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ABSTRACT
Velir or Veler? Exploring Adults' Implicit Knowledge of

an Irregular Verbal Pattern: The Turkish Aorist

Morphological systems that possess irregular suffixation provide us important cues
with respect to how words are processed and represented in the mind. This study
attempts to find out how adult speakers of Turkish process and represent the aorist,
an irregular pattern proven to be extremely challenging in acquisition, as it takes the
form of -r for vowel-ending verbs (uyu-r ‘sleeps’), -Ar for most monosyllabic verbs
(cal-ar ‘plays’), and -Ir for multisyllabic verbs (¢alis-ir ‘works’) and 13
monosyllabic sonorant-ending verbs (al-i ‘takes’). In this study we have tested 90
native speakers with respect to their production of the aorist with 168 monosyllabic,
sonorant-ending nonce roots (vel-, rur-, etc.). Participants were auditorily presented
with sentences that contained nonce roots and instructed to orally conjugate the
nonce root in a subsequent carrier sentence such as in Ali biraz dnce veldi. Ali yazin
her gece vel____.'Ali velled a short while ago. Every summer night, Ali vel___.' Our
results have shown that adult speakers of Turkish have opted for the use of -Ar with
a rate of 86% (i.e., vel-er preferred over vel-ir by the overwhelming majority). To
uncover the role of similarity in the use of —Ir, we have explored various similarity
measures and have found that -Ir use appears to be correlated with the type frequency
of existing irregulars sharing the same first consonant C_ _, the same first vowel V _
and the consonantal template C_C. Rhyme, however did not appear to be a salient

cue that language users rely on.



OZET

Velir veya Veler? Diizensizlik Gosteren bir Oriintiiden

Yetiskinlerin Ortiik Bilgisini Ortaya Cikarmak: Tiirkce'de Genis Zaman

Dagilimlarinda diizensizlik gosteren bigimbirimsel sistemler, sozciiklerin zihinde
nasil islendigi ve temsil edildigine iliskin 6nemli ipuclari sunar. Bu ¢aligma, eylem
kokiine eklenen eklerde diizensiz bir dagilim gosteren Tiirk¢e Genis Zaman ekinin
ana dili Tiirk¢e olan yetigkinler tarafindan nasil islendigini ve temsil edildigini
arastirmaktadir. Unliiyle biten kokler igin -r (uyu-r), {insiizle biten tek heceli koklerin
cogu i¢in -Ar (¢al-ar), ¢ok heceli kokler (¢alis-1r) ve tinili sesle biten 13 tek heceli
kok i¢in -Ir (al-1r) alan Genis Zaman yapisinin ediniminde yasanan zorluklar
bilinmektedir. Bu ¢aligmada anadili Tiirkce olan 90 yetiskin katilimcinin, Tiirkce'de
var olmayan, tinil1 sesle biten 168 tek heceli kok ile (vel-, rur-, vb.) Genis Zaman
yapist Uiretimi test edilmis, katilimeilara, uydurulmus bir eylem igeren tiimceler
dinletilmis ve izleyen tasiyici timcede bu eylem kokiinii sesli olarak tamamlamalari
istenmistir (4/i biraz once veldi. Ali yazin her gece vel __ gibi). Bulgularimiz,
yetigkinlerin s6z konusu eylemlerle -Ar ekini %86 oraninda kullandigini gostermistir
(dolayisiyla, biiylik cogunluk vel-ir yerine vel-er’i tercih etmistir). -Ir kullaniminda,
var olan eylemlerle benzerliklerin rol oynayip oynamadigini ortaya ¢ikarmak icin
cesitli benzerlik ol¢iitleri gelistirilmis, dilde mevcut olan ayni ilk {insiiz C__, aynm
inli V_ ve aym iinsiiz oriintiisii C_C’yi paylasan diizensizlik gosteren eylemlerin
kullanim sikligiyla —Ir kullaniminin iligkili oldugu, uyak 6l¢iitiiniin, ise dil

kullanicilar agisindan giivenilir bir ipucu olusturmadig1 gozlenmistir.
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CHAPTER 1

INTRODUCTION

Children learn to speak their native language without adults explicitly telling them
the rules of grammar. Instead, from the huge amount of linguistic stimuli they hear,
they gradually acquire an implicit knowledge of their native tongue and build
abstractions at the levels of phonology, morphology, syntax, etc. In particular, to
attain competence in morphology the child has to dissociate between words/roots that
can stand on their own and bound forms, i.e., affixes that convey a particular
grammatical function. Acquisition of morphology, in particular affixes/morphemes,
is known to be less demanding when there is one-to-one mapping between an affix
and a function but quite challenging when there is one-to-many mappings i.e., when
a particular affix has several functions such as the English —s (marking possessive as
in John’s, marking plural as in cat-s or marking the 3" person present tense as in
walk-s).

An equally challenging process in acquisition is when a language resorts to
the use of various forms to convey one particular function. This is the case in the
Turkish aorist, the so-called unbounded (present) tense marker. When attached to
vowel-ending verbs, the affix for the aorist assumes the shape of —r (ylri-r ‘walks’),
when attached to multisyllabic verbs, its surfaces as —Ir (¢alis-r ‘works’); when
attached to monosyllabic verbs, the outcome is sometimes —Ar (¢al-ar ‘plays’) and at
other times, —Ir (al-u ‘takes’). The variant behavior of the Turkish aorist presents a
tremendous challenge for Turkish-speaking children (Nakipoglu and Ketrez, 2006).
Acquisition data clearly reveals that a representation of the pattern regarding the

distribution of the affix is being built in the mind of the child up until the age of 8.



This finding then suggests that adults base their daily use and processing of the affix
on this representation which of course, is not consciously available. To understand
better the nature of this knowledge representation in adults, and the processing
mechanisms involved in the production of the aorist, in this study we aim to examine
the aorist forms produced by adult participants when presented with non-existent
verbal roots, i.e. nonce roots, in Turkish.

If participants of a psycholinguistic experiment are asked to generate
conjugated forms of a verb that exists in their language, they would just produce the
correct answer, except errors made under time pressure or distraction. Similarly if
participants are presented with a nonce root and asked to conjugate it in a regularly
behaving verbal pattern such as the future tense in Turkish, they can easily generalize
the pattern to items that they have never heard before, hence a nonce such as viil-
would be produced as viil-ecek. But if asked to conjugate the verb in a pattern for
which, to convey a particular function, the language makes use of a number of
suffixes, several outcomes become possible. Furthermore when the distribution of
the affixes is not predictable on phonological grounds, i.e. when there is irregularity,
the issue becomes even more challenging.

As is well known, the most famous case of such an irregular verbal pattern is
the English past-tense, which divides the verbs in two groups: regulars that take one
of the variants of the suffix -(e)d, in a phonologically predictable manner i.e., [2d] as
in load-loaded, [t] as in walk-walked, or [d] as in rub-rubbed; and irregulars that
undergo various phonological processes, such as change of the stem vowel (sing-
sang), change of the rhyme (bring-brought), or even no change at all (hit-hit). As
reported in Albright and Hayes (2003), for instance, English-speaking participants

when tested on nonce verbs such as spling in the past tense, produced the regular



form splinged with a rate of 51%, and the irregular forms splung and splang have
also sprung up with a rate of 32% and 10%, respectively.

In cases like this where several answers can be entertained, the outcomes
cannot be the result of a single rule. Such irregular patterns, where some verbs
behave regularly and others irregularly, require further explanation. In the literature,
mostly based on the English past tense, it has been proposed that regular and
irregular verbs can be accounted for either by a single mechanism or by two separate
mechanisms.

The Single-mechanism model (Rumelhart and McClelland, 1986; Plunkett
and Marchman, 1993; Hare, EIman and Daugherty, 1995; Hahn and Chater, 1998;
Nakisa, Plunkett and Hahn, 2000, among many others) proposes that English
speakers rely on similarities between verbs to compute the past tense of regular and
irregular verbs alike. Under this view, all nonce verbs would be conjugated
according to similar verbs encountered thus far. In contrast, in the so-called Dual-
mechanism model (Pinker and Prince, 1988; Marcus, Pinker, Ullman, Hollander,
Rosen and Xu, 1992; Marcus, 1998; Pinker, 2001), the irregular past tense forms are
stored in the lexicon with the verb stems, while regular verbs require a simple
symbolic rule that requires the attachment of a suffix to the stem. Under this view,
resemblance with existing items would affect only the roots (i.e. nonce forms)
similar to irregulars, and not those similar to regulars. The competition between
those models, still ongoing, has become the topic of more than 100 publications, and
has often been called “The English past tense debate”, a good review of which can be
found in the paper by Seidenberg and Plaut (2014).

These two models appear to be influenced by the linguistic input previously

heard by the native speaker. In previous studies from both sides (Bybee and Moder,



1983; Prasada and Pinker, 1993), stimuli have been carefully controlled for their
resemblance with existing verbs: nonces were closely selected so that the number of
rhyming regulars and irregulars was low or high. But the authors had chosen rhyme
as a predefined measure of similarity among nonces, regular and irregular verbs, and
did not test it against other measures while this could be critical as noted by Hahn
and Bailey (2005).

When producing the past tense form of nonce verb roots, it has been
additionally observed that the existing verbs and their past tense forms can be more
easily recalled since they are frequent. For instance, the English nonce spling triggers
irregular answers such as splung supposedly because spling is similar to a certain
number of existing verbs having such a past form, swing, string, wring, sting, sling,
fling, cling, varying in frequency in the language. For these existing verbs similar to
spling, the different items are referred to as “types”, while the occurrences of these
verbs are called “tokens”. Then verbs similar to a nonce can be frequent in type when
there are a lot of them, or in token when they represent a lot of occurrences in the
language. If participants are sensitive to the exemplars they hear, one intuitively
expects the token frequency of the verbs similar to the nonce to have more influence
on its past form. Yet literature on the issue has actually suggested that
generalizations to nonce stems are made on the basis of type and not token frequency
(Bybee, 1995; Baayen, 2001; Bybee and Hopper, 2001).

The present study aims at investigating the way adults make use of rules,
similarity and type/token frequency in the processing of an irregular verbal pattern in
their native language. We examined the Turkish aorist to answer the following

research questions:



1. When conjugating a new/nonce item in a morphological pattern that also

embodies irregularity:
a. Do speakers apply a rule?
b. Do speakers rely on similar existing verbs?

2. If speakers rely on similarity with existing items, on which measures of
similarity do they base their answers?

3. Does type or token frequency of existing verbs influence participants'
answers?

Given the previous findings for the English past tense, we hypothesize that:

1. Both rules and similarity would matter in handling a morphological pattern in
one’s native language:

a. Ifin the production of the Turkish aorist participants apply a rule, we
expect most of the nonce items to be produced with the regular form.

b. If participants rely on similarity with existing verbs, we expect some
nonce items to be produced with the irregular form.

2. Rhyme can be the measure participants would mostly rely on to evaluate if a
nonce resembles existing verbs: we expect rhyme to be the most salient
among several measures of similarity between the stimuli and existing
irregulars, such as sharing the same first consonant, the same vowel, the same
last consonant, the same first and last consonants (the C_C pattern), or the
same vowel and last consonant (rhyme).

3. Frequency, in particular type frequency enhances the effect of similarity: we
expect more irregular forms to be produced for a nonce similar to a higher
number of different irregular verbs (according to the above relevant measures

of similarity).



The thesis is structured as follows: Chapter 2 is devoted to the structural description
of the Turkish aorist where we explain the grammar rule governing the pattern. In the
same chapter we also examine the frequency distribution of the aorist forms in
Turkish by exploring a large online Turkish corpus. In Chapter 3, we summarize the
available processing models for the English past tense and the previous findings
concerning similarity and frequency in elicited past forms for nonce items, which
will give us a background to understand and interpret the findings we obtained in our
experiment. Chapter 4 presents the procedure of the experiment we have run on 90
native speakers of Turkish to test the behavior of the Turkish aorist. The results of
the experiment will be laid out in Chapter 5. Finally in Chapter 6 we will discuss
what our findings have taught us about the adult representation of the Turkish aorist,

and more generally irregular patterns in the mind.



CHAPTER 2

DESCRIPTION OF THE TURKISH AORIST

2.1 Morphological properties of the Turkish aorist

Used in the expression of generalizations, habits, hypotheses and volition, the
Turkish aorist reveals itself in three variant affixes: -r, -Ar and -Ir. While the vowel-
ending verbs are attached the affix —r as in (1), the affix that surfaces on the
consonant-ending verbs is determined on the basis of whether the verb is
monosyllabic or multisyllabic. In particular, multisyllabic verbs always surface with

the affix -Ir i.e., [1r, ir, ur, iir] following the rules of Vowel Harmony in Turkish, as in

2

(1) uyu- 'Sleep’ uyu-r 's/he sleeps’

(2) kapat- ‘close’ kapat-1r 's/he closes'
pisir- ‘cook’ pisir-ir 's/he cooks'
otur- 'sit' otur-ur 's/he sits'
diistin- 'think’ diistin-0r 's/he thinks'

The monosyllabic verbs, however, pose a certain challenge to the speakers of
Turkish. Though most monosyllabic verbs take the affix -Ar as in (3), 13 verbs take

the affix —Ir and are considered to be behaving irregularly as listed in (4).

1 In Turkish the affix vowels are either I-type or A-type as in the Turkish aorist which

surfaces as -Ir or -Ar. The I-type affixes follow the rules of high Vowel Harmony in Turkish and |
stands for the corresponding high vowel.



(3) bak- 'look’ bak-ar 's/he looks'

sec- ‘choose’ sec-er 's/he chooses'
(4) al- '‘take' al-wr 's/he takes'
bil- 'know' bil-ir 's/he knows'
bul- find' bul-ur 's/he finds'
dur- 'stop’ dur-ur 's/he stops'
gel- ‘come’ gel-ir 's/lhe comes'
gor- 'see’ gor-ur 's/he sees'
kal- 'stay’ kal-1r 's/he stays'
ol- 'be’ ol-ur 's/he is'
ol- 'die’ ol-ur 's/he dies'
san- 'think’ san-ir 's/he thinks'
var- arrive' var-ir 's/he arrives'
ver- 'give' ver-ir 's/he gives'
vur- ‘hit’ vur-ur 's/he hits'

The irregularly behaving verbs are all monosyllabic roots ending in the sonorants /1/,
Irl, or In/. Furthermore they are highly frequent. Characterization of the irregularly
behaving verbs on the basis of sonority is necessary but not sufficient, since not all
sonorant-ending monosyllabic verbs fall under the -Ir category as can be observed in

the examples given in (5) below.?

(5) ol- 'die’ ol-ar 's/he dies' (irregular)
bol- 'divide’ bol-er 's/he divides' (regular)
gel- ‘come’ gel-ir 's/lhe comes' (irregular)
del- 'drill’ del-er 's/he drills’ (regular)

Interestingly, the Turkish aorist pattern matches the English past tense pattern in that
all verbs with multisyllabic roots are regular in the sense that they take the affix -Ir at
all times and all irregulars are highly frequent just as in English (as reported in

Pinker and Prince (1988)). Moreover, the final sounds of regular and irregular verbs

2 One could wonder how the so-called irregularity appeared in the Turkish aorist. Tekin (1995)
(as cited in Kanik (2015)) states that “Originally the aorist suffix in Turkish was -r and the vowels
before —r in the aorist suffix in Old and Middle Turkic are in fact a relic of the lost stem-final vowels
in Proto-Turkic”, and that “many monosyllabic Old Turkish verbs lost their older and perhaps original
aorist forms in {-Ur} in the 11" century and took the new aorist forms in {-Ar}” [sic]. We also note
that the verbs corresponding to the 13 irregular Turkish verbs in the other Turkic languages take a
regular affix similar to -Ar. It is important to underline that our focus is not how aorist evolved in time
in Turkish, but how it is processed by native speakers of Modern Turkish who have always been
exposed to aorist with these 13 exceptionally behaving verbs.



can be exactly the same, both in English (submit-submitted is regular, but hit-hit, sit-
sat are irregular) and in Turkish as observed in (5) above.

Nevertheless the two patterns cannot be considered as entirely similar: the
irregular verbs in English depart in various ways from the regular -(e)d suffix,
whereas the so-called irregulars in Turkish are monosyllabic but attached the affix
that we see in multisyllabic verbs as well.

Acquisition of this intriguing distribution in the aorist has been studied by
Nakipoglu and Ketrez (2006). Using picture-prompted elicitation technique, the
authors have tested 136 Turkish speaking children at various ages, and encountered a
high rate of errors in children’s productions mostly for sonorant-ending monosyllabic
verbs. In particular sonorant-ending irregulars were found to be regularized yielding
overregularization errors such as *bil-er for bil-ir ‘knows’, *al-ar for al-ir ‘takes’
and regulars undergoing irregularization such as *bin-ir for bin-er ‘rides’, *cal-ur for
cal-ar ‘plays/steals’. As for the rate of errors, 3-year-old children have been found to
overregularize irregulars with a rate of 39% and irregularize regulars with a rate of
29%; 4-year-old children, however, make less overregularization errors, 18%, but
more irregularization errors, 38%. The predominance of irregularizations over
overregularizations persists in the following years till the disappearance of errors
around 8 years of age. The reversal of the trend in errors interestingly parallels the
development of verb vocabulary. At 3 years of age, the child encounters more aorist
forms ending in -Ar (monosyllabic regulars and non-high-vowel-ending), as they
represent up to 70% of aorist verbs in child-directed speech collected in the
CHILDES Turkish corpora (Aksu-Kog¢ and Slobin (1985) as cited in Nakipoglu and
Ketrez (2006)). With age, this proportion decreases as the children learn more verbs

the majority of which are multisyllabic, so with aorist forms ending in -Ir.



2.2 Quantitative description: Frequencies in a web corpus

2.2.1 Methodology
Building on the insight that a corpus would reflect language use, we have extracted
type (number of different verbs) and token (number of occurrences) frequency counts
for the aorist from the BOUN Corpus (Sak, Gungor and Saraclar, 2008), the biggest
Turkish web corpus available. More particularly, we have worked on the version of
this corpus made available by Zargan, an online Turkish Dictionary.3

The BOUN Corpus contains 1.337.898 word-forms and their stems,

morphological analyses and frequencies. An example is given in (6) below:

(6) Word-form Stem Morphological analysis Frequency
cokuntinun Cokintl Noun+A3sg+Pnon+Gen* 309

We have performed several operations on the corpus to obtain the entries that we
need for this study. Recall that the corpus initially consisted of 1.337.898 items. Here
is what we have done to retrieve the aorist forms:
i.  we have merged the lines concerning the same entity with and without
apostrophe (which amounts to 1.260.882 items),
ii.  we have selected the verb forms (748.051 items (59.33% of the lexicon)),
iii.  then we have selected the aorist forms (only used in the affirmative contexts)
5(44.972 items (6.01% of the verb forms)),
iv.  we have examined the distribution of forms according to the suffixes

occurring before and after the aorist,

3 http://st2.zargan.com/duyuru/Zargan_Linguistic_Resources_for_Turkish.html.
4 A3sg: Agreement 3™ person singular, Pnon: no Possessive Marker, Gen: Genitive
5 In negated contexts the Turkish aorist either appears as a null morpheme in 1% person

singular and plural as in git-me-m ‘I do not go’ / git-me-yiz “We do not go’, or it surfaces in the form
of —z with other person markers such as git-me-z-sin(iz), ‘Y ou sg(pl) do not go’ or git-me-z-ler ‘They
do not go’. For the purposes of this study we have restricted ourselves only with the aorist used in
affirmative contexts.
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v.  finally we have created a compiled list of the aorist forms once the suffixes
after the aorist (including person markers) have been stripped off. Hence, for
instance cal-abil-ir-dim, cal-abil-ir-iz, cal-abil-ir-cesine, etc. are all compiled
under the entry calabilir.

A more detailed account of the methodology used in this study can be found in

Appendix A.

