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ABSTRACT

A TURKISH DATABASE FOR PSYCHOLINGUISTIC STUDIES: A CORPUS
BASED STUDY ON FREQUENCY, AGE OF ACQUISITION, AND
IMAGEABILITY

Tolgay, Elif Ahsen
M.S., Cognitive Science
Supervisor: Prof. Dr. Deniz Zeyrek
Co-Supervisor: Prof. Dr. Cem Bozsahin

March 2015, 57 pages

Psycholinguistic databases are reliable and practical sources for research
purposes, since they provide standardized stimuli for scientific studies. The objective of
the present thesis is to initiate a Turkish psycholinguistic database. Three variables are
included in addition to quantitative variables (number of letters etc.): frequency, age-of-
acquisition (AoA), and imageability. Frequency values are extracted from two sources; a
child literature corpus (CLC) that is created for the purposes of the current thesis, and a
web based corpus that represents adult language use (BOUN Corpus). Imageability
ratings are collected from adult population with a questionnaire.

The main research in the thesis is to compare two methods to obtain AoA values:
to collect rated AoA with a questionnaire conducted on adult population, and to compare
frequencies from adult and child language corpora. First, the frequency counts from CLC
are compared to child speech frequencies. They seem to be correlated; therefore CLC is
found to be a suitable source for acquisition data. Afterwards, frequency counts from
CLC are compared to BOUN Corpus frequencies to obtain AoA data. The frequency
values from both corpora, AoA values obtained from questionnaire, and imageability
values are put together for the purpose of creating the Turkish psycholinguistic database.

Keywords: frequency, age of acquisition, imageability, psycholinguistic database, corpus
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PSIKODILBILIMSEL CALISMALAR ICIN TURKCE VERITABANI: SIKLIK,
KELIME EDINIM YASI VE IMGELEM DEGERLERI UZERINE DERLEME
DAYALI BiR CALISMA

Tolgay, Elif Ahsen
Yiiksek Lisans, Bilissel Bilimler Boliimii
Tez Yoneticisi: Prof. Dr. Deniz Zeyrek
Ortak Tez Yoneticisi: Prof. Dr. Cem Bozsahin

Mart 2015, 57 sayfa

Psikodilbilimsel veritabanlari, bilimsel c¢alismalarda kullanima yonelik
standardize edilmis uyaran sagladiklari i¢in arastirma agisindan giivenilir ve kullanish
kaynaklardir. Bu tezin hedefi Tiirk¢e i¢in psikodilbilimsel veritabani gelistirmektir.
Bu veritaban1 nicel degiskenler (kelimelerin harf sayisi, vb) disinda {i¢ degisken
icerecektir: Kelime siklik degeri, kelime edinim yasi (KEY) ve imgelem degeri.
Kelime siklik degeri, tezin amacia yonelik olarak olusturulmus ¢ocuk edebiyati
derlemi (CED) ve yetiskin dil kullanimimi temsil eden internet tabanli bir
veritabanindan (BOUN Derlemi) olusan iki kaynaktan elde edilecektir. Imgelem
degerleri, yetiskin katilimcilara uygulanacak bir anket yoluyla toplanacaktir.

Bu tezdeki ana calisma, KEY degerleri edinmekte kullanilacak iki farkli
yontemin karsilastirilmasidir: Yetiskin katilimcilara uygulanacak bir anketle oylanan
KEY degeri toplamak; yetiskin ve g¢ocuk dili derlemlerinden siklik degerlerini
karsilastirmak. Oncelikle, CED'den edinilen siklik degerleri ile ¢ocuk konusma
kayitlarindan elde edilen siklik degerleri karsilastirnllmistir. Bu degerlerin pozitif
korelasyon gosterdigi goriildiigiinden dolay1, KEY degerlerini elde etmek i¢in CED'in
uygun bir kaynak olacagi sonucuna varilmistir. Daha sonra, CED'den edinilen siklik
degerleri, yetiskin dil kullanimini temsil eden BOUN Derlemi'nden edinilen siklik
degerleriyle karsilastirilmistir. Her iki derlemden elde edilen siklik degerleri, anket

vi



cevaplarindan edinilen KEY degerleri ve imgelem degerleri Tiirk¢e psikodilbilimsel
veritabani olusturmak amaciyla bir araya getirilmistir.

Anahtar Kelimeler: siklik, kelime edinim yas1, imgelem, psikodilbilimsel veritabani,
derlem
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CHAPTER 1

INTRODUCTION

Psycholinguistic databases are practical tools at the stimuli preparation stage
of experimentation in linguistic research. These databases contain a range of
variables for a range of stimuli options. For instance, frequency is a variable that can
be available for word roots, syllables, suffixes, etc.; whereas concreteness (the
property of being concrete or abstract) variable can be available for only word roots.
All variables are standardized for suitable stimuli options in a database, which means
they are ready to use for any researcher in need of linguistic stimuli. Researchers can
use these databases to choose and manipulate variables that suit their experimental
purposes from a large pool of data. Moreover, using one collective database makes it
possible for the results from various research to be compatible and comparable. The
alternative way in stimuli preparation is to conduct preliminary experiments in order
to determine the proper stimuli for main experiments but this consumes both time
and sources. A database would make it possible to skip the preliminary experiment
stage.

Linguistic variables are usually language-specific. Although there are several
sources available for various linguistic variables for Turkish, they have not been
organized as a database yet. Furthermore, the sources on psycholinguistic variables
are very limited. The primary aim of the current study is to start to build a Turkish
psycholinguistic database. It is designed to be the basis for experiments providing
standard variable ratings for word roots. Three variables that are frequently
encountered in linguistic research are: age of acquisition (AoA), frequency, and
imageability. This thesis concentrates on obtaining data on these variables and
includes the results in the database. These variables and the reasoning behind their
selection are thoroughly explained in Chapter 2. Moreover, quantitative variables
such as number of letters, phonemes, and syllables will also be included in the
database.

The secondary aim of the study is to investigate two methods of obtaining
AoA values: a questionnaire-based measure of AoA and a measure of AoA based on
corpus frequencies. The first method is found to be a valid method and commonly



used to obtain AoA values by others (Kuperman, Stadthagen-Gonzalez & Brysbaert,
2012). The second method (the corpus-based method) is also used by Carroll and
White (1973). Detailed description of our corpus-based method and White's method
can be found in Chapter 2. The purpose of this investigation is to determine if the
corpus frequencies reveal valid information on AoA values of the words. The corpus
that is used here is a child literature corpus (CLC) which is formed using 535
children's books for the purpose of this thesis. Detailed information on this corpus is
given in Section 3.1. The word frequency counts from this corpus are compared to
the word frequency counts from a web based corpus representing adult language use;
Bogazi¢i University (BOUN) Corpus. The result of this comparison reveals a
distinction between word usage in CLC and BOUN Corpus. The distinction is
assumed to be a distinction for early acquired vs. late acquired words.

This study will fill an important gap in the literature because there are only a
few sources currently available for use by Turkish psycholinguists. Furthermore,
there are not any sources that include information from children. Our study is not
based on child data either; we assume that child-directed language in children's
literature is a first step towards this goal. Three of the existing sources are G6z
(2003), Tekcan & GOz (2005), and Turkish National Corpus (Aksan, Aksan,
Koltuksuz, Sezer, Mersinli, Demirhan, et al., 2012). G6z (2003) is a book that
contains word frequency values for 22,693 words; we can find the imageability,
concreteness, and word frequency values in addition to association sets for 600 word
in Tekcan & Go6z (2005). These books do not include data from children. Turkish
National Corpus is a source that includes 48 million words in total from 4,438 data
source. Additionally, there are various listing options such as subject, writer's gender,
audience, type of literature, etc. This corpus is based on adult data as well.

Additionally, a recent development in Turkish linguistic research field was the
introduction of a tool; KelimetriK. It is a tool that offers researchers a chance to get
lists of words with certain criteria. Moreover, it has an add-on feature for pseudoword
generation. KelimetriK is the first online tool that can be used in Turkish
psycholinguistic studies. The variables included are word frequency, bigram and
trigram frequency, orthographic neighborhood, orthographic Levenshtein distance 20,
adjacently transposed letter similarity, and subset/superset similarity (Uyumaz,
Bozsahin & Zeyrek, 2014). The database from the current thesis is planned as an
online source that puts multiple variables in one place. Furthermore, it is designed so
that future studies can expand the database by adding more variables or sources to it.

When a researcher needs a different kind of linguistic variable to use in a
certain experimental stimuli, s’/he usually needs to conduct a preliminary experiment
to standardize a data set specifically designed for that study's purpose. This can cause
inconsistencies between studies with the same goal because there is not a standard set
for a common purpose. Therefore, a Turkish psycholinguistic database will not only
be practical but it will also provide a consistency between studies with a similar

purpose.



