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ABSTRACT

INCREMENTAL PROCESSING OF MORPHOSYNTAX FOR COUNTERFACTUAL
REASONING: AN EYE-TRACKING STUDY WITH TURKISH-SPEAKING CHILDREN AND
ADULTS

AKTEPE, Semih Can
M.A., The Department of English Language Teaching

Supervisor: Assoc. Prof. Dr. Duygu OZGE

September 2022, 71 pages

This study aimed to investigate whether children as young as age four can incrementally use mor-
phosyntactic cues for counterfactual reasoning at adult-like level. Therefore, in this study, we answered
(1) when children can reason adult-like using counterfactuals and (ii) whether they can incrementally
integrate the morphosyntax of counterfactuals in a language that encodes both the conditional and
counterfactual meaning in concatenated verbal suffixes, Turkish. We conducted an eye-tracking ex-
periment using visual world paradigm to answer these questions. Our results showed that children
attended the target referent after they heard the verb conjugation of the antecedent in the conditional
sentences. This result suggests that children as young as age four can interpret counterfactual con-
ditionals incrementally using counterfactual morphosyntax as adults do. To our knowledge, this is
the first piece of evidence showing that the morphosyntax marked on verbs quickly leads to complex
inferences such as generating hypothetical alternative worlds for counterfactual reasoning not only in

adults but also in very young children.

Keywords: counterfactuals, language development, incremental processing, reasoning, eye-tracking

v



(0Y/

KARSI OLGUSAL USLAMLAMADA ARTIMLI BICIM-SOZDIZIM ISLEMESI: TURKCE
KONUSAN COCUKLAR VE YETISKINLER ILE BiR GOZ IZLEME CALISMASI

AKTEPE, Semih Can
Yiiksek Lisans, Ingiliz Dili Ogretimi Boliimii

Tez Yoneticisi: Dog. Dr. Duygu OZGE

Eyliil 2022, 71 sayfa

Bu calismada, dort yas kadar kiigiik cocuklarin kars1 olgusal uslamlamada bigim-s6zdizimsel ipuglarini
yetiskin diizeyinde artimli olarak kullanip kullanamayacaginin incelenmesi amaglanmistir. Bu yiizden
biz bu calismada (i) cocuklar ne zaman karg1 olgusal ifadeleri kullanarak yetiskinler gibi akil yiiriitebi-
liyor ve (ii) ardigik fiil ekleriyle hem kosullu hem de kars1 olgusal anlami1 kodlayan bir dilde, Tiirkge,
karg1 olgusal ifadelerin bi¢im-s6zdizimini artimli olarak biitiinlestirebiliyorlar m1 sorularini yanitladik.
Bu sorular1 yanitlamak icin gorsel diinya paradigmasi kullanan bir goz izleme deneyi gerceklestirdik.
Sonuglarimiz, ¢ocuklarin kogullu ciimlelerinin Onciiliindeki fiil cekimlerini duyduktan sonra hedef gos-
tergeye dikkatlerini verdiklerini sergilemektedir. Bu sonug, dort yagindaki ¢cocuklarin, yetigkinler gibi,
karg1 olgusal bi¢cim-so6zdizimi kullanarak artimli bir sekilde kars1 olgusal ifadeleri anlayabildiklerini
gostermektedir. Bildigimiz kadariyla bu, fiillerin bicim-sézdiziminin yalnizca yetigkinlerde degil, aym
zamanda dort yas kadar kiiciik ¢ocuklarda da karst olgusal akil yiirtitme igin varsayimsal alternatif

diinyalar olusturmak gibi karmagik ¢ikarimlara anlik olarak yol actigin1 gosteren ilk kanittir.

Anahtar Kelimeler: kars1 olgusal ifadeler, dil gelisimi, artiml1 igleme, uslamlama, g6z izleme
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CHAPTER 1

INTRODUCTION

Children can reason through logical words such as and (Morris, 2008) and not (Feiman et al., 2017)
from two and a half years of age, or from three years of age (Mody & Carey, 2016) and can differen-
tiate the semantic and pragmatic use of these logical connectives by the age of four (Jasbi & Frank,
2017). They can also incrementally process the morphosyntactic cues such as case markers (Ozge
et al., 2019) and passivation (Huang et al., 2013) for thematic role assignment and predicting the up-
coming context. What about more complex structures requiring inferencing via both morphosyntax
and conditional logical connective: counterfactual conditionals? Along with their complex linguis-
tic structure, counterfactual conditionals also necessitate a complex reasoning ability in which people
need to represent both the hypothetical alternative and real-world situations as well as their possible

outcomes (Byrne, 2007; Roese, 1997).

Different languages encode the linguistic structure of the counterfactual conditionals differently. Coun-
terfactual conditionals in Turkish are encoded with the linear combination of a conditional marker -sA
and a (fake) past tense marker that gives the counterfactual meaning -DI. Therefore, it is not certain
whether young children can acquire such a complex structure given its semantic interpretation and
morphosyntactic parsing early in their language development. Because of these complexities involved
in counterfactual reasoning and morphosyntax, their acquisition might be later, and their processing
might be harder compared to those of the logical connectives such as and, or, and not. Also, in some
accounts, children are not expected to be fully developed in their domain-general logical abilities such
as preemption, abstraction, and analogy making until the age of five or six (Tomasello, 2003). Hence,
developing counterfactual thinking ability may last even longer than developing these abilities. Simi-
larly, using morphosyntactic cues predictively for thematic role assignment may be earlier than doing
so for counterfactual reasoning as case marking of morphosyntactic cues in thematic role assignment

reflects the agents, themes, and recipients of the events which are already accessible from the percep-



tual system. However, case marking of morphosyntax in counterfactuals might be reflecting possible
alternative realities about the events. Therefore, counterfactual conditionals require developing a more
advanced conceptual system and a parser to process their morphosyntax, which may lead to later de-

velopment in children.

Previous studies investigating the acquisition of counterfactuals yielded mixed findings about when
children could interpret counterfactual conditionals at an adult-like level. While some studies report
that children as young as age four could reason counterfactually (German & Nichols, 2003; Harris
et al., 1996; Nyhout & Ganea, 2019b), others reveal that it is not until age 6-7 (sometimes not until
14) for children to interpret counterfactual situations in an adult-like fashion (McCormack et al., 2018;
Rafetseder et al., 2010; Rafetseder et al., 2013). The difference among these studies may be method-
ological as they all relied on different offline measures incurring heavy processing demands where
children need to both comprehend some stories including counterfactual situations and keep in mind
the inferences of these situations. Therefore, it is possible that children process these structures on the
fly, but they fail to retrieve their initial interpretation until the end of the utterance. Furthermore, we are
still not certain whether adults can even incrementally interpret the morphosyntax of counterfactuals

in different languages such as English and Spanish (Ferguson et al., 2010; Orenes et al., 2019).

To our knowledge, no other study has investigated the real-time processing of counterfactuals in chil-
dren and focused on the acquisition of such a structure in a language that encodes both the conditional
and counterfactual meaning in concatenated verbal suffixes. Therefore, we aim to fill this gap by

investigating the online processing of counterfactual conditionals in Turkish.

In the remaining of this chapter, we give information about the syntax and semantics of counterfactual
conditionals, which is the structure under investigation, then cover the previous literature regarding
the processing of this structure by adults and its development in children for reasoning. Finally, we

present the research questions attempted to answer in this thesis.

1.1 Counterfactual Conditionals in Syntax-Semantics Interface

There are different kinds of conditional sentences. These sentences vary by their morphosyntactic
structures, and these structures differentiate the semantics of these different kinds of conditional sen-
tences. For example, conditional sentences of the type, if John drives the car, he will be on time for

the job, are called indicative conditionals. Such sentences have different interpretations according to



different views. One is that either John does not drive the car, or he is on time for the job. The other is
that John is on time for the job because he drives the car. Another is that they are non-truth functional,
so we cannot know the truth of their antecedent and consequent, rather they are assertible or acceptable

by the interlocutors of the speech (Edgington, 2020; Jackson, 1991; Stalnaker, 1976).

Indicative conditionals lead to the imagination that John drives the car, and he is on time for the job.
On the other hand, conditional sentences of the type, if John had driven the car, he would have been on
time for the job, are called counterfactual conditionals. Unlike indicative conditionals, counterfactuals
refer to the conceptual or imaginative alternatives that refer to the states and actions that might have
happened but did not happen in reality (Roese & Epstude, 2017; Starr, 2021). These alternatives
indicate a possible world counter to the fact or different from the factual world (Byrne, 2007; Epstude
& Roese, 2008; Evans & Over, 2004; Roese, 1997). Counterfactual conditionals, unless it is stated
in the context explicitly!, imply that their antecedent is negated (Anderson, 1951). Therefore, the
sentence, if John had driven the car, he would have been on time for the job, denotes that John did not

drive the car and he is late for the job.

The linguistic configuration of the counterfactual sentences varies for different languages. Sentences
can be made to infer counterfactual meaning by subjunctive mood such as German (Konjunktiv II)
as in 1 (Durrell, 2013). Therefore, the presupposition implying the falsity of the antecedent is often

associated with subjunctive mood (Karawani, 2014; Stalnaker, 1976; Von Fintel, 2012).

(1) Wenn mich jener Anruf nicht mehr erreicht hiitte, wéiren wir einander nie
If me that call not morereached had, would have we each other never
begegnet.
met.

If that call had not reached me, we would never have met.

However, although some sentences may look like counterfactuals due to the use of subjunctive mood,
they do not denote counterfactual meaning. Thus, the verbal inflection in the subjunctive form does not
guarantee the counterfactuality of the sentence. For example, French subjunctives do not infer coun-
terfactual meaning, so the subjunctive sentence in 2a (Subjonktif) does not convey the counterfactual

meaning in 2b (Conditionnel Passé) (1atridou, 2000, 2014).

! The counterfactual conditional sentence if John had taken arsenic, he would have shown just exactly those
symptoms which he does in fact show does not denote that John did not take the arsenic, and he does not show the
symptoms.



(2) a. Jedoute que Pierre soit venu.
I doubt that Pierre had come.

I doubt that Pierre had come.

b. Si Pierre était/*soit venu, je I’aurais vu.
If Pierre had come, I him would seen.

If Pierre had come, I would have seen him.

Consequently, for a sentence to denote a counterfactual meaning, its verb must be x-marked. X-
marking refers to the fact that a verb is ornamented with a certain morphological structure to denote
a counterfactual meaning (von Fintel & latridou, 2020). For example, in English, the verb of the an-
tecedent must have a past tense inflection, and that of the consequent must be in (perfect) modal form,
and also this sentence must allow conditional inversion as in 3a (Iatridou, 2000). Otherwise, without
the inversion, the antecedent of the counterfactual sentence is the same as the indicative sentence in

3b.

(3) a. Were Oswald not to kill Kennedy, someone else would.

If Oswald did not kill Kennedy, someone else would.

b. If Oswald did not kill Kennedy, someone else did.

*Were Oswald not to kill Kennedy, someone else did.

On the other hand, in Turkish, the linear morpheme order disambiguates counterfactual conditionals
from the indicative ones. In indicative conditionals, first the temporal verbal inflection (-DI, -1, -
AcAk) is concatenated to the root of the verb, then the conditional marker -sA is added to the verbal
inflection as in 4a. In Turkish, there is no explicit conditional connective, if (“eger” in Turkish)
needed because the conditional marker -sA functions as if (Kornfilt, 1997). On the other hand, in
counterfactual conditionals, the conditional marker is concatenated to the root of the verb first, and

only past verbal inflection is added to the conditional marker as in 4b.

(4) a. Oswald Kennedy’yi oldiir-me-di(y)-se bagkas1 oldiir-dii.
Oswald-Nom Kennedy-Acc kill-Neg-Past-Cond someone else kill-Past

If Oswald did not kill Kennedy, someone else did.

b. Oswald Kennedy’yi oldiir-me-se(y)-di  bagkasi oldiir-ecek-ti.
Oswald-Nom Kennedy-Acc kill-Neg-Cond-Past someone else kill-Fut-Past

If Oswald did not kill Kennedy, someone else would.



Yarbay Duman et al. (2015) state that counterfactual and indicative conditionals are of the equivalent
morphosyntactic structures except for the fact that the aforementioned morpheme order differentiates
them. However, although the morpheme -DI seems to be phonologically equivalent in both structures,
their morphosyntactic-semantic functions are different from each other. While the one in indicative
conditionals points to the past tense conjugation of the verb as the other temporal morphemes like
-r (Aorist) and -AcAk (Future), the one in counterfactual conditionals is an x-marking (fake past)
morpheme (not a temporal morpheme). Therefore, such a linear combination of morphemes given
in 5a is not possible in Turkish counterfactual conditionals, unlike the indicative ones in 5b. In other
words, Turkish marks counterfactual conditionals with a fake past tense morpheme, not with the regular
past tense morpheme (latridou, 2014). According to Can Bakirli (2010), the verbal structures in the
antecedent and consequent of the counterfactual conditionals in Turkish create a causal reasoning chain
where the situation in the consequent triggers the situation in the antecedent. This causal chain infers
the fact that the consequent did not happen. Therefore, when we regard sentence in 4b, we can say that
someone else’s not killing Kennedy triggered Oswald to kill Kennedy, and anyone else but Oswald
did not kill Kennedy. As a result, sentence 4b implies the fact that Oswald killed Kennedy and no
one else killed Kennedy. On the other hand, the verbal inflections in the antecedent and consequent
of the sentence 4a do not make any judgment about their falsity. Thus, the truth of the consequent of
someone else’s not having killed Kennedy is determined by the truth of the antecedent of Oswald’s

having killed Kennedy (Can Bakirli, 2010).

(5) a. *oldiir-me-se(y)-ecek
kill-Neg-Cond-Fut

*If he would not kill, ...
b. oldiir-me-(y)ecek-se

kill-Neg-Fut-Cond

If he will not kill, ...

1.2 Studies on the Processing of Counterfactual Conditionals in Adults

We can outline the studies investigating the adults’ processing of counterfactuals in terms of inferring
to the falsity of the antecedent of counterfactual conditional sentences, dual meaning representation

caused by this and making these inferences using morphosyntactic parsing.



1.2.1 Inferring to the falsity of the antecedent in counterfactual conditionals

In section 1.1, we said that counterfactual conditionals have the presupposition that their antecedent
is negated. For instance, the counterfactual conditional sentence, if John had driven the car, he would
have been on time for the job, points to the fact that John did not drive the car; possibly John’s not
driving the car is the cause of his being late for the job. Such counterfactual sentences also denote the

false suppositional state in which John drove the car, and he was on time for the job.

Fillenbaum (1974) states that participants falsely recognized the negated antecedents of the counter-
factual conditional sentences, he did not catch the plain as already uttered after the counterfactual sen-
tence, if he had caught the plane, he would have arrived on time, in a memory task where they decide
whether the sentences have already been uttered or they are uttered newly. This early study suggests
that people presuppose the antecedents of the counterfactual conditional as their denied propositions.
Therefore, counterfactuals might be more costly to process as they require access to these alternative

hypothetical possibilities and their presuppositions.

1.2.2 Dual meaning representation in counterfactual conditionals

Related to imagination and planning skills, the representation of these two contradicting meanings in
counterfactual sentences makes them cognitively complex (Fauconnier, 1994; Johnson-Laird & Byrne,
2002). The dual meaning representation triggered during counterfactual language comprehension is
considered as the typical feature of counterfactual sentences (Kulakova & Nieuwland, 2016a). There-
fore, the processing of counterfactuals is discussed from the view of dual meaning representation and

the suppositions expressed by them.

Some studies proved the fact that counterfactuals trigger two different mental models in mind. For
instance, Byrne and Egan (2004 ) stated that contrary to indicative conditionals such as if I were a movie
star, I moved to Hollywood, counterfactual conditionals such as if I had been a movie star, [ would have
moved to Hollywood, create a dual representation of an event that I am not a movie star and falsified
proposition that I am a movie star. They also added that indicative conditionals such as if [ am a movie
star, 1 will move to Hollywood, imply a single representation that constructs the suppositional state /
am a movie star and I will move to Hollywood unlike counterfactuals on which people make negated
inferences. In another study, Santamaria et al. (2005) presented that the counterfactual conditional

sentences such as if it had rained, we would have gone to picnic prime negative not-p and not-q



conjunctions that it did not rain and we did not go to picnic, and these conjunctions are read faster when

they are read after counterfactual conditionals than when they are read after indicative conditionals.

In a self-paced reading study, the participants read a narrative sentence, while keeping the ticket in her
hand, Mary switched on the radio and heard the winning lottery number. This sentence was either
followed by a factual sentence, as she won the lottery first prize, the first thing she did was to buy a
luxurious Mercedes car, or a counterfactual sentence, if she had won the lottery first prize, the first thing
she would have done was to buy a luxurious Mercedes car, de Vega et al. (2007) measured the reading
times of the participants in the new coming sentences, Mary got into the Mercedes car and she felt like a
queen. The results showed that the participants read the new coming sentence faster after factuals than
counterfactuals. Also, they read the sentence, Mary tore the ticket to pieces and started to clean the
kitchen, faster after counterfactuals than factuals. The reading time results of the study demonstrated
that only on reading the post-critical sentence, and started to clean the kitchen, the factual meaning of
the counterfactual sentence that Mary won the lottery vanishes, unlike the factual sentences. Therefore,
although people temporarily keep the new information in their mind after counterfactual sentences in
the initial phases of the sentences, they fix their attention to the older sentences, suggesting that both
meanings of the counterfactual scenarios are represented in counterfactual conditionals. Unlike offline
studies, this study asserts that the processing of counterfactuals is more costly in comparison to their

factual counterparts in terms of updating the processor based on the incoming information.

