Bilinguals’ Logical Inference-Making and Language

Tagging

by
Asli Yurtsever

A Dissertation Submitted to the
Graduate School of Social Sciences and Humanities
in Partial Fulfillment of the Requirements for

the Degree of
Master of Arts
in

Psychology

S

'I/

/lll\‘

KOC
UNIVERSITESI

June 10, 2021



Bilinguals’ Logical Inference-Making and Language
Tagging

Kog University
Graduate School of Social Sciences and Humanities

This is to certify that I have examined this copy of a master’s thesis by
Ash Yurtsever
and have found that it is complete and satisfactory in all respects,

and that any and all revisions required by the final

examining committee have been made.

Committee Members:

Prof. Dr. Sami Gulg6z (Advisor)

Assoc. Prof. Tilbe Goksun

Asst. Prof. Ercenur Unal

Date 10.06.2021




To my family. For all of their languages, love, support, and cognitive abilities.



ABSTRACT

Bilinguals’ Logical Inference-Making and Language Tagging

Ash Yurtsever
Master of Arts in Psychology
June 10, 2021

Inference-making is a critical process in understanding and processing information
daily. People synthesize inputs into a whole and retain the whole (gist), instead of specific
parts (verbatim). False recognition of inferred information offers evidence for it. We
conducted two studies to examine whether memory errors occur similarly when bilinguals
are tested concurrently on two languages, and whether bilinguals remember the language
in which the information is received (language tag). In two experiments, we tested
Turkish-English bilingual students with Turkish, English, and dual-language sentence
groups, which induced spatial inferences about objects. In Experiment 1, we found
inferences were falsely recognized in Turkish and English conditions, but not in dual-
language. we found no effect of individual cognitive differences. In Experiment 2, we
found that false recognition of inferred sentences were predicted more by lower EF and
higher L2 In both experiments, tag identification was overall accurate and partially
predicted by higher cognitive functions. We conclude that inferring in L2 induces
memory errors and inferences are tagged with the language of encoding.



OZETCE

Ciftdillilikte Cikarim Yapma Siirecleri
Ash Yurtsever
Psikoloji, Yiksek Lisans
10 Haziran 2021

Cikarim yapma bilgi isleme slirecimizin 6nemli bir pargasidir. Deneyimlerimiz ile
yeni bilginin sentezlenmesiyle olustugu i¢in yanlis hatirlamalara sebebiyet verebilir.
Yanlis hatirlamalarin ¢iftdilli insanlarda nasil gergeklestigini ve anilarin dil etiketi ile
saklanip saklanmadigini arastirmak i¢in iki deney ylriittiik. Bu c¢aligmalarda Tiirkce-
Ingilizce ¢iftdilli katilimcilar, Tiirkce, Ingilizce ve iki dilin ayn1 anda kullanildig
climeleri ¢alistilar ve uzamsal ¢ikarimlard bulundular. Birinci deneyde katilimeilarin
Tiirkce ve Ingilizce durumlarda yaptiklar1 ¢ikarimlar yanlis hatirladiklarini, ancak karigik
dilli durumda yanlis hatirlamadiklarini bulduk. ikinci deneyde yanlis hatirlamanin diisiik
biligsel beceriler ve yiiksek Ingilizce yeterliligi ile ilintli oldugunu bulduk. Her iki
deneyde de katilmecilarin dil etiketleme performansi yiiksekti ve yiiksek biligsel
becerilerle ilintili bulundu. Cikarim yapmanin, c¢iftdillilerin iki dilinde de yanls
hatirlamaya sebep oldugu ve ¢ikarim yapma siirecindeki anilarin dil etiketinin
raporlanabildigi sonucuna varildi.
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INTRODUCTION 1

Chapter 1:
INTRODUCTION

People do not merely encode separate units of information but synthesize them
to create a meaningful whole. The constructive and inferential nature of human memory
and information processing has been investigated extensively, mostly with memory
errors, and in people's first language (L1). The question of the current study is whether
the inference mechanisms differ when the information is received in the second
language or in two languages concurrently. A secondary question is whether the
language of information is retained when information is presented in two languages. We
consider that the literature on bilingual lexical organization would benefit from
understanding how the inferential processes are sustained in bilinguals' second language

(L2) and in the dual-language context.

1.1  Bilingualism Models

Research into the bilingual organization of information investigated if bilinguals
have different networks for knowledge acquired in their first language (L1) versus the
language later acquired (L2). The Revised Hierarchical model (RHM), a verbal model

devised as a concession to Kolers (1963) and Potter et al. (1984)’s word association

model and concept mediation model, posited that the lexical memory systems are

separate, but the concepts are stored in a common, shared system (Kroll & de Groot,

1997; Kroll & Stewart, 1994). The model conceptualized that the L2 lexicon is smaller

than L1 and has weaker links to concepts, thus requiring additional access time. L1-L2

paths are conceptually mediated, where L1 cues automatically activate concepts. L2-L1
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paths, on the other hand, are lexically mediated. As L2 concepts are learned, they get
translated and associated with L1.

In 2010, Kroll and colleagues revised their model to suggest that words from
either language can access concepts non-selectively, but the link from concept to L2
lexicon remains weak, especially for production tasks. They argued the possibility that
L2 to L1 mediation occurs after already accessing the concept. They emphasized high
cognateness ! and concreteness of the words translated could render both directions
conceptually mediated. Another review was on the L2-L1 path is developmental
changes with proficiency increase. L2-concept links get stronger with increased
proficiency and rely less on L1 translation. The asymmetry in translation was also

explained by the Inhibitory Control Model (Bialystok et al., 2009; Green, 1998). It was

argued that L1-L2 path is slower because L1 activation is more difficult to inhibit. The
fact that bilinguals cannot switch a language off at will further supports that languages

are not processed selectively, but are rather integrated (Dijkstra et al., 2019). Code-

switching suggests that both languages are active at all times, regardless of L2

proficiency or L1 automaticity (Kroll & Bialystok, 2013).

Bilingual memory characteristics depend on two opposing accounts of language
processing: automaticity and desirable difficulty. The automaticity account suggested
accessing concepts through lexical representation is more automatic in L1, whereas the
desirable difficulty account suggested difficulty of L2 lexical access requires more

processing effort and translates into memory advantages (Arndt & Beato, 2017; Bjork,

1994). It is also argued that as L2 proficiency increases, the processing approaches that

1Cognate describes words similar in form and meaning across languages. E.g., tomato in English,

tomaat in Dutch.
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of L1 and becomes more automatic as well. Arndt and Beato (2017) showed that false

memories are produced more in L1 compared to L2, and that high L2 proficiency
participants have higher L2 false memories than low proficiency, which they attributed
to automaticity account. Lastly, they found that for those less proficient, true memory
performance is higher in L2, which they found aligned with the desirable difficulty

account. Mortensen et al. (2015) have found faster retrieval with an L1 cue (vs. L2) and

attributed it to the time it takes to translate L2 input into L1. If L1 access is automatic
and L2 may be translated into L1 to be processed, we can argue that when learning in
L2, the encoding can still occur in L1, or mixed with two languages, especially if L2

proficiency is low (Esposito & Baker-Ward, 2016).

The bilingual mind is organized differently from the monolingual counterpart on
the account of having lexicon and concepts in different languages. The activation and
proficiency predict how automatically the languages are (differentially) processed. This,
in return, affect the subsequent memory production for information coming in different

languages, such as language tagging.

1.2 Bilingual Memories

Researchers investigating the lexical organization of languages put forth the
notion that bilinguals tag memories with the language of encoding, and awareness of
linguistic networks in dual-language situations might be an indication for it. The
language tag is viewed as part of non-semantic information about items, metalinguistic

knowledge, and an awareness of language membership (Dornic, 1979; Paradis, 2004).

Tags help people account for stored concepts, and they can be used as retrieval cues due

to having links to the memory (Altarriba & Soltano, 1996). They have also been

researched to gain insight into the bilingual organization. Better recall of unilingual lists
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compared to dual-language ones would support the common-storage hypothesis.
Superior dual-language list recall, and perfect tagging ability would suggest that

language-specific organization strategies are employed (Liepmann & Saegert,

1974).Their results. Saegert et al. (1975), attributed the results supporting the common-

storage hypothesis to a contextual effect. They reasoned it is easier to attend to the
language of words in isolation, as opposed to in sentences where semantic or contextual
information need be encoded as well.

Some researchers opposed using tag processes to infer the lexical organization.
Dornic (1979) argued that both common-storage and separate-storage mechanisms can

be activated depending on the task demands. Lastly, Grosjean (2001) argued that

bilinguals vary on the continuum of “language modes” and the organization of semantic
representations would depend on how much each language is activated.

When discussing the findings in studies with bilinguals, it is important to
consider learning histories, contexts of use, structural differences between languages,

and relative dominance of each language (Riehl, 2010), and to refrain from treating

bilingualism as a categorical or unitary construct (Kroll & Bialystok, 2013). Differences

in L2 acquisition, level of immersion, and proficiency can produce results that
contradict traditional models. Previous research and models have operated at the word-
level to conclude the bilingual memory organization and language tagging. However,
information processing at a more complex level may change how we use such models to

investigate L1-L2 differences.

1.3  Inference-Making and Memory Errors

Inference-making is a process that allows us to acquire more information than

we receive externally. As an internal source of information which uses our previous
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knowledge about the world and combines it with the provided information to create a

coherent meaning, it facilitates comprehension (McKoon & Ratcliff, 1992). Itis a

complex ability, appropriate to study bilinguals’ information processing both within
languages and between, when two languages need to be synthesized to extract
information. Its constructive characteristic allows basing on memory theories, while

sentence-level paradigms allows for externally valid dual-language information.

There are several types of inferences. Pragmatic inferences are deductions that
may be misaligned with the speaker’s intentions. In the example, “The baby stayed
awake all night,” the receiver may use previous knowledge to infer that the baby cried,
but it may or may not be an inaccurate representation of the event. On the other hand,
logical inferences have preserved meaning, where one sentence necessarily implies the
other (Brewer, 1977). In the example, “A is bigger than B,” the logical inference that
follows is, that B must be smaller than A. This type of inferences has been investigated
using comparison and spatial paradigms, and it uses prior knowledge and assumptions

about logic and negation, and is the focus of this study.

