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ABSTRACT
All languages exhibit the duality of patterning, where words are formed via discrete
meaningful units called morphemes, which in turn are made up of lexically contrastive
phonemes. Some contrasts have been found to do more ‘work’ in a language than others. This
notion of ‘work’ done by a contrast is referred to as functional load, which can be computed
using methods from information theory. This method has been found to accurately predict the
potential for elimination of a phonological contrast, such as a merger. In this thesis, functional
load and other quantitative measures are used to investigate the phonological relationships in a
purported near-merger of two vowel pairs in Icelandic, termed flameeli (‘skewed speech’)
vowels. The findings indicate the high propensity for elimination of one of the two contrasts, and
suggest that this near-merger is an instance of an intermediate phonological relationship. The

apparent nature of the merger is confirmed.
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CHAPTER 1
INTRODUCTION

1.1. Background

All human languages exhibit what is referred to as the “duality of patterning”, that is the
ability to form discrete meaningful units, or morphemes, which in turn are made up of mostly
meaningless, but contrastive elements that are phonemes (Hockett 1960; Sandler et al. 2011).
Over the course of the life of a language, certain phonological changes occur: phonemes can
merge, shift, split, and cease to exist. Some good examples are the merger of high and mid-high
front vowels (i- and e-types) in a variety of British English (Norwich area), referred to as the
beer-bear merger (Trudgill 1974); the Northern Cities Shift, a complex vowel shift, some of the
characteristics of which include the raising, tensing and lengthening of /&/, the fronting of /a/,
the lowering of /o/, etc. (Labov 1994); an example of phoneme deletion would be the tendency of
some American English speakers in the Northeastern states to pronounce the word human as
[jumaon] rather than [hjumon], thereby deleting [h] before the high front glide (Labov, Ash &
Boberg 2006).

Observed changes like these caused some researchers to suggest (Mathesius 1929;
Trubetzkoy 1939) that some phoneme contrasts might be doing more ‘work’ than others, and that
this ‘work’ might indicate the degree of said contrasts’ stability, in particular concerning
mergers. The notion of functional load was introduced (Martinet 1952), implying that every
phonological contrast in a language carries a certain amount of yield and depending on whether

the load is high or low, a contrast would be less or more likely to merge, respectively.



Currently, functional load is used in various fields in linguistics, such as automatic
speech recognition (ASR), historical linguistics, child language acquisition, and linguistic
typology (Surendran & Niyogi 2003). It can also be used to determine whether a contrast in a
language is likely to be eliminated, and help investigate sociolinguistic implications in cases
where only a certain group of speakers perceives and/or produces a phonological change. Until
recently the functional load hypothesis was largely unsupported, with various calculation
methods and inconclusive results failing to find proof that functional load accurately predicts the
stability of a phonological contrast. However, in 2013 such evidence was found (Wedel, Kaplan
& Jackson 2013), and thus the way was paved for the use of functional load to research
phonological contrasts (Wedel, Jackson & Kaplan 2013; Renwick et al. 2016; Renwick & Ladd
2016; Nadeu & Renwick 2016; Renwick & Nadeu 2018).

This thesis uses functional load, as well as other quantitative measures to investigate the
potential for merger of two mid vowel pairs in Icelandic, referred to here as the “flamceli”
(['flau:mai: 11]) vowel pairs. This phenomenon emerged in the 19" century in Iceland and was
viewed as something uncouth, to the point where the Icelandic government took steps to
eradicate it by means of strict prescriptive instruction in schools. Had this merger occurred,
words such as those in (1) would be perceived as homophonous:

(1) Flameeli examples

skyr [skrr] ‘Icelandic milk product’ vs. sker [ske:r] ‘reef’
flug [fly:x] “flight’ vs. flog [flee:x] ‘patch of ground without vegetation-PL’

The findings of studies conducted in the late 20" — early 21% centuries (Bjorn
Gudfinnsson 1981; Hoskuldur brainsson & Kristjan Arnason 1984; Birna Arnbjornsdottir 1990;
Birna Arnbjornsdottir 2006) suggest that the merger did not, in fact, occur; most likely it was not

a full, but rather an apparent merger, where two sounds do not merge, but rather assume



intermediate qualities (Labov, Yaeger & Steiner 1972; Labov 1994). This helps shed more light
on the success of the government’s effort to eradicate the phenomenon.

1.2. Research Objectives and Questions

Three main objectives are addressed in this thesis. The first objective is to investigate
functional load values in relation to the perceived vowel merger in Icelandic spoken in Iceland
(Modern Icelandic, or MI henceforth) and synchronically in the variety of the Icelandic language
spoken in North America from the early 1900s to the present day (termed North American
Icelandic, NAI henceforth).

The second objective is to determine whether the merger is likely to occur in the future in
Iceland, in MI (Birna Arnbjornsdéttir 1990)!, and therefore to determine whether past
prescriptive efforts to eradicate the merger as a stigmatized feature were substantiated, in other
words, to determine whether there was an actual danger of lexical and morphological confusion.
Prescriptivism itself is never justified; languages change, and stifling this change goes against the
natural course of events.

The final objective is to determine whether the theory that flamceli is an apparent, rather
than full, merger, which is further supported by quantitative evidence from functional load and
other measures. The first objective is accomplished through a discussion of quantitative corpus
data. The prediction for the second and the third objectives is that the functional load values will
be lower for the flamceli vowels than for other contrasts in the language, thus indicating a higher
likelihood for the elimination of these phonological contrasts in the future, and providing

additional evidence to the apparent merger theory and substantiating the Icelandic government’s

! Due to the Icelandic naming traditions, Icelandic authors are cited using their full names. Icelandic names consist
of the first name, e.g. Jon, a middle name, most of the time omitted, and the patronymic, e.g. Olafsson “son of
Olafur”. In rare instances where an Icelandic individual does have a last name, e.g. Laxness, they will be cited using
regular style guidelines.



concerns. Additional quantitative methods such as the predictability of the vowels’ distribution
and the Kullback-Leibler measure of dissimilarity between probability distributions are also
involved in the determination of the phonological status of the mergers. The specific research
questions posed are thus the following:
1. Is the apparent merger of the flamceli vowel pairs related to their functional load?
2. Are the flameeli contrasts likely to be lost in the future?
3. Had the flameceli contrasts been lost, would much confusion ensue?
4. Are the flameeli contrasts in a contrastive or allophonic relationship?
5. [If the flamceli vowels are not in either contrastive or allophonic relationship, what
factors play the biggest role in the difficulty in assigning one or the other type of
relationship to these particular contrasts?

1.3. Thesis Structure

This thesis is comprised of five chapters, this introduction being the first. The second
chapter presents background information on the main topics of the thesis: functional load, the
vowel system of Icelandic, and the phenomenon of flameeli, as well as a review of the literature
on these topics. In addition, part of the chapter is dedicated to the introduction of the concept of
an intermediate phonological relationship. Chapter 3 discusses the predictions for the
aforementioned research questions, introduces the data set and the experimental methods used to
investigate the vowel contrasts, including functional load, the Kullback-Leibler Divergence, and
Predictability of Distribution. The fourth chapter provides the results of the calculations
presented in Chapter 3, and finally, Chapter 5 is devoted to the discussion of the results and the

phonological status of the contrasts in question. The thesis is wrapped up with the conclusion,



followed by the bibliography and the Appendices, which present samples of the data set, scripts

and programs used to obtain the quantitative results.



CHAPTER 2

BACKGROUND INFORMATION

2.1. Functional Load

The concept of functional load (FL) is not exactly new and is fairly well known among
linguists, having been researched since the end of the 1920s. The first mentions of the term can
be found in the works of the Czech structural linguist Vilém Mathesius (1929), and his colleague
from the Prague Linguistic Circle, Nikolai Trubetzkoy (1939). The first detailed hypothesis was
formulated by André Martinet (1952), who suggested that “a phonological opposition that serves
to keep distinct the phonemes in hundreds of most frequent and useful words might offer a more
successful resistance to elimination than one which only serves a useful purpose in very few
instances”. Martinet went as far as was possible without offering any specific method of
quantifying the functional load of a contrast. He defined functional load as the number of lexical
pairs (minimal pairs) which would have been complete homophones if it were not the case that
one word of the pair presents member A of the opposition where the other shows member B. The
current understanding of functional load, which is discussed later in the chapter, is different from
this.

The hunches that Martinet had about functional load were in some cases on the right
track, and in other cases wrong: as an example of the former, he suggested that if the number of
minimal pairs as mentioned above is high, for instance taking the /p/~/b/ contrast in English, the
functional load, or yield, would also be high. The opposite will hold true for a contrast with a

small number of minimal pairs, such as /6/~/d/ in English: a small minimal pair count equals low



functional load. This, as will be shown further, was a starting point of the current understanding
of functional load. An example of Martinet’s conclusions that turned out to be correct is the very
definition of the term, proposed in his 1952 article.

In his later essays on the subject Martinet somewhat refined the definition of functional
load, proposing that it referred to the amount of “work” done by a phonological contrast in a
language (1955), but never suggested any method of quantification for it. Such suggestions were
made by a number of other researchers (Kucera 1963; Hockett 1955; Hockett 1966; Wang 1967;
King 1967). Henry Kucera proposed a method aimed at distinctive features, rather than
phonological contrasts, and his data set included two corpora of 100,000 phonemes: one from
Russian and one from Czech. Charles Hockett in 1955 proposed the first method for the
quantification of functional load of a phonological opposition: his methodology was novel in that
it took into account word frequency, something that hadn’t been suggested in prior research,
which focused on minimal pair count. Hockett’s definition of FL involved some information
theory-specific concepts introduced by Shannon (1948), including the concept of entropy, or the
amount of uncertainty in a linguistic system. This definition treats language as a sequence of
phonemes, whose entropy can be computed. The sequence in question is infinite, representing all
possible utterances in the language, which is, of course, impossible in practice. Hockett’s idea
was that functional load can be expressed in the following equation:

Equation 2.1.1.

H(L) - H (L,
FL(x,y) = ()H(L)( y)

In the above equation FL(x,y) is the functional load of the contrast between phonemes x
and y, H(L) is the amount of information A transmitted by the language L. The denominator is

included to make the equation interpretable as the fraction of information lost by Z when the x/y



opposition is eliminated (Surendran & Niyogi 2003): the higher the uncertainty created by the
elimination of a contrast, the higher the entropy.