The use of brain imaging techniques provided further evidence for the dual representation of the coun-
terfactual language processing and their processing load (De Brigard et al., 2013; Ferguson & Cane,
2015; Kulakova & Nieuwland, 2016b; Urrutia et al., 2012). For instance, Urrutia et al. (2012) reported
that stronger activation in the left superior frontal gyrus, the area for executive functioning in the brain,
was observed in counterfactual conditional sentences, if Pedro had decided to paint the room, he would
have moved the sofa, than in factual causal sentences, since Pedro decided to paint the room, he is mov-
ing the sofa, suggesting that people create a different neural network for different types of input. They
posited that as two representations are active simultaneously during the comprehension of the counter-
factual sentence, inhibiting these representations is cognitively effortful. Hence, the activation in this
area during counterfactual language comprehension might be pointing to the generation of alternative
possibilities and inhibiting these possibilities to trigger the real-world situation during counterfactual

thinking.

In another study, different from the other ones, Kulakova et al. (2013) compared the processing of



the indicative conditional scenarios, the motor is switched off today; if the motor was switched on
yesterday, did it burn fuel?, with that of the counterfactual conditional scenarios, the motor is switched
off today; if the motor had been switched on today, would it have burned fuel? This study revealed
that more activity was observed in the right occipital cortex, which is the visual processing center
in the brain, during the processing of counterfactual conditional sentences than indicative conditional
sentences. In addition, more increased reaction times for follow-up responses in counterfactuals than

indicatives showed that counterfactual conditionals create more processing load in the brain.

1.2.3 Morphosyntactic parsing for semantic interpretation of counterfactual conditionals

Kulakova and Nieuwland (2016a) remark that the point in counterfactual language processing should
not be whether counterfactuals imply two meaning representations but rather how these representations
are related to the incremental sentence construction. In this context, the role of linguistic input that
might lead to the counterfactual meaning in speech, such as verbal inflections and conditional markers,
is to be investigated. Not directly, but a few eye-tracking studies using visual world paradigm provide

us with some ideas about the incremental processing of counterfactual conditionals.

Ferguson et al. (2010) pointed out that English-speaking participants shifted their gaze to the related
referent (critical word) using the prior context right after the verb of the consequent and before the
critical word in both counterfactual and indicative conditionals (If cats were vegetarians/are hungry,
they could feed their cats with a bowl of carrot/fish). However, even before the critical time points
in the consequent, there is an increase in the look to the related referent for the counterfactual world
in the study. Therefore, we cannot decide whether it is the linguistic cues in the antecedent or in
the consequent that gave rise to the related referent looks. In addition, as the verbal configuration is
the same for both counterfactual and indicative conditionals in the experiment, we cannot determine
whether the linguistic cues incur more looks to the related referent. On the other hand, only the lexico-
semantic units such as contextual words (vegetarian) and critical nouns (carrot, fish) in the utterances
might have led to the correct looks. Thus, we cannot abstract out the clear effect of morphosyntactic

units for counterfactual reasoning in this study.

In another study with Spanish-speaking participants, Orenes et al. (2019) presented that the fixations
were made to a single referent in the indicative conditional structures, whereas the referents for both
the reality and its negated alternative were almost equally fixated in the counterfactual probes after the

verb conjugation. Nevertheless, this study has some possible confounds because of its experimental



" 2

Figure 1.1: A visual scene used in Orenes et al. (2019)

design. The first is that in their experimental sentences, (e.g., if there had been[counterfactual verb]
oranges[noun], then there would have been pears), the noun after the verb was explicitly uttered, and
this might be masking the effect of verb conjugation on the shifts in gaze. Thus, we cannot ascertain
whether the counterfactual inflection of the verb in the antecedent or the noun coming right after the
verb diverges the gaze of the participants. The second is that some of the referents were crossed out
to represent the real-world situation for the counterfactual sentences, yet non-alternative world ref-
erents better represent the real-world situation for the counterfactual (Figure 1.1). In this study, two
equally fixated referents are the alternative world referent and its crossed-out version. However, the
non-alternative world referent must have been fixated. Therefore, it is not clear whether the looks
would have converged on a single referent as in the indicative conditional sentences if there had been
no crossed-out referents. Therefore, it is unclear to what extent the verbal markers in the counterfac-
tual conditionals induced the generation of alternative possibilities in this study. On the other hand, the
replication of this study conducted with English-speaking participants revealed that the participants’
gaze converged on a single referent both in indicative and counterfactual conditional sentences. How-
ever, that referent was the same for both types of conditional sentences, such that the participants only
looked at the referents similar to the ones at the top left side of Figure 1.1. In their second experi-
ment, Evcen and Wittenberg (2022) asked the participants follow-up questions regarding what should
be expected from the situation implied by the conditional sentences. The results indicated that most of
the participants kept their gaze on the same referent as in the previous experiment, although some of
them fixated on the referents similar to the ones at the top right side of Figure 1.1. These results show
that there is no clear finding regarding how conditional morphosyntactic structures are processed for

counterfactual reasoning in adults.

In addition to these online studies, in an offline study, Yarbay Duman et al. (2016) presented the pa-



tients with Broca’s aphasia whose native language is Turkish, a series of connective, indicative condi-
tional, and counterfactual conditional sentences. The connective sentences were of the type, he ironed
the shirt and hung it in the closet, the indicative conditional sentences were of the type, if he has ironed
the shirt, he will hang it in the closet, and the counterfactual conditional sentences were of the type, if
he had ironed the shirt, he would have hung it in the closet. Uttering these sentences, (Yarbay Duman
et al., 2016) asked the participants to match them with the correct representation among four pictures
(the shirt is not ironed and not hung in the closet, the shirt is ironed and hung in the closet, a dress is
ironed and hung in the closet and a dress is not ironed and not hung in the closet). As patients with
Broca’s aphasia are characterized by having difficulty in integrating functional words and inflectional
morphology into their speech (Goodglass et al., 1972; Kean, 1977), and Turkish is a highly inflectional
agglutinating language (Taylan, 1984), Turkish-speaking patients of Broca’s aphasia were expected to
perform poorly matching the correct picture in conditional sentences. Therefore, Yarbay Duman et al.
(2016) demonstrated that patients with Broca’s aphasia were better at picking the correct picture in
connective sentences than in indicative and counterfactual conditional sentences. Furthermore, the
control group (individuals without Broca’s aphasia) had ceiling performance in all sentence types.
These results suggest that in order to extract the semantic inferences made by the morphosyntax of
the conditional sentences and distinguish them from each other, a proper morphosyntactic parser is

required.

Finally, Yarbay Duman et al. (2016) also mention that Turkish counterfactuals are morphosyntactically
less complex than their English counterparts because, unlike English, there are no if-embedding, modal
auxiliaries, and past participles in Turkish. We cannot compare the complexity of these structures be-
cause Turkish counterfactuals might also be more complex than their English counterparts since, as we
discussed in section 1.1, they have a more compact structure in which tense morphemes and conditional
marker are packed within a more condensed morphemic structure of the verbs. Therefore, they may
require a more advanced parser to process their morphology to interpret the semantic presuppositions
of these structures. After all, although this study reveals the importance of morphosyntactic processing
in generating the semantic interpretations of counterfactual conditionals, it does not disclose when the

morphosyntactic units give rise to these interpretations during language comprehension.
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1.3 Studies on the Development of Counterfactual Reasoning in Children

In section 1.2.1, looking at the counterfactual conditional, if John had driven the car, he would have
been on time for the job, we said that John’s not driving the car is probably the cause of his being late for
the job. Therefore, we can conclude that counterfactual sentences suggest a causal relationship between
the situations implied by their antecedent and consequent. On the other hand, many studies assert
that making such causal reasoning using counterfactuals requires a series of executive functioning
abilities. In this section, we first present how counterfactuals imply a causal relation, and when children
can understand the causal implicatures of counterfactuals, then how the assertedly required cognitive

abilities relate to this kind of causal reasoning in children.

1.3.1 Counterfactuals in building causal relations

Causality refers to the fact that one action, event, or process (cause) leads to the emergence of another
(effect). The causal associations between causes and effects are the abstractions that allow people to
understand how things in the world proceed (Mackie, 1980). The ability to construct such causal as-
sociations is called causal reasoning. Young children can make causal inferences about the events if
they have real-world knowledge (Bullock, 1985; Shultz, 1982). Therefore, experience is necessary to
build a concept of causality (Carey, 2009). However, some argue that there are basic blocks for causal-
ity driven by intuitions, so human causality is innate (Goodman et al., 2011; Griffiths & Tenenbaum,
2009; Steyvers et al., 2003). Therefore, children might be able to make causal inferences from a very
early age, but their ability to reason might be constrained by the contextual knowledge and linguistic
demands to express their reasoning, which limits their innate knowledge to put into practice (Bullock

et al., 1982).

Fundamentally, the claims about the idea of causality about the actions, events, and processes are made
by the existence of their effects given the existence of their causes. On the other hand, according to the
counterfactual theory of causation, the causal claims are made by the counterfactual conditions of the
form if A had not occurred, B would not have occurred (Menzies & Beebee, 2020). In other words,
the non-existence of the cause will lead to the non-existence of all its effects. D. Lewis (1973/2013)
states that the cause of an effect must make a difference from the case where it does exist, so we
must be able to claim that if the cause had been absent, all its effects would have been absent as well.

Therefore, counterfactuals play a crucial role in human reasoning. Sobel (2004) states that even very
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young children could make predictions about possible situations using counterfactuals, even though,
as mentioned earlier, counterfactual conditionals necessitate the representation of multiple alternative
scenarios in mind and have a linguistically complex structure. However, different researchers handle

the ability to reason counterfactually differently depending on how they view this ability.

Counterfactual reasoning can be seen in children’s imaginations, beliefs about other people’s actions,
and pretence. Therefore, imagination, theory of mind, pretend play in children, and counterfactual
reasoning point to the same segment of cognition (Byrne, 2016; Ferguson et al., 2010; Weisberg &
Gopnik, 2013). Counterfactual reasoning is important for children to plan their actions according to
the false premises through pretending about non-real situations (e.g., supposing a banana as if it was
a telephone). Therefore, pretend play in the early phases of their development is crucial to generate
alternatives for future events. However, psychologists do not compromise on whether imagination and
pretend play contribute to the counterfactual reasoning ability of children. Pretend play and counter-
factual reasoning ability are asserted to have some common features in terms of the separation from
reality, referring to alternative reality based on unreal events and considering these alternatives as fu-
ture possibilities, suggesting that pretence is adequate for planning, causal models, and counterfactual
processes (Buchsbaum et al., 2012; Weisberg & Gopnik, 2013). In the definition they adopt, counter-
factuals cover the pretence, imagination of the real world, and future planning. However, unlike the
scientists regarding this definition, Beck (2016) argues that reasoning with counterfactuals includes
generating thoughts about alternative and real-world situations. Therefore, we also view counterfac-
tual reasoning as the ability to make inferences about the real-world situation given the alternative

situations triggered by counterfactuals.

Generating alternative situations in mind and inferring the real-world situation among these situations
included in counterfactual reasoning are often related to such cognitive abilities as theory of mind, false
belief, inhibitory control, and working memory capacity. In the following sections, we will discuss the

effects of these abilities when children engage in tasks where they need to reason counterfactually.

1.3.2 Counterfactuals require inhibiting alternative possibilities

Given the nature of the task employed in different studies and the requirements for counterfactual
reasoning, previous studies conducted on such languages as English, German, Greek, and Turkish
have not addressed children’s processing patterns of counterfactuals, and they yielded mixed findings

about when children could interpret counterfactual conditionals in an adult-like fashion. For instance,
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in an earlier study, Harris et al. (1996) tested if counterfactual thinking allows children to make causal
inferences. In their experiments, 3- to 4-year-old children were told a story where an event, a girl
named Carol walk in with muddy boots, causes another event, making kitchen floor dirty. Then, the
children were asked a question about the story, what if Carol did not walk in with muddy boots, would
the floor be dirty? The results showed that children as young as three years of age could answer such
questions, and 4-year-old children were even more accurate in their responses. To make such a causal
inference that the floor is dirty, children should have the ability to inhibit the fact that the floor is clean,
as explicitly stated by the counterfactual sentence. Therefore, the earlier signs of inhibiting some of

the possibilities seem to be observed by the age of three.

Another study shows that children can also inhibit the multiple alternatives to reason about a possibility
when the events have two causes. Rafetseder et al. (2010) told children stories such as a mother placed
a candy on either the top shelf or the bottom shelf. If it was placed on the top one, the boy could pick
it up, and if on the bottom one, the little girl could pick it up, and they brought to their room. Children
could answer such counterfactual questions as what would happen if the candy was on the top shelf
and the little girl came? or so. However, after telling the story in which the mother placed the candy
on the top shelf, and the boy picked it up then brought to his room, they asked children what if the girl
had come instead of the boy? 6-year-old children had difficulty in answering such questions unlike
the adults because in this case there was more than one alternative possibility. Rafetseder et al. (2013)
further investigated this and demonstrated that 14-year-old children showed adult-like performance
answering such questions. Thus, in this case, although previous research pointed out that inhibiting
the possibilities is seen at three years of age, as the task requires inhibiting more than one possibility,

young children have difficulty inhibiting the alternative possibilities.

Similarly, in an experiment where either an event A or an event B (or both) causes an event C to happen,
McCormack et al. (2018) asked children from four years of age to nine years of age counterfactual
questions such as if A had not happened, would C have happened? and if A had been prevented, would
C have happened? Their results showed that 6-to-7-year-old children could answer such questions,
and 8-to-9-year children did so at ceiling level. The difference between the experimental paradigm
of Rafetseder et al. (2013) and McCormack et al. (2018) was that while Rafetseder and colleagues’
experiment required children to make reasoning from the narratives about the behavior of the agents,
McCormack and collegues’ experiment used a physical system where the different combination of the
pegs’ placement caused the toy pigs to fall down or not. Nyhout and Ganea (2019b) further showed

that children as young as age four could reason counterfactually with a blicket detector paradigm
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where the physical objects caused the blicket detector machine to go off after asked counterfactual
conditional questions such as if she had not put the object on the box, would the light still have switched
on? Therefore, it is concluded that children are better at making counterfactual inferences about the
physical events and objects compared to the stories including agents with different choices (Nyhout &

Ganea, 2019a).

1.3.3 Keeping multiple representations generated by counterfactuals in mind requires working

memory

As people should hold multiple alternatives in mind during counterfactual language processing, work-
ing memory capacity could affect their ability to reason counterfactually. German and Nichols (2003)
stated that counterfactual reasoning in children emerges at the age of four, and maintaining causal
relations between the antecedent and the consequent of the counterfactual sentence depends on the
temporal proximity between the antecedent and the consequent. For example, in a sequence of events
A, B, C, and D, 3-year-old children could answer questions where the event in the antecedent and the
consequent were closer in the sequence, such as what if C had not happened, would D have happened?
(short causal chains). However, they failed to answer questions where the event in the antecedent and
the consequent were more distant from each other in the sequence, such as what if A had not hap-
pened, would D have happened? (long causal chains). The result showed that 4-year-old children
could answer these questions while 3-year-olders could not. Thus, we can say that as the memory load

increases, retrieving the information about the earlier events becomes harder during speech.

In addition, Beck et al. (2006) reported that in an experiment where an object follows either the blue
way or the red way, if it continues to follow the red way, it separates into two ways as spotty and
stripy based on the cards chosen, the participants were asked future hypothetical question about the
path the object follows, what if next time it goes the other way, where will it be? As the second event
(spotty-stripy selection) happens later than the first event (red-blue selection), the participants are
expected to respond by saying spotty or stripy, and most of them did so. However, some participants
inferred the red or blue selection, which can be indirect evidence for German and Nichols’ (2003)
claim that longer causal chains require more processing power, yet because Beck et al. (2006) did not
specify these participants, it is not possible to make a proper discussion. The issue raised in causal
chains is that the possible lack of transitivity between the events, which does not contribute to the

counterfactual causation of an outcome. The causal chains in these studies maintain the connections
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between the events so that these events are consecutively the cause of each other due to transitivity.
On the other hand, suppose such a story in which an enemy puts a bomb outside the door of Lucy, and
Brian sees the bomb and then pinches out the fuse, so Lucy survives. In this story, Brian’s pinching
out the fuse is the cause of Lucy’s survival, yet the enemy’s planting the bomb is not the cause of
Lucy’s survival. Hence, the counterfactual conditional sentence, if someone had not placed the bomb,
Lucy would not have survived, suggesting the cause of Lucy’s survival is someone’s placing a bomb at
her door, is not an appropriate sentence regarding the transitivity in causal chains. Therefore, children
might be considering the possibility that some of the events are not the cause of the final situation in
counterfactual conditionals, or they simply find some of the possible causes as irrelevant, thus failing

to respond correctly in such experimental tasks.

