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Thesis abstract

Classically, episodic memory is considered a subcategory of declarative memory and is
accessible to conscious report. But recent clinical and brain imaging findings have led to a new
processing-based-memory model. According to this model episodic memory is defined as a
rapidly formed memory of novel associations that can be retrieved in a flexible manner.
Hypothetically, a memory with these characteristics can exist at both conscious and
unconscious levels. The main aim of this thesis is to test the possibility of unconscious
encoding and subsequent unconscious retrieval of complex visual associations and

investigating their underlying neural correlates using fMRI.

In chapter 1, I review the literature about unconscious visual episodic memory and behavioural
measures and neural mechanisms related to it. In chapter 2, using eye tracking, I test the
possibility of unconscious encoding and unconscious retrieval of complex visual association
according to the processing-based-memory model. This makes a foundation for chapter 3, in
which I use functional magnetic resonance imaging (fMRI) to test whether the main brain areas
known to be involved in conscious episodic memory are also involved in unconscious visual
episodic memory. In this chapter I also used eye tracking simultaneously with fMRI to
investigate the possibility of a correlation between viewing behaviour and brain activation
related to unconscious episodic memory. Chapter 4, presents a functional connectivity analysis
on these fMRI data to find the underlying neural mechanism for modulation of viewing

behaviour by unconscious episodic memory.

Overall, the findings in this thesis provide support for the existence of a memory with the
characteristics of episodic memory without conscious awareness. This memory recruits the
main brain areas that are involved in conscious episodic memory and modulates viewing

behaviour through interaction with bottom-up attention network. Chapter 5, presents a general

Vi



discussion about the implications of these findings, limitations and questions for future

research.
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Chapter 1- general introduction

Department of Cognitive science, Macquarie University, Sydney NSW 2109,

Australia






General introduction

1.1 Importance and implications of unconscious memory

We have all been in situations where we could not recall a previously encountered event. But
the same event could be subsequently recalled with details in the presence of an appropriate
cue. One of the key questions in the literature about memory and recall is whether we need to
deliberately or consciously recall an experience, or whether events can be encoded and

retrieved without our consciousness (Henke 2010).

The capacity and influence of our unconscious mind is the topic of intense curiosity and study,
but it is difficult to investigate. It has a vast importance in many aspects like clinical cases,
social relationships, immoral behaviour in criminal cases, and economics. For example, there
are studies exploring the unconscious effects of advertisements on our decisions against our
will or other studies on heuristic decision making (Janiszewski 1990, Mychaskiw, Horowitz et
al. 2001, Gigerenzer and Gaissmaier 2011, Kent, Mashour et al. 2013). From the clinical point
of view, there are reports of conscious recall of intraoperative events under general anesthesia
(Lubke, Kerssens et al. 2000, Mychaskiw, Horowitz et al. 2001, Kent, Mashour et al. 2013).
Such patients are prone to distress and psychological sequelae because of the intrusive recall
of the unconsciously encoded event (Kent, Mashour et al. 2013). Results from previous studies
also shows that depressed patients show preferential recall of negative information at the
unconscious level compared with non-depressed people (Watkins, Vache et al. 1996). Implicit
emotional memory is also of dominant interest in studies of emotional disorders like post-
traumatic stress disorder. For instance, in a novel study in 2013 Kuriama and his colleagues

showed that suppression of conscious recall of details related to a traumatic event increases the
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unconscious recall of the emotional components of that event (Kuriyama, Honma et al. 2013).
Overall, these studies emphasize that unconscious encoding and retrieval of events can affect
the behaviour and decisions of healthy individuals and can also contribute to psychological

disorders which makes it an important area of research.

1.2 Classic definition of episodic memory

Episodic memory is a special neurocognitive system through which we can remember past
events (Tulving 2002). The idea of a distinction between episodic memory and semantic
memory is based on the nature of the memorised material; It particularly depends on whether
retrieved items are personally experienced events or general concepts and knowledge (Tulving
1972). Considering a distinct biological structure for episodic memory was initially based on
the investigations in patients with brain damage or animals with experimental brain lesions.
Based on his neurological investigations in 1985, Nielsen reported that there are two pathways
for two different type of declarative memory, one is memory of personal experiences and the
other is memory of acquired knowledge (Nielsen 1958). This was an important finding that
made the way for defining episodic memory as a memory related to encoding and retrieval of

events.

To provide a framework for the role of medial temporal lobe, particularly the hippocampus, in
episodic memory, I will explain the anatomical organization of this region. Monkey studies
using silver impregnation method (Foot and Foot 1932), have shown that the hippocampus
receives converging connections from modality specific areas and also association areas (Van
Hoesen, Pandya et al. 1975, Van Hoesen and Pandya 1975, Mishkin, Suzuki et al. 1997).
According to these studies, neo-cortex is connected to medial temporal lobe via projections to

entorhinal and parahippocampal gyrus. The anatomical connections of hippocampus with neo-



cortex makes it a suitable candidate for forming memories of different events. Early clinical
findings showed that even small amount of damage confined to hippocampus is enough to
produce significant amnesia (Zola-Morgan, Squire et al. 1986, Victor and Agamanolis 1990).
Patients with brain lesion in hippocampus showed a deficit for episodic memory of everyday
life experience (Vargha-Khadem, Gadian et al. 1997). These patients did not show any deficit
in factual knowledge, literacy or language competence. These findings led to the initial idea
that hippocampus mediates memory of events as opposed to facts (Mishkin, Suzuki et al. 1997,

Tulving 2002).

But according to these initial definitions, episodic memory was defined as conscious encoding
and retrieval of events (Mishkin, Suzuki et al. 1997, Tulving 2002). Most commonly, studies
of patients with medial temporal lobe lesion showed a deficit in types of memory that were
accessible to consciousness. In contrast, these patients performed quite normally in implicit
memory tests that did not require a conscious report (Milner, Corkin et al. 1968, Knowlton,
Ramus et al. 1992, Clark and Squire 1998, Levy, Stark et al. 2004). These observations
contributed to a proposal that hippocampus was a hub for the formation and retrieval of the
conscious (and only conscious) form of episodic memory. To study unconscious episodic
memory, we need a new model that embraces both the conscious and unconscious aspects of

episodic memory.

1.3 Toward a memory model for unconscious episodic memory

There were other clinical observations that made our way towards a new memory model that
embraced both conscious and unconscious forms of episodic memory. In 1982, Warrington
and Weiskrantz reported an interesting finding on amnestic patients with medial temporal lobe

damage. These patients were presented with word pairs that were semantically close or distant.



After a delay, their relational memory was tested by asking them to retrieve one of the words
after they viewed the other word from each pair. Medial temporal amnestic patients showed a
retrieval deficit only in word pairs that were semantically distant compared with semantically
close pairs (Warrington and Weiskrantz 1982). Subsequent experiments on patient Y.R with
bilateral hippocampal lesions showed specific deficits in her recognition memory for
associations between items that belonged to different categories (e.g. face and sounds).
Interestingly, her performance was relatively normal for the same tests on related items or intra-
item associations (e.g. features of the same face). The patient’s normal performance for the
related items could be due to facilitation of retrieval by familiarity of the related items as a
unique representation. The authors suggested that the preserved familiarity memory for related
items could be produced by Y.R’s intact medial temporal lobe cortices outside the
hippocampus. Her bilateral hippocampal lesions could have resulted in the loss of her memory
for novel relations (Mayes, Holdstock et al. 2002, Mayes, Holdstock et al. 2004). These
findings suggested a revised role for the hippocampus in forming novel relations that may not

be limited only to conscious mnemonic processes.

Further studies on priming effects in amnestic patients revealed more insight about the role of
hippocampus in memory. In a word completion task, amnestic patients were presented with
related (e.g. dog cat) and unrelated word pairs (e.g. window reason). Their memory for these
items was tested indirectly by asking them to complete fragments of each word by the first
word that came to their mind (e.g., rea- for reason). The words were presented in the same pair
or in a new pairing of the words. Healthy subjects had better performance for the same pair
condition compared with the novel pair condition. Their performance was used as a measure
for unconscious relational memory. Contrary to normal subjects, amnestic patients did not

show a facilitation of performance in the same pair condition for unrelated words, but their



Long-term memory

Declarative memory Non-Declarative memory
(Explicit) (Implicit)
Episodic memory Semantic memory | | Procedural memory | |[Priming | |Conditioning| | Habituation

Figure 1. Traditional classification of memory based on consciousness. The memory class that
includes the capacity for conscious recollection is called declarative memory (Explicit
memory). The non-declarative memory (Implicit memory) refers to a class of memory that
includes unconscious memory functions. Declarative memory is classified into episodic
memory and semantic memory subclasses. Episodic memory encompasses the conscious
encoding and recollection of personally experienced events. Semantic memory includes
general knowledge that is not driven from recollection of a personal experience (Tulving 2002).
Non-declarative memory involves all types of memory that manifest in behavioural changes
rather than conscious recollection. These include procedural learning of skills and habits,

priming, conditioning and habituation (Squire, Stark et al. 2004).

performance was normal for semantically related words in both conditions (Schacter and Graf
1986, Shimamura and Squire 1989)). Such studies provide more support for the hypothesis that
the role of hippocampus in forming new relations may include unconscious mnemonic

processes (Schacter and Graf 1986, Shimamura and Squire 1989).