There are several theories attempting to explain how and when inferring occurs

during reading comprehension. Bransford and Franks (1971), in their assimilation

theory, argued comprehension is constructive, and semantic representations are derived
from sentence information, context knowledge, and assimilative integrative operations.
The caveat of constructing meaning is that we are unlikely to distinguish our
interpretations from the input and that much more likely to construct erroneous

memories about what was presented (Barclay, 1973; Bransford et al., 1972; Harris,

1974; Harris & Monaco, 1978; Johnson et al., 1973). It was found that logical
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inferences derived from consecutive sentences lead to false recognition, supporting their

theory (Bransford et al., 1972).

Opposition to earlier constructionist studies’ came from Reyna and Kiernan

(1994) who, based on the Fuzzy Trace Theory, found that subjects sometimes falsely
recognize meaning, despite having accurate verbatim memories, and that correct

recognition of surface information and misrecognition of meaning are independent of
each other. They argued that memory is not constructive since it is represented in two

parallel forms, in gist form and in verbatim form (Reyna & Brainerd, 1995; Reyna &

Lloyd, 1997). They suggested old and inferred sentences would have to be dependent to

consider memory to be constructive, which Bransford et al. (1972) did not find. The

researchers defined “verbatim” as the actual experience at the surface structure, whereas
“gist” refers to our understanding of the experience and the story's general essence.
They argued that memory performance is based more on gist than verbatim because
individuals use flexible reasoning and inferring to process information (Reyna &

Brainerd, 1995). Also because gist traces are more accessible and durable, and less

effortful. However, they are also more malleable, as the representations can be phrased
differently to yield the same meaning. Immediate testing revealed that while encoding is
unbiased and both representations are stored, verbatim traces decay more rapidly and

evolve to activate gist traces only (Brainerd & Reyna, 2002, 2004; Koriat et al., 2000;

Sachs, 1967).

Due to internal suggestion, inference-making is a process that leads to gist
processing, and subsequently, to memory errors when verbatim information is required

(Reyna & Lloyd, 1997). If, on the other hand, the task does not demand verbatim or
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surface details (e.g. specific details, language), then the inference may be regarded as
part of true memories.
It was found that false memories have similar phenomenological qualities as true

ones, and can yield similar “remember” judgments (Roediger & McDermott, 1995), as

opposed to “know” judgments (Tulving, 1985). If the gist traces are strengthened
instead of verbatim, high confidence and remember judgments are observed because
asking about inferences is tantamount to implanting false memories (Reyna et al.,
2016). Indeed, it was argued that the memory's strength is different from the subjective
measure, as participants often have metamemory illusions (Bjork, 1994), reporting high

confidence for false memories (Payne et al., 1996). Bransford and Franks (1971) found

that people are similarly confident in (falsely) recognizing new or inferred sentences as
old sentences.

In this study, we are scrutinizing the inferring process for people who can
process more than one language. We are bridging inference-making and gist
representation in their relation to memory errors at the sentential level. This diverges
from word-level paradigms investigating reaction time to translate, which reduces
information complexity. The sentence level is appropriate to sustain experimental
control and test the synthesis of information coming in in two languages. Proficiency in
L2 creates automaticity in language access that we deem similar to gist extraction and
reliance, evident by memory errors and relevant memory characteristics. The gist,
conceptually-driven, should be retained in a common language store where language
tags are not reportable. The verbatim, on the other hand, is tied to the surface details that
include the language; therefore, a language-separate storage and high tagging

performance are expected. The previous research have theorized for all bilinguals;
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however, individual differences in how people process and retain linguistic information

should also be considered.

1.4 Individual differences in Cognitive Functions

Executive functions (EF) refer to individual differences in mental processes that
allow flexibility in thoughts, selective processing, and inhibition of information,
updating, goal-directed behaviors, conflict monitoring, and conflict resolution (Hussey

& Novick, 2012; Ye & Zhou, 2009). Three shared but distinct functions of EF have

been identified: working memory, inhibition, and shifting. In linguistic goals, we need
working memory (WM) to follow and comprehend the narrative as the message/goal
unfolds, inhibition to resist competing meanings, and shifting to parse sentences (Key-

DeLyria & Altmann, 2016; Ye & Zhou, 2009). WM ability is especially shown to be

important for the storage of both gist and verbatim information (Brainerd & Reyna,

1990). The “unity and diversity” pattern explains why sometimes EF is referred to as a
general ability and sometimes as dissociated functions with task impurity (Friedman &
Miyake, 2017). In this study, we acknowledge this impurity and use several tasks to
discuss a general association of cognitive functions with bilingual inference-making.
However, we do not posit differential hypotheses for different functions.

EF components play an even more significant role in the context of bilingual

processing. Bialystok (2009) argued that the attention and conflict resolution boosts of

bilingual children are carried into adulthood, and bilinguals perform better at task
switching with fewer mix costs and experience delayed cognitive aging; they, however,

perform worse at lexical retrieval and verbal fluency tasks (Bialystok, 2007, 2009;

Bialystok et al., 2012). She posited greater linguistic and cognitive outcomes are




INTRODUCTION 9

associated with bilingualism's higher (proficiency) degrees and even greater with
multilingualism.
Bilinguals use working memory to sustain attention on the appropriate language

while inhibiting the inappropriate language and words in its network ((Bialystok et al.,

2009; Rodriguez-Fornells et al., 2002). This inhibition is necessary because both

language representation systems are activated, even when only one is in use (Bialystok,
2007). Therefore, two active and competing systems need controlled attention to
manage the linguistic representations and suppress the inappropriate one (Long et al.,
2019). The Dual-mechanism framework refers to this process as two-fold: the
“proactive” mode, where the bilingual tries to keep the appropriate language in mind,
and the “reactive” mode, where the inappropriate language is inhibited to avoid

interference (Braver, 2012), and that the bilingual advantage comes from parallel use of

cognitive control (Costa et al., 2006). Liu et al. (2016) found that cognitive flexibility

(shifting) plays a role in language switching, similar to task switching, by exercising
inhibitory control.
The two languages may not always compete for activation. In a dual-language

context, switching between languages occurs spontaneously (Green & Abutalebi, 2013).

This context is deemed more demanding on cognitive mechanisms, such as goal
maintenance, and requires better balancing of proactive and reactive modes to select,
produce, or inhibit the appropriate language at all times. L1 generally has a privileged
status since its activation is more automatic, and it needs to be inhibited to

accommodate L2 production (Kroll & Bialystok, 2013).

EF is important in how they are linked to reading comprehension and bilingual
cognition, and to be able to understand how bilingualism differs from monolingualism
in its ties to cognitive systems. However, comprehension can surpass individual

9
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differences in linguistic processing, and include non-linguistic representation of
information, such as visualization. Mental imagery is the second construct varying
across individuals that plays a role in information processing and is shown to differ
across bilinguals’ languages, referring to internal representations of an experience.
Good imagers are defined as those who can experience and report information as vivid
images, as opposed to those who report a more abstract and phonology-based form

(Keogh & Pearson, 2011).

Memory research shows that higher vividness of mental imagery predicts richer
and clearer details in memory, more frequent retrieval of memories as visual images,
faster retrieval, and an advantage for true recall of highly imageable, concrete words

(D’ Argembeau & Van der Linden, 2006; Reyna et al., 2016; VVannucci et al., 2016).

However, relying more on visual mental imagery might also facilitate the stimulation of
false memories as visualization creates memory traces that compete with the actual

event (Eisen et al., 2013; Hyman & Pentland, 1996).

Imagery is also related to the organization of bilingual information. Conceptual
Feature Model suggested that concrete words have an advantage over abstract and
emotion words because they share more features (representations) across languages (De

Groot, 1992). The Bilingual dual-coding theory posited related but independent verbal

and perceptual modalities of information, and that separate L1 and L2 verbal systems
for concepts and a common image system for translation for concrete words exist. The
studies found bilingually coded items (translations) are recalled better than monolingual

synonyms, demonstrating the additive effect of two storages (Paivio et al., 1988).

10
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1.5 The Present Study

This study aims to understand whether inference-making leads to false
recognition of encoded information differentially in the context of bilinguals, whether
bilinguals undergo a similar process in both L1 and L2, and whether the memories are
tagged with the language of encoding. As it involves retrieving prior knowledge and
active meaning-making, inference-making should be regarded as a complex mental
process, appropriate for exploring the memory networks in different languages.

When asked whether a sentence was previously presented, people are prone to
falsely recognizing sentences representing the inferences, which we argue is a similar
process to gist encoding. However, the process of logical inference-making has been
studied almost exclusively in L1. To deduce whether this process differs for L1 and L2,
we presented Turkish-English bilingual participants in Turkish and English unilingual,
and dual-language (DL) sentences that allowed them to configure objects mentally and
draw spatial inferences.

Among the various inference types previously introduced, we chose to study
logical inferences, where accuracy is more easily quantifiable compared to other types,
as opposed to pragmatics where inferences are limitless and highly subjective. We
deemed a spatial task appropriate because the object positions would be unequivocal,
the meaning would be preserved across sentences, and the concreteness and
imageability in word processing could be kept a constant. The literature has focused on
how bilinguals infer word meaning during reading in L1 and L2, and found that
inferring in L2 is overall more difficult, while facilitated with higher proficiency

(Karlsson, 2014; Prior et al., 2014). We aim to test a similar premise at the sentential

level.

11
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We included a dual-language condition in our task to simulate bilinguals' everyday
experience, where they integrate and store different information and switch between
languages both during comprehension and production. This naturally occurring context
provides insight into bilingual memory organization, as well as the cognitive abilities
associated with bilingualism.