Despite suggesting this methodology, Hockett did not, in actuality, perform any
calculations with it. This was attempted (unsuccessfully) by William Wang (1967), and Robert
D. King (1967). King found no evidence for Martinet’s hypothesis, and came to the conclusion
that it was false, perhaps overly harshly.

All of the aforementioned works focused on individual case studies, since the data and
the computational power were extremely limited (the computations were usually done with the
help of decimal computers such as the IBM 1410), and so for the time being the results remained
inconclusive.

One of the main claims about functional load directly derives from the original
assumption by Martinet: the greater the contribution that a phonological contrast brings to word
differentiation, the less likely this contrast is to be eliminated over the course of language
history. What it means for this thesis is that the higher the FL score, the less likely a phoneme
pair is to merge, and the lower the FL score, the more it is likely that the merger will occur. As
mentioned above, until recent time there was no evidence to support this claim. In their 2013
study Wedel, Kaplan, and Jackson presented the first analysis providing significant evidence that
functional load scores are indeed indicative of the potential for elimination of phonological
contrasts in that the probability of phoneme merger is inversely related to the functional load. In
this study they used data from multiple languages in order to calculate the functional load scores
for several phoneme mergers. They followed the work of Surendran and Niyogi (2006; 2003),
using a combination of two methods of functional load calculations, discussed below.

The assessment of functional load in Wedel et al.’s (2013) study relies on two major



methods of calculation: the minimal pair count and the change in entropy count. Two levels of
analysis were investigated for this study: the word level and the phoneme level. At the word
level, the number of minimal pairs in the corpus defined by a phoneme pair was compared to the
change in word-level entropy of the corpus upon merger of the phoneme pair. At the phoneme
level, the phoneme probability in a corpus was compared to the change in the phoneme-level
entropy upon merger of the phoneme pair. The individual phoneme probabilities are calculated

according to Equation 2.1.2, where ¢;is a phoneme, f(¢,) is the frequency-count in the corpus, €

is the size of the corpus, and @is the set of all phonemes in that corpus.

Equation 2.1.2. (From Wedel, Kaplan & Jackson 2013:180)

)
PO =5 7

Apart from the individual probabilities, the predictive values of the higher-probability
member and (separately) the lower-probability member of the phoneme pair, as well as their
sum, were also tested.

The second method of calculating the functional load of a phonological opposition, also
used in that particular study involves the calculation of change in entropy, and is based on
methods borrowed from information theory. In order to adequately explain this definition of
functional load, a brief clarification of the concept of entropy needs to be provided.

As Surendran and Niyogi explain it,

Suppose there are two native speakers of L in a room. When one speaks, i.e.
produces a sequence of phonemes, the other one listens. Suppose the listener fails

to understand a phoneme and has to guess its identity based on her knowledge of



L. H(L) refers to the uncertainty in guessing; the higher it is, the harder it is to

guess the phoneme, and the less redundant L is. (2006:47)

This uncertainty, or H(L), is the entropy that can be measured. Since it is impossible to
obtain all of the phoneme sequences in a language, the entropy is calculated for a corpus C,
representative for the given language.

Wedel et al. (2013) calculated the change in entropy for their corpora based on Equations
2.1.3 and 2.1.4, where x is an element from the set X, and p(x) is the measured probability of the
element x in the corpus € The entropy was calculated at both phoneme and word level: for the
phoneme level, Xis the set of the phoneme types, while at the word level X'is the set of word
types in the corpus.

Equation 2.1.3. (From Wedel, Kaplan & Jackson 2013:181)

H(C) == ) p(logep()

xX€EX

The change in entropy in a corpus upon a loss of contrast /a/~/b/ is calculated according
to Equation 4. In this equation, H(Cx) is the entropy of a corpus measured at level X, while
H(Cxa-s) is the entropy calculated with phonemes a and b merged by replacement with a single
phoneme.

Equation 2.1.4. (From Wedel, Kaplan & Jackson 2013:181)

H(CX,a~b)

AH(Cxab) = H(Cx) ==

The quantitative data obtained using the calculations described above was used in
statistical analyses, the results of which represent the first statistical evidence that the probability

of phoneme merger is inversely related to functional load.
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The Wedel et al. (2013) study thus paved the way to using functional load in quantitative
linguistic research, combined with other statistical and information theory-specific methods
(Renwick et al. 2016). In this thesis I follow these and other studies to obtain functional load and
other quantitative and statistical data and use the results to make generalizations about vowel
contrasts in Icelandic.

2.2. The Icelandic vowel system

Before providing an overview of the Icelandic vowel system, it is necessary to note that
in this thesis I discuss two varieties of the Icelandic language. The first variety, which is spoken
currently in Iceland, I refer to as Modern Icelandic (MI). The second variety, an immigrant
language spoken by communities of Icelanders and their descendants in North America
(Manitoba in Canada and North Dakota in the United States), is referred to as North American
Icelandic (NAI). The two varieties are mutually intelligible, displaying some minor
morphological, lexical, and phonological divergence, and NAI shows traits consistent with trends
observed for immigrant languages (Haugen 1953), such as morphological simplification, major
influx of lexical borrowings, and phonological simplification (Birna Arnbjoérnsdottir 1990). The
latter is of the most importance to this thesis, as it includes the perceived merger in the system of
front unrounded (/1/~/¢/) and rounded (/y/~/ce/) vowels, also observed in the middle of the 20™
century in Iceland (Kristjan Arnason 2011), termed fldmeeli, or ‘skewed speech’. This merger
and its nature are further discussed in Section 2.3.

The vowel system of Icelandic consists of 8 monophthongs and 5 true diphthongs
(Kristjan Arnason 2011; Birna Arnbjornsdéttir 2006; Stefan Einarsson 1945; Gussmann 2011); it
is a rather large vowel system, compared to others among the world’s languages (Maddieson

2013). The vowel system is presented in Table 2.2.1 below.
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Table 2.2.1. The Icelandic vowel system

front back
-round +round -round +round
high i/ u/
high mid n/ Y/
low mid /el /ce/ /ol
low /al

In Table 2.2.2, the phonemic units are represented in IPA notation, with the most
common orthographic representation in parentheses:

Table 2.2.2. Phonemic and orthographic representations of Icelandic vowels

Phoneme Orthography Example Gloss
i/ @ y), bill [pitl] ‘car’
n/ (i, ») mynd [mint] ‘image’
/el (e) fer [fer] ‘to go-1.PRS’
/al (a) madur [ 'ma:dvr] ‘man’
/ (1) ulfur ["ulvyr] ‘wolf’
x/ (u) gulur [ 'ky:lyr] ‘yellow’
/3/ (0) koma [ 'ko:ma] ‘to come-INF’
/ce/ (0) orn [ certn] ‘eagle’

For the sake of consistency in the overall description of the vowel system, a short
description of the diphthongs is necessary. The Icelandic diphthongs are combinations of one of
the monophthongs and either /i/ or /u/. The /i/-diphthongs come in two varieties: rounded and
unrounded. These diphthongs can be treated as combinations of /a/ and /o/ with /u/ (/u/-
diphthongs) and /a/, /¢/, and /ce/ with /i/ (/i-diphthongs), thus being concatenations of two

monophthongs. Examples are presented in Table 2.2.3:
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Table 2.2.3: MI diphthongs

Roundedness | Main vowel | Phoneme | Orthography Example Gloss
/ai/ (ce) deemi ['daizmi] | ‘example’
Unrounded T . : .
/i/-diphthongs /ei/ (ei, ey) ey [ei:] ‘island’
/cei/ (au) auga [ 'ecy:.ga] ‘eye’
Rounded /ou/ ) )tk [fou:]k ‘ le’
e /u/-diphthongs on (0,) jiO - [ ou:Jid] peope
/au/ (a) mani [ 'mau:.ni| ‘moon’

It is therefore evident that the /u/ diphthongs are combinations of /a/ and /o/ with /u/ as a
second part, and that the /i/ diphthongs are concatenations of /i/ with /a/ and /e/. Kristjan Arnason
(2011) argues that the apparent complication in the case of /cei/, being that the diphthong is
normally represented phonetically as [cey], where the second constituent is rounded, can be
explained by the rounding spread from [ce] to the original [i] due to coarticulation.

Each of the vowels in MI comes in short and long variants, as illustrated in Table 2.2.4:

Table 2.2.4: Long/short opposition in MI vowels and diphthongs

Long Short

1. Monophthongs

kyr [kir] ‘cow’

skyr [skrr] ‘a variety of yogurt’
hefur [ 'he:.vyr] ‘to have-3.PRS’
dalur ['ta:lyr] ‘valley’

bud [pu:0] ‘shop’

bodid ['bo:.010] ‘to offer-PST.PTCP’
hugur ['hy:..yyr] ‘mind’

ol [ce:l] ‘beer’

kyrnar [ 'kirt.nar] ‘cows-PL.DEF’
synd [sint] ‘sin’

fell [fet]l] ‘mountain’

vatn [Vahﬁol] ‘water’

kurnum [ 'kurt.nym] ‘diet-DEF.DAT’
borda ['por.da] ‘to eat-INF’

gull [kvytl] ‘gold’

bjorn [bjeertn] ‘bear’

2. Diphthongs

meeta [ 'mai:.ta] ‘to appear-INF’
audur [ cey:.0vr] ‘wealth’
eygja ['ei..gja] ‘to see-INF’
mal [mau:l] ‘matter’

[on [loun] ‘lagoon’

scett [sai't] ‘settlement’

auds [cey0s] ‘wealth-GEN’

eygst [eixst] ‘to see-PST.PTCP.MID’
malfreedi [ 'maul.frai:. 01] ‘linguistics’
lons [louns] ‘lagoon-GEN’

13




The distribution of long and short vowels appears to be generally regular and follow the
so-called length rule (Gussmann 2001; Kristjan Arnason 2011), whereby open syllables have
long vowels, and closed syllables have short vowels, with several exceptions, such as when
consonant clusters of /p, t, k, s/ followed by /v, j, r/ form well-formed onsets to the following
syllable, or when the nucleus is formed by a diphthong. Vowel length plays a very important role
in the distribution of the perceived vowel merger discussed in greater detail in the next section.

