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ABSTRACT

THE EFFECT OF PERCEPTUAL FLUENCY ON ACCURATE, FALSE AND
PREDICTED MEMORY PERFORMANCE

Yiiksel, Ezgi Melisa
M.A. in Psychology
Supervisor: Asst. Prof. Dr. Miri Besken

June 2020

The retrieval of memories does not reflect the exact copy of the original event and
may include false information. Studies show that people become more susceptible to
false memories due to post-event misinformation. One factor that might make the
retrieval of the original event more problematic is the perceptual fluency of the
information. If participants cannot clearly see the event, they might have an
increased potential to integrate more false memories from the post-event knowledge.
Finally, participants’ predictions during encoding about how they will remember the
original event might change, depending on the perceptual fluency, ease, and clarity
of experiencing the original event. The current study aimed to examine the effects of
perceptual fluency on accurate, false, and predicted memories. In three sets of
experiments, participants were presented with picture stories, either in a fluent or

disfluent form in a within-subjects design in the encoding phase. In the post-event
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misinformation phase, participants saw all the stories that they saw in the encoding
phase again in a fluent format, with some of the details changed. At the test phase,
participants’ actual and false memories were measured through a forced-choice
recognition test with three-choices: correct, misinformation, and foil. In Experiment
1, participants were also asked to rate their future memory performance through
Judgments of Learning (JOLs). In Experiments 2 and 3, JOLs were not collected to
control JOLs’ reactivity. Additionally, in Experiment 3, the possible effect of guess
responses was controlled. The results of three experiments revealed that there was a
consistency between predicted and actual memory for the disfluent items:
participants’ JOLs and memory performances were lower for the disfluent images
than the fluent images. Participants showed a tendency to choose misinformation
over the unrelated choice (i.e., foil), indicating that the misinformation manipulation
increased the susceptibility to false memory. Contrary to predicted and actual
memory, the disfluent or fluent presentation did not make any significant difference
in the rate of false memories (susceptibility to misinformation). The results were in

line with the perceptual fluency hypothesis and false memory literature.

Keywords: False Memory, JOLs, Memory Performance, Perceptual Fluency

viii



OZET

GORSEL KANALLARDAKI ALGISAL BOZUKLUKLARIN DOGRU, SAHTE
VE TAHMIN EDILEN BELLEGE ETKISI

Yiiksel, Ezgi Melisa
Yiiksek lisans, Psikoloji
Tez Damismani: Dr. Ogr. Uyesi Miri Besken
Haziran 2020

Anilarimiz yasadiklarimizin tam kopyasi olarak ¢agrilmazlar ve yanlis bilgiler
igerebilirler. Caligmalar insanlarin olay sonrasi maruz kalinan yanlis bilgilerden ve
algisal akicilik bozukluklarindan dolay1 sahte an1 cagirmaya daha agik hale
geldiklerini gostermistir. Uyaranin gorsel akiciligi bellek hatalarinin artmasina sebep
olan faktorlerden biri olabilir. Bir baska deyisle, eger katilimcilar bir olay1 akici bir
sekilde goremezlerse onlarin ikinci bilgiyi belleklerine entegre etme ihtimalleri
artabilir. Ayrica, katilimcilarin kodlama siireglerinde olay1 ne kadar akici, ve kolay
algiladiklar1 onlarin bu olay hakkindaki bellek yargilarini etkileyebilir. Giincel
calisma gorsel akiciligin gercek, sahte ve bellek tahmini siireglerine etkisini
arastirmay1 hedeflemektedir. Ug calisma setinde katilimcilara bozulmamis (akici) ve
maskelenmis (akict olmayan) resimler araciligiyla sekiz ykii sunulmustur. Olay
sonrasi yanlis bilgi manipiilasyonu kapsaminda katilimcilara bu sekiz dykiideki on
iki detay degistirilerek dykiiler yeniden sunulmustur. Gergek ve sahte anilar; dogru,

yanlig ve alakasiz segeneklerden olusan ii¢ sikli tanima bellegi testiyle 6l¢iilmiistiir.



Bunlara ek olarak, 1. deneyde katilimcilardan dykiilerin detaylariyla ilgili bellek
tahminlerini 0’dan 100°e kadar olacak sekilde belirtmeleri istenmistir. Bellek yargisi
bildirmenin etkisini kontrol etmek amaciyla 2. ve 3. deneylerde bellek yargisi
toplanmamistir. Ayrica, 3. deneyde tahmin edilerek verilen cevaplarin etkisi kontrol
edilmistir. Bu 3 deney setinde bellek tahminleri ve gercek bellek performansi
arasinda tutarlilik bulunmustur. Bir baska deyisle, katilimcilar akict olmayan
uyaranlar i¢in diisiik bellek performansi tahmin etmisler ve bu uyaranlar1 daha az
hatirlamislardir. Ayrica, katilimeilar yanlis segenekleri alakasiz olan sikka kiyasla
daha fazla segmislerdir. Bu durum yanlis bilgi manipiilasyonunun sahte ani
olusturdugunu gostermektedir. Tahmin edilen ve gergek bellek performanslarinin
sonuclarinin aksine, akici ve akici olmayan sunumlar arasindaki fark sahte anilarda
goriilmemistir. SOyle ki, katilimcilarin sahte anilar1 akici ve akici olmadan sunulan
uyaranlar i¢in benzer oranlardadir. Bu sonuglar literatiirdeki sahte an1 ve algisal

akicilik literatiirii ile paralellik gostermektedir.

Anahtar kelimeler: Algisal Akicilik, Bellek Performansi, Sahte Ani, Ustbellek,

Ogrenme Yargilar
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CHAPTER 1

INTRODUCTION

Imagine yourself witnessing a murder. You partially saw that the murderer used a
knife. Then, the police officers came for interrogation, and they asked you whether
the murder weapon was a gun. The misinformation that the weapon was a gun
instead of a knife in this suggestive question might make you doubt yourself. Even
further, later on, when you try to retrieve the original event in a subsequent

interview, you might even misremember that you saw a gun instead of a knife.

The effects of post-event misinformation on later memory are well documented.
Most of the time, when one receives a piece of suggestible information, they may
mistakenly retrieve this post-event information as part of the original event.
However, there might be factors as to how much this information is integrated into
the original memory. One prominent factor that might change the level of integration
of suggestible information may be the perceptual clarity of the originally-encoded
event. For example, if one witnesses the murder behind a tree from where they

cannot see clearly, this could potentially change the probability for the eyewitness to



accept the false claim of the presence of a gun more easily. Moreover, this type of
physical obstruction in the eyewitness interview may also change how one predicts
their memory to be for critical information. The current thesis project aims to
investigate the effects of perceptual fluency on memory predictions, actual memory
performance as well as susceptibility to misinformation when the information is

presented clearly or in a blurry manner.

1.1 Reconstructive Memory

Since we are constantly exposed to thousands of stimuli within the experience of
daily events, it is possible that we do not recall all of them. Sometimes, we might use
our semantic memory (schemas, scripts, pragmatic inferences) or some information
presented to us after the event to complete our representations of past events
(Bartlett, 1932; Loftus, 1979). Even if most of the time memories are recalled
accurately, these various sources of events and information might produce
distortions such as the substitution of information in the memory with outside
information, omission of specific detail from memory, and addition of new details to

the original memory (Bartlett, 1932).

Bartlett (1932) was the first introducer of the idea that recalling past events is a
reconstructive process that is rife with error; thus, retrieval of memories does not
reflect the exact copy of the original memories. In his most famous experiment, he
made Edwardian English participants listen to a folk tale of Native American culture,
War of the Ghosts. He drowned on the serial reproduction and the repeated
reproduction techniques to demonstrate the reconstructive nature of memory. In the

serial reproduction task, participants studied the material and then were asked to



recall the material. Subsequently, other participants studied the recall of the previous
participants. In the repeated reproduction task, participants listened to the material.
Then, they recalled the same material over and over again with intervals between
each recall. In both tasks, Bartlett (1932) found that the initial material was changed
in each recall session regardless of whether the recaller was the same person or not.
As expected, the amount of distortion in the material was higher for the serial
reproduction task than the repeated reproduction since the different people added or
omitted the information in different ways. The interesting point was that participants
changed stories according to their cultural schemas. Some participants, for instance,
remembered canoes in the story as boats. Bartlett (1932) introduced cultural schemas
as one of the factors which guided the construction process. These findings indicate
the malleability of retrieving memories, which is the main interest of the current

thesis.

1.2 False Memory

During the mid-1970s, the focus on the reconstructive nature of memory increased
because of two critical reasons. First, there was critical evidence for the weakness of
the idea that our recall is the exact copy of the memories. Second, memory errors
produced problems in criminal cases. Several experiments supported the malleability
of eyewitness (Schaaf, Alexander, & Goodman, 2008; Schooler, Gerhard, & Loftus,

1986) due to over-questioning and exposure to the misinformation after the event.

Since the 1900s, the distortions in the memory were observed through several
memory tasks: sentence reproduction, recall tasks affected by prior knowledge, recall

tasks affected by self-sorting during the encoding (Bergman & Roediger, 1999;



Hemmer & Steyvers, 2009; James, Thompson, & Baldwin, 1973). Besides the
repeated reproduction and prior knowledge, expectations, feelings, suggested ideas
from outside, interpretations, and outcome desires influence how the memories are
retrieved throughout the reconstruction process (Gallo, 2013; Tyng, Amin, Saad, &
Malik, 2017). The distorted version of the retrieved information is named as false
memory. In many false memory studies, the experimenters have commonly elicited
false memories by using the participants’ prior knowledge in Deese-Roediger-
McDermott (DRM) paradigm or by exposing them to the subsequent conflicting
information in the misinformation paradigm. The focus of the current thesis project
is the misinformation paradigm; however, it is important to introduce both the DRM
paradigm and the misinformation paradigm to understand how false memories occur

in different manipulations.

1.2.1 Deese-Roediger-McDermott (DRM) paradigm

Deese (1959) had introduced a technique to examine the effect of associations on the
extra-list intrusions, which is the type of memory error where people randomly
recalled the items from the outside of the list. He created a list of 12 words (e.qg.,
dream, awake, snooze, bed), which were highly associated with the critical lure word
sleep. He used the word association norms from Russell & Jenkins (1954) cited in
Deese (1959). He presented participants with a list of words without the critical lure
word and then asked them to recall as many words as possible. The critical lure word

sleep was recalled at the same frequency as other presented words.

As he argued, he found that the extra-list intrusions were related to the strength of the

associations between the items. Roediger and McDermott (1995) conducted two



experiments with the model of Deese (1959) to replicate the findings and to reach a
further understanding of the remembering process. In their first experiment, they
used the same procedure with Deese (1959), and then found 40% recall of the lure
word, sleep, and a high confidence rate (3.3 out of 4). In their second experiment,
they extended the number of words to twenty-four words and created new lists. They
replicated the findings of Deese (1959) and their first experiment. These two papers
demonstrated how prior knowledge and schemas might affect the recall process of
the memories. After Roediger and McDermott’s (1995) paper, the paradigm where
false memories have been elicited by participants’ prior schemas and associations

between the items was called the DRM paradigm.

1.2.2 Misinformation Manipulation

Another way to alter memory is the misinformation paradigm. The misinformation
paradigm aims to alter the recall of an event by giving post-event misinformation to
the participants. In the misinformation paradigm, people witness an event, followed
by post-event misinformation. Post-event misinformation can be delivered through
various methods such as usage of suggestive questions (e.g., Loftus & Palmer, 1974),
questions with false information (e.g., Loftus, 1975), false stories about childhood
memories (e.g., Loftus & Pickrell, 1995), narrative including misinformation (e.g.,
Zhu et al., 2010), repeated retrieval (e.g., Roediger 11, Jacoby, & McDermott, 1996),
images with inaccurate information (Okado & Stark, 2005; Stark, Okado, & Loftus,
2010), etc. Finally, the participants are asked to retrieve the events that happened in

the encoding phase of the experiment.

In one of the earliest examples of the misinformation paradigm, Loftus and Palmer

(1974) conducted an experiment to support the idea that the suggestive questions



influenced the reconstructive process. They presented a car accident video to the
participants, and then they asked, “About how fast the cars were going when they
smashed into each other?” and “Did you see any broken glass?” to participants. They
used the words “bumped”, “collided”, “hit”, or “contacted” instead of “smashed” in
different conditions to examine whether the meaning of the words would change the
memories. As they expected, participants who were presented with the word
“smashed” were more likely to predict the higher speed and more likely to recall
broken glass than participants who heard the word “hit”. This study showed that the

wording of post-event questions might change the content of the original event.

In another experiment, participants witnessed that a green car had an accident, and
then they were exposed to the set of questions related to the car accident (Loftus,
1977). Since they aimed to create post-event misinformation, half of the participants
responded a critical question, including misleading information, “Did the blue car
that drove past the accident have a ski rack on the roof?”” In the memory test, they
selected the color of the car from a color scale. Participants in the critical question

condition were more likely to choose blue or green-blue shades of colors.

To observe whether the findings of the misinformation paradigm were observed with
different events, Loftus (1975) used movies, including different events (e.g., car
accident). After watching the event, the participants answered either a question with
correct information (e.g., How fast was car A going when it turned right?) or a
question with false information (e.g., How fast was car A going when it ran the stop
sign?). The higher percentage of participants in the stop sign conditions (53%)
assumed they saw a stop sign during the movie compared to the turned right
condition (35%). However, when they directly asked whether the participants saw a

stop sign, they did not find many alterations in the memory. Loftus (1975) found that



the time of the misinformation was critical in the process of creating false memories.
Participants’ memories changed more with the misinformation before the memory
test compared to the misinformation during the memory test. Since the results
changed across the experiments, these findings raised critical questions about how

suggestions might distort the memory in different settings.

Weinstein and Shanks (2010) also presented the list of objects’ pictures to the
participants. After studying the list of pictures, participants studied a list of objects’
names, including unseen objects. In the recognition memory test, participants falsely
assumed that they saw the unseen objects. In other words, their false alarm rates were

high for the objects presented after the list only as names.