Several individual differences on cognitive resources were explored with respect
to the literature where we established their link with inference-making and bilingualism:
L2 proficiency, executive functioning, and mental imagery. English proficiency
measures would unveil the extent to which proficiency differences are related to
performance between language conditions. To understand how EF plays a role overall,
we incorporate the three main functions. Since inference-making involves synthesizing
incoming information with priors, working memory ability would be an important
predictor of task performance in all conditions. In the dual-language condition, this
process would be additionally taxing; requiring participants to switch back and forth
between languages and inhibit the competing language, exerting inhibition and shifting
ability in both encoding and retrieval tasks. Inhibition and shifting abilities may predict
performance in the L2-only condition, where participants need to inhibit processing or
translating in L1 to retain L2 information. Lastly, in all conditions, the visualization
strategy, which comes automatically to good imagers, may need to be inhibited to
encode the verbatim information. Mental imagery was of interest to us, as the task
involved configuring concrete objects as the basis for drawing inferences and
understanding spatial relations.

We conducted two experiments to investigate if the sentences that were not
presented in the study phase were recognized during testing due to inference-making.
The second experiments differed in the stimulus exposure duration; designed to weaken

12
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verbatim traces, and increase task difficulty upon analyzing the data from the first
experiment. Following the recognition task, we examined object configuration
performance in different language conditions. We obtained accuracy, response time, and
subjective confidence ratings from this task. Lastly, we investigated whether the
participants recalled the language in which the sentence was presented (i.e., the

language tag) in the dual-language condition.

13
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Chapter 2:
EXPERIMENT 1

In Experiment 1, we examined if inferences were falsely recognized as inputs in
one's L2 and a dual-language context, and if spatial configurations are made with
similar accuracies in language conditions. Lastly, we investigated the existence of a
language tag in a spatial inferential task.

Are inferred sentences falsely recognized as input?

We hypothesized that old and new sentences would be correctly recognized and
rejected, respectively, whereas inferred sentences will be falsely recognized. In the
Turkish condition, this will be aligned with gist representation in L1 due to the
automaticity account (Bjork, 1994). Whether this account is valid for making inferences
in L2 will depend on L2 proficiency. Therefore, in the English (L2) and dual-language
(DL) conditions, we expect more highly proficient bilinguals to recognize inferred
sentences more.

We also tested individual differences in cognitive resources that might affect false
recognition of inferred sentences. All hypotheses concerning executive functioning
components have the same direction. Working memory will help with the overall
integration of input; and the ease of integration may facilitate gist representation over
verbatim in L1 and L2. Especially in the DL condition, those who have higher working
memory, inhibition, and shifting abilities will create the gist more easily and recognize
inferred sentences. Lastly, we hypothesize that high imagery participants will recognize
inferred sentences more, as they visualization is similar to relying on gist
representations.

We will explore how response times in their relation to accuracy and performance.
We will explore how the confidence ratings differ based on language condition. In the

14
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dual-language condition, we expect all participants' confidence scores to be overall
lower than in Turkish and in English. Furthermore, we expect inferred sentences to be
falsely recognized with similar confidence to old sentences.

How accurately are objects configured?

We expect higher configuration accuracy in unilingual conditions (Turkish and
English) compared to dual-language. In the DL condition, higher proficiency in L2 will
be associated with higher configuration accuracy.

We expect higher WM will predict higher accuracy in all conditions. In the dual-
language condition, shifting may predict higher accuracy by allowing the two languages
to be processed efficiently. We expect mental imagery to be a significant predictor in
configuration accuracy, such that high imagery will predict higher configuration
accuracy. This association will be stronger in the Turkish condition because of both
encoding automaticity and ease of concept access in L1. We suppose this ease could be
related to that of visualization also. Lastly, we will explore response times and
confidence ratings.

Do we tag memories with the language of encoding during spatial inference-
making?

We expect less proficient bilinguals to be more accurate in indicating the language
tag due to the desirable difficulty account. Overall, we expect that L1 will be encoded in
gist form, whereas L2 will be encoded as verbatim. As L2 proficiency increases, the
nature of mental manipulations in L2 approaches L1. L2 proficiency, working memory,
inhibition, shifting, and mental imagery facilitate the ability to configure the objects and
integrate the gist. Difficulty in integrating the gist will result in awareness of the

language tag.

15
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2.1  Method

2.1.1 Participants

Thirty-four undergraduate students were recruited from Kog¢ University subject
pool (28 female). A prior power analysis using G-Power software indicated a sample
size of 30 would be sufficient for analyses of 3 groups repeated-ANOVA with effect

size of 0.2 and with power of .80 (Faul et al., 2007). Participants were rewarded with

course credit. All participants were native Turkish speakers who spoke English as L2.
Mean age of acquisition of English was 7 (SD=3.24), and acquisition took place in
school settings. Exclusion criteria included scoring 2 SD higher and lower response
time on 3 out of 9 trials of the Inference-Making task. After exclusions, data analysis
was conducted with 30 participants whose ages ranged between 20-27 (Mage=23.33,

SD=1.64).

2.1.2 Measures

Inference-Making Task. We created this task using PsychoPy3® software and

administered it on the computer (Peirce et al., 2019). On the screen, we presented the

participants with a group of four sentences in each trial. These sentences gave spatial
information about four objects (e.g., The leaf is above the bookmark / The flower is
above the leaf). We chose the objects to be stackable (to preclude any inference based
on object property), concrete, and commonly known words in Turkish and English. The
sentences remained on the screen for 90 seconds. We instructed the participants to study
the sentences and to form the object configuration on a vertical plane (e.g.,
Flower/Leaf/Bookmark top to bottom) and to complete this task mentally. After the

study duration, they were asked to indicate whether the following sentences were seen

16
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during the study phase. For each group of sentences, the participants were asked 8
Old/New questions. The program presented these sentences in random order from a
pool of statements, such that three sentences would be old (e.g., The leaf is above the
bookmark), two sentences would be new but inferable (e.g., The flower is above the
bookmark), and three sentences would be new and not inferable (e.g., The bookmark is
above the leaf). Participants responded by pressing keys on the keyboard. They rated
their confidence on a 5-point scale after each response. We measured the accuracy of
answers and response times.

We then asked the participants to indicate whether the following sentence was
correct with respect to the configuration, even though they have not studied the exact
sentence. In each trial, we presented the participants with 8 statements, four correct and
four incorrect. The program presented these sentences in random order. Participants
responded by pressing keys on the keyboard. They rated their confidence on a 5-point
scale after each response.

This task consisted of three within-subjects language conditions. In English and
Turkish conditions, all the sentences and the instructions were presented in that
language. In the dual-language condition, half of the study sentences were in Turkish,
and the other were in English (see Appendix A). The built-in instructions were in
Turkish. Additionally, in the DL condition, the participants indicated in which language
they had studied the sentence. They indicated this for all four sentences they had seen in
the study phase.

Each language condition consisted of a practice trial and six test trials. The six
within language trials were administered in random order. The language conditions
were blocked and counterbalanced. Out of the six trials, two trials consisted of

sentences only using the indication "above/iizerinde," two trials using "below/altinda,"
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and two trials where they were mixed (two above, two below). In the DL condition for
the mixed indication trials, sentences with above and below were distributed equally.
Overall, the participants completed 18 trials and three practice trials that took
approximately 70 minutes. The participants were not instructed to respond as quickly as
possible as we did not want speed-accuracy tradeoff; rather, we wanted to approach the
everyday process of learning and responding. Therefore, the time measure we obtained
is hereafter referred to as response time (RT).

2-back. Twenty-five numbers (ranging from 1 to 9) were presented back to back
on the computer screen. The participant decided whether the stimulus matches what was
shown two steps ago by pressing designated keys at each screen. We calculated d-prime

accuracy to measure working memory ability.

Letter number sequencing (LNS). The participants were shown a sample of
scrambled digits and letters on the computer screen. In the first half of the task, they
were asked to recall the items in order by typing on the computer, exercising short term
memory. In the second half, they were asked to recall the numbers in ascending order
and the letters alphabetically. We summed accurate responses. This task was used to
measure shifting ability.

Trail Making Test- Parts A and B. In Part A, participants were asked to connect
the circled numbers by drawing lines as quickly as possible (i.e., 1-2-3). In Part B, they
were asked to connect numbers and letters alternatingly (i.e., 1-A-2-B, see Appendix B).
This task was found to measure visual scanning, graphomotor speed, mental flexibility,

fluid cognition, and alternation (Misdraji & Gass, 2010; Salthouse, 2011). We

administered this task with paper and pen, and we measured the time it takes to

complete the task. Lower reaction times denote better performance.
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Spontaneous Use of Imagery Scale (SUIS). The scale by Reisberg et al. (2003)

consisted of 12 questions that measure the tendency to use visual mental imagery in
daily life. The scale was administered on the computer, and the participants indicated
the accuracy of the descriptions on a 5-point scale (e.g., "When | first hear a friend’s
voice, a visual image of him or her almost always springs to mind.”) Total scores
ranged between 12 to 60, higher scores indicating more use of mental imagery. The
questionnaire had adequate reliability scores with Cronbach’s alpha a=.83. We

administered the scale’s Turkish translation (Doenyas et al., in preparation; see

Appendix C).

The Language Experience and Proficiency Questionnaire (LEAP-Q). The

questionnaire by Marian et al. (2007) consisted of open-ended and point scale questions

that assessed the self-report English proficiency of participants. It included questions
about the age of acquisition, contexts of use, and proficiency in different linguistic

domains. We administered the questionnaire on the computer.

2.1.3 Procedure

The experimental sessions took place in the computer lab. We assigned the
participants to a predetermined counterbalanced order of tasks. We told them that they
were going to have a test of memory, consisting of three parts. Upon signing the consent
form, we told them that they would study a group of sentences and be tested on two
types of questions (old/new and correct/incorrect). The inference-making task was
administered in blocks. All language conditions started with a practice trial, followed by
6 test trials. The individual difference tasks were conducted between language blocks.
Lastly, the participants completed the language questionnaire online. The experimental
session lasted 90 minutes.
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2.2  Results

2.2.1 Descriptive Statistics

Participants completed the EF tasks and self-reported their use of mental

imagery and second language. In the language questionnaire, the participants indicated

their age of acquisition for English as ranging from 0 to 11 years (M=7, SD=3.23) and

years of language instruction as 4 to 19 (M=12.03, SD=4.33). We identified three

dimensions of L2 use, using correlational and factor analyses. Scholastic use consisted

of self-reported proficiency in understanding, speaking, reading, and writing in L2 and

the frequency of mental translations. Use to communicate with people consisted of the

frequency of L2 use with self, significant others, and friends. Lastly, daily life use

consisted of the frequency in which participants read publications, consumed media,

and the degree of emotiveness of L2, which they indicated on a 7-point Likert scale. We

present the descriptive information and correlations in Table 2.1.