Vowel length in MI is determined by syllable weight, and by stress: it is necessary to
mention that in Icelandic the primary stress always falls on the first syllable, while secondary
stress falls on every second syllable after that. Icelandic morphemes are usually mono- or
disyllabic; longer compounds are formed via combination of these:

e Monosyllabic: mdl ['mau:l] ‘language’
e Disyllabic: freedi [ 'frai:.01] ‘study’
e Combination of the two: mdlfreedi [ ' mau:l.frai:. 01] ‘linguistics’

e Same with added suffix: malfreedingur ['mau:l.frai.. 0m.kyr] ‘linguist’

2.3. Flameeli, or ‘Skewed speech’

While Icelandic is generally regarded as a homogeneous language with no significant
dialectal variation dialectally and synchronically (barring, perhaps, the North American variety),
some phonological features do exist that may identify a speaker from a certain geographical area
of the country (Birna Arnbjornsdoéttir 1990). In the 1940s the first extensive study of dialectal
variation in Icelandic was undertaken by Bjorn Gudfinsson (1946; 1964; 1981). The original
study involved 10,000 informants, including 7,000 children, or 93% of all children in Iceland

between the ages of 10 and 13. Eight variant groups of speakers were identified, however, only
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one group is of interest to this thesis, namely the group that exhibits the perceived context-free
merger of the high mid vowels /1/ and /y/ with the corresponding low mid vowels /¢/ and /ce/.
This merger is almost exclusively restricted to the long system; however, there are still instances
of flamceli in short vowels. Because of this, the length of fldmceli contrasts is not specified.

Table 2.3.1. The perceived merger in the Icelandic vowel system

front back
-round +round -round +round
high i/ u/
1/ Y/
mid M M
/el /ce/ /a/
low /a/

This feature emerged in the 19" century in three key areas of Iceland (see Figure 2.3.1),

and quickly became stigmatized as ‘slack-jawed speech’ (Birna Arnbjornsdéttir 2006).

. Southwestern
[ Northwestern

. Eastern

Highest emigration

Figure 2.3.1. Geographical distribution of Flameeli in Iceland (Birna Arnbjornsdottir

2006)

15



For a better understanding of the social complications, a brief explanation of Icelandic
language purism is in order. Icelandic is a conservative language (Viker 2010), mainly because
of the isolated nature of the area, tightly-knit circle of 321,040 speakers (Simons & Fennig 2018)
and the identification of the language with the culture and literature (Birna Arnbjornsdottir
1997). Language contacts and active borrowing go as far back as the 9th century, when speakers
of then Old Norse encountered Middle English in fellow settlers of Iceland. Contacts with
Danish and German have also brought many loanwords into Icelandic (Eyvindur Eiriksson
1991). As a result, linguistic purism has been active in Iceland since at least 1609, when
Arngrimur Jonsson the Learned called for the necessity to preserve the purity of Icelandic (Gisli
Palsson 1989). The main goal of the purism movement has been the eradication of foreign
influences as well as internal linguistic changes, and one of the most successful efforts of such
purification has been a widespread movement to battle flamceli, which has been viewed as ‘slack-
jawed’ speech, thought to hinder communication because of confusion in pronunciation, which
has also been transferred into orthography by schoolchildren (Birna Arnbjérnsdoéttir 1990;
Blondal 1985).

In her extensive investigation of flamceli Porunn Blondal cites two examples of the
criticism unleashed on this variation by the leading Icelandic language scholars of the day, Jakob

Johannsson Sméri and Jon Ofeigsson (1985):

Aftur er mesta naudsyn, ad uppreeta algjorlega Nesjaframburdinn svonefnda...

Virdist hann heldur breidast ut og vita flestir islenzkukennarar hér syora, hver

vandreedi eru ad fast vio penna leida malgalla.

16



[Again, it is of the greatest necessity to completely eradicate the Peninsula
Pronunciation?. ... It seems to be spreading out, and many teachers of Icelandic
here, down South, know what sort of trouble goes with this diseased language.]

(Jakob Joh. Smari 1917:112)?

Udtalen anses for plebejsk og undgaas af alle dannede Mennesker.
[This pronunciation is considered plebeian and is avoided by all well-rounded
men. |

(Jon Ofeigsson 1980:XXVII)

Fldmeeli had its heyday in the middle of the 20™ century (Kristjan Arnason 2011), but the
aforementioned calls for eradication were indeed answered by the government. The main
onslaught was undertaken by teachers of Icelandic, who were given strict guidelines on teaching
the pronunciation of réttmeeli, or the “correct speech” (Bjorn Gudfinnsson 1981:55-63). As a
result of this coordinated effort, flamceli was eradicated in Iceland and is not considered a feature
of Modern Icelandic anymore.

Due to socio-economic circumstances, not the least being a near-famine due to volcanic
eruptions, diseases and the death of thousands of sheep, on which Icelanders depended for food,
the end of the 19" and the beginning of the 20™ centuries saw mass migration to North America,
mostly to Manitoba in Canada (so-called New Iceland), and North Dakota in the United States

(Kristjanson 1965). The population of Iceland at the time was a little under 48,000, and the

2 "Peninsula Pronunciation" (Icel. Nesjaframburdur) refers to the southwestern variety of flamceli, geographically
situated on the Reykjanes peninsula.
* From here on, all quotes translated by the author.
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numbers of emigrants were relatively small, compared to the numbers of emigrants from other
countries: it is estimated that about 15,000 Icelanders settled in Canada and the United States
between 1873 and 1914, when immigration ceased (Birna Arnbjornsdéttir 1990).

The bulk of immigration occurred from the areas identified in Figure 2.3.1, the North and
Northeast of Iceland, which coincided with the Northwest and East flamceli areas. Thus flamceli,
not yet eradicated at that point, was brought to North America and allowed to develop
unhindered. This provided a great opportunity for research, which was conducted in the 1980s by
Birna Arnbjornsdottir (1987; 1990; 1997; 2006). The results of this study are discussed later in
this chapter.

As shown in Table 2.3.1, the perceived merger involved the merger of /1/ with /¢/, and of
/x¥/ with /ce/. More accurately, however, /1/ and /y/ were lowered, while /e/ and /ce/ were raised to
produce intermediate vowels, resulting in a merger by approximation, according to Labov‘s
classification of mergers (Labov 1994). To an observer it appears that the minimal pairs are
homophonous, while a more careful analysis reveals intermediate vowel qualities. This was
found during Bjorn Gudfinsson’s study in the 1940s. He found that speakers from three areas
identified in Figure 2.3.1 had a widespread tendency to merge the aforementioned vowels in the
long system. He predicted that the apparent merger would spread to the short vowel system, the

evidence of which he had (see the example in (2)), but admitted that it is not very frequent

(1946).
(2)
kind [kmt] ‘sheep’  becomes homophonous with kennd [kent] ‘feeling’
lund [lynt] ‘mood’  becomes homophonous with lond [leent] ‘countries’
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Prior to Birna Arnbjornsdéttir's study in late 1980s, Kristjan Arnason and Hoskuldur
brainsson conducted an investigation of Icelandic linguistic variation called RIN (1984), during
which the numbers of contemporary speakers exhibiting flamceli were compared to those made
by Bjorn Gudfinnson almost forty years earlier. The numbers had decreased drastically in
comparison to the previous research; in addition, it was also determined that the earlier variety of
flameeli (the lowering of /1/ and /y/) has disappeared, but the ‘new’ variety (raising of /e/ and /ce/
to intermediate qualities) was still present in the speech of teenagers in Reykjavik. The RIN
study also found that the raising of /e/ and /ce/ were separately driven processes from those
involved in the lowering of /v/ and /v/. Kristjan Arnason notes in (2011) that currently fldmeeli
only occurs in the speech of older people, and can be considered almost extinct.

Different linguistic factors were tested for their influence on flameceli: vowel length,
preceding environment, and following environment. Of these three, only the vowel length had a
significant impact; a very small effect was also found to be produced by the following
environment. Pérunn Blondal investigated three groups of sounds (stops, fricatives, and
sonorants) following the flamceli vowels for their effect on the lowering of /1/ and /v/, and the
raising of /¢/ and /ce/ (1985). Her findings were that 1) a following stop was the most
constraining environment to the appearance of flameeli of /1/ and /v/ (56.05% of words where
conditions for flameeli were met); 2) flameeli appeared in 75.22% of words where vowels were
followed by a fricative; 3) it appeared in 77.65% of words where vowels were followed by
sonorants. The small fluctuation between the highest and the lowest values here could indicate
that the manner of articulation is not highly influential in affecting flamceli.

Birna Arnbjornsdottir in her research of flamceli in North American Icelandic in the

1980s and 1990s found that despite Bjorn Gudfinnsson’s predictions it did not spread into the
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short vowel system and is still confined to the long vowels, despite having spread diachronically
(with a gradual increase in flameceli from the oldest to the youngest speakers). The second major
finding was that the lowering of /1/ and /y/ and the raising of /¢/ and /ce/ are motivated by
different factors, in that while the latter is confined almost exclusively to long vowels, the former
can occur in short vowels, but there seems to be no other significant linguistic factor influencing
it, and therefore only a few instances exhibit the raising. The frequency of occurrence is reported
to be much lower for the raised /e/ and /ce/ than for the lowered /1/ and /y/ (Birna Arnbjornsdottir
1987; 1990; 1997; 2006), which led to the conclusion that the short vowel system as a whole was
not affected.

The main conclusion of the aforementioned study of the North American variety of
Icelandic is that flameeli is not the case of a full merger, but rather an apparent merger, discussed
by Labov et al. (1972), Trudgill (1983), and Harris (1985). In an apparent merger the vowels
may approach each other without actually becoming identical and then splitting again. This
explains why the phenomenon was successfully reversed in Iceland, where probably the same
type of merger was underway. Another explanation for the success of the government’s efforts in
eradication of flameeli is that had the merger actually occurred, it would have been nearly
impossible to reverse: once a merger — always a merger (Labov 1994).

2.4. Intermediate Phonological Relationships

The fact that flamceli was eradicated successfully in Iceland but lives on in North
America, albeit assuming the intermediate qualities of vowels instead of a full-on merger may
point at an instability of the phonological relationship between the two vowels. This suggests

that flamceli may be a case of a so-called Intermediate Phonological Relationship.