Different from the previous experiments, Okado and Stark (2005) created a
misinformation paradigm, including images with misinformation, because they
needed to present the original encoding phase and the misinformation phase in the
fMRI. They examined whether the encoding processes of original and
misinformation events were represented through neural activity or not. They
presented participants with eight vignettes with fifty images in the original encoding
phase. Subsequently, in the misinformation phase, participants restudied the same
eight vignettes, each vignette including twelve changes from the original event.
During both the original encoding and misinformation phase, Okado and Stark
collected data for neural activities via fMRI. They tested participants’ memories for
two days later. In the test phase, they used multiple-choice recognition test. The
options consisted of correct response (information from the original phase), foil
response (information from the outside), and false response (information from the

misinformation phase) for the details that changed. After the test, they asked



participants to report whether they saw the answer in the original phase,

misinformation phase, or both.

They only analyzed the responses when the participants reported they saw the detail
in either the original phase or in both phases. The results revealed that their method
created a significant amount of false memories (47%). Since participants were not
able to differentiate whether they received the information in the encoding phase or
during the misinformation phase, Okado and Stark contended that their results could
be explained by the source-monitoring hypothesis (Lindsay & Johnson, 1989). This
hypothesis contends that the information from the post-event phase might sometimes
be integrated with the original information, confusing as to where the source of
information originates from. On a neural level, they found that higher neural activity
in most of the brain regions could predict whether the participant would subsequently

recall true or false memories.

Numerous studies show that misinformation can distort original memory traces. The
distortive effects of misinformation on retrieving the original information are
explained through various theories such as retroactive interference, fuzzy-trace
theory, and source-monitoring framework. Retroactive interference theory claims
that false memories are induced because participants update their memory traces
when they re-experience the event or are suggested with misinformation in the post-
event phase, leading to an irreversible change in the memory traces (Loftus &
Pickrell, 1995). These updates delete the memory traces of the original information

(Howe, 1998).

In another account, the fuzzy-trace theory defines forgetting as the disintegration of

traces and the gradual fragmentation of memories (Reyna & Titcomb, 1997). As



retroactive interference theory, the fuzzy-trace theory also focuses on deletion,
distortion, and omission of traces. Differently, the fuzzy-trace theory focuses on
different versions of memory traces. The theory argues that memory traces consist of
verbatim and nonverbatim (gist) information, generated after events occur or are
imagined. Brainerd and Reyna (2005) found that the gist trace stayed longer, whereas
the verbatim trace decayed quickly. They explained the presence of false memories
with the idea that the post-event information distorts the memory trace of the original

information, especially for the peripheral details (Loftus, Miller, & Burns, 1978).

Finally, the source-monitoring framework claims that false memories occur because
people confuse the sources of original and post-event information (Johnson,
Hashtroudi, & Lindsay, 1993; Lindsay & Johnson, 1989). Unlike the other
hypotheses, the source-monitoring framework does not view false memory as the
replacement of the initial information with the post-event information. Instead, the
false memory is related to the misattribution of where the knowledge was learned. In
other words, participants assume that they experienced the post-event information
during the initial encoding phase. There are also brain-imaging studies, supporting
the source-monitoring theory (Okado & Stark, 2005; Stark et al., 2010). These
studies show higher activation for the subsequent false memories during the original
phase and for the subsequent true memories during the misinformation phase (Stark
et al., 2010). They attribute the strong activation to the robust encoding of the source

information.

These theoretical explanations focus on various memory processes that explain the
nature of the misinformation effect. Regardless of the nature of memory processes
that lead to misinformation, some critical factors are prominent in changing the

susceptibility to misinformation and false memory). These factors are also critical to



understand the scope of and reason for the misinformation effect. According to false
memory literature, on the one hand, there are some situations in which people are
more likely to be susceptible to misinformation: being under the age of 4 (Ackil &
Zaragoza, 1998), aging (Schacter, Koutstaal, & Norman, 1997), being under high
stress (Payne, Nadel, Allen, Thomas, & Jacobs, 2002), being distracted (Jacoby,
Woloshyn, & Kelley, 1989), being under the time pressure (Benjamin & Craik,
2001), the long delay between event and recollection (Mudd & Govern, 2004),
repeated exposure to misinformation and suggestion (Mitchell & Zaragoza, 1996)
may increase false retrieval of information. On the other hand, there are some
situations in which people are less likely to be susceptible to misinformation:
exposure to the open-ended questions rather than leading questions, retrieving the
information after a short rather than a long delay after the real event (Mudd &
Govern, 2004), warnings (Gallo, Roberts, & Seamon, 1997), and being an adult

(Ackil & Zaragoza, 1998) can reduce the rate of false memories.

The current thesis project examined the perceptual fluency, which is the subjective
experience of ease while perceiving stimuli, as another factor which might influence
the susceptibility to the misinformation effect for two reasons. Perceptual fluency
might distort the encoding process since people cannot see stimuli clearly, which
might increase memory errors. Perceptual fluency might also alter the control
processes for encoding through metamemory, which might change the learning
strategies (e.g., under-studying or over-studying fluent items). These reasons are
discussed in more detail in the next section. In the literature, there were numbers of
studies examining the effect of perceptual fluency on actual and predicted memory
performances; however, it is not clear how perceptual fluency of item in encoding

changes the effect of post-event misinformation. Before further discussing the

10



literature related to the effect of perceptual fluency on memory predictions and actual
memories, it is critical to introduce the mechanisms of metamemory processes and
their relationship with fluency. The next section introduces metamemory judgments

in relation to fluency.

1.3 Metamemory & Fluency

Metacognition means cognition of our cognition, which consists of the processes of
monitoring -evaluation of the cognitive processes- and controlling -regulation of
cognitive processes- (Kuhn, 2000). One of the most studied metacognitive processes
in the literature is metamemory, which means the memory of our memory. The
initial definition of metamemory was “individual’s knowledge of and awareness of
memory, or anything pertinent to information storage and retrieval” (cited in Flavell
and Wellman (1975), p. 6). Nowadays, metamemory refers to any heuristics,
judgments, beliefs, and assumptions about the memory processes along with the
regulation of the control processes for memory. Metamemory processes are critical
to study because metamemory judgments regulate studying, learning, and

remembering strategies (Goldsmith & Koriat, 2007; Son & Metcalfe, 2000).

Metamemory has been studied for several years through various methods such as the
“feeling of knowing” (FOKs),” “retrospective judgments for the accuracy of the
recall,” and “judgments of learning (JOLs)” (Dunlosky & Bjork, 2008; Koriat &
Goldsmith, 1996). One of the most common methods and the interest of the current
thesis project, judgments of learning (JOLS), refer to the prediction of future memory
performance in a subsequent memory test. In this specific method, participants are

asked to make judgments about their learning during the encoding phase about how
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confident they are about their subsequent memory performance. JOLs might be
collected after either each item, called item-by-item JOLSs or after the encoding
phase, called aggregate JOLs. The current project uses item-by-item JOLs. In a
typical experiment that assesses item-by-item JOLs, Rhodes and Castel (2008) asked
participants to study a list of items, and after each item “to rate their confidence that
they would later be able to recall that item on a scale from 0 (not confident at all) to
100 (very confident)” (p. 617). Typically, researchers seek whether these judgments
are made in the same direction as the actual memory performance (resolution) or
whether the judgments are predictive of the level of accuracy for the manipulation

(calibration). (see Rhodes, 2016 for a detailed review).

Accuracy of JOLs was assessed based on the agreement between memory
predictions and memory performance. In certain cases, JOLS can be quite accurate
depending on the types of items, nature of the experiment, and so on (e.g., Mazzoni
& Nelson, 1995; Dunlosky & Nelson, 1994). For instance, Tauber & Rhodes (2012a)
found that participants’ predicted and actual memory performances were higher for
concrete compared to abstract items, indicating that participants were quite accurate
in their judgments for subsequent memory performance for the comparison of
abstract and concrete items (see a similar example in Hertzog, Dunlosky, Robinson,
& Kidder, 2003). In a similar vein, JOLs were accurate for emotional words
(Zimmerman & Kelley, 2010) and faces (Nomi, Rhodes, & Cleary, 2013) since there
is consistency between memory performance and JOLs for emotional words and
faces, both predictions and actual performances were high for emotional words and

faces.

However, in other cases, despite using cues and heuristics, participants predict their

future performance inaccurately, leading to metacognitive illusions (Koriat, 1997;
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Koriat & Bjork, 2005). The metacognitive illusion for memory performance refers to
the discrepancy between the predicted and the actual memory performance.
Benjamin, Bjork, and Schwartz (1998) found, for example, participants assumed
that they would more likely remember the answers to trivia questions that were
easily retrieved from semantic memory at encoding would produce higher recall in a
subsequent test; however, it was actually the items that were more difficult to

retrieve at encoding that was remembered in a higher ratio.

Koriat (1997) introduced the cue-utilization framework as a method to interpret
memory prediction success. The framework maintains that while people are making
predictions on their memories, they evaluate the success of recall in a subsequent
memory test by using inferences, rules, and heuristics instead of using the strength of
their memories (Koriat, 1997). In other words, Koriat (1997) argued that while
making metamemory judgments, people assessed the probability to recall or
recognize the information based on a variety of extrinsic (i.e., cues related to
conditions of learning -study time, number of items-), intrinsic (i.e., cues related to
characteristics of the study items -imagery value of words-), and mnemonics cues
(i.e., cues related to the subjective experience of processing -ease of processing-).
There were some reported cues in the literature such as beliefs about task and
manipulation (Mueller, Tauber, & Dunlosky, 2013), previous experiences (Hertzog
et al., 1990), type of expected memory test (Mazzoni & Cornoldi, 1993), subjective

experience of item difficulty (Arbuckle & Cuddy, 1969).

One factor that is shown to be highly effective in making memory judgments is
fluency, despite the fact that fluency may not always affect actual recall in the same
direction (Begg, Duft, Lalonde, Melnick, and Sanvito,1989; Shah and Oppenheimer,

2008). Oppenheimer (2008) defined fluency as “the subjective experience of ease or
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difficulty associated with completing a mental task” (pg. 238). The effect of fluency
on judgments was shown in a multitude of studies. Fluent information is typically
perceived as more valid (Reber & Schwarz, 1999), more familiar (Wolk et al., 2004),
and more likable (Reber, Winkielman, & Schwarz, 1998). Most importantly, for the
current project, fluent processes and fluent information are typically perceived as
more memorable (Besken & Mulligan, 2013; Mueller, Dunlosky, Tauber, & Rhodes,
2014). Thus, the relationship between the metamemory judgments and the actual
memory performance is studied widely through JOLs and fluency (e.g., Besken &
Mulligan, 2014; Koriat & Bjork, 2005; Matvey, Dunlosky, & Guttentag, 2001;
Rhodes & Castel, 2008, 2009). The subjective experience of task difficulty -fluency
of information- is manipulated through several factors such as encoding fluency
(Hertzog, Dunlosky, Robinson, & Kidder, 2003), retrieval fluency (Koriat & Bjork,
2005), and perceptual fluency (Besken & Mulligan, 2013). The current project aims
to investigate perceptual fluency as another factor which might alter the
misinformation effect; therefore, it is critical to discuss how fluency influences actual
and predicted (i.e., JOLs) memories. After introducing the metamemory judgment
and its relationship with the fluency, the next section specifically introduces the

effect of perceptual fluency on predicted and actual memory performance.

1.4 The Effects of Perceptual Fluency on Predicted and Actual Memory

The effect of perceptual fluency on predicted and actual memory has been a widely-
studied topic over the last decade; however, the relationship between actual and
predicted memory for perceptual fluency seems to change, depending on the type of

perceptual fluency manipulation used. As a framework, the perceptual fluency
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hypothesis suggests that easily and fluently perceived items produce higher memory
predictions than items that are difficult to perceive, even though the ease of
perception does not always play a role in the subsequent memory performance
(Rhodes & Castel, 2008; 2009). There are several possibilities for how perceptual

fluency affects memory performance and metamemory judgments.

In one case, perceptual fluency affects predicted memory performance but not the
actual memory performance. Rhodes and Castel (2008) presented participants with
the items in different font sizes (18 pt vs. 48 pt) to manipulate perceptual fluency.
After each item, participants reported their confidence in recalling the item in a
subsequent memory test on a scale ranging from 1 (not confident at all) to 100 (very
confident). They found that people gave higher JOLs for the items in larger font size
compared to the items in smaller font size; however, there was not any difference
between the font sizes in terms of the actual memory performances. In this
experiment, they observed the metacognitive illusion via perceptual fluency
manipulation, meaning perceptual fluency might affect the JOLs but not the actual
memory performance. In another experiment, Rhodes and Castel (2009) replicated
their finding via auditory fluency manipulation. They presented participants with
words in either quiet (conversational) volume or a loud volume. After each item,
participants reported their likelihood of recalling accurately in a subsequent memory
test. Even if there was no significant difference between the items in quiet and loud
volume in terms of memory performances, participants gave higher JOLs for the
items presented in loud volume than the items presented in quiet volume. In a similar
line of work, Yue, Castel, and Bjork (2013) presented participants with clear and

blurred words, followed by item-by-item JOLs. Their experiments showed a
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significant difference between blurred or clear words in JOLs but not memory

performance.

In another case, perceptual fluency may influence actual memory performance but
not the predicted performance. Sungkhasettee, Friedman, and Castel (2011) showed
40 words to the participants in either inverted or rotated 180° or upright conditions.
Participants were asked to report their JOLs after each item. They revealed that
participants were more likely to recall the rotated items than the upright items;
however, JOLs were not influenced by the rotation manipulation (see Besken,
Solmaz, Karaca & Atilgan, 2019, for a similar result). This can be explained by the
concept of desirable difficulties (Bjork, 1994): When participants have some
difficulties during encoding because participants are putting more effort into
encoding, this might produce deeper (Alter, Oppenheimer, Epley, & Eyre, 2007), and

more careful encoding (Song & Schwarz, 2008).