2.2.2 Distribution of the aorist forms with respect to the suffixes preceding and/or
proceeding the aorist

Examining the suffixes that proceed and in particular, precedes the Turkish aorist is
crucial for our study as the variant of the aorist can differ with respect to the syllable
size of the verb root. For instance, the monosyllabic c¢al- 'play/steal’ takes the -Ar
form yielding cal-ar in the aorist, but the attachment of the affix -Abil renders a
multisyllabic stem, hence c¢al-abil- 'be able to play/steal' takes -Ir resulting in
calabil-ir. So a look at the distribution of the suffixes coming before the aorist is
essential for our analysis since it directly increases the rate of verbs produced with -
Ir. Table 1 and Table 2 below present a breakdown of the Turkish aorist forms and

frequencies with respect to the proceeding and preceding affixes.
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Table 1. Type and Token Frequency Counts according to Affixes Proceeding the
Aorist

Suffixes after the ~ Example on verb Type Token
aorist cal-

aorist + past cal-ar-dt 7944 207412
aorist + cond cal-ar-sa 8440 504001
aorist + ken cal-ar-ken 3998 842814
aorist + mlg cal-ar-mug 2046 17455
aorist + CAsInA cal-ar-casina 644 7244
aorist + other cal-ar-SUFFIX 181 1146
aorist + none cal-ar 21719 3357211
Total 44972 4937283

Repartition of suffixes AFTER the aorist in TYPE (number of different verbs)
aorist + none (48.29%)

aorist + past (17.66%)

aorist + other (0.40%)
aorist + mls (4.55%)

aorist + ken(8.89%)
aorist + CAsInA (1.43%)

aorist + cond (18.77%)

Repartition of suffixes AFTER the aorist in TOKEN (number of occurrences)

aorist + past 64.20%}
aorist + other(0.02%)

aorist + none (68.00%)
aorist + cond (10.21%)

aorist + CAsInA (0.15%)

aorist + ken (17.07%)

aorist + mls (0.35%)

Figure 1. Distribution of the aorist in type and token with respect to the proceeding
affix
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Table 2. Type and Token Frequency Counts according to Affixes Preceding the
Aorist

Suffixes before the Examples Type Token
aorist

Abil + aorist cal-abil-ir 13583 925726
Iver + aorist cal-ver-ir 880 3111
passive + aorist cal-in-ir 6736 677169
causative + aorist  cal-dir-1r 6171 198192
none + aorist cal-ar 17602 3133085
Total 44972 4937283

Repartition of suffixes BEFORE the aorist in TYPE (number of different verbs)
none + aorist (39.14%)

Abil + aorist (30.20%)

lver + aorist (1.96%) causative + aorist (13.72%)

passive + aorist (14.98%

Repartition of suffixes BEFORE the aorist in TOKEN (number of occurrences)

Abil + aorist (18.75%)

none + aorist (63.46%)
Iver + aorist (0.06%)

passive + aorist (13.72%)

causative + aorist (4.01%)

Figure 2. Distribution of the aorist in type and token with respect to the preceding
affix

The token frequencies of monosyllabic verbs, of particular interest here, with and

without preceding or proceeding suffix, can be found in Appendix B.
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2.2.3 Distribution of the suffixes -Ar and -Ir
After these steps, we have looked at the distribution in type frequencies (number of
different verbs) and token frequencies (number of occurrences) of the -Ar and -Ir
forms of the aorist suffix. Since we are interested in finding out how many times a
Turkish speaker actually hears -Ir or -Ar as the suffix of an aorist attached verb, and
in particular, how many of these suffixes are preceded by a sonorant, we have used a
classification a bit different from the usual one, reported in Table 4 below. For
vowel-ending verbs, the suffix is only -r but we counted the aorist form of vowel-
ending verbs in the -Ar column if the verb root ended in an A-vowel (i.e. /a/, /e/), and
in the -Ir column if the root ended in an I-vowel (i.e. /i/, /1/, /u/, /i/) (e.g. uyu- 'sleep’,
the aorist of which is uyu-r 's/he sleeps', was counted in the -Ir category, as the verb
contains the /u/ sound).

To reflect the frequency of -Ir and -Ar forms following one of the sonorants
I/, Irl or In/ at the end of the aorist forms, we counted the vowel-ending verbs in the
Sonorant line if the consonant preceding the final vowel was a sonorant, and in the
Non-sonorant line otherwise (e.g. ylri- ‘walk', whose aorist is yurd-r 's/he walks',
was counted in the Sonorant line).

We give in Table 3 below examples for all created categories, with light gray
cells where we did not expect any aorist form according to the rules laid out in part
2.1 (monosyllabics take -Ar (see D and E) except 13 sonorant-ending monosyllabic

irregulars taking -Ir (D, in darker grey), and multisyllabics take only -Ir (F, G)):

14



Table 3. Examples of Aorist Forms Falling in Different Categories of Verb Root and
Suffixes

Verb root characterization -Ar -Ir
Monosyllabic A | ye-r,de-r | yu-r(rare)
Vowel-ending ) ) Sonorant B | yakala-r yUri-r
Multisyllabic
Non-sonorant C ode-r uyu-r
) Sonorant D dal-ar gor-ur
Monosyllabic
Non-sonorant E yap-ar
Consonant-
; Sonorant F otur-ar
ending Multisyllabic |
Non-sonorant G calig-1r

Table 4. Type and Token Frequency Counts of the Suffixes -Ar and -Ir in the Aorist
according to Verb Root Characteristics

Verb root characterization -Ar -Ir Total
Type  Token Type Token Type Token
Total 695 576599 51 58262 746 634861
V-ending Monosyllabic Total A 2 107930 1 99 3 108029
Total 693 468669 50 58163 743 526832
Multisyllabic Sonorant B| 595 355666 20 22195 615 377861
| 563 316135 3 146 566 316281
r 18 19476 15 15573 33 35049
n 14 20055 2 6476 16 26531
Non-Sonorant  C 98 113003 30 35968 128 148971
Total 303 961384 | 9386 3340775 | 9689 4302159
C-ending Total 214 918427 17 791717 231 1710144

Monosyllabic Sonorant D 45 131806 17 791717 62 923523
| 14 13700 7 602213 21 615913

r 15 81081 5 134241 | 20 215322
n 16 37025 5 55263 | 21 92288

Non-Sonorant E | 169 786621 0 0 169 786621

Total 89 42957 | 9369 2549058 | 9458 2592015

Multisyllabic ~ Sonorant Fl 1 4 7976 2121451 | 7977 2121455

I 0 0 5100 1431692 | 5100 1431692

r 1 4 1737 288778 | 1738 288782

n 0 0 1139 400981 | 1139 400981

Non-Sonorant G| 88 42953 | 1393 427607 | 1481 470560

Total 998 1537983 | 9437 3399037 | 10530 4937020
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Our frequency calculations in the corpus confirms that there are no monosyllabic non
sonorant-ending verbs taking -Ir as stated in Part 2.1.% Overall, the -Ir suffix is much
more frequent than the -Ar suffix both in token and type, due to the high number of
consonant ending multisyllabic verbs. We have further observed that for vowel-
ending verbs, a much higher number of aorist forms end in -Ar. We have also gained
more insight in respect of the repartitioning of -Ar and -Ir suffixes in the case of
monosyllabic sonorant-ending verbs, case to which the exceptions belong. The
corpus counts 45 monosyllabic sonorant-ending verbs taking -Ar (rule) compared to
17 taking -Ir (exceptions), distributed in 131.806 occurrences with -Ar (rule) and
791.717 with -Ir (exceptions). In this case, the -Ar suffix is more frequent in type but

less frequent in token.

However we have found:

e 4 extra cases of monosyllabic sonorant-ending verbs taking -Ir, more precisely ending in /n/
(E): according to the rule, only the 13 monosyllabic sonorant-ending exceptions take -Ir but
in the corpus we find 17 verbs because colloquial verbs such as yun- 'wash' and some forms
of yen- 'be eaten’, passive of ye- 'eat', wrongly marked in their morphological analysis as
active forms of yen- 'win' in the corpus

e 1 extra case of multisyllabic sonorant-ending verb taking -Ar, more precisely ending in /r/ (F)

e 88 extra cases of multisyllabic non sonorant-ending verbs taking -Ar (G): according to the
rule, multisyllabic verbs should take -Ir, but some verbs are constructed from monosyllabic
verbs and conjugated as such, even though they are now written in one word (e.g. zannet-
'think’, varsay- ‘assume’, vazgeg- 'give up').
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Repartition of aorist forms in TYPE (number of different verbs)

Vowel-ending (7.15%)

Monosyllablc st?nnrant endlngtregulars (0. 43"/1)
Monosyﬁngl sonécrapn Pt ﬁaai?reeguqarg (& ?g‘ﬁ

Multisyllabic (90.64%)

Figure 3. Distribution of the aorist in type with respect to the verb root
characteristics

Repartition of aorist forms in TOKEN (number of occurrences)

Multisyllabic (52.50%)

Vowel-ending (12.86%)

Monosyllabic sonorant-ending
requlars (2.67%)

Monosyllabic non-sonorant-ending (15.93%)

Monosyllabic sonorant-ending
irregulars (16.04%)

Figure 4. Distribution of the aorist in token with respect to the verb root
characteristics
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TYPE frequencies of -Ar and -Ir suffixes in aorist forms for CONSONANT-ENDING VERBS
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Figure 5. Distribution of the suffixes -Ar and -Ir in type for consonant-ending verbs
with respect to the verb root characteristics

TOKEN frequencies of -Ar and -Ir suffixes in aorist forms for CONSONANT-ENDING VERBS

3000000 - R

2500000 -
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1500000 |

Number of occurrences
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[ 2171451
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Figure 6. Distribution of the suffixes -Ar and -Ir in token for consonant-ending verbs
with respect to the verb root characteristics
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2.2.4 Distribution of patterns of consonants and vowels

If we assume that speakers rely on what they hear, we expect them to keep track of
the frequencies of some patterns of consonants and vowels in the language. Hence
with the intention of finding out which patterns native speakers hear the most and
how much they hear them, we have looked into type frequency and token frequency
for patterns, defined as such:

i. type frequency: the number of positions where a pattern occurs (can be
several in a word and can be chained, e.g. “aCa” with C being any consonant
occurs 3 times in the form anlamamaca

ii.  token frequency: the number of times a pattern is heard (can be several in a
word and can be chained, e.g. “aCa” is heard 3 x 10 = 30 times in all the
occurrences of anlamamaca that occurs 10 times).

And with these two measures, we draw the list of the patterns native speakers hear
the most for:
e the patterns of the type “vowel-consonant-vowel”
e the patterns of the type “vowel-sonorant-harmonic vowel”
o the patterns of the type “vowel-sonorant#harmonic vowel” (across a word
boundary)
e the patterns of the type “vowel-sonorant-harmonic vowel-r” at any place
o the patterns of the type “vowel-sonorant-harmonic vowel-r” in final position
Relevant lists are given in Appendix C.
The following chapter, Chapter 3 presents theoretical and experimental
findings on the processing of the English past tense, an extensively investigated

irregular pattern.
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CHAPTER 3

THEORETICAL BACKGROUND

3.1 Connectionist and rule-based models

The processing of irregularly behaving patterns has been mostly investigated through
the example of the English past tense. This tense has proven to be productive very
early on: at the age of 4, English-speaking children are able to produce the past tense
form of a new verb given in a sentence, for example “Here is a man who knows how
to rick; he did the same thing yesterday; he  .” (Berko, 1958). Various models
have then strongly argued either about the existence of a united mechanism for all
verbs, or about a separate treatment for regular and irregular verbs.

The Single-mechanism model of English past tense argues that every form,
whether regular or irregular, should be generated by a uniqgue mechanism. After all,
English past tense is one paradigm associating to each verb root a unique output and
conveys the same past aspect to any verb, regardless of the complexity of the
transformation (from simple suffixation as in change-changed, to full suppletion as
in go-went). According to Connectionism or Parallel Distributed Processing, the
language user constantly computes statistics about heard exemplars and combines
them to associate a past form to any verb, without reference to its regularity status.
Regulars and irregulars would differ in their past-tense output due to a number of
their properties i.e. other verbs in their neighborhood, phonetic properties, etc.
Several implementations and refinements of this model (Plunkett and Marchman,
1993; Hare, EIman and Daugherty, 1995; Hahn and Chater, 1998; Nakisa, Plunkett
and Hahn, 2000, among others) have been built on the seminal two-layer artificial

neural network proposed by Rumelhart and Mc Clelland (1986).
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One of the most characteristic features of such models - as noticed by
Seidenberg and Plaut (2014) - is that they do not need any specific knowledge of
English past tense. Instead, fed with pairs of the type “verb-past tense”, these models
adjust their weights and tend to reflect general learning and processing mechanisms.
Assuming a basic single mechanism, they focus on defining the details of the model
and therefore propose a precise implementation in support of the theory.

On the other hand, the Dual-mechanism model has advanced the idea that two
mechanisms are needed to account for the two types of forms. Since regulars and
irregulars have a different behavior, they would be processed differently: regulars
computed with a symbolic rule, irregulars retrieved from the lexicon. This rule-based
model suggests that when a speaker produces the past form of a verb, if s/he finds it
in the lexicon then this stored irregular form is chosen, otherwise it is computed
directly by the rule, with no need to store this form. This view, sometimes called
“Words-and-Rules”, has been developed by Pinker and Prince (1988), Marcus,
Pinker, Ullman, Hollander, Rosen and Xu (1992), Marcus (1998) and Pinker (2001),
among others.

The strength of the implementations of the Dual-mechanism model as noted
by Seidenberg and Plaut (2014) is to integrate rules and abstract structures that
present themselves more widely in the language, in phonology or syntax. Thus the
model does not need to be provided with pairs of verb stems and correct past tense
forms which is a very partial sample of English language, but can derive the past
tense of a verb from rules with a wider scope.

These two lines of research have proven very productive during the last thirty
years but none of them could entirely solve the research problem of how the

productive use of morphemes possessing irregularity in distribution can be accounted
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for (Mc Clelland and Patterson, 2002; Pinker and Ullman, 2002). At the heart of the
discussion lies the observation that connectionist models using similarity between
verbs generate inappropriate forms that native speakers actually never produce such
as smile-*smole (overgeneration of irregulars); rule-based models, however, make
categorical predictions, and provide regular forms that never surface in the language
such as come-*comed (undergeneration of irregulars). The Single-mechanism model
relies on the domain-general notion of analogy between items, used in other
phenomena such as reading or object recognition. On the contrary, the Dual-
mechanism model makes more use of properties specific to the domain of language.

The debate has also been fueled with new linguistic facts to explain. In
particular, the application of the rule has proven to be sensitive to phonology and
semantics. Bybee and Moder (1983) revealed the predominance of verbs starting
with /s/+stop (/t/, /p/) in the verbs having an irregular past tense formed by vowel
change (spin-spun, stick-stuck). Ramscar (2002) showed that when the nonce verb
sprink was introduced in a story, the subjects preferred the regular past sprinked
when the story was about eye problems and reminded them of the verb blink whose
past is regular blinked; and they preferred the irregular past sprank when the story
was related to drinking, priming the verb drink whose past is irregular drank. The
Single-mechanism advocates propose to simply integrate these as additional
constraints to their model relying uniquely on similarity. Meanwhile, the defenders
of the Dual-mechanism model need to assume the influence of additional factors on
the rule application for regulars, and they even accept that some kind of similarity
must be at stake for the case of irregulars, note Seidenberg and Plaut (2014).

Recent years have seen an evolution of the mathematical frameworks

(Bayesian Probability Theory, Machine Learning), allowing for new accounts of
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language processing and acquisition, probabilistic in nature (Chater and Manning,
2006; Tenenbaum, Kemp, Griffiths and Goodman, 2011). In parallel, theoretical
advances in the debate (and not only refining of the models’ parameters or details)
have indicated ways to disregard the existing dichotomy “rule vs. usage”. For
example, Pinker (2001) has suggested that calling a form the default is not a matter
of frequency only: let us take the example of the suffix —s which is argued to be the
default plural for nouns in English and German. Whereas in English more than 99
percent of the nouns form their plural by concatenation of —s, only 7 percent of the
nouns in German are rendered plural this way. The default form must be the result of
symbolic composition, not storage in memory, and appear in several cases of
systematic generalization: -(e)d is argued to be the default marker for the English
past tense because it is the form used for the unusual sounding nonce verbs even
when they sound very different from existing verbs (ploamph - ploamphed), for
verbs spontaneously created in the discourse (sally-ride - sally-rided) and in
children’s errors (go - *goed).

In 2003, Albright and Hayes proposed the Minimal Generalization Learner
(MGL) model which proposes multiple stochastic rules (rules with assigned
confidence scores) that are gradually constructed through a process of iterative
generalization over pairs of forms “verb - past form”. Arguing that “pure” analogy
can capture effects irrelevant to the processing of the pattern and is not restrictive
enough as a model of morphology, the model makes instead use of the emergence of
structured similarity among verbs, grouped in “Islands of Reliability”. The model
generalizes from the exemplars by extracting rules, comparing them with one another
to find the tightest rules, ending up with a small number of general rules and a large

number of other less general rules. The past form for a given verb is thus determined
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by the rule with the highest probability and the “Islands of Reliability” are the
resulting groups of verbs to which the probabilistic rules apply.

For example, every English verb ending in a voiceless fricative (/f/, /th/, /s/,
/sh/) has a regular past, so the model could build the rule from the initial data:
“Suffix /-t/ attached to stems ending in voiceless fricatives”. The verbs in the scope
of this rule ending in voiceless fricatives (miss, wish, laugh, etc.) form an Island of
Reliability for regular past forms. Since the rules are probabilistic, a particular verb
can belong to several Islands of Reliability: for example, a nonce item such as dize
belongs to both an Island of Reliability for regular pasts (verbs ending in [z]: realize-
realized, suppose-supposed, etc.) and an Island of Reliability for irregular pasts
(verbs with vowel change from [a1] to [0]: rise-rose, ride-rode, dive-dove). The MGL
model has been successfully tested against an implementation of the Single-
mechanism model called the Generalized Context Model (GCM) (Nosofsky, 1990).

Rather than bringing an end to the debate, Albright and Hayes (2003) opened
a new research avenue since the proposed alternative is a model, necessarily making
assumptions and differing from other models in the way that they conceptualize the
data and the human processing mechanisms. For instance, Racz, Beckner, Hay and
Pierrehumbert (2014) have retested the Minimal Generalization Learner against the
Generalized Context Model. This time, analogy to individual instances (GCM)
proves to be a better approximation of the behavior of subjects than recourse to
abstract generalization (MGL) but each model explains a part of the observed
variance. In the case of nonces such as skast, similar to verbs whose past form is
identical to their infinitive form (cut-cut, hurt-hurt), the strong preference of
participants for regularization (skasted) over irregularization (skast) is better

predicted by GCM than by MGL. This happens because MGL, by its selection of the
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highest probability to produce the output for a verb, penalizes rules supported by a
low number of verbs in English. However, in the case of nonces similar to verbs that
form their past form with a vowel change from [ai] or [i] to [o] (drive-drove, weave-
wove), the MGL makes better predictions of the participants’ answers, because some
of the nonces such as quine (quined) or sline (slined) fall into an Island of Reliability
wider for regulars (line-lined, whine-whined) than for irregulars (only shine-shone),

while the GCM fails to capture this structured similarity.

3.2 Related psycholinguistics experiments
All these approaches proposed to model the processing of morphemes that embody
some kind of irregularity, have a goal of reaching the gold standard set by human
performance: a model that would represent the verbal processing mechanisms at
stake in the English past tense should predict the past forms present in the language,
but also human answers for non-existent verbs collected in psycholinguistics
experiments. To gather these data to which the results of the models can be
compared, Bybee and Moder (1983), Prasada and Pinker (1993), Albright and Hayes
(2003) and Racz, Beckner, Hay and Pierrehumbert (2008) designed experiments with
nonce verbs, where they have asked participants to rate the most plausible form
between the regular and a proposed irregular past form, or to simply produce the past
form of a given verb root.

