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Abstract

Involuntary autobiographical memories (IAMs) and déja vu are phenomena that occur spon-
taneously in daily life. IAMs are recollections of the personal past, whereas déja vu is defined
as an experience in which the person feels familiarity at the same time as knowing that the
familiarity is false. We present and discuss the idea that both IAMs and déja vu can be
explained as natural phenomena resulting from memory processing and, importantly, are
both based on the same memory retrieval processes. Briefly, we hypothesise that both can
be described as “involuntary” or spontaneous cognitions, where IAMs deliver content and
déja vu delivers only the feeling of retrieval. We map out the similarities and differences
between the two, making a theoretical and neuroscientific account for their integration into
models of memory retrieval and how the autobiographical memory literature can explain
these quirks of daily life and unusual but meaningful phenomena. We explain the emergence
of the déja vu phenomenon by relating it to well-known mechanisms of autobiographical
memory retrieval, concluding that IAMs and déja vu lie on a continuum.

1. Introduction

It’s exactly the same as the last time, it’s all come back to me ... it’s behind, it’s always thoughts from child-
hood, it’s always visual, it’s a place behind the house, the field where my father put his car, near a lake ... It’s
not always the same countryside; I've forgotten the story of this countryside ... Yes, it’s pleasant because we
were going to get the car from behind the house, it’s a happy memory, it’s never unpleasant.

Vignal, Maillard, McGonigal, and Chauvel (2007, p. 92)

I have the impression that everything around me has been here before, that it has already happened, I feel as
if I am going backwards in time.
Vignal et al. (2007, p. 92)

I could be carrying out an everyday activity - e.g., driving/attending lecture - and visual images appear in

my head - possibly of people I know/places I've been (with no relevance to what’s going on in reality). I

could be doing the housework and certain melodies I hadn’t heard for a while pop into my head.
Kvavilashvili and Mandler (2004, p. 89)

It feels like you're living an experience that you've already lived through or perhaps dreamed. As each small
detail of the experience unfolds it seems as though you knew it was going to happen--as if you could have
described the scene before it even existed. Each time I feel a strong conviction that I've seen all of it happen
before.

Jersakova, O’Connor, and Moulin (2015, data available online)

These quotes capture two different spontaneous cognitions, in two different populations. The
first two refer to reports of spontaneous thoughts cued by electrical stimulation of the brain
(for a review, see Curot et al., 2017). The second two are subjective reports of the same phe-
nomena in healthy people. One phenomenon concerns the reproduction of a fully formed
scene from the personal past, an involuntary autobiographical memory (IAM; Berntsen,
1996, 2010), the other concerns a vaguer feeling described as déja vu (Moulin, 2018). Here,
we outline how these phenomena are related, with the view that theories of memory function
should take them into account.

The starting point for our synthesis comes from Penfield’s (e.g., Penfield & Perot, 1963)
intracortical stimulation studies, whereby current applied to the temporal cortex produced
“interpretative illusions.” In their review of 520 stimulations of patients’ temporal lobes,
Penfield and Perot (1963) reported that 7% of stimulations produced “responses” devoid of
content, and 10% of stimulations produced “hallucinations,” which included sensory content,
and which were mostly autobiographical experiences. In contemporary work, Vignal et al.
(2007) showed that stimulation of the same electrical contact in the temporal lobe either
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produced déja vu (with lower voltages and more restricted dis-
charges) or a more fully formed specific memory. It seems that
at least some forms of retrieval from the personal past and déja
vu share underlying neurological and/or cognitive processes,
and the difference between them may be expressed on a contin-
uum. Where sufficient activation exists from a cue in the environ-
ment, there is the experience of effortless retrieval, whereas where
retrieval fails it can prompt unusual and seemingly out-of-context
feelings. These experiences are not restricted to electrical stimula-
tion; involuntary memories and déja vu occur in healthy partici-
pants, and can be provoked in the laboratory.

We map out the similarities and differences between these
phenomena (see Table 1), and provide an account for their inte-
gration into theories of memory retrieval. Both can be described
as “involuntary” or “spontaneous cognitions,” one delivering
content, and the other delivering only a feeling. The development
of a theory which integrates these spontaneous cognitions into a
memory retrieval framework is thus of value, especially since
a novel development in the field is that such phenomena are
underpinned by the default mode network (DMN; e.g., Andrews-
Hanna, Reidler, Huang, & Buckner, 2010; Buckner, Andrews-
Hanna, & Schacter, 2008; Raichle, 2015; Stawarczyk, Majerus,
Magquet, & D’Argembeau, 2011; Van Calster, D’Argembeau,
Salmon, Peters, & Majerus, 2017), and changes in spontaneous
cognition might be one of the earliest signs of temporal-lobe
pathology (Kvavilashvili, NiedZwienska, Gilbert, & Markostamou,
2020). Any account of memory retrieval ought to consider these
two phenomena.