1.3.4 Counterfactual reasoning requires addressing to other minds

Besides the executive functioning skills, as people must consider the alternative situations and reality
when thinking counterfactually, counterfactual thinking ability might address to theory of mind and
false belief skills where one’s and others’ views are considered (Drayton et al., 2011; Guajardo &
Turley-Ames, 2004; Riggs et al., 1998). Guajardo and Turley-Ames (2004) tested the 3-to-5-year-
old children’s ability to generate alternative situations about the counterfactual scenarios after telling
them stories like the ones in Harris et al. (1996) and checked whether this ability correlates with
the children’s performance in a series of theory of mind tasks. The results showed that there was a
significant correlation between counterfactual thinking and theory of mind ability. However, whether

theory of mind or counterfactual thinking is the prerequisite for the other is not clear.

Yet, the studies conducted with the children with autism present a more precise image regarding the
effect of theory of mind on counterfactual reasoning. Children with autism spectrum disorder often
have certain conditions such as having difficulty in social interactions, understanding emotions, and
pretending the objects as if they were something else (Frith, 2003). Therefore, as counterfactual rea-
soning is asserted to be related to theory of mind abilities, children with autism are expected to have
poorer counterfactual reasoning abilities as well. Nonetheless, the research shows that children with
autism can make counterfactual inferences as accurately as the typically developing children (Begeer
et al., 2014; Grant et al., 2004; Scott et al., 1999). For example, in an experiment where children were
told a story, John and Mary are in the kitchen. They have some chocolate. They put the chocolate

in the fridge. Then John leaves the house to go and visit a friend. Mary wonders to herself, “what
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will I do today? I know, I’ll bake a cake.” She goes to the fridge and gets the chocolate. She makes
the cake with some of the chocolate and puts the rest of it away in the cupboard. Then, she eats the
cake. John has finished visiting his friend now. He’s hungry and wants to eat some chocolate., and
asked a counterfactual question, if Mary had not baked a cake, where would the chocolate be?, and
a false-belief question, where does John think the chocolate is?, Peterson and Bowler (2000) showed
that children with autism could correctly respond to counterfactual questions as typically developing
children. However, there was a significant difference between their response accuracy in false belief

questions, such that typically developing children were better than the ones with autism.

In another study, children listened to a story, In the bedroom, John hears his sister Anne say she
wants to find her ball to play with it. Then, John goes to kitchen. But while he is away, Anne’s
mother tells Anne to tidy her bedroom. When John passes Anne’s bedroom again, he sees her picking
up toys from her bedroom floor. Then, they were asked a counterfactual question, if Anne’s mother
hadn’t asked Anne to tidy her room, what would have been the reason she was picking up toys?, and
a false belief question, what will John believe is the reason that Anne is picking up toys? Rasga et
al. (2017) indicated that 6- and 8-year-old autistic children’s performances answering false belief and
counterfactual conditional questions were poorer compared to their typically developing peers, but this
different faded at the age of ten. On the other hand, children with autism in all age groups had better
performance answering the counterfactual questions than false belief questions. These results imply

that theory of mind abilities may not be a predictor of counterfactual reasoning ability.

In both typically developing and autistic children studies, when the age of the children is controlled, the
effect of theory of mind skills on counterfactual reasoning vanishes. Given the effect of age in previous
research, age seems to be a better predictor than theory of mind and executive functioning skills.
This may be because such abilities as working memory capacity, inhibitory control, theory of mind,
and language develop as the age of the children also increase. As the development in counterfactual
reasoning can be both explained by age and these cognitive abilities, which also develop by age,
detecting the true effect of each is a challenge. Thus, analyzing the effect of executive functioning
abilities along with age may lead to a collinearity problem in which a strong correlation between two

measures makes the interpretation of their true effects difficult (Mason & Perreault Jr, 1991).
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1.3.5 Comprehensive studies on the relationship between counterfactual reasoning and execu-

tive functioning

The studies covered so far showed that making causal inferences using counterfactuals might be re-
lated to age, language, working memory, inhibitory control, and theory of mind abilities. Two pieces
of work studied these factors comprehensively. Drayton et al. (2011) assessed children’s receptive
language skills (using the TACL3 (Carrow-Woolfolk, 1985)), false belief ability (using unexpected
change, deception, active deception, unexpected contents task (Bartsch & Wellman, 1989; C. Lewis
& Osborne, 1990; Wimmer & Perner, 1983)), working memory capacity (using backward digit span,
counting and labelling, finger tipping and labelling (Davis & Pratt, 1995; Gordon & Olson, 1998)), in-
hibitory control (using grass/snow, bear/dragon and card sort task (Carlson & Moses, 2001; Frye et al.,
1995; Kochanska et al., 1996)) and counterfactual reasoning ability (using the experimental paradigms
in Guajardo and Turley-Ames (2004) and Riggs et al. (1998)). Their regression model indicated that
age, language, working memory, and counterfactual ability could account for the false belief ability of
the children. This study pointed out that counterfactual thinking is related to false belief even when

controlled for age and language.

Beck et al. (2009) also tested children’s verbal ability measure (using the British Picture Vocabu-
lary Scale Second Edition (Dunn et al., 1997)), inhibitory control measures (using bear/dragon and
black/white Stroop tasks (Gerstadt et al., 1994; Kochanska et al., 1996; Simpson & Riggs, 2005)),
working memory measures (using counting and labelling, and noisy books tasks (Gordon & Olson,
1998; Hughes, 1998)) and counterfactual reasoning measures (using syllogism task in Dias and Harris
(1988, 1990), causal chains in German and Nichols (2003) and location change task in Riggs et al.
(1998)). The results showed that there was a significant positive correlation between counterfactual
reasoning tasks and inhibitory control tasks and working memory tasks, and language scores. How-
ever, interestingly, only in the long causal chain counterfactual reasoning task, which is cognitively
more demanding, and the working memory and inhibitory control tasks, there was a negative correla-
tion. Beck and colleagues’ regression model also demonstrated that inhibitory control and language
but not working memory were the predictors of counterfactual thinking ability. Different from Drayton
et al. (2011), their model did not include age as a predictor because it showed heteroscedasticity, and
they added that they did not expect any effect of age since age did not correlate with most of their

measures.

The common point between Drayton et al. (2011) and Beck et al. (2009) is that they both emphasized
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the effect of language on counterfactual thinking. Yarbay Duman et al. (2015) compared the perfor-
mances of the typically developing children with the ones who had specific language impairment?. In
a picture matching task, they told children a counterfactual conditional, if he had ironed the shirt, he
would have hung it in the closet, and showed four pictures: a shirt is not ironed and not hung in the
closet (target), a shirt is ironed and hung in the closet, a dress is not ironed and not hung in the closet,
and a dress is ironed and hung in the closet. Their results indicated that typically developing children
were significantly better at picking the correct picture than children with specific language impairment.
This implies that language skills play an important role in counterfactual thinking. However, the prob-
lem with their experimental design is that there is more than one matching picture with the sentence,
even though the authors determined only one. The alternative scenario implied by the counterfactual
conditional might be that the person ironed something else instead of the shirt or nothing at all and
hung that in the closet. Therefore, the pictures where the dress (instead of the shirt) is ironed and hung
in the closet, and the dress is not ironed and not hung in the closet also correctly match the coun-
terfactual conditional. Despite this confounding factor in the experimental design, one positive thing
about this study is that they also compared the performances of the children not only in counterfactual
conditional but also in indicative conditionals, if he has ironed the shirt, he will hang it in the closet,
and connective sentences, he ironed the shirt and hung it in the closet. This is a design pattern that we
often see in adult studies but not in children studies. Their result in this aspect showed that children in
both groups were better at understanding the indicative and connective sentences than counterfactual
conditionals. Thus, based on this study, we can posit that counterfactuals are language-wise more de-
manding compared to indicative conditional and connective sentences, yet the confounding factor in
the study must be noted. This study also reported a positive correlation between age and task perfor-
mance in typically developing children, but as the sample size (N=13) is too small, and the range is

too wide (5:6-9:1), the results are not generalizable.

1.3.6 Counterfactual reasoning given the outcome of the events

Besides all these, one interesting point related to the provocation of the counterfactual thoughts is the
outcome of the situation for the agent in the counterfactual scenario. German (1999) showed that after
listening to the stories ending with negative outcome such as Sally ate chocolate instead of sandwich
and ended up hungry, 5-year-old children could answer questions such as what would Sally have

done instead so she was hungry? However, their performance was not as high as the performance

2 Specific language impairment is a disorder where people have a certain deficiency in expressive and receptive
languages skills although they have no hearing loss or neurological impairment (Leonard, 2014).
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they showed in stories with positive outcome such as Sally ate sandwich instead of chocolate and
ended up full. These results imply that counterfactual thinking was triggered more by the situations
related to prevention from negative events rather than situations with positive outcome. This result
might be related to the fact that counterfactual thinking is often attributed to regret, such that people
make claims about their wrong decisions (Epstude & Roese, 2008). From this emotional aspect, some
developmental studies pointed out that children have adult-like performance in understanding regret in
counterfactual scenarios (Beck & Crilly, 2009; Guttentag & Ferrell, 2004; Nakamichi, 2019; Payir &
Guttentag, 2019). Nevertheless, the valence of the outcome outside of regret in counterfactual thinking
was not investigated by anyone else but German (1999). Therefore, German’s hypothesis must be re-

tested.

1.4 Motivation for the Present Study

Given the results of the studies covered so far, the literature is far from conclusive as to when chil-
dren can think counterfactually, when they can interpret counterfactual conditionals, and how their
executive functioning abilities and other factors affect their counterfactual reasoning abilities. The
discrepancy between the difficulty of the tasks employed in the previous studies seems to be the cause
of the variation. Therefore, especially the tasks where the participants make causal inferences using
the counterfactual situations about the behavior of the human agents pose a greater challenge for the
young children than the task using physical object paradigms. We speculate that children actually
comprehend counterfactuals in these tasks, but they have difficulty expressing their inferences. After
all, since the development of language augments as age increases, it is expected that young children
cannot fully express their ideas. Thus, their physiological reactions, such as gaze movements, might
be the indication of their early counterfactual language processing at an adult-like level. Nevertheless,
when we look at adult studies, when the real-world and alternative world representations are triggered
during counterfactual language comprehension and what linguistic units (morphosyntax or pragmatic
context) trigger the generation of these representations are the questions still to be answered. Fortu-
nately, Turkish, a language that expresses conditional and counterfactual meaning with a combinatorial
sequence of morphemes, allows us to test the effect of morphosyntax on generating inferences caused
by counterfactual conditionals. Nonetheless, while we were conducting this study, there were only two
studies having investigated the comprehension of counterfactual conditionals in Turkish (see Yarbay
Duman et al., 2016; Yarbay Duman et al., 2015). However, neither of them focused on the online

processing of counterfactual morphosyntax.
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1.4.1 Research Questions

Because of the rationales advocated in section 1.4, the present study aims to answer,

(1) whether children as young as four years of age can comprehend counterfactual conditionals at

an adult-like level,

(i) whether adults can incrementally use morphosyntax for counterfactual reasoning during speech,

(iii) whether children as young as four years of age can also incrementally interpret the morphosyn-

tactic cues to reason counterfactually,

(iv) whether the negative outcomes of the counterfactual conditionals trigger the arousal of counter-

factual thoughts more,

(v) whether the executive functioning abilities of the children predict their ability to reason counter-

factually (if they do, which of them predict how).

1.4.2 Structure of the Thesis

In this chapter, we introduced counterfactual conditionals, which is the structure under investigation
in this study. Then, we gave information about its syntax and semantics and covered the previous
literature regarding the processing of this structure by adults and its development in children for causal
reasoning. Finally, we rationalized the motivation and need for this study and presented the aim and

research questions.

In chapter 2, we introduce the experimental paradigms and statistical methods employed to answer the
research questions and our assumptions. In chapter 3, we present the results of our statistical analyses.
In chapter 4, we discuss our findings in the light of the previous studies. Finally, in chapter 5, we share

our concluding remarks and directions for future studies.
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CHAPTER 2

EXPERIMENT

In this experiment, we employ visual world paradigm (VWP) (Cooper, 1974) to investigate online
processing and ask an end-sentence comprehension question testing the offline interpretation of coun-
terfactuals. In doing that, we also controlled the effect of the children’s executive functioning abilities
such as short-term memory, working memory, and inhibitory control on their response accuracy to

examine the individual differences.

The principal hypothesis behind the visual world eye-tracking paradigm is that the probability of at-
tending a visual stimulus, excluding noise, is p(1/N) where N is the total number of stimuli in the
scene when there is no auditory stimulus accompanying the visuals. Once the auditory stimulus re-
specting the visual scene is heard, the gaze shifts towards the related visual stimulus (Altmann &
Kamide, 1999; Langton et al., 2000). These eye movements indicate attention to the information

extracted from the utterance.

2.1 Participants

Twenty-three children (Mg = 4:10; Range = 4:05-5:11; 11 Females) and eighteen adults Mgge =
25,27; Range = 20-35; 11 Females) participated in the experiment (N = 41). The participants had
normal or corrected-to-normal vision and were without any hearing problems. The adults reported that
they had no neurological and behavioral problems. The parents of the children also reported that their
children were of typical language development and had no neurological and behavioral problems. All
participants were native speakers of Turkish and naive to the purposes of the study. Child participants
were recruited from preschools in Ankara or by announcements on social media. Participation in the
experiment was voluntary for the adults, and children participated in the experiment on the condition

that their parents gave written consent before the experiment. Additionally, children were asked for
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Figure 2.1: A visual scene used in the experiment

their oral consent before the experiment started. At the end of the experiment, children were given
a treat, and their parents were given a gift card from a bookstore for compensation. We excluded
six children and three adult participants from the data due to some technical problems with the eye-

tracking such as calibration issues.

2.2 Stimuli and Design

In this experiment, participants were first presented with a visual scene as in Figure 2.1. The referent
pictures used in the visual scenes were taken from copyright-free online sources. These referents were

introduced with a context sentence as in 6a and 6b' followed with the experimental items.

(6) a. Context sentence (past tense)

Garaj-da  araba  ve bisiklet var-di.
Garage-Loc car-Nom and bicycle-Nom exist-Past

There were a car and a bicycle in the garage.

b. Context sentence (aorist tense)

Garaj-da  araba  ve bisiklet var-J.
Garage-Loc car-Nom and bicycle-Nom exist-Aor

There are a car and a bicycle in the garage.

The experimental items were in two conditions with two levels. The first condition was whether the
conditional sentence was in a counterfactual or indicative conditional form, and the second condition

was whether the outcome of the event was positive or negative for the agent in the sentence. Therefore,

1 Sentence 6a was used to set the scene for the counterfactual conditionals, sentence 6b was for the indicative
conditionals.
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this 2 x 2 design led to the total of four types of conditional sentences given in 7a-7d. Given these
experimental items, the two referents in the visual scene corresponded to the real-world situation and
the alternative world situation. The real-world situation referred to the target referent in which the agent
in the experimental trials was engaged. On the other hand, the alternative world situation referred to the
competitor referent in which the agent was engaged. The position of the referents in the visual scene
(i.e., target or competitor) was counterbalanced so that there was no bias for the location of the target or
competitor referent. There were sixteen experimental items in the experiment (four items per condition
and no filler items were used). The experimental items were presented in two blocks, and their order
was randomized. We also constructed four lists such that one participant could only hear one version
of each experimental item. In other words, if the participant given a certain list heard a sentence in one
condition, s/he did not hear its form in other conditions with the same stimuli. Before seeing the actual
experimental items, the participants saw three training items with some basic questions as a warm-up

(see Appendix A for the full list of items).

(7) a. Counterfactual conditional sentence with negative outcome

Can araba-(y)1 siir-se-(y)di, ise zamaninda yetig-ecek-ti.
Can-Nom car-Acc  drive-Cond-Past job-Dat timely catch-Fut-Past

If John had driven the car, he would have been on time for the job.
Target: Bicycle

b. Counterfactual conditional sentence with positive outcome

Can bisiklet-i  siir-se-(y)di, ise gec kal-acak-t1.
Can-Nom bicycle-Acc ride-Cond-Past job-Dat late become-Fut-Past

If John had ridden the bicycle, he would have been late for the job.

Target: Car

c. Indicative conditional sentence with negative outcome

Can bisiklet-i  siir-er-se, ise gec kal-acak.
Can-Nom bicycle-Acc ride-Aor-Cond job late become-Fut

If John rides the bicycle, he will be late for the job.

Target: Car

d. Indicative conditional sentence with positive outcome

Can araba-(y) siir-er-se, ise zamaninda yetig-ecek.
Can-Nom car-Acc  drive-Aor-Cond job timely catch-Fut

If John drives the car, he will be on time for the job.

Target: Car
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At the end of each trial, the participants were asked a comprehension question asking what the agent
did or will do given the sentence they heard. This question was formed in the past form after the
counterfactual conditional sentences as in 8a, and it was formed in the future form after the indicative
conditional sentences as in 8b. Adult participants used a button box to select the correct referent. The
children did not use the button box in order to simplify the task for them. They either said the name
of the referent out loud or pointed to the referent. The experimenter registered the child participants’
responses using the button box. After each response, the participants received encouraging feedback
such as “You're good!” and “You play well!” etc. There was no feedback implying whether the

question was answered correctly or incorrectly.

(8) a. Comprehension questions after counterfactual conditional sentences
Sen-ce Can hangisi-(n)i stir-dii?
You-Abl Can-Nom which-Acc drive/ride-Past

Which one do you think John drove/rode?

b. Comprehension questions after indicative conditional sentences
Sen-ce Can hangisi-(n)i siir-ecek)?
You-Abl Can-Nom which-Acc drive/ride-Fut

Which one do you think John will drive/ride?