Further evidence for the unconscious aspect of episodic memory comes from functional
magnetic resonance imaging (fMRI) studies. fMRI, gives us the opportunity to make inference
about changes in the activation of deep brain structures like hippocampus through changes in
oxygenated blood flow while performing a cognitive task. There is accumulating evidence from
fMRI studies about hippocampal activation during unconscious encoding and retrieval of
associated items (Degonda, Mondadori et al. 2005, Daselaar, Fleck et al. 2006, Kirwan, Shrager
et al. 2009, Reber, Luechinger et al. 2012, Duss, Reber et al. 2014, Zust, Colella et al. 2015).
For example in a pioneering study by Hannula et al (Hannula, Ryan et al. 2007), novel face-
scene associations were encoded consciously. One of the scenes was then presented as a cue to
provoke retrieval of the associate face (target). Subsequently, the participants freely viewed the
target face alongside a distractor face. The participants spent more time viewing the target face
compared with the distractor face. It was shown that this modulation of viewing behaviour was
absent in patients with hippocampal damage (Hannula, Ryan et al. 2007). In another
experiment using the same design, hippocampal activation during viewing the cue predicted
the proportion of time allocated to view the target compared with the distractor face. This
correlation was also found in the absence of conscious retrieval that was tested through
subjective reports (Hannula and Ranganath 2009). These findings about the role of
hippocampus in unconscious memory of associations paved the way for a processing-based-

memory model that included both the conscious and unconscious forms of episodic memory.

1.4 Processing based memory model
In 2010, Henke proposed a processing-based-memory model (figure 2). Instead of classifying
memory based on consciousness, she defined different memory types based on their processing

characteristics (Henke 2010). Some forms of memory require a large number of learning trials



and other memory types can develop with a single exposure. For example, priming and episodic
memory can form with only one experience, whereas skill and habit formation require a large
number of learning trials. Hence the first characteristic of episodic memory is that it can form
by a single exposure to an event. The second characteristic is the cognitive complexity or the
number of cognitive modules involved in memory representation. For example, priming
requires fewer cognitive modules compared with episodic memory. In contrast, episodic
memory is multifaceted and consists of sensory, conceptual, emotional, temporal and spatial
information. The third characteristic is compositionality and flexibility of the memory
representations. Elements of a compositional memory can be stored independently and be
accessible separately. Therefore, these elements and their associations can be activated by
many routes. This enables flexibility because of the interaction between different modules of
episodic memory. Priming compared with episodic memory has less memory modules and less
flexibility. According to the Henke’s model, episodic memory is a flexible and multifaceted
memory system that can form rapidly and depends on the MTL (medial temporal lobe),
particularly the hippocampus (Henke 2010). An episodic memory with these characteristics

can also form at unconscious level.

According to the processing-based-memory model, hippocampus mediates episodic memory
over short or long retention times (Henke 2010). But traditionally, episodic memory is known
to be a subcategory of long-term memory. This idea originated from the initial studies on
amnestic patients. It was shown that amnestic patients with MTL damage achieved some
retention of stimuli over short periods of time (Milner, Corkin et al. 1968). This finding led to
the idea that MTL is not involved in short-term memory. But, it has been shown that when the
memory load is high enough, hippocampus plays a dominant role in short-term memory
formation for novel associations, and also for complex singular visual stimuli like novel faces.

Such relatively difficult memory formation conditions require challenges such as long retention



times (above 7s), presence of a distractor, novel visual stimuli or formation of novel
associations (Cabeza, Dolcos et al. 2002, Nichols, Kao et al. 2006, Rissman, Gazzaley et al.
2008, Jeneson, Mauldin et al. 2011). Hence, I expected that hippocampally-mediated episodic
memory played a dominant role in episodic encoding and retrieval of novel and complex visual
associations over long retention times (above 7s) and in the presence of distractors. I used this

criteria to design all the experiments in my thesis.

To the best of my knowledge, no study so far has investigated unconscious encoding and
subsequent unconscious retrieval of visual episodic memory. In this thesis I investigated the
unconscious encoding and unconscious retrieval of complex visual associations in a way that
was consistent with the characteristics of episodic memory according to the processing-based-
memory model. According to the processing-based-memory model episodic memory is
characterized by rapid encoding of associations and flexible retrieval (Henke 2010). Novel
face-scene associations were masked from consciousness during encoding. After the
unconscious encoding phase, there was a retention period (above 7s) in the presence of
distractors (i.e. participants were distracted from the encoded items by solving different math
problems). According to the model, if the face-scene memory was flexible, retrieval of one of
the associate stimuli (the scene) should instigate or facilitate the unconscious retrieval of the
other associate stimulus (the face). Hence, after the retention period one of the scenes was
presented as a cue to provoke retrieval of the associate face (target). 1 used this paradigm in
all of the experiments in this thesis in combination with different behavioural and brain imaging

measures to investigate unconscious encoding and retrieval of visual episodic memory.
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1.5 Unconscious episodic memory according to the major memory models
and frameworks

A question that comes to mind is whether Henke’s definition of unconscious episodic memory
(Henke 2010) is compatible with other major memory models and frameworks. In this section,
I briefly review some of the major models and frameworks of memory and whether they are
compatible with the definition of unconscious episodic memory as defined by the processing-

based-memory model.

1.5.1 The memory models proposed by Tulving and Squire

The processing-based-memory model suggests that episodic memory can form at both
conscious and unconscious levels (Henke 2010). This idea, is contrary to Squire’s model
(Squire, Stark et al. 2004) and Tulving’s model (Tulving 2002) in which episodic memory is
confined to conscious (declarative) memory of events. But, there are also significant
similarities between these models. For example, according to the processing-based-memory
model, episodic memory has different processing characteristics compared with semantic
memory and hence is classified as a separate memory category (Henke 2010). In this regard,
the processing-based-memory model is compatible with Squire’s model and Tulving’s model
since both consider episodic memory and semantic memory as separate categories of memory.
In addition, all of these models suggest that different neural substrates mediate different
categories of memory. They specifically regard the hippocampus as the main brain area
involved in episodic memory (Tulving 2002, Squire, Stark et al. 2004, Henke 2010). However,
even though the idea of episodic memory as a separate memory system is compatible with the
original models of Tulving and Squire, extending the model to encompass unconscious

memory is a new hypothesis proposed by the processing-based memory model (Henke 2010).
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1.5.2 The memory model proposed by Atkinson and Shiffrin

The multi-store model is the other major memory model that is proposed by Atkinson and
Shiffrin in 1968 (Atkinson and Shiffrin 1968). According to the multi-store model, memory is
divided in to several components including sensory memory, short term memory and long term
memory. Sensory information first registers in the sensory memory. The information then
moves to a short term store in which it is processed by working memory and then moves to a
long term store. In their model, they did not confine the long term memory only to conscious
encoding and retrieval of events. The only part of the multi-store model that requires conscious
attention is the intentional rehearsal required for working memory performance. According to
the processing-based memory model, episodic memory can form rapidly by a single exposure
to an event (Henke 2010). Hence, the intentional rehearsal of working memory (which is the
only part of the multi-store model that necessarily requires conscious attention) is not a
necessary component of episodic memory. In this regard, the possibility of formation of an
unconscious episodic memory is not basically incompatible with the multi-store memory
model. Thus, if sensory information can be processed at an unconscious level, there is a chance
that this information might form a long term memory without conscious awareness. Basically,

the multi-store model is not incompatible with the idea of unconscious episodic memory.

1.5.3 The levels of processing framework

The levels of processing (LOP) is one of the major memory frameworks that is often used to
understand episodic memory (Galli 2014). According to the LOP (Craik and Lockhart 1972)
framework, depth of processing is an important factor that determines the nature of memory
processing. In this regard, for a stimulus to form a long term memory it requires deep and

12



elaborate processing. The LOP framework does not limit the possibility of deep encoding only
to conscious events. Hence according to the LOP framework it is possible that stimuli are
encoded at a deep level without conscious awareness. According to the processing-based-
memory model, episodic memory is a flexible memory of associations (Henke 2010).
Associative and contextual processing of stimuli induces a deeper encoding compared with
processing of a single stimulus out of context. In this regard, the processing-based-memory
model is compatible with the LOP framework since both of them consider deep processing as
an important factor for formation of long term episodic memory. In this thesis, I investigate the
possibility of associative and contextual encoding of faces in the context of scenes. In other
words, I investigate the possibility of deep encoding of visual stimuli at an unconscious level

that is compatible with the LOP framework.

1.5.4 The process dissociation procedure framework

The process dissociation procedure (PDP) is another major memory framework (Jacoby 1991)
that was introduced by Jacoby in 1991. According to the PDP framework, recognition memory
is comprised of two different processes based on the role of intention. One process is intentional
memory or recollection that requires full attention, and is hampered when attention is divided.
The other process is automatic memory or familiarity and not affected by manipulation of
attention (e.g. using distractors to manipulate attention). Hence, the PDP framework explains
the difference between familiarity and conscious recollection based on their reliance on

attention.

According to the processing-based-memory model, unconscious episodic memory relies on the
same neural substrate and also shares the same processing characteristics as conscious episodic

memory (conscious recollection) (Henke 2010). In this regard, it is possible that unconscious
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episodic memory, like conscious episodic memory, benefits from full attention during
encoding. In this thesis, I design experiments such that participants can have their attention on
the location where masked stimuli are presented in order to boost unconscious episodic
encoding. | ensure that participants pay attention to the location of the masked stimuli by
responding to direction of a bar flashing on the same location. On the other hand, the
unconscious nature of the experiments in this thesis makes it impossible to have the
participants’ full attention on the unconscious encoding and retrieval of the stimuli. For this
purpose, in my experiments, unconscious memory task is concealed within another task that
participants intentionally perform (attentional task during the encoding and free-viewing
during the retrieval). This reduces the possibility of conscious perception and hence conscious
encoding of the stimuli. But, the lack of intentionality and full attention would hamper the
unconscious memory performance in my experiments, inevitably. In this way, I propose that
the unconscious memory performance in my experiments is weaker than similar tasks of
conscious episodic memory that benefit from full attention. Overall, the PDP framework is not
in nature, incompatible with the idea of unconscious episodic memory. In addition, it can

provide insight about unconscious memory performance in my experiments.

1.5.5 The transfer appropriate processing framework

The transfer appropriate processing (TAP) (Roediger, Weldon et al. 1989, Franks, Bilbrey et
al. 2000), is a framework which incorporates dissociation between explicit and implicit
memory. According to this framework, explicit memory (e.g. recollection) is conceptually
driven while implicit memory (e.g. priming) is data driven (Roediger, Weldon et al. 1989). As
they described in the TAP framework, conceptually driven memory means that variables like

levels of processing or elaborative processing of stimuli enhance explicit memory performance.
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On the contrary, the data driven nature of implicit memory means that conceptual processing
has little effect on implicit memory other than variation of the “surface features” of stimuli
(e.g. words versus pictures or auditory versus visual stimuli) that affect implicit memory

performance .