Table 2.1: Descriptive statistics and correlations of study Variables in Experiment

1.

Task v osp 2ok Tl gy ENSTENST senotastic comm  Daily life
2-back 21.77 2.66 -0.17 -0.20 -0.23 -0.10 0.28 0.25 0.01 0.31
Trail-A 26.58 8.30 0.45* -0.16 -0.27 -0.33 -0.12  0.45* -0.28
Trail-B 45.89 18.33 0.19 -0.22 -0.40 -0.09 0.16 -0.09
SUIS 3.34 0.63 0.09 0.18 -0.41* -0.05 0.07
LNS-A 61.14% 11.98 0.43* 0.10 -0.24 -0.07
LNS-B 45.83% 17.70 -0.19 -0.23 0.04
Scholastic 554 0.88 0.08 0.42*
Communicative 2.80 0.96 0.27
Daily life 5.36 1.06

Notes. SUIS= Spontaneous Use of Imagery scale, LNS=Letter Number
Sequencing, Comm=Communicative use.

*p<0.05.
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2.2.2 Order effects

We did not find the effect of the language condition order on recognition or the

configuration tasks. Therefore, it is not included in the subsequent analyses.

2.2.3 Sentence Recognition

We conducted a 3x3 within-subject ANOVA with language condition (Turkish,
English, DL) and sentence type (old, inferred, new) to examine the likelihood of
recognizing inferred sentences as seen. We calculated recognition percentages by
dividing count of recognition the number of sentences presented in each type. We found
that there was no significant main effect of language F(2,56) = 2.706, p = .076.
However, there was a significant main effect of sentence type, F(2,56)=185.62, p<.001
n%=.869, and a significant interaction of language and sentence type, F(4,112)=5.405,
p=.001, n?=.162, with observed power of .97. Pairwise comparisons conducted using
Bonferroni correction (0=.05) showed that there were no language differences within
old and new sentences. However, inferred sentences were recognized significantly less
in the DL condition than the Turkish and English conditions, and they were recognized

similar to new sentences. The interaction is represented in Figure 2.1.
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Figure 2.1: Percentage of recognized sentences for old, inferred, and new sentences.

Note. DL=dual-language.

Before conducting separate within-subjects ANCOVAs for sentence type, we
conducted correlation analyses to determine which covariates were appropriate (see
Table 2.2). We included LNS-B as covariate for old sentences; and found it to be
significant predictor, F(2,46)=4.418, p=.018, n?=.167. We obtained the parameter
estimates to examine the effect of the interval variable. Higher LNS-B scores predicted
higher recognition in English, f=.575, p=.006, n?=.298, but not in Turkish or dual-
language. For inferred sentences we added 2-back, LNS-B, scholastic, and daily life use
of English as covariates. We found significantly lower recognition of DL compared to
the unilingual ones but there were no significant covariates. For new sentences we
added 2-back, LNS-A, LNS-B, scholastic, and daily life as covariates. Only daily life

use was significant, F(2,36)=4.321, p=.021, n?=.193. Parameter estimates revealed
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higher scores in daily use of English predicted lower recognition in the English

condition, p=-.570, p=.005, n?=.366, but not Turkish or dual-language.
Table 2.2: Correlations of recognition performance with individual
differences.

2- Trail-  Trail- LNS- LNS-

back A B SUIS A B Scholastic Comm Daily life
TR old 022 012 -001 000 0.02 0.27 -0.11 0.06 0.01
ENG old 019 -0.15 -0.13 0.37 0.19 0.55* -0.12 -0.02 0.21
DL old 015 023 008 -025 -0.14 0.23 -0.13 -0.02 -0.28
TR inferred -0.42* 032 014 018 -0.23 -041* -0.45* 0.17 -0.46*
ENG inferred -0.40* 024 -0.09 -0.03 -0.25 -0.32 -0.19 0.31 -0.18
DL inferred -0.17 010 010 001 -0.04 -0.34 0.04 0.23 0.13
TR new -0.43* 018 0.22 0.13 -0.52* -0.40 -0.45* 0.05 -0.45*
ENG new -0.17 035 024 -021 -0.47* -0.41* -0.24 0.13 -0.49*
DL new -0.12 017 030 0.15 -0.45* -0.68* -0.22 0.18 -0.16

Table 2.3 shows correlations between sentence types for each language

condition. We found that recognition of old and new were correlated in English, but not

in Turkish and dual-language conditions. Two types of false recognition (inferred and

new sentences) were correlated in Turkish and dual-language, but not in in English.

Note. *denotes p<.05.

Table 2.3: Correlations of true and false recognitions.

TR TR ENG ENG DL
inferred new inferred new inferred DL new
TR old 0.003 -0.231
TR inferred 0.523*
ENG old -0.119 -0.699*
ENG inferred 0.324
DL old 0.092 -0.141
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DL inferred 0.371*

Note. *denotes p<.05.

2.2.4 Sentence Recognition Response Times

We present the descriptive statistics of response times in Table 2.4. Before
conducting response time analyses, we conducted correlational analyses between
recognition accuracy and their respective response times, and found no significant
correlations.

We conducted between-subjects ANOVA? with language, sentence type (old,
inferred, new), answer given (yes/no to recognition), and subjects as random factor to
test how response times differed for sentence recognition. The analysis allowed us to
factor out individual differences, and we found significant interaction of language and
answer, F(2, 81.44)=5.188, p=.008, n>=.113. “Yes” responses to recognition took
significantly more time in DL (vs. English); “no” responses took the least time in DL
(significantly less than English). While Turkish RTs did not differ across answers, in
English, “yes” responses took less time to indicate compared to “no”, and the opposite

pattern in DL (see Figure 2.2).

Table 2.4: Means and standard deviations of

recognition times.

Mean Std.
(sec) Deviation
) Old 3.68 1.18
Turkish
Inferred 4.01 1.26

2 We deemed this analysis appropriate due to the censored dependent variables, where we did not
observe data for certain type-answer interactions for fully accurate participants. Same method was
preferred for remaining RT and confidence analyses.
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New 3.70 1.02

Old 3.98 1.35
English Inferred 4.36 1.65

New 4.04 1.30

Old 4.13 1.36
Dual-

Inferred 4.01 1.58

language
New 3.60 1.39

We explored response times to see if they were related to inferring and
configuring performances. We found significant interaction of language and subject
F(61, 26.83)= 2.039, p=.022, n?>=.823. We also found significant three-way interaction
of language, answer, and subject, F(57, 191.54)=1.560, p=.026, n?=.467, and sentence
type, answer given, and subjects, F(57, 104.39)=2.458, p<.001, n?=.573. Pairwise
comparisons using Bonferroni correction revealed that “no” responses took the most
time in old sentences (M=4.65, SD=.17), significantly less in inferred (M=4.14,

SD=.09), and the least in new sentences (M=3.79, SD=.06).
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Figure 2.2: Recognition response times language by the answer given.

2.2.5 Correct Configuration

To examine how configuration accuracy differed across language conditions, we
conducted within-subjects ANOVA. We obtained high accuracy in all conditions, and
no difference between conditions, F(2,56)=1.347, p=.268, n?=.046. To explore the
effect of language proficiency and individual differences on accuracy, we conducted
correlational analyses (See Table 2.5). In light of correlational analyses, we conducted
within-subjects ANCOVA with language as predictor, and LNS-A, scholastic use, and
daily use as covariates. None of the variables predicted difference between conditions;
however, LNS-A emerged as a significant covariate F(1,24)=7.736, p=.010, n>=.244,
and observed power .761. Parameter estimates revealed significant values for Brurkish

=.42, p=.016, and Bengiish= .51, p=.004, but not for DL.
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Table 2.5: Means of configuration accuracy by language and correlations with
individual difference variables.

M** (SD) 2-back Trail-A Trail-B LNS-A LNS-
B SUIS  Scholastic Comm Daily
TR  41.10(1.36) 0.19 0.12 -0.26 0.36 0.16 -0.03  0.42* 0.22 0.27
ENG 40.31(1.70) 0.22 0.08 -0.19 0.46*  0.20 0.03 0.38* 0.23 0.27
DL  39.21 (1.55) 0.30 -0.13 -0.18 0.25 0.26 -0.02 0.33 0.04 0.45*

Note. DL=dual-language, SUIS=Spontaneous Use of Imagery Scale, LNS=Letter-
Number Sequencing, Comm=Communicative use, Daily = Daily use of English
* denotes p<.05.

**Means provided out of 48 sentences.

2.2.6 Correct Configuration Response Times

To test if configuration RTs were predicted by language condition, sentence type
(correct-incorrect), answer given (yes/no), and subject (as random factor), we conducted
between-subjects ANOVA. We found a main effect of answer, F(1,54.26)=7.985,
p=.007, n>=.128, saying “no” took longer time. The three-way interaction of language,
type, and answer was not significant; however, the four-way interaction became
significant with the addition of subject, F(31,4233)=1.708, p=.009, n?=.012, see Figure
2.3. For correct English sentences, “no” responses took longer time than “yes”; and

“no” responses took longer for correct sentences compared to incorrect.
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Figure 2.3: Configuration response time.

2.2.7 Language Tag

Most participants correctly identified the language tag. For Turkish sentences,
83.58% of language tags (M=10.03 out of 12) and English sentences, 81.33% (M=9.76
out of 12) tags were correctly identified. Paired t-tests revealed that the tag was not
differently identified in Turkish and English, t(28)=.57, p=.573. While Turkish tag
correlated with Trail-B and LNS-B tasks, regression analyses with the two covariates
did not reveal they were significantly predicting Turkish tag performance, or difference
between Turkish and English tags.