20



Historically one of the central concepts of phonology has been that of contrast: two
phonemes can be in either a contrastive or allophonic relationship, that is, they either can or
cannot be used to distinguish between different words. In actuality, it is widely acknowledged
that this categorical view is insufficient to adequately describe certain phonological relationships,
particularly those that are neither contrastive, nor allophonic, such as, for instance, the German
/¢/~Ix/ (Moulton 1947), the Spanish /r/~/t/ (Hualde 2005), the Romanian /A/~/#/ (Renwick et al.
2016), or the Central Catalan and Italian mid vowels (Renwick & Nadeu 2018; Ladd 2006;
Renwick & Ladd 2016). Some of the studies on marginal contrasts, as they are most often termed
(Hall 2013), suggest that functional load can provide information on how phonological contrasts
evolve and are perceived (Renwick et al. 2016; Wedel, Jackson & Kaplan 2013).

Hall (2013), in her typology of intermediate phonological relationships, discusses six
major types of such relationships, with emphasis on the reasons for their intermediate nature.
Three of these reasons are relevant to this thesis: problems with the concept of predictability of
distribution, issues related to multiple strata, and issues of frequency. The discussion on how
these reasons apply to the findings of this thesis follows in Section 5.2.

The first type of intermediate phonological relationships relevant here is where there
exists a problem with the concept of predictability of distribution. Two subtypes can be
distinguished: the choice between two sounds is either mostly unpredictable, but has some
degree of predictability, such as in the /r/~/c/ relationship in Spanish (Hualde 2005), or is mostly
predictable, but has a few contrasts. An example of the latter is Canadian Raising, where the
diphthongs [a1] and [A1], or [a&] and [aw] are generally predictably distributed, but still have
surface near-minimal pairs that are distinguished by the two vowels, such as writing [rarciy] and

riding [raicm] (Trudgill 1985). This is relevant to this thesis in that the distribution of the flamceli
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vowels is mostly unpredictable, but has some degree of predictability, as will be shown in
Section 4.4.

The second type deals with cases where there are multiple linguistic strata in a language
(polysystemicity). These strata may arise from historical foreign influences on the language, for
instance, borrowings from other languages, where some of the source language’s phonological
principles also migrate into the target language. An example of this kind of borrowing is reported
by Ladd (2006): several indigenous Mexican languages where voiced stops are normally
allophonic are beginning to have contrastive voiced stops through contact with and subsequent
borrowings from Spanish. This type of intermediate phonological relationships is of interest to
this thesis because of the language contact-induced changes in North American Icelandic,
imposed by the surrounding superstrate (English).

The third type of intermediate phonological relationships relevant to the present
discussion is when there exist issues of frequency, that is, when the elements within the
relationship occur with very low frequency. This can overlap with the cases of polysystemicity in
that if a phone occurs only in loanwords, it is likely to be less frequent, and lexical exceptions
tend to occur with lower frequencies than do regular patterns (Hall 2013). An example of such
relationship is reported, among others, by Watson (2002), who claims that many of the “marginal
or quasi-phonemes” that she lists for Cairene Arabic only occur in a few words. This is of
interest to this thesis due to small number of minimal pairs found for the flameeli vowel pairs.

The other three reasons for intermediate phonological relationships are those where there
are issues of gradience and variability, those where there exist issues of phonetic similarity, and
those where subsets of natural classes are present. These, however, are not relevant to this thesis,

and are therefore only mentioned for the sake of completeness.
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While there is a multitude of different criteria by which a phonological relationship may
be deemed either allophonic, or contrastive, or neither (intermediate), until recently there has not
been suggested a way to include the latter into the phonological system, which is still based on
the categorical two-way distinction. Hall (2009) proposed a model of phonological relationships
that is based on a continuous scale of predictability rather than a binary distinction between
‘allophonic’ and ‘contrastive’. This model, like that of functional load, builds on methods from
information theory, and provides a way of calculating the precise degree of distribution of two
sounds. This calculation is employed in this thesis as the measure of Predictability of

Distribution, and is formally introduced in the next chapter.
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CHAPTER 3

PREDICTIONS AND METHODS

3.1. Predictions

As stated in Chapter 1, this thesis has five major research questions. The initial
hypotheses for these questions are centered around the prediction that the functional load values
for flamceli contrasts will be low, thus indicating their high propensity for merger, which would
help explain the emergence of the phenomenon in the first place. However, there remains a
question of why the Icelandic government was able to stop the merger, since mergers are
generally irreversible by linguistic means (Labov 1994). The government’s concern was that the
merger would result in confusion; the fact that the morphology of Icelandic involves frequent use
of two of the four vowels (/1/ and /y/, Thomson 1987) suggests that their concerns, but not
actions, were justified. The last two research questions are essentially one big question, dealing
with the concept of an intermediate phonological relationship, outlined earlier in Chapter 2. The
prediction for this is that the contrasts are indeed in such a relationship, even though the
traditional prescriptive grammars of Icelandic treat these four sounds as being in a contrastive
relationship (Stefin Einarsson 1945; Kristjan Arnason 2011), which would help explain the
problem with the secondary question of why the prescriptive eradication effort was successful.

This also may point to the reason for the emergence of flameeli in the first place.

24



3.2 Data

The corpus used in this research is the Méalrdmur corpus (Jon Gudnason et al. 2012;
Steinpdr Steingrimsson et al. 2017), developed jointly by Reykjavik University and the Icelandic
Centre for Language Technology. The data for the corpus were collected between 2011 and 2012
as part of Google’s effort to collect voice samples for different languages in order to develop
databases of spoken sentences to aid the development of ASR (automatic speech recognition).

In this particular work the sound samples were not used; instead, the text version of the
corpus is utilized. The raw version of the data set contained 55,000 sentences, including seven
types of utterances, described in Table 3.2.1 below:

Table 3.2.1. Summary of sources* for the Mdlrémur corpus

Online newspaper text 50%
Rare triphones 10%

Street names 10%

Personal names 10%
Miscellaneous 10%

Names of countries and capitals 5%
URLs 5%

3.3. Corpus Processing

In order to bring the data to a format suitable for performing calculations described in

greater detail in Chapter IV, the corpus was processed using a number of software products.

4 Samples of the corpus data before and after processing are shown in Appendix A.
5 During the processing of the data for use in calculations the URLs were omitted as non-words.
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The original corpus data was presented in the form of sentences in a comma-separated
values (CSV) file, which was imported to Microsoft Excel. There the corpus was brought to a
uniform standard: all of the sentences were split into 216,680 separate words using regular
expressions.

Similarly to Renwick (2014), the data set for this thesis employs lexemes, rather than
lemmas: a lexeme is a particular phonological word form (Levelt 1989), while a lemma is a
semantically and syntactically defined lexical entry. Since the relationship between the two is not
one to one (Jurafsky, Bell & Girand 2002), I have chosen to look at all possible word forms
included in the corpus. The 216,680 tokens therefore were reduced to 28,346 unique tokens, one
word per cell in a single column.

From there, the CSV file was imported into RStudio, a software bundle designed for
working with the R programming language (R Core Team 2016). In RStudio the file was
converted into a more machine-readable form: non-words were removed, columns renamed,
encoding issues rectified. Corpus-internal word frequencies were also calculated and added to
the data set, using the plyr package (Wickham 2011).

In order to calculate the necessary quantitative data such as functional load, all of the
words in the corpus were converted into the International Phonetic Alphabet by means of a Perl
script®. The transcription conventions are based on the works of Kristjan Arnason (2011) and
Stefan Einarsson (1945).

Due to time constraints, suprasegmental features such as quantity and stress were not

included in the transcription. Since stress in Icelandic is rather predictable (primary stress on the

® For the Perl script refer to Appendix C.
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first syllable, secondary stress on every other syllable after that), the data obtained without its

inclusion should still be representative of the language.

(1) Stress positioning
Adalsteinn [‘a.0al. steidn]  “Adalsteinn (personal name)”

3.4 Calculations

The quantitative methods employed in this thesis are mainly based on the methods used
in Renwick et al. (2016), a discussion of the marginal contrasts between the vowels [A] and [1] in
Romanian.

The following calculations, discussed in detail below, were carried out on the main data
set:

e Vowel frequency distribution
e Functional load

e Kullback-Leibler Divergence
e Predictability of Distribution

Most of these measures were obtained using Phonological CorpusTools (Hall et al. 2016),
a computer program designed for performing calculations used in quantitative phonology on
transcribed corpora.

The vowel frequency distribution was calculated using RStudio; the source code is
provided in the Appendix B. The calculation itself is a simple count of vowel phonemes across
the entire corpus with regard to token frequency, rather than type frequency. This is due to the
fact that in Phonological CorpusTools every item in a corpus is assumed to represent one type.

The difference between type and token frequencies here is that a #ype represents an abstract
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category defined for the purpose of the analysis; within a type a token is a specific countable
occurrence of that type (Renwick 2014).

The functional load of vowels was calculated using Phonological CorpusTools. Both
minimal pair count-based functional load and change in entropy-based functional load values
were obtained. The minimal pair count calculation produced the result relative to the entire
corpus, which allows for a direct comparison between functional loads of different pairs in the
same corpus. The calculation of functional load of phonemes x and y through relative minimal
pair count is a simple count of minimal pairs M ,) divided by the length (number of words) of
the corpus C:

Equation 3.4.1. Functional load through minimal pair count vs. corpus length

M
_ M)

The second method of functional load calculation, the change in entropy method as
described in Surendran and Niyogi (2003), is calculated according to Equation 3.4.2, where for
every symbol i in an inventory N (in this case, every phoneme in the phoneme inventory), the
probability of i is multiplied by the binary logarithm of the probability of i. The entropy H is the
sum of the products for all symbols in the inventory.