In addition, there is a byproduct from this study which can be an important
resource in the field of linguistics: a silver standard morphologically parsed data
from child literature. In the process of creating CLC, parsing and disambiguation
algorithms were used in order to attain the word roots in CLC. The parsing algorithm
provided various possible parses for texts and the disambiguation algorithm chose the
correct parse from the possible options. These algorithms do not work with 100%
accuracy, but it is claimed that an accuracy rate around 87% is possible (Eryigit,
2012). However the preliminary analyses in this study have shown an accuracy of
69% (See Section 3.1 for detailed information). Therefore we hypothesized that a
new training data set formed from child literature would increase this accuracy. The
silver standard data is created as part of this training set. A gold standard data would
be the parsed text that is annotated with 100% accuracy and precision and it would be
ideal for a training set, however due to computational limitations, not every
annotation in our data was accurate. Therefore we refer to it as silver. Detailed
information about the silver standard data can be found in Section 3.1.2.

This thesis has the following structure: Chapter 2 introduces the literature
review on frequency, AoA, and imageability variables. In Chapter 3, the corpus
created for the purposes if this thesis using child literature is introduced; the
hypotheses are discussed; the methods and sources that are used in this thesis are
explained; the questionnaire formation and implementation are conveyed. In Chapter
4, the results are reported; the correlations and multiple regressions are given. Finally
in Chapter 5, the results are explained; conclusions are drawn; the limitations of this
thesis are discussed, and further studies are suggested.






CHAPTER 2

BACKGROUND REVIEW ON VARIABLES IN THIS THESIS

Linguistic properties of words need to be carefully controlled in a scientific
research, because there are numerous confounding variables that may interact with
the results. The most common property, and possibly the first one in literature, that
can be a confounding variable is frequency of a word. Word frequency can be defined
as the occurrence of a word in spoken or written language, or both spoken and
written language, depending on the researcher's purpose. Frequency was found to be
a strong predictor in word naming and picture naming tasks with healthy participants
(Oldfield & Wingfield, 1965; Forster & Chambers, 1973). The effect of frequency
has been studied on aphasia patients with naming tasks as well (Kay & Ellis, 1987;
Howard, Patterson, Franklin, Morton, & Orchard-Lisle 1984, cited in Bird, Franklin
& Howard, 2001). These studies reveal that word frequency plays a certain role in
word processing. However, several studies later have claimed that word frequency
variable in these studies is strongly related to the AoA variable (Morrison, Ellis, &
Quinlan, 1992; Morrison & Ellis, 1995; Morrison et al. 1997).

The AoA value of a word indicates the age in which a child acquires that
word. Acquisition does not necessarily require being able to use a word;
comprehension in a context, or being able to define a word can be different
definitions for word acquisition (Ghyselinck et al., 2000). Research have found that
words that are acquired early tend to have higher frequency values, and words that
are acquired late in life have lower frequencies (Morrison et al., 1997; Ghyselinck et
al., 2000; Bird et al., 2001). Furthermore, early acquired words tend to be reproduced
more than late acquired ones in a word completion task (Gilhooly, 1978). However,
frequency and AoA are demonstrated to have independent effects in word naming
and word recognition tasks (Morrison et al. 1992; Howard, Best, Bruce, & Gatehouse
1995; Morrison & Ellis, 1995; Nickels & Howard 1995; Lambon Ralph, Graham,
Ellis, & Hodges 1998; Turner, Valentine & Ellis, 1998; Brysbaert, Lange & Van
Wijnedaele, 2000; Gilhooly & Logie, 1980b). Therefore, the effects of AoA and
frequency variables need to be examined individually in linguistic studies.



In addition to the interaction between word frequency and AoA, there is
another variable that needs to be considered together with AoA: imageability. It
indicates how easily a word can form a visual or auditory image in someone's mind
when they encounter with the word (Paivio et al., 1968). The imageability value is
found to be correlated with word AoA (Gilhooly & Logie, 1980a; Morrison et al.,
1997; Ghyselinck et al., 2000), however the correlations are not consistent with each
other (Ghyselinck et al., 2000). Furthermore, the word AoA was suggested to be a
significant variable when the imageability values were taken into account (Coltheart
et al., 1988; Brysbaert et al, 2000a; Ghyselinck et al., 2000). The correlation between
word AoA and imageability suggests that imageability is potentially a confounding
variable and should be taken into account for the purposes of a scientific research.

These three variables (frequency, AoA, and imageability) will be explained in
detail in the following sections.

2.1. Word Frequency

There are two kinds of word frequency values in the related literature:
objective and subjective frequency values. Objective frequency is the actual number
of times a word occurs in a specific text data or transcribed speech data. It can be
extracted directly from the data through counting algorithms, hence the objectivity. It
is sometimes referred to as lexical familiarity, or printed frequency (Gernsbacher,
1984). In this thesis, the term word frequency will be used to indicate objective
frequency henceforth.

Subjective frequency, on the other hand, is the values that are collected by
asking participants to rate the words on the basis of their daily interactions with the
words, i.e. how often the participants come across a word determines the subjective
frequency value of that word (Gernsbacher, 1984). It can be referred to as
experiential familiarity, rated frequency, or word familiarity. In this thesis, word
familiarity will be used to refer subjective frequency. Word familiarity was suggested
to explain the variance in word processing time better than word frequency
(Gernsbacher, 1984). However, word familiarity values were recently found to be
subordinate to word frequency counts. It is suggested that the significance of
familiarity ratings over frequency values depends on the quality of the frequency
value (Brysbaert & Cortese, 2011). Brysbaert and New (2009) reported that the
quality of word frequency measures depends on the size and source of the corpus.
The word frequency counts used in studies that investigated the frequency versus
familiarity were usually taken from Thorndike & Lorge (1944) and Kucera & Francis
(1967), which are relatively limited in the number of words compared to
contemporary sources. Therefore, when the quality is increased by using larger and
extensive sources for frequency counts, the familiarity ratings become less
explanatory in word processing tasks (Brysbaert & Cortese, 2011). However,
frequency counts did not always affect the results in the same way; word frequency



effects were observed to be stronger for low-frequency words than high-frequency
words. This effect of frequency needs attention in word processing research
(Keuleers, Diependaele & Brysbaert 2010). In conclusion, the word frequency
variable needs to be controlled for in many aspects, such as objectivity and quality of
the source.

2.2. Age of Acquisition

Studies have shown that the word frequency effect observed in previous
research is in fact a combination of word frequency and AoA variables (Ghyselnick
et al., 2000). High frequency words tend to be acquired earlier in life than low
frequency words, but there are exceptions to this rule. For instance puppy is a low
frequency word that is acquired early in life, and income is a high frequency word
that is acquired late. Morrison & Ellis (1995) used these exceptions to discriminate
the effects of frequency and AoA on word processing. Later studies confirmed the
separate and interactive effects of these variables (e.g. Turner et al., 1998; Brysbaert
et al., 2000a; Bonin, Chalard, Méot & Fayol, 2001; Brysbaert & Ghyselinck, 2006).
Carroll and White (1973) found that the latencies in a picture-naming task can be
explained by word AoA rather than word frequency. Similar results indicating the
significance of AoA values were observed in other languages aside from English
(Barry, Morrison & Ellis, 1997; Ellis & Morrison, 1998); such as French (Alario &
Ferrand, 1999), and Spanish (Cuetos, Ellis & Alvarez, 1999). The effect of AoA was
further investigated using different tasks such as the word association task (van
Loon-Vervoorn 1989, cited in Ghyselinck et al. 2000; Brysbaert et al., 2000b), a
semantic categorization task (Brysbaert et al., 2000b), and a face categorization task
(Lewis, 1999). Later studies have confirmed word AoA to be a significant variable in
word processing when familiarity and frequency are taken into account (Ghyselinck
et al., 2000). In addition, AoA is suggested to be a significant variable because it
represents a different aspect of a word, which is “the cumulative frequency” (Lewis,
1999), i.e. we have more experience with early acquired words than late acquired
words, and the amount of experience can have an effect on word processing. The fact
that these variables have tangled effects in linguistic research means that we need to
consider effects of AoA aside from word frequency.