Paired T-tests on rection time revealed Turkish tag was identified faster

(M=3.78, SD=1.24) than English tags (M=4.23, SD=1.26), t(28)=-2.231, p=0.34.

2.2.8 Confidence Ratings

Recognition Confidence

We explored confidence ratings for different sentence types, because false

memories were also found to elicit high confidence ratings, or remember judgments
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(Tulving, 1985). We analyzed the confidence ratings (on a 1-5 point scale) given to each

recognition response. The ANOVA revealed significant two-way interactions of
language and answer, F(2,87.58)=4.203, p=.018, n?=.088, and sentence type and
answer, F(2, 76.65)=27.019, p<.001, n?=.413; and significant four-way interaction of
language, sentence type, answer, and subject, F(81,4039)= 1.844, p<.001, n°=.036.
Pairwise comparisons using Bonferroni correction on the language by answer
interaction revealed “yes” responses had lower confidence in DL (M=3.99, SD=.05),
compared to English (M=4.16, SD=.05). “No” responses had significantly higher
confidence in DL (M=4.37, SD=.03) compared to unilingual conditions (M=4.20,
SD=.03). Type by answer interaction revealed “yes” responses had higher confidence in
old (M=4.35, SD=.02), compared to inferred (M=3.96, SD=.05) and new (M=3.85,
SD=.07), while “no” responses for new was rated with the highest confidence (M=4.57,

SD=.02), inferred second (M=4.29, SD=.03), and old lowest (M=3.89, SD=.05).

Configuration confidence
We conducted 3x2x2 ANOVA to examine the confidence ratings for the

configuration task, using subject as random factor. The analysis revealed two-way
interactions of language and sentence type, F(2, 67.48)=3.738, p= 0.029, ?=.100;
language and answer type, F(2, 65.47)= 4.101, p=0.021, n?=.111; and sentence type and
answer, F(1,30.75)=23.837, p<.001, n?=.437. The four-way interaction was also
significant with the addition of subject, F(31, 4233)=4.084, p<.001, 12=0.029.

We conducted pairwise comparisons using Bonferroni correction (a=.05) to
examine the two-way interactions. Language by sentence type revealed correct
sentences had significant differences between all language pairs: Turkish had the
highest confidence, while DL had the lowest (See Figure 2.4); incorrect sentences did

not differ in their confidence ratings. Language by answer revealed no difference in
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“yes” responses, whereas for “no” responses, Turkish had higher confidence than
English and DL. Sentence type by answer given revealed “yes” responses to correct
sentences (vs. no) and “no” responses to incorrect sentences (vs. yes) had higher

confidence ratings.

Language by Typ Language by Answer Answer by Type
5 * L_*l [i]
4.5 =
n =
g4 = =
B35 = = m Turkish
§ 3 E E = English
§ 2.5 = = Dual-language
y— = =
S 2 = =
O = =
1.5 = = =yes ¥Wno
1 — _ = =
correct incorrect yes no correct incorrect

Figure 2.4: Confidence rating interactions.

2.3 Discussion

We investigated whether inferring spatial information would lead to sentences
being falsely recognized when inferences are presented in L1, L2 and dual-language
conditions. We confirmed our hypotheses that old and new sentences would be
accurately recognized and rejected. Inferred sentences were indeed recognized more
than new sentences, suggesting false recognition. Our recognition results are aligned
with the Fuzzy Trace Theory’s assumptions. We found inferred sentences were false
recognized, but also correct recognition of verbatim information (old) and
misrecognition of gist (inferred) were independent of each other in all conditions

(Reyna & Lloyd, 1997). The percentages did not approach recognition of old sentences,
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suggesting while there is a pattern of gist encoding, the verbatim traces are stored
alongside it.

We could not support our hypothesis that we are more prone to gist encoding
and false recognition in L1. The automaticity and desirable difficulty accounts
differentiating L1 and L2 are currently unsupported. It was found that participants can
false recall more lure words in L2 if they were extensively exposed to L2 (Anastasi et
al., 2005). The Revised Hierarchical Model claimed high L2 proficiency is what would

explain L1-like automatic processing (Kroll & Stewart, 1994). Not only did we not find

differences between languages, but also no moderating effect of proficiency. Since we
selected everyday words participants would all know, the task may not have required
high English proficiency to scrutinize the effect. We could only establish that false
recognition of inferred sentences was lowest in the dual-language condition. The
interaction suggests that verbatim traces of DL sentences were more salient and retained
than the unilingual conditions. Furthermore, false recognition rate of inferred sentences
was not associated with individual differences such any of the executive functioning
components, or the use of mental imagery. Again, the task ease can be the reason and
participants did not find it taxing, or used visualization as a facilitating strategy.
Response times in the recognition task revealed that answers indicating
recognition, independent of whether the sentence was seen or not, took the longest in
the DL, whereas rejections took the shortest. Confidence ratings followed a comparable
pattern: recognition of sentences received lower ratings in DL compared to the English
condition, whereas rejections were made with higher confidence than both unilingual
conditions. Results can be indicative of the time necessary to search information in two
languages, retrieving the configuration with both L1 and L2 translations of object

words, resulting in lower confidences. Independent of the language condition,
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recognition of old sentences, and rejection of new sentences received higher confidence
ratings, indicating good metacognitive accuracy.

Participants were highly accurate in the configuration task. The hypothesis that the
DL condition would be configured less accurately was not confirmed. Neither L2
proficiency nor mental imagery moderated this association. A subjective proficiency
rating might not have been valid and as sensitive to differences for our purposes.
Surprisingly, working memory ability was associated with higher accuracy in the
unilingual conditions, but not in the DL. Response times suggested that it takes longer
time to indicate a sentence is inaccurate. The confidence ratings revealed that Turkish
had the highest ratings for correct sentences, and DL the lowest, demonstrating
participants are conscious of ease of L1 and cognitive demands of dual-language
settings. Indicating accurate sentences are accurate, and incorrect sentences are
inaccurate received higher confidence ratings, signaling good metacognitive accuracy.

Due to overall highly accurate tag performance, which we also attribute to long
exposure duration, we did not find differences between Turkish and English
identification, nor an association with L2 proficiency. This level of accuracy is aligned
with separate-storage hypothesis. However, like we address this link with caution since

Saegert et al. (1975) argued this conclusion may not be valid for sentence level tasks.

We did find Turkish tags were identified faster, suggesting an L1 advantage in lexical
access sentence activation.
The fact that inferences can be distinguished from true memories suggest that

false recognition occurs. Carneiro and Fernandez (2010) argued that longer exposure to

stimuli increased verbatim traces and discriminability from the gist, and facilitated
rejection of false memories. We set the study duration as 90 seconds per sentence group
liberally to ensure all participants had sufficient time to learn, especially in the DL
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condition, where the pilot participants took the most time. However, this duration might
have been excessive and could explain why the inferred sentences were not falsely
recognized as much as expected. If the time to process had been limited, it would have
prompted the more efficient strategy of gist extraction. With more time to process, the
strengthened verbatim traces were less likely to decay before test time. The long study
duration and task requirements combined might have generated relatively low difficulty,
that impeded any association with cognitive functions. We also pondered if our task did
not require very advanced English proficiency, and if the advantage of L2 proficiency
would emerge when time is restricted or when the task is more challenging. Although

Luk and Bialystok (2013) argued that self-report measures of English use and

proficiency were valid, we did not have objective measures to validate the reports in this

sample. We addressed these issues in Experiment 2.
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Chapter 3:
EXPERIMENT 2

Experiment 1 has demonstrated that inferences were falsely recognized in the
unilingual conditions. However, they were still discriminable from true recognitions due
to long study duration which led to overlearning and good encoding of verbatim traces,
as seen in language tag performance as well. We failed to support our hypotheses
concerning individual differences. The ample amount of time provided in the study
phase may have facilitated the task and reduced the need for employing working
memory, inhibition, and shifting abilities or use of mental imagery as a strategy.
Furthermore, the 2-back test had a ceiling effect; therefore, the potential predictive
value was undermined by lack of variance.

To address these issues, we reduced the stimuli exposure duration to 60 seconds
per trial in Experiment 2. We expect the variability in dependent variables and the
effects of cognitive functions to become more salient with shorter exposure to stimuli,
which decreases discriminability and renders the task more difficult. To increase
variance in working memory measures, we added the 3-back task. We added Peabody
Picture Vocabulary Test for an objective measure of language proficiency against which
we would test the LEAP-Q measures. We tested the same hypotheses as Experiment 1
because we attributed some of the rejected hypotheses to the task nature and validity of

measures used.

3.1 Method

3.1.1 Participants

We sampled 48 Turkish-English bilinguals from Kog¢ University subject pool
(33 female, Mage=21.76, SDage=4.41). Power analyses for repeated measures with G-
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power software yielded the necessary sample of 30 to detect an effect size of 0.25 with

95% power. Participants acquired English as a second language at the mean age of 9.63
(SD=3.84) in school contexts. Data exclusion criteria included having accuracy below 2
SD of the sample mean on EF tasks and having response times 2 SD above or below the

sample on the inference-making task. We excluded data on a trial basis.

3.1.2 Measures and Procedure

All the material in this experiment were identical to Experiment 1, except we
modified the Inference-Making task so that the participants studied the sentence groups
for 60 seconds instead of 90. We added 3-back after 2-back. In a separate session, we

administered the LEAP questionnaire, followed by the Peabody Picture Vocabulary

Test Fourth Edition (PPVT) by Dunn and Dunn (2007) which is a measure of receptive
vocabulary for Standard American English. In this task, the experimenter utters words,

and the participant chooses the picture corresponding to the word.