In Bybee and Moder (1983), 34 participants heard 93 nonce verbs and had to
write the associated past tense with the help of the sentence frame “Sam likes to

. Yesterday he . The proposed nonces varied in their

phonological neighborhood proximity to the irregular verbs including the common /i/

- /\/ vowel change in their past tense (string - strung, cling — clung, shrink — shrunk).
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The results reflected this gradient proximity: the more the nonce matched the verbs
with this vowel change phonologically, the more irregular past tenses including the
vowel change were elicited: thus, spling rendered splung with a rate of 44%, shink
gave shunk with a rate of 24% and sid was produced as sud in the past tense with a
rate of 7%. Generalization of irregular patterns was said to occur mostly on the basis
of rhyme with existing items.

In another experiment that intended to contribute to the understanding of the
issue, Prasada and Pinker (1993), chose to test 24 English students on 60 nonce verbs
by giving definitions to the nonces and asking them to fill in frame sentences on a
paper questionnaire. Using the mean of number of rhyming monosyllabic regulars or
irregulars as a similarity measure, stimuli were designed to be at three distance levels
- either prototypical, intermediate, or distant - either from existing regulars or from
existing irregulars. Authors noted that given the high number and variety of regular
English verbs, a nonce can only be “distant from existing regulars” if it is very
dissimilar to all English words (e.g. ploamph), which could affect participants'
answers. For nonces such as spling, the answers were classified as “suffixed”
(regular past tenses such as splinged) or “non-suffixed” (irregular past tenses such as
splung, but also spelling errors in the stem such as spinged or spung). “Non-suffixed”
answers decreased with distance from irregular verbs: for example, “non-suffixed”
answers represented 42% of the answers for a prototypical irregular nonce such as
cleed (cled), 33% for an intermediate irregular nonce such as fring (frung), and 17%
for a nonce distant from the irregulars such as trisp (trusp). But this distance effect
was not observed for regular verbs: “suffixed” answers did not increase with distance

from regular verbs. This way, a prototypical regular nonce greem, an intermediate
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regular nonce smeej and a nonce distant from regulars frilg, were all produced with a
rate of 96% as regulars, respectively greemed, smeejed and frilged.

To test the Minimal Generalization Learner Model introduced earlier,
Albright and Hayes (2003) also ran a rating and eliciting experiment based on their
concept of “Island Of Reliability” (IOR), which are the clusters grouping verbs
getting their past tense through the same probabilistic rule, as previously mentioned.
Twenty students were auditorily presented with sentences that contained the
infinitive form of 60 nonce verbs and were instructed to read aloud subsequent
carrier sentences such as “I think I'd really enjoyto . My friend Sam
once, and he loved it.”, orally filling the blanks with the appropriate form. Stimuli
could belong to an IOR for regular items, for irregular items, for both regulars and
irregulars, or for neither regulars nor irregulars. Similar to previous results, but
formulated in terms of Island of Reliability instead of neighborhood similarity
(distance between items used by Bybee and Moder (1983)) or prototypicality
(distance used by Prasada and Pinker (1993)), irregular forms occurred more when
the item belonged to an I0OR for irregulars than when it did not: for example the
irregular form flep was produced at 23% for the nonce fleep, belonging to an I0OR for
irregulars, i.e. the scope of the probabilistic rule deriving bleed-bled for example.
Meanwhile spuck was produced at 7% for the nonce spack, which is not belonging to
such an IOR. But importantly and contrary to Prasada and Pinker (1993), a
comparable result was observed for regular verbs: regular forms were more frequent
for items belonging to a group of verbs having regulars than for items that are not in
such an IOR; for instance, the nonce blafe, belonging to an IOR for regulars, was
regularized as blafed at 89% while the nonce queed, not belonging to such an IOR,

gave queeded only at 52%.
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Racz, Beckner, Hay and Pierrehumbert (2008) made use of the possibilities
offered by the internet to design an online experiment with a forced choice between
regular and irregular past tense forms. 316 English nonce verbs, belonging to 5
prototypical classes of irregulars, were visually presented in carrier sentences to as
many as 111 participants. Irregularization rates were found to vary greatly among
classes of nonces: 0.48 for the drive — drove class, 0.42 for the sing — sang class, 0.41

for the keep — kept class, 0.33 for the burn — burnt class, 0.17 for the cut — cut class.

3.3 Frequency considerations
Conjugating English verbs in the past tense is a frequent pattern in itself, as it occurs
in 86% of the 1000 most common verbs. The irregularity in the pattern has emerged
from the transition from a vowel change paradigm to a suffixation paradigm in
history. English contains thousands of regular verbs and about 180 irregular verbs
that are left-overs of the former system. Irregulars resist regularization diachronically
thanks to their grouping in clusters and to their high frequency: according to Bybee
(1982), out of the 30 most frequent past-tense forms 22 are irregulars. However, the
distinction between regulars and irregulars may not be that clear-cut: the past form of
59% of the 181 irregulars end in /d/ or /t/, just like the regular past forms. Moreover,
many irregular past tense forms are obtained by changing the vowel of the stem,
which grants vowel change the status of a secondary rule, or quasi-rule, as labeled by
Mc Clelland and Patterson (2002).

Irregulars are high-token-frequency (number of occurrences) low-type-
frequency (number of verbs) items. Usage-based studies suggest that morphological
patterns are extended on the basis of type frequency more than token frequency

(Bybee, 1995; Baayen, 2001; Bybee and Hopper, 2001). But their opponents argue
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that usage-based models should take into account the percentage of tokens and not
types, to implement analogy with what is heard in the language (Pinker, 2001).

In children’s lexicon, irregular verbs are so frequent in that they remain more
frequent in tokens than regular verbs, even when their vocabulary considerably
expands in regular verbs. Furthermore, in the study of Raez, Beckner, Hay and
Pierrehumbert (2014), individuals with higher vocabulary scores happen to rate
irregular forms as more plausible compared to individuals with lower vocabulary
scores. Participants’ strength of vocabulary could reflect in the number of stored
instances of lower frequency irregular verbs and therefore their acceptance of new
irregular forms.

The literature on the topic inspired us to design a psycholinguistic experiment
where we have exposed a high number of participants to nonce items both auditorily
and visually. We have tested a wide range of stimuli in order to check various measures
of similarity, and provided frequencies we used both in type and token to be able to
compare them. The ensuing Chapter lays out the procedure of our task to test adults'

production of nonce aorist forms.

29



CHAPTER 4

METHODOLOGY

4.1 Stimuli

As in this study we are interested in finding out how adult native speakers of Turkish
would produce non-existing verb-like items in the aorist and whether the outcome
would reflect the application of a rule or the effect of analogy, we have created nonce
verbs that mimic the existing verbs in Turkish.

Recall that all irregularly behaving verbs in the aorist are monosyllabic roots
ending in sonorants, i.e., /l/, Ir/, In/, so we have designed our stimuli to include only
monosyllabic /I/, /r/, In/-ending nonce verbs. When we have further looked into the
distribution of the sonorants in the 13 irregular verbs we have observed that the
majority end in /l/ (7 out of 13 items) and, /r/ (5 out of 13 items). The only /n/-ending
verb happens to be the infamous san- which is already problematic for native
speakers of Turkish as ‘san-ar’ is widely accepted among speakers. Hence we have
decided not to include any /n/-ending nonce-verbs and restricted ourselves with /r/
and /l/-ending verbs. Therefore the template we have constructed for the nonce verbs
has been Consonant - Vowel - Sonorant (CVS). 21 consonants x 8 vowels x 2

sonorants give rise to 336 roots/syllables in Turkish as laid out in Table 5 below.
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Table 5. The 336 Possible CVS Syllables (Color Code Explained in the Text)

b ¢c ¢ d f g h j k |

m

np

r s

s t vy

z

alal bal cal cal dal fal gal hal jal kal lal
alar bar car car dar far gar har jar kar lar
e |el bel cel cel del fel gel hel jel kel lel
e |er ber cer cer der fer ger her jer ker ler
i [il bil cil cil dil fil gil hil jil kil lil
i |ir bir cir ¢ir dir fir gir hir jir kir lir
11l bil cil ¢il dil fil gl hil jil kal Tul
1|1r bir cir ¢ir dir fir gir hir jir kir lir

ool bol col gol dol fol gol hol jol kol lol
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mal
mar
mel
mer
mil
mir
mul
mir

mol

nal pal
nar

nel pel
ner per
nil pil
nir pir
nil pil
nir pir

nol pol

ral sal
rar sar
rel sel
rer ser
ril sil
rir sir
nl sil
rir Sir

rol sol

sal tal val yal
sar tar var yar
sel tel vel yel
ser ter ver yer
sil til vil il
sir tir vir vyir
sil til vil il
Sir tir vir yir

sol tol vol yol

o|or bor cor cor dor for gor hor jor kor lor mor nor por ror sor sor tor vor yor
60l bol col ¢ol dol fol gol hol jol kol 161 mél nél pol rol sol 6l tol vol yol
0 |0r bor cor ¢or dor for gor hor jor kor 16r mor ndr por ror sor sor tor vor yor
u(ul bul cul ¢ul dul ful gul hul jul kul lul mul nul pul rul sul sul tul vul yul
u|ur bur cur ¢ur dur fur gur hur jur kur lur mur nur pur rur sur sur tur vur yur
ajal bal cal ¢al dal fal gul hal jal kal 161 mal nal pal ral sal sal tal val yal

G|Ur bdr ctr ¢ur dar fur gur har jur kar 1Gr mdr ndr par rdr sur str tdr vir yor

zal
zar
zel
zer
zil
zir
z1l
Z1r
zol
zor
26l
z0or
zul
zur
zl

zur



From these 336 syllables, we have eliminated the following:

monosyllabic verbs provided in (Nakipoglu and Untak, 2008), (42 verbs):

Table 6. Existing Monosyllabic Regular (Green) and Irregular (Red) Verbs in the
Possible Syllables

b ¢c ¢ df ghj kI mmnoprsstvy

existing verb roots, regulars and irregulars (cf. Table 6), relying on the list of

z

al bal cal cal dal fal gal hal jal kal lal mal nal pal ral sal sal tal val yal
ar bar car car dar far gar har jar kar lar mar nar par rar sar sar tar var yar
el bel cel cel del fel gel hel jel kel lel mel nel pel rel sel sel tel vel yel
er ber cer cer der fer ger her jer ker ler mer ner per rer ser ser ter ver yer
il bil cil ¢il dil fil gil hil jil kil Lil mil nil pil ril sil sil til vil yil
ir bir cir cir dir fir gir hir jir kir lir mir nir pir rir sir sir tir vir yir
il bil cil ¢l dil fil gl hal jil kil il mal nil pil rl sil sil tl wal yil
ir bir cir ¢ir dir fir gir hir jir kir Iir mur nir pir rir sir sir tir vir yir

ol bol col ¢ol dol fol gol hol jol kol lol mol nol pol rol sol sol tol vol yol

zal
zar
zel

zer

ZIr

zol

or bor cor ¢or dor for gor hor jor kor lor mor nor por ror sor sor tor vor yor zor

61 bol col col dol fol gol hol jol kol 161 mol nél pol rél sol sol ol vol yol

z0l

Or bor cor ¢or dor for gor hor jor kor 16r moér ndr por ror sor sor tor vor yor zor

ul bul cul ¢ul dul ful gul hul jul kul lul mul nul pul rul sul sul tul vul yul

zul

ur bur cur ¢ur dur fur gur hur jur kur lur mur nur pur rur sur sur tur vur yur zur

al bal cal ¢l dal fil gal hal jul kal 1al mal ndl pal rdl sl sal @l val yal

zul

ur bir ctr ¢ar dar fur gur har jur kar [Gr mdr nar pdr rdr sr siir tur var yar zir

with this letter except for a few verbs derived from nouns or adjectives (16

syllables).
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syllables that have a meaning in Turkish, like gir since it is an adjective
meaning 'abundant’ (97 syllables).
consonant-initial syllables that already have a

, €.¢. par-mak since parmak is a noun form meaning
finger' (1 syllable).
possible nonce forms that when conjugated with the -Ar or the -Ir forms of
the aorist (expected answers of the participants), resemble vowel-ending
verbs with -r allomorph of the aorist, e.g. ylr-ur, because the vowel-ending
verb yuri- ‘walk’ is conjugated as yiri-r ‘s/he walks’, or sul-ar, because the
verb sula- ‘water’ is conjugated as sula-r ‘s/he waters’ in the aorist (12

syllables).

When all these items were removed what we were left with were 168 possible nonce

verb stimuli as in illustrated below in Table 7:
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Table 7. 168 Nonce Monosyllabic Verbs Chosen for the Study

b ¢c ¢ d f g hjk I mmnoporsstvy z
a cal gal ral val zal
a lar mar rar sar
e cel hel lel pel rel sel  vel zel
e| ber cer ler mer ner rer
i|il cil gil hil lil nil ril sil til vil il
i |ir cir fir hir nir rir sir sir tir vir yir
11l bil cl ¢l dil fil gil hil Il mul mil pil rl sil s1l tl wil zil
1|1r bir cir ¢ir dir lir mir nir rir Sir vIr zir
0 col col lol mol nol sol  vol zol
o |or cor dor for gor nor por ror vor
0 col fol hol kol 161 mél ndl pdl rol sol o6l tél vol yol zol
6| bor cor ¢or dor for hor [6r mor ndr por ror sor  VvOr yor zor
u (ul cul gul hul lul mul nul rul sul  wul zul
ujur cur gur hur lur mur pur rur sur yur zur
a(al bal cal cal dal fal hal lal nal pal ral sal sal vl
a|ar cur fur [Gr mar ndr rar sir  vlr zar

We have randomly divided the 168 items into 2, to get two groups of 84 stimuli to be

tested in Condition A and Condition B respectively (cf. Appendix Tables D1 and

D2).

4.2 Fillers

To make the purpose of the experiment opaque to the participants and to ensure that

the participants get involved in the task, 27 multisyllabic fillers were formed by

extracting a list of frequently occurring consonant-initial and non-/I/ or /r/-ending
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multisyllabic verbs from the corpus. Then we changed the first consonant of each
verb randomly and constructed the 27 items listed in (1) below (cf. Appendix D3):
(1) delis-, derek-, dozle-, lelgele-, lestele-, lombala-, losalt-, mekerle-, mitres-,

mirasla-, moparla-, nayis-, mirilda-, ragmala-, rerpele-, segerle-, sekele-, sepola-,

stzenle-, tapsa-, tipirda-, zankila-, zasla-, zetis-, ziprat-, zonet-, ziizle-.

We have expected the participants to conjugate these multisyllabic items just as the
existing verbs, with the suffix -r for vowel-ending ones and the suffix -Ir for

consonant-ending ones. The same set of fillers were used in both conditions.

4.3 Carrier sentences
For each nonce item, we have built a context sentence to introduce the verb and a
carrier sentence to elicit it. An item was introduced and elicited in the same context
across participants, with the context sentence presented auditorily and the carrier
sentence in written form.

To create various and plausible contexts and to make the task as appealing
and as natural as possible, we generated a pair of sentences with a Python program
picking, for each item:

i.  firstarandom context among these 7:
e 3 A-type contexts (where A stands for [a] or [€e]):

1. ... V-mAyA gider "... goes to Verb-NOM-DAT'
2. ... V-AcAk '... Verb + Future tense'
3. ... V-mAK ister '... wants to Verb-NOM'

e 3 I-type contexts (where I stands for [i] or [1] in context 4, and
[1], [1], [u] or [ii] in contexts 5, 6):

4. ... V-mAyl sever ... likes to Verb-NOM-ACC'
5....V-DI "... Verb + Past tense'
6. ... V-mly '... Verb + Evidential '
e 1 one neutral context:
7.......Vdedi '... told ...“Verb (Imperative)!””
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ii. arandom character name among:
Idil, Ece, Ozge, Elif, Giil, Asli (feminine)
Ali, Emre, Can, Ozan, Cem, Mert (masculine)

ili. a random time marker for aorist among:

her sabah ‘every morning'

her gin ‘everyday'

her hafta ‘every week'

her aksam ‘every evening'

kisin her gece ‘every winter night'
yazin her gun ‘every summer day'
kisin aksamlar 'in winter evenings'
yazin sabahlart 'in summer mornings'
hep ‘always'

her zaman ‘always'

gece glinduz ‘day and night'

iki gunde bir ‘every two days'
sabahlar 'in the mornings'
aksamlart 'in the evenings'
geceleri ‘at nights'

yazlart bazen 'sometimes in summer'
kislart sik ‘often in winter'
geceleri genelde ‘generally at nights'

iv. then extra elements to accompany the contexts that-is-to-say:
e for context 2 (future tense), a random time marker for future among the
following forms:

yarin ‘tomorrow'
haftaya 'next week'
bir sonraki giin 'the next day'
ondimizdeki hafta 'next week'
bu aksam 'this evening'

o for contexts 5, 6 and 7 (past tenses), a random time marker for past among the
following forms:

din 'yesterday'
onceki gun 'the day before'
demin ‘a bit before'
az 6nce ‘a bit before'
onceki gece last night'

o for context 7 (imperative), a random interlocutor whom the first character
addresses among: Esra, Yesim, Merve (feminine), Sinan, Burak (masculine).
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We eventually built sentences made up of these blocks according to the scheme:

Context sentence:  Name + Verb conjugated in context.

Carrier sentence:  Name + Aorist-triggering adverb + Verb root to complete

Looking at an example item, the nonce monosyllabic verb diil-, we obtain:

Context sentence:  Ali dulmeyi sever. ‘Ali likes to dal.’

Carrier sentence:  Ali kisin her gece diil . ‘Ali every winter nightdul__'

where we expect participants to produce the monosyllabic nonce verb dil-
conjugated in the aorist with the regular suffix -Ar dil-er or the irregular suffix -Ir
dual-ar. Items were displayed in a subject-by-subject randomized order. For the
complete list of sentences, cf. Appendix D.

The auditorily presented context sentences have been recorded by two
Turkish native speakers of similar age, one woman and one man, on phone devices.
Half of the context sentences designed for Conditions A and B were recorded by the
female speaker, the other half by the male speaker. Sound volume has been equalized

using the software Audacity.’

4.4 Participants

In order to get a sufficiently numerous and representative sample, 102 students at
Bogazici University have been invited to participate in the experiment through e-
mails sent by their instructors. The students did not know the goal of the experiment.
Two participants did not complete the whole experiment because the program
crashed during the testing phase and the students could not be reached later. Among

the remaining 100 participants, 2 reported that their mother tongue is a language

7 http://www.audacityteam.org/
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other than Turkish and 8 that they are bilinguals hence the data obtained from these
10 participants had to be removed from the study.

So in the 90 monolingual Turkish speakers' data we analyze, 46 participants
were exposed to condition A and 44 participants to condition B. Due to the
recruitment method, age was concentrated around 20 years old (Min. 18; Max. 43;
Mean 21.57). Gender was roughly balanced across conditions by the experimenter
during testing phase (52 women, 37 men and 1 other answer).2 All participants had a
good command of English, and 71 reported having knowledge of at least one other
foreign language. The same experimenter, a native speaker of French learning

Turkish for 3 years, welcomed all participants and gave them instructions in Turkish.

4.5 Procedure
The experiment was presented in the form of an Inflected Verb Elicitation Task
realized in the laboratory, programmed with the software Open Sesame.®

Seated in front of a computer in an experimental room, participants were
instructed on the screen to carefully listen to the sentences they would hear as they
contained made-up verbs, then to complete the verb in the new sentence presented on
the screen with a conjugated form. In order to elicit enough aorist answers without
explicitly mentioning it, they were simply asked not to use the Turkish present
continuous tense that could be a good fit as well in the proposed sentences.