The AoA variable is often divided into two like word frequency: objective
AoA and rated AoA. Objective AoA refer to the actual AoA values obtained from
child participants using picture-naming paradigm, whereas rated AoA is obtained by
asking adult participants to estimate their ages in the time of acquisition (Morrison et
al., 1997). The first attempt to collect AoA values was made by Carroll and White
(1973). They asked adult participants to estimate the AoA values of 103 picturable
nouns on an 8-point Likert scale. Rated AoA scores were collected later by various
researchers using a similar method (e.g. Gilhooly & Hay, 1977; Lyons, Teer &
Rubenstein, 1978; Winters, Winter & Burger, 1978; Gilhooly & Logie, 1980b). The



reliability assessments were reported by using Ebel's method (Carroll & White,
1973), or Cronbach's (1951) alpha (Rubin, 1980), or intergroup reliability (Gilhooly
& Hay, 1977; Gilhooly & Logie, 1980a; Winters et al., 1978); they all pointed to a
reliable rating of AoA by this method. Validity assessments were also needed because
the values concerned child word acquisition and collected from an adult population.
Several validity studies were conducted. For instance, Gilhooly and Gilhooly (1980)
collected rated AoA values for 53 words. Then they did a vocabulary test on primary
school children, asking them to define 48 words. Their multiple regression analysis
led to the conclusion that rated AoA measures were valid. Another validity study was
by Morrison et al. (1997). They conducted an experiment with 280 children aged
between 2:6 and 10:11 years. After that, they collected rated AoAs from 20
undergraduate students and compared the two measures. They reported that the
objective and rated measures of AoA are significantly correlated (» = 0.759, p<0.05)
(Morrison et al., 1997). These studies revealed the validity of this method. Rated
AoA was therefore an acceptable measure for the AoA variable.

There is another method to obtain a rather objective value for AoA. Carroll
and White (1973) took word frequency counts from corpora of children's vocabulary
(Rinsland 1945, Dale 1948 cited in Carroll & White, 1973) to assign AoA values to
words that are reported to be known in reading and used in writing by grade school
children. They used these frequency counts for validity testing, which was
affirmative. However, the aforementioned corpora are designed for teachers to assist
them in teaching vocabulary to children (i.e. the words in this corpora are words that
should be known by children at a certain age, not the words that are known),
therefore it might not be an ideal measure of AoA values.

The present study aims to apply a corpus method and compare the results
with traditionally collected rated AoA values. The method devised for this thesis is as
follows: First, with the assumption that it is possible to deduce word acquisition
information from children's books, a child literature corpus (written for children
between the ages 3-12) was created. We will refer to this corpus as CLC. Then
samples of child speech data were collected from Child Language Data Exchange
System (CHILDES) database and Middle East Technical University (METU)
Kindergarten students (Refer to Section 3.2 for detailed information). Frequency
values from CLC and these speech samples were compared in order to look for a
correlation between child literature and children's speech. A high correlation would
be interpreted as CLC representing children's language. Then the frequency counts
from CLC will be compared to a web based corpus representing adult language use,
namely BOUN Corpus. We predict that this will provide a distinction between early
and late acquired words. At the next step, an AoA questionnaire will be conducted on
adult population in order to examine the validity of the prediction from corpus
analysis. These steps are explained clearly in Chapter 4.



2.3. Imageability

Imageability is another common variable that should be taken into account in
psycholinguistic research. It can be defined as “the ease with which a word gives rise
to a sensory mental image” (Paivio et al., 1968). For instance, when a person
encounters the word blanket, an image of a blanket forms easily and instantly in their
mind. This indicates that blanket is a highly imageable word and would have a higher
rating on an imageability scale. On the other hand, the word /#onor does not form a
mental image as easy as blanket. It means that honor would have a lower value on
the scale. Imageability should not be confused with concreteness, which refers to the
actual sensory experience of the objects. It was found that words which have low
values on concreteness scales such as anger might have high imageability values
(Paivio et al., 1968). Nevertheless, some researchers use the terms imageability and
concreteness interchangeably because of the strong correlation between them (Reilly
& Kean, 2007). In this thesis, we use the concept imageability; not concreteness.

Research show that imageability is an effective variable in various tasks such
as word naming, association, and picture naming in both healthy and aphasic
participants (Franklin, Howard & Patterson 1994, 1995 cited in Bird et al. 2001).
Imageability and AoA values are also found to be intercorrelated (e.g. Coltheart,
Laxon & Keating, 1988; Gyhselnick et al., 2000; Cortese & Fugett, 2004;
Stadthagen-Gonzalez & Davis, 2006; Ma, Golinkoff, Hirsh-Pasek, McDonough &
Tardif, 2009). For example for Chinese, it was found that noun and verb AoA values
could be predicted by imageability values (Ma et al., 2009). The relationship between
imageability and AoA was found in child reading tasks as well (Coltheart et al.,
1988). Moreover, imageability and concreteness were suggested to be critical
variables in learning and memory tasks, as well as semantic retrieval tasks (Paivio,
1969; Paivio, Clark, Digdon & Bons, 1989). There is apparently a role of
imageability in linguistic research, therefore it should be considered together with
frequency and AoA.

The common method for obtaining imageability values is asking participants
to fill a questionnaire by rating a number of words on a scale. In the current study,
this method is used with a 7-point Likert scale. Details of the method will be given in
the next chapter.
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CHAPTER 3

METHODOLOGY

This chapter explains the methods used in the current thesis. The
computational procedures used to build CLC are explained in Section 3.1; the silver
standard data which is a byproduct of the procedures is in 3.1.2. Details of child
speech data -i.e. how it is collected and where it is used- are in Section 3.2.
Information on the adult data that is used in this thesis is given in Section 3.3. The
method for obtaining corpus-based AoA values is explained in Section 3.4. Finally,
the details of AoA and imageability questionnaires and their implementation, i.e. the
experimental procedure, are provided in Section 3.5.

3.1. Steps in Creating the Child Literature Corpus (CLC)

We first created a corpus of child literature. We collected 536 books for
children from 5 publishers (See Acknowledgements for the titles). There were a
collection of 115 authors. There were 5 age groups for the books: 3 to 5 year-olds, 5
to 8 year-olds, 8 to 10 year-olds, 10 to 12 year-olds, and above 12 year-olds. These
groups were determined by the publishers, we did not do any additional
classification. Age groups for 74 books were not stated by the publishers. 531 of the
books were soft copies in the form of pdf files, and five of them were hard copies.
The hard copies were scanned using an Epson Perfection V33 scanner. ABBYY
FineReader 12 was used for the optical character recognition (OCR) process. The
inaccuracies in the OCR files were monitored and corrected manually, and then the
final texts were saved as txt files. The 531 pdf files were conversed to txt files using
Xpdf 3.03. Inaccurate lines and Turkish characters were checked and adjusted
manually using Notepad ++. Moreover, book parts such as preface, index, and
dedication were excluded from the analysis, because the CLC is planned to cover
only literary pieces that targets children. One book was excluded from the procedure
because it was an interactive book with questions and answers, therefore it did not
meet the requirements of being merely a narrative.
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The second step was part-of-speech tagging (POST). As part of the POST
procedure, the text needed to be parsed. For the parsing process, the algorithm from
Sak, Giingér & Saraglar (2008) was used. The parser requires a certain format,
therefore the pdf files were conversed to txt files, and the punctuation was adjusted
according to the format. For the disambiguation part of the POST process, the
perceptron from Sak, Giingér & Saraglar (2007) was used. All 535 books were
combined to one txt file and the parsing algorithm was run. The output file was
disambiguated afterwards with an accuracy of 69%'. Eryigit (2012) reports an
accuracy of 87.67% for the BOUN Corpus using the perceptron model, however Sak
et al.'s model was created using adult written sources. The rather low accuracy rate
we have obtained could be a result of these adult language based training and
development sets in the model. Therefore, a new model is created using the data
formed from child literature. The POST procedure is repeated using the updated
model, in order to increase the accuracy rate. The next sub-section explains our new
model based on CLC.

3.1.1. The New Model from Child Literature

The model consists of a training set and a development set. The training set
has 18,218 words; the development set has 1,927 words. These words were parsed
using Sak et al.(2008)'s algorithm, however 5,026 words in the training set underwent
an extra process. These 5,026 words were initially planned to be a gold standard data
in order to increase the accuracy of the perceptron, however due to technical reasons,
the product was a silver standard. Detailed information on the silver standard data
and the technical reasons is given in Section 3.1.2. The parses for 5,026 words in the
silver standard data were manually screened and corrected.

The disambiguation process was repeated using this model on the rest of CLC
-which consists of 5,868,601 words after the model formation. The accuracy of
disambiguation was 87.93% this time. A random sample of 200 words from the
output data was manually screened by the author. It was observed that although some
basic errors were present this time as well, the algorithm was mostly successful with
the word roots. Since the present study is mainly interested in noun roots, the data
was found to be usable in further analyses. However, the roots of a list of words were
not correct. They were replaced with correct morphological parses before following
through the analyses. The replacements can be found in Appendix B. These
replacements were applied to every output from the perceptron. Moreover, the
perceptron tags the words that it does not recognize with [Unknown] tag. These
words were removed from every output before further analyses as well. There were a

'Murathan Kurfali (MSc student at METU Cognitive Science and Research Assistant
at EDMER) took part in these computational analyses procedure. His efforts in the
process are noteworthy and much appreciated.
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total of 4,388,149 word tokens left after the [Unknown] tagged words were removed
from the CLC data.

