
contrast, a vowel harmonic language, like Khalkha, requires that speakers attend to
non-adjacent vowels as well as phonological feature sharing precisely for the reason
that if non-adjacent vowels are not constrained according to the rules of harmony,
utterances produced would not be grammatical.
The results of previous artificial grammar learning experiments reviewed in
this dissertation have much to offer in terms of clarifying exactly what speakers of a
given language may attend to in the speech stream. For example, these studies
provide strong evidence that language speakers can be sensitive to transitional
probabilities of non-adjacent segments. Participants in these experiments were able
to acquire, solely on the basis of transitional probability, non-adjacent consonantal
dependencies, syllabic dependencies, and in some contexts vocalic dependencies
(Newport & Aslin 2004; Bonatti et al. 2005). Participants exhibited sensitivity to the
transitional probability of the co-occurrence of all these unit types, though their
native languages (English and French respectively) do not phonologically constrain
non-adjacent co-occurrence of these units. However, their sensitivity to transitional
probability as a cue to word boundaries was not universal. That is, participants in
these experiments did not acquire all the dependencies they were exposed to.
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Despite high transitional probability cues, participants in Newport & Aslin
(2005) did not acquire non-adjacent CV syllabic dependencies. Similarly, despite the
presence of transitional probability cues, participants in Bonatti et al. (2005) were
only able to acquire non-adjacent vocalic dependencies when items were
instantiated in a specific token/type frequency ratio (two vocalic dependencies with
eight items each). This suggests that though an important cue, transitional
probability alone cannot explain the variation in acquisition success of some types
of linguistic elements over others. Other factors must be active in influencing the
types of non-adjacent phonological dependencies which participants may acquire in
artificial grammar learning tasks.
This dissertation has proposed that the types of phonological elements to
which speakers attend is biased by their native language phonology. As the results
from Experiment 4 indicate, Khalkha speakers were able to acquire non-adjacent
vocalic dependencies in precisely the same circumstances (identical token/type
frequency ratios) in which French participants failed to do so in Bonatti et al.
(2005). It must be questioned why Khalkha participants were successful at this task
when native French participants were not (Bonatti et al. 2005). If it were simply a
case of noting statistical probability of vowel triplets, then it should be assumed this
is a universal cognitive ability. Yet, this cannot be the case given that French
participants did not note the same transitional probabilities. These results, when
compared to the results of Bonatti et al. (2005) seem to suggest that native language
phonology may play a role in influencing attentional bias of participants.
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Because Khalkha phonologically constrains the co-occurrence of nonadjacent vowels and French does not, comparison of these results suggests that
n tive l ngu ge phonology influences l ngu ge spe kers’ ttention tow rd cert in
linguistic elements over others. It is proposed here that French speakers failed to
acquire non-adjacent vocalic dependencies (unless the token/type frequency ratio
was such that a high level of dependency repetition occurred) in Bonatti et al.
(2005) because their native language phonologies do not bias them towards
attending to non-adjacent vowels. Conversely, it is proposed Kh lkh spe kers’
successful acquisition of non-adjacent vocalic dependencies is the result of a bias
towards attending to non-adjacent vowels in the speech stream.
Because Khalkha displays [ATR] and rounding harmony (a phonological
constraint on non-adjacent vowels within words in the language), the number of
vowel patterns is restricted and are thus easier for speakers to identify and track.
Furthermore, because of the nature of these constraints, non-adjacent vowels within
a word are required to be phonologically similar; they are required to share the
same value of the phonological feature [ATR] and are subject to further restrictions
on the basis of the feature [Round]. Therefore, Khalkha speakers are biased by the
structure of their language to not only note transitional probabilities on a segmental
level, but also on a featural level. This bias to attend to non-adjacent vowels made it
possible for Khalkha speakers to acquire non-adjacent vocalic dependencies in all
three artificial grammar learning experiments.
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6.3 Future Research
Much about the phonological elements which speakers attend to remains
unknown. Future research has much to clarify in terms of the types of phonological
elements to which speakers attend in language perception. Furthermore, the nature
of this attention and the extent to which it is biased by native language phonology
also must be further examined. For example, the results of this research indicate
that both transitional probabilities and language-specific biases influence language
speakers. Further examination of how these two factors interact is needed. It’s
possible that both types of information are equally important as cues to language
spe kers but it’s lso possible th t one cue is more he vily used th n nother One
must question why native English and French speakers were able to acquire nonadjacent consonantal and syllabic dependencies. As mentioned, English and French
do not place phonological restrictions on these non- dj cent elements so spe kers’
ability to acquire non-adjacent dependencies in artificial grammar learning tasks
raises questions about the strength of transitional probability as a cue. Why is it that
transitional probability acted as a cue to identifying only certain non-adjacent
dependencies for these language speakers?
In order to clarify the nature of language-specific biases on speakers,
speakers of languages with different structures must be tested. For example,
replications of Experiment 5 and 6 conducted with speakers of non-vowel harmonic
languages would be highly informative. Such replications would provide data about
the predisposition of speakers of non-vowel harmonic languages to acquire non-
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adjacent vocalic dependencies. Additionally, replications of Experiments 5 and 6
with speakers of different types of vowel harmonic languages would also be
enlightening. Khalkha Mongolian, a language which contains two types of harmony
in addition to both opacity and transparency, represents only one type of harmony
system. Vowel harmonic systems can be composed of a several features which vary
typologically. Just a few examples of the types of vowel harmonic language which
exist are: a vowel harmonic language which exhibits only one type of harmony, a
vowel harmonic language which exhibits only transparency, a vowel harmonic
language which exhibits only opacity, or a vowel harmonic language which contains
harmony in only a subset of the lexicon. The extent to which the biases these
phonologies exert on speakers vary must be further explored. Such research has
much to offer in terms of clarifying the ways in which native languages can bias the
ways in which speakers utilized and abstract phonological information on a
language-specific basis.
6.4 Conclusion
The results of the experiments in this dissertation provide psycholinguistic
data on an understudied vowel harmonic language, Khalkha. These results also
provide evidence that Khalkha speakers attend to not only the form but also the
relative frequency with which vowel patterns occur in their language. Furthermore,
they provide evidence that Khalkha speakers note the presence of phonological
feature sharing (or harmonic spans) between non-adjacent vowels within a word.
Moreover, they use this information in the formation of abstract classes, harmonic

175

classes, which are based on the relative numbers of words with differing values for
the phonological feature [ATR]. Furthermore, these results also indicate that this
phonological knowledge and bias toward non-adjacent vowels in Khalkha also
influences Khalkha speakers when perceiving novel language input. Finally,
comp rison of Kh lkh spe kers’ bility to cquire non-adjacent vocalic
dependencies in artificial gramm r le rning t sks to French spe kers’ f ilure to do
so, provides support to the hypothesis that language-specific phonology plays an
important role in biasing speakers towards attending to certain aspects of speech
over others. In particular, they suggest that speakers of Khalkha attend to the form
and relative frequency of vowel patterns in their language.
These results suggest new ways of looking at vowel harmonic languages,
particularly in regard to speech perception and cognitive processes. The special
status of harmonic vowel patterns and harmonic class size are new variables with
which to conduct future research on vowel harmonic languages and with vowel
harmonic language speakers. The role of statistical probability as a joint cue with
language-specific phonology is particularly revealing in terms of the cognitive
abilities upon which humans rely in speech perception. Finally, the effects of
language-specific phonology on speech perception and lexical access must be
considered a crucial aspect in future psycholinguistic research, particularly in
regards to the types of phonological elements to which speakers attend.
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