In another possibility, perceptual fluency might affect JOLs and actual memory
performance in opposite directions. In other words, a particular perceptual
fluency/disfluency manipulation may increase memory performance while
decreasing JOLs. Besken and Mulligan (2013) presented participants with intact and
backward masked words and collected both aggregate (in experiment 1) and item-by-
item JOLs (in experiment 2) for their prediction of future memory performance in
the free-recall task. In both experiments, the results revealed that both aggregate and
item-by-item JOLs were higher for the intact items than the masked items. However,
their memory performance was higher for masked than intact words. Besken and
Mulligan (2014) replicated the findings of the previous study with auditory
disfluency manipulation. Participants were aurally presented with words, which were

inter-spliced with silence or were intact. The results were consistent with the results
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in the previous experiment. Both aggregate and item-by-item JOLs were higher for
the intact items compared to the items inter-spliced with silence, with opposite

effects on actual memory performance.

Even if most of the time, perceptual fluency manipulation ends up with
inconsistencies between JOLs and actual memory performance, there are studies in
which perceptual fluency manipulation produces consistency between predicted and
actual memories. Yue, Castel, and Bjork (2013), for instance, examined the effect of
perceptual fluency on actual and predicted memories through blurring manipulation.
Participants studied blurred or clear words and gave JOLs after each item. They
found partially accurate JOLs for blurred words, indicating that they are quite
accurately predicting that they were not able to remember blurred words well.
Moreover, Undorf and Zimdahl (2019) manipulated the perceptual fluency through
font sizes (18 pt vs. 48 pt) to investigate its effect on JOLs and actual memory
performance. They found an increase in both memory predictions and memory
performance for larger font sizes compared to smaller font sizes; however, the
difference between fluent and disfluent items in terms of memory performances was

not high as much as the difference between the conditions in terms of JOLs.

As stated above, the effect of perceptual fluency on JOLs and memory might change
depending on various factors. In the current project, the effect of perceptual fluency
on memory is further studied in the misinformation paradigm to observe how it
influences predicted and actual memory performance as well as susceptibility to

misinformation.
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1.5 Perceptual Fluency, JOLs, and Susceptibility to False Memory

Since the perceptual fluency manipulation influences JOLs, it is also critical to
investigate how perceptual fluency manipulation influences false memories through
metamemory judgments. Participants’ JOLs are critical for the current thesis because
the misinformation paradigm might change people’s judgments (Frost, 2000). Thus,
the perceptual fluency manipulation may change JOLs, which in turn might change
the people’s strategies to regulate studying and remembering (Dunlosky & Rawson,
2012; Nelson & Narens, 1990). Alter et al. (2007), for instance, found that people
were more likely to choose more effortful and elaborative processing styles when
they had lower confidence in their learning. Similarly, Hanczakowski, Zawadzka,
and Cockcroft-McKay (2014) collected the people’s feeling-of-knowing (FOKSs) by
asking participants to report how likely they would recognize the unrecalled item in
the first cued-recall test. They found that participants were more likely to choose to
restudy the items with high FOKs. Moreover, Undorf and Ackerman (2017) tried to
examine whether JOLs prediction for the chance to recall in the future test- and study
time were related. They found a U-shape relationship between the self-paced study
time and JOLs, meaning that people were more likely to spend less time on the
items with lowest and highest JOLs (from 1 to 100) while they were spending more
time on the items with moderate level JOLs (between 21-60 out of 100), indicating

that people change their strategies according to their JOLs.

As discussed above, people tend to improve their memories by using strategies such
as restudying, longer study time, and so on. Since the disfluent presentation mostly
produces a decrease in JOLs, people might show a tendency to put in more effort into
encoding disfluent than fluent items by paying more attention or restudying to

disfluent items. In contrast, because disfluent items are difficult to process,
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participants may be less motivated to study those items less than fluent items,
creating a different pattern of results for actual recall. Therefore, it was critical to
investigate whether these strategies might be observed in the misinformation
paradigm in which participants were presented with inaccurate information while
restudying. Therefore, one of the aims was to investigate the influence of

metamemory judgments on susceptibility to the misinformation effect.

Another focus was to examine the direct relationship between perceptual fluency and
false memory. Since the disfluent presentation might distort the encoding process,
memory errors might be higher for those. Recently, the relationship between
perceptual fluency and false memory was examined through the DRM task (Sanchez
& Naylor, 2018). Their main aim was to test two different ideas for the DRM task.
On the one hand, some studies show that false memories might be reduced by
increasing detailed item-based attention which will decrease the automatic
processing (Hege & Dodson, 2004; Mccabe, Presmanes, Robertson, & Smith, 2004).
On the other hand, other studies show that detailed item-based attention might
increase false memories since the in-depth processing may increase the automatic
spreading of activation (Loftus, 2004). Sanchez and Naylor (2018) decided to use
perceptual disfluency to improve detailed item-based attention and observe whether

the item-based focus would increase or decrease the number of false memories.

They used classical six DRM lists from Roediger and McDermott (1995),
manipulating the disfluency in between subjects via font types (14 pt. Mistral font as
disfluent and 14 pt. Arial font as fluent). They controlled the perceived task difficulty
via scale from 1 to 10. Averages for two conditions were significantly different from
each other. They used both recall and recognition as a final memory test. Even

though they found a significant amount of false memory in fluent condition,
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participants recalled and recognized the lure item more in the disfluent condition.
However, they did not find any difference between fluent and disfluent conditions in
the accuracy of the responses. They interpreted that the relationship between fluency
and false memory was crucial to examine because even in the fluent conditions, they
found a significant amount of false memory, which might be critical for situations

involving eyewitness testimony.

In light of the previous literature, it is evident that metamemory judgments and
fluency are critical factors in the misinformation paradigm; however, it is not clear
how perceptual fluency changes the accurate, predicted, and false memory
performance in the misinformation paradigm; and how perceptual disfluency of the
original information influences the susceptibility to misinformation. Thus, the
current thesis project examines how disfluent presentation may change participants’
predictions, accurate and false memories in the misinformation paradigm and when
people witnessed the initial event disfluently, whether their susceptibility to post-

event misinformation increase due to their low JOLS, or not.

1.6 Main Questions of the Current Project

In the current project, participants were presented with stories consisting of images
either in their intact form (i.e., fluently) or with a checker-board mask (i.e.,
disfluently). After the initial encoding phase, all the stories in the encoding phase
were presented again in their intact form with twelve details’ changes (e.g., the
number of bananas that the girl bought changed from 2 to 3) as misinformation
manipulation. Their memories for the details from the first encoding phase were

tested through a forced-choice recognition test. Additionally, in Experiment 1,
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participants rated their subsequent memory performance from a scale ranged from 0-
100 (not confident I would remember quite confident | would remember,
respectively) to examine how the metamemory processes would influence the
relationship between fluency and false memory. Considering the related literature,
and with this method, the current thesis tried to test some critical questions and

hypotheses.

The first critical question was whether the perceptual fluency of the stimuli during
encoding changed the amount of false and accurate memories in the final memory
test. Depending on the question, the first hypothesis of the study was that the higher
false memory would be observed in the disfluent presentation condition. This
hypothesis was based on the idea that the disfluent presentation of the stimuli might
make participants more susceptible to post-event misinformation. While
investigating the distribution of the false memory to fluent and disfluent conditions,
it was also critical to observe whether the fluency of the information during the first
encoding would predict future memory accuracy. Since the disfluent presentation
decreased the quality of the encoding process, the second hypothesis was disfluent
presentation would significantly decrease the accuracy rates in the final memory test

compared to the fluent presentation.

The second question was whether the fluency during the encoding phase influenced
the people’s JOLs. In the current study, it is expected that participants will give
higher JOLs to fluent than disfluent items, in line with the most common findings in
the literature (Besken, 2016; Besken & Mulligan, 2013, 2014; Rhodes & Castel,
2008, 2009). Moreover, since the metamemory judgment impacts the people’s
learning strategies as mentioned above, it was crucial to investigate the effect of

JOLs in this relationship. The lower JOLs for the disfluent items would increase the
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people’s tendency to learn the following information more than fluent items, which

may potentially lead to increased susceptibility to misinformation.

The third question was to explore whether the JOLs would differ between the initial
encoding phase and the misinformation phase. To clarify, during the encoding phase,
people were exposed to some events, and during the post-event information phase,
they were exposed to the same events with small differences as misinformation
manipulation. In both phases, they were asked to report their judgments for the future
memory performance. Thus, it is crucial to investigate how the JOLs changed across
different items (changed vs. unchanged items) and different times (initial learning vs.
post-event information learning). There was not any particular hypothesis for the
third question since it was not clear in the literature. The answers were explored for

further studies.
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CHAPTER 2

EXPERIMENT 1

In Experiment 1, it was to examine the effect of fluency on metamemory and false
memory by using the misinformation paradigm. Participants were asked to study 8
stories, which presented through images. For half of the stories, the images were
fluent, so they were presented in their intact form. For the other half of the stories,
the images were disfluent, covered with a checkerboard pattern. Then they were
exposed to misinformation about the stories by changing the visual details of the
stories. All the images in the misinformation phase were presented in their intact
form. During both the learning phase and the misinformation phase, participants’
judgments of learning were collected to measure metamemory. In the end,
participants answered multiple-choice questions about the stories. The main question
was whether the fluency of the information during encoding changed the number of
false memories. We also examined the question of how the predictions of the future

memory performance alter the relationship between the fluency and the false
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memory. The main hypothesis was people would have less accurate and predicted

and more false memories for disfluent items compared to fluent items.

2.1 Method

2.1.1 Materials

The eight vignettes from Okado and Stark (2005) used to create false memories.
Each vignette consisted of fifty images that flow as a story. The general context of
the stories included both neutral events (e.g., a casual day in the school, shopping)
and criminal events (e.g., fight, robbery). Okado and Stark (2005) made small
changes in the misinformation phase of the study for the images (see examples in
Appendix A) to create false memories. Each story had 12 critical changes that were
presented in the misinformation encoding part. For instance, in the robbery vignette,
the thief crushed the door of the car via a credit card in the original encoding phase,
whereas he used a hanger in the misinformation phase. The images were used in both
the initial encoding phase and the misinformation phase so that we could manipulate
the fluency in the same manner during both encoding and misinformation phases. In
other words, by using a similar type of stimuli, we could create a similar feeling of

perceptual fluency in both the original encoding phase and the misinformation phase.
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Original Encoding Phase

Judgments of Learning (0-100)

4000 msec 4000 msec Self-paced

Misinformation Encoding Phase

Judgments of Learning (0-100)

@

4000 msec Self-paced

Distractor Phase

6 19| | 8
15 min

Test Phase

How did the man open the trunk?
1. Crowbar

2. Hanger

3. Lever

Self-paced

Figure 1 Four Main Stages of Experiment 1 Original Encoding Phase,
Misinformation Phase, Distractor Phase, Test Phase. In the original encoding phase,
participants either see the fluent or the disfluent image followed by JOLs. In the
misinformation phase, participants see the fluent version of the image with a small
change (e.g., credit card turns to a hanger). In the distractor phase, participants made
a paper-based Sudoku Test. In the test phase, participants were presented with each

question and asked to answer by using the numbers
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The fluency of half of the stories (four out of eight) was distorted by using a checker-
board mask (see in Figure 1). The checker-board mask was implemented to each
image via MATLAB programming by using .05 intensity. The intensity of the mask
was adjusted by asking pilot participants, whether they could see the specific items in
the image, or not. However, it was crucial to be sure that participants would perceive
the critical items due to the checker-board mask. Thus, after adjusting the intensity,
the survey was conducted with twenty random images with critical items via
Qualtrics. Participants were asked to report what was the critical object and to
evaluate how much time they needed to understand the item. For example, they were
asked to write the name of the object in a man’s hand. The accuracy of the responses
was higher than 90% for all the images. Thence, the images in disfluent conditions

were visible.

Since there were eight different stories, the Latin-square counterbalance rule for the
even-number of conditions was used for the order of stories. The second presentation
rule was that each story was distributed into fluent and disfluent conditions equally.
While adjusting the second role into the first one, the counterbalance rule for the
stories was partially changed. At the end of the counterbalancing, there were eight
different combinations of fluency and stories (see in APPENDIX D — a) The eight
different conditions were prepared in E-Prime. Each condition had an equal number
of participants who were assigned to conditions according to the order of

participants.

2.1.2 Pilot Study and Power Analysis

There were some critical changes in the method and materials from the method of

Okado and Stark (2005); therefore, we conducted a pilot study with thirty-two
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participants (13 females, M, 4, = 21.8, SD = 2.17) from I. D. Bilkent University.
Participants were given 20 Turkish Liras for their contributions. The pilot study
aimed to control 15 minutes Sudoku test as a distractor in the misinformation
paradigm and to determine the required participants’ numbers through Power

analysis.

A paired samples t-test with the accuracy percentage as dependent variable revealed
that there was a significant effect for fluency, t(31) = 4.71, p <.001, d = .82. Fluent
items (M = .59, SD = .09) produced higher memory performance than disfluent ones
(M =.52, SD =.1). The other important hypothesis was related to the comparison of
the fluent and disfluent conditions in terms of false memories. A paired samples t-
test with the amount of false memories as dependent variable showed that there was
no significant difference between the fluent (M = .65, SD =.11) and disfluent

conditions (M = .70, SD = .09), t(31) =1.97, p=.058, d = .35.

Depending on the results of the pilot study, a Post hoc power analysis was conducted
through G*Power3 (Faul, Erdfelder, Lang, & Buchner, 2007) to test the difference
between two dependent groups means using a one-tailed test, found effect size
(=.35), and an alpha of .05. Results showed that with thirty-two participants, the
study achieved a power of .62. Since the p-value was relatedly close to the .05, |
made power-analysis to determine the required sample size to reach a power of .80.
An a priori power analysis with a dependent group means using a one-tailed test, .35
effect size, and an alpha of .05 revealed that required participants’ number as fifty-
two. Because there were eight conditions, we decided to collect data from fifty-six

participants.
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2.1.3 Participants

Fifty-six students (34 females, M, 4, = 19.65, SD = 1.21) from 1. D. Bilkent
University participated in exchange for course credits. Participants were all native
Turkish speakers and had a normal or corrected-to-normal vision. The ethical
approval for the experiments was granted by Bilkent University Human Subjects

Ethics Committee.