3.2 Results

3.2.1 Descriptive statistics®

Table 3.1 shows the means and standard deviations of recognition accuracy and
response times. Table 3.2 shows the respective correlations of accuracy and response

times. English inferred and new, DL old and new sentences were significantly

3 Upon the preliminary analyses, we decided not to use LEAP-Q in further analyses as measures

derived were negatively skewed (-1.788, SD=.354) with a kurtosis of 5.206 (SD=.695) and did not
reflect variances in L2 proficiency. PPVT is used as the sole English proficiency predictor, skewness of -

.726 and kurtosis of .262.
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correlated with respective response times. All correlations indicated accurate

recognition positively correlated with speed, indicating no tradeoff. Table 3.3 shows the

means and standard deviations of working memory, inhibition, and shifting measures

(2-back, 3-back, Trail Making, Letter-Number sequencing), mental imagery (SUIS), and

L2 proficiency measures (PPVT).

Table 3.1: Means and standard deviations of recognition accuracy and response

times.
Recognition accuracy Recognition RT
(%) (sec)
Std. Std.
Mean Deviation Mean Deviation
Old 83.21 10.04 4.81 1.53
Turkish Inferred 38.77 24.67 5.44 2.15
New 11.35 11.11 5.13 1.71
Old 77.53 13.71 5.10 2.14
English Inferred 40.37 20.18 5.28 2.18
New 16.42 14.79 4.92 2.11
Old 75.48 12.03 4.80 1.95
Dual-
Inferred 22.46 16.37 3.93 1.30
language
New 18.84 17.47 4.43 1.34
Table 3.2: Correlations of sentence recognition and response times
TR TR ENG ENG ENG DL DL
TRold inferred new old inferred new old inferred DL
RT RT RT RT RT RT RT RT new RT
TR old .099
TR inferred -.074
TR new -.006
ENG old .256
ENG inferred -.305"
ENG new -.4117
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DL old 343"
DL inferred -.104
DL new - 407"
Note. *denotes p<.05.
Table 3.3: Descriptive statistics and correlations of study variables in
Experiment 2.
Task M SD 2-back 3-back Trail-A Trail-B SUIS LNS-A LNS-B PPVT
2-back 3.06 1.13 0.59" -0.15 -0.09 0.01 0.28 0.47" 0.06
3-back 2.07 1.24 -0.26 -0.09 0.07 0.29 0.49" 0.00
Trail-A 21.04 5.53 0.46" 0.11 -0.13 -0.27  -0.38*
Trail-B 44.48 14.12 0.10 0.11 -0.09 -0.13
SUIS 3.29 0.59 0.04 0.16 0.14
LNS-A 13.42 2.46 0.68" 0.29
LNS-B 9.83 3.45 0.24
PPVT 139.96 33.15

Notes. SUIS= Spontaneous Use of Imagery scale, LNS=Letter Number

Sequencing, PPV T=Peabody Picture Vocabulary Test.

*p<0.05.

3.2.2  Sentence Recognition

ANOVA with language condition (Turkish, English, DL) and sentence type (old,

In order to test sentence recognition, we conducted a 3x3 within-subjects

inferred, new) as factors. We found significant main effects of sentence type,

F(2,88)=341.074, p<.001, n2=.886, and language, F(2,88)=11.255, p<.001, n?=.204.

We also found sentence type and language interaction, F(4,176)=13.026, p<.001,

n%=.228. Pairwise comparisons with Bonferroni corrections showed that Turkish yielded

significantly higher recognition for old sentences compared to English and DL. Inferred

sentences were (falsely) recognized significantly more in Turkish and English,
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compared to DL. Lastly, new sentences were (falsely) recognized as seen significantly

less in Turkish than English and DL (see Figure 3.1).
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Figure 3.1: Percentage of recognized sentences.

Note. DL=dual-language.

Table 3.4 shows the correlations between sentence types for each language
condition. In Turkish, old and new sentence recognitions were correlated. In English
new sentences were correlated positively with inferred, and negatively with old. In DL,
inferred sentences were correlated negatively with old, and positively with new
sentences.

We conducted correlational analyses to determine which variables were
associated with recognition (Table 3.5). To examine the effect of language condition on
different sentence types, we conducted separate ANCOVAs with the significant
correlates. We analyzed old sentences, using 3-back as a covariate, and found it was
significantly associated, F(1,40)=12.651, p=.001, n?=.240, with observed power .935.

Having higher scores predicted higher recognition for all language conditions. The
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difference between Turkish and English recognition, previously found in the 3x3
ANOVA disappeared. Only recognition of DL old sentences (M=76.32, SD=.72)
remained significantly lower than Turkish ones (M=82.80, SD=1.53).
Table 3.4: Correlations of true and false recognitions.
TR TR ENG ENG DL DL
inferred  new  inferred new inferred  new
TR old 0.206 -0.412*
TR inferred 0.217
ENG old -0.176 -0.557*
ENG 0.559*
inferred
DL old -0.317*  -0.224
DL inferred 0.599*
Note. * denotes p<.05.
Table 3.5: Correlations of recognition performance with individual differences.
2-back  3-back Trail-A  Trail-B SUIS LNS-A LNS-B PPVT
TR old 0.04  0.31* 0.05 0.01 0.00 0.03 0.11 -0.06
ENG old -0.02  0.32* -0.09 -0.10 0.14 0.03 0.07 -0.12
DL old 0.20  0.40* -0.12 -0.14 -0.21 0.25 0.31 -0.24
TR inferred -0.28 -0.33* 035 0.35* -0.13 -0.10 -0.29 -0.18*
ENG inferred -0.26  -0.40* 0.18 0.32* -0.14 -0.19 -0.34* 0.16
DL inferred -0.31* -0.24 0.21 0.28 0.04 -0.33* -0.34* -0.18
TR new -0.29 -0.33* 0.13 0.29 -0.10 -0.17 -0.29 -0.24
ENG new 0.00 -0.30 0.15 025 -0.37* -0.12 -0.42* 0.07
DL new -0.34* -0.21 0.24  0.36% 0.03 -0.43* -0.55* -0.19

Note. * denotes p<.05.

% The correlations with PPV/T were significantly different at the one-tailed level.
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For inferred sentences, we used 2-back, 3-back, Trail A and B, LNS-A and B,
and PPVT as covariates. PPVT interacted with the language condition, F(1,22)=6.087,
p=.022, n?=.217i with observed power .655. Higher PPVT scores predicted significantly
higher recognition in the English condition, Bengiish=.38, p=.05. The pattern for the
language condition remained similar to 3x3 ANOVA; dual-language condition had
lower recognition than the unilingual conditions. Probing the interaction at 1 SD below
and above PPVT scores, we found for low PPVT Turkish was significantly higher than
only DL, whereas, for high PPVT, both Turkish and English were higher than DL in
recognition. We present the results in Figure 3.2. Trail-B was found to be a significant
covariate, F(1,22)=12.837, p=.002, n?=.368, with observed power .928. Lower Trail-B
scores predicted less recognition in Turkish and English inferred sentences, Brurkish=.58,

p=.010, and Pengiish=.56, p=.006.
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Figure 3.2: Percentage of recognized inferred sentences with L2 proficiency.

Note. L2 = second language, DL= dual-language. Low and High L2 are defined as

1 SD bhelow and above the mean.
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For new sentences, ANCOVAs with 2-back, 3-back, Trail-B, SUIS, LNS-A,
LNS-B, PPVT as covariates revealed significant interaction of language with 2-back,
F(2,46)=8.065, p=.001, n°=.260 with observed power .945, and PPVT, F(1,23)=6.55,
p=.018, p=.222, and observed power of .688. The language condition revealed similar
patterns to 3x3 ANOVA, such that Turkish was significantly less recognized than
English and dual-language. Parameter estimates showed that both covariates predicted
higher recognition of new sentences in the English condition, but not in Turkish or dual-

language, Baback=.931, p=.006, BrpvT=.374, p=.029.

3.2.3 Sentence Recognition Response Times

We conducted a between-subjects ANOVA with three independent variables,
language, sentence type (old, inferred, new), answer given (yes/no to recognition), and
subjects as the random factor, to test how response times differed for sentence
recognition. Analyses revealed an interaction of sentence type and answer
F(2,120.84)=6.376, p=.002, n?>= .095. For “yes” responses, there were no differences
between sentence types. For “no” responses, old sentences (M=5.51, SD=.19) took
significantly longer than inferred (M=4.72, SD=.12) and new sentences (M=4.71,
SD=.08).

Lastly, we conducted correlational analyses between recognition and their
respective response times. In the Turkish condition, we found no correlation. In the
English condition, inferred and new sentences’ (false) recognition were significantly
and negatively correlated with their response times, rinferred(43)=-.305, p=.042;
rnew(43)=-.411, p=.005. In the DL condition, recognition of old sentences correlated

positively with its response time, roid(41)=.343, p=.024, whereas falsely recognizing
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new sentences correlated negatively with reaction time, rnew(40)=-.407, p=.007. For all

types of sentences, higher recognition accuracy correlated with slower response times.

3.2.4 Correct Configuration

We conducted a within-subjects ANOVA to examine how configuration
accuracy differed across language conditions, and found significant effect of language,
F(2,86)=16.149, p<.001, n?=.273 . Pairwise comparisons revealed that accuracy was
significantly higher in Turkish (M=42.68, SD=4.83, out of 48) and English (M=40.75,
SD=7.04) compared to DL condition (M=37.55, SD=7.80). Turkish and English were
not significantly different.

We conducted correlational analyses to examine the associations of executive
function measures, mental imagery, and language proficiency with configuration
accuracy (See Table 3.6). We conducted ANCOVA with language condition as
predictor and added all eight correlates as covariates, and no significant covariates

emerged.

Table 3.6: Means and correlations of configuration accuracy with individual
difference variables.

TR ENG DL 2- 3- Trail- Trail- SUIS LNS- LNS- PPVT
M** (SD) back back A B A B
TR 42.68 (4.84) 1 060° 047" 038" 0377 -015 -0.14 030" 0.14 049" 0.15
ENG 40.75 (7.05) 1 074" 026 043 - -040" 025 028 057" 0.30*
0.31*
DL 37.55 (7.81) 1 025 024 -016 -0.32° 0.20 037" 050" 0.35"

Note. DL=dual-language, SUIS=Spontaneous Use of Imagery, LNS=L etter-
Number Sequencing, PPVT=Peabody Picture VVocabulary Test.
* denotes p<.05.