Equation 3.4.2. Calculation of entropy
H=- E ~ pixlogx(py)
LEN

The functional load of a pair of sounds in a system is calculated by first determining the
entropy of the system (corpus) with all sounds included, i.e. before the elimination of contrast,
and then finding the entropy of the system after the elimination of contrast. The functional load

is therefore the amount of entropy lost due to the elimination of contrast, that is, the higher the
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number of confusions that will occur due to the merger, the higher the difference between
entropy before the merger (Hi) and the entropy after the merger (H>). In mathematical terms
functional load is merely a difference AH between the two entropy values, as illustrated in
Equation 3.4.3:
Equation 3.4.3. Change in entropy’
AH =H, — H,

In order to provide some context for the functional load scores of the flamceli vowels
across the vowel system of Icelandic, the Kullback-Leibler Divergence (KLD) and the
Predictability of Distribution (POD) measures are used in this thesis. While the functional load
may help determine whether a contrast is likely to be eliminated, the KLD and POD measures
help determine whether two sounds are in allophonic or contrastive relationship.

The measure of dissimilarity between probability distributions, or the Kullback-Leibler
Divergence (Kullback & Leibler 1951), is also calculated using Phonological CorpusTools. The
calculation is based on Peperkamp et al. (2006), a study on statistical learning algorithms applied
to allophony, where the measure was included in order to test for robustness to statistical noise
and non-systematic errors. Essentially the Kullback-Leibler Divergence measures the distribution
for environments as a proxy for phonological relationships. The sounds that are in contrastive
distribution appear in the same environments, producing minimal and near-minimal pairs. The
sounds that are in complementary distribution never appear in the same environments. Therefore,
the identical distribution would have a KLD score of zero, and the higher the probabilities that

the two sounds are allophones, the higher the KLLD score (Hall et al. 2016).

7 This method differs from that of Hockett (1966) in that Hockett's definition uses the whole language L instead of
the corpus C; the method proposed by Hockett treats language as a sequence of phonemes. This sequence is infinite,
due to the nature of language, and thus impossible to use in practice.
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The KLD scores are calculated as follows. The Kullback-Leibler measure of dissimilarity
between the distributions of two segments is the sum for all contexts of the entropy of the

contexts given the segments, as illustrated in the following equation:

Equation 3.4.4. The Kullback-Leibler Divergence

P(cls) P(clsy)
Pels,) T PLels2)log G o

mia(sus) = ) Plelsylog( )

In Equation 3.4.4 s is a segment, c is a context, and C is the set of all contexts. The
probability of context ¢ given segment s is calculated according to Equation 3.3.5, where n(c|s) is
the number of occurrences of s in context c; it is necessary to mention that in these equations the
context that is being looked at is the right-hand context. In this thesis I looked at both the left-
hand side and the right-hand side contexts.

Equation 3.4.5. Probability of context given the segment

n(c,s) +1
n(s) +N

P(cls) =

Lastly, the measure of Predictability of distribution, mentioned earlier in Chapter 2 and
also calculated in Phonological CorpusTools, was used to help determine the phonological
relationships between the fldmceli vowels. Similarly to the measure of functional load, the POD
involves the calculation of entropys; it is using the same equation, however, the two measures
differ in their input. Two sounds can be perfectly contrastive and still have either low or high
functional load score, depending on the use of the contrast in minimal pairs. Given the fact that
the predictability of distribution is measured between two sounds, the i in Equation 3.4.6 when

applied to POD would have two values, for each of the two sounds, in contrast with that of

functional load calculation (Equation 3.4.2), where i has only one input.
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Equation 3.4.6. Predictability of distribution
H= —z, pi * logz(py)
LEN

Because of this limitation, the entropy value will range between 0 and 1, where an
entropy of 0 indicates perfect predictability (allophonic relationship), and an entropy of 1
indicates complete uncertainty about which of the two sounds will occur, that is, a perfect
contrast (Hall 2009; 2012; Hall et al. 2016).

In order to produce the most accurate predictability of distribution results, environment
exhaustivity and uniqueness were enforced during calculation in PCT. Exhaustivity in this case
refers to the total list of environments encompassing all words in the corpus that contain either of
the two sounds, without which the measure will be incomplete. Uniqueness is enforced to ensure
that the set of environments do not overlap with each other. For this thesis, the POD values were
calculated for all the environments in the corpus, by calculating the weighted average entropy
across all environments where at least one of the two sounds in an opposition occurs (Hall et al.

2016).
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CHAPTER 4
RESULTS

4.1. Frequency distribution of vowels

In order to determine the frequency distribution of vowels in the data set, an R script was
used. The frequency distribution shows which vowels occur more frequently in the corpus, and
therefore this information can be used to make assumptions about vowel distribution in the
language. Figure 4.1.1 shows the distribution of eight vowel phonemes in the corpus, across the

28,346 unique words.

Vowel distribution

10000 15000 20000 25000

Number of occurrences

5000

0
L

fal el Nl o NN ol Icel

Vowels

Phoneme /a/ /e/ i/ u/ Y/ N/ /ol | e/
Frequency | 27600 | 11198 | 3554 | 9191 | 12463 | 23880 | 7298 | 4646
Percentage | 28% | 11% | 4% | 9% | 12% | 24% | 7% | 5%

Figure 4.1.1. Vowel distribution across the data set
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As we can see from this bar plot, the flamceli vowels constitute a large portion of the
vowel inventory in the corpus. /e/ and /1/ together constitute 35% of all 99,830 vowel tokens, /v/
and /ce/ make up 17%. Together these four sounds make up 52% of all vowel tokens. Note that
the diphthongs are not included in this chapter as they are treated as being composed of two
monophthongs.

4.2. Functional load

As mentioned above, functional load was calculated using two methods: the minimal pair
count and the change in entropy. Table 4.2.1 shows the scores for all pairs of vowels in the
corpus using the minimal pair count, relative to the corpus (the fldmceli vowel pairs’ scores are
shown in bold):

Table 4.2.1. Functional Load, minimal pair count®

/el | Al | I N | el
/al |21.8] 3.9 [293|21.2|51.2|314] 8.1
el 21.8]1 6.9 | 10.6 |14.6 | 83 | 7.2
fi/ 184 116.7(22.0|17.7|16.4
a/ 04 | 166 1.8 | 0.3
Y/ 193] 1.2 | 0.9
n/ 23 | 1.7
1/ 1.1

As we can see from Table 4.2.1, the flameeli contrasts have quite different FL scores.
This is surprising, as the prediction was that both of the contrasts would show (similarly) low
scores, indicating higher potential for merger. The /e/~/1/ opposition score is 14.6, while the
/y/~/ce/ score is only 0.9. It should be added here that functional load values are not an absolute,

but rather a relative measure: in order to gauge the scores of individual contrasts it is therefore

8 1t is worth noting that for illustrative purposes all minimal pair count FL values were multiplied by 100 and
rounded to one digit after the decimal point.
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necessary to calculate FL scores for other vowel contrasts within a corpus to compare with those
of interest to a particular study. The other vowel combinations in Table 4.2.1 show varying
degrees of functional load, from 0.3 (/u/~/ce/) to 51. 2 (/a/~/1/). What these numbers indicate is
that should, say, /a/ and /1/ merge, a high percentage of minimal pairs would be homophonous, as
opposed to the lowest value of 0.3 for /u/~/ce/, where the number of such collapsed minimal pairs
would be much smaller.

The values from Table 4.2.1 are positively correlated to the combined vowel frequency
for each pair. The Pearson’s product-moment correlation test yielded the correlation coefficient
of 0.5913, with a p-value of 0.0009188 (the null hypothesis is that the true correlation is equal to
0) (Baayen 2008). Note that even though the unit of measurement for the minimal pair count
method is percent, the measure is intended to produce a relative output, rather than a
straightforwardly interpretable value.

A more graphic look into the functional load distribution is given in Figure 4.2.1, which
illustrates the scores of the fldmeeli vowels in comparison with all other vowel contrasts in the

corpus:
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Figure 4.2.1. FL distribution, minimal pair count

Comparing the flameeli oppositions to all the others, the /e/~/1/ contrast FL score is quite
high: it is higher than 54% of the other contrasts, and lower than 46%. The front rounded
contrast’s functional load is much smaller than the others: it is higher than just two of the other
contrasts, and lower than 25.

The change in entropy method of functional load calculation produced the following

SCOres:
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Table 4.2.2. Functional Load, change in entrop)’

fel | W | /| Il | N R el
/al |21.214.1] 32 |32.1]62.6|11.4]6.0
/e/ 41]12.0) 32 | 99 | 5.7 | 8.8
N/ 37 122 139 |33 |17
/ 0541 ] 16 |03
Y/ 276 13 | 1.1
n 25 |19
1/ 1.6

Again, the scores are different for the two flamceli contrasts, which leads to partial
rejection of the initial prediction: the unrounded /e/~/1/ opposition produces the functional load of
9.9, whereas its rounded counterpart scores 1.1. Figure 4.2.2 provides a more illustrative look at
the functional load distribution. Comparing to the other contrasts, the general tendency seems to
hold: the /e/~/1/ contrast is higher than 21 of all other oppositions, and consequently is lower than
6. The /y/~/ce/ contrast remains on the lower side, being higher than 2 of the other oppositions,
and lower than 25.

Comparing the two measures of functional load, scores tend to vary for different
contrasts, which is only to be expected as the calculation methods are quite different; the units of
measurement for the two are also different: the output for the minimal pair count method is a
percentage, while entropy from the second method is measured in bits, that is, basic units of
information. When compared side by side the two measures show a moderate correlation of 0.7
(Pearson product-moment correlation coefficient; p-value of 0.00002681). This is illustrated in
Figure 4.2.4. The regression line in the scatter plot indicates the general trend in the data
(Levshina 2015). A combined graph showing both minimal pair count measure (in blue) and the

change in entropy measure (in orange) is provided in Figure 4.2.3.