2.1.4 Procedure

Participants were invited to the laboratory to attend the experiments. After signing
the informed consent, participants were given verbal instructions about the general
procedure of the experiments. The exact nature and the aim of the experiments were
not given to the participants to make the misinformation phase work. They were
informed that the study aimed to examine whether the repeated study sessions
strengthen the memory performance in a subsequent test and whether the strengths of
the memory performance change depending on the fluency of encoding. Thus,
participants were also warned that even if the general concepts of the stories would
be the same in the second sessions, they needed to study carefully in the second
encoding in order to see the effect of repeated study. The demographics information
(age, gender, handedness) were collected via E-Prime and entered by the
experimenters. After answering participants’ further questions, the experiment began
with a written instruction, which was similar to the verbal instruction (see Appendix

E).

The experiments consisted of four main sessions: original encoding, misinformation
phase, distractor, and test (see in Figure 1). In the original encoding phase,

participants were exposed to eight stories with fifty images. Half of the stories were
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presented in a fluent condition with intact pictures, whereas the other half were
presented in disfluent conditions with images covered with the checkerboard pattern.
Each image was presented for 4000 ms with a 500-ms inter-trial interval (IT1).
Okado and Stark (2003) used 3500 ms as a presentation time; however, the current
study used disfluent images that required more time to be processed. In the pilot
survey, besides asking participants to name the specific objects, they were also asked
to choose how much time they needed to see the detail of the image from the options;
3 sec, 4 sec, and 5 sec. The average time was 4 sec. Thus, the 4000 ms was adjusted

according to the results of the Qualtrics survey.

In the misinformation phase, participants were presented with the changed version of
eight stories. All images were presented in their intact form, regardless of whether
they were presented in fluent or disfluent forms during the initial encoding phase.
Each story had 12 changed details to produce misinformation manipulation.
Participants were told that the aim of the study was to see how multiple encodings of
the same story may change memory performance without being revealed that some
of the details had changed. During these two phases, participants were also informed
about the end of each story, via written instructions after each story. After the
instruction, participants decided when they moved to the next story by themselves to

provide them with time to rest.

During these encoding and misinformation phases, participants were asked to pay
attention to the details of the images. While studying each image, participants were
asked to make item-by-item memory predictions about their future performance.
After being presented with each picture, participants provided scores for how sure
they are whether they would remember the item on a later memory test on a scale

from 0 (not confident that I will remember this at all) to 100 (quite confident that I
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will remember this on a later memory test). The experimenters warned the
participants to use the whole scale while making their judgments. After encoding and
misinformation phases were completed, participants were given Sudoku tests for
fifteen minutes as a distractor task. Sudoku tests (medium level) were created on the
www.printmysudoku.com website. Okado and Stark (2005) originally used a
distractor period of two days to increase the time between encoding and test sessions.
However, it was hard to schedule meetings with the same participants twice;
therefore, we used 15 minutes of Sudoku as a distractor. In the pilot study, we
controlled whether 15 minutes was long enough for misinformation manipulation to

produce susceptibility to misinformation.

In the test session, participants completed a multiple-choice recognition memory test
with 18 questions for each story (144 questions in total). The questions from Okado
and Stark (2005) were used, and the questions were translated and adapted to
Turkish. Twelve of the questions were related to 12 critical items (see examples in
Figure 3). The order of the questions and the order of the choices were randomized
across conditions. In each question of the recognition test, participants were
presented with the information in the encoding phase, misinformation phase, and
some new information (foil item) as options. They were asked to choose the correct
answer in line with the details from the initial presentation of the event (encoding
phase). In other words, the questions had three alternatives forced-choice (3AFC)
recognition test: original item, misinformation item, and novel/foil item. The other
six questions were control questions with two foil and one correct choice (see
examples in Figure 2). All stories were tested in the same order they were presented
during the encoding phase to hold the time difference between encoding and test

phase equal for each story. In the study by Okado and Stark, participants also

30



completed a surprise source memory phase after the multiple-choice recognition
phase. This phase was excluded from the current study since our research question
was specifically related to the first presentation. Participants were asked to give their

responses by thinking about the images in the encoding phase.

Question
How did the man open the
It was not shown (foil)

trunk?
2. Access card (correct)

How did Sam get into the

building?
1. Another student (foil)

1. Crowbar (foil)

2. Hanger (foil)
3. Lever (correct)
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2.2 Results

The mean of the JOLs was taken for each condition; original encoding (Fluent

vs. Disfluent), misinformation phase (Fluent vs. Disfluent presentation on original
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encoding). Moreover, accuracy rates per condition (Fluent vs. Disfluent) were
counted. These data organizations were done via R (R Core Team, 2013) and Excel.
The descriptive and data analysis of Experiment 1 was conducted on Jamovi (The
Jamovi project, 2019). Before analyzing the data, the proportion of correct responses,
false alarms, and the amount of false memory were calculated (see formulas in
APPENDIX C). The difference between conditions for accuracy rates, false alarm
rates, and the amount of false memory (susceptibility to misinformation) was

compared across encoding conditions.

2.2.1 Memory Accuracy

The average accuracy of Experiment 1 including critical and control questions was
.55. A paired samples t-test revealed that there was a significant effect for fluency,
t(55) =4.66 , p <.001, d =.62. Fluent items (M = .58, SD =.09) produced higher
memory performance than disfluent ones (M = .52, SD =.1). The accuracy
comparison was also done separately for critical and control items. A paired samples
t-test for accuracy percentage of critical items yielded that accuracy rates for critical
items were higher in the fluent condition (M = .56, SD =.12) than disfluent condition
(M =.50, SD =.11), t(55) = 4.31, p <.001, d = .58. Similarly, a paired samples t-test
for accuracy percentage of control items showed that accuracy rates for control items
were also higher in the fluent condition (M = .30, SD = .04) than disfluent condition
(M =27,SD =.06), t(55) =2.64 , p <.001, d =.35. However, the Cohen’s d was
lower for the control questions compared to critical questions. This difference might
be related to the fact that the control items were presented two times whereas the
critical items were presented only once due to changed version in misinformation

phase.

33



To further investigate the memory performance, the corrected hit rates were
calculated by subtracting false alarm rates (foil + misinformation) from hit rates for
critical details. The comparison of fluent and disfluent conditions for corrected hit
rates showed that participants produced higher hit-rates for the fluent items (M = .12,
SD =.24) compared to disfluent items (M = -.006, SD = .21), t(55) = 4.32, p <.001,
d =.58. Moreover, a one-sample t-test was conducted to see whether the corrected
hit-rates were different from zero. A one-sample t-test revealed that corrected hit-
rates in fluent condition were significantly different from 0, t(55) = 3.96, p <.001, d
= .53 whereas corrected hit-rates in disfluent condition were not different from 0,
indicating that participants did not respond the questions based on their recall;

instead they probably guessed the answers depending on their intuition.

Besides the corrected hit rates, d' analyses were conducted to examine participants’
sensitivity to differentiate the choices. d-prime (d') was calculated by subtracting the
z transform of false alarms (i.e., total foil and false responses) from the hit rates (i.e.,
percentage of accurate responses). d' primes were calculated by using total false
alarm rates (i.e., any wrong response other than correct ones) and by using false
memories (i.e., the choice presented in misinformation phase) and foil responses
(i.e., unrelated choice) separately as false alarms. d' prime analysis with total false
alarm rates revealed a significant difference between the conditions, indicating that
participants' d primes were higher in fluent condition (4’ = .33) compared to
disfluent condition (d’ = -.01), t(55) = 4.40, p < .001, d = .59. The higher d' rates
meant that participants could differentiate the correct responses more in fluent
condition compared to disfluent ones. This result was in line with comparing fluent
and disfluent conditions in terms of memory accuracy rates. 2 [fluency (fluent vs.

disfluent)] x 2 [types of false alarms (false vs. foil)] repeated-measures ANOVA
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revealed that two significant main effects of fluency and types of false alarms,
showing that d' rates were higher for fluent items and d' rates were higher when only
foil responses were used as false alarms. The first main effect was the replication of
the t-test above, showing that participants' sensitivities were higher for fluent items
than disfluent items, F(1, 55) = 18.58, p <.001, p? = .25. The other main effect
showed that participants performed better at differentiating correct responses from
foil items (d ‘fuent = .51, d dgisfiuent = .72) compared to false items (i.e., items presented
in misinformation phase, d fiuent = -.38, d dgisivent = -.52), F(1, 55) = 426.68, p <.001,
ne® = .89, implying that misinformation manipulation might increase the confusion

and possibly produced false memories. The interaction effect was not significant.

2.2.2 False Memory

As a reminder, participants chose one of the choices among three choices: a correct
response, a misinformation response, or a foil response. The amount of susceptibility
to misinformation was calculated by dividing the amount of false memory (i.e.,
number of questions in which participants chose the item presented in
misinformation phase) into the total false alarm (sum of the misinformation
responses and foil responses). The number of foil responses was also calculated by
dividing the number of foil responses into the total false alarm. After calculating
each participant’s false memory and foil rates in fluent and disfluent conditions
separately, 2 [fluency (fluent vs. disfluent) x 2 types of response (false vs. foil)]
within-subjects design ANOVA was conducted. The significant main effect of types
of response revealed that the misinformation phase created false memories, F(1, 55)
=492.97, p <.001, 7,2 =.9. In other words, participants were more likely to choose
misinformation choices (Mdisfiuent = .69, Mruent = .71) compared to foil choices

(Mdisfiuent = .31, Msuent = .30). There was no significant main effect of fluency F(1,
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55) = 3.11, p = .08, which revealed that the fluency did not change the percentage of
foil and misinformation responses. Moreover, there was no interaction effect. The

fluency and types of responses did not affect each other.

There were some critical findings in this study. On the one hand, there was a
significant difference in the accuracy percentages between fluent and disfluent
conditions. On the other hand, there was no significant difference in the false
memory percentages between the conditions. Even if most of the time studies did not
found a change in memory performance due to fluency manipulation (see examples
in Besken & Mulligan, 2014; Rhodes & Castel, 2008, 2009), the difference in the
accuracy percentages was still the replication of the findings in the literature (see
examples in Yue, Castel, and Bjork, 2013; Undorf & Zimdahl, 2019). However, to-
date there were not any studies that investigated the effect of fluency on the
misinformation paradigm. Therefore, it was crucial to discuss the possible reasons
why there was no effect in the current experiment. One of the reasons might be the
high percentage rate of false memory in total (Maisfiuent = 69, Msiyent = 71), which
might make the difference between the groups invisible, if any. The high rate of false
memory might be due to the long duration of the experiment. Moreover, during
Experiment 1, participants were asked to give item-by-item JOLs, which might affect
memory performance in general. These reasons are discussed in a detailed way (see

in 2.3. Discussion).

2.2.3J0Ls

Before analyzing, the JOLs which were not appropriately given (e.g., not in the range
of 0-100, not in the number format) were eliminated from the data. Based on the

rules, the .002 percentage of JOLs (44 out of 22400) in the encoding phase and .003
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percentage of JOLs (63 out of 22400) in the misinformation phase were excluded
from the data. As expected, a paired samples t-test with the average JOLSs revealed
that people were more likely to assume they would not remember the details in
disfluent images well (M = 60.2, SD = 2.35) compared to fluent images (M = 63.3,
SD =12.22), t(55) = 3.30, p=.002, d = .44. So, perceptual disfluency made people
think they would not remember the items well when they experienced difficulty in
perceiving the items. This finding replicated the findings for perceptual fluency in
the literature (Besken & Mulligan, 2013, 2014; Mueller et al., 2014; Reber et al.,
1998; Susser et al., 2013). However, as we mentioned above, most of the time, there
might be metamemory illusion due to perceptual fluency manipulation. However,
participants’ JOLs accurately predicted real memory performance in Experiment 1.
In other words, participants did not only give lower JOLs scores to the disfluent
items compared to fluent items, but they could also recall the disfluent items less

accurately than the fluent items in the recognition memory task.

Table 1 JOLs of Encoding Phase in Experiment 1
(DF: Disfluent, F: Fluent, Total refers to the all details that were questioned, Critical
refers to the details which changed during misinformation phase, Control refers to

the details which did not change during misinformation phase)

Conditions Mean SD

Total F 63.3 16.6
Total DF 60.2 17.6
Critical F 66.4 15.6
Critical DF 63.0 16.6
Control F 64.1 16.2
Control DF 61.5 17.7
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Table 2 JOLs of Misinformation Phase in Experiment 1

(DF: Disfluent presentation in original encoding phase, F: Fluent presentation in
original encoding phase, Total refers to the all details that were questioned, Critical
refers to the details which changed during misinformation phase, Control refers to

the details which did not change during misinformation phase)

Conditions Mean SD

Total F 66.5 18.4
Total DF 64.6 18.9
Critical F 67.4 18.1
Critical DF 65.8 18.6
Control F 68.1 18.3
Control DF 65.8 19.0

To explore further, we analyzed the JOLs, which were given in the misinformation
encoding phase, too. The JOLs in the misinformation encoding phase were divided
into two groups as JOLs for fluently presented items in the original encoding phase
and JOLs for disfluently presented ones in the original encoding phase. As a
reminder, all the materials were presented fluently in the misinformation encoding
phase. So, while participants were giving the JOLs, they saw the images in fluent
conditions in which they were presented either in fluent or disfluent conditions
beforehand. Interestingly, a paired sample t-test revealed that there was a significant
difference between the fluently presented items and disfluently presented items,
meaning that participants gave higher JOLs for the fluently presented items (M =
66.5, SD = 2.46) than the disfluently presented items (M = 64.6, SD = 2.52), t(55) =
2.18, p=.03, d =.29. The results might be important to show that people’s first

judgment for material could affect later judgments for the same material.