A female adult who was a native speaker of Turkish recorded the auditory stimuli. The speaker was
instructed to voice the sentences at a normal pace in a child-directed manner. The files were recorded
using Audacity, a free and open-source digital audio editor and recording application software, at a
sampling frequency of 44100 Hz. The recordings were on a mono channel to avoid unequal sound
levels between right and left ears. The critical onset and offset times of the experimental items were
determined using Audacity. In the same software, we also manipulated these critical times so that
none of the values were significantly discrete from the others and the lengths of the experimental
items were closer to each other as much as possible by adding or removing some pauses. In addition,
any noise in the recording was cleaned, and they were normalized so that each had the same volume
level. The visual scenes were shown 500ms prior to the onset of the context sentences. Besides, there
were 1000ms silent periods between each experimental phase (i.e., context sentence, experimental
sentence, and comprehension question). The participants heard the auditory stimuli via either a headset
or external speakers based on their choice. Prior to the experiment, the volume of the sound system

equipment was adjusted to a level that the participants could hear the auditory stimuli comfortably.
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2.3 Procedure

The experimental session took place in a silent room at a preschool or METU Language and Cognitive
Development Laboratory. Participants were seated in front of a laptop computer with a 15.6-inch 1920
by 1080 resolution screen running at a 144 Hz refresh rate. They saw the visual stimuli on this screen.
The experiment was created using SR Research Experiment Builder software. The participants’ eye
movements were sampled using SR Research Eyelink Portable Duo head-free eye-tracking system
running at 1000 Hz. The recording was binocular, but the dominant eye of the participants was used
for the analysis. Before the experiment, the participants received the following instruction from the
experimenter: In this experiment, you will hear a story and see pictures related to that story. After
the story, you will hear a comprehension question about the story, and you will answer that question.
Please look at the screen and listen to the stories carefully. Then, five-point calibration and validation
were performed, and this procedure was repeated whenever the calibration was off, or the participants
moved from the chair and had excessive head movement. After the calibration and validation, this
instruction was repeated with an animation where a character spoke in a more child-directed manner
before the experiment began. Before each trial, a fixation cross in the form of a star having a dot in
the middle appeared at the center of the screen as a drift correction procedure to check the calibration.

The whole session lasted approximately fifteen minutes.

2.4 Cognitive Tasks

We also measured the cognitive skills of the participants, such as short-term memory capacity, working-
memory capacity, and inhibition skills, using a series of executive function tests. These tests in-
cluded forward digit-span task for short-term memory capacity, backward digit-span task for working-
memory capacity (Wechsler, 1949; Wechsler & Kodama, 1949) and happy-sad face task for inhibition
skills (Lagattuta et al., 2011). The participants participated in these tasks after the eye-tracking ex-
periment. The order of the memory tasks and the inhibition task were counterbalanced across the

participants.

In the forward digit-span tasks, the experimenter told the participants a series of integers from 1 to
9, differing in length, and asked them to repeat that series in the order she recited after her. The
trials started from the series of the length 3, and if the participants correctly recited at least one out of

two series with the same length, n, the experimenter gave them a series of the length, n + 1. If the
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participants failed to recite two series of the same length consecutively, the experimenter finished the
task. For each correct recitation, the experimenter gave one point to the participants. In the backward
digit-span task, the procedure was the same, but the participants had to recite the series in reverse order.

Also, the trials started from the series of length 2 in this task.

For the inhibition task, we used a Stroop test where the experimenter showed the participants happy
or sad faces and asked them to say “sad” if the face seen is happy, and “happy” if the face seen
is sad. The participants saw twenty faces, and the gender of the person whose face they saw was
counterbalanced across them as female and male. For each correct answer, the participants got one

point. The experimental stimuli were shown on a computer screen in random order.

2.5 Predictions

If the participants can incrementally process the morphosyntax of indicative and counterfactual con-
ditionals, we expect that the participants move their gaze to the target referent after they hear the verb
conjugation of the antecedent. Also, if children use such morphosyntactic cues as adults do, we predict
a similar fixation pattern among adults and children. German (1999) stated that the performances of
the children answering counterfactual situations with negative outcome were better than those with
positive outcome. Similarly, we predicted that the increase in the target looks happens earlier in the
counterfactual sentences with negative outcome than the ones with positive outcome. Besides, there
might be overall more looks to the target in the negative outcome sentences than in positive outcome
sentences. On the other hand, with respect to the responses to the end-sentence comprehension ques-
tions, we predict more correct answers for the counterfactuals with negative outcome than the ones
with positive outcome if German’s claim is right. In addition, since indicative conditionals do not
require alternative representations, unlike the counterfactuals (De Brigard et al., 2013; Kulakova &
Nieuwland, 2016a), we expect more accurate answers for indicative conditionals compared to counter-
factual conditionals. In counterfactual conditionals, the real-world and the alternative world situations
are represented at the same time according to the dual representation theories (Byrne, 2007; Byrne &
Egan, 2004; Kulakova et al., 2013). Therefore, we expect fixations to be distributed equally between
the target and competitor referents in our experiment. However, the fixations of the participants should
converge on a single referent in indicative conditionals as they do not require generating multiple pos-
sibilities. Such gaze patterns were observed in Orenes et al. (2019), so we also anticipate a similar

pattern. As to the cognitive task scores and the performances in the comprehension questions, we
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expect that children with higher working memory capacity and inhibitory control ability will perform
better as the previous research showed that working memory capacity and inhibitory control skills nec-
essary for generating alternative situations, representing them simultaneously and inhibiting them to

reason about the real-world situation (Beck & Riggs, 2014; Beck et al., 2009; Drayton et al., 2011).
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CHAPTER 3

RESULTS

From the experiment, we collected two types of data. The first is the participants’ responses to the
comprehension questions at the end of the trials, and the second is the participants’ gaze patterns
recorded during the experiment. We first report the analysis of the response data and then the analysis

of the eye-tracking data.

3.1 Analysis of Response Data

The participants’ responses to the end-sentence comprehension questions were coded as 1 if they an-
swered the question correctly and O otherwise. Therefore, our data was distributed binomially. We
analyzed this binomial data by fitting a series of generalized linear mixed models (GLMM) using /me4
package (version 1.1.27.1) in R statistical programming language environment (Bates et al., 2015;
Bates et al., 2011). Prior to the analysis, the data points with no response were removed from the data.
We started our analysis with the most complex model and reduced the model complexity by checking
the model convergence. The models that did not converge were discarded. Thus, we eliminated the
random slope models and the model with three-way interaction (age x type of conditional x outcome).
The final models included the main effects of the experimental manipulations (group, type of condi-
tional, and outcome), the interaction between type of conditional and outcome, and random intercepts
for subjects and items (Equation 3.1). The model comparisons were made using Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC) (Akaike, 1974; Schwarz, 1978). We also

used multcomp package (version 1.4.18) to compare the levels of factors (Hothorn et al., 2016).

Model = glmer(accuracy ~ age + conditional x outcome + (1|Subject) + (1|Item)) (3.1)
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Figure 3.1: The difference in accuracy between adult and child participants.

3.1.1 Accuracy as a function of age, conditional and outcome

Figure 3.1 demonstrates that the participants’ proportion of correct answers for each type of conditional
and outcome. The accuracy of the participants’ responses was analyzed with a generalized linear
mixed model where the age group (adults and children) and type of conditional (counterfactual and
indicative), and outcome (negative and positive) were the independent variables. The model including
the three-way interaction term between age group, type of conditional, and outcome did not converge,
so we reduced the nAGQ parameter of the model to O (default 1). This model was compared with the
model with two-way interaction between type of conditional and outcome. The comparison revealed
that the three-way interaction term did not significantly improve the model fit. Moreover, the model
with only a two-way interaction term had lower AIC and BIC values (Table 3.1). Therefore, we

presented the results of the model with two-way interaction.

Table 3.1: Comparison between two-way and three-way interaction models

Model npar AlIC BIC  logLik dev Chisq Df p-value
Two-way 7 51729 548.13 -251.64 503.29
Three-way 10 517.61 561.67 -248.81 497.61 6.675 3 0.1285

The results of the model (Table 3.2) show that the adults were significantly better than the children

(Estimate = 0.8727,SE = 0.3574,z = 2.442,p < 0.05). These results suggest that children
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did not perform as well as adults in their comprehension of conditionals. Nevertheless, although the
children had lower performance compared to the adults, their performance in all conditions, except
for the CN condition, was over 75%, indicating that they had good enough comprehension of the
conditionals. On the other hand, even the adults had 100% accuracy in none of the conditions; even
they had accuracy below 75% in the CN condition. These mark that such linguistic structures are

demanding to process even for adults.

Table 3.2: Summary of the generalized linear mixed model

Estimate  Std. Error z-value p-value sig.

(Intercept) 0.8727 0.3574 2442  0.0146 *

Children -1.8801 0.4425 4249 <0.001  ***
Indicative 2.2618 0.3936 57746  <0.001  ***
Positive 2.4759 0.4035 6.136  <0.001  ***

Indicative:Positive -2.5194 0.5762 -4.373 <0.001 ***
Signif. codes: 0 “*** 0.001 “** 0.01 “**0.05 " 0.1 1

The results also indicate that the performances of all participants were higher in the indicative condi-
tional sentences than in the counterfactual conditional sentences with negative outcome ( Estimate =
2.2618, SE = 0.3936, 2 = 5.746,p < 0.001). In addition, the model summary points that the par-
ticipants had more correct answer in the conditional sentences ending with a positive outcome than a
negative outcome (Estimate = 2.4759, SE = 0.4035,z = 6.136,p < 0.001). Therefore, we can
conclude that the participants found the comprehension questions after the counterfactual conditional
with negative outcome harder. Finally, the model shows that there is a significant interaction between
type of conditional and outcome (Estimate = —2.5194, SE = 0.5762,z = —4.373,p < 0.001).
Figure 3.2 points out that the participants’ accuracy increases if the outcome is negative in the in-
dicative conditionals, yet if the outcome of the event is positive, then the accuracy of the participants

slightly increases in the counterfactual conditionals.

We also ran pairwise comparisons to investigate if there was any significant difference between the
four conditionals that emerged from the two-way interaction. The results of the pairwise comparisons
showed that counterfactual sentences with negative outcome significantly differed from the other three
conditional sentence types, and these three conditional sentence types did not significantly differ from

each other (Table 3.3).
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Figure 3.2: Visualisation of the interaction between type of conditional and outcome

Table 3.3: Pairwise comparisons between the conditional sentence types

Estimate Std. Error z-value p-value sig.
CP-CN 247595 0.40349 6.136 <0.001  ***
IN-CN  2.26179 0.39365 5.746  <0.001 **%*
IP-CN 2.21828 0.38767 5.722 <0.001  ***
IN-CP -0.21415 0.42065  -0.509 0.957
IP-CP  -0.25767 0.41727  -0.618 0.926
IP - IN -0.04351 0.40907  -0.106 1.000

Signif. codes: 0 “*** 0.001 “** 0.01 “**0.05 0.1 *’ 1

3.1.2 Accuracy as a function of cognitive tasks

We fitted a second generalized linear mixed model where the predictors were the standardized short-
term and working memory and inhibition task scores for the response accuracy of the participants. The
standardization was made using the formula, (Raw Task Score — mean(Task Score))/sd(Task Score).
This procedure scales all the predictor variable values to standard normal distribution. Similar to
the first model, subject and item were added to the model as the random effects. As the previous
model showed that the adult participants were significantly better at giving correct responses to the

comprehension questions, only the child data was analyzed in this model to avoid the collinearity

problem, touched upon at the end of section 1.3.4.

We first analyzed the interaction model, where we checked if any cognitive task score intervened with
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Table 3.4: Summary of cognitive tasks model with no interaction

Estimate  Std. Error z-value p-value sig.

(Intercept) 2.0649 0.9007 2293  0.0219 *
Short Term Memory 1.1900 0.9023 1.319 0.1872
Working Memory 0.5389 1.0354 0.521  0.6027
Inhibition -0.8686 0.4385 -1981 0.0476 *

Signif. codes: 0 “*** 0.001 “** 0.01 **0.05 ‘" 0.1 1

the other. The model summary showed that there was no significant interaction between any cognitive
task score and no significant effect of any predictor variable. Therefore, we re-ran the model with no
interaction to reduce the model complexity. The model without interaction had slightly lower AIC
and BIC scores than the interaction model. The model summary (Table 3.4) indicated that there was
a marginally significant effect of inhibition task score (Estimate = —0.8686, SE = 0.4385,z =
—1.981, p < 0.05). This result implies that as the inhibition scores of the participants decreased, there
was a higher chance that the participants give correct responses. The implications are discussed in

chapter 4. The effects of the short-term and working memory capacity did not turn out to be significant.

3.2 Analysis of Eye-Tracking Data

In analyzing eye-tracking data, we first processed the raw data as outlined in section 3.2.1. Then, we
analyzed the processed data using generalized additive mixed modeling, the use which was rationalized

in section 3.2.2.

3.2.1 Data Processing

The eye-tracking data sample reports were created using SR Research Viewer software. We used
fixation counts on the areas of interest (referents) for the analysis because the number of fixations on
a referent shows the attention paid to that referent (Cooper, 1974). No switch type of analysis was
performed, so saccades and regressions were not used for the analysis. The raw files were merged as a
single file using the statistical programming language, R (version 4.1.2) (R Core Team, 2021). Then,
the training items were removed from the data. Data preparation, relabelling of interest areas, creating
time-series were performed using VWPre package (version 1.2.4) (Porretta et al., 2017). Then, the
time points were subdivided into 100ms bins. Binning the data was necessary to reduce the noise.

As our dependent variable, we used a score we call target preference, which was acquired through
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the difference between the empirical logit score of the target referent and the empirical logit score of
the competitor referent at a given time point (for a similar application see Cooper-Cunningham et al.,
2020). This variable indicated whether and to what extent there were more looks towards the target
referent on a Gaussian continuous scale where the mean of the dependent variable (fitargetpre ference)
is O if the target and competitor looks’ empirical logit scores are equal to each other, and its standard

deviation (0¢qrgetpre ference) vVaries with a certain degree.

In the CN, CP, and IN conditions, at around 675ms, the participants heard the noun referring to the
competitor referent in the antecedent, whereas, in the IP condition, they heard the noun referring to the
target referent. Therefore, in the CN, CP, and IN conditions, we expected less target preference (below
50%) in these conditions, while the target preference was expected to increase in the IP condition for
this period. However, after the participants heard the verb conjugation in the antecedent (~2200ms)
and the consequent (~3900ms) before the comprehension question, we anticipated an increase in the

target preference in all conditions (not below 50%).

The raw plot in Figure 3.3 shows the participants’ target preference as a function of time. After the
offset of the verb conjugation in the antecedent, the target preference in all conditions is at the 50%
band (not below 50% anymore). Additionally, the plot demonstrates no significant difference between
adults and children. To statistically evaluate these results, we fitted a series of Generalized Additive

Mixed Models (GAMM).

3.2.2 Generalized Additive Mixed Modeling

Generalized Additive Mixed Model is a flexible generalized linear regression method to capture non-
linear covariate effects with the linear predictor that has the sum of a smooth function of those covari-
ates (Hastie & Tibshirani, 1987, 1990; Wood, 2006). GAMMs are suitable for time series analysis
since the change in the time series can be modeled not only linearly but also non-linearly by smooth
terms. In addition, the autocorrelation in the time series where the observation at a time point, ¢, is cor-
related with the previous time points, ¢ — n with a certain lag can be controlled in GAMM (Baayen et
al., 2018). In many previous studies, the effect of time was analyzed using GLMM by splitting the time
course data into critical time windows. However, this procedure causes a problem called researcher
degrees of freedom where the researcher’s selection of a data analysis procedure among the other pos-
sibilities may lead to false positive results (Simmons et al., 2011). On the other hand, the effect of

the whole time series without the split time windows can be analyzed using GAMM. Furthermore,
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Figure 3.3: Raw plot of the eye-tracking data showing the target preference for each age group and
the conditional sentence type. The first black line indicates the critical word onset, the second one
represents the offset of the verb conjugation in the antecedent and the third one marks the end of the
sentence. Error bars indicate 95% confidence intervals.

the (non-linear) interaction between continuous variables (time) and the other variables (categorical or
continuous) can be analyzed using GAMM (Wieling, 2018; Winter & Wieling, 2016). GAMMs also
allow for the random effects of the non-linear terms (Baayen et al., 2017). Thus, GAMM was suitable
for our data analysis as we aimed to investigate the change in gaze positions of the participants as a

function of time and examine the random effects of participant and item.