3.1.2. The Silver Standard Data

In order to create a gold standard data, 26 of the books were used. The
numbers of words from each age group were kept approximate to provide a balanced
sample for the model. As the age of the audience increases, the number of words in a
book also increases. Therefore, 11 of the books (from 3-5 and 5-8 age groups) were
entirely included and 15 (from age groups) were partially included to keep the
sample balanced. The books were selected according to their total number of words
among younger age-groups and randomly among older age-groups. Table 3.1 shows
the number of words in each age-group. A complete list of 26 books and their age-
groups can be found in Appendix C. Total number of words included in the data is
5,026. These words were disambiguated by the perceptron and the output was
manually reviewed by the author using LibreOffice Calc. The tags that were found to
be erroneous were screened by a colleague®. The errors that still remained ambiguous
or undecided were consulted with the supervisors of the thesis. The final product
used in the training set was unfortunately not a gold standard data because the correct
tags could not be added to the algorithm's lexicon. The gold standard data project was
temporarily suspended due to timing issues of the thesis project, and the silver
standard data was used as part of the training set in the model.

Table 3.1. The number of words for each age-group in the silver standard data

Age groups # of words

3 -5 ages 977
5 —8 ages 960
8 — 10 ages 834
10 — 12 ages 782
Above 12 727
Age-group unavailable 746

Total 5026

3.2. Child Speech Data

An ideal corpus to derive the AoA values from would be a child speech
corpus; however child speech data in Turkish are very limited. Therefore, we decided
to use children's books despite the fact that they are not direct sources for children's

2 Murathan Kurfali
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word acquisition. We consider them language directed to children. In an attempt to
see the correlation between these books and child's actual speech, child speech data
were collected from two sources. A major part of the speech data used in the study is
taken from the CHILDES database (MacWhinney, 2000). The rest was naturally
occuring data recorded by another colleague’, at METU Kindergarten; transcribed by
him; and proofread by the author. The age range of the total speech data is 1;4 to 4;8.

The CHILDES database is a corpus that contains child data on first language
acquisition for various languages. It is an open source and researchers around the
world can contribute to it within certain upload rules. There are two files in the
database for Turkish language: Aksu.zip* and Turkay.zip’. Both files were used in this
study.

The recordings at METU Kindergarten were made in November 2013 under
approval of METU Human Subject Ethics Committee. There are six recordings in
total. Half of them are from “story reading and reading comprehension” sessions, and
the other half are from “drawing about a certain topic” sessions. These are the
recordings of the kindergarten's weekly activity sessions. There were not any
manipulations while recording. In the reading and comprehension session, the teacher
reads a book and asks children several questions, children answer spontaneously,
sometimes they talk among each other. The stories were of the teacher's choice.
During the drawing session, children were given a topic, e.g. nature, about which
they were asked to produce drawings. After they drew, they were asked to talk about
their drawings. The teacher did not interfere. The researcher was passively present in
the classroom during both types of recording sessions.

3.2.1. Speech Data versus CLC

All the transcribed speech data were parsed and disambiguated using Sak et
al. (2007; 2008) algorithms with an accuracy of 94.29%. The punctuation marks,
numeric characters, and the words tagged [Unknown] were removed from the output.
The remaining data contained 33,845 word tokens and 1,912 word types.

Table 3.2. Word token and type counts from speech data, children's
books, and the overlap between them

Word tokens | Word types
Speech data (1:4 - 4;8 ages) |33,845 1,912
Children's books (3 - 5 ages) [22,274 2,170
Speech & Books - 1,060

* Gokhan Goniil (Research assistant at METU Cognitive Science Department)
* Created by Ayhan Aksu-Kog, 2004.
> Created by Feyza Turkay, 2012.
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Since the speech data was from children aged 1-5, it was planned to be
compared with books that were intended for children in the 3-5 age range. There
were 10 books in this category. They were parsed and disambiguated using Sak et al.
(2007; 2008) algorithms with an accuracy of 92.65% After removing punctuation,
numeric characters and [Unknown] tags from the output, the word token count was
22,274 and the word type count was 2,170. To compare these to the speech data, the
words that are present in both speech and book data were listed. Table 3.2 shows the
counts of word type and tokens for speech data, children's books, and the overlap
between them. Base-10 logarithm transformations of normalized frequency values
were calculated for these overlapping words because the frequencies were highly
skewed. The transformation displayed a normal distribution of frequency values. The
results of this comparison between speech and CLC data can be found in Section 4.1.

3.3. Adult Data: BOUN Corpus

A section from BOUN Corpus that is being used as part of a project by
Koprii, Bozsahin, & Sirin (2014) was used. We will refer to this as the BOUN sub-
corpus. The aim was to compare the frequency values from this corpus with the
frequency values from CLC to infer AoA values. We hypothesized that the words
which have higher frequency in CLC are acquired earlier and should have lower AoA
values, whereas the words which have higher frequency in BOUN sub-corpus are
acquired late and should have higher AoA values. (also see Section 3.4). The BOUN
sub-corpus consists of 4,208,493 words in total. It was parsed using Sak et al. (2008)
algorithm. The training set for perceptron had 687,155 words, and the development
set had 38,258. The disambiguation was completed with Sak et al. (2007)'s algorithm.
The accuracy was 64.01% this time. The data was used despite the low accuracy rate
because of the aforementioned reasons (i.e. successfully parsed word roots). There
were 2,832,025 word tokens after the [Unknown] tagged words were removed from
the data.

3.4. Corpus-based AoA Values

The BOUN sub-corpus (2,832,025 word tokens) and CLC (4,388,149 word
tokens) were parsed and disambiguated as described above. The raw frequency
counts were listed for the rest of the output data. Then, normalized frequencies for
these words were calculated per million words. At this point, the words that are
present in both corpora were listed. There were 8,844 words in this overlap between
them. These words were split into two categories: words that have higher frequency
in CLC than BOUN sub-corpus, and words that have lower frequency in CLC than
BOUN sub-corpus. Base-10 logarithm transformations were calculated for both lists.
Histogram analyses showed that both lists had a normal distribution. The next step
was to conduct a questionnaire on adult Turkish native speakers using a selection of
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words from these lists. We expected the questionnaire results to produce rated AoA
values so that these values could be compared with corpus-based AoA information.
More detail on the questionnaire is given in the next section. The comparison
between corpus-based and rated AoA is provided in Section 4.2.

3.5. AoA and Imageability Questionnaires

Rated AoA values are reported to be valid measurements for the AoA variable
(Gilhooly & Gilhooly, 1980; Morrison et al., 1997). Therefore, we decided to use this
method for validation of the corpus-based method designed in the current thesis.

In order to collect rated AoA, a questionnaire was created using 300 words
from the aforementioned corpora, i.e. BOUN sub-corpus, and CLC. The exact steps
for word selection are described in detail below. The word list can be found in
Appendix A. This questionnaire was distributed to participants via a website designed
for surveys (http://www.qualtrics.com/). The rated AoA values and corpus-based AoA
values are then compared to each other and the results are reported in Chapter 4.

To collect imageability values, conducting a questionnaire on adults is a
viable method, too (e.g. Bird et al. 2001). In order to create the imageability
questionnaire, the same set of 300 words used in AoA questionnaire was used. The
same website (http://www.qualtrics.com/) was used to distribute this questionnaire.

In the following sub-sections, detailed information on the participants in the
questionnaires, words used in the questionnaires, and experimental procedures are
given.

3.5.1. Materials

We decided to use common nouns in the questionnaires, therefore the words
from POS tagged BOUN sub-corpus and CLC were filtered before the word selection
process.

1. Only the words that were tagged [Noun] were included with three exceptions:
'once’, 'sonra', 'izeri'. These words were tagged as nouns by the parser, but
they were listed under different tags in Turkish grammars, e.g. Goksel &
Kerslake (2005). These three nouns were removed from the data.

2. Words that started with capital letters were excluded, assuming they were not
cOmMmon nouns.

3. The parser gave numbers to some words that have synonyms, e.g. sir(I)
[Noun] and sir(II)[Noun]. Therefore, words that were numbered by the parser
were excluded to avoid ambiguity among the questionnaire items. However,
words that have synonyms and were not numbered by the parser could not be
detected. Unfortunately, there is not a controlled omission of synonyms.

4. Names of the months and names of the days were manually excluded.
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5. Compound words were manually screened at the end of the selection process

and excluded from the selection, because they are morphologically complex
words. In addition, research suggest that they are processed different than
single words (e.g. Fiorentino & Poeppel, 2007).

. Ethically inappropriate words were manually excluded.

The frequency counts of the remaining words, i.e. nouns, were pre-processed

as follows:

1.

(98]

The words that were in both corpora were listed with their frequency values.
Base-10 logarithm transformation was applied to these values because the
distribution was highly skewed. Normal distribution was achieved as a result
of the transformation.

This list was separated into two categories: words that have higher frequency
in CLC than the BOUN sub-corpus, and words that have higher frequency in
BOUN sub-corpus than CLC.

Histogram analyses showed that both lists had normal distributions.