® As the change in entropy method produces much smaller numbers (often multiples of 10-%), for ease of reading
these values have been multiplied by 10* and rounded to 1 digit after the decimal point.
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FL, Two Measures
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Figure 4.2.4. FL, Two measures, scatter plot

4.3 Kullback-Leibler Divergence

The Kullback-Leibler measure of dissimilarity between probability distributions was
calculated for the flamceli vowel pairs, as well as for all other vowel contrasts in the corpus. This
was done to provide room for comparison, since the KLD, similarly to functional load, is a
relative rather than absolute measure. Tables 4.3.1 and 4.3.2 show, respectively, the KLD values
for right-hand side and left-hand side environments. These are calculated in order to determine
whether phonological conditioning by their environment is involved for the sounds in the
contrast, on either side of the sound in question. As stated above, Kullback-Leibler Divergence
has a lower bound of 0, indicating perfect contrast. The higher the value, the more the phoneme

is affected by its environment.
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Table 4.3.1. Kullback-Leibler Divergence, Right-hand side

lel |/ [ al | v/ Nl el
/a/ 1055|133 |7.12] 0.62]2.17]0.61]0.56
/el 1.12 | 7.54 | 1.45]3.04 | 0.29 | 0.27
N/ 744 2.16]3.26| 136|147
la/ 10.10] 6.02 | 7.76 | 7.87
I/ 1.69 | 1.44 | 1.26
n/ 294 | 3.11
L/ 0.29

Table 4.3.2. Kullback-Leibler Divergence, Left-hand side

fel A [l I TN R el
/al 12431244184 |2.52|2.17 | 1.51]2.55
/el 2.89 11.58 |3.01 |2.05]|5.90|0.44
N/ 0.56 | 1.57 1 0.61 | 6.26 | 2.96
la/ 1.0910.32 1498 | 1.78
I/ 0.87|5.73 | 3.69
n/ 6.21 | 2.28
o)l 5.62

The flamceli vowel pair KLD scores for both right- and left-hand environment show
values that are not too high or too low. For the right-hand side, the score for the /e/~/1/ contrast is
3.04, which is higher than 64% of all other contrasts; the score for the /v/~/ce/ contrast is 1.26,
which is only higher than 26% of the other contrasts, therefore indicating that it is less
potentially affected by its environment. As mentioned earlier, this contrast also has lower
functional load values, which suggests that the phonological relationship here cannot be stated in
terms of either allophony or contrast. This will be discussed in detail in Chapter 5. The flamceli
vowel pairs’ positions among the 28 total vowel contrasts are therefore the 10" for the

unrounded opposition, and the 20" for the rounded one.
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The left-hand side pattern is similar for the flamceli vowels, although closer to the higher
bound!?: the unrounded opposition’s score is 2.05, being the 17" highest (higher than 40% of
the other contrasts); the rounded contrast scored 3.69, being the 7™ highest (higher than 75% of
the others). Note that the left-hand side pattern is opposite to that of the right-hand side, where
the unrounded contrast held a higher KLD score than the rounded one. In order to determine
precise reasons for specific KLD scores, a more detailed look into co-occurrence of the flamceli
vowel pairs with other vowels/consonants is necessary, as is done for Romanian /i A/ in Renwick
(2014). This should be addressed in further studies on the matter.

4.4. Predictability of Distribution

The Predictability of Distribution scores, calculated for all vowel contrasts in the corpus,
are presented in the Table 4.4.1. The cells shaded dark grey indicate the highest and lowest
values (/e/~/y/ as the highest and /a/~/ce/ as the lowest).

Table 4.4.1. Predictability of Distribution (Entropy)"!

el i Tl [l T [l [lel
/al | 0.906 ] 0.593 | 0.823 | 0.874 | 0.994 | 0.720

¢l 0.828 | 0.983 0997 0.944 | 0.929 | 0.758
/il 0.910 | 0.864 | 0.650 | 0.972 | 0.990
Iu/ 0.994 [ 0.873 ] 0.980 | 0.851
I/ 0.917 | 0.954 | 0.798
W 0.777 | 0.577
/ol 0.932

It is evident that the Predictability of Distribution is spread rather uniformly across the
vowel space in the corpus. As mentioned previously, the limits of relative entropy are {0,1},

where 0 indicates complete predictability (allophonic relationship), and 1 indicates perfect

10 By “bound” here I mean the highest value out of the 28 calculated values. The KLD is a relative, rather than
absolute, measure, and therefore doesn't have a strictly defined upper bound (Hall et al. 2016).
! The entropy scores here are presented as is, with the exception of rounding to three digits after the decimal sign.
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contrast (completely unpredictable distribution). In the case of /e/~/y/ we have an almost perfect
contrast (which is consistent with the KLD results indicating that there is no major phonological
conditioning involved), while on the other end is the /a/~/ce/, with the score almost half of the
highest value. The flamceli vowel pairs are situated closer to the upper bound, especially the
unrounded /e/~/1/ opposition with the score of 0.994. Its rounded counterpart has a lower POD

value of 0.798, which is consistent with the other calculations done on this data set.
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CHAPTER 5

DISCUSSION

5.1. Fldmeli and Functional Load

Based on the quantitative evidence presented in the previous chapter, it is now necessary
to relate the data to the original assumptions and predictions.

Before proceeding to the discussion of the functional load scores for the flamceli vowels it
is worth pointing out that their frequency distribution across the corpus (see Figure 4.1.1) gives
some idea about the amount of “work” that they do. The flamceli vowels comprise 52% of all the
vowels in the corpus; the larger part of this 52% is taken up by the unrounded pair (67%), and
the smaller part (33%) by the rounded pair. In fact, /1/ turns out to be one of the most frequent
vowels in the corpus at 23,880 occurrences, second only to /a/ with its 27,600 occurrences.

Such distribution is not entirely surprising: it is well-known that /1/ and /y/ occur in a
multitude of case endings (Thomson 1987). In fact, in my opinion this was one of the factors that
led to the ostracizing of flameeli as a regional variety: had a full merger occurred, the change
would have been highly salient to native speakers of Icelandic who do not exhibit flameeli.

The data obtained by calculating the functional load of the contrasts is best viewed in
comparison to the other vowel oppositions in the corpus (see Table 4.2.1).

The minimal pair count method yielded a rather surprising result for the unrounded pair,
surprising in a way that it contradicts the initial prediction that the flamceli vowel pairs would
exhibit lower functional load than the other contrasts, indicating their propensity for mergers.

The quantitative evidence, however, shows a rather high FL score of 14.6 for the /e/~/1/
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opposition, a score that is higher than 54% of all other FL scores (see Figure 4.2.1). For the
rounded pair, the score is more in line with the original prediction: it is on the lower side, larger
than only two other contrasts and smaller than 89% of the others.

These scores suggest a higher propensity for merger in the rounded flameeli vowel pair,
rather than the unrounded one. This was, however, in a way predicted by the vowel distribution
across the corpus: the high percentage of /¢/ and /1/ suggests a higher number of minimal pairs,
and vice versa for the smaller percentage of /y/ and /ce/.

In order to confirm or reject the tendency indicated by the minimal pair count method of
functional load calculation, I used the change in entropy method. The scores for the flamceli
vowels fall in the same pattern as in the case with the first method of FL calculation. The
unrounded pair’s score is 9.9, which is higher than 75% of all other contrasts, and the rounded
pair scored 1.1, which is definitely on the lower side, being lower than 89% of the other
contrasts.

This confirms the initial assumption based on just the minimal pair count method: the
rounded flamceli contrast’s functional load is low in comparison to all other vowel oppositions,
while the unrounded one is rather high, on par with contrasts like /e/~/u/ and /a/~/¢/.

5.1.1. Potential for future mergers

The evidence from functional load suggests that the unrounded opposition is much more
stable and will not be eliminated in the present course of events. The same, however, cannot be
said about the rounded opposition: low functional load scores suggest that the contrast is rather
weak. This evidence provides a certain degree of explanation the resurgence of that particular
variety of the flameeli phenomenon in teenagers in the 1980s (Hoskuldur Prainsson & Kristjan

Arnason 1984).

43



The functional load values presented above indicate that the stability of the flamceli
contrasts is different: the /e/~/1/ contrast is more stable, with higher than average functional load
values, while its rounded counterpart, the /y/~/ce/ contrast, is much less stable and is more likely
to be eliminated in the future.

As discussed in Chapter 2, the main factor influencing flameeli is vowel length; vowel
length in Icelandic is largely determined by primary and secondary stress. Since due to technical
and time limitations the data set for this thesis did not include such information, this would be a
logical step for further research. Including vowel and consonant length, aspiration, stress and
syllable information in the data set would greatly improve it and provide for much more
informative quantitative measures. In this thesis the short and the long vowel systems were
collapsed due to time constraints, but I believe that the results obtained using the present data set
are still representative of the language in general and could be used as a first step in this
direction.

5.1.2. Would the mergers have led to confusion?

The effort undertaken by the Icelandic government in the 20" century indicates a serious
concern that the purism movement had regarding fldmceli, more than any other regional variation
in the language. One of the research questions of this thesis was to determine whether (had it
actually occurred) the merger would have resulted in confusion on the part of the speakers, in
other words, whether the government’s concerns were justified. Based on the data obtained
through functional load calculation, it seems possible to suggest that the eradication can only be
justified partly: regarding the unrounded variation, the findings of this thesis seem to provide
evidence of small likelihood of contrast elimination as indicated by its relatively high functional

load, while for the rounded pair, the likelihood is much higher. As mentioned above, the vowels
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/1/ and /y/ are used frequently in case endings and other morphological contexts. Had a merger of
/1/~/¢/ and /y/~/ce/ occurred, the intelligibility rate in those speakers who do not exhibit flamceli
would perhaps have suffered a slight decrease, perhaps increasing the time needed to process a
word whose pronunciation is qualitatively different from the ‘standard’ variety. However, while
/1/ and /y/ are fairly frequent in my data set (24% and 12% of all other vowels, respectively), the
other pair, /¢/ and /ce/, has smaller distributions (11% and 5% of all other vowels), and is
virtually absent from inflections, so the morphological confusion would probably not have been
too severe.

5.2. Phonological Status of Flameeli Contrasts

While in Iceland the flamzeli variation was successfully eradicated, it was allowed to
develop unchecked in North America. According to studies conducted on North American
Icelandic, the merger did not fully occur there, either, instead becoming an apparent merger,
where the sounds in the contrast did not merge but rather change into intermediate qualities. In
order to determine the status of this phonological relationship I used the two quantitative
measures: the Kullback-Leibler Divergence and the Predictability of Distribution.