For the GAMM analysis, we selected the period starting from the offset of the verb conjugation until
the onset of the comprehension question. This period lasts approximately 2700ms. Our dependent
variable was target preference (detailed in section 3.2.1), and the independent variables were age group,
type of conditional, and outcome. These terms as a function of time were also introduced to the model
as the smooth terms. To better interpret the smooth terms of the categorical interactions between type
of conditional and outcome, we introduced the type of conditional in four factors (CN, CP, IN, and IP).
Because there may be a significant change as a function of time in one type of conditional and outcome
(say CP) but may not be any change in the other (say IN), this was necessary. Otherwise, separate
smooth terms for the type of conditional and outcome do not reveal that information. Furthermore,
the random effect of subject and item by the type of conditional sentence as a function of time was
introduced to the model as the smooth terms. The statistical analysis was made using mgcv package

(version 1.8.38) (Wood, 2012), and the visualization of the statistical results was made using itsadug
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Table 3.5: Summary of the generalized additive mixed model for age group and type of conditional

A. Parametric coefficients Estimate  Std. Error  t-value p-value sig.
(Intercept) -0.7855 0.2505 -3.1357 0.0017  **
groupChildren -0.0699 0.2081  -0.3359 0.7369
condtypeCP -0.0177 0.3169  -0.0559 0.9554
condtypeIN 0.1624 0.2953  0.5499 0.5824
condtypelP 1.8984 0.3320 5.7186 < 0.0001  ***
B. Smooth terms edf Ref.df  F-value p-value sig.
s(Time):condtypeCN 1.2109 1.3046  2.8795 0.0585
s(Time):condtypeCP 1.0001 1.0002 1.9989 0.1574
s(Time):condtypelN 0.0025 0.0036  0.0038 0.9971
s(Time):condtypelP 1.0009 1.0012  13.7327 0.0002  **=*
s(Time):groupAdults 1.0001 1.0002 14.1709 0.0002  H**
s(Time):groupChildren 1.7300 2.0097  8.4048 0.0002  H**

s(Time,Subject):condtypeCN  126.9190  341.0000  0.6588 < 0.0001  ***
s(Time,Subject):condtypeCP  113.8793  341.0000  0.5433 < 0.0001  *%**
s(Time,Subject):condtypeIN ~ 145.3579  341.0000  0.8171 < 0.0001  ***
s(Time,Subject):condtypelP ~ 148.3552  341.0000  0.8344 < 0.0001  *%**

s(Time,Item):condtypeCN 8.3095 44.0000  0.2521 0.0786 .
s(Time,Item):condtypeCP 13.2706 35.0000  0.6098 0.0113 *
s(Time,Item):condtypelN 6.9014 35.0000  0.2809 0.0559 .
s(Time,Item):condtypelP 20.1580 35.0000 1.6846 < 0.0001 ***

Signif. codes: 0 “**** 0.001 “**0.01 ***0.05 " 0.1 “’1

package (version 2.4) (van Rij et al., 2015) in R statistical programming language environment (R Core

Team, 2021).

We first ran the model that has both the effect of age group and the type of conditional (deviance
explained = 23.9%). The model summary did not show any significant effect of age according to the
parametric coefficients of the model, which suggests that there is no difference between adults and
children in terms of overall looks to the target (Table 3.5). On the other hand, the smooth terms of the
model pointed to a significant change in the target preference as a function of time for both adults and
children. To observe the trend of the change, visual inspection was necessary. The visualization of the
smooth terms of the conditional sentence types indicates an increase in the target looks not only for
adults but also for children in CN, CP, and IN conditions. Besides, there was significantly more target
preference in the IP condition than in the other conditions according to the parametric coefficients of
the model and significant change as a function of time according to the smooth terms, although we
observed a decrease in the target looks in that condition, suggesting that the participants attended the
target after the offset of the verb conjugation until the end of the sentence in all conditions but the IP

condition (Figure 3.4). As the target referent and the referent uttered in the critical word are the same
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Figure 3.4: Smooth plots for the summed effects of the age group and the conditional sentence type.
The shaded bands represent 95% confidence intervals.

in the IP condition, the participants already had more target looks even before the verb conjugation in

the antecedent and started to look at the competitor referent towards the end of the utterance.

As the age groups did not differ from each other, we subset the data into two (adults and children) and
fitted a separate GAMM to investigate the effect of the conditional sentence type for each age group
individually. This procedure reduces the model complexity and allows us to compare the differences
between the conditional sentence types in terms of the change in target preference for a given age

group (Cooper-Cunningham et al., 2020).

3.2.2.1 Adults’ Processing of Conditional Morphosyntax

The summary of the GAMM for the adult participants (deviance explained = 25.8%) presented that
the participants had significantly more target looks in the IP condition than in the other conditions,
and there was no significant difference among the other three conditions according to the parametric
coefficients. According to the smooth terms of the model, there was a significant change in the target
preference in the IN and IP conditions (Table 3.6). A visual inspection is necessary to learn the trend
of change in the conditions. The smooth terms of the model as visualized in Figure 3.5 demonstrated

that adults’ target looks increased as a function of time in all conditions except for the IP condition.
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Table 3.6: Summary of the generalized additive mixed model for the adults

A. Parametric coefficients Estimate  Std. Error  t-value p-value sig.

(Intercept) -0.7370 0.2911 -2.5318 0.0114 *
condtypeCP -0.1916 0.4444 -0.4312 0.6663
condtypelN 0.0728 0.4287  0.1699 0.8651
condtypelP 2.1272 0.5257  4.0467 0.0001  ***
B. Smooth terms edf Ref.df F-value p-value sig.
s(Time):condtypeCN 1.0003 1.0004  2.2448 0.1340
s(Time):condtypeCP 1.0000 1.0001  0.6590 0.4169
s(Time):condtypelN 1.0002 1.0003  9.3960 0.0022  **
s(Time):condtypelP 4.8244 5.8210  3.0919 0.0056  **

s(Time,Subject):condtypeCN  54.5429  143.0000 0.7122 < 0.0001  ***
s(Time,Subject):condtypeCP ~ 61.6102  143.0000  0.8391 < 0.0001  ***
s(Time,Subject):condtypeIN  65.0208  143.0000 0.9433 < 0.0001  ***
s(Time,Subject):condtypelP 45.9063  143.0000 0.6044 < 0.0001  ***

s(Time,Item):condtypeCN 0.4130 35.0000  0.0120 0.3783
s(Time,Item):condtypeCP 11.4194 35.0000 0.5189 0.0149 *
s(Time,Item):condtypelN 2.5815 35.0000  0.0830 0.2452
s(Time,Item):condtypelP 6.0590 35.0000  0.2402 0.0843

Signif. codes: 0 “***>0.001 “** 0.01 “**0.05 0.1 *’ 1
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Figure 3.5: Smooth plots for the summed effect of the conditional sentence type for the adults. The
shaded bands represent 95% confidence intervals.
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Table 3.7: Summary of the generalized additive mixed model for the children

A. Parametric coefficients Estimate  Std. Error  t-value p-value sig.
(Intercept) -0.8732 0.2860 -3.0529 0.0023  **
condtypeCP 0.1233 0.3976  0.3102 0.7564
condtypeIN 0.2127 0.4344  0.4897 0.6243
condtypelP 1.7593 04259  4.1309 < 0.0001 ***
B. Smooth terms edf Ref.df  F-value p-value sig.
s(Time):condtypeCN 1.0003 1.0004  0.8672 0.3519
s(Time):condtypeCP 1.0006 1.0010  10.9281 0.0009  ***
s(Time):condtypeIN 1.0002 1.0003  7.0275 0.0080  **
s(Time):condtypelP 1.0000 1.0000 1.4221 0.2331

s(Time,Subject):condtypeCN  72.6502  197.0000  0.6592 < 0.0001  ***
s(Time,Subject):condtypeCP  46.9836  197.0000  0.3434 0.0004  ***
s(Time,Subject):condtypelN 79.3574  197.0000  0.7272 < 0.0001  ***
s(Time,Subject):condtypelP 97.3761  197.0000 1.0085 < 0.0001  ***
s(Time,Item):condtypeCN 12.4916 44.0000  0.4779 0.0079  **

s(Time,Item):condtypeCP 0.8309 35.0000  0.0328 0.2460
s(Time,Item):condtypeIN 13.4207 35.0000  0.6799 0.0036  **
s(Time,Item):condtypelP 21.7281 35.0000 1.9688 < 0.0001 ***

Signif. codes: 0 “*** 0.001 “*** 0.01 “** 0.05 " 0.1 <" 1

3.2.2.2 Children’s Processing of Conditional Morphosyntax

The summary of the GAMM for the children (deviance explained = 23.7%) showed that as the adults
did, the children had overall more target preference in the IP condition than the other conditions ac-
cording to the parametric coefficients of the model (Table 3.7). There was also a significant effect of
time in the IN condition, which is similar to the adults’ results according to the smooth terms of the
model. However, unlike the adults, there was a significant change in the CP condition as a function of
time in the children, yet the significant change in the IP condition in the adults could not be observed

in the children.

The smooth terms as visualized in Figure 3.6 pointed that the children had an increasing trend in the CP
and IN conditions (also in CN, albeit not significant) in terms of their target preference. These results
suggest that the children attended the target in these conditions after the offset of the verb conjugation

in the antecedent.
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Figure 3.6: Smooth plots for the summed effects of the conditional sentence type for the children. The
shaded bands represent 95% confidence intervals.
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CHAPTER 4

DISCUSSION

This study investigated whether children as young as age four could reason at adult-like level when
they hear counterfactual conditionals and whether they use the morphosyntactic cues for counterfactual
reasoning in a language that encodes both the indicative and counterfactual conditional meaning with

concatenated verbal suffixes, Turkish.

4.1 Do counterfactual conditionals pose a greater challenge than indicative conditionals?

We showed that children could respond to the comprehension questions with high accuracy after they
heard counterfactual conditionals. However, their performance was even better in indicative condition-
als. This result is also valid for the adults as their performance was better in indicative conditionals
than in counterfactual ones. This result suggests that counterfactual conditionals pose a greater chal-
lenge than indicative ones. This might be because counterfactual conditionals require access to the
representation of the real and alternative worlds (Byrne, 2007; Epstude & Roese, 2008; Roese, 1997,
Roese & Epstude, 2017). Furthermore, counterfactual conditionals presuppose the falsity of their an-
tecedents. As the presuppositions are not computed by default, and they necessitate further processing
to activate the other implicatures of the speech, they are more costly (Degen & Tanenhaus, 2015,
2016). Therefore, when reasoning counterfactually, people may need to suppress the alternative world
explicitly uttered in counterfactual conditionals to surface the real-world representation. Since indica-
tive conditionals activate only one representation, selecting the target referent in these conditionals is
probably less challenging than in counterfactual conditionals. Therefore, our results are in line with
the previous experimental research pointing that indicative conditions are processed more easily com-
pared to counterfactual conditionals due to their not requiring generating alternative possibilities and
inhibiting these possibilities, thus incurring less activation in the left superior frontal gyrus in contrast

to counterfactuals (De Brigard et al., 2013; Kulakova & Nieuwland, 2016a).
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4.2 Do young children have an adult-like performance?

We also demonstrated that children had adult-like performance responding to the comprehension ques-
tions after indicative conditionals but not after counterfactual conditionals although their accuracy was
over 75% in CP, IN, and IP conditions. The better performance of the adults is probably because adults
have much more exposure to the linguistic input and more familiarity with the conditional structures.
In addition, adults have better executive functioning abilities which they can entertain multiple alter-
natives, shift between them and inhibit less likely ones. Another reason may be that children have
poorer working memory capacities, and they could process the up-to-date linguistic input immediately
yet fail to remember the earlier input as the new input comes, thus leading to less accurate answers in
the comprehension question phase. From one view, these results are in line with Harris et al. (1996)
and German and Nichols (2003) stating that 4-year-old children could reason counterfactually. From
another view, they are not, as we cannot observe a ceiling performance in children in any of the con-
ditionals, which is in line with Rafetseder et al. (2013) asserting that adult-like ceiling performance in
counterfactual reasoning can only be seen after 14 years of age. Nevertheless, in our study, even adults
did not have a ~100% accuracy in any of the conditionals. Moreover, their performance was as low as
75% in CN condition. Therefore, some counterfactual conditionals are even harder for the adults, and
it is reasonable that children had difficulty in answering comprehension questions after such complex

structures.

As German (1999) stated that children had better performance in counterfactuals with negative out-
come than the ones with positive outcome, we expected our participants to have a better performance
in CN condition than CP condition. However, our results conflict with German (1999), such that the
participants were better at CP condition than CN condition. This finding is intriguing, such that people
engage in counterfactual thinking more when they have experiences with their wrong decisions (Ep-
stude & Roese, 2008). From this view, our finding seems incompatible with these assertions. There-
fore, both the findings of German (1999) and ours are still open to question and must be re-evaluated

with a more robust experimental design.

4.3 Do executive functioning abilities affect counterfactual reasoning ability?

Johnson-Laird et al. (1992) state that working memory capacity may limit the representation of the al-

ternative possibilities in mind. Furthermore, suppressing the alternative representations to make an in-
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ference about the real-world situation is an essential skill for counterfactual reasoning (Beck & Riggs,
2014). Therefore, enhancement in the counterfactual reasoning abilities can be explained with the
development of working memory and inhibitory control (Byrne, 2007; Robinson & Beck, 2014). Nev-
ertheless, Beck et al. (2009) demonstrated that there was no relation between counterfactual thinking
and working memory capacity. Our findings are in line with these results, such that working memory
measure was not a significant predictor of the response accuracy of children. However, Beck et al.
(2009) also stated that there was a negative correlation between the inhibitory skills and one counter-
factual thinking task, which is the long causal chains in German and Nichols (2003). Interestingly,
their finding points to the claim that the lower the inhibitory control abilities of children, the better
their performances in long causal chains, which is cognitively a more demanding task. Even more in-
triguing finding is that there was a negative effect of inhibition score on the accuracy of the responses
according to our analysis. Therefore, we speculate that children might stick to one representation in-
stead of switching between the alternative representations to select their responses. Another reason
might be that children pick a clue allowing them to reason about the real-world representation, such
as counterfactual conditional morphosyntax or contextual information, and they incrementally cancel
out the inferences about the previous alternative representations instead of evaluating the alternatives
to choose which one to inhibit. On the other hand, our results might have originated from the small

sample size. Obviously, to make more robust generalizations, a larger sample of participants is needed.

4.4 Do children and adults incrementally use morphosyntactic cues for counterfactual reason-

ing?

As to the participants’ gaze patterns, our results show that not only adults but also children as young
as four years of age can predict the real-world situation and assign meaning to indicative and counter-
factual conditionals by incrementally integrating their morphosyntactic structures. These results are
compatible with the previous studies demonstrating that children can extract information and predict
the upcoming context incrementally using the morphosyntactic cues in many different languages such
as Turkish (Ozge etal., 2019), Chinese (Huang et al., 2013), Dutch (Brouwer et al., 2017) and German

(Ozge et al., 2022).

Our findings provide further evidence for Ferguson et al. (2010) and Orenes et al. (2019) revealing
that people could use contextual information to predict the related referent in the indicative and coun-

terfactual conditionals. Unlike English and Spanish, which mark conditional meaning via the explicit
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connective, if/si, Turkish marks conditional meaning via compound morphemes (Kornfilt, 1997). The
order of these morphemes separates the indicative conditional meaning from the counterfactual con-
ditional meaning (Goksel & Kerslake, 2004). Consequently, we could demonstrate the use of mor-
phosyntax to engage in complex logical reasoning. However, this effect becomes larger towards the
end of the utterance. In Turkish, the verb conjugation in the consequent is also marked differently for
indicative and counterfactual conditionals, and we even observe a further increase in the target looks
after the end of the sentence where the participants fully heard the verb conjugation in the consequent.
Therefore, it may be the case that our participants might have combined the verbal counterfactual
morphosyntax in the antecedent with the one in the consequent to comprehend the counterfactual con-
ditionals fully. Nevertheless, this might also be a late effect of only the morphosyntactic structure in
the antecedent. Normally, it takes around 200-400ms to program a fixation (Fischer, 1992; Matin et al.,
1993), yet late effects could also surface after around 1000ms (Huettig & Altmann, 2011). We think
this type of late effect is actually expected for our experimental design because, in the counterfactual
conditional probes, the presented noun in the antecedent refers to the alternative world referent, which
corresponds to the competitor picture. Therefore, as the noun is processed before the verbal inflection,
the gaze shift to the referent referring to the real-world situation begins from a lower probability, and

it requires a shift from the competitor referent and inhibiting this stronger alternative.

The same effect is also observed for the indicative conditionals with negative outcome because of the
same reason. The only condition where we do not observe this pattern is the indicative condition-
als with positive outcome since the noun in the antecedent already refers to the real-world situation,
so this condition does not require a shift in the fixations. That’s why, after the verb conjugation in
the antecedent, the probability of fixations quickly goes over 50% in that condition. Besides, many
studies mention the dual representation model proposing that both the real and alternative worlds are
represented in mind at the same time when the counterfactuals are processed (De Brigard et al., 2013;
Ferguson & Cane, 2015; Kulakova & Nieuwland, 2016b; Urrutia et al., 2012). This further strength-
ens our hypothesis that this is indeed an effect of incremental morphosyntactic integration. To be sure
about this interpretation and to dissociate the effect of the antecedent and the consequent, we plan to

conduct a future study.