Quartile analyses were performed on the log 10 transformed frequency values
for both lists separately. Table 3.3 shows the percentages for both lists.

The words that were not shared by both corpora, meaning the rest of the
words, were also listed separately. Base-10 logarithm transformation was
applied to their frequency values.

Quartile analyses were performed on non-shared words from CLC and non-
shared words from BOUN sub-corpus separately.

Table 3.3. The margin values from quartile analyses on log 10 transformed
frequencies on CLC & BOUN sub-corpus

25% 50% 75%
CLC>BOUN (ListAl)  0.613 1.221 1.8377
BOUN>CLC (ListA2)  0.422 1.1814 1.9935

At this point, there are four lists and their quartile analyses with log 10

transformed frequency values:

List Al contains nouns that are shared by both corpora where the frequency
values from CLC are higher than BOUN sub-corpus. These words are
assumed to be acquired early in life, in other words they are expected to have
lower AoA ratings.

List A2 contains nouns that are shared by both corpora where the frequency
values from BOUN sub-corpus are higher than CLC. These are assumed to be
acquired late in life, in other words they are expected to have higher AoA
ratings.
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e List B contains nouns from CLC minus the shared nouns. These are assumed
to be acquired early in life.

* List C contains nouns from BOUN sub-corpus minus the shared nouns. These
are assumed to be acquired late in life.

In List Al and A2, 24 words were selected randomly® from each quartile;
whereas in List B and C, 8 words were selected randomly from each quartile. The
purpose here was to keep the number of items reasonable for a questionnaire and
have a balanced frequency sample from each list. There were 96+96 words from A1l
and A2; 32+32 words from B and C. In total, 256 words were selected from both
corpora. The remaining 44 words were randomly selected out of 260 words from a
study by Raman, Raman & Mertan (2014). In this study, they collected rated AoA
among other values (name and image agreement, visual complexity, conceptual
familiarity) for 260 Turkish names for common objects. The purpose of including
words that already have rated AoA values was to control for our participants'
consistency, in other words we expected to check whether the participants are paying
attention to their responses using these control words (Kuperman et al., 2012). In
Section 4.2, the control words and Raman norms (rated AoA values from Raman et
al., 2014) are compared with each other for validity.

Using these 300 words, two questionnaires (one for AoA and one for
imageability) were created on the Qualtrics website. METU Human Subjects Ethics
Committee approval was obtained for conducting both of the questionnaires.

3.5.2. Participants

There were 47 participants in the AoA questionnaire. Four of the participants'
data was not included in the analysis because they included inconsistent AoA
information, i.e. the AoA value they entered exceeded their age values in the
demographic forms. From the 43 remaining participants; 28 were female and 15 were
male. Their age range was 19 to 55, and the mean age was 28.63. The education
levels were as follows: 4 associate degree, 1 bachelor's degree, 25 master's degree,
and 13 doctorate.

There were 28 participants in the imageability questionnaire: 17 female, 11
male. The age range was 18 to 48, and mean age was 28.43. The education levels
were as follows: 1 high school graduate, 21 bachelor's degree, and 6 master's degree.

All the participants took part in the questionnaires voluntarily.

® For randomization, a website that gives random number sequences was used
(http://www.random.org/). For each list, a random number sequence was taken, the
sequence and words were put in two columns in a LibreOffice Calc sheet, and then
the sequence was ordered ascending. First x number of words were taken from the re-
ordered lists.
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3.5.3. Procedure

The questionnaires were conducted online. They were made available to
participants via social media and e-mail groups. Participants were required to read a
consent form at the beginning of each questionnaire and accept the terms before
starting with the questions. The consent form can be seen in Appendix D. After the
consent form, there were explanations on how to proceed with the questions.

In the AoA questionnaire, first the term AoA was described. Then 8 sample
words and their age ranges were presented from Raman et al. (2014) in order to set
an example for the ratings. The sample words were different from the control words.
These can be referred to as calibrator words because they help the participants
calibrate their responses (Kuperman et al., 2012). The words can be seen in Appendix
E in the instructions. The participants were asked to complete the questionnaire in an
environment where they were not distracted too much. They were not required to
complete the questionnaire in one block session, they were told that they could take
breaks during the rating. They were instructed to enter the age they think they had
learned the words and '0' for any words they did not know. They were required to
enter the numbers manually in a text box below each item. After these instructions,
the word lists were presented in 6 pages with 50 words in each (300 words in total).
The word order was randomized by Qualtrics website for each participant. At the end
of the questionnaire there was a demographic information form that can be seen in
Appendix F. The participants were asked to enter their level of education in addition
to their age and gender as demographic information. Moreover, the place they lived
when they were between the ages 0-12 were asked for the purposes of possible
geographical differences.

In the imageability questionnaire, the instructions (Appendix G) were
partially adapted from Paivio et al. (1968). First, the term imageability was described
with two examples. Then the participants were instructed to assign a number between
1 (for the easiest imageability) and 7 (for the hardest or no imageability) for the
imageability values of words. They were asked to rate only the presented words and
not any associated words. They were not required to complete the questionnaire in
one block session, they were told that they could take breaks during the rating. After
these instructions, the word lists were presented in 6 pages with 50 words in each. A
sample from the questionnaire page format can be found in Appendix H. The word
order was randomized by the website Qualtrics for each participant. At the end of the
questionnaire there was the same demographic information form used for the AoA
questionnaire.
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CHAPTER 4

RESULTS

In this chapter, first, the comparisons between child speech and children's
books are explained (Section 4.1). Then, corpus-based and rated AoA values are
given in Section 4.2. The correlations and multiple regressions between rated AoA,
CLC and BOUN sub-corpus frequencies, and imageability are reported in sub-
sections 4.2.1 and 4.2.2. The imageability correlations and multiple regression

analyses with AoA and frequency values (CLC and BOUN sub-corpus) are reported
in Section 4.3.

4.1. Child Speech versus CLC
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Figure 4.1. The relationship between frequency values in child speech and children's books

Figure 4.1 shows the relationship of log 10 transformed frequency values
between child speech data (1-4 ages) and children's books (3-5 ages). It is observed
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that an increase in child speech frequencies is met with an increase in child book
frequencies. This was confirmed by a statistically significant positive correlation (7
(1060) = 0.58, p<0.01).

4.2. Corpus-based AoA versus Rated AoA

The correlation analysis for comparing the control words and Raman norms
revealed a strong positive correlation (r (44) = 0.84, p<0.01). It points to the
reliability of the participant responses. Moreover, split-half reliability was checked
using the reliability analysis on SPSS. The questionnaire was found to be highly
reliable (22 items, o = 0.97).

Table 4.1. Pearson's correlation coefficients for high- and low-frequency nouns for shared
items by CLC and BOUN sub-corpus (p-values are reported in parentheses)

List A1 List A2
(CLC>BOUN, (BOUN > CLC,
Early acquired) Late acquired)
High frequency
(Above 50%) -0.39 (0.006) -0.44 (0.002)
Low frequency
(Below 50%) -0.23 (0.067) -0.32 (0.029)

In order to test the assumptions that nouns in List A1 would have lower rated
AoA values and nouns in List A2 would have higher rated AoA values, correlation
analysis was performed for each quartile in both lists. This did not reveal any
significant results. Another correlation analysis was performed for 50% segments in
both lists. The result of this analysis is summarized in Table 4.1. It seems that for
high-frequency nouns in List A1, as frequency increases rated AoA decreases (7 (48)
=-0.39, p<0.01). The same effect was observed for high-frequency nouns in List A2;
as frequency increases rated AoA decreases (7 (48) = -0.44, p<0.01). There was not a
significant effect for low-frequency nouns in List Al (» (48) = -0.23, p = 0.067). On
the other hand, there was a statistically significant correlation between frequency and
rated AoA among low-frequency nouns in List A2 (r (48) = -0.32, p<0.05). These
results point out that as the frequency increases, rated AoA decreases.

When the items that have SD values higher than 2.01 are removed from the
above analyses, only one significant result remains: as the frequencies increase, the
rated AoA values decrease for high-frequency nouns in List A2 (» (8) = -0.78,
p<0.05). However, because the number of items is dramatically decreased after item
removal, the results might not be noteworthy.
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4.2.1. AoA and Frequency
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Figure 4.2. The relationship between rated AoA and BOUN sub-corpus frequencies
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Figure 4.3. The relationship between rated AoA and CLC frequencies

Frequency and AoA values are reported to have a strong relationship (e.g.

Morrison et al., 1997). Therefore correlation analyses were conducted without
including the corpus-based distinctions above (i.e. BOUN > CLC vs. CLC > BOUN).
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The frequencies from BOUN sub-corpus and CLC were inspected separately. Figure
4.2 shows the relationship between BOUN sub-corpus frequencies and rated AoA
values. There is a statistically significant correlation between these variables (r (224)
=-0.29, p<0.01). It can be seen that as AoA increases, frequency decreases. There is
a stronger correlation between CLC frequencies and AoA values (7 (224) = -0.70,
p<0.01). Figure 4.3 shows the relationship between CLC frequencies and AoA
ratings. Note that 32 words are different in these lists because these are the words
from Lists B and C (non-shared words).