As mentioned earlier, according to the processing-based-memory model, the same neural
substrate that mediates conscious episodic memory also mediates unconscious episodic
memory (Henke 2010). In addition, both conscious and unconscious forms of episodic memory
share the same processing characteristics (Henke 2010). According to the TAP framework
explicit memory (e.g. conscious episodic memory) is conceptually driven (Roediger, Weldon
et al. 1989). Hence, regarding the processing-based-memory model, one can expect that
unconscious episodic memory like conscious episodic memory (explicit memory) is
conceptually driven and hence sensitive to levels of processing. Hence, deep contextual
processing of stimuli during encoding might benefit unconscious episodic memory. As
mentioned earlier, this idea about deep processing is compatible with my experiments in this
thesis. In this regard, the TAP framework is not incompatible with the possibility of the

formation of episodic memory without conscious awareness.

The major memory models and frameworks discussed above can provide precious insight about
unconscious episodic memory. The idea that episodic memory is a separate memory category
that is mainly mediated by hippocampus was initially proposed by the Tulving model and the
Squire model and is also compatible the processing-based-memory model. Memory
frameworks like the TAP, PDP or the LOP, are not incompatible with the notion of unconscious
episodic memory and can give us further insight about performance of unconscious episodic

memory in different conditions.
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1.6 Viewing behaviour and memory

In this section I explain why viewing behaviour is the most important behavioural measure to
reflect unconscious episodic memory. Vision is primate’s most dominant sensory modality.
This can be illustrated by the fact that monkeys do not need any training or reward for viewing
pictures and they naturally prefer pictures to blank screens (Humphrey 1972, Wilson and
Goldman-Rakic 1994). Primates view their environment through fixations and saccades.
Saccades are rapid and ballistic eye movements between fixations. Saccades can be initiated
voluntarily but they also happen automatically when we are looking at a target (Purves,
Augustine et al. 2001). During each fixation the high acuity part of retina receives visual
information from a small area of environment (about two degrees of visual angle from the
centre of gaze) (Meister and Buffalo 2016). Hence our uniform visual perception is made of
discrete bits of information received from the fixations that we make between saccades.
Viewing behaviour has been the most important behaviour measure in the field of unconscious
visual episodic memory. To the best of my knowledge, all the studies in this field have relied
on the modulation of viewing behaviour as an indication of unconscious retrieval (Ryan,
Althoff et al. 2000, Ryan and Cohen 2004, Hannula, Ryan et al. 2007, Hannula and Ranganath
2009, Wuethrich, Hannula et al. 2018). Viewing behaviour can be used to investigate memory
when verbal reports or introspective judgements are not reliable (e.g. young children, elderly

people, severely amnestic patients or unconscious retrieval).
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Episodic memory | | Semantic memory Procedural memory || Conditioning Priming | | Familiarity

Rapid encoding of Slow encoding Rapid encoding,
associations of associations Unitized and inflexible
Flexible and compositional Rigid representation representation
representation

Figure 2. The processing-based-memory model. This model classifies memory based on
different processing modes including the speed of encoding, formation of associations,
flexibility and compositionality of the encoded associations. According to this model, episodic
memory includes rapid encoding of associations that forms a flexible and compositional
representation. Semantic memory, procedural memory and conditioning share similar
processing characteristics including slow encoding of associations that leads to a rigid and
inflexible representation. Priming and familiarity include rapid encoding of a single item or a

unitized item as a whole without flexibility of its parts (Henke 2010).

It has been suggested that, number of fixations is the most important eye tracking measure that
can predict the strength of subsequent retrieval (Meister and Buffalo 2016). Successful
encoding drops drastically when fixations are more than two visual degrees distant from the
position of critical details of a picture that should be retrieved later (Nelson and Loftus 1980).
This means that fixating directly on a target is very important for successful encoding and
subsequent retrieval. When a picture is viewed for a fixed amount of time, a higher number of
fixations on the picture during encoding predicts a better performance during retrieval (Loftus
1972). Duration of fixations or total viewing time may not be as crucial as number of fixations

in predicting memory performance. In the same experiment, Loftus found that the total viewing
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time with the same number of fixations did not predict the strength of retrieval. One may
conclude that relatively high number of fixations with short duration on many parts of a picture
could strengthen memory more than few fixations with long duration on few parts of the same
image. Hence parts of an image that have higher number of fixations are more likely to be
retrieved later (Pertzov, Avidan et al. 2009). Even though both of the number of fixations and
the total viewing time are used in previous studies as an index of memory, these findings can
provide support for the idea that number of fixations can be a better predictor of retrieval
compared with total viewing time. Pupil size is another eye tracking measure that has been
reported to accompany memory retrieval. Pupil dilation has been reported during the
recognition of old items compared with new items (Heaver and Hutton 2011, Otero, Weekes
et al. 2011, Kucewicz, Dolezal et al. 2018). Overall, these findings emphasise that viewing
behaviour provides a reliable measure of memory. In this thesis, I used different eye tracking
measures (i.e. number of fixations, total viewing time and pupil size) as a reflective of

unconscious retrieval of episodic memory.

One of the paradigms that is commonly used to investigate viewing behaviour during memory
retrieval is free-viewing (Meister and Buffalo 2016). The position of fixations during viewing
a picture is not random. Fixations are guided by visual characteristics of a picture (brightness,
contrast, hue, etc.) and also by viewer’s memory or previous knowledge of the picture. For
example, viewers fixate more and with longer duration on unusual parts of images that violate
their expectations based on previous knowledge (e.g. an octopus in a yard) (Mackworth and
Morandi 1967, Loftus and Mackworth 1978). Participants fixate less and also spend less
viewing time on the repeated images that do not have novelty and new information compared
with new images (Smith and Squire 2008, Crutcher, Calhoun-Haney et al. 2009). These
findings suggest that viewing behaviour during free-viewing can reflect memory retrieval. In

this thesis, I investigated different eye tracking measures during the free viewing of the target
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and the distractor. I expected to see a modulation in the eye tracking measures on the

unconsciously retrieved items (target) compared with the distractors.

1.7 Role of viewing behaviours in reflecting memory retrieval mediated by

MTL

Clinical studies have provided evidence for the role of medial temporal lobe (MTL) structures
in modulation of viewing behaviour during memory retrieval. It has been shown that contrary
to normal participants, patients with MTL damage do not show a significant modulation in
number of fixations or total viewing time while looking at old associations compared with new
associations (McKee and Squire 1993, Smith and Squire 2008). One of the principle symptoms
of patients with Alzheimer’s disease is deficit in episodic memory that has been related to
pathological changes in hippocampus and entorhinal cortices. It has also been shown that
patients with Alzheimer’s disease show diminished modulation of pupil size and fixation
numbers during the retrieval of objects in scenes compared with healthy individuals (Dragan,
Leonard et al. 2017). In another study, amnestic patients with MTL damage freely viewed novel
and repeated scenes (Smith and Squire 2008). Patients with MTL damage, contrary to healthy
adults, failed to show any decrement in their number of fixations on the repeated images
compared with novel images (Smith and Squire 2008). It was consistent with the findings of
the study by Hannula et al in which the modulation of viewing behaviour on the target
compared with the distractor was absent in patients with MTL damage (Hannula, Ryan et al.
2007). More evidence come from animal studies. For example the firing rate of hippocampal
neurons shows a significant correlation with the total viewing time during memory retrieval
(Jutras and Buffalo 2010). These findings provide evidence for the important role of viewing
behaviour in reflecting episodic memory mediated by MTL at conscious level.
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Viewing behaviour has also been used to reflect unconscious visual episodic memory. The
hippocampal activation during viewing the cue predicted the proportion of time allocated to
view the target compared with the distractor face. This correlation was also found in the
absence of conscious retrieval (Hannula and Ranganath 2009). The other example comes from
a study by Ryan et al (2000). During this study, participates freely viewed novel scenes and the
same scenes with manipulations (e.g. a part of image was deleted, added or changed position).
Participants showed an increment in the number of fixations on, and the total time viewing, the
manipulated part of the image compared with the same part of the original image, while they
were unaware of the change (Ryan, Althoff et al. 2000). Since the manipulation occurred
through changing one part of the scene in relation to other parts, the unconscious retrieval of
associative memory played a dominant role in modulation of viewing behaviour. They showed
that amnestic patients did not show any modulation in viewing behaviour during the free
viewing of the manipulated scenes compared with the novel scenes. But it is worth considering
that in their experiment, size and area of brain damage was not reported (Ryan, Althoff et al.
2000). These findings provide support for the dominant role of viewing behaviour in reflecting

unconscious episodic memory mediated by MTL.

In chapter 3, I used different eye tracking measures in combination with fMRI to test whether
the MTL, particularly the hippocampus, is involved in unconscious encoding and subsequent
unconscious retrieval of visual episodic memory. Since both of the MTL activation and
viewing behaviour reflect unconscious episodic memory, I also expected to see a correlation

between these measures provoked by unconscious episodic memory.
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1.8 Visual attention toward memory in the absence of conscious awareness

The idea that viewing behaviour can be modulated in the absence of consciousness comes from
attention literature. For example it has been shown that task irrelevant stimuli that appear
suddenly can trigger eye movements toward their location. This oculomotor capture happens
even when the participants make volitional effort to prevent them and in the absence of
conscious awareness (Kramer, Hahn et al. 2000, Belopolsky, Kramer et al. 2008). Studying
literature about modulation of visual attention in the absence of consciousness can be very
beneficial in understanding the mechanism for modulation of viewing behaviour by

unconscious episodic memory retrieval.