Finally, German (1999) asserted that children’s responses to the comprehension questions about coun-
terfactual stories are better when the events have a negative outcome for the agent in the story. There-
fore, for our eye-tracking analysis, we expected more target looks for the counterfactuals with negative

outcome than those with positive outcome. In our study, the participants from neither of the age groups

43



showed any sign of such an effect. Hence, the results are not in line with German’s conclusions. How-
ever, there is an effect of outcome of the event for the indicative conditionals such that there are more
looks towards the target in the positive outcome sentences than in the negative outcome sentences.
However, this effect is most probably not because either condition generates more thoughts for the
real-world situations but because the experimental probes differentiate from each other for the indica-
tive conditionals with positive and negative outcome. In our experimental design, as the indicative
conditionals with positive outcome do not require a shift in the fixations in contrast to the ones with
negative outcomes, this situation might have led to more fixation for the target referent in indicative

conditionals with positive outcome.
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CHAPTER 5

CONCLUSION

Children can make inferences about the real-world by using logical connectives such as and, or and not,
and they can differentiate the semantic and pragmatic functions of these logical structures in speech
from a very early age. On the other hand, young children can also incrementally integrate the mor-
phosyntax of their language to make predictions about the forthcoming context (Snedeker & Huang,
2009). With this regard, we questioned how about the development and processing of counterfactual
conditionals, which require a sophisticated reasoning ability such that people need to generate alter-
native possibilities along with inferring the real-world situation, which are triggered by some complex
combinatorial sequence of morphosyntactic structure. Given these complexities in hand, not only con-
structing a reasoning mechanism might be delayed in the course of children’s language development

but building a processing mechanism for adults might be challenging as well.

Research examining the acquisition of counterfactuals rendered discrepant results in terms of when
children could make inferences using these structures in an adult-like fashion. Depending on the
complexity of the task employed in different research studies, the answer varies from as very early
ages as three (Harris et al., 1996) to adolescent ages like fourteen (Rafetseder et al., 2013). We suspect
that children can understand such structures immediately when they hear them, but when it comes
to explicitly uttering their inferences about the situations, their performances might drop due to the
cognitive load already involved in them. On the other hand, our knowledge about such incremental

processing of counterfactual conditionals is limited even in adults.

By the time of conducting this study, no other study surveyed the online processing of morphosyntax
for counterfactual reasoning. In this study, we investigated children’s as well as adults’ use of mor-
phosyntactic cues to reason about counterfactual conditional sentences by conducting a visual world

eye-tracking paradigm experiment. Our results demonstrated that not only adults but also children
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shifted their gaze to the referent that represents the real-world situation after they heard the verb con-
jugation in the antecedent. To our knowledge, this is the first piece of evidence showing that the
morphosyntax marked on verbs quickly leads to complex inferences such as generating hypothetical
alternative worlds for counterfactual reasoning not only in adults but also in children as young as four

years of age.

This finding is of importance since it suggests that children can use morphosyntactic cues incremen-
tally to create alternative situations regarding the counterfactual situations and to make hypothetical
inferences about these situations as well as their outcomes. Our findings further display that young
children can respond to the comprehension questions after both indicative and counterfactual condi-
tionals with a high percentage of accuracy, even though their performances are not as high as those of
adults. However, given the fact that some of the conditionals, such as counterfactuals with negative
outcome are even harder for adults, we can say that young children can make adult-like inferences
when they hear counterfactual and indicative conditionals. On the other hand, whether the outcome
of the events in the conditionals sentences is negative or positive does not affect the distribution of
the participants’ fixations, but as to the response accuracy of the participants, they had more accurate

responses in the conditionals with positive outcome.

5.1 Limitations and Further Studies

Because of the COVID-19 pandemic, we were not able to reach participants during the data collection
phase of the study. Therefore, our study must be replicated with a larger sample size. Although this
study provides an important piece of evidence that not only adults but also children as young as four
years of age could integrate the morphosyntactic structure of indicative and counterfactual condition-
als, we still could not disclose whether people use the morphosyntax of the verb in the antecedent per
se for such a parsing, or they integrate the contextual information provided in the consequent and its
verb conjugation to reason counterfactually. Therefore, the next study will attempt to factor out the
possible effects of these linguistic cues to better examine the direct effect of verbal inflection in the

antecedent with more participants.
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APPENDICES

A. EXPERIMENTAL SENTENCES

Item Experimental Sentence

1

CN: Ahmet tostu yeseydi karni tok olacaktr.
CP: Ahmet ¢ikolatay1 yeseydi karn1 a¢ kalacakti.
IN: Ahmet ¢ikolatay1 yerse karni a¢ kalacak.

IP: Ahmet tostu yerse karni tok olacak.

CN: Pelin cizmeyi giyseydi ayaklar1 temiz olacakti.
CP: Pelin terligi giyseydi ayaklari camur olacakti.
IN: Pelin terligi giyerse ayaklari camur olacak.

IP: Pelin ¢izmeyi giyerse ayaklar1 temiz kalacak.

CN: Umut arabay1 siirseydi ise zamaninda yetigecekti.
CP: Umut bisikleti siirseydi ise ge¢ kalacakti.
IN: Umut bisikleti siirerse ise ge¢ kalacak.

IP: Umut arabayi siirerse ise zamaninda yetisecek.

CN: Leyla kazag1 giyseydi digarida sicak kalacakti.
CP: Leyla tisortii giyseydi disarida ¢ok iisiiyecekti.
IN: Leyla tigorti giyerse disarida cok iisiiyecek.

IP: Leyla kazag: giyerse disarida sicak kalacak.

CN: Cengiz koltuga otursaydi sirt1 rahat edecekti.
CP: Cengiz sandalyeye otursaydi sirt1 ¢ok agriyacakti.
IN: Cengiz sandalyeye oturursa sirt1 ¢ok agriyacak.

IP: Cengiz koltuga oturursa sirt1 rahat edecek.
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Item

Experimental Sentence

CN: Ela gsemsiyeyi alsaydi digarida kuru kalacakti.
CP: Ela atkiy1 alsayd: digsarida ¢ok 1slanacakti.
IN: Ela atkiy1 alirsa disarida ¢ok 1slanacak.

IP: Ela semsiyeyi alirsa digarida kuru kalacak.

CN: Omer domatesi kullansayd1 yemegi tath olacaktr.
CP: Omer biberi kullansayd: yemegi ac1 olacakti.
IN: Omer ac1 biberi kullanirsa yemegi ac1 olacak.

IP: Omer domatesi kullanirsa yemegi tatl olacak.

CN: Zeynep gozliigii taksayd: etrafi net gorecekti.
CP: Zeynep uyku bandin1 taksaydi etrafi karanlik gorecekti.
IN: Zeynep uyku bandini takarsa etrafi karanlik gorecek.

IP: Zeynep gozliigii takarsa etrafi net gorecek.

CN: Ege kolay1 i¢seydi dili tatl hissedecekti.
CP: Ege cay1 i¢seydi dili cok yanacakti.
IN: Ege cayi icerse dili cok yanacak.

IP: Ege kolayi icerse dili tatli hissedecek.

10

CN: Salih ath karincaya binseydi lunaparkta ¢cok eglenecekti.
CP: Salih korku trenine binseydi lunaparkta ¢ok korkacakti.
IN: Salih korku trenine binerse lunaparkta ¢ok korkacak.

IP: Salih ath karincaya binerse lunaparkta ¢ok eglenecek.

11

CN: Erdem haritay1 alsaydi yolunu kolayca bulacakti.
CP: Erdem defteri alsayd: yolunu hemen kaybedecekti.
IN: Erdem defteri alirsa yolunu hemen kaybedecek.

IP: Erdem haritay1 alirsa yolunu kolayca bulacak.

12

CN: Elif can yelegini kapsaydi denizde yiizeyde kalacakti.
CP: Elif telsizi kapsayd: denizde dibe batacakti.
IN: Elif telsizi kaparsa denizde dibe batacak.

IP: Elif can yelegini kaparsa denizde yiizeyde kalacak.
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Item

Experimental Sentence

13

CN: Furkan yagmurlugu giyseydi kiyafetleri kuru kalacakti.
CP: Furkan yelegi giyseydi kiyafetleri sirilsiklam olacakt.
IN: Furkan yelegi giyerse kiyafetleri sirilsiklam olacak.

IP: Furkan yagmurlugu giyerse kiyafetleri kuru kalacak.

14

CN: Ozlem cizgi filmi izleseydi cok eglenecekti.
CP: Ozlem belgesel izleseydi cami ¢ok sikilacakti.
IN: Ozlem belgeseli izlerse cami ¢ok sikilacak.

IP: Ozlem ¢izgi filmi izlerse cok eglenecek.

15

CN: Mehmet mandalinay1 yeseydi digleri sapsaglam olacakti.
CP: Mehmet sekeri yeseydi disleri hemencecik ciiriiyecekti.
IN: Mehmet sekeri yerse digleri hemencecik ¢iiriiyecek.

IP: Mehmet mandalinay1 yerse disleri sapasaglam olacak.

16

CN: Burak asansorii kullansaydi dinlenmis hissedecekti.
CP: Burak merdivenleri kullansaydi yorgun hissedecekti.
IN: Burak merdivenleri kullanirsa yorgun hissedecek.

IP: Burak asansorii kullanirsa dinlenmig hissedecek.

T1

Masanin iistiinde kagik ve boya kalemi vardi.
Ezgi resim defterine resim yapti.

Sence Ezgi hangisini kulland1?

T2

Masada top ve raket var.
Ilte futbol oynamak istiyor.

Sence lte hangisini alacak?

T3

Dolapta siyah tigort ve mavi gomlek var.
Arda mavi rengi ¢ok seviyor.

Sence Arda hangisini giyecek?

57



B. APPROVAL OF THE METU HUMAN SUBJECTS ETHICS
COMMITTEE

UYGULAMALI ETiK ARASTIRMA MERKEZI

APPLIED ETHICS RESEARCH CENTER

ORTA DOGU TEKNIK UNIVERSITESI
MIDDLE EAST TECHNICAL UNIVERSITY

DUMLUPINAR BULVARI 06800
CANKAYA ANKARA/TURKEY
T:+90 312 210 22 91

F: +90 312 210 79 59
ueam@metu.edu.tr
www.ueam.metu.edu.tr

say: 28620816 /) | b

12 EYLUL 2018

Konu: Degerlendirme Sonucu

Génderen: ODTU Insan Arastirmalari Etik Kurulu (IAEK)
lgi: insan Arastirmalari Etik Kurulu Basvurusu

Sayin Dr.Ogretim Uyesi Duygu 6ZGE ve Dr.Ogretim Uyesi Umut OZGE

“Tiirkge’de  kosullu ifadelerin islenmesi, gelisimi ve anlambilimsel modellenmesi” baglikli
arastirmaniz insan Arastirmalari Etik Kurulu tarafindan uygun gbriilerek gerekli onay 2018-EGT-102
protokol numarasi ile 01.03.2018 - 31.03.2022 tarihleri arasinda gegerli olmak tizere verilmigtir.

o Bilgilerinize saygilarimla sunarim.

Cn\

Prof. Dr. S. Halil TURAN

e T g

Prof. Dr. Ayhan SOL Prof. Dr. Ayhan'Giirbiiz DEMIR
Uye Uye
Dog. Dr. Yagar KONDAKCI Dog”Dr. Zana CITAK
Uye Uye
Dog. Dr. Emre SELGUK Dr. Ogr. Uyesi Piflar KAYGAN
Uye Uye

58



C. TURKISH SUMMARY / TURKCE OZET

KARSI OLGUSAL USLAMLAMADA ARTIMLI BIiCiM-SOZDiZiM iSLEMESI: TURKCE
KONUSAN COCUKLAR VE YETISKINLER ILE BIR GOZ iZLEME CALISMASI

1 Giris

Cocuklar, iki bucuk yasinda itibaren ve (Morris, 2008) ve degil (Feiman et al., 2017), ii¢ yasindan
itibaren veya (Mody & Carey, 2016) gibi mantiksal yapilari kullanarak akil yiiriitebilir ve dort yasindan
itibaren bu mantiksal yapilarin anlamsal ve pragmatik kullanimlarini birbirinden ayirt edebilirler (Jasbi
& Frank, 2017). Cocuklar ayrica artimli olarak hal-durum (Ozge et al., 2019) ve edilgen fiil ekleri
(Huang et al., 2013) gibi bicim-sozdizimsel ipug¢larini konusal rol atamasi ve gelecek baglami tahmin
etmede kullabilirler. Peki ya cocuklar hem bi¢im-s6zdizimle hem de mantiksal sartli baglagla ¢ikarim
yapmay1 gerektiren karmagik bir yap1 olan karsi olgusal ifadeleri kullanarak nasil akil yiiriitebilirler?
Karmagik dilsel yapisinin yani sira karsi olgusal kosullu ifadeler insanlarin hem varsayimsal alternatif
ve gercek diinya durumlarini hem de bunlarin sonuglarini temsil etmelerini gerektiren sofistike bir akil

yiiriitme yetisi istilzam etmektedir.

Farkl1 diller karg1 olgusal kogullu ifadelerin dilsel yapisini farkli sekilde kodlamaktadir. Tiirk¢edeki
karg1 olgusal kosullu ifadeler kogullu belirtici, -sA’nin ve kars1 olgusal anlami veren (sahte) gegmis
zaman belirticisi, -DI’nin ¢izgisel kombinasyonuyla kodlanmaktadir. Bu nedenle kiiciik ¢ocuklarin
erken dil gelisimindeki bi¢cim-sozdizimsel ¢oziimleme becerisi goz oniine alindiginda boylesine kar-
masik bir yapiy1 edinip edinemeyecekleri kesin goriinmemektedir. Kars1 olgusal uslamlama ve bicim-
sozdizimde yer alan bu karmasikliklardan dolay1 ve, veya ve degil gibi diger mantiksal yapilara kiyasla
bu yapinin edinimi daha ge¢ goriilebilir ve islenmesi de daha zorlu olabilir. Ayrica bazi goriiglere gore
cocuklarin beg ya da alt1 yagina kadar soyutlama ve kargilastirma yapma gibi genel mantiksal yeti-
leri tam anlamiyla gelismemis olmasi da beklenebilir (Tomasello, 2003). Bu sebeple karsi olgusal
uslamlama yetisinin gelismesi bu yetilerin gelismesinden daha uzun siirebilir. Benzer sekilde konusal

rol atamasi igin bigim-s6zdizimsel ipuclarini tahmin edici bir sekilde kullanmak bunlari kars1 olgusal
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uslamlama icin yapmaktan daha erken goriilebilir ¢iinkii konusal rol atamasinda bi¢im-sozdizimsel
ipuclarindaki hal-durum ekleri halihazirda algisal sistemden erisilebilir olan olaylarin kisilerini, konu-
larini ve alicilarini yansitmaktadir. Ancak karsi olgusal ifadelerin bicim-sdzdizimindeki ekler olaylar
hakkindaki muhtemel alternatif gergeklikleri yansitiyor olabilir. Bu nedenle de kars1 olgusal kosullu
ifadelerin bicim-s6zdimini iglemek i¢in daha ileri bir kavramsal sistem ve ayristirict icap ediyor olabilir

ki bu da ¢ocuklarda bu yetinin gelisiminin daha gec gerceklesmesine yol agiyor olabilir.

Karg1 olgusal ifadelerin edinimini aragtiran ¢aligmalar ¢ocuklarin bu yapilar1 ka¢ yasindan itibaren
anladiklar konusunda ¢esitli sonuglara sahiptir. Bazi ¢alismalar dort yag kadar kiigiik ¢ocuklarin karst
olgusal ifadeleri anladigin1 savunurken (German & Nichols, 2003; Harris et al., 1996; Nyhout &
Ganea, 2019b), baz1 calismalar bunun yetigkin seviyesinde bir hal almasinin yedi yasa (hatta on dort
yasa bkz. Rafetseder et al., 2013) kadar siirebilecegini ileri siirmektedir (McCormack et al., 2018).
Caligmalar arasinda bu denli bir fark olmasinin sebebi ¢ocuklarin hem karsi olgusal ifadeler igeren
hikayeleri anlamasin1 hem de bu hikayelerdeki durumlar hakkindaki ¢ikarimlarini akilda tutmasini
gerektiren biligsel olarak yiiklii deneysel gorevler icermeleri olabilir. Bu nedenle de cocuklarin bu
yapilar1 duyduklari esnada anliyor olmalar1 ancak konugma sonunda onceki yorumlarini hatirlamada
basarisiz oluyor olmalart muhtemeldir. Dahas1 heniiz yetigkinlerin bile ingilizce ve Ispanyolca gibi
dillerde kars1 olgusal bigim-sozdizimi artimli olarak anlayip anlayamadiklar1 hakkinda emin degiliz.

(Ferguson et al., 2010; Orenes et al., 2019).