**Means provided out of 48 sentences.
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3.2.5 Correct Configuration Response Times

We conducted a between-subjects ANOVA to explore how response times
differed based on the variables of language condition (Turkish-English-DL), sentence
type (correct-incorrect), participant’s answer (yes/no), and we added subject as a
random factor. We found a two-way interaction of sentence type and answer,
F(1,67.96)=12.140, p=.001, n?=.152. The three-way interaction with subject was also
significant. Pairwise comparisons revealed that for correct sentences, “yes” responses
(M=4.12, SD=.07) took less time than “no” (M=4.55, SD=.19), while for incorrect

sentences “no” (M=4.21, SD=.07) responses took less time than yes (M=4.89, SD=.19).

3.2.6 Language Tag

The tag accuracy had a mean of 19.61 (SD=2.51) out of 24. The Turkish tag and
English tag's mean accuracy was 9.78 (SD=1.75) and 9.83 (SD=3.0) out of 12,
respectively. Paired t-tests revealed no difference in tag accuracies between languages,
t(45)=-.08, p=.932.

Total tag accuracy correlated with 2-back, r(40)=.323, p=.037; 3-back,
r(41)=.335, p=.028; and Trail-B, r(40)=-.392, p=.010. To see how language predicted
tag accuracy, we conducted ANCOVA with the corelates as covariates and found an
association with Trail-B, F(1,35)=9.379, p=.004, n?=.211, and observed power .846.
Parameter estimates revealed that lower Trail-B scores (better shifting performance)
predicted better English tag, f=-.366, p=.018, but not Turkish.

We conducted a paired t-test to examine how response time differed for tags. We

averaged the sentence RTs based on the participants' indication as Turkish or English.
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We found that indicating the sentence was seen in Turkish (M=4.15, SD= 1.29) took
less time than English (M=5.07, SD=1.74), t(40)=-4.302, p<.001. Tag RTs did not

correlate with any individual difference variables.

3.2.7 Confidence Ratings

Recognition Confidence

We analyzed the confidence ratings (on a 5-point scale) given to each
recognition response. We found a significant two-way interaction of sentence type and
answer, F(2,110.64)=54.23, p<.001, n?=.495, and a four-way interaction of sentence
type and answer with language and subject factors F(137,5725)=1.655, p<.001,
n%=.038. Pairwise comparisons with Bonferroni correction of the two-way interaction
revealed that “yes” responses had higher confidence in old (M=4.04, SD=.02) compared
to inferred (M=3.48, SD=.05) and new (M=3.52, SD=.06). “No” responses to new
sentences (M=4.28, SD=.02) had significantly higher ratings compared to inferred
(M=3.86, SD=.03) and old (M=3.53, SD=.05). Inferred sentences had significantly

higher ratings than the old.

Configuration Confidence

We conducted 3x2x2 ANOVA to examine the confidence ratings for the
configuration task, using subject as random factor. We found three significant two-way
interactions of language and type, language and answer, and type and answer. We also
found a significant three-way interaction of subject with type and answer, and a four-
way interaction with all the predictors, F(51,6079)=2.935, p<.001, n?= .024. We
conducted pairwise comparisons with Bonferroni correction to examine the two-way

interactions (see Figure 3.3). For correct sentences, DL had the lowest confidence
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ratings, whereas, for incorrect sentences, Turkish had the highest. Congruent responses

(“yes” to correct, “no” to incorrect) had higher confidence than incongruent ones.
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Figure 3.3: Confidence rating interactions.

3.2.8 Order effect

The counterbalanced language conditions created six orders (N=7 each). For
correct configuration, the order did not interact with language, p=.268. For recognition
accuracy, order interacted significantly with language and sentence type,
F(20,156)=1.893, p=.016, n*=.195. “Dual-language-Turkish-English” order had
significantly higher recognition in Turkish-inferred, and English inferred and wrong
sentences. We believe this to be an arbitrary result due to the low sample size in each

order and potential influential cases.
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3.3  Discussion

We examined the false recognition of inferences in single and dual-language
contexts with reduced duration of stimuli. We confirmed our first hypothesis that
sentence recognition and found high accuracy for old and new sentences, especially in
the Turkish condition. Better working memory ability was associated with better
accuracy for old sentences. Inferred sentences were not falsely recognized most in L1 as
expected, but were least recognized in DL, suggesting the language switching increased
discriminability. Another possibility is that the participants attended more in the dual-
language condition. Although the desirable difficulty account had only been discussed
for L2 (Bjork, 1994), we suggest the dual-language condition may have benefited
similarly. We supported our hypothesis that higher L2 proficiency would predict higher
false recognition for the inferred English sentences, but not when both languages were
used. Aligned with the Revised Hierarchical Model, higher L2 proficiency participants
processed the gist similar to L1, and this automaticity resulted in false recognition of the

gist (Kroll & Stewart, 1994). However, the dual-language condition required switching

between languages and hindered automatic processing. Contrary to the hypothesis,
better cognitive functions was associated with less false recognition in unilingual
conditions. Higher false recognition of new sentences was associated with high L2
proficiency and low shifting. For all sentence types, higher response times were
associated with higher accuracy®, indicating that more time spent increases true
memories (verbatim). Confidence ratings indicated good metacognitive accuracy for

recognition of old and rejection of new sentences.

5 Accuracy refers to the recognition of old sentences, and rejection of inferred and new sentences.
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Secondly, we assessed object configuration accuracy to validate our recognition
task to ensure any conclusion we draw was not due to participants’ inability to configure
the objects. We found that correct configuration was highly accurate, albeit lowest in
dual-language condition, supporting our hypothesis. We did not support our hypotheses
that higher L2 proficiency, better EF skills, and mental imagery abilities would predict
higher accuracy. In this level of difficulty, we expected mental imagery to become a
strategy that good visualizers would employ. Mental imagery as an ability might be a
more valid predictor than self-reports on frequency of imagery use to determine who
would use this strategy. We saw trends of high working memory and shifting abilities
being associated with better accuracy in L2 and in the dual-language condition, and L2
proficiency in the DL condition. While the trends did not reach statistical significance,
they suggest the task had an appropriate difficulty level, valid for examining
automaticity in the L1 condition, and EF involvement in L2 and dual-language
conditions. Response times revealed that responses were faster for the right answers,
demonstrating no speed-accuracy tradeoff, as desired by task design. Confidence in
responses revealed higher confidence for the right answers, showing participants were
metacognitively accurate about their performance. Responding to correct sentences, DL
had the lowest confidence ratings. Participants had to formulate one Turkish and one
English configuration, and the explicit switching demands might have reflected onto
their evaluations. For incorrect sentences, Turkish had the highest confidence ratings.
Since the configuration task, unlike recognition, is congruent with gist representations,
the advantage of an L1 task might have created discriminability that is explicitly
available to the participants.

The language tag was identified accurately and was not moderated by L2
proficiency. Low proficiency participants did not reap the benefits of desirable
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difficulty. Having to shift between languages in short durations may have nullified the
L2 automaticity for high proficiency participants, leveling the playing field. Better
shifting ability predicted better Turkish tag, and we found tag indication was faster for
Turkish sentences. The results represent an L1 advantage on verbatim representation,
which does not negate the L1 advantage on gist, since traces are processed separately.

However, whether the traces are distinguished easily might depend on EF skills.
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Chapter 4:
GENERAL DISCUSSION

We examined bilinguals' logical inference-making process in unilingual and
dual-language (DL) contexts, using a spatial configuration task consisting of concrete
object words in Turkish and English. Our starting assumption was that the inferring
process is similar to gist representation, where the non-presented stimuli are stored as
presented, if the meaning is preserved and valid. However, if the task demands verbatim
information, then merely recalling inferences would result in memory errors. In both
experiments, inferred sentences were recognized significantly more than new sentences,
which suggested that the inference-making process created false recognition. We
ensured inferring performance was not due to difficulties configuring by obtaining high
accuracy configuration accuracy. Lastly, we examined if participants could report the
language the sentence was presented in, and found high accuracy for this language tag.
We investigated the moderating roles that L2 proficiency, working memory, inhibition,
shifting, and mental imagery would play in this task. Experiment 1 did not yield such
moderations; however, we used a reduced exposure time in Experiment 2 to prevent
strong verbatim traces from being formed and increase the task difficulty. We found an
objective measure of English vocabulary and cognitive flexibility became significant
predictors in Experiment 2 with reduced exposure time. We found higher proficiency
and lower EF skills were be related to higher false recognition, i.e. gist processing.

Inferences were recognized more than new sentences confirmed that false
recognition occurred when information is retrieved in gist form; however, they were
also discriminable from old sentences. The Fuzzy Trace Theory asserted both gist and
verbatim representations are formed at the time of encoding, and true and false

recognitions are independent of each other (Brainerd & Reyna, 2004). Our results are
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aligned with their premise, instead of Bransford and Franks (1971)’s suggesting

comprehension is fully constructive. Alternatively, in our study, the time between
encoding and retrieval might not have been long enough for verbatim decay. Increasing
the time between studying and testing might allow more gist reliance and subsequent
memory errors. Secondly, it was found that warning the participants on susceptibility to
false memories predicted more verbatim-based responses, thus less errors (Carneiro &

Fernandez, 2010). While we did not issue such a warning, we told the participants to

watch out for changing instructions across recognition and accuracy trials. This may
have hindered the automaticity in responding, given participants an insight into the
study, and increased discriminability of inferred sentences from the old ones. In both
experiments, false recognition was significantly lower in the DL condition compared to
the unilingual conditions. This might have resulted from the integration difficulty and
verbatim proneness of the dual-language condition, which created discriminability of
traces and resistance against memory errors. Having to shift between languages may
have created the desirable difficulty effect, since the words were not difficult to process
in unilingual conditions.