Some studies in the field of attention show that previous memory can guide visual attention in
the absence of conscious awareness. For example, in priming of pop-out, participants are faster
to find a target when either the feature or the location is repeated, even if they are not aware of
having seen it previously (Maljkovic and Nakayama 2000). The participants also make quicker
and more accurate saccades on an odd target with similar colour as previous trials (McPeek,
Maljkovic et al. 1999). The context in which an object is once viewed can also guide the
deployment of visual attention and saccadic eye movements. During visual search for a target
among distractors, repetition of the same configuration of the distractors and the target in the
same position facilitates performance. This is known as ‘contextual cueing’ and facilitates
visual search even when participants are not instructed to memorize the context (Chun and
Jiang 1998). In another contextual cueing experiment, the participants were asked whether they
recognized the contextual configurations. The participants’ performance was at chance level
during this recognition test. The authors concluded that modulation of visual attention by the

repetition of the context does not require the conscious retrieval of the context and was driven
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by implicit (unconscious) memory (Chun and Jiang 1998). Overall, these studies indicate that

modulation of visual attention by memory can lead to modulation of viewing behaviour.

Contextual cueing demonstrates an effect of memory on attention and eye movements in the
absence of conscious retrieval. It does not, however, test the flexibility of the memory, which
the processing-based-memory model posits is a key feature of episodic memory. Other studies
in the field of unconscious episodic memory have shown that unconscious retrieval of a flexible
memory can modulate eye movements (Ryan and Cohen 2004, Hannula, Ryan et al. 2007,
Hannula and Ranganath 2009). As described earlier, in the study by Ryan et al, participants
showed a modulation in viewing the manipulated parts of the scenes compared with the same
parts in the original scenes without conscious awareness of the manipulation (Ryan, Althoff et
al. 2000). Unconscious change detection in a scene means that the stored memory of that scene
is used to guide the viewing behaviour. During free viewing of a previously encoded image,
visual information is compared with the stored memory of that image. The result of this
comparison then affects the visual attention and the viewing behaviour. These processes can
occur without being accessible to consciousness and verbal report. These findings suggest that
episodic memory retrieval can modulate visual attention and hence viewing behaviour without

conscious awareness.

1.9 Brain areas that control viewing behaviour during unconscious retrieval

of episodic memory

Decades of research have revealed that where we look is modulated by what we remember.

The models of oculomotor guidance acknowledge two mechanisms for guidance of saccade
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during viewing. According to these models, the selection of saccades is based on characteristics
of the stimuli (colour, luminance etc.) combined on previous knowledge and expectations about
the behavioural saliency of the stimuli. The final selection of a spatial location for a saccade is
determined by the outcome of the competition between these two forces (Findlay and Walker

1999, Itti and Koch 2000, Hamker 2006).

The underlying neural network through which the hippocampus-mediated memory modulates
viewing behaviour, however, is a matter of debate (Meister and Buffalo 2016, Ryan, Shen et
al. 2019). There are many brain areas that are involved in controlling eye movements in
primates. Different oculomotor areas are involved in different aspects of control of viewing
behaviour. In 2019, Ryan and her colleagues reviewed the literature with a focus on the
relationship between oculomotor control and hippocampal memory (Ryan, Shen et al. 2019).
According to their review, frontal eye field (FEF), superior colliculus (SC) and intra-partietal
area are mostly involved in tasks that provoke eye movements based on the visual saliency of
the stimuli. In contrast, dorsolateral prefrontal cortex, anterior cingulate cortex and
supplementary eye field are mostly reported in tasks that involve goal driven, cognitive control
of saccades via top-down modulation of FEF and SC (Ryan, Shen et al. 2019). They concluded
in their review that there are many brain areas that could be possible candidates for receiving
input from the hippocampus for oculomotor control. The question that limits my search is
which brain area is functionally relevant for the modulation of viewing behaviour by

unconscious episodic memory.

To investigate modulation of viewing behaviour toward an unconsciously retrieved image, one
needs to be able to rule out saliency of the visual characteristics of that image (e.g. color,
contrast etc.) as an alternative explanation. In addition, unconscious retrieval during free-
viewing means that the retrieval is not driven by any goal for retrieval and happens

involuntarily in the presence of a cue. This way the neural networks involved in saliency of
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stimuli or top-down control based on goal of the task should not be involved in modulation of

viewing behaviour by unconscious episodic memory.

As mentioned in previous section modulation of visual attention by memory can lead to
modulation of viewing behaviour. In their attention-to-memory model, Cabeza et al described
how episodic memory modulates visual attention and viewing behaviour (Cabeza, Ciaramelli
et al. 2008). According to this model, involuntary episodic memory retrieval generates internal
information that interacts with bottom-up visual attention (Cabeza, Ciaramelli et al. 2008). It
may seem a bit confusing since bottom-up attention is known to be involved in guiding visual
attention based on the saliency of visual stimuli (Katsuki and Constantinidis 2014). As
discussed before the saliency of visual stimuli should not have a dominant role in guiding visual
attention by unconscious retrieval. But as Cabeza et al described in their model “if one defines
bottom-up attention as attention driven by incoming information, regardless of its source” then
involvement of bottom-up attention in modulation of attention by unconscious episodic

memory will be clear.

It is well established that there are two cortical pathways of visual attention toward visual
stimuli: the dorsal frontoparietal network and the ventral frontoparietal network (Corbetta and
Shulman 2002). The dorsal frontoparietal attentional network is considered to mediate top-
down control of attention toward visual stimuli based on current goals and expectations. It has
been proposed that FEF, IPS, and dorsal frontal cortex are part of this network (Corbetta, Patel
et al. 2008). The ventral frontoparietal network instead responds to the salient stimuli that
suddenly grab attention in a bottom-up fashion, without previous expectation. This ventral
frontoparietal network mostly involves the inferior parietal areas, inferior frontal areas and also
parts of temporal gyrus (Corbetta and Shulman 2002, Corbetta, Patel et al. 2008). According
to the attention-to-memory model during involuntary retrieval hippocampus interacts with
ventral parietal areas (part of the ventral frontoparietal network) to modulate visual attention
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(Cabeza, Ciaramelli et al. 2008) . As Cabeza et al mentioned in their review, ventral parietal
cortex, especially the supra-marginal gyrus, is considered an interface between episodic
memory and bottom-up attention (Cabeza, Ciaramelli et al. 2008). They also suggest that it is
plausible that the ventral frontal cortex that is a part of the ventral frontoparietal network, plays
a part in attention to involuntary retrieval of episodic memory but this requires more evidence
(Corbetta, Patel et al. 2008). In this regard previous literature suggests a dominant role for the
interaction between hippocampus and ventral parietal cortex in modulation of visual attention

by unconscious episodic retrieval.

To the best of my knowledge, the attention-to-memory model is the only model that suggests
a neural mechanism for modulation of visual attention and hence viewing behaviour by
unconscious episodic memory retrieval. In chapter 4, using a functional connectivity method,
I tested whether unconscious retrieval of episodic memory influences the interaction between
the main brain areas involved in episodic memory (hippocampus) and bottom-up attention
(ventral frontoparietal network particularly ventral parietal area). I also investigated whether

such an interaction modulates viewing behaviour during unconscious retrieval.

1.10 The confounding effect of attentional bias on viewing behaviour

Apart from memory, visual attention can be modulated by an inherent bias in our attention
system toward the left visual field (Siman-Tov, Mendelsohn et al. 2007, Newman, Loughnane
et al. 2017). The initial observations that supported this idea came from unilateral neglect
syndrome. Patients with unilateral neglect are not able to attend to the stimuli contralateral to
the side of their brain lesion. This syndrome is more common and severe when the lesion is in
the right compared with left hemisphere (Stone, Halligan et al. 1993). This has since been

backed up by research in healthy participants showing that they pay more attention to the
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stimuli in the left visual hemi-field than on the right, which can manifest in better performance
and faster response times for targets in the left compared with the right hemi-field (Nicholls,
Bradshaw et al. 1999, Nicholls, Hobson et al. 2017). Hence it is important to investigate the
possible influence of attentional bias in modulation of viewing behaviour during unconscious

retrieval.

Leftward attentional bias is related to the dominance of the right hemisphere over the left
hemisphere in processing of visuospatial attention (de Schotten, Dell'Acqua et al. 2011,
Nicholls, Hobson et al. 2017). In a study using diffusion imaging tractography, De schotten at
al (de Schotten, Dell'Acqua et al. 2011) showed a higher volume of tracts in the frontoparietal
network of attention in the right hemisphere compared with the left hemisphere. Human fronto-
parietal connections include three components including dorsal, middle and ventral superior
longitudinal fasciculus (SLF) (de Schotten, Dell'Acqua et al. 2011). In their study, this right
lateralized distribution of tracts was seen specifically in the ventral SLF. They saw a trend of
small right laterality in the middle SLF and the distribution of tracts was bilateral in the dorsal
SLF (de Schotten, Dell'Acqua et al. 2011). The size of this structural asymmetry in attentional
network also correlated with the degree of the attentional bias in visuospatial tasks (de
Schotten, Dell'Acqua et al. 2011). As mentioned earlier ventral frontoparietal network in
involved in bottom-up attentional processing (Corbetta, Patel et al. 2008). Hence the
tractography findings show that ventral frontoparietal network that is responsible for bottom-
up attention is largely right lateralized. Regarding the important role of bottom up attention in
modulation of viewing behaviour by unconscious retrieval during free-viewing, the attentional

bias can be an important confounding factor in my experiments.