The context sentence introducing each stimuli was heard while a fixation dot

appeared on the black screen. Then a carrier sentence appeared on the screen that

8 The participants were recruited from Departments of Foreign Language Education (19),
Translation (17), Computer Science (15), Western Languages and Literatures (14), Linguistics (11),
Turkish Language and Literature (4), Psychology (3) and other (7).

9 http://osdoc.cogsci.nl/
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contained an appropriate time marker implicitly encouraging the participants to
produce orally the missing aorist form in the microphone and press a key on the
keyboard to move to the next item. For detailed instructions refer to Appendix E.
Before the test, each participant was presented with 6 training items (honce
verbs from the other condition) in the presence of the experimenter, repeated if the
experimenter did not hear any aorist form in the first 6 ones which suggest that the
participant did not feel familiar yet with the task. Participants were encouraged to use
the first form that came to their mind as fast as possible. They could either read the
whole sentence or just the nonce inflected verb whichever was the easiest for them.
The experiment was self-paced and 2 pauses were inserted in between every
40 items in the test phase. In total, each participant was presented with 117 items (84
stimuli + 27 fillers + 6 training items). The task was followed by a quick computer
questionnaire, to provide us with more explanatory factors to be explored post-hoc
(gender, age, handedness, mother tongue, foreign language exposure). At the end of
the experiment, participants were told that there were no good or bad answers and
upon request provided with more explanation. The full experiment lasted 15 to 20
minutes.
For each participant, some of her/his 84 answers have been counted as “Other
forms” and not further analyzed for the following reasons:
e Composed forms: aorist composed with another tense was produced,
e.g. cel > cel-irdi
e Tense error forms: the right verb but a tense marker other than aorist was
produced, e.g. gal > gal-acak
e Verb error forms: aorist but with a wrong verb root was produced,

e.g. lar > lar-lar
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e Harmony errors: vowel harmony was not respected, e.g. cul > cul-ar
e Missing forms: the space key was pressed too early before the end of their
recording during the self-paced experiment (technical reason).

As can be seen below in Table 8, these other answers represent a small proportion of
the total answers (15%). We report only 6 participants, 3 in each condition, for which
less than half of the answers were available to analysis. These participants were
included in the analysis because the instruction of the task asked participants to
complete the verb according to the context. Since it did not explicitly ask to
conjugate the verb in the aorist, giving non-aorist answers does not specifically
reflect a misunderstanding of the task but could have been caused by strategies which
are not the focus of our analysis (e.g. some participants reported to the experimenter
that they deliberately introduced other tenses in their answers after producing too

many aorist forms).
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Table 8. Breakdown of Counts and Rates of Aorist and Other Forms in Conditions A
and B

Total Cond A Cond B

Count Rate | Count Rate | Count Rate
Aorist forms 6391 85% | 3347 87% | 3044 82%
--Regular forms -Ar 5468 86% | 2864 86% | 2604 86%
--Irregular forms -Ir 923 14% 483 14% 440 14%
Other forms 1169 15% 517 13% 652 18%
--Composed forms 109 9% 61 12% 48 7%
--Tense error forms 411 35% 136 26% 275 42%
--Verb error forms 306 26% 58 11% 248 38%
--Harmony error forms 11 1% 6 1% 5 1%
--Missing forms 332 28% 256 50% 76 12%
Total forms 7560 3864 3696
Number of nonces 168 84 84
Number of participants 90 46 44

We now turn in Chapter 5 to the analysis of the aorist forms produced by the 90
participants and the distribution of the -Ar and -Ir forms according to the properties

of the nonces.
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CHAPTER 5

RESULTS

In this chapter we will present the results of the experiment and discuss the
implications of the findings obtained. Recall that if participants are found to resort to
the use of the —Ar form, they can be argued to have formulated a rule for the Turkish
aorist, considered -Ar as the default form and applied it across-the-board. If,
however, they opt for the use of -Ir, then the issue of which nonce forms would
trigger the use of —Ir becomes of crucial interest. In what follows, we will examine
the results under two main sections. Section 5.1 lays out the general results and
touches upon whether what we have observed is correlated with application of a rule.
The proceeding sections investigate the effect of similarity and frequency in forms
that have given rise to the -Ir use, for different measures of similarity: rhyme in

Section 5.2, other variables in Section 5.3 and combinations of them in Section 5.4.

5.1 Default status: Is there a rule in the production of the aorist?

The results we have obtained in Table 9 show that overall, the so-called regular -Ar
form has proven to be the dominant form, hence the default, as the participants have
opted for the use of -Ar with a rate of 86% and the use of the so-called irregular -Ir

with a rate of 14% on the 6391 aorist answers we obtained (cf. Table 8 for details).

Table 9. —Ir Use for the 168 Nonce Verbs

Irregular Total
TOTAL -Ir Use # of nonces forms tokens
All nonces 14% 168 923 6391
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More participants produced the -Ar form than the -Ir form for every tested nonce
verb except one, i.e., rur- where rur-ur was produced by 21 participants and rur-ar
by 15 participants. Furthermore, 6 nonce roots nil-, pil-, sol-, mol-, cil-, sil- are
observed to have always been produced with the -Ar form and never with the -Ir
form. This suggests that the suffix -Ar has been considered to be the default form of
the aorist for monosyllabic consonant-ending verbs, even for sonorant-ending ones.

Regarding the allomorphic distribution of the Turkish aorist, one would
expect the -Ar marker to be used with monosyllabic nonce roots irrespective of
whether the root ends in a sonorant or a hon-sonorant ending consonant, given the
fact that —Ar is the marker of aorist for the majority of monosyllabic verbs in
Turkish. Recall from Chapter 2 that in Turkish out of 232 monosyllabic verbs 219
are conjugated with —Ar. Therefore that the overwhelming majority of the
participants converged on the choice of —Ar as the marker of aorist (with a rate of
86%) is not surprising.

We also remind the reader that Nakipoglu and Ketrez (2006) have observed
that both types of errors, -Ar use for -Ir taking monosyllabic verbs
(overregularization) and -Ir use for -Ar taking monosyllabic verbs (irregularization),
are produced by Turkish children from 2 to 8 years of age. Irregularization errors are
more prevalent overall in the acquisition process, but overregularizations are
predominant in the youngest group (mean age 3.5) and contrary to irregularization
errors, even pervade vowel-ending verbs (*okar instead of oku-r for the verb oku-
'read’, and uyar instead of uyu-r for the verb uyu-'sleep’). The default status of -Ar
may not be as clear-cut as that of —(e)d for English, as -Ir can be considered to be the
default aorist marker for multisyllabic verbs and the non-sonorant-ending

monosyllabic verbs. More investigation using multisyllabic and non-sonorant-ending
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monosyllabic nonces along with sonorant-ending monosyllabic nonces could give us
more insight regarding its default status.

We give below for comparison the 6 roots that have never been irregularized
in Table 10 and the 6 most irregularized items with their regular and irregular forms

and the number of participants who opted for one or the other in Table 11.

Table 10. Nonce Roots Never Produced with —Ir by the Participants

Nonce  Regular form # of answers

nal nul-er 37
pal pul-er 38
sol sol-er 38
mol mol-ar 34
cil cil-er 33
sil sil-er 37

Table 11. Six Most Irregularized Nonce Verbs with the Number of -Ar and -Ir
Answers

Nonce Regular form  # of answers Irregular form  # of answers
rur rur-ar 15 rur-ur 21
vel vel-er 19 vel-ir 18
cel cel-er 22 cel-ir 17
ur ur-ar 23 ur-ur 16
vOor vor-er 22 vOr-ir 15
cur cur-ar 25 cur-ur 16

In what follows, we will turn to the discussion of the so-called irregularization errors.
Though they are few in number, we believe that they tend to present a picture of to

what extent analogy appears to be affecting the outcome.
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5.2 lrregularization errors: Is rhyme a relevant measure of similarity?

Our goal in the following analysis is to test the characteristics of the stems that have
given rise to the use of —Ir forms, the so-called irregularizations. As we will lay out
in the ensuing paragraphs, some nonce forms have triggered the use of —Ir more than
the others, hence yielded a high rate of irregularization.

To account for the variation in the irregularization rates, Chi-squared tests of
independence were run on R and p-values were adjusted for multiple comparisons
with the Bonferroni correction. We also put the experimental results in relation with
statistics on aorist drawn from the BOUN Corpus (cf. Chapter 2), focusing on the
frequencies of monosyllabic verbs in the aorist forms without extra preceding or
proceeding suffix (cf. Appendix B) and the frequencies of some relevant patterns of
consonants and vowels (cf. Appendix C). In the tables given in this section, we
consistently use the grey color to indicate the cells discussed in the text, in some
cases the highest frequency between the frequency for regulars and the frequency for
irregulars we compared, and in other cases the variables that seem to vary along the -
Ir use.

We first examine to what extent rhyme, the measure of similarity chosen a
priori in English past tense studies, determines the -Ir use in the Turkish aorist. There
are 16 possible rhyme templates as laid out in Table 12. The differences with respect
to -Ir use among these 16 possible rhymes for our nonce roots proves to be

significant (y-squared = 246.0527, df = 15, p-value < 0.001).

10 https://www.r-project.org/
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Table 12. —Ir Use according to the Rhyme of the Nonce Root

RHYME -Ir Use #of nonces  Irregular forms Total
UR 31% 11 129 411
EL 22% 8 69 315
UR 20% 10 75 382
IR 20% 12 88 430
OR 19% 15 114 591
AL 16% 5 31 198
UL 16% 11 65 415
iR 15% 11 63 427
ER 13% 6 30 226
OR 12% 9 41 335
IL 12% 18 82 669
oL 9% 8 28 301
oL 9% 15 51 595
AR 7% 4 10 142
iL 5% 11 20 415
UL 5% 14 27 539

Looking at the frequencies of rhyming monosyllabic verbs in Turkish and comparing

the type and token frequencies of regulars and irregulars, we can distinguish 9

potential profiles of rhyme sets as given in the table below. As Table 13 illustrates

only 4 of these potential sets are realized.

Table 13. Rhymes of Nonce Stems and their —Ir Use according to Type and Token
Frequencies of Regular and Irregular Monosyllabics in Turkish

In Token Irregular > Regular  [Irregular =| Irregular < Regular
In Type Regular
Irregular > Regular UL (16%)
Irregular = Regular | UR (31%), OR (19%),
OL (9%)

Irregular < Regular

EL (22%), AL (16%),
ER (13%), OL (9%),
AR (7%), IL (5%)

UR (20%), IR (20%),
IR (15%), OR (12%),
IL (12%), UL (5%)
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We observe a great variability in these four profiles, suggesting that frequencies of
existing verbs could explain participants' answers for only a limited number of
rhymes. Indeed, if the type or token frequency of existing rhyming monosyllabics
explained the -Ir use, irregularization should be high when there are more irregulars
than regulars rhyming, and low when there are more regulars than irregulars
rhyming, which is not always the case in our results.

To gain more insight on the effect of rhyme, we look more closely at these 4
profiles of rhyme sets. As laid out in Table 14, the rhyme set UL is the only one for
which there is a rhyming irregular (bul- ‘find’ that gives bul-ur) but no rhyming
regular (i.e., *cul-ar), a situation that can potentially trigger a lot of irregularized
nonce forms. But even though irregulars represent 100% of types and tokens
rhyming in UL, the experimental -Ir use for nonces in this rhyme set is only

moderate (16%).

Table 14. Frequencies of Regular and Irregular Monosyllabics Rhyming in UL

Existing verbs with the same rhyme

Experiment  Regular Irregular Total Rate
RHYME -IrUse Type Token Type Token Type Token Type Token
UL 16% 0 0 1 15262 1 15262 100% 100%
bul 15262

On the contrary, there are 6 rhyme sets for which there is no rhyming irregular but 1
or 2 rhyming regulars such as UR in siir-er ‘drives/lasts’, IR in kir-ar ‘breaks’, IR in
gir-er ‘enters’, or finally OR in sor-ar ‘asks’. As shown in Table 15, for these rhyme
sets irregulars represent 0% of the existing verbs in types and tokens. Therefore we
expect a low -Ir use but this does not appear to be the case: these rhyme sets yield

very different -Ir use, from 5% to 20%; the nonces for the rhymes UR and IR are
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even more irregularized on average than the nonces for the rhyme UL, just

mentioned above.

Table 15. Frequencies of Regular and Irregular Monosyllabics Rhyming in UR, IR,
IR, OR, IL, UL

Existing verbs with the same rhyme

Experiment Regular Irregular Total Rate

RHYME -Ir Use Type Token Type Token Type Token Type Token

UR 20% 2 6280 0 0 2 6280 0% 0%
sur 6205
dar 75

IR 20% 1 1250 0 0 1 1250 0% 0%
kir 1250

iR 15% 1 20000 0 0 1 20000 0% 0%
gir 20000

OR 12% 2 8117 0 0 2 8117 0% 0%
sor 7633
yor 484

IL 12% 2 2316 0 0 2 2316 0% 0%
kil 2131
yil 185

UL 5% 1 735 0 0 1 735 0% 0%
gul 735

Two other interesting cases appear when there are both rhyming regulars and
irregulars in the lexicon. For 3 rhyme sets, there is as much rhyming regulars as
rhyming irregulars (in type) but rhyming irregulars are more frequent (in token), so
the type rate of irregulars is 50% but their token rate is higher. Here the higher the
frequency of rhyming irregulars in type or token, the higher the observed -Ir use. For
example, as the Table 16 clearly lays out, the rhnyme UR has regular and irregular
exemplars (i.e., kur-ar 'establishes' and dur-ur 'stops’) and they differ from each other

in respect of token frequency (4049 regular forms for 11398 irregular forms).

48



Table 16. Frequencies of Regular and Irregular Monosyllabics Rhyming in UR, OR,
oL

Existing verbs with the same rhyme

Experiment Regular Irregular Total Rate
RHYME  -Ir Use Type Token Type Token Type Token Type Token
UR 31% 2 4049 2 11398 4 15447 50% 74%

kur 4043 Dur 8094
bur 6 Vur 3304

OR 19% 1 234 1 24154 2 24388 50% 99%
or 234 gor 24154
oL 9% 1 490 1 5367 2 5857 50% 92%

bol 490 ol 5367

Finally, we are interested in the 6 rhyme sets presented in Table 17 for which
rhyming regulars exceed rhyming irregulars in type, but in contrast rhyming
irregulars are more frequent in token. For example the rhyme EL, although it has
only one irregular (gel-ir ‘comes’) and 2 regulars (del-er 'drills’, ¢el-er 'deviates') in
type, has more irregular tokens (4212) than regular ones (270). This ambiguous
situation yields very disparate -Ir uses (from 5% to 22%) that do not seem to be
correlated with type or token frequencies. Hence, for instance participants heavily
irregularized nonces rhyming in EL (22%) but not nonces rhyming in IL (5%)
whereas the rhyme IL is in the same situation of having a single very frequent
irregular (bil-ir 'knows') and 3 less frequent regulars (sil-er 'deletes’, il-er 'knots', dil-

er 'slices’).
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Table 17. Frequencies of Regular and Irregular Monosyllabics Rhyming in EL, AL,
ER, OL, AR, IL

Existing verbs with the same rhyme

Experiment Regular Irregular Total Rate
RHYME  -Ir Use Type Token Type Token Type Token Type Token
EL 22% 2 270 1 4212 3 4482 33% 94%
del 232 gel 4212
cel 38
AL 16% 3 2291 2 69709 5 72000 40% 97%

dal 1219 Al 46422
sal 799 kal 23287

cal 273
ER 13% 4 2905 1 48774 5 51679 20% 94%
er 2380 ver 48774
ser 256
ger 248
yer 21
oL 9% 3 1063 1 239904 4 240967 25% 100%
sol 904 ol 239904
yol 159
dol 0
AR 7% 3 1918 1 1998 4 3916 25% 51%
sar 1917 var 1998
kar 1
yar 0
iL 5% 3 1362 1 36313 4 37675 25% 96%
sil 1164 bil 36313
il 189
dil 9

We conclude that, contrary to what has been assumed/ postulated for the English past
tense, rhyme does not explain consistently the recourse to the irregular form for the
Turkish aorist. In what follows, we will attempt to tease apart the effect of variables
other than rhyme that may play a role in the use of the —Ir form.

In their paper entitled after the important research question “What makes
words sound similar?” Hahn and Bailey (2005) answer that it is the number of

mismatching phonemes (onset, nucleus, coda) and even sub-phonemic features

50



(labiality, stopness, etc.) that matters. Also of interest, Hartshorne and Ullman
(2006), in their re-analysis of children's overregularization errors (*holded instead of
held) in relation with similarity measures based on token frequency and
monosyllabic verbs, found stronger correlations of overregularization rates with the
final-coda measure than with the rhyme measure. Even though it could be due to a
floor effect, since final-coda is included in rhyme so an overregularized verb has
fewer rhyme neighbors than final-coda neighbors, the authors explain it in such a
way that it could also be the case that overregularized verbs are generalized not from
regulars similar in their entire rhyme, but from regulars similar in their coda. So
starting by investigating measures of similarity at the phonemic level, we will
successively test the effect of:

i.  Final consonant of the nonce root

ii. Vowel of the nonce root

iii. First consonant of the nonce root

iv. C_C Pattern of the nonce root (first and last consonant)

5.3 Alternative similarity measures: What makes a nonce more irregularized?

5.3.1 Final consonant of the nonce root

Recall that in constructing the nonce roots we have restricted ourselves with the use
of /1/ or /r/ as the final consonants of the CVVC roots. As laid out in Table 18 below,
we have observed that /r/-ending nonces have yielded —Ir use, hence
irregularizations, significantly more than /l/-ending nonces (y-squared = 79.4109, df

=1, p-value < 0.001).
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Table 18. —Ir Use according to the Final Consonant of the Nonce

Irregular
Final Consonant -lIr Use # of nonces forms Tokens
r 19% 78 550 2944
| 11% 90 373 3447

At first sight, one tends to think that this outcome may be correlated with the corpus
frequency of /r/ and /I/-ending aorist attached monosyllabic verbs in Turkish. Neither
the type nor the token frequency of the monosyllabic verbs in the language, however,
appear to be correlated with the participants' answers, since /l/-ending irregular verbs
are more frequent in type and token than /r/-ending irregulars as illustrated in Table

19.

Table 19. Frequencies of /r/ and /l/-ending Monosyllabic Verbs in Turkish

/rl-ending verbs /l/-ending verbs
Regular Irregular Regular Irregular

Type Token  Type Token | Type Token  Type Token

16 44753 5 86324 15 8527 7 370767
Gir 20000 ver 48774 kil 2131 ol 239904
Sor 7633 gor 24154 dal 1219 al 46422
Sar 6205 dur 8094 sil 1164 bil 36313
Kur 4043 vur 3304 sol 904 kal 23287

Er 2380 var 1998 sal 799 bul 15262
Sar 1917 gl 735 ol 5367
Kir 1250 bol 490 gel 4212
Yor 484 cal 273

Ser 256 del 232

Ger 248 il 189

Or 234 yil 185

Dir 75 yol 159

Yer 21 cel 38

Bur 6 dil 9

Kar 1 dol 0

Yar 0
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What this brings to mind is that the frequency of trigrams /VrV/ and /VIV/ may differ
and impact participants’ answers. As illustrated in Table 20, the sequences /Vru, Vri,
Vr1, Vri/ corresponding to irregular forms (i.e., /6rl/ present in gor-ur 'sees’) are
generally more frequent in type and token than /Vra, Vre/ corresponding to regular
forms (i.e., /6re/ in 6r-er 'knits'). As for sequences including the liquid/ sonorant /1/,
we see that /VIa, Vle/ present in regulars (i.e., /ola/ in sol-ar 'fades’) are more
frequent than /Vlu, VIi, V11, V1i/ present in irregulars (i.e., /olu/ in ol-ur 'is’). This

tendency may be giving rise to a higher use of -Ir after /r/ than after /I/.