While false recognition in L1 and L2 appeared similar at first, L2 proficiency
created a distinction. In Experiment 2, we used a standardized task and found that more
proficient participants falsely recognized L2 inferred sentences more. This result is
aligned with the bilingualism models, suggesting L2 approaches L1 automaticity with

increased proficiency (De Groot, 1992; Kroll & Stewart, 1994). The low susceptibility

to false recognition in the dual-language suggest a level of discriminability of verbatim
traces that is aligned with separate-storages. However, the inferred sentences did not
substitute the translation pairs, which would be at a word-level analysis better suited for
the storage accounts. We had hypothesized that higher working memory, inhibition, and
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shifting abilities would predict more false recognition. However, we observed the
opposite patterns: they predicted less recognition of inferred sentences and generally
higher accuracy in other old and new sentence types. We deduce that proficiency and
cognitive functions are opposing forces acting on ease of processing. Proficiency allows
us to comprehend meaning without much effort, whereas EF as a unity allows the
retention of complex information in manageable bits, a skill that employs working
memory capacity to hold and manipulate information. Participants with lower EF skills
might prefer more automatic and less effortful strategies to process information, such as
averaging, abstracting, inferring, and gist extracting. While EF abilities may be
beneficial in creating meaning, they did not appear to strengthen gist traces over
verbatim. Such patterns with individual differences in cognitive functions emerged in
Experiment 2, when the study duration for each sentence group was shorter, rendering
the experiment more demanding, and more valid measures were employed. Even though
we found correlations in preliminary analyses, most did not reach statistical significance
in the models. We did not sample to examine individual differences; therefore, lack of
predictions can be attributed to lack of statistical power.

Response times differed for language conditions in Experiment 1. When both
language lexica needed to be searched the DL condition, recognition took more time,
while rejection was relatively fast. In Experiment 2, this speed was related to the
accuracy of responses, such that rejection took the longest time for old sentences.
Confidence ratings were lower for the dual-language condition, or when rejecting old
sentences and recognizing new sentences. Both dependent variables showed patterns of
good metacognition. Accuracy and response time association suggested that higher time

spent was linked to responding more aligned with verbatim representation.
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The configuration task was performed accurately in both experiments. The
hindrance in the DL condition emerged in Experiment 2; however, it was not related to
any individual difference variable. In response times, we observed indicating a sentence
is inaccurate took more time, commonly known as the confirmation effect in sentence
verification tasks.

In the dual-language condition, the language in which the sentences were studied
was recalled very accurately by all participants; therefore, we did not confirm our
hypotheses that the language tag is predicted by language proficiency. While this
performance supports the separate-storage hypothesis, the results might be due to

languages’ discriminating properties (Bornkessel-Schlesewsky et al., 2011). Turkish

and English have few cognate words, mostly borrowed words, and none were used in
this study. On average, English sentences were three words longer than Turkish
sentences due to the syntactic requirement of making comparisons. The length and the
exposure duration might have also increased the discriminability of sentences. If the
surface structure provided sufficient cues to the participant, they might not have needed
to access the concepts to indicate the language. Studying in L1 and L2, and testing in L3

translations may reduce these cues and provide a clearer picture (Saegert et al., 1975).

Another explication is that the experimental demands put people in a bilingual mode

(Grosjean, 2001) during which people could access both cues, regardless of whether the

cues would be stored commonly or separately. Contrary to hypotheses, better shifting
ability predicted better tag performance, suggesting once again that EF is more linked to
the ability to store and manipulate verbatim representations. This might also be related
to the use of reactive mode in dual-language processing, without which we cannot

process the less automatic language (Braver, 2012).
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At the word level, concrete words activate mental imagery processing more

compared to abstract words (Hemati & Hossein-Zadeh, 2018; West & Holcomb, 2000),

and have more semantic features than abstract words (De Groot, 1992); therefore, they

are shared among the languages that bilinguals know. We had hypothesized that mental
imagery would facilitate gist representation, more so in the more automatic language,

L1. Schrauf and Rubin (2000) on the other hand, proposed the mental imagery

advantage of L2 because of novelty and effort-after-meaning. We failed to corroborate
either claim. Neither in L1 nor in L2, mental imagery predicted recognition,
configuration, or tag identification. While we pondered if mental imagery would be

more related to nonverbal representations of relations, De Beni et al. (2005) found that

spatial text processing was hindered more by concurrent spatial tasks than verbal or no
interference conditions (whereas nonspatial texts were hurt by verbal interferences
only), and concluded that visuospatial working memory was necessary to comprehend
spatial texts and construct spatial representations. While they failed to demonstrate the
interference effect with reaction times, they discussed it was due to inferences being
made during mental model construction and being readily available at test time.
Alternatively, the facilitatory effects of mental imagery might be revealed by the time it
takes to encode information in a self-paced paradigm. The results highlight the
importance of spatial processing in such tasks; however, self-report measures of
imagery use should be scrutinized, and more objective measures of mental imagery or
visuospatial working memory ability should be considered. Imagery ability could also
be important for the representation of abstract concepts.

The reliance on verbatim structure for our low L2 proficiency participants is
aligned with the lexical mediation, whereas accessing the gist appears consistent with
the concept mediation path. The time measure we obtained was not as sensitive as
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reaction time; therefore, it does not allow us to make conclusive statements about the
lexical organization. However, similar response times in the Turkish and English
conditions imply that participants did not translate L2 sentences in the recognition task.

Kroll et al. (2010) discussed the possibility of L2 mediation by L1 occurring after L2

accesses concepts, in which case, we would not observe higher RT due to the mediation.
While this possibility appears in line with the findings, we should also be cautious in
relating time to translate complex sentences with word translations.

We conducted the second study to examine if verbatim traces weaken when the
exposure to stimuli is shortened. We could not conclude an automaticity or organization
account based on the differences between studies 1 and 2. Further research underway
should explore the processes with tasks of varying duration, difficulty, and object
concreteness. Further studies could also incorporate difficult vocabulary that would
allow us to differentiate low and high L2 proficiency participants. The inability to
access the meaning or visualize image of a given word could impede the automaticity.
Furthermore, the nature of the tasks should be considered when predicting the
occurrence of memory errors. Comprehension tasks have been found to yield more
errors, compared to immediate recognition tasks, where the perceptual cues are
sufficient to perform the task, without having to access a deeper meaning structure

(Harris & Monaco, 1978). There can also be differences observed for different level of

discourses. Research on autobiographical memory involves complex memories such as

narratives, and suggests bilinguals display a language-dependent advantage for retrieval

((Marian & Fausey, 2006; Marian & Neisser, 2000). Further research can investigate

how this dependency aligns with memory errors and language tagging.
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Chapter 5:
CONCLUSION

People construct meaning to manipulate information efficiently. Inferring is one
of the processes that facilitates this by effortlessly extracting the gist. We found spatial
inferences were falsely recognized in Turkish and English, but not when the sentences
are presented in two languages. While higher proficiency predicted similar processing
ease for bilinguals’ two languages, those with better cognitive abilities succeeded in
preserving the verbatim representations that competed with gist for recognition. This
suggests our comprehension is not fully constructive, instead it is a function of decay
and individual differences in strategies used. We investigated language tagging as an
awareness of language membership for dual-language information. Near-perfect
performance aligns with distinguishable separate components. The existing bilingualism
models have not tested sentence level information, and the dual-language condition has
not been extensively examined. Inferences provide insight into the bilingual

information-processing and individual differences.
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Appendix A: Inference-Making Study Items
Turkish condition
Carsaf magnetin lizerinde
Fotograf ¢arsafin lizerinde
Magnet ¢Op torbasinin lizerinde

Fotograf magnetin tizerinde

English condition

The leaf is above the bookmark
The flower is above the leaf
The pencil case is above the leaf

The pencil case is above the flower

Dual-language condition

The file is above the plate
Dergi halinin {izerinde

The plate is above the magazine

Dosya halinin tizerinde
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Appendix C: Spontaneous Use Of Imagery Scale Turkish
1. Yeni bir yere giderken, yon bulma isareti olarak kullanilacak yerlerin isimlerine ek
olarak ayrintili tanimlarini (6rnegin benzin istasyonunun boyut, sekil ve renklerini)
iceren tarifleri tercih ederim.
2. Eger bir kismi1 agaclarin arkasinda kalmis bir araba goriirsem, otomatik olarak onu
tamamlarim ve biitiin arabay1 zihnimin goziinde goriiriim.
3. Eger bir magazada yeni bir mobilya bakiyorsam, hep o mobilyanin evimin belirli
yerlerinde nasil duracagini géziimiin 6niinde canlandiririm.
4. Hikayedeki kisilerin nerede olduklarini ve ne yaptiklarini kafamda kolayca
canlandirmami saglayan romanlar1 okumayi, bu canlandirmanin zor oldugu romanlari
okumaya tercih ederim.
5. Bir akrabayi ziyaret etmeyi diisiindiiglimde, neredeyse her zaman o kisinin net bir
resmi zihnimde canlanir.
6. Nispeten kolay teknik konular net bir sekilde metinde anlatildiginda, agiklayict sekil
ve resimleri dikkat dagitict bulurum ¢iinkii benim konuyu gézumiin 6niine getirebilme
becerime muidahale ederler.
7. Eger biri bana kafamdan eklemek i¢in iki basamakli sayilar verirse (6rn. 24 ve 31),
onlar1 eklemek i¢in goziimiin Oniine getiririm.
8. Disar1 ¢ikmak i¢in giyinmeden Once, ilk olarak farkli kiyafet kombinleri giyersem
nasil goriinecegimi gézlimiin Oniine getiririm.
9. Yapmam gereken bir dizi isi diisiindiiglimde, gidecegim diikkanlar1 kafamda
canlandiririm.
10. Bir arkadasimin sesini ilk duydugumda, onun goérsel resmi neredeyse her zaman

aklimda canlanuir.
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11. Gergekte hi¢ gérmedigim bir radyo programcisi veya DJ’in sesini duydugumda,
genelde kendimi onlarin nasil goriinebilecegini hayal ederken bulurum.

12. Eger bir araba kazas1 gordiiysem, daha sonradan ayrintilar1 hatirlamaya ¢alisirken ne

olmus oldugunu kafamda canlandiririm.
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