Bildigimiz kadartyla bu zamana kadar hicbir ¢alisma ¢ocuklarin karg olgusal ifadeleri gercek zamanl
olarak islenmesini incelemedi ve kars1 olgusal kosullu ifadeleri birlesik fiil ekleriyle kodlayan bir dilde
bu tarz yapilarin edinimine odaklanmadi. Bu yiizden biz Tiirkcedeki kars1 olgusal kosullu ifadelerin

cevrim i¢i iglenmesini inceleyerek literatiirdeki bu boslugu doldurmayi hedefliyoruz.
1.1 Cahsmanin Gerekliligi

Literatiirde bu zamana kadar yapilan ¢alismalarin sonuglar1 g6z oniine alindiginda bu ¢aligmalarin
cocuklarin ne zamandan itibaren kars1 olgusal uslamlama yapabildigi ve yiiriitiicli iglevlerin bu yetiyi
nasil etkiledigi konusunda nihai bir sonuca varamamis oldugu goriilmektedir. Bu caligmalarda kul-
lanilan deneylerin zorluklari arasindaki farkliliklar bu varyasyonun temel sebebi olarak goriilebilir. Bu
nedenle dzellikle katilimcilarin kargsi olgusal ifadeleri kullanarak olaylarin i¢indeki kisilerin davraniglar
hakkinda nedensel c¢ikarimlar yaptigi gorevler fiziksel obje paradigmalart kullanan gorevlere gore
cocuklar1 daha fazla zorlamaktadir. Biz ¢ocuklarin aslinda bu gorevlerdeki kars1 olgusal yapilari an-

ladigin1 ancak ¢ikarimlarimi ifade etmede zorlandigini tahmin etmekteyiz. Sonucta dildeki gelisim
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yas ilerledikge iyilestigi i¢in ¢ocuklarin diigtincelerini biitiiniiyle ifade edememeleri bu seviyede gayet
beklenebilirdir. Bu yiizden ¢ocuklarin goz hareketleri gibi fizyolojik tepkileri yetigkin seviyesindeki
kars1 olgusal dil islemenin erken gostergelerinden biri olabilir. Lakin yetigkinlerle yapilan ¢aligmalara
bakildiginda alternatif ve gercek diinya temsilleri kargt olgusal dil anlamada ne zaman tetiklenir ve
hangi dilsel yapilar (bicim-sozdizim ya da pragmatik baglam) bu temsilleri tetikler gibi sorularin
da heniiz yanitlanamamis oldugunu gérmekteyiz. Neyse ki Tiirk¢enin kars1 olgusal ve sartli anlan
kombinatoryal bicimbirim dizileriyle ifade etmesi bi¢cim-s6zdizimin kars1 olgusal ifadelerden miitev-
ellit ¢ikarimlarin iiretilmesi tizerine etkisini stnamamizi saglamaktadir. Ama ne yazik ki bu caligmay1
yiirlittigimiiz esnada yalnizca iki caligma Tiirk¢ede kars1 olgusal ifadelerin anlanmasini incelemigtir
(Yarbay Duman et al., 2016; Yarbay Duman et al., 2015). Ancak her ikisi de kars1 olgusal bicim-
s0zdizimin ¢evrim i¢i islenmesine odaklanmamistir. Bu sebeple de boylesine bir ¢aligmayi yiiriitmek

elzemdir.

1.2 Arastirma Sorulari

Yukarida izah ettigimiz nedenlerden dolay1 bu ¢alismada,

(i) dort yas kadar kiiciik cocuklar kars1 olgusal kogullu ifadeleri yetigkin seviyesinde anlayabilir mi,

(i1) yetigkinler konugsma esnasinda karsi olgusal uslamlama i¢in bi¢im-s6zdizimi artimli olarak kul-

lanabilir mi,

(iii) dort yas kadar kiiciik cocuklar da kars1 olgusal akil yiiriitiirken bigim-sozdizimsel ipuglarini

anlayabilir mi,

(iv) kars1 olgusal kosullu ifadelerdeki olaylarin olumsuz sonuglar1 kargi olgusal diisiincelerin ortaya

cikisini daha fazla tetikler mi,

(v) cocuklarin yiiriitiicti iglevleri kars1 olgusal uslamlama yetisini 6ngorebilir mi (eger goriirse hangi-

leri nasil 6ngoriir),

sorularini yanitlamay1 amaclamaktadir.

2 Deney

Bu deneyde cevrim i¢i islemeyi aragtirmak icin gorsel diinya goz izleme paradigmasi (Cooper, 1974)
kullandik ve karg1 olgusal ifadelerin nasil yorumlandigini test eden anlama sorulart sorduk. Bunlar1
yaparken ayrica bireysel farkliliklar incelemek adina ¢ocuklarin kisa siireli bellek kapasitesi, calisma

bellegi kapasitesi ve baskilama yetisi gibi yiiriitiicii islevlerinin etkisini de kontrol ettik.
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Gorsel diinya paradigmasinin arkasindaki prensip insanlarin sahnedeki belli sayida (V') gorsel uyaran-
dan birine bakma olasiliginin bu uyaranlara eslik eden herhangi bir sesli uyaran yokken p(1/N) olmasi
ancak bu gorsel uyaranlarla alakali bir sesli uyaran duyuldugunda bakiglarin bu olasiliktan daha yiik-
sek bir olasilikla sesli uyaranla alakali bulundugu diisiiniilen gorsel uyarana ¢evrilmesidir (Altmann &
Kamide, 1999; Langton et al., 2000). Bakiglardaki bu degisim sesli uyarandan cikarilan bilgiye verilen

dikkatin gostergesidir.
2.1 Katihmcilar

Anadili Tiirkce olan yirmi ii¢ cocuk (M, 45 = 4:10; Aralik = 4:05-5:11; 12 Erkek) ve on sekiz yetigkin

(Myqs = 25,27; Aralik = 20-35; 7 Erkek) ¢alismaya katilmigtir (N = 41).
2.2 Uyaranlar ve Tasarim

Bu deneyde katilimcilar iki gostergenin bulundugu bir gorsel sahne gordiiler. Bu gostergeler 9a’daki

ya da 9b’deki baglam ciimleleriyle tanitildilar. Bu ciimleleri deneysel ciimleler takip etmisgtir.

(9) a. Baglam ciimlesi (ge¢cmis zaman)

Garajda araba ve bisiklet vardi.

b. Baglam ciimlesi (genis zaman)

Garajda araba ve bisiklet var.

Deneysel ciimleler iki seviyeli iki kosulda yer aldilar. Ilk kosul ciimlenin kars1 olgusal kosullu ifade
mi yoksa bildirim kosullu ifadesi mi olduguydu. Ikinci kosul ise ciimledeki olayin olumsuz mu yoksa
olumlu mu sonuglandigiydi. Bu nedenle 2 x 2 tasarim toplamda dort tipte kosullu ciimle olusturmusg-
tur (10a-10d). Gorsel sahnedeki iki gosterge gercek diinya ve alternatif diinya durumlarina kargilik
gelmekteydi. Gercek diinya durumu hedef gostergeye, alternatif diinya durumu ise rakip gostergeye
kargilik gelmekteydi. Deneyde her tipten dort ciimle olmak iizere toplamda on alt1 deneysel ciimle
yer ald1 (Dolgu (filler) ciimleleri kullanilmamistir). Deneysel ciimlelerden once katilimcilar deneye

aligmak adina ii¢ tane deneme ciimlesi gormiistiir.

(10) a. Olumsuz sonuglu karsi olgusal kosullu ifade
Can arabayi siirseydi ise zamaninda yetisecekti.

Hedef: Bisiklet
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b. Olumlu sonuclu karsi olgusal kosullu ifade
Can bisikleti siirseydi ise ge¢ kalacakt.

Hedef: Araba

¢. Olumsuz sonuglu bildirim kosullu ifadesi
Can bisikleti siirerse ise gec kalacak.

Hedef: Araba

d. Olumlu sonuclu bildirim kosullu ifadesi
Can arabay siirerse ise zamaninda yetisecek.

Hedef: Araba

Her deneysel ciimleden sonra katilimcilara ctimledeki kisinin ne yaptiginin ya da yapacaginin sorul-
dugu bir anlama sorusu yoneltildi. Bu sorular kars1 olgusal kosullu ifadelerden sonra gecmis zaman
(11a), bildirim kosullu ifadelerinden sonra gelecek zaman formundaydi (11b). Yetiskin katilimcilar
yanit vermek icin bir buton kutusu kullandilar. Cocuk katilimcilar ise gorevi onlar adina zorlagtirma-
mak adina buton kutusundaki tuglara basmak yerine yalnizca cevabi soylediler ya da parmaklariyla
isaret ettiler. Deney yiiriitiiciisii bu cevaplar1 buton kutusunu kullanarak kaydetti. Her cevaptan sonra
katilimcilar “Boyle devam et!” ve “Cok iyi gidiyor!” gibi tesvik edici geri bildirimler aldilar. Bu geri

bildirim ifadeleri cevabin dogru ya da yanlis oldugunu ima etmemekteydi.

(11) a. Karsi olgusal kosullu ifadelerden sonraki anlama sorusu

Sence Can hangisini siirdii?

b. Bildirim kosullu ifadelerinden sonraki anlama sorusu

Sence Can hangisini siirecek?

2.3 Prosediir

Deney oturumu bir anaokulunda ya da ODTU Dil ve Biligsel Gelisim Laboratuvari’nda sessiz bir
odada gergeklesmistir. Katilimcilar 144 Hz tazeleme hizinda ¢alisan 1920’ye 1080 ¢oziiniirliikte bir
diziisti bilgisayar ekraninin karsisina oturtulmustur. Deneysel uyaranlar bu ekranda gosterilmistir.
Deney SR Research Experiment Builder yazilimi ile derlenmistir. Katilimeilarin gz hareketleri 1000
Hz 6rnekleme hizinda calisan SR Research Portable Duo bas serbest (head-free) goz izleme sistemiyle
kaydedilmistir. Kayit her iki goz i¢in de alinmis ancak analiz i¢in baskin gdz kullanilmistir. Deney

oncesinde bes noktali kalibrasyon ve validasyon gerceklestirilmistir ve bu prosediir kalibrasyon her
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bozuldugunda ya da katilime1 bagini asirt derecede oynattiginda tekrarlanmigtir. Oturum yaklasik on

bes dakika stirmiistiir.
2.4 Bilissel Testler

Bu calismada ayrica bir dizi yiiriitiicii islev testiyle kisa siireli bellek kapasitesi, ¢aligma bellegi kapa-
sitesi ve baskilama yetisi gibi biligsel yetileri de 6lciimledik. Bu testler, kisa siireli bellek kapasitesi i¢in
ileri say1 dizisi testini, caligma bellegi kapasitesi icin ters say: dizisi testini (Wechsler, 1949; Wech-
sler & Kodama, 1949) ve baskilama yetisi i¢cin de mutlu-iizgiin surat testini (Lagattuta et al., 2011)
icermekteydi. Katilimcilar bu testlere goz izleme deneyinden sonra katildilar ve bu testlerin sirasi

katilimcilar arasinda egit sekilde dengelendi.
2.5 Ongoriiler

Eger katilimcilar bildirim ve kars1 olgusal kosullu ifadelerin bicim-s6zdizimini artimli olarak isleye-
biliyorsa onciildeki fiil cekimini duyduktan sonra bakiglarin1 hedef gostergeye ¢evirmeleri beklemek-
teyiz. Ayrica eger ¢ocuklar bicim-sozdizimsel ipuglarii yetiskinler gibi kullaniyorsa yetigkinler ve
cocuklar arasinda benzer bir bakis deseni 6ngérmekteyiz. German (1999) cocuklarin olumsuz sonuglu
kars1 olgusal ifadeler iceren sorular1 cevaplamadaki performansinin olumlu sonuglu olanlardakinden
daha iyi oldugu soylemektedir. Benzer sekilde biz de hedef gostergeye olan bakiglardaki artigin olum-
suz sonuglu karsi olgusal ifadelerde olumlu sonuclu olanlardan daha fazla olmasini beklemekteyiz.
Diger yandan eger German’in iddias1 dogru ise anlama sorularina da olumsuz sonuglu kargt olgusal
ifadelerden sonra daha fazla dogru cevap verilmesini ngormekteyiz. Bunlarin diginda bildirim kosullu
ifadeleri kars1 olgusal kosullu ifadelerin aksine alternatif temsillerin iiretimini gerektirmedigi i¢in
bildirim kosullu ifadelerinde kars1 olgusal ifadelerden daha fazla dogru cevap verilmesini beklemek-
teyiz (De Brigard et al., 2013; Kulakova & Nieuwland, 2016a). Kars1 olgusal kosullu ifadelerde gercek
ve alternatif diinyalar es zamanl olarak temsil edilmektedir (Byrne, 2007; Byrne & Egan, 2004; Ku-
lakova et al., 2013). Bu yiizden bu kosulda fiksasyonlarin hedef ve rakip gostergeler arasinda esit
dagilmasini 6ngdérmekteyiz. Ancak bildirim kosullu ifadelerinde fiksasyonlarin tek bir gdstergede bir-
lesmesini beklemekteyiz ciinkii bu ifadeler birden fazla temsilin tiretilmesini gerektirmemektedir. Bu
caligmada bildirim ve karg1 olgusal kosullu ifadeler hakkinda 6ngordiigiimiiz bakis desenleri Orenes
ve digerlerinde (2019) de goriilmektedir. Biligsel test skorlarina ve anlama sorularina verilen cevaplara
geldigimizde ise calisma bellegi kapasitesi ve baskilama yetisi daha iyi olan ¢ocuklarin anlama soru-
larina daha fazla dogru cevap vereceklerini beklemekteyiz ciinkii 6nceki ¢alismalar alternatif durumlar

tiretme, bunlar1 eg zamanl temsil etme ve gercek durum hakkinda akil yliriitme icin calisma bellegi
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kapasitesinin ve baskilama yetisinin gerektigini 6ne siirmiislerdir (Beck & Riggs, 2014; Beck et al.,

2009; Drayton et al., 2011).
3 Tartisma

Bu calismada dort yas kadar kiigiik ¢ocuklarin karsi olgusal kosullu ifadeleri duyduklarinda yetigkin
diizeyinde akil yiiriitiip yiiriitemedigi ve ardisik fiil ekleri ile hem bildirim hem de kars1 olgusal kosullu
ifadelerin anlamini kodlayan bir dilde, Tiirkce, kars1 olgusal akil yiiriitmede bi¢im-sdzdizimsel ipuglarim

kullanip kullanamadig aragtirilmagtr.
3.1 Karsi olgusal kosullu ifadeler bildirim kosullu ifadelerinden daha mi zor?

Biz bu calismada ¢ocuklarin kargt olgusal kosullu ifadeleri duyduktan sonra gelen anlama sorularina
yiiksek dogrulukla cevap verebildigi gosterdik. Ancak ¢ocuklarin performanslarinin bildirim kosullu
ifadelerinden sonra gelen anlama sorularin1 cevaplamada daha da iyi oldugunu g6z ardi edemeyiz. Bu
durum ayrica yetigkinler i¢in de gegerlidir ki onlarin da performanslar: bildirim kogullu ifadelerinde
kars1 olgusallarda olanlardan daha iyidir. Bu sonuglar karg1 olgusal kosullu ifadelerin bildirim kosullu
ifadelerin daha fazla giigliik olusturduguna isaret etmektedir. Bu durumun sebebi kars1 olgusal kosullu
ifadelerin bildirim kosullu ifadelerinin aksine gercek ve alternatif diinya temsillerine erisim gerek-
tirmesi olabilir (Byrne, 2007; Epstude & Roese, 2008; Roese, 1997; Roese & Epstude, 2017). Bunun
diginda karsi olgusal kosullu ifadeler 6nciillerinin yanlishgmi onvarsaymaktadir. Onvarsayimlar da
varsayilan olarak hesaplanmadifi ve konusmadaki diger sezdirileri etkinlestirmeyi gerektirdi§i icin
daha zor iglenmektedir (Degen & Tanenhaus, 2015, 2016). Bu nedenle kars1 olgusal akil yiiriitiirken
insanlarin gercek diinya temsilini ortaya ¢ikarmasi icin alternatif diinyalar1 baskilamasi gerekmekte-
dir. Bu nedenle bildirim kosullu ifadeleri yalnizca tek bir temsili etkinlestirdigi i¢in bu kosuldaki
hedef gostergeyi secmek muhtemelen karsi olgusal ifadelerden daha kolaydir denilebilir. Zaten bizim
sonuglarimiz da kars1 olgusal kosullu ifadelerin islenmesinin bildirim kosullu ifadelerinden daha zor
oldugunu one siiren ¢aligsmalarin sonuglariyla parallellik gostermektedir (De Brigard et al., 2013; Ku-

lakova & Nieuwland, 2016b).
3.2 Cocuklar yetiskin seviyesinde bir performansa sahip mi?

Biz bu calisamada ayrica ¢ocuklarin bildirim kogullu ifadelerinden sonra gelen anlama sorularina ce-
vap vermede yetigkinler gibi performans sergiledigini gosterdik. Ote yandan CP, IN ve IP kosullarinda
yiizde yetmis besin lizerinde dogruluga sahip olmalarina ragmen karsi olgusal kosullu ifadelerden

sonra gelen anlama sorularinda ¢ocuklarin yetigkinler kadar performans gosteremedigi de gozlem-
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ledik. Yetiskinlerin daha iyi performans sergilemesinin muhtemel sebebi dilsel ifadelere daha fazla
maruz kalmis olmalar1 ve kogullu ifadelere daha fazla asinali§inin olmasidir. Buna ek olarak yetigkin-
ler daha geligmis yiiriitiicli islevlere sahiptir ki bu da onlarin birden ¢ok temsili akillarinda tutmalarim
ve daha az muhtemel olanlar1 baskilamasini saglamaktadir. Diger bir neden ise ¢ocuklarin daha diigiik
caligma bellegi kapasitesine sahip olmasi olabilir. Bundan dolay1 da ¢cocuklar yeni gelen dilsel girdiyi
hemen igliyor ancak daha sonrasinda bu girdiyi geri ¢cagirirken zorlaniyor olabilir. Bu da anlama soru-
larina daha diisiik dogrulukla cevap vermelerine yol aciyor olabilir. Bizim sonug¢larimizin bir bakima
Harris ve digerlerinin (1996) ve German ve Nichols’in (2003) sonuclar ile ayn1 dogrultuda oldugu
sOylenebilir ¢iinkil onlar da dort yas kadar kiiciik cocuklarin kars1 olgusal ifadeler iceren sorulara bu
seviyede dogrulukla cevap verdiklerini gostermistir. Bagka bir goriige gore ise ¢ocuklarin yetigkin se-
viyesinde performansa sahip olmadigini sdylenebilir ¢iinkii bu ¢alismada tepe noktasinda performans
sergilememeislerdir. Bu ¢ikarim da kars1 olgusal ifadelerde yetigkin seviyesi tepe performansin on
dort yas kadar gec goriilebilecegini savunan Rafetseder ve digerlerinin (2013) ¢ikarimi ile uyumluluk
gostermektedir. Yine de bizim calismamizda higbir kosulda yetigkinlerin bile yiizde yiiz performans
gosteremedikleri goriilmiistiir. Dahast CN kosulunda yetigkinlerin performanslar yiizde yetmis bes
kadar disiiktiir. Bu yiizden bazi kosullu ifadelerin yetigkinler i¢in bile zor oldugunu ve ¢ocuklarin da
bu tarz karmagik yapilardan sonra gelen anlama sorulari cevaplamada zorlanmalarinin makul oldugunu

sOyleyebiliriz.