Table 20. Type and Token Counts of Trigram Patterns Corresponding to the Regular
and Irregular Aorist Forms

Regular Type Token Irregular Type Token
ure 6385 1078938 urd 8807 956358
ore 2713 1043721 ordi 5881 1179019
ura 8004 923661 uru 11918 2629747
ora 2728 703818 oru 13321 2768599
ire 15231 1105808 iri 26747 2567948
ere 18954 4045182 eri 96985 12515197
ira 14196 1189403 ir1 22985 1409920
ara 35131 9244353 art 98892 11307560
ule 7911 570151 ult 4448 339727
ole 930 68022 olu 2016 571984
ula 19745 2297231 ulu 10318 2598510
ola 8299 5513476 olu 5341 2010995
ile 67846 7538577 ili 43766 4575921
ele 42537 4155343 eli 24772 4032934
ila 39981 3331901 il 17182 2456780
ala 50328 4902995 ali 27693 3840091
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Frequencies of corresponding quadrigrams shown in Table 21 confirm our

expectations of finding more -Ir forms after /r/ than after /I/: most of the sequences

/Nrur, Vrir, Vrir, Vrir/ are more frequent than /Vrar, Vrer/ in type and token while

the sequences /Vlar, Vler/ are more frequent than /Vlur, Vliir, Vlir, Vlir/. For

example, /6rur/ is more frequent than /drer/, supporting the irregular zér-ur over the

regular zor-er for the nonce z6r- irregularized at 31% by the participants, but /olar/ is

more frequent than /olur/, this time supporting the regular zol-ar over the regular zol-

ur irregularized at 3% by the participants.

Table 21. Type and Token Counts of Quadrigram Patterns Corresponding to the
Regular and Irregular Aorist Forms

Regular Type Token Irregular Type Token
urer 101 17840 arar 431 82528
orer 17 4437 orar 42 28444
urar 94 34863 urur 896 78315
orar 104 9286 orur 32 6088
irer 460 122006 irir 1853 84803
erer 87 42638 erir 1016 123140
1rar 417 33812 1rir 1966 52600
arar 3101 1239280 arir 281 21944
uler 3229 228714 alar 359 37427
oler 56 2341 olar 24 9069
ular 5789 726825 ulur 551 63547
olar 2371 2114722 olur 177 388649
iler 26390 2619574 ilir 15933 1051883
eler 24841 2420011 elir 2862 1378678
ilar 18042 1271196 ihr 1851 189123
alar 26496 2495636 alir 196 127404
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Here we can hypothesize that the choice of -Ar or -Ir depend on the high frequency
of the trigrams /Vru, Vrii, Vr1, Vri/ on one hand, and /Vla, Vle/ on the other hand.
This does not exclude other factors such as more fine-grained frequency measures, to
be tested in further studies: indeed, the presence of plural suffixes -lar and -ler (the
most frequent suffix in Turkish) which partially overlap with the aorist affix could
make the regular aorist form in -Ar more readily available for production after /1/-
ending nonces. We now look at the vowel of the nonce stem to investigate its

potential influence on the -Ir use.

5.3.2 Root vowel

Among the eight vowels that constitute the nucleus of the CVC we have observed a
significant difference with respect to the —Ir use. While the high, back, rounded /u/ in
the root rendered the most —Ir use, high, front, unrounded /i/ yielded the least, as

illustrated in Table 22 (y-squared = 93.387, df = 7, p-value < 0.001).

Table 22. -Ir Use according to the Vowel in the Nonce Root

VOWEL -Ir use #of nonces  Irregular forms Total
u 23% 22 194 826
e 18% 14 99 541
1 15% 30 170 1099
0 14% 30 165 1186
a 12% 9 41 340
a 11% 24 102 921
0 11% 17 69 636
i 10% 22 83 842

Thus when the features of the vowels are taken into consideration, the difference
between front and back vowels in rendering the use of —Ir forms, hence

irregularizations, appears to be significant (y-squared = 15.4717, df = 1, p-value <
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001) as illustrated in Table 23. More precisely, the -Ar suffix was always dominant
but at different rates according to the backness of the stem vowel. For items
containing back vowels (/u/, /o/, /1/, /a/) the -Ir suffix surfacing as [-ur] or [-1r] was
preferred over the -Ar suffix [-ar] by 16%. For items containing front vowels (/U/, 16/,
lil, lel), the -Ir suffix surfacing as [-Ur] or [-ir] was preferred over the -Ar suffix [-er]
to a lesser extent, by 13%. For example, the nonce containing a back vowel zur- was
irregularized as zur-ur with a rate of 32% while its front version the nonce ziir- was

irregularized as zlr-0r only with a rate of 17%.

Table 23. -Ir Use according to Backness/Frontness of the Vowel in the Nonce Root

VOWEL -Ir Use #of nonces  Irregular forms Total
back (u, 0, 1, a) 16% 78 474 2901
front (0, 6, 1, €) 13% 90 449 3490

We have, however, observed no significant difference between rounded and
unrounded vowels (y-squared = 1.0884, df = 1, p-value = 0.4765), nor between high
and non-high vowels with respect to -Ir vs. -Ar use (y-squared = 1.3908, df = 1, p-
value = 0.4765) as laid out in Table 24 below.

Table 24. -Ir Use according to the Roundedness/Height of the Vowel in the Nonce
Root

VOWEL -Ir use #of nonces  Irregular forms Total
rounded (0, 6, u, 0) 14% 93 530 3569
unrounded (i, e, 1, a) 15% 75 393 2822
high (i, u, i, 1) 14% 98 549 3688
non-high (6, o, e, a) 15% 70 374 2703

To address the question of whether the root vowel somehow influences the —Ir uses,

we have looked into the ratio of regular/irregular types and tokens that consist of a
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particular root vowel in monosyllabic verbs in Turkish. Table 25 below presents this
information. The vowel /u/ for instance has 3 exemplars which behave irregularly
i.e., dur/durur, vur/vurur, bul/bulur) as opposed to 14 exemplars that behave
regularly such as kur/kurar, sun/sunar, etc. Hence we have observed type frequency

to be 18% and token 33%.

Table 25. Frequencies of Regular and Irregular Monosyllabics Sharing the Same
Vowel

Corpus
Experiment Verbs sharing the same vowel
VOWEL Type Token
Regular Irregular Rate Regular Irregular Rate
-Ir Use

u 23% 14 3 18% 54133 26660  33%
e 18% 30 2 6% 275422 52986 16%
1 15% 21 0 0% 11578 0 0%
0 14% 17 2 11% 12542 29521 70%
a 12% 55 4 7% 147605 112434 43%
0 11% 25 1 4% 35479 239904 87%
u 11% 20 0 0% 22396 0 0%
i 10% 24 1 4% 48681 36313  43%

The -Ir use seems to increase with the type frequency of irregular Turkish
monosyllabic verbs sharing the same vowel: the more existing irregular forms there
are with the same vowel, the more irregularized a nonce would be.!?

In an attempt to uncover whether any particular feature of the root vowel, i.e.,
backness vs. frontness has any effect on the —Ir use, we have also examined the type
and token frequencies of Vowel-(Any)Consonant-Vowel (VCV) sequences in the

entire language. All the possible VCV templates are listed in Table 26 below. As it is

11 A careful look into the distribution reveals however an exception, as there are four roots in
Turkish with the vowel /a/ (al-, kal- var- and san-) that require the use of —Ir, however a low —Ir use,
only 7%, is at issue in the case of roots that have the vowel /a/.
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clear from the Table 26, both the type and token frequency rates of VCV templates
are higher when the second vowel is a high vowel corresponding to —Ir, compared to
when it is a non-high one corresponding to —Ar, regardless of the backness or
frontness of the first vowel of V_V (except for the token frequency of the pattern
0Ce). These patterns cannot be responsible for the different -Ir uses observed

according to backness.

Table 26. Type and Token Counts of the Patterns VV_V Corresponding to the Regular
and Irregular Aorist Forms

VOWEL Regular Type Token Irregular Type Token
u uCa 64977 8635979 uCu 82987 16000198
0 oCa 35674 8800267 oCu 54753 12033980
1 1Ca 106049 10524662 1C1 236350 20936663
a aCa 355760 49394054 aCi 379983 51093444
u ucCe 35332 6643054 ucCi 50424 8215233
0 6Ce 19286 5434041 oCl 20719 3474056
i iCe 158165 21107365 iCi 288000 34247749
e eCe 246693 25061126 eCi 376657 45976368

Hence, we can conclude that similarity of the vowel matters to irregularization: the

higher the number of monosyllabic irregulars in Turkish sharing the same vowel for

a nonce, the higher its -Ir use. We can also say that an inspection of vowel pattern

frequencies in the whole language does not enable us explain the higher —Ir use we

have seen in some nonces containing a back vowel. In the next section we will

examine whether the initial consonant of the nonce has any role in triggering the —Ir

use.
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5.3.3 First consonant of the nonce root

Even though there is variability in items starting with the same consonant, some first
consonants have triggered significantly more —Ir use than others: the -Ir use between
the categories of nonces defined by their first consonant is significantly different (y-
squared = 108.3059, df = 19, p-value < 0.001) as laid out in Table 27. For example,
for the nonce verbs the initial consonants of which is /v/, we have encountered an -Ir

use of 25%.

Table 27. -Ir Use according to the First Consonant in the Nonce Root

FIRST CONSONANT -Ir Use #of nonces Irregular forms Total
v 25% 13 126 499
None (vowel-starting verb) 19% 9 64 344
b 19% 5 35 188
y 19% 5 37 194
r 16% 15 89 570
c 15% 14 81 524
g 15% 5 29 192
n 15% 12 70 452
z 15% 10 57 376
| 14% 13 71 502
h 13% 9 47 359
m 13% 10 50 375
f 12% 7 31 253
p 11% 7 30 266
C 10% 7 27 262
d 10% 5 20 194
k 10% 1 4 42
s 7% 13 37 494
S 6% 4 10 157
t 5% 4 8 148

More generally, we have found that the percentage of irregularizations appears to be

correlated with corpus statistics, i.e., the more a nonce has existing irregular verbs
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(type) or irregular verb occurrences (token) starting with the same first consonant (if
it has some), the more it is irregularized by participants, as illustrated in Table 28.
Also, the higher the proportion of irregulars among all the monosyllabic verb tokens

starting with the same consonant (token rate), the higher the irregularity rate.*?

Table 28. Frequencies of Regular and Irregular Monosyllabics Sharing the Same
First Consonant

Corpus
Experiment Same first consonant
Regular Irregular Rate
FIRST

CONSONANT -Ir Use Type Token Type Token List Type Token
Y 25% 0 0 3 54076 var,ver,vur  100% 100%

b 19% 17 33152 2 51575 bil,bul 11% 61%

y 19% 24 73195 0 0 0% 0%

None 19% 0 0 0 0 0% 0%

r 16% 0 0 0 0 0% 0%

c 15% 2 94 0 0 0% 0%

z 15% 0 0 0 0 0% 0%

g 15% 10 33585 2 28366 gel,gor 17%  46%

n 15% 0 0 0 0 0% 0%

I 14% 0 0 0 0 0% 0%

m 13% 0 0 0 0 0% 0%

h 13% 0 0 0 0 0% 0%

f 12% 0 0 0 0 0% 0%

p 11% 2 275 0 0 0% 0%

k 10% 29 36266 1 23287 kal 3%  39%

c 10% 11 19786 0 0 0% 0%

d 10% 21 89559 1 8094 dur 5% 8%

$ 7% 2 1032 0 0 0% 0%

s 6% 39 55733 1 40727 san 3%  42%

t 5% 13 3168 0 0 0% 0%

12 This holds true if we neglect san-, the only irregular verb ending in /n/, for which we tested

no /n/-ending nonce.
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Consulting the frequencies of the irregulars starting with the same consonant seems
compatible with the fact that the participants had to read the nonce on the screen to
complete it. For example when reading a monosyllabic nonce, starting with the
consonant /v/, they could be looking up in their lexicon for the “letter /v/”” and see
that all existing monosyllabics starting with /v/ are irregulars, which may give rise to
the production of more irregular forms. We have to be cautious with this
interpretation though as there are nonce forms such as the /y/-starting and /r/-starting
forms which have given rise to irregularizations, though they do not have neighbors
starting with the same consonant.

Thus, the use of the -Ir form for nonces starting with different first consonant
seems to correlate with the type number of existing irregular verbs starting with the
same consonant, just as it was also the case for the type number of existing irregular
verbs sharing the same vowel in Section 5.3.2. We will now examine the effect of the

pattern formed by the first and last consonants.

5.3.4 C_C Pattern (first and last consonant)

Although we did not have enough items in each category to make comparisons
between patterns (some patterns were tested only for one item), the irregularity rate
was found significantly different between categories of nonces sharing the same first
and last consonant, even after a continuity correction was applied since more than
20% of the counts in the categories were less than 5 (y-squared = 221.902, df = 38, p-

value < 0.001), as laid out in Table 29.
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Table 29. —Ir Use according to the C_C Pattern in the Nonce Stem

PATTERNC_C -Ir Use #of nonces  Irregular forms Total
v_r 35% 5 70 201
y_r 25% 3 28 114
z_r 25% 4 35 142
I_r 22% 6 49 226
_r 21% 5 41 193
rr 20% 8 59 291
b_I 19% 2 14 75
b_r 19% 3 21 113
c_r 19% 6 45 232
p_r 19% 3 20 106
v_I 19% 8 56 298
h_r 18% 3 21 120
g_r 17% 1 7 41
n_| 17% 6 40 232
fr 16% 4 23 144
m_r 16% 6 37 230
i 15% 4 23 151
g_l 15% 4 22 151
n_r 14% 6 30 220
c_| 12% 8 36 292
cr 12% 4 19 148
$ r 12% 6 27 228
d_r 11% 3 13 118
y | 11% 2 9 80
h_I 10% 6 26 239
k_I 10% 1 4 42
r_l 10% 7 30 279
d_l 9% 2 7 76
m_| 9% 4 13 145
z_| 9% 6 22 234
Il 8% 7 22 276
c| 7% 3 8 114
fl 7% 3 8 109
s r 7% 1 3 44
p_| 6% 4 10 160
s | 6% 3 7 113
tr 6% 1 33
(9 5% 3 6 115
s 1 4% 7 10 266
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Turning to frequencies in the Turkish language in Table 30, we find again that the
more the nonce has existing irregulars in number (type) with the same pattern C_C
(if any), the more it is irregularized (e.g., /v_r/, Ib_1/, Ig_r/, Ig_l/, [k_1/, /d_r/), similar
to what was happening for first consonant and vowel. And the least irregularized
nonces among those sharing the same pattern C_C with existing verbs (e.g., /d_I/,
Is_rl, I¢_1/, Is_I/) are found to be sharing it with no irregulars but with several
regulars.'® However, one must not forget that some nonces that do not share their
first and last consonant with any irregulars (e.g., /y_r/, /b_r/, Iy_I/) are also highly
irregularized and that many highly irregularized nonces (for example the top three
rur-, vel-, cel-) do not share their pattern C_C with any existing monosyllabic verbs.
For those, the first consonant only seems to have played a more important role.

The importance of the pattern C_C could reflect the fact that the item to be
completed is presented visually, allowing the participant to perceive the nonce and
make analogies based on the global shape of the word. This could be all the more
relevant since the visual difference between a nonce and an irregular can be as small

as a dot or an umlaut (bz/- / bil-, bal- / bul-, viir- / vur-, gor- / gor-).

13 The token counts seem to follow the same order except for the irregular verb gel ‘come’: we
note that its number of tokens in the aorist is quite low in the corpus whereas the verb is actually very
frequent in the language. It could be caused by using a corpus based on the compilation of websites,
and not an oral corpus where the verb expressing the action of “coming” may be much more frequent;
but this does not sound very convincing since it also has some frequent abstract usages such as
anlamina gelir 'it means' or bana gelir 'it seems to me'.
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Table 30. Frequencies of Regular and Irregular Monosyllabics Sharing the Same
Pattern C_C

Corpus
Experiment
Same first and last consonants
PATTERN Regular Irregular Total Rate

ccC

Type Token List Type Token  List  Type Token Type Token

-Ir Use
V. r 35% 0 0 3 54076 var,ver,vur 3 54076 100% 100%
yr 25% 3 505 yaryeryor O 0 3 505 0% 0%
b r 19% 1 6 bur 0 0 1 6 0% 0%
b | 19% 1 490 bol 2 51575 bil,bul 3 52065 67% 99%
gr 17% 2 20248  ger,qgir 1 24154 gor 3 44402 33% 54%
g | 15% 1 735 gul 1 4212 gel 2 4947 5% 85%
k1 10% 1 2131 kil 1 23287 kal 2 25418 5% 92%
y | 11% 2 344  yilyol 0 0 2 344 0% 0%
dr 11% 1 75 dur 1 8094 dur 2 8169 5% 99%
d_| 9% 4 1460 daldel,dil,dol 0 0 4 1460 0% 0%
s r 7% 4 16011 sar,ser,sor,sur 0 0 4 16011 0% 0%
¢ | 7% 2 311 cal,cel 0 0 2 311 0% 0%
s | 6% 3 2867 salsil,sol 0 0 3 2867 0% 0%
5.4 Summary

Let us wrap up the previous findings by looking at couples of variables
simultaneously:
i. First consonant C + Rhyme VC

ii. Pattern C_C + Vowel V
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Table 31. —Ir Use according to Rhyme and First Consonant

Rhyme First consonant
\-’owel|Last v ¥ b r z n c g 1 m h f P d C Total
u r | vur 21 %41 % 32 % 39 % 31 %26 %28 % 26 % dur 29 % 31 %
e 1 |49 % 18 % 16 % 44 % gel 14 % 17 % 14 % 22 %
1 r 24 % 28 %20%33 %20 % 18 % 13 % 27 %24 % 21 % 8% 21 %
i r |41 %25 % 18% 7% 31 %21 % 19% gor 20% 16 % 13 %31 %21 % 7% 11 % 20 %
i r (38% 13 % 8% 17 % 18 % 26 % 26 % 11 % 19 % 19 %
u 1 [31% 24 % bul 13 % 8% 31% 6% 14°%13 %21 % 10 % 16 %
a 1 [12% al 13% 12 % 5% 35 % 15 %
i r [36%23 %14 % 25 % 13 % 9% 12% 8% 14 %
e r | ver 18% 14 % 11 % 15 % 16 % 7% 14 %
1 1 [20% 30%24%20% 3% 13%19% 6% 8% 9% 15%12% 8% 11% 7% 0|12 %
o r |35% 11 % 13 % 3% 8% 17% 4% 9% 8% 12 %
o 1 (9% ol 3% 37% 5% 3% 0% 5% 9%
o 1 |10% 7% ol 5% 14 % 16 % 10 % 12% 5% 18% 6% 3 % 9 %
a r | var 7% 9% 5% 7%
i 1 (10% 5% 12% 2% 0% 8% 3% 3% 5% 0% 7% 8% 5%
i 1 [11%16% 3% bil 5% 3% 0% 3% 4% 3% 5%
Total 25% 192 19% 182 16% 16 % 15 % 15%%15% 14 % 13 % 13 % 12212 % 11 % 11 % 10 % 7 % 14 %

We observe in Tables 31 and 32:

Higher irregularization rates for /v/, /b/- and non-consonant-starting nonces:

the similarly starting verbs have higher number of irregulars in type (2 or 3)

than any other consonant-starting verbs (1 or 0 except for /g/)

e Higher irregularization rates for nonces rhyming in UR: 2 existing irregular

verbs rhyme in UR whereas for other rhymes (apart from the rhyme AL) only

one or zero irregular verb exists.

e Quite high irregularization rates around the existing irregulars in general but

not so much around bil-and ol-4, or var-and kal-.1°

e Some highly irregularized nonces out of the two-dimensional gradients and

the attraction points created by existing irregulars, potentially confounded by

some idiosyncratic properties of the language.'®

14 At first sight it is surprising because these two are used to create many other verbs like

yapabil or kaybol that take -Ir, both because they are multisyllabic and because they are based on

these roots.