The size of the leftward attentional bias is not constant in each individual. It has been shown
that experimental variables that increase the right hemisphere dominance over the left
hemisphere can increase the size of leftward attentional bias (Cattaneo, Silvanto et al. 2009,
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Ricci, Salatino et al. 2012, Petitet, Noonan et al. 2015). Trans-cranial magnetic stimulation
over the right inferior parietal areas, including the angular gyrus or the supramarginal gyrus,
reduces or inverts the leftward attentional bias (Cattaneo, Silvanto et al. 2009, Ricci, Salatino
et al. 2012, Petitet, Noonan et al. 2015). Similarly, a reduction in right hemisphere
dominance/resources in attentional processing with aging has also been proposed to explain a
reduction in the leftward bias with age (Benwell, Thut et al. 2014). It has also been shown that
engagement in tasks that enhance the right hemisphere dominance over the left hemisphere can
increase the leftward visual bias. For example using the left hand (Sampaio and Chokron 1992,
McCourt, Freeman et al. 2001) or the left eye (McCourt, Garlinghouse et al. 2001) or
presentation of the stimuli in the left visual field (Bultitude and Aimola Davies 2006) increases
the leftward attentional bias. These findings suggest that engagement in tasks that increase the
right hemisphere dominance over the left hemisphere could increase the leftward attentional

bias.

A growing body of evidence suggests that right hemisphere is specialized for face processing
(Kim, Andreasen et al. 1999, Nakamura, Kawashima et al. 2000, Schweinberger, Huddy et al.
2004, Kloth, Dobel et al. 2006, Yovel, Tambini et al. 2008, Gainotti 2013). This specialization
has been used to explain why participants perform face recognition tasks with higher speed and
accuracy when the faces are presented in the left visual hemi-field compared with the right
hemifield (Rizzolatti, Umilta et al. 1971, Hilliard 1973, Leehey and Cahn 1979, Gainotti 2013).
According to brain imaging studies memory of novel faces is dominantly mediated by right
MTL structures (Ranganath and D'Esposito 2001, Taylor, Mills et al. 2011, Von Der Heide,
Skipper et al. 2013). Clinical studies also show that patients with right MTL lesions have a
more severe deficit in retention of novel faces compared with patients with left MTL lesion
(Crane and Milner 2002, Milner 2003). The face stimuli that were used in this thesis were novel

to the participants. Hence, I assumed that interaction between right dominant facial memory of
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the target and right dominant bottom-up attention during the free-viewing in my experiments
could increase leftward attentional bias. Thus, if the target is in the left visual field this
increment in the leftward attentional bias could increase the overall visual attention toward the
target in the left. This idea was used in chapter 4, to investigate the correlation between the
viewing behaviour on the target and the functional connectivity between the main brain areas

involved in episodic memory and bottom-up attention.

1.11 Summary and Conclusion

Despite its importance, very little is known about unconscious episodic memory of visual
stimuli. The main focus of this thesis is investigating unconscious encoding and subsequent
unconscious retrieval of complex visual associations. When verbal reports are not available or
appropriate, eye tracking measures can be very beneficial in investigating unconscious episodic
memory. Regarding the previous literature in this field I considered that modulation of different

eye tracking measures during free-viewing can be a behavioural index of unconscious retrieval.

The MTL, particularly the hippocampus, are the main structures involved in conscious episodic
memory. The processing-based-memory model posits that the same brain structures that
mediate episodic memory at a conscious level also mediate episodic memory at an unconscious
level. Whether these important structures mediate the unconscious encoding of episodically

associated visual stimuli and their subsequent unconscious retrieval in yet to be tested.

Viewing behaviour has been the most important behavioural measure to investigate
unconscious visual episodic memory. Despite its importance the underlying neural mechanism
that modulates eye movements by unconscious episodic memory is not yet known. Regarding
the attention-to-memory model, I hypothesized that modulation of visual attention by

unconscious episodic memory is mediated by the interaction of MTL with the attentional
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network involved in bottom-up attention especially inferior parietal regions. It is also important
to consider that interaction between right dominant facial memory of the target and right

dominant bottom-up attention can increase the leftward attentional bias.

Studying the possibility of unconscious encoding and the subsequent unconscious retrieval of
complex visual associations using eye tracking measures can shed light on the capacity of
unconscious episodic memory at an unconscious level. Investigating the main brain areas that
mediate this unconscious memory and how these areas interact with visual attention areas to
modulate viewing behaviour can be beneficial in better understanding of unconscious episodic
memory. This understanding can also help us in developing clinical and non-invasive tools in

future for disorders related to unconscious episodic memory.

1.12 Approach and overview of experimental chapters

The main focus of this thesis is on unconscious encoding and subsequent unconscious retrieval
of visual associations in a way that complies with the characteristics of episodic memory
according to the processing-based-memory model. According to this model episodic memory
is characterised by rapid encoding of associations and flexible retrieval. I used eye tracking,
fMRI and functional connectivity methods to test for the existence of such a memory and to

explore its behavioural and neural attributes.

Chapter 2. In chapter 2, I investigated whether an episodic memory of complex visual
associations can be encoded and retrieved at unconscious level. For this purpose, face-scene
associations were masked from conscious awareness during encoding. During retrieval, the

viewing behaviour of the participants was investigated using different eye tracking measures.

Chapter 3. In chapter 3, I investigated whether the main brain areas known to be involved in

conscious episodic memory are also involved in unconscious encoding and subsequent
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unconscious retrieval of episodic associations. I used fMRI to test my hypothesis about the
involvement of deep brain structures like MTL and hippocampus in unconscious visual
episodic memory. I also used eye tracking measures to investigate the relationship between
viewing behaviour and MTL activation provoked by unconscious retrieval following

unconscious encoding.

Chapter 4. In this chapter, I investigated the underlying neural mechanism for modulation of
viewing behaviours by unconscious visual episodic memory. | tested whether the interaction
between the main areas involved in episodic memory and bottom-up attentional had a dominant
role in modulation of viewing behaviour during the unconscious retrieval of episodic
associations. I performed a functional connectivity analyses on the fMRI data from chapter 3
to investigate functional connectivity between MTL and inferior parietal regions and its

relationship with viewing behaviour during unconscious retrieval.

Chapter 5. In my final chapter, I presented an overview of the main findings of each chapter
and discussed their implications. I also discussed the limitations and challenges of the research

in each chapter and proposed future directions.
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What can eye tracking tell us about unconscious memory of episodically

associated visual stimuli?

2.1 Abstract

According to the processing-based-memory model proposed by Henke, episodic memory is
defined as rapid and flexible memory of associations over short or long retention times (Henke
2010). This model proposes that a memory with these characteristics can exist at both conscious
and unconscious levels. In this study, I investigated whether unconscious encoding and
retrieval of novel and complex visual associations complies with the processing-based-memory
model. 32 healthy volunteers viewed novel face-scene associations that were masked from
awareness during encoding. Subsequently, one of the encoded scenes was presented as a cue
to provoke retrieval of its associated face. The participants then freely viewed two faces: the
associated face (the ‘target’) and a face that had been presented with a different scene (the
‘distractor’). I excluded 12 participants who showed any sign of conscious perception of the
masked face stimuli based on a separate awareness test, leaving 20 participants for the
unconscious memory analysis. Because of the inherent bias toward left visual field in
visuospatial processing and facial memory, I had a condition with target in the left and
distractor in the right and a condition with target in the right and distractor in the left. I
compared eye tracking measures on the targets and the distractors in each visual field
separately. In the left visual field, participants fixated more on the target compared to the
distractor, and had larger pupil sizes when looking at the target compared to the distractor. In
the right visual field, there were no significant differences in the number of fixations or pupil
size between the target and the distractor. The laterality of these effects is consistent with

previous literature demonstrating a bias for visuospatial processing and memory for faces in
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the left visual field. These findings support the view that encoding and retrieval of episodically

associated visual stimuli can occur at an unconscious level.

2.2 Introduction

In 2010, Henke proposed a processing-based-memory model which, instead of classifying
memory based on consciousness, defined different memory types based on their processing
characteristics (Henke 2010). This way a memory with characteristics of episodic memory
could exist at both conscious and unconscious levels. This opened a new field of research in
the unconscious encoding and unconscious retrieval of episodically associated stimuli
(Degonda, Mondadori et al. 2005, Daselaar, Fleck et al. 2006, Kirwan, Shrager et al. 2009,
Reber, Luechinger et al. 2012, Duss, Reber et al. 2014, Zust, Colella et al. 2015). Most of the
studies in this field are focused on verbal associations. To the best of my knowledge, most of
the studies on episodically associated visual stimuli have been limited to unconscious retrieval
after conscious encoding (Ryan, Althoff et al. 2000, Ryan and Cohen 2004, Hannula, Ryan et

al. 2007, Hannula and Ranganath 2009).

According to the processing-based-memory model, episodic memory is a compositional and
flexible type of memory between associations that can form rapidly. A memory with these
characteristics can be maintained for short or long retention times (Henke 2010).
Compositionality of episodic memory means that individual elements and their associations
that make the entire memory are stored independently. As a result, viewing separate elements
of the memory as a cue can reactivate the whole memory of its associations, giving flexibility

to the memory.

In a series of experiments, Hannula et al showed that unconscious retrieval of visual

associations after their conscious encoding leads to modulation of viewing behaviour on the
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target compared with the distractor (Hannula, Ryan et al. 2007, Hannula and Ranganath 2009).
In their experiment participant consciously encoded complex visual associations (i.e. face-
scene). During the retrieval phase they were cued by a scene before viewing the associate face
(target) alongside a distractor face. They were instructed to choose the face that was associated
with the scene. They found that in trials that the participants gave a wrong response, they still
preferentially viewed the target face compared with the distractor. These findings provided
support for the possibility of unconscious retrieval of complex visual associations after their

conscious encoding.

In 2018, Wuethrich et al. investigated the possibility of unconscious encoding of spatial
position of simple objects in grids inside scenes. In their study simple objects in grids were
masked from consciousness during encoding. During the retrieval phase the unconsciously
encoded object was presented outside the grid and the participants were instructed to put it
inside the grid. Even though the participants’ performance in this task was at chance level, the
eye tracking data showed that they preferentially viewed the empty position of the objects in
grids without conscious retrieval of its spatial position (Wuethrich, Hannula et al. 2018).
Overall, their study provided evidence for the unconscious encoding of simple objects’

position.