4.2.2. AoA, Imageability, BOUN sub-corpus Frequency, and CLC Frequency

Two standard multiple regression analyses were conducted: one to evaluate
how well imageability and the BOUN sub-corpus frequency predicted the AoA
values, the other to evaluate how well imageability and CLC frequency predicted the
Ao0A values. Using the enter method, it was found in the first analysis that
imageability and BOUN sub-corpus frequency explain a significant amount of the
variance in AoA (F (2, 219) = 112.1, p<0.01). The multiple correlation coefficient
was 0.71, indicating that approximately 50% of the variance of the AoA can be
accounted for by the linear combination of imageability and BOUN sub-corpus
frequency. The analysis showed that imageability (B =-0.17,t (218) =-3.45, p<0.01)
and BOUN sub-corpus frequency (B =-0.66, t (218) =-13.7, p < 0.01) significantly
predicted AoA. It was found in the second analysis that imageability and CLC
frequency also explain a significant amount of the variance in AoA (F (2, 219) =
212.94, p<0.01). The multiple correlation coefficient was 0.81, indicating that
approximately 66% of the variance of the AoA can be accounted for by the linear
combination of imageability and CLC frequency. The analysis showed that
imageability (B = -0.47,t (218) =-10.97, p<0.01) and CLC frequency (B =-0.51,t
(218) =-11.97, p <0.01) significantly predicted AoA.

4.3. Imageability

Split-half reliability in imageability questionnaire was checked using SPSS
reliability analysis. The questionnaire was found to be highly reliable (14 items,
a =0.92).

In the following sub-sections, interactions between imageability and rated
AoA, and imegability and frequency will be explained.

4.3.1. Imageability and AoA
The relationship between imageability and rated AoA values can be seen in

Figure 4.4. It can be seen that as AoA increases, imageability decreases. This is
supported by a strong negative correlation (» (300) =-0.77, p<0.01).
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Figure 4.4. The relationship between imageability and rated AoA values

4.3.2. Imageability and Frequency
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Figure 4.5. The relationship between imageability and BOUN sub-corpus frequency

In order to compare imageability values to the frequency values, BOUN sub-
corpus and CLC frequencies are analyzed separately. Figure 4.5 shows the
relationship between frequency values from BOUN sub-corpus and imageability.
Although the correlation is statistically significant, the coefficient is rather low (7
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Figure 4.6. The relationship between imageability and CLC frequency

(224) = 0.19, p<0.01). Figure 4.6 shows the relationship between CLC frequencies
and imageability. It can be seen that the correlation is slightly higher than BOUN
sub-corpus but still low in general ( (224) = 0.41, p<0.01). Note that 32 words are
different in these lists because these are the words from Lists B and C (non-shared
words).

4.3.3. Imageability, AocA, BOUN sub-corpus Frequency, and CLC Frequency

Two standard multiple regression analyses were conducted: one to evaluate
how well AoA and BOUN sub-corpus frequency predicted the imageability, the other
to evaluate how well AoA and CLC frequency predicted the imageability. Using the
enter method, it was found in the first analysis that AoA and BOUN sub-corpus
frequency explain a significant amount of the variance in imageability (F (2, 219) =
100.83, p<0.01). The multiple correlation coefficient was 0.69, indicating that
approximately 48% of the variance of the imageability can be accounted for by the
linear combination of AoA and BOUN sub-corpus frequency. The analysis showed
that AoA significantly predicted imageability (B = -0.70, t (218) = -13.70, p<0.01),
however BOUN sub-corpus frequency did not significantly predict imageability (B =
-0.02, t (218) = -0.36, p = 0.73). It was found in the second analysis that AoA and
CLC frequency also explain a significant amount of the variance in imageability (F
(2, 219) = 89.14, p<0.01). The multiple correlation coefficient was 0.67, indicating
that approximately 44% of the variance of the imageability can be accounted for by
the linear combination of AoA and CLC frequency. The analysis showed that AoA (B
=-0.76,1t (218) =-10.97, p<0.01) and CLC frequency (B =-0.14,t(218)=-2.04,p <
0.05) significantly predicted imageability.
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CHAPTER 5

CONCLUSION AND DISCUSSION

In this thesis, the main aim was to build the preliminaries of a Turkish
psycholinguistic database. Frequency, AoA and imageability variables were collected
for this purpose. The second aim was to check the validity of a rather new method to
obtain AoA values; a corpus-based method. This method was basically to compare
frequency values from an adult language corpus to a child language corpus. The ideal
way for this would be to use spoken language corpora for adults and children
however this was not possible. Therefore written language corpora were used with
the assumption that it can represent the properties of language in general. We used
BOUN Corpus to represent the adult language. CLC that consists of 536 children's
books was created to represent children's language. Children's books were assumed
to be a sample of child language. A correlation analysis between child speech and
books was conducted to support this assumption. In the process of creating CLC, a
silver standard data using 5,026 words from children's books was formed as a
byproduct of the thesis. We assumed that high-frequency words from CLC would be
early acquired words, thus have low AoA values; whereas high-frequency words
from BOUN sub-corpus would be late acquired, thus have high AoA. Using the
frequency values from BOUN sub-corpus and CLC, we obtained corpus-based AoA
values. 300 nouns among these words were selected for rated AoA questionnaire
(Section 3.5 explains the selection criteria in detail). The ratings from this
questionnaire were compared to the corpus-based AoA values. Moreover,
imageability ratings were collected for the 300 nouns.

The results of the analyses showed us that high-frequency nouns from CLC
got low AoA ratings in the questionnaire. However the high-frequency nouns from
BOUN sub-corpus did not get high AoA ratings contrary to expectations. The low-
frequency nouns from both corpora displayed similar tendencies (as frequency
increases, AoA decreases), although the correlations were not significant for CLC. It
seems that the corpus-based method may be inconclusive for low-frequency nouns
without further data from new participants -i.e. the number of participants that rated
low-frequency items with values other than '0' can and should be increased for
conclusive results. For the high-frequency nouns, it can be concluded that nouns
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from CLC are consistent with AoA ratings from the questionnaire. However, it seems
that late acquired words could not be determined by frequency values from BOUN
sub-corpus. To sum up, it was possible to infer acquisition information from high-
frequency nouns in CLC; they were found to be early-acquired nouns. The fact that
frequency is negatively correlated with AoA interferes with the attempt to extract
information on late-acquired nouns from BOUN sub-corpus.

For a more general comparison between frequency and AoA, a correlation
analysis without the criteria above was conducted. There was a strong negative
correlation between AoA and CLC frequencies, while the correlation between AoA
and BOUN sub-corpus frequency was not as strong as CLC frequencies. Research
show that high-frequency words would have low AoA values indeed (e.g.,
Ghyselinck et al., 2000). Multiple regression analyses also supported the results of
the correlation analyses, and the direction and significance of these relationships did
not change. These results show that nouns that are acquired early in life are usually
high-frequency nouns. The fact that CLC frequencies are strongly correlated with
acquisition data would indicate that children's books can indeed be a sufficient source
for child language acquisition information. The reasoning behind this could be as
follows: if rated AoA values are collected from adult population (i.e. they are adult
estimates of acquisition), and the authors are also from adult population, then the
children's books they wrote includes a language simplified according to their
estimates. These books were used to create CLC and the analyses confirmed that they
seem to be acceptable source for AoA.

The relationships between imageability, AoA, and frequency were explored.
Imageability ratings were highly correlated with AoA ratings. As the imageability
increased, AoA decreased which was expected from previous research (e.g.,
Stadthagen-Gonzalez & Davis, 2006). This indicates that highly imageable nouns
tend to be acquired early in life, which makes high imageability a factor for easier
acquisition besides high frequency. Furthermore, as imageability increased,
frequency from CLC increased as well. However the correlation between
imageability and BOUN sub-corpus frequency values was low with regard to CLC
frequencies. Further analyses with multiple regression revealed that when the effect
of AoA was suppressed, the significant relationship between BOUN sub-corpus
frequency and imageability disappeared. Moreover, while CLC frequency and
imageability relationship remained significant, the direction of the relationship
changed. Without the effect of AoA, as CLC frequency increased, imageability
decreased. The strong correlation between AoA and imageability might be a reason
for this change. There is also a strong correlation between CLC frequency and AoA
which might have an effect on this change.

As a result of the database work, we have frequency values per million words
for 19,246 word types from CLC, and for 11,349 word types from BOUN sub-
corpus; rated AoA and imageability values for 300 nouns. Additionally, 8,844 word
types have frequency values from both corpora. Table 5.1 summarizes the
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information on word numbers in the database. The database is available in the form
of an excel sheet. It will be shared upon request to the author’ or the supervisor®. The
limitations mentioned above should be kept in mind when using the data. The
information on how many participants rated the words is also available for each
word.