German (1999) cocuklarin olumsuz sonuglu kars: olgusal ifadelerdeki performansinin olumlu sonug¢lu
olanlardakinden daha iyi oldugunu belirttigi i¢in biz de katilimcilarimizin olumsuz sonuglu kars1 ol-
gusal ifadelerden sonraki anlama sorularini cevaplamada olumlu sonuglulardan sonrakilerden daha
iyi performans sergileyecekelerini beklemistik. Fakat bizim sonug¢larimiz German’inkilerle (1999)
celistigi gozlenmistir ¢iinkii bizim katilimcilarimiz olumlu sonuglu karsi olgusal kosullu ifadelerde
olumsuz sonucglu olanlardan daha iyi performans gostermistir. Bu bulgu insanlarin yanlis tercih-
lerinden kaynaklanan tecriibeleri oldugunda genelde karsi olgusal diisiincelere daha fazla girdikleri
diisiiniiliince ilging durmaktadir (Epstude & Roese, 2008). Bu acidan da bizim bulgumuz bu tarz
bir iddia ile uyusmamaktadir. Bu uyusmazliktan dolayr hem German’in (1999) bulgular1 hem de
bizim bulgularimiz sorgulanmaya ac¢ik haldedir ve daha saglam deneysel tasarimlarla yeniden deger-

lendirilmelidir.

3.3 Yiiriitiicii islevler karsi olgusal uslamlama yetisini etkiliyor mu?

Johnson-Laird ve digerleri (1992) ¢alisma bellegi kapasitesinin karst olgusal uslamlamada alternatif
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olasiliklarin temsilini kisitlayabilecegini soylemektedir. Bunun disinda ger¢ek diinya durumu hakkinda
cikarim yapmak icin alternatif temsilleri baskilamak da karsi olgusal uslamlama icin esastir (Beck
& Riggs, 2014). Bu yiizden kars1 olgusal uslamlama yetisindeki gelisim ¢aligma bellegindeki ve
baskilama yetisindeki gelisim ile agiklanabilir (Byrne, 2007; Robinson & Beck, 2014). Lakin Beck
ve digerleri (2009) kars1 olgusal diisiinme ve calisma bellegi kapasitesi arasinda bir iliski olmadigim
gostermigtir.  Bizim bulgularimiz da bu dogrultuda calisma belleginin cevap dogrulugunu tahmin
etmede onemli bir gosterge olmadigini gostermektedir. Ayrica Beck ve digerleri (2009) baskilama
yetileri ve karst olgusal diisiinme arasinda negatif korelasyon oldugunu belirtmistir. Tlging sekilde
onlarin bulgular1 daha diisiik baskilama yetisine sahip ¢ocuklarin biligsel olarak daha zor deneysel
gorevleri yapmada daha iyi olduguna isaret etmektedir. Daha da ilging olan ise bizim analizimize
gore de baskilama yetisinin cevap dogrulugu iizerinde negatif bir etkiye sahip olmasidir. Bu durumda
cikardigimiz sonuca gore biz ¢ocuklarin alternatif temsiller arasinda gidip gelmek yerine tek bir tem-
sile baglanip cevaplarini buna gore sectigini diistinmekteyiz. Bu durum i¢in diger bir sebep ise cocuk-
larin kars1 olgusal bi¢cim-sdzdizim ya da baglamsal bilgi gibi ger¢ek diinya hakkinda akil yiiriitmelerini
saglayan bir ipucu yakaliyor olmalar1 ve baskilayacaklar1 temsili segmek yerine artiml olarak onceki
alternatif temsilleri sifirliyor olmalari olabilir. Ote yandan bizim sonuclarimiz basitce ufak rneklem
boyutundan da kaynaklaniyor olabilir. Acik¢ast daha saglam genellemeler yapmak icin daha biiytik

bir 6rneklem boyutuna sahip bir replikasyon ¢alismas1 gerekmektedir.

3.4 Cocuklar ve yetiskinler kars1 olgusal uslamlamada bicim-sozdizimsel ipuclarim artimh

olarak kullaniyor mu?

Katilimcilarin bakis desenlerine geldigimizde sonuglarimiz yalnizca yetigkinlerin degil ayn1 zamanda
dort yas kadar kiiciik ¢ocuklarin da bi¢im-s6ézdizimsel yapilari artimli olarak biitiinlestirerek gergcek
diinya durumunu tahmin ettigini ve bildirim ve kars1 olgusal kosullu ifadelere anlam atadigin1 goster-
mektedir. Bu sonuc cocuklarin Tiirkce (Ozge et al., 2019), Cince (Huang et al., 2013), Hollandaca
(Brouwer et al., 2017) ve Almanca (Ozge et al., 2022) gibi cogu dildeki bicim-sozdizimsel ipuglarini
artiml sekilde kullanarak bilgiyi ayikladigini ve gelecek baglami tahmin ettigini sdyleyen ¢alismalarin

sonuclartyla uyumluluk gostermektedir.

Bulgularimiz, insanlarin baglamsal bilgiyi bildirim ve kars1 olgusal kosullu ifadelerde alakali gostergeyi
tahmin etmede kullandigin1 gosteren Ferguson ve digerlerinin (2010) ve Orenes ve digerlerinin (2019)
lizerine kanitlar sunmaktadir. Kosullu ifadeyi if/si gibi agik bir baglagla isaretleyen Ingilizce ve Is-

panyolca gibi dillerin aksine Tiirkce kosullu ifadeyi birlesik bicimbirimlerle saglamaktadir. Bildirim
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ve kars1 olgusal kosullu ifadelerin anlamlarini ayirt eden ise bu bicimbirimlerin sirasidir (Goksel &
Kerslake, 2004). Bu durumdan istifade biz karmagik mantiksal uslamlamada bi¢im-s6zdizimin kul-
lanildigini gostermis bulunmaktayiz. Bunun diginda Tiirk¢ede sonuctaki fiil ¢ekimi de bildirim ve
kars1 olgusal kosullu ifadeler icin farkli sekilde isaretlenmektedir. Bu yiizden gosterdigimiz bu etki
kogullu ifadelerin sonuna dogru daha belirgin olmaktadir ki katilimcilarin sonugtaki fiil cekimin tama-
men duydugu ciimle sonundan sonra hedef gostergeye bakiglarinda daha fazla bir artis gézlemlen-
migtir. Bu nedenle katilimcilarimiz karsi olgusal kosullu ifadeleri biitiiniiyle anlamak i¢in 6nctildeki
fiil cekimiyle sonugctakini birlestirmis olabilir. Lakin bu durumun sebebi 6nciiliin bi¢cim-sdzdizimsel
yapisiin etkisini ge¢ gostermesi de olabilir. Normalde bir fiksasyonu programlamak 200-400ms
stirmektedir (Fischer, 1992; Matin et al., 1993) ama 1000ms civar1 geg etkiler de goriilebilmektedir
(Huettig & Altmann, 2011). Aslinda deneysel tasarimimiz agisindan bu tarz bir gec¢ etkinin goriilmesi
beklemekteydik ¢iinkii kars1 olgusal kosullu ifadelerde onciilde katilimcilara acik¢a sunulan isim rakip
gostergeye karsilik gelen alternatif diinyayi temsil etmektedir. Bu yiizden de isim fiil ¢ekiminden 6nce
islendigi icin gercek diinya durumuna karsilik gelen gostergeye olan bakistaki gecis daha diisiik bir
ihtimalle baglamaktadir ki bu da rakip gostergeden hedef gostergeye gecisi ve giiglii alternatifi baskila-
mayi gerektirmektedir. Yani hedef gostergeye bakisin ge¢ goriilmesi bu nedenlerden dolayr makuldiir

denilebilir.

Benzer bir etki ayni1 sebeplerden dolay1 olumsuz sonuglu bildirim kosullu ifadelerde de goriilmektedir.
Bu etkiyi gozlemlemedigimiz tek kosul olumlu sonuglu bildirim kogullu ifadelerdir ¢iinkii bu kosulda
onciilde ifade edilen isim zaten gercek diinya durumuna kargilik gelmektedir ve fiksasyonlarda her-
hangi bir ge¢is gerektirmemektedir. Bu nedenle de bu kosulda onctildeki fiil cekiminden sonra fiksasy-
onlarin olasiliklar yiizde ellinin iistiine hizla ¢ikmaktadir. Bunun yani sira ¢cogu ¢alisma karsi olgusal
ifadeler iglenirken altenatif ve gercek diinya durumlarinin zihinde es zamanl temsil edildigini 6neren
cift temsil modelinden bahsetmektedir (De Brigard et al., 2013; Ferguson & Cane, 2015; Kulakova &
Nieuwland, 2016b; Urrutia et al., 2012). Bu da bunun gergekte artimli bi¢im-so6zdizimsel biitiinlestir-
menin bir etkisi oldugu hipotezini daha da giiclendirmektedir. Bu ¢ikarimdan emin olmak ve onciil ile

sonugtaki yapilarin etkilerini ayr1 tutmak adina gelecekte bir calisma daha yapmay1 planlamaktayiz.

Son olarak German (1999) cocuklarin karg: olgusal durumlar hakkindaki anlama sorularindaki cevap-
larinin olaylar icindeki kisi i¢in olumsuz sonuglandiginda daha dogru oldugunu iddia etmektedir. Bu
sebeple goz izleme analizimiz icin olumsuz sonuglu karg1 olgusal ifadelerde olumlu sonug¢lananlardan
daha fazla hedef gosterge bakis1 beklemekteydik. Bizim calismamizda her iki gruptan da katilim-

cilar boyle bir etki gostermemislerdir. Bu yiizden sonug¢larimiz German’in vardig1 sonuglarla par-
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alellik gostermemektedir. Ancak bildirim kosullu ifadelerinde olayin sonucunun etkisi goriilmekte-
dir. Bu kogulda olumlu sonuglu bildirim kogullu ifadelerinden olumsuz sonuclulara gore daha fa-
zla hedef bakis gozlemlenmistir. Lakin bu etki muhtemelen bir kogulun digerine gore gercek diinya
hakkinda daha fazla diisiince iirettilmesine yol a¢tigindan dolay1 degil deneysel yapilar olumlu ve
olumsuz sonuclu bildirim kogsullu ifadelerini birbirinden ayirdig: i¢indir. Deneysel tasarimimizda
olumlu sonuclu bildirim kogullu ifadeleri olumsuz sonuglu olanlarin aksine fiksasyonlar arasinda bir
gecis gerektirmedigi i¢in bu durum olumlu sonuglu bildirim kogullu ifadelerinde hedef gosterge {iz-

erinde daha fazla fiksasyona yol a¢gmis olabilir.
4 Sonug

Cocuklar, ve, veya, ve degil gibi mantiksal baglaglar kullanarak gercek diinya hakkinda ¢ikarimlarda
bulunabilirler ve cok erken yaslardan itibaren konugsmadaki bu mantiksal yapilarin anlamsal ve prag-
matik islevlerini ayirt edebilirler. Ote yandan, erken yastaki cocuklar, gelecek baglam hakkinda tah-
minlerde bulunmak i¢in dillerinin bi¢cim-s6zdizimini artimli olarak biitiinlestirebilirler (Snedeker &
Huang, 2009). Bu baglamda biz, insanlarin birtakim karigik kombinatoryal bi¢cim-sozdizimsel yapilar
tarafindan tetiklenen gercek diinya hakkinda sonug ¢ikarirken alternatif olasiliklar iirettigi karmagik
bir akil yiiriitme yetisi olan karg1 olgusal kogullu ifadelerin geligimini ve iglenmesini sorgulamaktayiz.
Bu karmagikliklar g6z 6niine alindiginda sadece cocuklarin dil gelisiminde bir akil yiiriitme mekaniz-
masi olusturmasi gecikiyor degil ayn1 zamanda yetigkinlerin de bir isleme mekanizmasi olusturmasi

zorlagtyor olabilir.

Kars1 olgusal ifadelerin edinimini inceleyen aragtirmalar, ¢cocuklarin bu yapilar kullanarak ne zaman
yetiskinler gibi ¢ikarimlar yapabilecekleri konusunda farkli sonuglar vermektedir. Bu sorunun cevabi
farkli caligmalardaki deneylerin karmagsikligina bagl olarak ii¢ yas gibi ¢ok erken yaglardan (Har-
ris et al., 1996) on dort gibi ergenlik yaglarina kadar degismektedir (Rafetseder et al., 2013). Biz
ise cocuklarin bu tiir yapilar1 duyduklarinda hemen anlayabileceklerinden ancak bu durumlar hakkin-
daki ¢cikarimlarini agikga ifade ederken bu siirece dahil olan biligsel yiikten dolay1 performanslarinin
diisebileceginden siiphelenmekteyiz. Ote yandan kars1 olgusal ifadelerin artimli islenmesi hakkinda

bilgimiz yetigkinlerde bile kisitl haldedir.

Bu calisma yiiriitiildiigiinde daha 6nce hicbir calisma karg1 olgusal uslamlamada bicim-sdzdizimsel
yapilarin ¢evrim i¢i olarak islenmesini arastirmamisti. Bu g¢alismada biz cocuklarin ve yetigkin-
lerin karg1 olgusal ciimleler hakkinda akil yiiriitiirken bicim-s6zdizimsel ipuclarini kullanimini gorsel

diinya paradigmasi iceren bir goz izleme deneyiyle arastirdik. Sonuclarimiz yalnizca yetigkinlerin

69



degil ayn1 zamanda ¢ocuklarin da onciildeki fiil cekimini duyduktan sonra bakislarini gercek diinyay1
temsil eden hedef gostergeye cevirdiklerini gostermektedir. Bildigimiz kadariyla bu, fiillere isaretle-
nen bi¢im-s6ézdizimin yalnizca yetigskinlerde degil ayn1 zamanda dort yasindaki ¢ocuklarda da karst
olgusal akil yiiriitme icin varsayimsal alternatif diinyalar olusturmak gibi karmagik ¢ikarimlara yol

actigimi gosteren ilk kanittir.

Bu bulgu cocuklarin karsi olgusal durumlara iligkin alternatif durumlar yaratmak ve bu durumlarla
sonuglar1 hakkinda varsayimsal ¢ikarimlar yapmak icin bi¢im-sézdizimsel ipug¢larini artimli olarak
kullanabilecegini 6ne siirmesi agisindan 6nemlidir. Ayrica bulgularimiz kiigiik ¢ocuklarin, perfor-
manslari yetigkinlerinki kadar yiiksek olmasa da hem bildirim hem de kars1 olgusal kogullu ifadelerden
sonra anlama sorularina yiiksek dogruluk yiizdesiyle yanit verebildigini gostermektedir. Ancak olum-
suz sonuclu karsi olgusal kosullu ifadelerin yetiskinler i¢in bile zor oldugunu goz 6niine aldigimizda
cocuklarin da bildirim ve karg1 olgusal kosullu ifadeleri duyduklarinda yetigkinler gibi ¢ikarimlar
yapabildigini soyleyebiliriz. Son olarak kogsullu ifadelerin sonuglarinin olumlu ya da olumsuz ol-
mast katilimcilarin fiksasyonlarinin dagilimini etkilememektedir ama i cevap dogruluguna geldiginde
katilimcilar olumlu sonuglu kosullu ifadelerden sonraki anlama sorularina daha fazla dogru cevap ver-

mektedirler.

4.1 Kisitlar ve Gelecek Calismalar

COVID-19 pandemisi nedeniyle calismanin veri toplama agamasinda c¢ok fazla katilimciya ulasa-
madik. Bu nedenle bu calisma daha biiyiik bir 6rneklem ile replike edilmelidir. Ayrica bu ¢alig-
mada yetigkinlerin ve ¢ocuklarin bildirim ve kars1 olgusal kosullu ifadelerin bicim-sézdizimsel yapisim
biitiinlestirebildigine dair 6nemli bir kanit sunulmasina ragmen insanlarin karsi olgusal akil yiiriit-
mek icin yalnizca onciiliin bi¢im-s6zdizimini mi kullandigin1 yoksa sonugtaki baglamsal bilgi ve fiil
cekimini de mi biitiinlestirdigini hala aciklayabilmig degiliz. Bu yiizden gelecek calisma, daha fazla
katilimct ile, dogrudan onciildeki fiil cekiminin hedef gostergeye olan bakislar tizerindeki etkisini daha

iyi aragtirmak i¢in bu dilsel ipuclarinin etkisini disarida birakmaya calisacaktir.
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