According to Peperkamp et al. (2006), the contrasts with higher KLLD values are
considered to be allophonic, while the closer to 0, the more contrastive an opposition will be.
The values for the flamceli vowels were compared to all other vowel contrasts in the corpus
(Tables 4.3.1. and 4.3.2). The left-hand side environment value for the /y/~/ce/ contrast is 3.6,
higher than 75% of other contrasts, including the unrounded one. The right-hand side value for
the same contrast is lower, at 1.6 being higher than only 26% of other contrasts. Very similar, but

opposite picture is with the /1/~/¢/ contrast: the left-hand side value is 2.05, higher than 40% of
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other contrasts; the right-hand side value is 3.09, higher than 64% of other contrasts, including
the rounded one.

Such variation in KLD distribution indicates that neither of the contrasts involved is
phonologically conditioned by their environment: the unrounded pair appears to be more affected
by the following sound, while the rounded pair is more conditioned by the preceding sound. This
points to a more allophonic rather than contrastive relationship between the flameeli vowels,
which, in conjunction with low functional load of the rounded pair, suggests a higher chance for
merger.

However, it should be borne in mind that KLD calculations performed on a corpus that is
only transcribed phonemically are less informative than they would have been if a phonetic
transcription was present as well. This, therefore, should be a direction for further study.

The difficulty of assigning one or the other type of phonological relationship here might
be partly explained by the problem with the concept of predictability of distribution (Hall 2013).
One of the most common reasons for the inability to determine the precise phonological
relationship is a situation where a contrast is either mostly predictable but has a few contrasts, or
vice versa: a contrast is mostly unpredictable, but has some degree of predictability. For this
exact reason a calculation of the predictability of distribution was included in this thesis.

As evident from Table 4.4.1, all of the contrasts’ values are between 0.52 and 0.99; both
the flamceli vowel pairs’ values are higher than the mean value of 0.85 (see Figure 4.4.1),
indicating higher possibility of contrast. However, the entropy for the /y/~/ce/ contrast is much
lower than that of its unrounded counterpart. This might be an indication that what we are
dealing with here is an intermediate phonological relationship, more precisely, the kind where

the environments are mostly unpredictable, but have some degree of predictability: in the flamceli
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situation, this degree of predictability is obviously lower in the rounded contrast as opposed to
the unrounded one.

Given the low minimal pair count functional load score for the /v/~/ce/ contrast, low
frequency of the contrasts’ vowels across the corpus, and the low number of minimal pairs (24,
to be precise, as determined by PCT as a side product of the Minimal Pair Count algorithm), it is
possible that in this case the phonological relationship is also intermediate due to low frequency,
as previously mentioned in Chapter 2.

The aforementioned results thus complement Birna Arnbjornsdottir's hypothesis that the
case of flameeli in North American Icelandic is not a true merger, but rather an apparent merger,
or merger by drift/approximation (in Labov’s terms). It seems to be similar to a case study
described by Hualde (2005) (cited in Hall (2013)), where the relationship between the trill [r] and
the flap [r] in Spanish is discussed as an example of a “quasi-phonemic” relationship. In that
study the two sounds are found to be contrastive because of the present of minimal pairs where
[r] and [r] contrast intervocalically, but that the contrast is neutralized everywhere else. The
rounded flamceli pair seems to be in a similar situation: mostly unpredictable, but with some
degree of predictability.

Finally, it is possible that in the case of North American Icelandic the status of the
flamceli relationship was influenced by contact with Canadian English and American English,
therefore falling into the category of an intermediate phonological relationship conditioned by a
foreign stratum in the language, that is, by lexical borrowings that also import some of the source

language phonological principles.
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5.3. Directions for Further Study

In order to determine whether the fldmeeli mergers are likely to occur in the future, a
further study involving acoustic similarity may be useful. Audio recordings of the Malromur
corpus used in this study are available and through the use of software such as Praat,
Phonological CorpusTools and RStudio it will be possible to make more accurate assumptions
based on physical evidence.

As a direction for future work on determining the status of flamceli vowel pairs'
phonological relationship, I suggest expanding the corpus to reflect not only phonemic
representation, but also the phonetic representation, including suprasegmental features such as
length, stress, syllable structure, among others. Having these levels of representation in the
corpus will greatly enhance the accuracy of calculations, for instance, the Kullback-Leibler
Divergence, which at the phonemic level only gives only a general idea of the tendencies of
dissimilarity between probability distributions.

While corpora of Modern Icelandic do exist and are publicly available, the same cannot
be said about the North American Icelandic. Due to the nature of NAI as an immigrant language,
it is only a matter of time before it becomes extinct. It is therefore of utmost importance to
compile a written and spoken corpus of North American Icelandic. This would be highly
beneficial for the study of immigrant languages in general and Icelandic in particular. Having
physical samples of North American Icelandic speech would also give an opportunity to conduct
a comparative acoustical phonetic study of NAI and the varieties of English spoken in
historically Icelandic communities. From a language contact point of view, this would give a
valuable insight into the influence of the dominant language, that is English, on the subordinate

language, which might in turn illustrate what might happen to Icelandic in particular and
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European languages in general under constant pressure from English as a global language. While
linguistic purism in Iceland is still strong, English definitely seems to be gaining more positions
every year with increasing globalization. Using the example of North American Icelandic might
prove a valuable insight into the future of Modern Icelandic and other European languages with a

relatively small number of speakers.
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CONCLUSION

In this thesis I investigated the phonological stability and the nature of phonological
relationship between the so-called flamceli vowels, namely the two vowel pairs, /1/~/¢/ and
/y/~/ce/, which were believed to have merged in two varieties of Icelandic: Modern Icelandic, as
spoken in Iceland, and North American Icelandic, as spoken in the Icelandic immigrant
communities in Canada and the United States. The term flamceli, meaning ‘skewed speech’, is
used here to illustrate the stigma associated with this regional variety, characteristic of speakers
from Southwestern, Northwestern, and Eastern Iceland, during the peak of the spread of the
phenomenon in the middle of the 20" century.

The main research question was whether the apparent merger of the fldmeeli vowel pairs
was influenced by the functional load of these contrasts, the functional load being the amount of
work that a phonological contrast does in a linguistic system. The initial prediction that the
contrasts in question would have low functional load values and thus would be more likely to
merge proved to be only half accurate: the unrounded pair exhibited rather high functional load
values, indicating its low propensity for elimination, whereas the rounded pair’s FL scores were
relatively low, thus confirming the initial hypothesis, even if only by half.

Based on this data, I was able to only partially justify (on the basis of deliberate contrast
maintenance and avoidance of homophony) the efforts of the Icelandic government in the
beginning-middle of the twentieth century aimed at complete eradication of the phenomenon,

which was viewed as uncouth and ‘diseased’.
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Building on previous research on the matter I provided evidence that the phonological
relationship between the rounded fldmceli vowels is an intermediate one. Since the full merger
never actually occurred, the general opinion was that the merger was not full but apparent, where
a contrast between two sounds is not fully eliminated; the two sounds in these cases change into
intermediate forms between the two qualities. Using quantitative methods such as the Kullback-
Leibler measure of dissimilarity between probability distributions, and the Predictability of
Distribution measure, [ was able to determine that the amount of uncertainty between the vowels
in the flamceli oppositions is rather high, indicating their contrastive status, but at the same time a
certain degree of predictability exists, pointing at the potentially intermediate nature of these
phonological contrasts.

I also suggested several directions for future study of flameeli in particular and North
American Icelandic in general, such as compiling a written and speech corpus of the NAI,
expanding the levels of representation for corpora to produce more accurate quantitative data,
and investigating the influence of English phonology on North American Icelandic as a means to
look in the future of Icelandic and European languages under the onslaught of English as rapidly
spreading global language.

After investigating the relationships between flamceli vowel pairs and quantitative
variables obtained through experimental work I came closer to better understanding the
phenomenon in question, as well as the related concepts such as functional load and intermediate
phonological relationships. The questions I have posed for this thesis have been answered to
varying degrees, but there is still a lot to learn about apparent mergers. It is my hope that the
directions for future studies on the matter that are outlined in this thesis will also be explored in

time.
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APPENDICES
APPENDIX A

Corpus Samples

Sample of the corpus used in the study before processing: the file contained 11 columns,

with the audio file name, environment, speaker's age group, the text read, audio file duration,

type, and sample rate.

Z <! > = = = n N |
: : e | |Z T |2 |E BB
E 2 & 2 5. 3 T E |2

= = = e B e B | B

5 a = ® 5 [ |®

% 3

Taeplega yrdi

is_is-100-2011-11- einangrun
25T13:23:17.45203 | Indoors - okkur til 2.7001
9.0gg Quiet 1 | male 30 39 | framdréattar 88 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:23:21.82405 | Indoors - 0.7263
6.0gg Quiet 0.6 | male 30 39 | Gefjun 13 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:23:24.17013 | Indoors - 0.9243
l.ogg Quiet 1 | male 30 39 | Lyngdal 75 | vorbis 16000 Vorbis
is_is-100-2011-11- Sidar i kvold
25T13:23:26.83742 | Indoors - versnar vedur | 2.9971
8.0gg Quiet 1 | male 30 39 | Nordanlands 25 | vorbis 16000 Vorbis
is_is-100-2011-11- Kyrrsetning
25T13:23:29.39680 | Indoors - eigna verdi
3.0gg Quiet 1 | male 30 39 | felld ur gildi 2.562 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:23:37.20862 | Indoors - Einnig toku
l.ogg Quiet 1 | male 30 39 | peir tolvuskja 1.752 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:23:39.62871 | Indoors - Spair leekkun
8.0gg Quiet 1 | male 30 39 | verdbdlgu 1.5965 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:23:41.90063 | Indoors - 1.0674
2.0gg Quiet 1 | male 30 39 | Miklaholti 38 | vorbis 16000 Vorbis
is_is-100-2011-11- Landsvirkjun
25T13:23:47.28133 | Indoors - feer leyfi til 2.0646
4.0gg Quiet 0.7 | male 30 39 | rannsdkna 25 | vorbis 16000 Vorbis
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Auglysingin