Table 5.1. The number of words in the database with frequency, AoA, and
imageability values

# of word types
CLC frequency 19,246 (4,388,149 token)
BOUN sub-corpus frequency 11,349 (2,832,025 token)
CLC & BOUN sub-corpus frequency 8,844
Rated AoA 300
Imageability 300

The next sections cover the limitations of this thesis and suggest possible
further research options.

5.1. Limitations

There are some factors that should be considered with regards to the results of
this study. The fact that the sources of adult and child language samples are different
might have an influence on the results. The source for adult language is collected
from online news reports, while the source for child language consists of literature
pieces written by adults. Despite the genre difference, the relationships between
frequencies, AoA, and imageability were as expected. However the results
concerning BOUN sub-corpus frequency values were weak or absent compared to
the results with CLC frequency values. Further studies using adult literature pieces as
the source of adult language sample could clarify the inconclusive results.

Another factor that should be taken into account is the authors of children's
books. The 26 books used in silver standard data were selected according to their
word token counts. It might be suggested that using a variety of authors in each age
group would generate a better sample for a standard data because different authors
might prefer to include different linguistic properties in their books. However the
silver standard data in this study was used in the training data set that consisted of
18,218 word tokens, therefore the diversity of authors might not have a significant

7 ahsen.tolgay@metu.edu.tr
¥ dezeyrek@metu.edu.tr
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effect in the current thesis. Future studies in which literature pieces are to be used
should consider the variation of authors for improved samples.

Most participants in the current study could not rate the low-frequency nouns
because they did not know them. With more participants, this number could increase
for better results that improve the corpus-based AoA values.

5.2. Further Research

In summary, the current thesis collected imageability and AoA values for 300
nouns; investigated a corpus-based method for AoA; initiated a psycholinguistic
database for Turkish studies; in addition, it created a CLC from children's books and
created a silver standard data of CLC. The next step would definitely be to add more
words and more variables to the database. For instance, emotional assessments for
stimuli are commonly needed in research and each researcher has to do a preliminary
experiment for this. It would be reasonable and practical to have them in the
database. We included only nouns in the questionnaires because it would be possible
to cover more age ranges in terms of rated AoA. This coverage made it easier to see
the comparisons between rated AoA and corpus-based AoA. Lexical categories other
than nouns could be investigated. Moreover, the age-groups in CLC could be a
beneficial source of investigation. In the current thesis, the age-groups of CLC are
not considered when the AoA information is extracted from corpora, because these
groups were indicated by publishers and there were not any standard norms with
regards to classification. Future studies should consider testing the hypothesis that
there is a significant overlap between CLC age-groups and developmental stages in
child language acquisition. The linguistic preferences of individual authors or
differences between authors could also be a future research ground. Last but not
least, to collect imageability data from children and compare it to the adult
imageability data would suggest further understanding of the relationship between
AoA and imageability in addition to imageability itself.
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APPENDICES

APPENDIX A: WORD LIST FOR BOTH QUESTIONNAIRES

ada
adaptasyon
afet

aft

agac
ajan
akacg
aktarim
ala
alabora
alay
alim
amac
amblem
amir
amirlik
anahtar
argo
arka
arsa

asa

ast

ayak
ay1

ayip
ayna
azamet
bacak
badminton
baharat

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

bakalit
bakla

bar
bariyer
bas
basimcilik
bayrak
bebek
beden
beka

bira

blof

blok

bor
bosaltim
boya
bros

burg

biiro
burun
cadi

catal
caydanlik
cesaretsizlik
cesme
ceza

cila

cilek

civa
gorap
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61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

corek

dadi

dahi
dalginlik
dansc1

dar

deve
dikkatsizlik
dilek
diploma
dem
doktora
dolasim
domuz
dondurucu
dortgen
dram

ebat
egitmenlik
eko
emlakg1
enkaz
esek

esey

esna

eten

eving
evrak
eylem
falaka



91.
92.
93.
94.
95.
96.
97.
98.
99

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
I11.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.

fani

farz

feda
fener
filolog
fis

fic1
folklor
gaddarlik
gaf

gasp

gen
gereksinim
gevseklik
geyik
giyecek
go¢
gorkem
gozliik
guru
hain
havza
haya
hektar
hendek
hin

hit
homojenlik
igme
idam
ideal
ihya
iktiza
inanilmazlik
iris
istiklal
181

1srar
1stakoz
jon

judo
kabile

133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.

kalamata
kapitalizm
karpuz
karsilik
karton
kasa
kasan
kaya
kazak
kelebek
kil

kilit

kilo
kiskag
kithik
kiyak
klan
kokpit
koltuk
konsorsiyum
kosk
kosum
kres
kriminoloji
kugu
kuka
kuraklik
kuzen
lanet
lime
madenci
mal
mama
mandira
mani
mantar
marul
mas
masumiyet
meclis
medya
merdane
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175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.

merdiven
mesrubat
mevzuat
mezalim
mil

mink
modiil
motor
motosiklet
muamele
muhtag
miiktesebat
mustu
naif

nan

net

nis
nitelik
nota

odiil

ofis
olanak
onay
onerge
ormancilik
otobiis
para
parite
parmak
paye
pencere
plaket
post
rahibe
repo

rom

saat
saheser
saka

saki
samandira
santral



217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244,

sapka
sarkacli
savmacilik
se¢im
sefa
seftali
sel
sema
sera
sevk
sike
silsile
sirk
site
sive
sivil
s1ga
sthhat
sipa
solo
sozciik
sucu
suit
suma
sunu
slirpriz
sut
tabu

245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.

tahmin
tahsisat
taka
takoz
takviye
talk

tane

tani
tartim
tathi
tavuk
tekbir
tekerleme
temas
terciman
tere

tez

tikag
toksikolog
topac
topluluk
torpu
tiifek

tug

tur

tilyo
tuzluk
ucuk
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273.
274.
275.
276.
2717.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.

ugras
ilki
ustat
usul
uzam
liziim
vagak
vasi
vazo
vekil
vida
vicut
yali
yansitici
yari
yastik
yazar
yelek
yonetici
yonetmelik
yiksiik
yuna
zamk
zebra
zencefil
zoka
ziirafa
zurnacl
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APPENDIX B: LIST OF WORDS REPLACED IN THE PERCEPTRON'S
OUTPUT
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APPENDIX C: LIST OF BOOKS USED IN SILVER STANDARD DATA AND
THEIR AGE-GROUPS

Book Title Author Age-group
1 Balik Ayla Cinaroglu 3-5
2 Kiimes Ayla Cmaroglu 3-5
3 Kus Ayla Cinaroglu 3-5
4 Kuzu Ayla Cinaroglu 3-5
5 Kirmizi Elma Feridun Oral 3-5
6 Kiigiik Ay1 ile Ahlat Agaci Yalvag Ural 3-5
7 Can Arkadagimin Dogumgiinii Aytiil Akal 5-8
8 Canim Annemin Dogumgiinii Aytiil Akal 5-8
9 Giizel Ablamin Dogumgiinii Aytiil Akal 5-8
10  Pamuk Biiyiikannemin Dogumgiinii Aytiil Akal 5-8
11 Tatli Kardesimin Dogumgiinii Aytiil Akal 5-8
12 Tonton Dedemin Dogumgiinii Aytiil Akal 5-8
13 Dilek Agact Aytiil Akal 5-8
14 Bilgisayardaki Saklambag Mehmet Atilla 8—10
15 Bilmeceler Omer Liitfii Sadoglu 8-10
16 Cankus Ekrem Giines 8—10
17 Cigek Diirbiinii Kemal Ozer 8—10
18 Cali Cigegi A. Alper Akgcam 10-12
19 (Canakkale Destani Bilgin Adali 10-12
20 Cop Plaza Miyase Sertbarut 10-12
21 Kapiland'in Karanlik Yiizii Miyase Sertbarut Above 12
22 Kent Diisleri Hamdullah Koseoglu Above 12
23 Yaz Crraklart Hamdullah Koseoglu Above 12
24 Ben Bir Agacim Orhan Pamuk Unavailable
25 Benekli Bilgin Adali Unavailable
26 Bodurcuk Sebnem Kartal Unavailable
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APPENDIX D: CONSENT FORM

Goniilli Katilm Formu

Bu c¢alisma, Orta Dogu Teknik Universitesi Bilissel Bilimler Yiiksek Lisans Programm
kapsaminda, Prof. Dr. Deniz Zeyrek danigsmanliginda Elif Ahsen Tolgay tarafindan yiiritiilen
yiikksek lisans tezi arastirmasinin bir pargasidir.  Calismanin amaci, Tiirkge dili igin
olusturulmasi planlanan psikodilbilimsel veritabanina eklenmek iizere anadili Tiirk¢e olan
katilimcilardan veri toplamaktir. Bu veritabani, ileride yapilacak psikolojik ve dilbilimsel
caligmalar i¢in temel olusturacagindan, katiliminiz ileriye doniik aragtirmalar i¢in de faydal
olacaktir.