Episodic memory can include different types of associations including item-item associations,
temporal ordering and spatial arrangement of items. To my knowledge, no study so far has
investigated the possibility of unconscious encoding of complex visual associations (faces in
scenes), nor whether such an item-item association can be retrieved in a way that complies with
the characteristics of episodic memory according to the processing-based-memory model. In
this experiment, novel face-scene associations were presented rapidly and masked from
consciousness during the encoding. I then tested whether these unconsciously encoded stimuli
could be retrieved unconsciously in a way that demonstrated flexibility of retrieval. If the
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unconscious memory of the face-scene associations exists, and it is flexible, then viewing the
cue scene should re-activate the entire memory of the face-scene association. I tested this by
presenting the face that had been presented on that cue scene during the masked encoding (the
target face) along with a distractor face that had not been presented with the cue scene in that
trial, but had been presented on another scene during that trial. I investigated the viewing
behaviour for the target compared with the distractor as a measure of unconscious retrieval of
the target face after its unconscious encoding. In order to make sure that both encoding and
retrieval of the face-scene associations were not conscious, I conducted two separate awareness
tests. During the subjective test of awareness, after the experiment the participants reported
whether they consciously saw any face during the encoding. During the objective awareness
test, I evaluated the participants’ performance in conscious recognition of the masked faces
using the same masking protocol as the main experiment. The participants who were able to
consciously perceive the masked faces were excluded from the experiment. This way the
experiment was designed to test the existence of unconscious visual episodic memory

according to the processing-based-memory model.

There is good evidence that viewing behaviour, as measured by various eye-tracking
parameters, can be modulated by memory retrieval (Meister and Buffalo 2016). This is
particularly useful when addressing questions of unconscious retrieval of associations, as
conscious reports of memory will not necessarily reflect an unconscious level of memory
(Ryan, Althoff et al. 2000, Ryan and Cohen 2004, Hannula, Ryan et al. 2007, Hannula and
Ranganath 2009). The number of times we fixate on an image has been considered the most
important eye-tracking measure that reflects recognition memory or episodic memory (Loftus
1972, Kafkas and Montaldi 2011, Molitor, Ko et al. 2014, Meister and Buffalo 2016, Liu, Shen
et al. 2017). Higher number of fixations on manipulated parts of scenes have been reported

without participants’ conscious retrieval (Ryan, Althoff et al. 2000, Ryan and Cohen 2004).
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According to a review of eye tracking-based memory studies by Meiser et al. in 2016, the other
important eye-tracking measure that has been related to memory retrieval is pupil size (Meister
and Buffalo 2016). Recent studies have shown that pupil size can also reflect recognition
memory (Heaver and Hutton 2011, Kafkas and Montaldi 2011, Otero, Weekes et al. 2011,
Naber, Frassle et al. 2013, Kucewicz, Dolezal et al. 2018). This modulation of pupil size while
viewing primed objects can also happen in the absence of conscious recognition (Gomes,
Montaldi et al. 2015), and although the underlying neural mechanism is not yet known, it is
probably different from the mechanism that modulates the number of fixations by memory
retrieval. Finally, total viewing time has been reported to be modulated as a result of memory
retrieval (Hannula, Althoff et al. 2010, Meister and Buffalo 2016). The importance of total
viewing time in reflecting memory retrieval has been controversial and has not been completely
supported according to some important reports (Loftus 1972, Meister and Buffalo 2016).
Fixation duration can be a reflective of memory load and overall intensity of information
processing (Meghanathan, van Leeuwen et al. 2014). The current study was based on that of
Hannula et al in 2007, except that in current experiment I used unconscious encoding instead
of conscious encoding (Hannula, Ryan et al. 2007). They found that viewing the cue was
accompanied by an increment in the total viewing time on the target compared with the
distractor within 500-750 ms after the beginning of the free-viewing and this effect decreased
after that time window. Thus, I used the eye-tracking indices of number of fixations, pupil
diameter and total viewing time as separate measures to reflect unconscious retrieval of the
target. I expected that unconscious retrieval of episodic associations after their unconscious

encoding modulates these eye tracking measures on the target compared with the distractor.

In this experiment I assumed that, unconscious memory of the target could capture visual
attention and hence modulate viewing behaviour without conscious awareness. This idea was

proposed by Cabeza and his colleagues as in their attention-to-memory model (Cabeza,
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Ciaramelli et al. 2008). This model postulates that involuntary episodic memory captures visual
attention through interaction with bottom-up attention system. It has also been shown that
visuospatial attention is biased toward the left visual hemifield (Siman-Tov, Mendelsohn et al.
2007, Newman, Loughnane et al. 2017). Healthy subjects respond to the stimuli in their left
hemifield with higher speed and accuracy (Nicholls, Bradshaw et al. 1999, Nicholls, Hobson
et al. 2017). Hence in this experiment, I compared the eye tracking measures between the target
and the distractor within fields (The target in the left visual field was compared with the
distractor in the left visual field and the target in the right visual field was compared with the

distractor in the right visual field).

In addition, the leftward attentional bias is not constant in each individual. The leftward
attentional bias has been related to the dominance of the right hemisphere in processing of
visuospatial attention (de Schotten, Dell'Acqua et al. 2011, Nicholls, Hobson et al. 2017).
Experimental variables that increase this right hemisphere dominance for attention have also
been shown to increase this leftward attentional bias (Cattaneo, Silvanto et al. 2009,
Szczepanski and Kastner 2013, Benwell, Thut et al. 2014, Petitet, Noonan et al. 2015). For
example, presentation of stimuli in the left visual field, using one’s left hand or left eye
increases the leftward attentional bias compared with presentation of stimuli in the right visual
field, using the right hand or the right eye respectively (Sampaio and Chokron 1992, McCourt,
Garlinghouse et al. 2001, Bultitude and Aimola Davies 2006). Hence if unconscious retrieval
of the target during the free-viewing in current study increases the right hemisphere dominance
it can increase the leftward attentional bias. It has been shown that face recognition is
performed with higher speed and accuracy when the faces are presented in the left visual field
compared with the right visual field (Rizzolatti, Umilta et al. 1971, Hilliard 1973, Leehey and
Cahn 1979, Gainotti 2013). This has also been related to the right hemisphere dominance of

facial processing (Kim, Andreasen et al. 1999, Nakamura, Kawashima et al. 2000,
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Schweinberger, Huddy et al. 2004, Kloth, Dobel et al. 2006, Yovel, Tambini et al. 2008). Brain
imaging (Ranganath and D'Esposito 2001, Taylor, Mills et al. 2011, Von Der Heide, Skipper
et al. 2013) and clinical studies (Crane and Milner 2002, Milner 2003) have also shown a
dominant role for right hemisphere in memory of novel faces. In this context the right dominant
facial memory of the target may interact with the right dominant visual attention during the
free viewing of the target and enhance the size of the leftward attentional bias. When target is
in the left visual field the memory-guided attention toward the target and the leftward
attentional bias both increase the visual attention toward the left visual field. But when target
is in the right visual field, the enhancement in the leftward attentional bias provoked by the
retrieval of the target could weaken or negate the memory-guided-attention toward the target
in the right. This way I expected to see an enhancement of visual attention toward the target in
the left but I did not have a prior hypothesis about modulation of visual attention on the target

in the right visual field.

As mentioned earlier, the unconscious episodic memory can modulate viewing behaviour by
modulating visual attention. As above, I expected that unconscious retrieval of the target would
be accompanied by a higher allocation of visual attention on the target compared with the
distractor in the left visual field. Regarding the close relationship between visual attention and
saccadic eye movements (Hannula 2018) I expected a higher number of saccades and as a result
a higher number of fixations between saccades toward the target compared with the distractor
in the left during the free-viewing. Pupil dilation has also been reported during enhancement
of visual attention (Binda, Pereverzeva et al. 2013, Brocher, Harbecke et al. 2018). In addition
to pupil size, duration of fixations is an important factor that reflects visual attention to an
image (Henderson 2007). Total viewing time is the total duration of fixations on an object.
Hence I also expected to see a modulation of pupil size and total viewing time on the target

compared with the distractor in the left visual field. In addition to the left visual field, I also
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explored the modulation of all of these three eye tracking measures (number of fixations, pupil
size and total viewing time) on the target in the right compared with the distractor in the right

but I did not have any prior prediction.

2.3 Methods

2.3.1 Participants

32 right-handed volunteers (28 female, 4 male) participated in this study (age range: 19-30
years, Mean: 21.87, SD: 3.16). The participants reported no neurological, psychiatric or
oculomotor disorders. They also reported no current consumption of illegal or prescribed drugs.
12 participants’ data were excluded based on our awareness test criteria, leaving 20 participants
for unconscious memory analysis (see awareness test section). The participants gave informed
consent. The study was approved by the Human Research Ethics Committee at Macquarie

University (MQ); reference number: 5201200035).

2.3.2 Stimuli

253 naturally coloured face images (127 male and 126 female) were selected from the FERET
data base (Phillips, Wechsler et al. 1998, Phillips, Hyeonjoon et al. 2000) and the Face Database

of the Bonn-Rhein-Sieg University of Applied Sciences (http://isf.h-brs.de/en/skin-db/)

(Steiner, Sporrer et al. 2016). 181 coloured scene images (90 indoor and 91 outdoor) were also
used in this study. Each face was resized to 225 X 225 pixels and each scene was resized to
800 X 600 pixels. For each participant, 166 face images (83 male, 83 female) were randomly

superimposed on 166 scenes (83 outdoor, 83 indoor) to make the novel face-scene pairs
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Control condition

Figure 1. Experimental design. A) Illustration of the unconscious presentation of face-scene
associations. Each face was sandwiched between forward and backward masks. For each
association, the unconscious presentation (1s) depicted above was repeated six times and began
with the presentation of a bar as the attention task stimulus. The participants responded to the
direction of the bar (vertical or horizontal) by pressing a button while they were encoding the
background scene. B) Illustration of the main experiment. Each trial began with an encoding
part that consisted of the unconscious presentation of three novel face-scene associations as
explained in part A. The whole encoding part was repeated (two presentations of the same
stimuli). During the subsequent distraction period of 20 seconds, participants solved 5 math
problems. The cue then appeared, which was either one of the encoded scenes with a fixation
cross in the centre. The participants were instructed to retrieve the cue scene in their mind while
keeping their gaze on the centre. Finally, two faces were presented, a target face and a distractor
face, which the participants freely viewed for 2 seconds. I analysed eye movements in this final
free-viewing stage to test for evidence that a face-scene association could be retrieved after

only unconscious encoding.
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presented in the main experiment. 15 face images (8 male, 7 female) were randomly
superimposed on 15 scenes (8 outdoor, 7 indoor) for the training experiment. 72 faces were
assigned to awareness test. The faces were randomly assigned to the awareness test and the

main experiment for each participant.