var0 freg 4
fslandi af pvi
is_is-100-2011-11- Landsbankin
25T13:23:55.54717 | Indoors - n reyndi 4.1217
8.0gg Quiet male 30 39 | somu adferd 5 | vorbis 16000 Vorbis
is_is-100-2011-11- Vestlegari
25T13:23:58.12457 | Indoors - og ¢l seinni 2.3261
6.0gg Quiet male 30 39 | partinn 88 | vorbis 16000 Vorbis
Stalkan
kinkadi kolli
og litla folkid
is_is-100-2011-11- i studidinu
25T13:24:03.14106 | Indoors - klappaoi fyrir | 4.8510
3.0gg Quiet male 30 39 | Sveinbirni 63 | vorbis 16000 Vorbis
is_is-100-2011-11- Vid pad
25T13:24:07.67391 | Indoors - sljakkaoi i 1.6383
8.0gg Quiet male 30 39 | honum 13 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:24:10.08907 | Indoors - Stormur a4
0.0gg Quiet male 30 39 | storm ofan 1.6455 | vorbis 16000 Vorbis
is_is-100-2011-11- Malio hefur
25T13:24:12.42831 | Indoors - vakid mikinn | 2.0153
0.0gg Quiet male 30 39 | 6hug 75 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:24:15.11590 | Indoors - 0.9238
2.0gg Quiet male 30 39 | Tungusiou 13 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:24:17.45742 | Indoors - 1.1323
7.0gg Quiet male 30 39 | Seljavéllum 75 | vorbis 16000 Vorbis
is_is-100-2011-11- Skerid var
25T13:24:24.51175 | Indoors - ekki merkt 4 1.9061
8.0gg Quiet male 30 39 | sjokort 25 | vorbis 16000 Vorbis
Sterkur
is_is-100-2011-11- straumur bar
25T13:24:26.78161 | Indoors - hann fra 2.3078
6.0gg Quiet male 30 39 | batnum 12 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:24:31.96882 | Indoors - 1.0174
5.0gg Quiet male 30 39 | Laugagerdi 37 | vorbis 16000 Vorbis
is_is-100-2011-11- Mikil velta &
25T13:24:34.19144 | Indoors - gjaldeyrisma 1.9488
2.0gg Quiet male 30 39 | rkaoi 75 | vorbis 16000 Vorbis
is_is-100-2011-11- Barnid
25T13:24:44.28827 | Indoors - feeddist 1.5539
4.0gg Quiet male 30 39 | andvana 37 | vorbis 16000 Vorbis
is_is-100-2011-11-
25T13:24:46.78443 | Indoors - Ekkert kerfi 1.8245
l.ogg Quiet male 30 39 | stedist hrun 63 | vorbis 16000 Vorbis
Skoda skatt a
is_is-100-2011-11- skuldir
25T13:24:49.57591 | Indoors - fjarmalafyrirt | 2.6301
4.0gg Quiet male 30 39 | xkja 25 | vorbis 16000 Vorbis
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All columns but the 'text read' were removed, leaving separate words and sentences. The
sentences were separated into words, one per row; after that all the text in the corpus was brought
to lower case (the R programming language is case-sensitive), word frequencies were calculated,
and duplicates removed:

Corpus after the initial processing, sorted by word frequency:

orthography | frequency
i 8641
a 6442
og 4213
ad 3895
er 2399
vid 2163
ekki 2125
var 1978
um 1935
hann 1743
med 1712
til 1465
pad 1392
fyrir 1389
af 1268
petta 1213
ég 846
en 811
ur 755
hin 737
eru 726
eftir 699
upp 620
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sem 617
hefur 564
fra 547
vegna 543
hafa 526
sér 519
mér 511
voru 492
hja 485
yfir 452
enn 430
fram 407

After that, transcriptions were added, using a Perl script, provided in Appendix C:

orthography | frequency | transcription
i 8641 i
a 6442 au
og 4213 X
ad 3895 af
er 2399 er
vid 2163 VIO
ekki 2125 ehki
var 1978 var
um 1935 ym
hann 1743 hann
med 1712 me6
til 1465 til
pad 1392 0a0
fyrir 1389 firmr
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af 1268 af
petta 1213 Oehta
ég 846 jex
en 811 en
ur 755 ur
hin 737 hun
eru 726 ery
eftir 699 eftir
upp 620 vhp
sem 617 sem
hefur 564 hevyr
fra 547 frau
vegna 543 vekna
hafa 526 hava
sér 519 sjer
mér 511 mjer
voru 492 vory
hja 485 hjau
yfir 452 IVIr
enn 430 enn
fram 407 fram

64




APPENDIX B

R Script
R source code for calculating vowel distributions in the data set

# Vowel frequency distribution calculator

# vowel-freqg-distr.R by Alexander Ankirskiy

setwd("/Users/alex/Dropbox/UGA/MA Thesis/Thesis data/Final dataset")
library(stringr)

library(ggplot2)

# loading the dataset into R

corpus <- read.csv("dataset-full-revised.csv")

# converting the dataset into a data frame

corpus <- data.frame(corpus)

# isolating transcriptions for further analysis

corptrans <- data.frame(corpus$Stranscription)

# counting instances of vowel occurrence in all words in the corpus
corptrans$a <- str_count(corptrans$corpus.transcription, "a")
corptrans$e <- str_count(corptrans$corpus.transcription, "e")
corptrans$i <- str_count(corptrans$corpus.transcription, "i")
corptrans$u <- str_count(corptrans$corpus.transcription, "u")
corptrans$y <- str_count(corptrans$corpus.transcription, "y")

corptrans$r <- str_count(corptrans$corpus.transcription, "r")
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corptrans$o <- str_count(corptrans$corpus.transcription, "o")

corptrans$e <- str_count(corptrans$corpus.transcription, "e")

# calculating vowel distributions from the data set

a.sum <- sum(corptrans$a, na.rm = TRUE)
e.sum <- sum(corptrans$e, na.rm = TRUE)
i.sum <- sum(corptrans$i, na.rm = TRUE)
u.sum <- sum(corptrans$u, na.rm = TRUE)
y.sum <- sum(corptrans$y, na.rm = TRUE)

i2.sum <- sum(corptrans$i, na.rm = TRUE)
o.sum <- sum(corptrans$o, na.rm = TRUE)

oe.sum <- sum(corptrans$e, na.rm = TRUE)

# combining vowel distribution into new data frame
vowels <- data.frame(a.sum, e.sum, i.sum, u.sum, y.sum, i2.sum, O.sum,

oe.sum)

# assigning column and row names for ease of reading
colnames(vowels) <_ c(ll[a]",ll[e]",ll[i]ll,ll[u]ll,ll[Y]",ll[I]",ll[D]ll,ll[m]ll)
rownames (vowels) <- c("distribution")

vowels.matrix <- as.matrix(vowels)

# creating a bar plot of the vowel distribution
barplot(vowels.matrix, main = "Vowel distribution",
col = "lightblue",

cex.names = 1.2, xlab = "Vowel", ylab = "Frequency")
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APPENDIX C

Perl Script
Perl script for adding transcriptions to the corpus

#1/usr/bin/perl

# corpus-transcription.pl by Alex Ankirskiy

use 5.18.0;
use warnings;
use strict;

use feature 'say';

open DATASET, "<dataset-test" or die "Cannot open file: $!";

open TRANSCR, ">transcriptions-test.txt";

while (<DATASET>) {

for (<DATASET>) {

# DIPHTHONGS

s/au/ei/gi;
s/ei/ei/gi;
s/ey/ei/gij;

s/a&/au/qgi;

s/6/ou/gi;
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s/®/ai/qgi;

# MONOPHTHONGS

s/e/e/gi;
s/i/z/gi;
s/u/y/gi;
s/y/1/gi;

s/é/je/gi

~e

s/i/i/gi;
s/y/i/9i;
s/o6/e/gi;

s/G/u/gi;

# CONSONANTS (ONE TO ONE)

s/p/0/gi;

s/rl/rtl/qgi;

s/rn/rdn/gi;

# geminated voiceless stops are pre-aspirated

s/pp/hp/gi;

s/tt/ht/gi;

s/kk/hk/gi;
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# CONSONANT (COMPLEX)

s/("b)/p/gi; # word-initial /b/ is always voiceless

my $dtsg = "d|t|s|g";

s/mb($dtsg)/m$1/gi; # /b/ is deleted between /m/ and d, t, s, g

#s/b/p/gi; # in all other cases /b/ is voiceless

my $ln = "1|n";
my $gnlks = "g|n|l|k|s";

s/($1ln)d($Sgnlks)/$1$2/gi; #lost between 1, n and g, 1, n, k, s

s/8$/0/gi; # voiceless word-finally

= n

my $vowels = "ale|i|o|uld|é|6|e|d|1|y|a";

my $vocalic = "a|e|i|o|ula|é|dé|z|s|i|y|alr|1l";

s/ (Svowels)f (Svowels)/$1v$2/gi; #voiced intervocalically

s/ ($Svocalic)f($vocalic)/$1vS$2/gi;
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s/fn/pn/gi;

s/f1/pl/gi;

my $nrst = "n|r|s|t";

s/1lf($nrst)/1v$l/gi; #lost between /1/ and n, r, s, t

my SvowelsG = "e|i|i|y|y|e|eiley|]";

my $au = "alu";

my $st = "s|t";

s/"g$vowelsG/k$1/gi;

s/g($au)$/y($1)/gi; #lightly voiced velar fricative before a, u word-

finally

s/g(S$st)/x($1)/gi; #voiceless before s, t

= n

"ale[i|o|ula|e|o|=[8[1]y]a";

my $vowelsrn

my $consnorn = "b|p|t|d|k|g|s|m|j|h|E|v|d|b|x|2";

s/ ($vowelsrn)ll($vowelsrn)/dl/gi; # /dl/ between vowels or vowels and r,

s/11l($consnorn)/11/gi; # voiceless half-long before consonants other than
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my Svowelsnn = "4|é|i|6|a|y|e|auleiley";

my $vowelsr = "al|e|i|o|ul|ad|é|d|e|d|1i|y|alr";
my Srts = "r|t|s";

my $rsk = "r|sk";

my $fgs = "f|g|s";

s/ (Svowelsnn)nn($vowelsr)/($1)dn($2)/gi;

s/($rts)n(srts)/($1)($2)/g9i;

my $stk = "s|t|k";

s/p($stk)/£($1)/gi;

s/z/s/gi; # purely orthographic; Icelandic language does not officially

include z anymore

chomp; # remove the newline symbol from transcribed data

say TRANSCR; # write the transcriptions into new text file
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close TRANSCR;

close DATASET;
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