Calismaya katilim tamamen goniilliiliik esasindadir. Katilim i¢in anadilinizin Tiirk¢e olmasi
yeterlidir. Sorular, kisisel rahatsizlik verebilecek herhangi bir ayrinti igermemektedir.
Caligmada sizden beklenen, belirli sayida Tiirkge kelimeyi anket basinda belirtilen kistaslara
gore degerlendirmenizdir. Sorular, kisiye gore degismekle beraber, ortalama 20 dakikanizi
alacaktir. Anket siiresince, cevrenizde dikkat dagitici goriintii/ses olmamasina &zen
gostermenizi, sorular1 rahat ve sakin bir ortamda cevaplandirmanizi rica ediyoruz. Anket
sirasinda ara verip daha sonra ankete geri donmenizde bir sakinca yoktur.

Calismada, sizden kimlik belirleyici hicbir bilgi istenmemektedir. Cevaplarimiz gizli
tutulacak ve sadece arastirmacilar tarafindan degerlendirilecek; elde edilecek bilgiler
yalnizca bilimsel yayimlarda kullanilacaktir. Caligma hakkinda daha fazla bilgi almak i¢in
tezi ylriten Elif Ahsen Tolgay ile ahsen.tolgay@metu.edu.tr adresinden iletisime
gecebilirsiniz.

Katilim sirasinda sorulardan ya da herhangi baska bir nedenden o6tiirii kendinizi rahatsiz
hissederseniz cevaplama igini yarida birakmakta serbestsiniz. Calismadan ayrilmak ig¢in
internet tarayicinizin penceresini kapatmaniz yeterli olacaktir. Caligmamiza katilmay1 kabul
ediyorsaniz, liitfen agagidaki ciimleyi okuyup “Evet” kutucugunu isaretleyerek “fleri”
diigmesine basiiz. Bu sekilde sayfa sizi ankete yonlendirecektir.

Degerli vaktinizi bu ¢aligmaya ayirdiginiz i¢in simdiden tesekkiir ederiz.
Bu calismaya tamamen goniillii olarak katilyyorum ve istedigim zaman yarida kesip
ctkabilecegimi biliyorum. Verecegim bilgilerin kimligimle eslestirilmeyecegini biliyor ve

bilimsel amach yayimlarda kullanilmasini kabul ediyorum.
* Evet
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APPENDIX E: AoA QUESTIONNAIRE INSTRUCTIONS

Bu anket, belirli sayida Tiirkce isim i¢in 'kelime edinim yas1' degerlerini elde etmek
amaciyla hazirlanmistir. Kelime edinim yasi, bir kelimenin kisi tarafindan hangi yasta
Ogrenildigini Olcen degerdir. Bir kelimenin O6grenilmis olmasi i¢in o kelimeyle
karsilastigimizda onu anliyor olmamiz yeterlidir; yani kelimeyi giinlilk hayatimizda
etkin olarak kullanmiyor olsak dahi kelimenin ne ifade ettigini anliyorsak o kelimeyi
ogrenmis sayiliriz.

Ornek olmas1 agisindan cesitli kelimeler icin kelime edinim yas1 araliklari;

piyano 7-9 sandvig 4-6
balon 0-3 g0z 0-3
palyago 4-6 cekic 7-9
gramofon 10-12 kask 10-12

Asagidaki kelimeleri, hangi yasta 6grendiginizi diisiiniiyorsaniz altlarindaki kutuya o
say1y1 girerek degerlendirmenizi rica ediyoruz.

Bilmediginiz bir kelimeyle karsilagirsaniz liitfen kutuya "0" rakamini giriniz.

Kelime siralamasi rastgele oldugundan benzer cevaplar vereceginiz kelimeler art arda
siralanmis  olabilir; bunun sonuglar agisindan bir Onemi yoktur, liitfen
degerlendirmenizi onceki cevaplara gore degil okudugunuz kelimeye gore yapmaya

devam edin.

Anketi tek oturumda tamamlamak istemezseniz degerlendirme esnasinda ankete ara
verip geri ddonmenizde bir sakinca yoktur.
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APPENDIX F: POST-SURVEY DEMOGRAPHIC INFORMATION FORM

Anketi tamamlamak {lizeresiniz, vaktinizi ayirdiginiz i¢in tesekkiir ederim.Son olarak
asagida sizden demografik bir takim bilgiler sorulmustur. Kisisel hicbir bilgi
girmeniz gerekmemektedir. Tamamladiktan sonra cevaplarimizin kaydedilmesi igin
diger sayfaya gegmeyi unutmayiniz.

Yas :
Cinsiyet :
O Kadm
QO Erkek
O Diger

Egitim durumu

(Tamamladigimiz en yiiksek derece)
[Ikogretim

Lise

Onlisans

Lisans

Yiiksek Lisans

Doktora

00000

1-12 yaslariniz arasinda bulundugunuz yer
(Birden fazla yerde bulunduysaniz liitfen bulundugunuz yaslar ile beraber behrtmlz)
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APPENDIX G: IMAGEABILITY QUESTIONNAIRE INSTRUCTIONS

Bu anket, belirli sayida Tiirk¢e isim i¢in 'imgelem' degerlerini elde etmek amaciyla
hazirlanmistir.

Imgelem; kelimelerin zihninizde uyandirdig1 gorsel veya isitsel ¢agrisimlar olarak
tanimlanabilir. Ornegin; cicek kelimesini okudugunuzda zihninizde belirebilen
goriintli, veya riizgar kelimesini okudugunuzda belirebilen ses gibi. Baz1 kelimeler,
ornegin ¢icek, zihnimizde kolayca bir imgelem uyandirirken bazilari, 6rnegin gergek,
o kadar kolay imgelem uyandirmaz. Asagidaki ankette, okudugunuz kelimelerin
zihninizde ne kadar kolay veya zor imgelem olusturdugunu degerlendirmenizi rica
ediyoruz. Liitfen en zor imgelem uyandiran veya hi¢ imgelem uyandirmayan
kelimeler i¢in 1'i; en kolay imgelem uyandiran kelimeler i¢in 7'yi; arada bir deger
almasi gerektigini diisiindiigiiniiz kelimeler i¢in ise uygun say1y1 isaretleyiniz.

Degerlendirme yaparken okudugunuz kelime baska kelimeleri cagristirabilir; sizden
ricamiz cagristm yapan diger kelimeleri degil yalnmizca okudugunuz kelimeyi
diisiinerek imgelem degerini igaretlemenizdir.

Kelime siralamasi rastgele oldugundan benzer cevaplar vereceginiz kelimeler art arda
siralanmis  olabilir; bunun sonuglar agisindan bir Onemi yoktur, liitfen
degerlendirmenizi onceki cevaplara gore degil okudugunuz kelimeye gore yapmaya
devam edin.

Anketi tek oturumda tamamlamak istemezseniz degerlendirme esnasinda ankete ara
verip geri ddonmenizde bir sakinca yoktur.
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APPENDIX H: SAMPLE FROM IMAGEABILITY QUESTIONNAIRE

sut
(Imgelemi
en zor)

1

eko
(Imgelemi
en zor)

1

sike
(Imgelemi
en zor)

1

kiskag
(Imgelemi
en zor)

1

hain
(Imgelemi
en zor)

1

zencefil
(Imgelemi
en zor)

1

parite
(Imgelemi
en zor)

1

57

(Imgelemi
en kolay)
7

(Imgelemi
en kolay)
7

(Imgelemi
en kolay)
7

(Imgelemi
en kolay)
7

(Imgelemi
en kolay)
7

(Imgelemi
en kolay)
7

(Imgelemi
en kolay)



TEZ FOTOKOPI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii

Uygulamali Matematik Enstitiisii

Enformatik Enstitiisti

Deniz Bilimleri Enstitiisii I:I

YAZARIN

TEZIN TURU : Yiiksek Lisans Doktora

Tezimin tamami diinya ¢apinda erisime agilsin ve kaynak gosterilmek sartiyla
tezimin bir kismi1 veya tamaminin fotokopisi alinsin.

Tezimin tamami yalmzca Orta Dogu Teknik Universitesi kullancilarinin
erisimine agilsin. (Bu segenekle tezinizin fotokopisi ya da elektronik kopyasi
Kiitiiphane araciligr ile ODTU disina dagitilmayacaktir.)

Tezim bir (1) yil siireyle erisime kapali olsun. (Bu segenekle tezinizin
fotokopisi ya da elektronik kopyas: Kiitiiphane araciligi ile ODTU disina
dagitilmayacaktir.)

Yazarin iImzasl  ...oeeeeeeeeeeeeeeeeenenn. Tarih ..o,