A mask to ensure the stimuli were not perceived was constructed in two steps. First, a
scrambled mask was made by shuffling 5 x 5 pixel squares of a selected face and resizing it to
106 x 106 pixels. This was then superimposed on a bigger mask of 250 x 250 pixels which

resulted from the shuffling of 15 x 15 pixel squares of the same face.

2.3.3 Unconscious stimulus presentation

I adopted the unconscious presentation of stimuli parameters of Henke et al. (Henke,
Mondadori et al. 2003). During the unconscious encoding of the face-scene associations, the
faces were masked and the scenes were visible. This way the association between faces and
scenes was not perceivable at the conscious level, but the cue scene could be encoded
consciously. In this protocol, the unconscious presentation of stimuli is embedded in an
attention task in which participants report the orientation of a bar (vertical or horizontal) by
pressing a button. This ensures that gaze is directed to the position where the faces were being
presented without participants being directed to attend to the faces. Participants performed the
attention task whilst trying to memorize the background scene, without the main purpose of
the experiment being obvious. During unconscious encoding, each masked stimulus was
presented twelve times within 6s. The presentation duration was 17 ms for the stimuli (S), 183
ms for the masks (M), and 233 ms for the fixation bars for the attention task (B). Each stimulus
was presented in the following sequence B-M-S-M-M-S-M-B-M—-S-M-M-S-M-B-M—-S—

M-M-S-M-B-M-S-M-M-S-M-B-M-S-M-M-S-M-B-M-S-M-M-S-M.The sequence
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of the presentation of stimuli for 1s (this was repeated 6 times within 6s) is depicted in figure

1.

2.3.4 Procedure

Each experiment started with practice during which the task instructions were explained to the
participants. During the practice, participants tried the experiment with a different set of
stimuli. They then started the main experimental block. The experimental paradigm (illustrated
in Figurel) consisted of 55 trials. Each trial included encoding, distraction and free-viewing.
During the encoding part, three novel face-scene associations were presented as outlined in
Figure 1. The encoding part of each trial was repeated twice. The distraction part lasted 20
seconds during which participants solved 5 math problems. In the distraction period of the trial,
5 sets of three random digits appeared on the screen, each set for 4 seconds. Participants
reported, via button press, whether the largest digit was equal to the sum of the other two digits
(yes vs no). Even though the delay between the encoding and retrieval was a few seconds, I
wanted the episodic memory to be the main type of memory involved in this experiment. It has
been shown that memory of novel associations over short delays is mediated by hippocampally
mediated episodic memory when the memory load is high. This high load of memory can be
manifested in relatively long delay between the encoding and retrieval (above 7s), presence of
distractors during the delay and novelty of stimuli (Cabeza, Dolcos et al. 2002, Nichols, Kao
et al. 2006, Rissman, Gazzaley et al. 2008, Jeneson, Mauldin et al. 2011). In order to reach a
high load of memory I had three novel and complex visual associations is each trial that should
be retains over 20s in the presence of distractors. Hence the experiment was designed in a way
that episodic memory had a dominant role in the experiment. Then a fixation cross was
presented for one second followed by the presentation of the cue scene for 4 seconds followed

by the faces. The cue scene was selected from the scenes displayed in the encoding part of that
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trial and a fixation cross was superimposed on its centre. In each case, a fixation cross was
superimposed on its centre and participants were instructed to try to remember the cue scene
while maintaining fixation. Subsequently, two faces were presented, one target and one
distractor. Participants freely viewed the two faces. In the experimental (left target) condition,
the target face that was superimposed on the cue scene during the encoding phase of the same
trial was presented in the left visual field during the free-viewing. In the experimental (right
target) condition, the target face that was superimposed on the cue scene during the encoding
phase of the same trial was presented in the right visual field during the free-viewing. The
distractor face was chosen from the faces presented in the same trial but not on the cued scene.
In the control condition, none of the faces that were freely viewed were superimposed on the
cue scene during encoding. Hence, there is no actual target or a distractor in this control
condition; the ‘target’ and ‘distractor’ faces were chosen randomly from one of the three face-
scene associations presented during the encoding part of that trial. The experimental and the
control trials were interleaved randomly throughout the experiment. This experiment had, 18
experimental trials with the target on the right, 18 experimental trials with the target on the left

and 18 control trials.

2.3.5 Awareness test

In the end of the main experimental session, participants were asked whether they had
consciously perceived a face during the encoding phase of the experiment. Data from
participants who responded positively to this question were excluded from the analysis. The
next stage was an objective awareness test consisting of 36 trials. In each trial, one novel face
was presented unconsciously using the same method outlined in Figure 1(i.e. identical to the
main experiment). As in the main experiment, they responded to the attention task (orientation
of the bar), but in addition, on each trial, they were presented with a forced choice decision
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about which face was presented in the masked section of the trial. This ensured that the
attentional demands of the awareness task were equated with those of the main experiment.
During the forced choice section of 4s, the face that had been masked was presented alongside
a novel face which had never been presented before, randomly allocated to the left or right
position. I used a binomial test to compare the participants’ performance with chance. The
participants who had more than 22 correct choices (binomial test p<0.05) were considered to

respond above chance level and excluded from the rest of analysis.

2.3.6 Eye tracking acquisition and analysis

Eye tracking measures were recorded with an Eyelink1000 tracker (SR Research, Ontario,
Canada) at a sampling rate of 500 Hz. Calibration was performed using the built-in Eyelink 9-
point calibration procedure every 9 trials. Event timing was controlled by Presentation software
(Neurobehavioral Systems, Berkeley, CA).

The Data viewer software from SR Research was used to analyse the eye tracking measures
during the free-viewing phase of each trial. I defined left and right interest areas (IA) for the
left faces and the right faces. The average viewing time, average fixation number and the

average pupil size (area) were calculated during the free-viewing for each IA in each condition.

The eye-tracking data were categorised into: target on left, target on right, distractor on left,
distractor on right, control face on left and control face on right. The eye tracking measures
when participants were freely viewing these faces were then averaged across trials for each
participant. During the cue, the participants fixated on the centre of the screen to ensure the
free-viewing analyses started with an estimate of the actual centre of the screen. I defined the

Interest areas (IA) for the faces in left and the right interest areas with respect to this value. In
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a few trials, participants did not fixate on the centre of screen during the cue. For these trials,
there was not a clear way to define the IAs, so were excluded from the analysis. Trials with
more than 15% of the free-viewing time as blinks were also excluded. On average 1% of the
trials were excluded for each participant.

Pupil size changes largely with variables other than memory including level of alertness or
fatigue, and also colour and contrast of visual stimuli (Morad, Lemberg et al. 2000, Lobato-
Rincon, Cabanillas-Campos et al. 2014). The pupil size change in exposure to light also varies
largely between individuals (Higuchi, Ishibashi et al. 2008). There is no consensus for baseline
correction in pupillometry (Mathot, Fabius et al. 2018). I considered the average of average
pupil size on left and right IAs as an estimation of baseline for each participant. I then calculated
the average pupil size ratio by dividing the average pupil size for each IA by this baseline.
Pupil size (area) was measured as the number of camera pixels occupied by the pupil. The eye
tracker used in this experiment was head mounted and the distance and the angle between the
camera and the right eye varied while the participants were looking at the left and the right TAs.
To compensate for this, I only compared the different conditions within the same IA (left or
right). This correction has the beneficial effect of also avoiding influences of the inherent bias
toward the left visual field outlined before (Siman-Tov, Mendelsohn et al. 2007).

Regarding my a priori hypothesis I expected to see a modulation in each of the eye tracking
measures on the target compared with the distractor in the left visual field. But I did not have
a prior hypothesis about the right visual field. I conducted a paired t-test to compare each eye
tracking measure between the target and the distractor in the left visual field. As an exploratory
analysis, I also performed a paired t-test to compare the eye tracking measures between the
target and the distractor in the right visual field without a prior prediction. I used SPSS, version
25.0 to conduct the analyses. Cohen’s d was calculated by dividing the mean of paired

differences by the standard deviation (SD) of paired differences. All the graphs of the paired t
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tests, were produced according to the Cousineau-Morey method (Cousineau 2005, Morey
2008). According to this method, just for visualization purpose, the data was normalized and
the error bars showed the within subject 95% confidence interval of the normalized data

(Cousineau 2005, Morey 2008).

2.4 Results

2.4.1 Awareness test
In total, 12 participants were excluded from the experiment either because they reported seeing
a face during encoding or they performed above chance in the awareness test. This left 20

participants for the unconscious episodic memory analysis.

2.4.2 Evidence of unconscious encoding of face-scene associations in the left visual field
Number of fixations: On average, for experimental trials, participants made more fixations per
trial on target faces in the left IA (mean=2.35; SD=0.43) compared to distractors in the left [A
when the target was on the right, (mean=2.26; SD=0.49); paired samples (mean of paired
differences=0.124; SD of paired differences=0.184; t(19)=3.002, p=0.007, Cohen’s d= 0.67)).
There was not a significant difference between the average number of fixations on the target in
the right 1A (mean=2.27; SD=0.44) and the distractors in the right A, (mean=2.26, SD=0.37);
paired samples (mean of paired differences=0.023; SD of paired differences=0.382;
1(19)=0.263, p=0.79). The comparison between the number of fixations on the target and the
distractor in each IA is depicted in Figure 2. In the control condition, there were 2.23 (SD=0.5)

fixations in the left IA and 2.27 (SD=0.52) fixations in the right TA.
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Figure 2. The average number of fixations on the target and distractor faces in the left and the

right visual fields. A) The average number of fixations was significantly higher on the target

compared with the distractor in the left interest area. B) There was no significant difference in

the average number of fixations between the target and the distractor in the right IA. Error bars

represent within subject 95% confidence interval (Cousineau 2005, Morey 2008).