38



Since the materials were presented fluently, the overall JOLs’ means in the
misinformation phase were higher than the encoding phase. However, it might be
critical to understanding whether the increase in JOLs changed across groups
(fluently presented vs. disfluently presented in first encoding) in order to reach
further interpretation. A 2 [first presentation fluency (fluent vs. disfluent)] x 2
[presentation time (first vs. second)] repeated-measures ANOVA was conducted.
There was a main effect of first presentation fluency; fluent items were given higher
JOLs, F(1, 55) = 9.24, p = .004, #,? = .14. There was also the main effect of
presentation time; the items were given higher JOLs in the second presentations F(1,
55) = 7.53, p =.008, 7,2 = .12. There was no significant interaction effect between
the variables. The insignificant interaction effect showed that the first presentation

fluency did not influence the increase in the second presentation.

Another important aspect of the current study was that there were changed details
(critical) and unchanged details (control). People made JOLs for both the unchanged
and changed items during the misinformation phase. For further exploration, it was
important to analyze whether people’s JOLs differed across critical and control items
from first to second presentation time based on the presentation fluency. To examine
the question, a 2 [first presentation fluency (fluent vs. disfluent)] x 2 [presentation
time (first vs. second)] x 2 [item types (critical vs. control)] repeated-measures
ANOVA was conducted, which replicated the results of the 2x2 ANOVA above. The
results revealed a significant main effect for the presentation time and the first
presentation fluency. Participants made significantly different JOLs from first to
second presentation F(1, 55) = 10.1, p =.002, 5,*> = .15. and for fluent and disfluent.
Their JOLs also increased from the first presentation to the second presentation.

There were no significant differences between the critical and control items in terms
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of JOLs. The results of the 2x2x2 ANOVA did not yield any significant interaction

effect among the variables.

2.3 Discussion

Depending on these results of JOLs, it might be concluded that disfluent presentation
produced a decrease in JOLs, repeated exposure caused an increase from the first
presentation to the second presentation and participants’ JOLs did not differ
according to the item types in general. The result of fluency was the replication of
the general findings in the literature (see in Besken & Mulligan, 2014; Rhodes &
Castel, 2008) and affirmed the hypotheses related to JOLs. Moreover, the increase in
the second presentation might be explained by the mere-exposure effect, which made
the items more fluent and produced higher JOLs. The non-significant result of
critical and control items comparison showed that the details’ changes did not
influence people’s JOLs in the second presentation. Participants might not be aware

enough to change their judgments for the critical items.

In addition to these critical findings, another important aspect of the results was the
difference between the effect of fluency on accurate and false memories. Whereas
the performance was decreased through the disfluent presentation for accurate
memories, the number of false memories, in other words, susceptibility to
misinformation, did not change across fluent and disfluent presentations. Moreover,
d’ analyses also revealed that participants’ accuracy rates were higher for fluent
conditions compared to disfluent ones, and participants were more likely to
differentiate the correct choices from foil choices compared to false choices, which

supporting the memory accuracy findings. The results supported the hypotheses

40



related to actual memory performance, but not the false memory. This difference
might have originated from providing JOLs throughout the experiment. In the
literature, the effect of providing JOLs while learning the material on the subsequent
memory performance for the material was named as JOL reactivity. There are a wide
variety of results related to the JOL reactivity phenomena. Previous findings
supported that providing JOLs produce higher memory performance in the final
cued-recall test (Myers, Rhodes, & Hausman, 2020; Rhodes & Tauber, 2011;
Soderstrom, Clark, Halamish, & Bjork, 2015). Witherby and Tauber (2017)
maintained that improvement of the making JOLs during encoding might be
observed in both short-term memory test (2 min after the study) and long-term
learning test (3 days after the study). However, the reactivity effect might be
observed depending on the methodological structure of the experiments. For
instance, Janes, Rivers, and Dunlosky (2018) used related and unrelated pairs as the
stimuli and found that the making JOLs increased the relatedness effect more in the

mixed list compared to the pure list.

In contrast to these findings, there are also some studies in which the making JOLs
did not produce any further improvement in the subsequent memory test. Soderstrom
et al. (2015) observed the JOLs improved the cued-recall performance just for the
related pairs, but not for the unrelated ones. Furthermore, other studies did not find
any change in memory performance due to JOLs (e.g., Begg, Martin, & Needham,
1992; Tauber & Rhodes, 2012). Unlike Rhodes and Tauber (2011), Double, Birney,
and Walker (2018), in their meta-analysis, found that there was no effect of making
JOLs during encoding on the future memory performance regardless of the
methodological settings. They found the reactivity effect when they created sub-

groups (e.g., memory performance for related pairs). These findings suggested that it
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was essential to control the effect of JOLs on memory performance to eliminate the
possible unknown effect of JOLs, if any. Therefore, | decided to conduct Experiment

2 with some changes.
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CHAPTER 3

EXPERIMENT 2

Since the results of Experiment 1 might have been affected from JOL reactivity and
the long duration of the experiment, we decided to eliminate JOLs and shorten the
duration. This, in turn, might also eliminate the reactivity effect for JOLs, if any,
since the mere act of making JOLs might have an effect on the memory performance
in terms of the accuracy and false memory rates (Janes et al., 2018). The method was
identical to Experiment 1. The only difference was that metacognitive judgments
were excluded from this study for both the encoding and misinformation phase,
which decreased the duration for half an hour. The main hypothesis was people
would have less accurate and more false memories for disfluent items compared to

fluent items.

3.1 Method

3.1.1 Participants

Fifty-six students (34 females, M, 4, = 19.65, SD = 1.21) from I. D. Bilkent

University participated in exchange for course credits. Participants were all native
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Turkish speakers and had normal or corrected to normal vision.

Original Encoding Phase

4000 msec 4000 msec

Misinformation Encoding Phase

4000 msec
Distractor Phase

[sfe]e] |

[4]2[6] | o]
3|7 1

HEEECEE
619 8
15 min

Test Phase

How did the man open the trunk?
1. Crowbar

2. Hanger

3. Lever

Self-paced

Figure 4 Four Main Stages of Experiment 2: Original Encoding Phase,

Misinformation Encoding Phase, Distractor Phase, Test Phase.
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3.1.2 Procedure

The materials were identical to Experiment 1. The procedural details were similar to
Experiment 1. In this experiment, the same materials were presented in the same
way. Different from Experiment 1, the JOL procedure was eliminated from the
study, which shortened the duration of the experiment from two hours to one and a

half hours and leads to a more continuous presentation of the story (see in Figure 2).

3.2 Results

The descriptive and data analysis of Experiment 2 was also conducted on Jamovi.
Before analyzing the data proportion of correct responses, false alarms, and the
amount of false memory were calculated via R. The difference between conditions

for accuracy rates, false alarm rates, and the amount of false memory was compared.

3.2.1 Accuracy

The total average of accuracy percentage in Experiment 2 was .53. A paired samples
t-test revealed that the effect of fluency on accuracy replicated the results of
Experiment 1. The fluent items (M = .56, SD = .09) produced higher memory
performance than disfluent ones (M = .49, SD =.07), t(55) = 6.61, p<.001, d = .8.
The effect size of the fluency effect on accuracy was larger than the Experiment 1.

The JOLs might be the reason for this difference.

As in Experiment 1, the accuracy comparison was also conducted separately for
critical and control items. The results of two separate paired samples t-tests for
critical and control items revealed a significant difference between fluent and

disfluent conditions. For the critical items, critical items in fluent condition (M = .56,
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SD =.1) produced higher memory performance compared to the critical items in
disfluent condition (M = .47, SD =.09), t(55) = 6.12, p <.001, d = .8. Likewise, the
control items in the fluent condition (M = .29, SD = .05) produced higher memory
performance than control items in the disfluent condition (M = .26, SD =.04), t(55) =
2.29, p<.001, d = .3. As expected, in Experiment 2, the effect size of critical items
difference was also larger than the effect size of control items. The reason for the
small effect size might be the repetitive presentation of control items while the

critical items were presented only once.

As in the analysis of Experiment 1, the corrected hit rates were used for the further
investigation of the memory performance, specifically for critical details. The
corrected hit rates comparison for the fluent and disfluent conditions manifested
higher hit-rates for the fluent items (M = .12, SD = .23) compared to disfluent items
(M =-.006, SD =.2), t(55) =6.16 , p <.001, d = .82. In a similar vein, a one-sample
t-test was conducted to compare the corrected hit-rates with zero. A one-sample t-test
showed that the result of Experiment 2 was similar to Experiment 1 for fluent
condition, in which corrected hit-rates were significantly different from zero, t(55) =
3.85, p <.001, d = .51. In contrary to Experiment 1, corrected hit-rates in disfluent
conditions were also significantly different from zero in Experiment 2, t(55) = -2.40,

p=.02,d=.32.

In addition to these analyses, we conducted d’ prime analyses in the same way with
Experiment 1. A paired samples t-test revealed that participants' d primes were
higher in fluent condition (dnivent= .32) compared to disfluent condition (d ’fiyent = -
.16), t(55) = 6.11, p <.001, d = .59. This result implied that participants could
differentiate the correct responses more in fluent condition compared to disfluent

ones. Moreover, 2 [fluency (fluent vs. disfluent)] x 2 [types of false alarms (false vs.
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foil)] repeated-measures ANOVA replicated the results of Experiment 1.
Participants' d primes (i.e., sensitivity while differentiating the correct and wrong
choices) were higher for fluent items than disfluent items, F(1, 55) = 36.7, p < .001,
np? = .4. Also, d primes were higher for foil items (d *fient = .63, d ‘dgisfiuent = .46) than
false items (i.e., items presented in misinformation phase, d ‘fiuent = -.30, d dgisfiuent = -
.61), F(1, 55) = 275.21, p < .001, 5% = .83, implying that misinformation
manipulation might increase the confusion and possibly produced false memories.

The interaction effect was not significant as in Experiment 1.

3.2.2 False Memory

2 [fluency (fluent vs. disfluent) x 2 types of response (false vs. foil)] within-subjects
design ANOVA was conducted after calculating each participant’s false memory and
foil rates in fluent and disfluent conditions separately. There was a main effect of
response type which revealed that the misinformation manipulation created
significant amount of false memory F(1, 55) = 350.13, p <.001, #,°= .86. The
misinformation choices (Maisfiuent = .69, Mtiuent = .67) were chosen more than the foil
choices (Mdisfiuent = .33, Mrent = .31). The main effect of fluency was not significant,
meaning that the fluency did not influence the tendency to remember foil and false
choices as correct answers. Since the interaction effect was not also significant, it
could be concluded that fluency of the information did not change the amount of

false and foil responses.

Even if the results of the Experiment 2 replicated the results of Experiment 1, it was
critical to see whether JOLs had a further effect on the results. Since it was not
planned to analyze the effect of JOLs across the experiments, we did not control for

the time spent for giving JOLs during encoding phases. However, to reach further
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understanding, we compared the two experiments with each other. Interestingly, the
means for the accuracy (Misfiuent1 = 52, Mdisfiuentz = 49, Mriyent1 = 58, & Mient2 =
56.4), false choices (Mdisfluentr = 69.3, Misfiuentz = 69.4, Mfiuentr = 71, & Miientz = 67)
and foil choices (Misfiuents = 30.7, Maisfiuentz = 30.6, Mtiuent1 = 29.5, & Msigentz = 32.6)

did not differ across experiments.

3.3 Discussion

Experiment 2 was conducted without JOLs to control the possible effect of making
JOLs. In this experiment, misinformation manipulation significantly created false
memories in the subsequent memory test. Moreover, in parallel with the results of
Experiment 1, the results of Experiment 2 showed that disfluent presentation
decreased the accurate memories but did not influence the false memories. Results
suggested that a lack of making JOLs did not change the direction of the results. For
the further comparison of false and accurate memories in Experiment 1 with JOLs
and Experiment 2 without JOLs, an independent sample t-test with the percentages
of accurate (Mexperimenttfiuent = 0.58, Mexperiment2fiuent = .56, Mexperimentidisfiuent = 0.51
Mexperiment2disfluent = .48) and false memories (Mexperimentifivent = 0.71, Mexperiment2fiuent =
.67, Mexperimentidisfiuent = .69 Mexperimentzdistiuent = .69) revealed no significant different
between the experiments. Moreover, in Experiment 1, there might be a fatigue effect
since the experiment took two hours. In Experiment 2, even though the duration of
the experiment decreased, the means of accuracy rates in fluent and disfluent

conditions also decreased.

In the comparison of corrected hit-rates with zero, we found a negative correlation,
which suggested that people responded to the questions significantly below the

chance level, showing that disfluent presentation produced lower memory than
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chance level. However, in the previous experiments, there were 400 stimuli for the
initial encoding phase and 400 stimuli for the misinformation encoding phase, which
might create confusion due to lots of unrelated details that were not used as critical
or control. The number of unrelated items might decrease the participants' attention
for the critical and control details, which were asked in the final memory tests.
Furthermore, d’ analyses revealed that d primes were higher for fluent condition
compared to disfluent condition, indicating that participants’ sensitivities (i.e., how
accurate they differentiate the correct choices from wrong choices) were higher in
fluent condition than disfluent condition. Due to the high amount of noise,
participants might confuse and not learn the critical details well. The decrease in
accuracy in disfluent conditions might also be explained through the effect of noise. |
expected to observe an increase in false memories due to noise; however, the effect
of noise might increase the overall false memories, which might eliminate the
difference between the fluent and disfluent conditions. To investigate further, |
decided to conduct Experiment 3 with a smaller number of stimuli; therefore, |
decreased the number of vignettes and the number of images in each vignette, which

would decrease the number of unrelated details and the duration.
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CHAPTER 4

EXPERIMENT 3

The results of Experiment 2 showed that both the low accuracy level and high false
memory rate stayed the same with Experiment 1, even if we decreased the time from
two hours to one and a half hours and removed the JOL task. It meant that there was
no JOLs effect on memory performance. In other words, we did not observe the
reactivity effect. However, the number of false memories were still high for the
fluent and disfluent conditions. Therefore, it was important to investigate whether the
higher false memory rates prevented the acquisition of the fluency effect on false
memory through the misinformation paradigm. Therefore, in Experiment 3, two

modifications to the experimental procedure were made.