15 Our way of generating stimuli did not allow us to test nonces close to kal along these
dimensions.
16 Some consonants exhibit variability in their pronunciation according to a particular dialect of

Turkish used in a particular province, such as /k/ sometimes pronounced /g/, or /g/ sometimes
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Table 32. —Ir Use according to Pattern C_C and Vowel

VOWEL
PATTERNC C u [ 1 [i] a i [ i Total
v r VL ver 24% (41% | var | 38% 33% 36% |33 %
zr 329% 20%  31% 17% 25 %
v r 21% 299 239% |24 %
r 41% 28 % 13 % 14 % |24 %
Lr 31% 15% 27% 20% 9% 26% 21%
rr 14% | 33% 7% 7% 8% 13% 25%[21%
cr 39% 13% 19% 26% 8% 9% |19%
v 1 319% MEOSRN 20% 10% 12% 10% 9% 11%|19%
b r 18% 20% 18% 19%
pF 26 % 21% 9% 19%
b1 bul 24 % 12 % bil |18%
hr 28 % 13 % 12 % |18 %
g r gor 17 % 17 %
nl 31% 13% 16% 0% [37% 3% [17%
m_r 26% 16% 24% 16% 3% 11% 16%
1 24 % 30% &l il 5% ol 3% |16%
fr 31 % 19% 4% 8% [16%
g1 14% gel 6% 35 % 3% [15%
nr 11% 18% 21% 18% 3% 13% |14%
cr 20% 7% 3% 11% 14 %
1 6% DA99R 19% 10% 5% 8% 5% 0% [12%
dr dur 21% 7% 8 % 12 %
sr 15% 15% 12% 8% 16% 59 |12%
v 1 7% 16% |12%
hl 10% 17% 15% 18% 39 3% [11%
rl 13% 18% 20% 3% 13% 2% 59 | 11%
k1 10%  Ikal 10 %
z 1 8% 16% 3% 14% 12% 3% 9%
dl 11% 7% 9%
m 1 21% 9% 5% 0% 9%
11 13% 14% 8% 12% 3% 3% 4% | 8%
£l 12% 6% 5% g %
5 r T% | 7%
¢l 7% 8% 3% 7%
pl 14% 8% 3% 0% 6%
5 1 5% 8% 5% 6%
tr 6% | 6%
t1 5% 3% 5% | 3%
51 3% 7% 5% 0% 3% 8% 0% | 4%
Total 24% 19% 16% 14% 12% 11% 10% 10% |14 %

pronounced /dj/ (written /c/). Therefore gal could be highly irregularized because it sounds like a
version of the irregular kal 'stay’, or cel because it sounds like a version of the irregular gel ‘come’.
Also, the nonce nol gives nolur when conjugated irregularly and sounds very much like the frequently
used phrase n'olur, the contraction of ne olur 'what happens'.
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The type frequency of irregular verbs seems to enter into account: for example the
irregular vur- is at the conjunction of the highest type frequency of irregulars starting
with a same first consonant (3) and the highest type frequency of irregulars rhyming
(2). It is also at the conjunction of the highest type frequency of irregulars sharing the
same first and last consonant (3) and the highest type frequency of irregulars sharing
the same vowel (3).17 A tentative account of the results in terms of Islands of
Reliability (Albright and Hayes, 2003) is provided in Appendix F. Although rules
derived from the experimental data at the phonemic level were not precise enough to
yield conclusions, we believe it suggests that a model deriving rules at the sub-
phonemic level could reach interesting results.

In summary, we have found that for the Turkish aorist, regular forms in -Ar
are dominant for nearly all nonces. As for irregular forms in -Ir, they do not seem to
reflect the frequencies of rhyming regular and irregular verbs in Turkish.
Importantly, forms in -Ir are used more with nonces ending in /r/ than with nonces
ending in /I/, which appears to follow the type or token frequencies of the
corresponding trigrams /VIV/ and /VrV/ and even quadrigrams /VIVr/ and /VrVr/ in
the language. Furthermore, participants' recourse to -Ir forms seems to vary with the
type frequency of existing irregulars sharing the same VVowel, First Consonant and
Pattern C_C, if there are any. It should be underlined that these variables appear to
follow the same trends but are proposed as potential correlations and not causes. We

now turn in Chapter 6 to the discussion of the presented results.

17 But this reasoning also has limits:
e why g-starting verbs are not more irregularized since 2 irregulars start in /g/?
e why nonces rhyming in AL are not more irregularized since 2 irregulars rhyme in AL?

e why vowel-/I/ verbs are not more irregularized since 3 irregulars are of type Vowel-/I/? It
could be explained if there was a separate entry for each vowel, and not a common entry
“vowel”

e why verbs containing the vowel /a/ are not more irregularized since 3 irregulars contain the
vowel /a/?
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CHAPTER 6

DISCUSSION AND CONCLUSIONS

The experimental study presented in this thesis opens a path for future research as it
provides the first behavioral results for adults for the aorist pattern in Turkish.
Complemented by the acquisition data, it helps us draw a more complete picture of
the representation of this pattern in native speakers' brains.

Recall that the acquisition work on the aorist (Nakipoglu and Ketrez, 2006)
demonstrates that at 3 years of age, children learning Turkish make more
overregularization errors choosing -Ar for -Ir taking monosyllabic verbs (*6l-er
instead of 6l-Ur). From 4 years onwards, children make more irregularization errors
using -Ir for -Ar taking verbs (*bin-ir instead of bin-er), and do so till the complete
acquisition of the irregular pattern around 8 years of age. At the adult stage when
tested on nonce roots that resemble sonorant ending monosyllabic verbs in Turkish
for nonce items, the present results show that the -Ar form is dominant (86%) overall
and for all nonces but one.

We observe that in Turkish the suffix -Ar is used in more monosyllabic verbs
than -Ir, and also that it is generalized to a wider range of situations for nonces by
adults. Children make more overregularization errors using -Ar for -Ir taking verbs in
their youngest productions: all these arguments contribute to the claim that -Ar is the
default form of the Turkish aorist. Therefore, adults could parsimoniously resort to a
rule assigning -Ar by default to the verbs, but this rule seems more probabilistic than
deterministic since -Ir forms surfaced for at least one participant for 162 out of 168

nonces.
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When we examined the -Ir use in more detail, we have observed that —Ir
forms crucially do not seem to be driven by the rhyme with existing items -which
was used as a predefined measure of similarity in previous studies on the English
past tense. Among the five variables we have looked at Last Consonant, Vowel of
the root, First consonant and C_C Pattern appear to play a more active role in
relating nonces with existing features of the Turkish language compared to the rhyme
variable.

In particular, -Ir use for nonces seem to be correlated with the type frequency
of existing irregulars sharing the same vowel V_, the same first consonant C__ or
the same C_C pattern: for a given nonce, if any such irregulars exist in the language,
the higher the number of types, the higher the -Ir use. Interestingly, we have
observed a correlation between high -Ir use, high type frequency of irregular verbs
but no relation between frequency of regular verbs and lower -Ir use.

The Last Consonant of the nonces seem to have a decisive influence on the
outcome: the -Ir forms appear significantly more with nonces ending in /r/ (19%)
than with nonces ending in /I/ (11%). In this case, participants' answers do not reflect
the frequencies of existing monosyllabic verbs, but the type and token frequencies of
patterns /VrV/ and /VIV/ in Turkish. Finally, the frontness of the root Vowel has also
impacted the results: -Ir is used more with nonces including back vowels [u, o, 1, a]
(16%) than nonces including front vowels [, 6, i, €] (13%). This tells us that [-ar]
and [-er] are preferred in general, but [-ur, -1r] appear to win the competition over [-

ar] more often than [-ir, -ir] over [-er].

Our study takes place among recent studies investigating irregular patterns

other than the English past tense. A first example is the case of Romance languages,
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such as Italian or Portuguese, where verb stems consist of a verb root, to which is
added a theme vowel, -a for 15t conjugation, -e for 2", and -i for 3" conjugation. The
first person present tense indicative is ambiguous as to which conjugation the verb
belongs to in that it does not display the theme vowel.

Say and Clahsen (2002) tested Italian nonce first person present forms that
rhymed either almost exclusively with regulars, almost exclusively with irregulars, or
with no Italian verbs. After presenting the nonce verb in first person, they asked
participants to complete the test sentences with a participle form and that way to
choose a theme vowel and a conjugation class for the verb. Whether the nonce was
rhyming with existing verbs or not, the 1% conjugation was predominantly chosen,
revealing the existence of a default form. Meanwhile, 2" and 3" conjugations were
produced only for nonces highly similar to existing 2" and 3™ conjugation verbs,
suggesting recourse to analogy for the irregular verbs.

Questioning the nature of stimuli typology based on rhyme - predefined
measure of similarity - Verissimo and Clahsen (2014) tested first person forms in
Portuguese, this time constructing some nonce forms similar to 15t, 2" or 3
conjugation, according to the confidence scores attributed by the Minimal
Generalization Learner model of Albright and Hayes (2003) applied to the
Portuguese verb lexicon. A nonce first person such as acuo could then elicit 1%
conjugation acuar, 2" conjugation acuer or 3" conjugation acuir. The study yielded
the same results as for Italian, again that for every nonce the 1% conjugation was
preferred and the higher its similarity with the 2" or 3" conjugation according to
reliability scores, the higher the use of 2" or 3™ conjugations.

Finally, a recent experiment by Nemeth, Janacsek, Turi, Lukacs, Peckham,

Szanka, Gazso, Lovassy and Ullman (2015) investigates Hungarian, an agglutinative
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language with complex morphology just as Turkish. In Hungarian, the past tense for
regular verbs is formed with suffixation (hamoz-hamozott ‘peel-peeled’), while the
past tense for irregular verbs requires phonological changes in the stem before
suffixation (vastagszik-vastagodott ‘thicken-thickened'). Thus there are both regular
items attached the affix —ott and irregular items undergoing a phonological change
before being attached the same affix. Participants who are asked to conjugate
existing regular and irregular verb stems as quickly and as accurately as possible,
proved to be more accurate and quicker in producing regular past forms than
irregular past forms. This suggests a clear distinction between regulars and irregulars,
it has however only been established for existing verbs and not tested on nonce

items.

Our findings, as well as those in Italian, Portuguese and Hungarian, seem to
substantiate the theory of the Dual-mechanism, where regulars are computed by a
rule and irregular verbs by similarity. A tentative look at our data from the
perspective of “Islands of Reliability” concept introduced by Albright and Hayes
(2003), has not shed more light on the -Ir use for nonce verbs. However, in this
study, the variables we examined were based on sound (= letter) change, but results
indicate that sound feature-oriented variables (backness, labiality, etc.) could
reasonably be looked at and that investigating more fine-grained frequency counts in
the language is definitely worthy.

A path worth exploring to make broader conclusions is to extend our
investigation to Turkish multisyllabic verbs, examining frequencies of existing
multisyllabic verbs as well as pattern frequencies in these verbs in the language, and

testing multisyllabic nonce verbs. In the acquisition of aorist, a growing lexicon
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gives rise to more -Ir use as the child gets to observe more -Ir exemplars in her
language input. Verbs also grow bigger in size, and become multisyllabic due to the
attachment of suffixes proceeding the aorist (causative, passive, etc.), so even more -
Ir exemplars are heard. Inspecting multisyllabics would complete our present results
for monosyllabics to demonstrate that at the adult level in Turkish there is clear
dissociation between the requirements of the monosyllabic and multisyllabic roots.

Another interesting point to investigate can be sources of individual
variability such as age, handedness and gender. Hartshorne and Ullman (2006) have
importantly pointed out that this last factor impacts children's errors: girls
overregularize (hold-*holded instead of held) more than boys, and they do so all the
more for items with a high number of similar-sounding regulars. This could be due to
the fact that girls tend to generalize by having neighboring regulars more strongly
stored in the associative lexical memory, while boys are more likely to generalize by
overapplying the rule. In preliminary tests, gender does not appear to be a relevant
explanatory variable for our results though, since we did not observe a significant
difference of the -Ir use between female (15%) and male participants (14%) (x-
squared = 0.8032, df = 1, p-value = 0.3701).

A follow-up to the present study could test the retrieval times for regular and
irregular aorist forms, as well as the reaction times to produce aorist forms for nonces
varying in their similarity to existing verbs. Since our current results seem to support
the theses of the Dual-mechanism model to account for the Turkish aorist, we
hypothesize that different reaction times should be observed for regular and irregular
forms. The former would be computed by the rule attaching the default -Ar to the

stem, and the latter derived by similarity from irregular items in the lexicon.
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To conclude, the results of the present study, we hope will contribute to the
existing literature on the issue, and more importantly broaden the debate on
irregularity and representation of forms by inspecting a pattern with different
properties than the English past tense. Such cross-linguistic work constitute a gold
standard against which predictions of upcoming computing models can be tested.
Following the approach of Verissimo and Clahsen (2014) for Portuguese, an
implementation of the Minimal Generalization Learner model could now be
proposed and compared to similarity-driven models on their predictions of human
performance for nonces, with the aim of rebuilding the mind's response to irregular

patterns from their output.
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APPENDIX A

METHODOLOGY FOR FREQUENCY COUNTS

We have worked with the BOUN Corpus (Sak, Glingor and Saraclar, 2008), the
biggest Turkish web corpus available, and more particularly with the version of this
corpus made available by Zargan Ltd. on the following page:
http://st2.zargan.com/duyuru/Zargan_Linguistic_Resources_for_Turkish.html.

It contains 1,337,898 word-forms and their stems, morphological analyses
and frequencies, presented as such:

Word-form Stem Morphological analysis Frequency
e.g. ¢cokintiniln cokuntd Noun+A3sg+Pnon+Gen® 309

Importantly, the BOUN corpus is originally case-sensitive and contains some items
whose morphological analysis could not be computed automatically. For these
reasons, in the file available on Zargan website, all items have been normalized to
lowercase and the items marked as “undef” have been discarded.

We perform several treatment operations on the corpus: we use a first script
proposing a solution to merge the lines concerning the same entity with and without
apostrophes, still compatible with the high number of lines of the file, and obtain a
list of 1 260 882 items.

Then we select only the verb forms and obtain a list of 748 051 items. It
should be noted that this number is only approximate since our selection of verb
forms consists in filtering the items with the label “Verb” in their morphological
analysis and this method can create false positives such as dalic: analyzed as a noun

derived from a verb. Since we make our further calculations on the aorist forms only,
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for which the morphological marking is consistent, we decide to keep this number of
verb forms, keeping in mind that it is only indicative.

Then we filter the aorist positive forms by selecting the aorist forms
(containing the label “Aor”) then discarding the negative forms (containing the label
“Neg”), the morphological analysis being precise and robust enough in this case. In
an additional fifth column, we compute the aorist form without the suffixes that can
appear after the -r/Ar/Ir aorist suffix (person markers, past -DI, conditional -sA,
adverbial “while” -ken, narrative -mls, adverbial “as if” -CAsInA, copula -Dlr and
combinations like narrative + adverbial “as if” -mIscAsInA).

For this purpose, again we make use of the labels of the morphological
analysis, and regular expressions to take into account the different forms of person
markers e.g. n(i|t|ulii)z$ for the four forms of the 2nd person plural suffix -nlz. We
also use linguistic knowledge to strip the suffixes in the correct order, since the
person marker is not present in combination with -ken, -mls or -CAsInA, and present
after the past, conditional or aorist suffix, but before the copula -Dlr. The positive
aorist list obtained contains 44 972 items.

We can describe further the aorist in the corpus, by looking at the repartition
of forms according to the suffixes occurring before and after the aorist. Starting with
the suffixes occurring after the aorist, and regardless of the suffixes occurring
beforehand, we count the number of aorist forms followed respectively by the past -
DI, the conditional -sA, the adverbial “while” -ken, the narrative -mls, the adverbial
“as if” -CAsInA, the copula -DIr and no extra suffix (verb forms ending with the
aorist). Since we inspect the presence of these suffixes in this order, we note that a

combination of two suffixes such as the narrative + adverbial “as if” -mIscAsInA
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will be counted under the category of aorist occurring followed by the narrative -mls,
which means our counts reflect the suffix directly following the aorist.

Turning to the suffixes occurring before the aorist, and this time regardless of
the suffixes occurring afterwards, we count the number of aorist forms preceded by
the ability -Abil, the adverbial “hastily” -Iver, the adverbial “ever since” -Agel, the
passive, the causative and no suffix (aorist directly attached to the verb root). Again,
our inspection of the suffixes follows the cited order (e.g. the causative + ability on
the form of -DIrAbil for example, counted under the category of aorist occurring
after ability), so our counts reflect the suffix directly preceding the aorist.

We also decide to look at the list once the suffixes after the aorist (including
person markers) have been striped: merging the lines representing the same aorist
form, we obtain a list of 10 530 items. 2 984 of these items are forms where the

aorist is directly attached to a verb root.
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APPENDIX B

FREQUENCIES OF MONOSYLLABIC VERBS IN TURKISH

Table B1. Token Counts of Aorist Forms of Monosyllabic Verbs in the BOUN
Corpus (Irregulars in Grey)

Verb root  (Prefix +) Aorist (+ Suffix) Aorist (+ Suffix)  Only Aorist

al 101083 80739 46422
bil 55852 39468 36313
bul 34465 22470 15262
dur 19657 15163 8094
gel 45564 30058 4212
gor 66041 32557 24154
kal 44899 37561 23287
ol 558510 383019 239904
ol 15488 9069 5367
san 42741 41915 40727
var 4913 2801 1998
ver 129857 78792 48774
vur 6702 4930 3304
ac 34402 17206 12981
ag 58 57 35
ak 873 815 49
an 2700 675 246
art 21108 16021 9141
as 2043 1141 697
as 5686 3431 2127
at 26713 18755 10138
az 115 13 5
bak 41958 32631 15634
ban 25 22 13
bas 5902 3644 2641
bat 1243 1158 393
bay 25 20 2
bez 182 45 41
bik 189 126 111
big 1513 1373 1275
bin 2089 1483 431
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bit
bog
boz
bol
bur
burk
buk
biz
cay
cos
cak
cal
garp
cat
cek
cel

qirp
ciz
¢0z
cok
dal
de
del
des
dik
dil
din
dit
diz
dog
dol
don
doy
dok
don
dov
duy
dar

11684
1384
8119
2031

30
99
683
92
206
263
425
3391
2732
277
29727
90
50466
282

2641
8764
1857
1843

145512
517
70
1292
134
492
14
683

6178
3390
872
247
3762

13053
1801

15388

99

11114
545
3345
681
7
30
485
10
88
143
116
2022
1763
244
19445
77
16976
157
1434
3309
1672
1616
107731
291
61
397
17
214
13
281
5386
12
439
199
1568
9361
1457
12030
80

78

8495
380
2774
490

22
434
10
48
46
19
273
1245
189
11292
38
2715
76
239
2490
1210
1219
56292
232
39
181

199
13
185

4180

336
164
987
1621
1044
10172
75



dart
diis
diz
eg
ek
em
er
es
es
et
ez
gec
ger
gez
gir
git
giy
go¢
gém
gul
gut

kak
kalk
kan
kap
kar
kas
kat
kay
kaz
kert
kes
kil

65
22196
104
1014
3291
739
3925
205
58
354794
1540
23729
789
5445
41850
44255
4322
96
1177
3015
185
5694
227
12796
1882
37
3935
110
10003
604
2233
7
377
14868
1217
352
5
7216
4177

49
19901
18
207
2946
463
3393
0
53
246383
939
17286
315
3768
33749
34913
2934
78
523
2111
142
3755
212
7241
1257
26
3309
76
9186
17
0
1
244
5017
462
256