Pupil size: The average pupil size ratio on the target in the left IA (mean=1.018; SD=0.015)

was bigger that a distractor in the left IA (mean=1.013; SD=0.014); paired samples (mean of

paired differences=0.005,; SD of paired differences=0.01; t (19) =2.13, p = 0.045, Cohen’s d

= ().5). The average of pupil size ratio during viewing the target in the right [A (mean=0.986;

SD=0.015) was not different from the average pupil size on the distractor in the right A
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Figure 3. The average pupil size ratio on the target and the distractors in the left and the right
visual fields. Pupil size ratio was calculated by dividing the average pupil size in each [A by
the average of pupil size in both interest areas as baseline. A) The average pupil size ratio was
significantly higher on the target compared with the distractor in the left interest area. B) There
was no significant difference in the average pupil size ratio between the target and the distractor
in the right IA. Error bars represent within subject 95% confidence interval (Cousineau 2005,

Morey 2008).

(mean=0.982; SD=0.015); paired samples (mean of paired differences=0.004; SD of paired
differences=0.11; t(19)= 1.76, p=0.094). The comparison between the average pupil size ratio
on the target and the distractor in each visual field is depicted in Figure 3. During the control
condition, the average pupil size ratio was 1.018 (SD=0.018) in the left IA and 0.982 (SD=

0.018) in the right IA.
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Figure 4. The average viewing time on the target and the distractor in the left (left graph) and
the right (right graph) visual fields. A) There was no significant difference in the average
viewing time between the target and the distractor in the left IA. B) There was no significant
difference in the average viewing time between the target and the distractor in the right IA.

Error bars represent within subject 95% confidence interval (Cousineau 2005, Morey 2008).

Viewing time: The average viewing time on the target face in the left [A (mean=615ms; SD=
113) was not significantly different from the average viewing time on the distractor in the left
IA (mean=608ms,; SD= 128); paired samples (mean of paired differences=6.401; SD of paired
differences=77.368; t (19) = 0.370, p= 0.715). The average viewing time of the target in the
right IA (mean= 621ms; SD=69) was not significantly different for the distractor in the right
(mean=630ms,; SD= 80); paired samples (mean of paired differences=0.022; SD of paired
differences=0.382; t (19) = 0.553, p= 0.587). The comparison between the average viewing

time on the target and the distractor in each visual field is depicted in Figure 4. During the
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control condition the average viewing time in the left IA was 62/ms (SD=117) and for the right

IA it was 626ms (SD=54).

2.5 Discussion

In this study, I investigated the possibility of unconscious encoding and subsequent
unconscious retrieval of episodically associated complex visual stimuli. According to the
processing-based-memory model, if the episodic memory network is involved in encoding of
masked face-scene associations, the rapid encoding of these novel and complex visual
associations should lead to the formation of a flexible memory that can last over short (as well
as long) retention times (Henke 2010). The experiment was designed such that the total time
for the unconscious presentation of each face-scene association was very short (less than a
second). If this rapid presentation of visual associations resulted in the formation of a flexible
memory, retrieval of the scene stimulus should trigger or assist retrieval of the associated face
stimulus. I tested for this unconscious retrieval using eye tracking measures. The average
number of fixations and the average pupil size ratio was significantly higher on the target in
the left visual field compared with the distractor in the left visual field. There were no such
effects in the right visual field. The left visual field results are consistent with the formation of
a rapid and flexible memory of complex visual stimuli at unconscious level. The lack of effects
for targets in the right visual field could be due to an interaction between attentional bias toward
left and the memory-guided attention toward the target on right. There was no modulation in
the total viewing time between the target and the distractor.

The modulation of fixations and pupil size during the free viewing of the target compared with
the distractor cannot be simply explained by the familiarity of the stimuli. The target and the
distractor in each trial were randomly chosen from the faces previously presented in the
encoding part of the same trial. Hence, the target and the distractor were equally familiar. The

62



only difference was that the target face was previously superimposed on the cue scene during
the encoding, whereas the distractor face was presented on a different scene. As a result any
difference between the experimental free-viewing and the control free-viewing should be the
result of unconscious retrieval of the association between the cue scene and the target.
Unconscious retrieval of face-scene associations would not be possible without a successful
unconscious encoding. Hence these findings provide support for both unconscious encoding
and unconscious retrieval of face-scene associations in my experiment.

Pupil size changes can also occur as a result of task difficulty, in addition to memory retrieval
(Kahneman and Beatty 1966, Otero, Weekes et al. 2011). In this experiment the participant
were instructed to freely look at the target and the distractor and the task demands were equal
across conditions. Hence modulation of pupil size between the experimental and the control

free-viewing could not be due to the difference in the task difficulty between these conditions.

I did not see any significant change in the total viewing time spent on the target compared with
the distractor. In the study by Hannula and her colleagues [8], participants consciously encoded
face-scene associations. They found that the participants’ total viewing time was longer on the
target compared with the distractor without conscious awareness of the target (Hannula and
Ranganath 2009). In their study, the effect of unconscious retrieval on total viewing time
emerged within 500-750 ms after the beginning of the free-viewing phase and faded away after
that time window. I assume that the participants in their experiment were able to fixate on the
presented faces within 500-750 ms from the beginning of the free-viewing phase. Hence it was
possible to compare the total viewing time spent on different faces within that time window.
My results show an average of total viewing time on each face of more than 600 ms. Within
750 ms from the beginning of the free-viewing phase, in many trials, my participants had not

even looked yet at the second face. Hence, calculating the total viewing time for the two faces
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within that time window was not feasible for my data. The above mentioned studies by Hannula
et al were about modulation of total viewing time by unconscious retrieval of face-scene
associations after conscious encoding (Hannula, Ryan et al. 2007, Hannula and Ranganath
2009). As a result during the viewing of the target and the distractor, these faces were familiar.
In my experiment, during the free-viewing, the target and the distractor were still novel at
conscious level. It was because the target and the distractor were only unconsciously presented
during the encoding. It has been shown that participants fixate less and also spend less time
viewing the repeated images compared with new images (Smith and Squire 2008, Crutcher,
Calhoun-Haney et al. 2009). Hence, it seems plausible that in my experiment viewing the target
and the distractor took more time compared with their experiment. This could explain why I
was not able to compare the total viewing time spent on the target and the distractor in the time
window of 500-750 ms. In this regard, lack of a significant effect of unconscious retrieval on
total viewing time is not surprising.

Previous experiments on the relationship between the eye-tracking measures and unconscious
retrieval of associations have been mixed, with some positive results being unable to be
replicated (Ryan, Althoff et al. 2000, Smith, Hopkins et al. 2006, Smith and Squire 2008). For
example, in the studies by Smith et al. (Smith, Hopkins et al. 2006, Smith and Squire 2008),
there was no significant change in eye movement measures to show unconscious retrieval of
manipulated parts of images after their conscious encoding. An important limitation of the
studies by Smith et al was the low number of trials assigned to investigate the unconscious
retrieval effect. This low number of trials were then divided to conscious and unconscious trials
based on subjective awareness reports. A trial was considered unconscious only when the
participants were not able to consciously recognize the manipulated part of a scene, even after
they were informed about it (Smith, Hopkins et al. 2006, Smith and Squire 2008). This

conservative approach may lead to the exclusion of many potential unconscious trials, in which
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the participants were able to describe the manipulations only after being informed of them. In
current experiment, I had much higher number of trials for each condition compared with their
experiment. The combination of the two awareness tests that I used eliminated the need to
exclude some trials based on subjective reports. During the subjective awareness test,
participants who reported that they saw even one face during the unconscious encoding were
excluded from the rest of the experiment. The objective awareness test further excluded the
participants who might have seen the masked faces by excluding those who identified the
masked faces above chance in the awareness test. This conservative method ensured I had
higher number of trials and lower possibility of contamination of the results by conscious
encoding. Hence the low number of trials in the studies by smith et al could explain why they
did not see a significant effect of unconscious retrieval on viewing behaviour (Smith, Hopkins

et al. 2006, Smith and Squire 2008).

A further potential issue in previous studies (Wuethrich, Hannula et al. 2018) could be not
considering the confounding effect of leftward attentional bias in modulation of viewing
behaviour during the free-viewing by unconscious episodic retrieval. Regarding the leftward
attentional bias in processing visuospatial information, if the unconscious memory effect on
viewing behaviour is left lateralized, collapsing the viewing behaviour in the right and the left
visual fields might eliminate the effect. In our study, I controlled the spatial position of the
targets and the distractors and analysed the data from each visual field separately to avoid the

potential influence of such general effects.

Overall, the current study has provided support for the prediction of the processing-based-
memory model that encoding and retrieval of episodically associated, complex visual stimuli
are not limited by consciousness. The participants’ fixations and pupil dilation reflected the

unconscious retrieval of episodically associated visual stimuli after their unconscious
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encoding. Our data also suggests that eye tracking is a powerful technique in investigating

unconscious memories.

In current experiment I found a behavioural index of unconscious episodic memory. The next
step in testing the hypothesis that episodic memory can be unconscious could be to explore the
role of classic memory structures such as the hippocampus in this function. Functional
magnetic resonance imaging (fMRI) is a powerful technique that can reveal the role of deep
brain structures (e.g. medial temporal lobe) in different cognitive functions. I next conduct an
fMRI experiment to investigate whether the same medial temporal regions involved in
conscious encoding and retrieval of episodically associated visual stimuli are also involved in

their unconscious encoding and retrieval.
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