In the previous experiments, there were many details in the images which were
unrelated to critical details. The twelve images were used as critical images, and six
images were used as control images, and the remaining twenty-two images were just
unrelated images to the final memory test. These unrelated images might produce
some confusion. They might increase memory confusion through proactive and

retroactive interference since they increased the noise in the stimuli set, which might
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result in higher false alarm rates. Therefore, the first change was decreasing the
number of unrelated pictures. While decreasing the number of unrelated pictures, the
logical flows of the stories were controlled by asking pilot participants. Moreover, in
both studies, participants were forced to respond during the 3-choice recognition-test,
which might produce guess responses. Since the distribution of the amount of guess
response into the fluent and disfluent groups was unknown, it was also critical to
control the effect of guess responses. Thus, in the current study, the small box was
presented after each image during the recognition phase, and participants were asked
to indicate that they guessed the response by filling in the box after answering the

question.

4.1 Method

4.1.1 Participants

Seventeen students (9 females, M, 4, = 20.88, SD = 1.97) from I. D. Bilkent

University participated in exchange for course credits. Participants were all native

Turkish speakers and had normal or corrected to normal vision.

4.1.2 Materials

In this experiment, the materials were presented in the same manner. Different from
Experiment 2, we decreased both the number of stories and the number of images in
each story. The number of stories was decreased from 8 to 4. The number of images
in each story was also decreased from 50 to 30. In this case, participants were
presented with 240 images (in total during original and misinformation phases)

instead of 800 images. The order of conditions was partially counter-balanced,
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depending on these changes (see in APPENDIX D — b). The same rules with
Experiments 1 and 2 were used. As in Experiment 2, we did not collect JOLs to
prevent an increase in the duration. Due to the decreased number of images,

Experiment 3 took 40-45 minutes only.

Four stories for Experiment 3 were chosen according to the flow of stories and
vividness of the details. In other words, we presented stories to the people of the
independent group and asked which details they remembered more. Moreover, we
paid attention to hold the flow of stories logically while choosing 30 images for each
story. At the end of the process, each story had 30 images with 12 critical, six

control, and 12 filler images.

4.1.3 Procedure

The procedural details were similar to previous experiments. Different from the
previous experiments, to control guessed responses, we asked participants to report
the questions that they thought they did not see the detail and gave their responses
based on intuition during the recognition phase. They reported the questions with the
guessed responses by filling a box that was presented after the participant gave a
response to the recognition test question. For instance, a participant did not see
which object a man in the story was holding in his hand. First, we asked her/him to
answer the question, depending on their intuition. Then, they wrote the “x” letter to
the box to mark the box when they were confident that they could not see the detail.
During this phase, participants were informed about not marking the box for the
questions that they could not remember or be sure. Exact instruction for guess

response which was used during the experiment is below:
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“Please, fill the box which will appear just after you respond the question if only
you think you could not see the detail that was asked for and you were guessing
the answer intuitively. Please, do not fill the box when you think you did not

recall accurately, or/and you were not sure about your answer.”

4.2 Results

The analyses were made both with and without box-control. The without box-control
analysis refers to the analyses including all the responses participants gave; whereas,
with box-control refers to the analyses in which the guess responses (i.e., the
responses participants wrote X to the box) were subtracted from the data. Before the
subtraction, there were 36 responses in each condition per participant; the average
total number of questions in fluent and disfluent conditions fell into 29.2 (21.1

critical and 8.1 control) and 28.6 (20.7 critical and 7.8 control), respectively.

4.2.1 Without Box Control

Since Experiment 3 consisted of 4 stories with 30 images, the results without box
control were also critical to examine whether decreasing the number of stimuli and
the noise due to unrelated images with critical details influenced the results or not.
As a reminder in this analysis, all responses participants gave, including guess
responses (i.e., participants filled the box) were used; therefore, there were 72
responses (36 fluent and 36 disfluent) in total. The without box-control analysis
provided a chance to compare the results with the results of Experiments 2 since the

only difference from it was the number of stories and images.
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4.2.1.1 Accuracy

The total average of accuracy percentage in Experiment 3 without box-control was
.59. As expected, the overall accuracy rate was higher than the previous experiments
since the number of filler images in Experiment 3 was lower than the previous ones.
The results of a paired samples t-test demonstrated that participants were more likely
to recall the fluent items (M = .66, SD = .12) accurately compared to disfluent ones
(M =.52,SD =.09), t(16) = 4.13, p < .001, d = 1. Even if the small number of
participants, Cohen’s d was higher than the previous experiments, certifying that the
difference between fluent and disfluent conditions in terms of the accuracy rate was
observed better with a lower number of stories and lower number of images in each

story.

The separate analysis for accuracy rates of critical and control items produced results
similar to previous experiments. Critical items in the fluent condition (M = .65, SD =
.14) were more likely to be remembered accurately compared to the critical items in
the disfluent condition (M = .53, SD = .14), {(16) = 2.85, p =.012, d = 0.69.
Moreover, control items in fluent condition (M = .67, SD =.15) were more likely to
be remembered accurately compared to the control items in the disfluent condition
(M =.50, SD =.11), t(16) = 3.68 , p =.002, d = 0.89. As expected, the effect size of
the analysis for critical items were higher than the effect of the analysis for control
items that were repeatedly presented. Accuracy rates comparison for fluent versus

disfluent presentations replicated the findings of previous experiments.

As in the previous analysis, the corrected hit rates were used for further investigation
of the accuracy rates of critical details. A t-test for the comparison between fluent

and disfluent conditions showed higher hit-rates for the fluent items (M = .30, SD =
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.29) compared to disfluent items (M = .05, SD =.28), t(16) = 2.85, p <.012, d = .609.
Since one of the aims of Experiment 3 was to increase the accuracy rates, a one-
sample t-test for comparison of corrected hit-rates with zero was critical to examine
so that we can see whether the corrected hit-rates were different from zero (i.e.,
chance level). A one-sample t-test revealed that the corrected hit-rates in fluent
condition was significantly different from 0, t(16) = 4.42, p <.001, d = 1.071. In
contrast the corrected hit-rates in disfluent conditions were not significantly different
than 0, t(16) = 0.78, p = .44, d = .19 in Experiment 3 without box control, showing

that participants’ responses were still based on intuition mostly.

Similar to previous experiments, d’ prime analyses revealed that in fluent condition
(d’=.85) d primes were higher compared to disfluent condition (d’ = .14), t(16) =
2.94, p =.01, d =.71, showing that participants’ were more sensitive while
differentiating correct and wrong choices in fluent condition than disfluent.
Moreover, 2 [fluency (fluent vs. disfluent)] x 2 [types of false alarms (false vs. foil)]
repeated-measures ANOVA showed participants' d primes were higher for fluent
items than disfluent items, F(1, 16) = 8.61, p <.01, #p? = .35. Moreover,
participants’ d primes were higher for foil items (d fiuient = 1.37, d dgistiuent = .99) than
false items (d ‘fiuent = -.51, d ‘disfiuent = -.85), F(1, 16) = 58.9, p <.001, np> =.79. The
other main effect indicated that misinformation manipulation might increase the
probability to confuse false choice (i.e., the item presented in misinformation phase)
with correct choice, which refers to the susceptibility to misinformation. The

interaction effect was not significant, as found in previous experiments.

4.2.1.2 False Memory

The rates of false and foil responses of participants were calculated separately for

fluent and disfluent conditions. 2 [fluency (fluent vs. disfluent) x 2 types of response
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(false vs. foil)] within-subjects design ANOVA revealed that participants choose the
false responses (Maisfiuent = .80, Mriwent = .82) significantly more than the foil response
(Mdisfiuent = .18, Mruent = .20) in the final recognition test, F(1, 16) = 88.4, p <.001,
ne° = .85. The significant difference between the false and foil response showed
misinformation manipulation created false memories, and participants assumed that
they saw the changed details in the first presentation even though they were

presented with misinformation during the misinformation phase.

One of the aims of the current project was to examine whether disfluent presentation
increased the false memory rates, or not. The results showed that there was no effect
of fluency on the rate of false memories. Moreover, there was no interaction between
the fluency and the probability of choosing foil or false items. It might be concluded
that even if the duration of Experiment 3 was shortened, and the number of noises
decreased, the disfluent presentation did not change the number of false memories.
Besides, the shorter duration and the decrease in the noises increased the accuracy

rates.

4.2.2 With Box Control

In the analysis with box control, the responses in which participants reported they
guessed the response by filling the box were excluded from the data. 18% of data in
fluent condition and 20% of data in disfluent conditions were excluded. After
excluding the guess responses, the calculations and analyses were done with the rest
of the questions in fluent and disfluent conditions, and the average number of
questions in fluent and disfluent conditions were 29.2 (21.1 critical and 8.1 control),

and 28.6 (20.7 critical and 7.8 control), respectively.
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4.2.2.1 Accuracy

The total average of accuracy percentage in Experiment 3 with box-control was .65.
The overall accuracy rate was higher than all previous findings, including without
box-control analysis of Experiment 3. In this analysis, we controlled both for
unrelated images and the wild guess responses. A paired samples t-test showed that
the effect of fluency on accuracy replicated the results of previous experiments and
with box control analyses of Experiment 3. The fluent items (M = .73, SD = .14)
produced higher memory performance than disfluent ones (M = .56, SD = .14), t(16)
=4.22,p<.001, d=1.02. The effect size of the fluency effect on accuracy was

larger than all previous results despite the smaller number of participants.

Accuracy rates of fluent and disfluent conditions were also compared separately for
critical and control items. The analyses showed that ,as in the previous results,
fluently presented critical items (M = .69, SD = .16) were remembered more than the
disfluently presented critical items (M = .55, SD =.17), t(16) = 3.17, p =.006, d =
0.76. The same analysis for control items produced similar results, showing that
fluently presented control items (M = .81, SD =.17) were more likely to be recalled
accurately than the disfluently presented control items (M = .60, SD = .16), t(16) =
3.97, p=.001, d = 0.96. Interestingly, the effect size of the analysis for control items
was larger than the effect of the analysis for critical items. The change in the
direction of the effect size compared to the previous studies might be due to the
control of guess responses. A t-test comparison across fluent and disfluent conditions
with corrected hit rates of critical responses showed that higher hit-rates for the
fluent items (M = .38, SD = .32) compared to disfluent items (M = .09, SD = .34),
t(16) =3.17, p =.006, d =.76. In Experiment 3 with box control, accuracy rates

increased compared to all other conditions and experiments; therefore, a one-sample
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t-test for comparison of corrected hit-rates was critical to examine whether the
corrected hit-rates were different from zero. The result of a one-sample t-test showed
that the corrected hit-rates in fluent condition was significantly different from zero,
t(55) = 4.89, p <.001, d = 1.19; however, the corrected hit-rates in disfluent
conditions were not significantly different in Experiment 3 with box control. The
result pointed out that participants were still answering intuitively even if their
overall accuracy rates increased. As in all previous analyses, in Experiment 3 with
box-control analysis, d” primes did not differ across fluent and disfluent conditions
for total false alarm rates (p > .05), false responses (p >.05), and foil responses (p >

05).

In Experiment 3 with box-control analysis, it was interesting to conduct d” prime
analyses since the overall accuracy rates increased both for fluent and disfluent
items. The results replicated the previous experiments and the condition. A paired
sample t-test manifested that d primes were higher in fluent condition (¢’ = 1.12)
compared to disfluent condition (d’ =.27), t(16) = 3.57, p =.002, d = .84.
Participants’ differentiations were more accurate in fluent condition compared to
disfluent. Furthermore, 2 [fluency (fluent vs. disfluent)] x 2 [types of false alarms
(false vs. foil)] repeated-measures ANOVA revealed that d primes were higher for
fluent items than disfluent items, F(1, 16) = 11.4 , p = .004, 5,*> = .41. Participants’ d
primes were also higher for foil items (d ‘fuent = 1.74, d distient = 1.24) than false items
(d fluent = -.62, d dgisfivent = -.98), F(1, 16) = 41.7, p <.001, 5> = .72. The results
indicated that accuracy was higher in fluent condition, and participants differentiated
correct response more easily in fluent condition than disfluent one. The

misinformation manipulation might increase the probability to confuse false choice
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(i.e., the item presented in misinformation phase) with the correct choice. The

interaction effect was not significant.

4.2.2.2 False Memory

Each participants’ rates of false and foil responses were calculated for fluent and
disfluent conditions, separately. 2 [fluency (fluent vs. disfluent) x 2 types of response
(false vs. foil)] within-subjects design ANOVA revealed that the false responses
(Mdisfiuent = .80, Mruent = .82) were chosen significantly higher than the foil response
(Mdisfiuent = .18, Miuent = .20), F(1, 16) = 88.4, p < .001, #p? = .85, meaning that false
memory manipulation worked properly. However, there was no main effect of
fluency manipulation on the probability to choose foil or false response. There was
also no significant interaction effect between fluency and types of response, showing

that fluent or disfluent presentation did not change the number of false memories.

Even if the possible effect of guess responses were controlled in Experiment 3 (see in
with box control part), all the results were in line with the previous experiments.
Since the results were the same, it might be interpreted that there is no direct effect
of guess responses on the results of previous experiments. To find out proof from the
data for this interpretation, and 2 (box control) x 2 (fluency) x 2 (types of response)
ANOVA was conducted with the expectation of no significant interaction effects
between any combination of variables. The effect of box control and the interaction
effects were not significant, revealing that the guess responses did not influence the

results (see F values and p values in Table 3).
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Table 3 Results of 2 (box control) x 2 (fluency) x 2 (types of response) ANOVA

F p n’p
Box Control -1.54e—13 1.00 -0.00
Fluency 9.11e-14 1.00 0.00
Types of Response 109.7524  <.001  0.87
Box Control = Fluency -1.11e—14 1.00 -0.00
Box Control = Types of Response 3.6678 0.07 0.18
Fluency = Types of Response 0.2341 0.64 0.01

Box Control = Fluency =+ Types of Response 0.0199 0.89 0.001

Table 4 Means of Accurate and False Memories in Experiment 1, Experiment 2, and

Experiment 3

(The numbers in parentheses refers to the standard deviations)

a. Accuracy Percentage and Corrected Hit-Rates of 3 Experiments

Accuracy Percentage  Corrected Hit-Rates

Conditions Fluent  Disfluent  Fluent Disfluent
Experiment 1 58 (.09) .52(1) .12(.24) -.006 (.21)
Experiment 2 56 (.09) .49 (.07) .12(.23) -.006(.2)

Experiment 3 - with box .72 (.14) .56 (.13) .38(.32) .09 (.34)

Experiment 3 - without box .66 (.1) .52 (.09) .30(29) .05 (.28)

b. False Memory Percentages of 3 Experiments

False Memory Percentage

Conditions Fluent Disfluent
Experiment 1 .69 (.08) .70 (.08)
Experiment 2 .67 (.09) .69 (.09)
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Table 4 (cont'd)

Experiment 3 - with box .82 (.15) .80 (.16)

Experiment 3 - without box 79 (1) 7 (1)

4.3 Discussion

Experiment 3 was conducted to control the number of unrelated details and guess
responses to examine whether these two variables had an effect on previous
experiments. | was planning to collect data from 56 participants to reach .85 power
depending on the power analysis; however, the data collection process was
interrupted due to Covid-19. | decided to report the data from 17 participants. In the

future, further research might be conducted to reach appropriate power.