1743
2814

79

41
12554
16
83
2696
310
2380
0
45
178597
849
2972
248
573
20000
6948
1642
22
409
735
36
2267
189
3592
960
21
550
68
5614
15
0
1
223
3877
24
158

668
2131



kir
kirk
kirp
kis
kiy
kiz
kok
kon
kop
kork
kos
kov
koy
kur
kus
kis
on
ov
oy
(o] [0
op
or
ort
ot
ov
pis
pus
sac
sag
sal
sap
sar
sark
sars
sat
sav
say
sec
sek

4668

281
546
469
2077
1003
5045
1608
6237
3239
781
15334
15895
296
448

90
321
2064
2569
443
1022
319
764
506

583
103
2703
450
4491
381
1476
9206
140
25140
15588
711

2003

234
260
305
1436
983
1013
1461
5706
2459
530
11776
6465
200
353

47
250
221
2364
322
691
287
653
502

399
74
895
254
2193
254
540
4789
135
4380
7654
684

80

1250

167
138
228
1316
800
494
1340
5111
511
389
6702
4043
135
311

20
216
79
1906
234
597
236
230
274

306
46
799
151
1917
167
409
2968
124
2985
3680
601



ser
serp
sev
sez
SI¢
s1g
s1k
S1Z
sik
sil
silk
sin
sok
sol
sor
soy
sok
son
sov
sun
sus
sun
sur
surg
surt
sus
suz
sis
sas
tak
tap
tart
tas
tat
tep
tik
tin
tirs
toz

648
343
16314
204
24
742
1619
404
65
3586
81
520
4800
1066
17922
576
1241
1120
144
13058
1398
56
40627
25
49

2052
339
956

2251
396
461
248
554
426

37
29
30
313

405
94
15002
64
22
552
1382
264
45
1536
69
168
3157
982
13485
373
470
691
124
8842
1091
45
17958
22
38

1332
316
906

1899
362
370
210
161
282

29

28
303

81

256
68
10804
14
14
510
1004
197
38
1164
62
139
2287
904
7633
187
329
563
95
6910
857
45
6205
15
23

1254
285
747

1251
225
279

33
94
244

29
21
280



tut
tat
tay
ue
um
uy
urk
uz
yag
yak
yan
yap
yar
yas
yat
yay
yaz
ye
yen
yer
yet
g

yu
yirt
yit
yol
yont
yor
yum
yut
yuz

13902
328
34
1363
30914
1604
228
2692
1899
4244
4210
199153
93
631
5537
3344
20168
2148
8454
104
1147
316
3838
342
679
87
238
117
1379
368
1365
1039

4621
288
33
1177
30516
282
208
143
1505
3349
4079
109591
0
629
5270
681
10385
288
4729
79
916
82
1783
276
411
83
205
102
644
257
660
747

505
178
29
263
30349
229
189
35
758
2826
3293
55616

523
3003
473
987
286
1966
21
125
46
1146
185
294
73
159
82
484
161
480
208
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APPENDIX C

CONSONANT AND VOWEL PATTERN FREQUENCIES IN TURKISH

Table C1. Type and Token Frequencies of the “Vowel-Consonant-Vowel” Patterns
in the Entire Language, in the Verb Forms and in the Aorist Forms

In the whole language

In the verb forms

In the aorist forms

Pattern
VeV Type Token Type Token Type Token
aCa 355760 | 49394054 | 224895 | 18380922 | 3510 407197
aCe 36100 6962237 3074 48239 130 1299
aCi 99330 | 11020661 | 35938 1190450 3760 471426
aCi 379983 | 51093444 | 191748 | 18333300 & 4034 620436
aCo 9292 1019312 184 2913 10 64
aCo 2132 145574 45 94 0 0
aCu 12238 1895549 3566 165306 129 4664
aCu 2240 356101 5 11 0 0
eCa 25754 4509564 2413 75337 107 3612
eCe 246693 | 25061126 | 159514 | 10104036 | 2330 399624
eCi 376657 | 45976368 | 180897 | 13993756 | 6002 879456
eCi 23 641 0 0 0 0
eCo 7142 1152608 335 13381 16 440
eCo 562 115066 29 64 0 0
eCu 1775 175602 206 688 7 11
eCi 942 157441 0 0 0 0
iCa 39888 8501688 3321 198461 102 9315
iCe 158165 | 21107365 | 65482 | 4782516 1565 182589
iCi 288000 | 34247749 | 118160 | 7670150 | 11957 | 1243262
iC1 35 1033 0 0 0 0
iCo 30947 3651337 19777 | 2647477 12 32
iCo 742 50802 0 0 0 0
iCu 682 57417 0 0 0 0
iCl 1374 111872 0 0 0 0
1Ca 106049 | 10524662 | 54136 4222085 1630 131487
1Ce 3334 66192 2415 10079 286 947
1Ci 317 132242 60 253 0 0
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1C1 236350 | 20936663 & 103626 | 7726824 3806 316683
1Co 20040 1986618 17523 1922789 7 109
1C6 148 20181 0 0 0 0
1Cu 127 16028 0 0 0 0
1Ci 69 5054 0 0 0 0
oCa 35674 8800267 13419 4206184 584 197202
oCe 8410 1309474 108 643 5 5
oCi 10490 1837353 5 5 0 0
oC1 15 252 0 0 0 0
oCo 10407 1488707 223 2440 8 44
0Co 203 23434 0 0 0 0
oCu 54753 | 12033980 | 25616 4228800 621 327350
oClu 1622 283261 0 0 0 0
6Ca 764 117809 0 0 0 0
0Ce 19286 5434041 10130 741153 396 49387
oCi 375 130769 0 0 0 0
oC1 6 255 0 0 0 0
6Co 350 35001 0 0 0 0
6Co 11 177 0 0 0 0
6Cu 70 1108 38 107 2 4
0Cl 20719 3474056 11613 992937 407 70126
uCa 64977 8635979 34020 2766375 1134 156371
uCe 4634 461814 815 4626 94 632
uCi 3225 443920 0 0 0 0
uCi 75 4537 0 0 0 0
uCo 4859 968622 4022 794507 0 0
uCo 85 1527 0 0 0 0
uCu 82987 16000198 | 34307 6378486 1542 238810
uCu 828 638849 0 0 0 0
uCa 4331 373140 80 226 5 10
uCe 35332 6643054 17517 1512216 693 74035
uCi 2504 531694 54 324 2 7
uCi 15 608 0 0 0 0
uCo 3508 620859 2710 535521 0 0
uco 181 5271 0 0 0 0
uCu 1117 144035 0 0 0 0
ucCu 50424 8215233 23502 2412381 1202 142675
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Table C2. Type and Token Frequencies of the “Vowel-Sonorant-Harmonic Vowel”
Patterns (where Sonorant Stands for /I/, /n/ or /r/) in the Entire Language, in the Verb
Forms and in the Aorist Forms

Pattern |In the whole language |In the verb forms In the aorist forms
VsV Type Token Type Token Type Token
ala 50328 4902995 | 26984 | 2023868 620 41128
al 27693 3840091 | 14651 | 2227150 214 116087
ana 23392 2988231 | 13520 | 1134190 496 42867
an1 42568 5815627 21706 1541121 1118 162696
ara 35131 9244353 | 13214 | 3291617 266 33189
ar1 98892 | 11307560 | 29465 | 1875883 802 119924
ele 42537 4155343 | 19542 | 1033009 434 21330
eli 24772 4032934 | 12331 | 1917122 178 37524
ene 16231 2044229 | 10019 689165 373 34100
eni 28999 4191062 | 14672 877253 703 14777
ere 18954 4045182 7094 1885523 94 101082
eri 96985 | 12515197 | 26247 | 2023420 1238 284561
ile 67846 | 7538577 | 35121 | 2117976 558 75792
ili 43766 4575921 | 25149 | 1620273 7056 888062
ine 24779 3566802 9490 416314 97 6788
ini 74613 6873028 | 28748 | 1801727 1620 140198
ire 15231 1105808 9310 522386 420 37895
iri 26747 2567948 | 14192 975278 2924 189194
ila 39981 3331901 | 20760 | 2017784 640 70458
1l 17182 2456780 5554 508421 726 125024
na 21810 2952582 9850 802347 90 6776
n1 66870 6787071 | 27992 | 2371621 728 44673
1ra 14196 1189403 9842 550674 470 22528
111 22985 1409920 | 13007 568071 1770 106256
ola 8299 5513476 3150 3815714 95 160159
olu 5341 2010995 2908 1223980 142 277830
ona 3969 505621 2152 96502 92 2890
onu 10175 3466126 2981 674818 65 12385
ora 2728 703818 485 23291 26 6323
oru 13321 2768599 9319 1595752 71 9900
ole 930 68022 393 43209 18 1184
oli 2016 571984 842 52089 35 6434
one 5883 2518331 3683 281221 99 17353
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onu 2402 730451 1513 169685 45 7475

ore 2713 1043721 1181 152332 29 8603

ord 5881 1179019 3036 545473 84 43618
ula 19745 2297231 12349 1219006 389 57472
ulu 10318 2598510 4662 1300791 316 73944
una 5676 1256281 2468 463676 80 15926
unu 17020 3468474 7489 1440374 236 47658
ura 8004 923661 5345 313214 188 16199
uru 11918 2629747 7102 720334 620 79680
ule 7911 570151 4180 246975 170 20610
uld 4448 339727 1761 140006 184 24829
une 3200 639206 1347 87819 46 5435

unu 6288 1213573 1785 365210 130 22535
ure 6385 1078938 4173 274850 154 12910
urd 8807 956358 6786 477630 511 47643
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Table C3. Type and Token Frequencies of the “Vowel-Sonorant#Harmonic Vowel”
Patterns (where Sonorant Stands for /I/, /n/ or /r/) at a Word Boundary in the Entire
Language, in the Verb Forms and in the Aorist Forms

In the verb forms

In the aorist forms

Pattern |IN the whole language
VSV Type Token Type Token Type Token
ala 0 0 0 0 0 0
ali 0 0 0 0 0 0
ana 0 0 0 0 0 0
ani 0 0 0 0 0 0
ara 0 0 0 0 0 0
ar1 0 0 0 0 0 0
ele 1575 450177 1225 368518 40 11626
eli 3121 636537 1000 275569 62 9979
ene 3644 156985 3096 123181 125 6633
eni 5770 1050509 2418 186357 243 19193
ere 3511 698581 2767 547975 76 22430
eri 8038 2839053 2957 1031062 136 120491
ile 1262 219711 1027 98356 38 3177
ili 2848 573530 1028 291966 57 41701
ine 1949 117019 1484 66976 71 6046
ini 3877 310352 1203 51461 103 10481
ire 3405 364523 3093 325722 99 28825
iri 5183 571234 3526 427918 184 31273
ila 950 187999 758 29685 54 3553
11 1110 674451 750 38389 77 5541
na 1386 302060 1178 244111 43 5742
mni 1934 250417 824 65977 95 16958
ra 3367 285758 3227 275112 118 11292
111 4098 346155 3267 293310 202 21612
ola 1540 3814551 1467 3749098 35 157013
olu 2211 1243795 1057 754325 71 250637
ona 743 113511 244 13454 23 1379
onu 4654 704900 516 68986 13 2467
ora 490 49296 364 22539 21 6302
oru 1429 330738 564 40550 14 1445
ole 407 45333 388 43199 18 1184
oli 634 63712 519 50113 21 6302
one 486 170079 476 67610 14 3866
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onu 544 514011 332 82257 8 437

ore 1063 165520 937 150856 20 8479

or 2267 548053 922 341647 24 37583
ula 1341 209924 1260 145691 20 11580
ulu 1542 545518 525 98894 48 18755
una 1541 384599 1368 343511 49 13399
unu 2394 560951 1253 240143 82 23599
ura 2973 231447 2789 209066 79 12466
uru 4515 631883 3121 500832 159 32868
ule 379 23635 281 10369 13 829

uld 897 102275 211 14403 11 488

une 958 178472 873 72327 30 5146
unt 1464 591852 752 251209 57 17478
ure 1076 97091 1002 89421 39 6622
urd 2046 213754 1354 107603 81 8778
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Table C4. Type and Token Frequencies of the “Vowel-Sonorant-Harmonic VVowel-
r”” Patterns (where Sonorant Stands for /I/, /n/ or /r/) at Any Place in a Word in the

Entire Language, in the Verb Forms and in the Aorist Forms

In the verb forms

In the aorist forms

Pattern 1N the whole language
VSVr Type Token Type Token Type Token
alar 26496 2495636 11981 788005 156 5425
alir 196 127404 195 127401 81 75499
anar 739 114871 378 97528 20 4041
anir 2359 193290 1942 185334 821 128769
arar 3101 1239280 565 32436 44 9804
arir 281 21944 268 21872 97 14288
eler 24841 2420011 9359 391118 111 3660
elir 2862 1378678 2194 1075563 119 31127
ener 1396 373280 272 45560 11 1655
enir 1624 95806 1228 91499 555 63940
erer 87 42638 85 42632 21 1989
erir 1016 123140 975 123060 675 84740
iler 26390 2619574 4426 356509 69 23041
ilir 15933 1051883 13963 998813 6947 882618
iner 489 56923 82 18635 16 4292
inir 675 48255 339 19352 102 14492
irer 460 122006 199 71498 7 16840
irir 1853 84803 1214 69180 512 48213
ilar 18042 1271196 4011 279258 41 6401
ihir 1851 189123 1575 180030 670 124412
mar 530 91445 55 33411 11 354
mnir 1045 128590 589 41639 121 19337
rar 417 33812 207 31296 7 1241
1rir 1966 52600 1406 45178 619 31048
olar 2371 2114722 60 1522077 14 615
olur 177 388649 109 386197 42 242589
onar 576 29130 392 10115 25 1081
onur 418 55680 175 2333 10 49
orar 104 9286 101 9276 14 5112
orur 32 6088 30 6081 9 3972
oler 56 2341 26 1487 489
olur 24 9069 24 9069 5367
oner 1105 235465 669 82389 24 9883
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onur 5 197 0 0 0 0
Orer 17 4437 17 4437 6 234
orar 42 28444 36 28424 10 20653
ular 5789 726825 691 79828 40 3606
ulur 551 63547 547 63543 227 46513
unar 63 20185 47 20133 7 5069
unur 194 43006 193 43005 86 30444
urar 94 34863 94 34863 8 4049
urur 896 78315 765 56695 249 34542
uler 3229 228714 411 33441 18 717
uldr 359 37427 359 37427 156 24528
uner 163 19937 19 11401 1 13
anar 308 34877 161 26388 59 14303
urer 101 17840 92 17139 16 3814
arar 431 82528 402 27066 174 16486
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Table C5. Type and Token Frequencies of the “Vowel-Sonorant-Harmonic VVowel-
r”” Patterns (where Sonorant Stands for /I/, /n/ or /r/) in Final Position in a Word in
the Entire Language, in the Verb Forms and in the Aorist Forms

In the verb forms

In the aorist forms

Pattern |IN the whole language
VSVr Type Token Type Token Type Token
alar 3461 522955 2018 151390 16 3005
alir 18 54803 17 54800 17 54800
anar 7 3386 3 2820 3 2820
anir 472 89186 349 85066 347 85061
arar 9 311802 3 6877 3 6877
arir 26 10160 25 10155 25 10155
eler 3015 528038 1598 100329 17 2892
elir 30 118011 29 5393 27 5259
ener 35 40435 1 519 1 519
enir 400 59831 268 57313 268 57313
erer 5 1800 5 1800 5 1800
erir 351 62451 327 62407 323 62402
iler 7034 719699 2301 158412 6 1203
ilir 4165 682564 3381 653018 2700 638917
iner 29 19947 3 3398 3 3398
inir 31 19363 29 6173 29 6173
irer 5 56386 2 13626 2 13626
irir 401 43516 182 38147 182 38147
ilar 5363 470416 2437 166645 4 4915
lir 524 121447 400 115816 400 115816
mar 29 40839 3 239 3 239
mir 38 30283 37 17404 37 17404
irar 3 723 2 716 2 716
1rir 396 29968 198 25010 198 25010
olar 189 265815 3 474 2 472
olur 12 209852 12 209852 12 209852
onar 7 2017 3 701 3 701
onur 4 30295 0 0 0 0
orar 2 3497 2 3497 2 3497
orur 3 3183 2 3177 2 3177
oler 6 486 2 407 1 405
olur 1 3381 1 3381 1 3381
Oner 7 20750 1 358 1 358
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onar 1 190 0 0 0 0
Orer 1 183 1 183 1 183
orar 3 10700 2 10691 2 10691
ular 1078 203152 251 44674 4 2576
ulur 112 38296 112 38296 112 38296
unar 7 3106 2 3091 2 3091
unur 33 27677 32 27676 32 27676
urar 2 2495 2 2495 2 2495
urur 66 38862 65 26487 65 26487
uler 559 100686 165 15364 1 22
uldr 81 22794 81 22794 81 22794
uner 13 5176 1 13 1 13
anar 18 13116 16 8555 16 8555
urer 5 4097 4 3442 4 3442
ardr 51 13006 51 13006 51 13006
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APPENDIX D

NONCE VERBS WITH CONTEXT AND CARRIER SENTENCES

Table D1. Nonce Monosyllabics Used as Stimuli in Condition A

Tested
nonce

Context sentence (heard)

Carrier sentence (seen)

b1l
bir
bor
cer
C1r
¢ir
col
col
col
cor

cor

cul
cul
cur
dor
dor
dal
fir
ful
fur
gil
gor
hel
hir
hil

hol
hor

Ali bu aksam bilacak.

Emre birmayi sever.

Cem bir sonraki glin borecek.
Ali cermeye gider.

Cem Sinan'a cir dedi.

Elif ¢irmay1 sever.

Ozge colmak ister.

Cem az o6nce cold.

Asli haftaya colacak.

Ali cOrmeye gider.

Emre Sinan‘a gecen sene ¢or dedi.

Mert Merve'ye gecen kis cul dedi.

Ozan 6nceki gun calda.

Ozge onceki giin curdu.

Cem dormaya gider.

Ali 6nimuzdeki hafta dorecek.
Gul dilmeyi sever.

Ece yarin firecek.

Can Merve'ye gecen yaz fil dedi.

Giil az 6nce flirmiis.
Asli gilmayi sever.
Idil éniimiizdeki hafta goracak.

Ozan 6nceki gece helmis.
Elif dun hirdi.

Can Yesim'e gecen yaz hil dedi.

Elif 6nceki gece holmiis.

Asli hérmeyi sever.

Ali yazlar1 bazen bil
Emre kisin aksamlar1 bir
Cem gece glndiz bor
Ali yazlar1 bazen ger
Sinan iki gilinde bir cir
Elif sabahlari ¢ir

Ozge iki giinde bir col
Cem kigin aksamlart col
Asli geceleri genelde col
Ali her hafta cor

Ondan beridir Sinan her aksam
gor___

Ondan beridir Merve gece giindiiz
cul

Ozan gece gundiz cul

Ozge hep cur

Cem her aksam dor

Ali yazlar1 bazen dor

Giil kisin her gece diil

Ece her aksam fir .
Ondan beridir Merve her hafta

ful

Gul her gun fur

Asli yazin sabahlar g1l
Idil hep gor

Ozan sabahlar1 hel
Elif yazin her giin hir

Ondan beridir Yesim geceleri genelde
hil

Elif geceleri hol

Asli kisin aksamlar1 hor
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hul
hal
hur

1l
kol
lar
ler
lil
lol
fo]
l6r
lul
lur
lr
mar

mer

mil
mir
mor
mul
nir
nil
nol
nor
nul
or
pel
pil
rer
ril
ril

ror

rur

sel

sir

Ozge yarin hulacak.

Elif hilmek ister.

Mert diin hurmus.

Emre irmeyi sever.

Can 1lmak ister.

Elif yarin kdlecek.