Despite the small number of unrelated details and control for guess responses, the
results of Experiment 3 replicated the results of Experiment 1 and 2. The results
affirmed that participants recall more accurately in the fluent condition than in the
disfluent condition; however, their false memories did not differ across conditions, as
also found in previous experiments. The analyses with corrected-hit rates and d
primes also replicated the results of previous experiments. According to these results,
it can be interpreted that the encoding process was corrupted through the disfluent
presentation; however, the decrease in accuracy did not increase false memories. |
compared the results with box control and results without box control, which showed
accuracy rates increased when the guess responses were eliminated; however, there

was not any difference between the direction of the results.
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CHAPTER 5

GENERAL DISCUSSION

5.1 Interpretation of Results and Theoretical Explanations

The current thesis project examined how fluent and disfluent presentation of the
information influences memory predictions, actual memory performance, and false
memories. There were three main questions: whether memory predictions and their
accuracy would change when the information was presented in an intact or masked
(1), whether actual memory performance would change depending on the fluency
manipulation (2), format whether the perceptual disfluencies during the original
encoding of an event may make participants more susceptible to misinformation if
the misinformation is presented in a perceptually fluent manner (3). In three sets of
experiments, participants were presented with stories consisting of images (eight
stories with fifty images in Experiment 1 and 2; four stories with thirty images in
Experiment 3). Half of the stories were shown fluently, in their intact form, while the
other half were shown with the checker-board mask to make the images perceptually

disfluent. Participants were asked to study these images carefully. After the encoding
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phase, misinformation manipulation was used to create false memories. In the
misinformation phase, participants saw all the stories that they saw in the encoding
phase again in their intact form with twelve details’ changes (e.g., the tool that guy
used to break the door was changed from a hanger to a credit card). Participants were
informed to pay attention to the stories during this phase as well because they were
deceived that the true nature of the experiment was to examine the effect of repeated
study sessions on predicted and actual memory. In the end, they were tested on their
memories through a forced-choice recognition test. For the test session, they were

informed to use only the details from the original encoding phase.

In Experiment 1, additionally, participants were asked to rate their future memory
performance from a scale ranged from 0-100 (not confident I would remember quite
confident | would remember, respectively). JOLs were collected to see how the
metamemory processes would make a change in the relationship between fluency
and false memory. In Experiment 2 and 3, participants did not make JOLSs so that the
effect of making JOLs, if any, can be investigated. Experiment 3 examined the
possible effect of guess responses and noises due to a high number of unrelated
items. Since the recognition test was forced-choice, in Experiment 1 and 2,
participants could guess when they could not recall the exact information. Therefore,
participants were presented with a box after each response. They were still required
to respond, but they also needed to report which responses they guessed by filling the
box. Moreover, since there were a high number of images (800 in total) with lots of
information, there were a high number of unrelated details that were not asked in

memory test and might create noises.

Results showed that participants made lower memory prediction for the disfluent

items and recalled them less accurately compared to fluent ones, indicating that they
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had relatively accurate memory predictions for their performance. In other words, a
metacognitive illusion of perceptual fluency was not observed in the current project.
Moreover, Experiment 2 and Experiment 3 replicated the findings of Experiment 1,
which showed that disfluency influenced the actual and predicted memory in the
same direction. Therefore, it can be concluded that making JOLs and the guess
responses did not change the results. These results of JOLs were in line with the
perceptual fluency hypothesis, which argues people assume they would not
remember disfluently presented items compared to the fluently presented items
regardless of the actual memory performance (Besken & Mulligan, 2013, 2014;

Rhodes & Castel, 2008, 2009).

Interestingly, the previous findings for the effect of fluency on actual and predicted
memory mostly predicted a dissociation between predicted and actual memory
performance. The possible dissociation between the actual and predicted memory
happened due to metamemory illusion (Rhodes & Castel, 2008) or desirable
difficulty (Bjork, 1994). The former suggested that people might predict lower
memory performance in disfluent conditions; however, manipulation for fluency
actually did not affect the memory. These examples were mostly observed in the
perceptual fluency manipulation that did not influence whether the person learns the
object or not (e.g., Rhodes & Castel, 2008). Rhodes and Castel (2008) manipulated
the perceptual fluency through font size, and people assumed the smaller font size
decreased the probability of recalling the information compared to the larger font
size. The latter argued that if the fluency manipulation increased the effort
participants invested while studying, the difficulty produced higher memory
performance for the hard-to-learn (disfluent) items. For instance, even if reading the

information was an easier task than retrieving the information, Karpicke et al. (2009)
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found that the memory performance was higher for the retrieving compared to re-
reading them due to deeper (Alter et al., 2007), and more careful encoding (Song &
Schwarz, 2008). There were also some examples that the effect of fluency
manipulation congruently influenced the actual and predicted memory (Dunlosky &
Nelson, 1992); however, they mostly found that delayed JOLs for predicting the
future memory performance was more accurate compared to immediate JOLs.
However, the participants made immediate item-by-item JOLSs, and they accurately

predicted their future performance.

There might be some possible explanations for the partially inconsistent findings
with the literature. Koriat and Bjork (2005) proposed people used intrinsic and
extrinsic cues to make JOLs, which influence the accuracy of JOLs. Moreover,
processing and perceptual fluency were introduced as one of the immediate cues for
JOLs (Jacoby & Kelley, 1987; Rhodes & Castel, 2008). Therefore, the first possible
explanation for the high accuracy in making JOLs might be related to the decrease in
the actual memory performance due to disfluency manipulation. In other words, the
perceptual fluency cue served as a helpful cue for the reality in which participants’
performances for disfluent materials were lower than those for fluent materials. Even
if the pilot study was conducted to control whether participants perceived the
material accurately in disfluent presentation, the disfluency manipulation might still
distort the encoding process. The second explanation might be related to the
accuracy increase in the process of making JOLs. In other words, people might use
different cues other than perceptual fluency. They might accurately monitor the
strength of the encoding process. In the literature, it was supported that even if the
cues for JOLs might be misleading (Benjamin, Bjork, & Schwartz, 1998), Koriat and

Shitzer-Reichert (2002) proposed that JOLs accuracy increased when people used the
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internal cues as the base for them. Another explanation might be related to the effect
of practicing in making JOLs. In the current study, participants gave 400 JOLS in the
original encoding phase, followed by 400 more JOLS in the misinformation phase.
Koriat (1997) also found that people used internal cues more when they were
exposed to repeated study cycles, which might be the reason for accurate JOLS in the

current study.

Moreover, further analysis of JOLs revealed some critical points. The first one was
that, in the misinformation phase, participants gave higher JOLS to the items that
were previously presented fluently in the encoding phase compared to the items that
were presented disfluently in the encoding phase, although all items were presented
fluently in the misinformation phase. In other words, while people were giving JOLS
for the items, they saw the items in fluent condition; however, they made JOLs based
on fluency in the initial encoding phase. The types of stimuli might explain this
continuing effect of fluency on JOLs. The reason for this interesting finding might be

story-like stimuli.

Furthermore, participants made higher JOLs in the misinformation phase compared
to the initial encoding phase regardless of the first presentation fluency. This increase
was expected for the disfluent items since they were initially presented in disfluent
conditions, followed by fluent. As it was mentioned above, people’s JOLs for the
fluent items are higher than the disfluent ones. An interesting thing in these findings
was an increase in JOLs for fluent items. This result might be explained through the
mere-exposure effect, which refers that repeated exposure to a stimulus produced
perceptual fluency by increasing the ease of processing (Bornstein & D’ Agostino,
1994). The mere-exposure has an impact on people’s judgments on the stimuli

(Reber et al., 1998; Tiede, Derksen, & Leboe, 2009). More specifically, Tiede et al.
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(2009) found that repeated exposure to a stimulus produced higher JOLs than a one-

time presentation.

Another aim was to investigate whether the perceptual fluency of the stimuli during
encoding changed the amount of false memory, or susceptibility to false information
during the misinformation phase, in the subsequent memory test. | hypothesized that
participants would be more inclined to integrate details from the misinformation
phase to their memory if they did not clearly see the information in the original
encoding phase, resulting in higher levels of false memory for disfluent than fluent
stories. The basic logic behind the hypothesis was that people’s beliefs about their
future memory performance might change their tendency to learn the information
during the second presentation and/or disfluent presentation might directly distort
memories, which increases the memory errors. In the literature, it was found several
times that people were more likely to give higher JOLs for the fluent items than the
disfluent items (Besken & Mulligan, 2013; Rhodes & Castel, 2009). Most of the
time, these predictions might produce certain behaviors to improve future recall,
such as restudying the item with low JOLs (Hanczakowski et al., 2014), studying the
item with low JOLs longer (Undorf & Ackerman, 2017); directing attention
accordingly (Marsh et al., 2005). In this case, it might be the possibility that the
disfluent presentation of the stimuli might make participants more susceptible to
post-event information since they were more likely to willing to learn the following
information. The second explanation might be disfluent presentation decreased the
effectiveness of encoding; therefore, people might not encode the initial information
enough, which produces weak traces; therefore, the second information is more

likely to interfere with the first information.
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The results showed that participants are less accurate for disfluent than fluent stories.
However, the integration of the false information from the misinformation phase is
not significantly different for fluent and disfluent stories: In other words, the higher
probability of choosing information from the misinformation phase compared to the
foils was similar for fluent and disfluent conditions. Interestingly, the number of
false memories were high for both conditions. It was important to examine the
reasons behind the high rate of false memories. Thus, Experiment 2 and Experiment
3 were conducted. In Experiment 2, | controlled the JOLs reactivity effect by
excluding the JOL phase from the experiment. In Experiment 3, | controlled for the
possible effect of guess responses by inserting a guess-box to the recognition phase
and for the possible effect of high number stimuli by subtracting some of the images
from the stories. In both Experiment 2 and 3, findings for the number of false
memories separately for fluent and disfluent conditions and non-significant effect of
fluency on the number of false memories were similar to Experiment 1, suggesting
that there was no difference between the fluent and disfluent presentation during
encoding in terms of how much misinformation is integrated to the real memories
during the misinformation paradigm, regardless of whether the information is

presented fluently or disfluently in the original encoding phase.

As it was supported in Experiment 3, there could be some other possible reasons
rather than guess responses and noise due to a high number of unrelated details.
Firstly, the disfluent presentation might prevent people from encoding the details
well enough to recall in the final test. As we can see from the one-sample t-test
analysis for the comparison of corrected hit-rates to 0, participants responded below
the chance level for disfluent items, indicating that they did not learn well. Secondly,

participants might pay more attention to the fluent items to increase their overall
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memory performance since they assumed that they would be more likely to
remember them (see in Experiment 1). In other words, people might realize disfluent
details were not remembered well, so they tried to increase their performance by

investing more in fluent ones.

There might also explanations for the result that disfluent presentation did not change
the susceptibility to post-event misinformation. It was interesting how people were
not more susceptible to misinformation when they did not learn well in the disfluent
condition in the initial encoding phase. The first explanation might be related to the
effectiveness of metacognitive control processes. Maybe, participants might not try
to increase their performance by paying more attention to the following information
in the misinformation phase. Even if the misinformation paradigm created a
significant amount of false memories, people might not use a further strategy for the
disfluent items, so I did not observe more susceptibility. Moreover, participants were
informed that they would restudy the same set of stimuli; however, they might still
realize the changes in the details; thence, they did not want to learn the wrong
information. In a further study, it can be controlled whether participants realized the
misinformation manipulation by a question at the end of the experiment so that we
can examine whether the awareness changes the results or not. The second
explanation might be a high number of false memories for both fluent and disfluent
conditions. As the results revealed, participants were susceptible to misinformation
in both conditions; therefore, it can be interpreted that disfluent presentation might
not have a further effect since the susceptibility to misinformation reached the

ceiling.

For further understanding, it was important to compare the findings of Sanchez and

Naylor (2018) and our study for false memory. In contrast to Sanchez and Naylor
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(2018) findings, we did not observe any difference between fluent and disfluent
presentations in terms of false memories. It is important to point out that they found
that disfluent presentation increases the number of false recalls. They manipulated
perceptual fluency through font types and measured false memories via the DRM
paradigm. The nature of the tasks might be the reason behind the difference between
the findings. On the one hand, in the DRM paradigm, as we discussed above, people
made false memories due to the associations between the given items and the
ungiven items in which the semantic relatedness of given items to ungiven items
produce false recall of the ungiven item. On the other hand, misinformation
manipulation causes false memories because of source-confusion and/or the
confusion or omission of initial traces. The disfluent presentation might cause an
increase in the confusion due to association; however, it might not be that much

affected in the source or trace confusions.

Other critical differences between the nature of the experiments were the way of
disfluency manipulation and the types of stimuli. They manipulated the fluency
through font size, and the stimuli were the words; however, in our experiments,
images were presented via the checker-board mask. Even if the checker-board
manipulation was controlled to make it disfluent enough but still perceptually visible,
it was still harder than the font size manipulation to see. People might pay attention
to the disfluent items due to their low JOLs for those items, which might make them
learn the details more effortfully in the disfluent images. Therefore, the possible
difference between the fluent and disfluent presentations in terms of the number of

memory errors might not be observed.
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5.2 Limitations and Further Studies

The higher rate of false memories and the results that are inconsistent with the
expectations might have possible explanations. The first reason might be the real
absence of the difference, meaning that people might not be open to take the
following information more, even if they assume that they would not remember the
information in the final test. The second reason might be the effect of instruction on
people’s strategies. Depending on the findings in the literature, one of the
assumptions was that people would prefer restudying and paying more attention to
the following information for the items that were presented disfluently in the first
encoding phase. However, participants were instructed to pay attention to the
information in the misinformation phase because they were deceived that the study's
true nature was to examine the effect of repeated study trials on memory
performance. Since they were informed about the importance of studying the
information in the second encoding (misinformation phase), participants should pay
attention to all items similarly in the misinformation phase regardless of the fluency
of the first presentation. Therefore, even if they showed a tendency to restudy the
items disfluently presented in initial encoding, they might follow the instruction and
pay attention to all the details in the second encoding. Thus, misinformation
manipulation might produce a similar amount of false memories for fluent and
disfluent items. Further studies with different instructions might be conducted to
observe whether the disfluent presentation influenced people's learning strategies

through JOLs.

Since the false memories are most critical to real criminal cases, the current study
aimed to examine the effect of fluency on actual and predicted memory performance

and false memory with a method including witnessing an event process; thus, the
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stimuli consist of stories with a logical flow. The first limitation was related to the
logical-order of stimuli. In most of the metamemory research, participants were
mostly asked to provide JOLs for unrelated stimuli (Rhodes & Castel, 2008, 2009);
however, in the current project, they provide JOLs for the set of stimuli which
creates a story. Stimuli were presented in the same order within stories across
participants. Thus, the possible effects of presenting items in a logical order could
not be investigated. For instance, participants might use cues from the logical order,

meaning that they could guess the response depending on the flow of stories.

Moreover, maybe, the logical order might not just affect the actual memory
performance but also influence memory predictions. Since the results showed that
participants' JOLs show a continuing pattern from the first presentation to the second
presentation, it is essential to examine the further effect of story-like stimuli on
JOLs. Participants might have overall judgments for each story depending on their
fluency in initial encoding. So, they might remember their initial judgments in the
original encoding phase, which influences their process of making JOLs in the
misinformation phase. The results might differ in a study where participants make
item-by-item JOLs for unrelated items, which might be a further study to observe
whether the continuing effect of fluency on JOLs will continue. For instance, images
that are unrelated to each other might be fluently and disfluently presented in the
initial encoding phase, and then some of their details might be changed for
misinformation manipulation. As in Experiment 1 of the current project, they will
report JOLs in both encoding phases. In this case, they will make JOLs for each item
independently. If the continuing effect in the current project was observed due to the
story-like stimuli set, | expected not to see the continuing effect of JOLs from the

first presentation to the second presentation.
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In daily life, when individuals witness a crime, they might be exposed to
misinformation through various sources, such as police-questioning, media, social
media, or post-event suggestions. In the court, an eye witness' responsibility is to
recall the details of the original event, without being affected by the post-event
information. Therefore, in the current study, participants were asked to recall
information from the initial encoding phase. This manipulation aimed to use a
method closer to the real eye witnessing process in which the witnessing an event
followed by misinformation and questioning about the initial event. Thus, | made
participants to recall from the specific source (e.g., original encoding phase). It might
be interesting to examine whether participants’ susceptibility to information changes

when they are asked to recall both from initial and second encoding phases.

Moreover, since the images were only used as stimuli, it might be interesting to
examine what if we manipulated misinformation through verbal stimuli (e.g., usage
of narratives with misinformation, leading questions, etc.), would this change the
results? Usage of images might provide participants with the same context in the
initial phase, which might increase their overall memory mistakes, especially in
fluent condition. If the misinformation is manipulated through verbal stimuli, the rate
of susceptibility to false memory might be lower. Another interesting thing might be
the investigation of the usage of images in the test phase. The recognition test was
presented through images with foil (i.e., unrelated choice), false (i.e., the choice
presented in misinformation phase), and correct (i.e., the choice presented in original
phase) responses. Using images in the test phase might probably increase overall
memory performance. Since the images in the test phase will be the same with either
original or misinformation phases, they provide participants with cues that might

lead participants to reach an accurate source of information.
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The manipulation might be done within or between-subjects design. In a within-
subjects design, participants recall half of the stimuli from the initial encoding phase
and a half from the second encoding phase, and in between subjects case, half of the
participants are asked to recall from the initial encoding and the other half from the
second encoding phase. Thus, we can control the effect of retroactive interference,
referring that new information interferes with old information (Kreutzer, DelLuca, &
Caplan, 2011) so that we can observe the source-confusion due to disfluent
presentation. Furthermore, in this kind of method, different combinations (e.g., fluent
followed by disfluent, disfluent followed by disfluent) might be used to examine the

effect of fluency manipulation on the probability of source confusion.

5.3 Conclusion

To conclude, this study shows that exposure to the post-event information produces
false memory for the initial event, and disfluent presentation of the initial event
decreases the probability of accurate recall. Moreover, people make accurate
predictions for their future memory performances depending on the fluency
manipulation: they assume they would be less likely to remember the disfluent
information compared to fluent ones, and they remember fluent information more

than disfluent information.

These results are important for the real eyewitness testimony cases. If a person
witnesses a murder, and s/he partially sees the murderer used a knife, a police officer
should be careful about the accuracy of her/his recollection about the event. If the
person is exposed to post-event misinformation, then the results suggest that her

recollection will probably include false information. As discussed above, one of the
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reasons for false memory is the suggestive question with false information (e.qg.,
asking the person was the weapon a gun). One of the factors that experts should
consider for eyewitnesses is the perceptual clarity of the eyewitness during the
original event. If the crime happened in a poorly-lit area, if there were impediments
to clear perception of the events such as physical obstructions, non-corrected
eyewitness vision, it is important to evaluate their testimony accordingly. Events that
are not clearly perceived will not be remembered well. The current study shows that
this type of impediment in the current paradigm does not necessarily increase the
integration of false details to the original event, but it increases accurate memories
significantly. Finally, the current study implies that eyewitnesses can predict the
direction of their subsequent memory performance accurately. If they are unsure of
their perceptual clarity during the encoding of the event, they are able to assess this
well. Thus, it is a good idea to ask participants whether they saw the event clearly in

the first place before using their testimony in the court proceedings.
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APPENDIX A EXAMPLES OF CHANGES IN THE IMAGES
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APPENDIX B FORMULAS FOR ACCURATE AND FALSE MEMORIES

Abbreviations

False Memory: FaMe

False Alarm: FA

Accuracy: Ac

T: Total

F: Fluency

DF: Disfluency

Foil: false and unrelated choices in the recognition test (e.g., crowbar)
Misinformation: ‘mis’ — false and the choices presented differently in the second
presentation (e.g., hanger)

Correct: correct choices (e.g., credit card)

Control = ‘cont’ — the stimuli which do not change in the second presentation
Critical = ‘crit’ — the stimuli which change in the second presentation

Proportion = Prop

The number of correct responses

TAc =

© = The number of questions (144)
TAc F = The number of correct responses in fluent condition

= TThe number of questions in fluent condition (72)
Ac F Crit = Number of correct responses to questions with mis in F condition

ALt = Number of questions with mis in F condition (48)
Number of correct responses to questions with foils in F condition
Ac_F _Cont = - - - e
Number of questions with foils in F condition (24)
The number of correct responses in disfluent condition

TAc_DF =

The number of questions in disfluent condition (72)
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. Number of correct responses to questions with mis in DF condition
Ac_DF Crit =

Number of questions with mis in DF condition (48)

Number of correct responses to questions with foils in DF condition

Ac_DF _Cont =
c-orton Number of questions with foils in DF condition (24)
Number of mis responses
T_FaMe_Prop = - -
Sum of mis and foil responses
Number of mis responses in fluent condition
FaMe_Prop_F =

Sum of mis and foil responses in fluent condition

Number of mis responses in disfluent condition
FaMe_Prop_DF =

Sum of mis and foil responses in disfluent condition

Number of foil responses in fluent condition

Foil_Prop_F =
it Sum of mis and foil responses in fluent condition

Number of foil responses in disfluent condition

Foil P DF =
orFTop- Sum of mis and foil responses in disfluent condition
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APPENDIX C ORDER OF CONDITIONS — PARTIAL APPLICATION OF LATIN

SQUARE COUNTERBALANCE

a. Order of Conditions in Experiment 1 & Experiment 2 (S: Story, DF:

Disfluent, F: Fluent, Numbers refers to the stories (e.g., S1 means first story)

Conditions Trial1 Trial2 Trial 3 Trial4 Trial 5 Trial 6 Trial 7 Trial 8
C1 S1-DF  S2-F  S8-DF  S3-F S7-F  S4-DF  S6-DF  S5-F
C2 S2-DF  S3-F S1-F  S5-DF S8-DF  S4-F S7-F  S6-DF
C3 S3-DF S4-DF S2-F  S5-F  S1-DF S6-DF S8-F  S7-F
C4 S4-DF S5-DF  S3-F S7-DF  S1-F S6-F  S2-DF  S8-F
C5 S5-F  S7-DF  S4-F  S2-DF S8-DF S3-F  S6-F S1-DF
Cé6 S6-F S7-DF S5-DF S8-F  S4-F S1-DF S3-DF S2-F
Cc7 S7-F  S6-F S8-DF S2-DF S5-F  S1-F  S4-DF S3-DF
c8 S8-F S1-F S7-DF S2-F S6-DF S3-DF S5-DF S4-F

b. Order of Conditions in Experiment 3 (S:

Story, DF: Disfluent, F: Fluent)

Conditions Trial 1 Trial 2 Trial 3 Trial 4
Cl S1-DF S2-DF S4-F S3-F
C2 S2-F S3-DF S1-DF S4-F
C3 S3-F S4-DF S2-F S1-DF
C4 S4-DF S1-F S3-F S2-DF
C5 S4-DF S2-F S3-DF S1-F
C6 S1-F S4-F S2-DF S3-DF
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APPENDIX D COMPUTER SCREEN FOR FIRST INSTRUCTION

‘ziuiseq eun$ny (aoeds) ynjSoq uid! yewe|Seq ziues.izeq

JIPaRdWUS]YIq ZIUBWEWIOS NJOS Jig ISUBYJaY 32UISAINS ASBUS( "ZNUNJOS UBpeWE|Seq UBJIN| BSIBA ZNUNJOS Jig ISUBYISH

"ZIUISeq BUNSNY Ja3ud dIMI|Rq 1ZIUISI|UIWS BWIBILRH “ZIULIS] Yeseur|ny ISiee wn}

BOUNSNP|O UNWINW A }24aunénp IUILIBWE) ULIBJIABS UB|O Jepey 3,00T USp,T 1zIuswJipua)iagdaq Nipapawusapyaq Ziuawuip|iq
yeJeue||ny LiejiAes uejo Jepey 9,00T USP,T IZIUIBIjulWwd WeIRH U1229Us)S! ZIUswIpus|4adap 1ziuedeAejiney IAl Jepey au
9pLIa|l IwsaJ znungnpjo $NWiIOS BIUOS USPWISAI JIg JBH JIPZIUBWIS 1EXYIP Bie[ARISP BA ZIUBW[BIUI BP|DS JIg I1RYIP WS Jig
Jay uaua1s| uapz| Juyear|nuNs (uepew o [98ua Jiq 18ueyJay) 1au as! wsiy Jiq (ap|pjas Siwjuedey 11azn ejAiselyel ewep) uedewjo

19U 1WsIy JIq ULIB|9ARMIY NGLEIR|NUNS YeJe|o WIS zIS JajaAeyiy ng u1x03]1121508 aAeyy 1ape § azis epulwsly ewsie)
nwinjog ewsije)
1591 9A nyjopns ‘ewsi|e3 Jetyay
‘ewsi|eS Lipepjewsn|o uspwn|og ¢ ziwiAsua( UnSiWuUeIIZRY UISI YaWwa|4l[2q 143]4Q1 e} UaAd|18 IuIsuew.opad y9|9q Asuap ng

‘z1uIp|988oy aziwiAsuag
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APPENDIX E COMPUTER SCREEN VIEW OF AN IMAGE AND JOLs

hatirlama eminligi (0-100):
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APPENDIX F COMPUTER SCREEN FOR RESTUDY PHASE INSTRUCTION

‘ziuiseq eunsénj (soeds) ynjsoq uidl yewe|Seq ziueslizeH

JIPIPPWUINR] ZIUSWMIRQ Ip|Iy3S yede|o 1uhe
B|WISI| 12ULIIG 1UISIUIWS BWEJRY BIUOS UIPWISJ JBY BP BPWISIY NG JIPapRRWUI)Rq
ZIUSWIA|R2Ul AP|1NRS J1g 13BIP 1UlIBjARIDP ULIB|WISY 113 IePWISIY 12UlIg BPWISH| NG
Jpjeae|nuns(uepew|o [93us Jiq 1ISueyJaay) 1au/yide 1sday aA uaplusA JajsAediy ueinuns
BPWISIY| 1DULIQ 3ZIS 9pWN|OQ Ng “ZIUISYR23533 aunwin|oq ewsijed uapiuad ipwis

‘ZIUIP|93 _UNUOS UlUIWSIY ewSIje)
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APPENDIX G COMPUTER SCREEN FOR TEST PHASE INSTRUCTION

'ZIUBWJBA Ya12undnp
[uly$ LepPInpInUNS BPWISH| 1DULIG UlIS|9ABY 1Y 1ZIulie|deAdd usua)yaq
uapzI§ Upeae|yeldyey nsdnpjo 11181 ajAsAey 1y 13uey upsal ‘@auo uspuLlSa)
uiuaAey1y Jay azIS UIpapaWua)aq ziuewe|deAsd nsnJos 1593 gT uldl aAeyiy
J9H U1p}229|132u0A sejnios 11131 ejAliejAelap ulis|aAey Iy azis apwin|oq ng

nunjog 151
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