Mert larmak ister.

Ozan Yesim'e ler dedi.
Gul lilmeye gider.

Emre 6nceki gece lolmus.
Cem 0Onceki gece 16Imiis.
Idil 6nceki gece 16rdii.
Cem demin luldu.

Ece lurmaya gider.

Ozge lirmeye gider.

Giil bu aksam maracak.

Ozan Esra'ya gecen yaz mer dedi.

Cem milmaya gider.
Mert Burak'a mir dedi.
Ozan Burak'a mor dedi.
Ece 6nceki giin muldu.
Emre Yesim'e nir dedi.
Emre nilmak ister.

Elif diin noldu.

Can normak ister.

Cem 0Onceki gece nulmus.
Idil ormayi sever.

Can pelmek ister.

Ozan onceki gece p1lmis.
Idil rermek ister.

Cem haftaya rilecek.

Asli rilmaya gider.

Ali bir sonraki giin rorecek.

Asli Sinan'a gegen sene riir dedi.

Ozge Sinan'a gegen yaz sel dedi.

Cem onceki gin sirdi.

Ozge geceleri hul

Elif sabahlar hiil

Mert her sabah hur
Emre her gln ir

Can yazin sabahlari 1l
Elif her sabah kol

Mert hep lar

Yesim iki glinde bir ler
Gil yazlar1 bazen lil
Emre kisin her gece lol
Cem sabahlar1 161

idil hep 16r

Cem kisin aksamlari lul
Ece kigin her gece lur
Ozge geceleri liir

Gl kiglar1 sik sik mar

Ondan beridir Esra iki glinde bir
mer

Cem iki giinde bir mil
Burak yazlar1 bazen mur
Burak aksamlart mor
Ece her zaman mul
Yesim sabahlari nir
Emre sabahlar1 nil

Elif hep nol

Can aksamlari nor

Cem iki gunde bir nul
Idil aksamlar1 or

Can sabahlar pel

Ozan kisin aksamlari pil
Idil her sabah rer

Cem her giin ril

Asli her sabah r1l

Ali kisin her gece ror

Ondan beridir Sinan her zaman
rar

Ondan beridir Sinan aksamlar1
sel

Cem sabahlari sir
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sir
sol
sol
sOr
sur
t1l
tol
ul
ur
val
vil
vir
VIr
vor
vur
yol

yor
zal
y4o]
zlr

Ece Sinan'a 1l dedi.
Mert onceki giin sirdi.
Ozan yarin solacak.
Elif s6lmeye gider.
Ozge az 6nce sordii.
idil haftaya suracak.
Can tilmay1 sever.

Idil tdlmeyi sever.

Ece Burak'a gecen sene 0l dedi.

Idil urmay1 sever.

Gl Yesim'e gecen kis val dedi.

Ozan vilmeye gider.
Ozan Onceki gece virmis.
Cem az 6nce virmis.
Ozge az dnce vormus.

Ece virmeyi sever.

Emre Yesim'e gecen yaz yol dedi.

Ozge demin yord(i.
Ali bir sonraki gln zalacak.
Cem demin zolmiis.

Ece 6nceki gun zirdd.

Sinan her aksam sil
Mert her aksam sir
Ozan gece giindiiz sol
Elif kisin her gece s61
Ozge her sabah sor
idil iki giinde bir sur
Can yazin her giin t1l
idil kisin her gece tél
Ondan beridir Burak her zaman
ul .

idil her sabah ur

Ondan beridir Yesim kislart sik sik
val .

Ozan yazin her giin vil
Ozan iki guinde bir vir
Cem gece giindiiz vir
Ozge her hafta vor

Ece yazin sabahlar viir
Ondan beridir Yesim kisin her gece
yo.

Ozge kislar sik sik yor
Ali gece gilinduz zal

Cem geceleri genelde z6l
Ece geceleri genelde zir
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Table D2. Nonce Monosyllabics Used as Stimuli in Condition B

Tested
nonce

Context sentence (heard)

Carrier sentence (seen)

ber
bul

cal
cel

cil
cir
cil

cil
cor
cul
cur
cur
dil
dir
fil
fol
for
for
gal
gil
gul
hil

1r
lel
Il
lir
1al
mol
mol
mur
mdar

Ozge Sinan‘a ber dedi.
Gul Merve'ye gecen yaz bul dedi.

Elif onimuzdeki hafta calacak.
Emre yarin celecek.

Ozge Merve'ye gecen sene cil
dedi.

Elif yarin cirecek.
Ali Sinan'a gecen yaz cil dedi.

Mert az dnce ¢1lmis.
Ozge diin cordu.

Asl1 diin ¢lilmiis.

Elif cirmeyi sever.
Emre Sinan‘a cur dedi.
Ozge dilmaya gider.
Can Onceki gece dirmis.
Cem Merve'ye fil dedi.
Idil bu aksam folecek.
Mert Yesim'e for dedi.
Ozan Onimuzdeki hafta forecek.
Can galmayi sever.

Ali gilmeye gider.

Asli haftaya gulacak.
Gul hilmeye gider.

Mert Merve'ye gecen kis il dedi.

Ece onceki giin 1rd1.

Elif haftaya lelecek.

[dil lilmak ister.

Gl lirmay1 sever.

Ozan 6nimizdeki hafta ltlecek.
Mert molmaya gider.

Emre molmeyi sever.

Giil diin murmus.

Mert mirmeyi sever.

Sinan yazin her giin ber

Ondan beridir Merve hep
bal
Elif geceleri cal

Emre kisin aksamlari cel

Ondan beridir Merve yazin sabahlari

cil
Elif aksamlari cir

Ondan beridir Sinan geceleri
cil

Mert her zaman ¢1l
Ozge her aksam cor
Asl1 kisin aksamlar ¢iil
Elif hep clr

Sinan hep cur

Ozge geceleri dil

Can her aksam dir
Merve yazin her giin fil
Idil kisin aksamlar1 o1
Yesim kiglari sik sik for
Ozan kisin aksamlar1 for
Can geceleri genelde gal
Ali her sabah gil

Aslt her aksam gul

Gl her aksam hil
Ondan beridir Merve gece giindiiz
il

Ece geceleri genelde 1r
Elif kisin her gece lel
Idil kislar1 sik sik lil

Gl aksamlar1 lir

Ozan her sabah Il

Mert yazin sabahlar1 mol
Emre iki guinde bir mol
Gl her aksam mur

Mert gece gindiz mdr
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ner
nil
nir
nol
nor
nil
nur
pol
por
por
pul
pur
ral
rar
rel
rir
rir
rol
ror
rul
rul
rur

sar

Sir
sil
sol
sul
sul
siil
sur
til

tir
ul

ar

vel

Idil nermeyi sever.

Ozge nilmek ister.

Ali nirmak ister.

Elif 6nceki giin noldd.

Ece diin nérmiis.

Mert niilmeye gider.

Gul Sinan'a gegen kis niir dedi.
Mert pdlmeye gider.

Ali pormak ister.

Ozge Merve'ye gegen sene por
dedi.

Ece bu aksam piilecek.

Ozge demin purmus.

Emre ralmay1 sever.

Gul Merve'ye rar dedi.

Elif relmeye gider.

Emre rirmek ister.

Ozan Yesim'e rir dedi.

Gl yarin rolecek.

Ozan rormak ister.

Ece 6nceki gece ruldu.

Ozan bu aksam riilecek.
Mert dun rurdu.

Ali yarin saracak.

Can silmeye gider.

Cem sirmek ister.

Emre az 6nce sildu.

Emre bir sonraki giin solecek.
Ozan bir sonraki gun sulecek.
Cem bir sonraki giin sulacak.
Can onceki gece siildii.
Emre Sinan'a siir dedi.

Elif tilmek ister.

Mert Merve'ye gecen kis tir dedi.

Idil haftaya ulacak.
Asl1 az 6nce tirmiis.

Ali demin veldi.

Idil her sabah ner

Ozge her giin nil

Ali yazin her giin nir

Elif yazin sabahlar1 nol

Ece her giin nor

Mert kisin her gece niil
Ondan beridir Sinan hep nir
Mert sabahlar1 pol

Ali her sabah por

Ondan beridir Merve kisin aksamlari
por

Ece aksamlar piil

Ozge iki giinde bir pur
Emre yazin sabahlari ral
Merve aksamlari rar

Elif kiglar1 sik sik rel
Emre geceleri genelde rir
Yesim yazin her giin rir
Gl her aksam rol

Ozan iki gunde bir ror
Ece geceleri rul

Ozan kislar sik sik riil
Mert kisin aksamlari rur
Ali gece glindiz sar

Can geceleri sil

Cem geceleri sir

Emre kiglar1 sik sik sil
Emre hep sol

Ozan gece gunduz sul
Cem sabahlari sul

Can yazin sabahlar siil
Sinan geceleri siir

Elif her zaman til .
Ondan beridir Merve kislar sik sik
tir .

Idil iki giinde bir ul

Asli sabahlari iir

Ali kisin her gece vel
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vil
vol
vol
vor
vul
vl
yil
yir
yur
zel

z1l

z1r
zol
z0r
zul

Zur

Ece Yesim'e vil dedi.
Can Merve'ye vol dedi.
Can volmek ister.

Mert diin vordu.

Cem vulmak ister.

Asli 6nceki giin viildii.
Ece yilmeyi sever.

Ali diin yirmus.

Emre yarin yuracak.
Elif bu aksam zelecek.

Elif Sinan'a gecen sene zi1l dedi.

Elif zirmak ister.
Can onceki gece zoldu.
Elif az 6nce zOormiis.

Asl1 demin zulmus.

Ali Yesim'e gegen kis zur dedi.

Yesim sabahlar1 vil
Merve iki glinde bir vol
Can geceleri genelde vol
Mert geceleri vor

Cem her aksam vul

Asli kislart sik sik viil
Ece yazlar1 bazen yil

Ali geceleri yir

Emre gece glindiz yur
Elif kislart sik sik zel

Ondan beridir Sinan kigin her gece
zil

Elif iki glinde bir zir
Can yazin sabahlar1 zol
Elif yazlar1 bazen zor
Asli geceleri genelde zul

Ondan beridir Yesim hep
zur .
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Table D3. Nonce Multisyllabics Used as Fillers in Conditions A and B

-rruisr;[gg Context sentence (heard) Carrier sentence (seen)
delis gdil 'Burak'a gecen kis delis Ondan beridir Burak geceleri
edi. delis )
derek Cem derekmeyi sever. Cem iki gunde bir derek
dozle Ali 6nceki gin dozledi. Ali aksamlar1 dozle
lelgele Asli bu aksam lelgeleyecek. Asl1 sabahlari lelgele
lestele 1dil yarin lesteleyecek. Idil yazin her giin lestele
lombala Cem az 6nce lombaladi. Cem her aksam lombala
losalt Ali Yesim'e losalt dedi. Yesim yazin her giin losalt
mekerle Emre 6nceki gece mekerlemis. ﬁ;ﬁgrﬁzm sabahlari
mitres Ozan Onceki gece mitresmis.  Ozan her zaman mitres
miragla Mert Yesim'e miragla dedi. Yesim her hafta mirasla
moparla Ozan 6nceki gece moparladi.  Ozan kislari sik stk moparla
nayls Cem nayismay1 sever. Cem her zaman nayis
nirillda E{r?;gat;arufg raki gun Emre hep nirilda
ragmala Asli Merve'ye ragmala dedi. Merve her hafta ragmala
rerpele rEeIrI;:)I[eryZOcr;Ekl gun Elif iki glinde bir rerpele
segerle Ece demin segerlemis. Ece her glin segerle
sekele Asli bu aksam sekeleyecek. Asli gece gilindiiz sekele
sepola Elif sepolamak ister. Elif aksamlari sepola
suzenle Can Yesim'e slizenle dedi. Yesim aksamlari siizenle
tapsa Gl Sinan‘a tapsa dedi. Sinan her gun tapsa
tipirda  Ali tipirdamay sever. Ali sabahlar1 tipirda
zankila Mert zankilamay1 sever. Mert her aksam zankila
sasla Elif_ Sinan'a gecen kis zasla Ondan beridir Sinan yazin her giin
dedi. zasla
zetis  Elif bu aksam zetisecek. Elif geceleri genelde zetis
ziprat  Ozge bu aksam zipratacak. Ozge yazin sabahlar1 ziprat
zbnet Emre yarin zonetecek. Emre hep zOnet
zuzle Ozan bir sonraki gtin Ozan her hafta zizle

zlzleyecek.
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APPENDIX E

INSTRUCTIONS DISPLAYED ON THE SCREEN DURING THE EXPERIMENT

(At the beginning)
Deneyimize hos geldiniz!

Devam etmek i¢in “Space” tusuna basin.

Bu deneyde, size kulaklikla climleler okunacak.
Bu climlelerde uydurulmus fiiller var.
Cumleleri dikkatlice dinleyin.

Devam etmek i¢in “Space” tusuna basin.

Daha sonra ekranda beliren ciimleyi, istenen fiille tamamlayin.
Tamamladiktan sonra “Space” tusuna basin.

Cumleleri tamamlarken —iyor eki kullanmak yasak!
Bir deneyelim mi?

Devam etmek icin “Space” tusuna basin.

(After the training)
Bravo, artik hazirsiniz! Deneye baglayabiliriz.

Deney sirasinda kiiciik molalar verilecek.
Moladan sonra hazir oldugunuz zaman devam edebilirsiniz.

Devam etmek i¢in “Space” tusuna basin.

Ciimleleri tamamladiginizdan emin olduktan sonra
“Space” tusuna basmay1 unutmayin.

Hatirlaymn: -iyor kullanmak yasak!
Haydi baglayalim!

Devam etmek i¢in “Space” tusuna basin!

(During the test at the break)
Kigik bir mola verelim...

Devam etmek i¢in “Space” tusuna basin!
(After the test, for the questionnaire)
Bitmek Gzere! Once size birkag soru sormak istiyoruz.
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Kimliginizi ortaya ¢ikaracak hicbir kisisel bilgi alinmayacak.
Isminiz, ses kayitlarinizla ya da verilerinizle eslestirilmeyecektir.

Devam etmek i¢in “Space” tusuna basin.

Anadiliniz:

Tek anadilim Turkce
Anadilim Tiirk¢e ama en az bir bagka anadilim daha var
Anadilim Tiirk¢e disinda bir dil

(Last screen, after the questionnaire)

Bitti!
Desteginiz i¢in ¢ok tesekkiir ederiz.

Bu deneyde ¢ekimlediginiz fiiller uydurulmus sozciikler
oldugu i¢in dogru ya da yanlis cevap yok.
Tiim cevaplar bizim i¢in ¢ok faydali.

Deneyin sonuglarini 6grenmek icin
Dilbilimi B6liimii’niin internet sayfasinda
yayinlanan sunumlari takip edebilirsiniz.
Devam etmek i¢in “Space” tusuna basin.
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APPENDIX F

ISLANDS OF RELIABILITY

In Albright and Hayes (2003), the Minimal Generalization Learner model iteratively
discover phonological rules that apply to a certain cluster called “Island Of
Reliability” and attribute it a confidence level by simply dividing the number of hits
over the scope of the rule (the number of verbs this rule effectively applies to / the
number of verbs this rule could apply to). This raw confidence score is then slightly
adjusted to penalize rules based on a small number of forms and non-uniform
distributions. Then the output is assigned the score of the best rule that derives it. For

example, we get:

Past tenses for gleed derived by the rule-based model

Output  Rule Hits/Scope Raw Adjusted  Hits/Failures
confidence confidence

gleeded 3 — ad/[X {d, 1]} N P— 114671234 0929 0.872 wani, need, srart, wair,
decide, ete. [ *get, *find,
*put, *ser, Fsiand, etc.

gled = e/ [X{Lr} __ dli4pay o7 (0.857 0.793 read, lead, bleed, breed,
mislead, misread | *plead
glode 1= of[XC__ [+cons]]i4pam 6184  0.033 0.033 speak, freeze, weave,

interweave, bespeak [
¥leak, *teach, *leave, etc.
gleed No change / [X {d. t} __Jj+pasy 29/1234  0.024 0.014 shed, spread, put, let, set,
cut, hit, bear, shur, hur,
cost, cast, burst, split, etc.
[ ®get, Fwant, *need, etc.

In our study we do not have a model iteratively discovering rules and we do not
make use of features. However we can evaluate the raw confidence of the potential
rules using the first consonant, vowel, last consonant, rhyme and C_C pattern of the
verb root, and look at if they tell us something. Albright and Hayes (2003) use the

type frequency counts, but we show results for both type and token frequencies as
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both were available. For instance let us look at two very similar items that obtained
very different -Ir use rates: rur- (58%) and ror- (7%):

e The rules concerning the first consonant and the pattern C_C could not have
appeared in the model since there is no corresponding monosyllabic verb root
in Turkish, so they are left blank.

e The rule concerning the last consonant is the same for both items, predicting -
Ar use if type frequency is used, -Ir use if token frequency is used.

e As for the rules concerning the vowel and the rhyme, they seem to give the
inverse result: ror- has more rules predicting irregularization and with a

higher confidence score but it has a -Ir use of only 7%, than rur- that has a -Ir

use of 58%.
rur Rules Type Token
Hits/ | Raw Raw
(58%) scope | conf | Prediction | Hits/scope | conf |Prediction

FirstC/ r_>r_Ir
Vowel | _u > u ur| 3/17 | 0,18 rurar 26660/80793 | 0,33 rurar
LastC| _r>_rlr | 5/21 | 0,24 rurar 86324/131077| 0,66 rurur

Rhyme| _ur> _urur | 2/4 | 0,5 | rurur/rurar | 11398/15447 | 0,74 rurur
CC | rr>rrr

ror Rules Type Token
Hits/ | Raw Raw
(7%0) scope | conf | Prediction | Hits/scope | conf |Prediction

FirstC| r_>r_Ir
Vowel | 6 > 0 0r| 2/17 | 0,11 rorer 29521/12542 | 0,7 rorar
LastC _r>_rir| 5/21 | 0,24 rorer 86324/131077| 0,66 rorur
Rhyme _0r> Ortr| 1/2 | 0,5 |rorer/rorur | 24154/24388 | 0,99 rorur

CC | rr>rrlr
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Successful examples exist though, such as nul- (31%) and nul- (0%):

e Again, the rules concerning the first consonant and the pattern C_C could not

have appeared in the model since there is no corresponding monosyllabic

verb root in Turkish, so they are left blank.

e The rule concerning the last consonant is also the same for both items,

predicting -Ar use if type frequency is used, -Ir use if token frequency.

e However here, the rule concerning the vowel predicts the use of -Ar for both

items, whether type or token frequency is used.

e The rule concerning the rhyme supports a high -Ir use for nul- (31%) and a

low -Ir use for nil- (0%), even if type frequency is used as in the paper.

nul Rules Type Token
Hits/ | Raw Raw.
(31%) scope | conf |Prediction| Hits/scope | conf Prediction
FirstCin__>n_Ir
Vowel  u_ > u ur 3/17 | 0,18 nular 26660/80793 | 0,33 nular
LastC| _I>_ llr| 7/22 |0,32 nular  |370767/379294| 0,98 nulur
Rhyme| _ul> ulur| 1/1 1 nulur 15262/15262 1 nulur
CC |nl>n_ir
nal Rules Type Token
Hits/ | Raw Raw
(0%) scope | conf |Prediction| Hits/scope | conf Prediction
FirstCin__>n__Ir
Vowel |_U_> _0_ur] 0/20 0 naler 0/22396 0 niler
LastC| _I> llr| 7/22 | 0,32 niler |370767/379294| 0,98 naldr
Rhyme|_tl > __dlar] 0/1 0 niler 0/735 0 niler
CC |nl>n_lir

From the nul- / ntl- example we understand this raw defining and ordering of rules

could capture some of the results, but the rur- / rér- example teaches us that these

rules are not precise enough to account for experimental data.
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