There has also been a shift of attention in cognitive psychology
from studying goal-oriented, voluntary, and effortful forms of
human cognition to studying phenomena that come to mind
spontaneously and/or without any preceding intention to think
about them. This has resulted in the emergence of several inde-
pendent research fields on (1) mind wandering and daydreaming
(e.g., Christoff, Irving, Fox, Spreng, & Andrews-Hanna, 2016;
Smallwood & Schooler, 2015), (2) IAM (e.g., Berntsen, 2009;
Mace, 2007) and automatically retrieved voluntary memories
(Barzykowski & Staugaard, 2016; Uzer, Lee, & Brown, 2012),
(3) spontaneous future thinking (Cole & Kvavilashvili, 2019,
2021), (4) spontaneous retrieval of prospective memory tasks
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(Gilbert, Hadjipavlou, & Raoelison, 2013; Kvavilashvili &
Rummel, 2020; Niedzwieniska &  Barzykowski, 2012;
Niedzwienska, Rendell, Barzykowski, & Leszczynska, 2014), (5)
involuntary semantic memories or mind-pops (Kvavilashvili &
Mandler, 2004), (6) intrusive memories (Marks, Franklin, &
Zoellner, 2018), (7) involuntary musical imagery (earworms;
Hyman et al, 2013), (8) déja vu and associated spontaneous
metacognitions (Moulin, 2018), and (9) game transfer phenom-
ena (Ortiz De Gortari & Griffiths, 2015). As yet, these spontane-
ous phenomena from daily life are studied separately (but see
Barzykowski, Hajdas, Radel, Niedzwienska, & Kvavilashvili,
2021a, 2022; Barzykowski, Radel, Niedzwieniska, & Kvavilashvili,
2019b; Plimpton, Patel, & Kvavilashvili, 2015; Vannucci,
Pelagatti, Hanczakowski, & Chiorri, 2019), significantly impeding
our understanding of their nature and shared underlying mecha-
nisms. To move towards an integration of these phenomena, we
start with IAMs and déja vu; specific forms of spontaneous cog-
nition for the personal past, where there have been significant
developments recently in the literature.

1.1. Involuntary autobiographical memories (IAMs)

Autobiographical memory is the ability to remember events from
our personal past (Conway & Pleydell-Pearce, 2000). Theories
distinguish between involuntary and voluntary retrieval in
autobiographical memory as a consequence of conscious inten-
tion (i.e., wanting to remember). IAMs are the reminiscence of
personal events that come to mind without any conscious attempt
at retrieval (Berntsen, 1996, 2010). They are contrasted with
voluntary autobiographical memories (e.g., Barzykowski &
Staugaard, 2016, 2018; Schlagman & Kvavilashvili, 2008).
Voluntary memories typically involve an effortful and time-
consuming strategic search (Botzung, Denkova, Ciuciu,
Scheiber, & Manning, 2008; Burgess & Shallice, 1996; Conway,
1990, 2005; Conway & Loveday, 2010; Conway & Pleydell-
Pearce, 2000), but they may also be directly recalled (i.e., automat-
ically and effortlessly) in a similar, yet still somewhat different,
way as involuntary memories (Uzer et al, 2012; see also
Barzykowski & Staugaard, 2016; Harris, O’Connor, & Sutton,
2015; Uzer & Brown, 2017). When we use our memory intention-
ally, for example, when trying to recall whether we have already
paid a conference fee, we retrieve voluntary autobiographical
memories. However, memories may sometimes pop into our
mind without any retrieval attempt, for example, when driving,
a memory of meeting our partner for the first time may enter
into consciousness without being sought-for.

Involuntary memories are now treated as a common example
of remembering (e.g., Berntsen, 2010, 2015; Brewin, Gregory,
Lipton, & Burgess, 2010; Clark, Mackay, & Holmes, 2013;
Moulds & Krans, 2015) and as a phenomenon worthy of investi-
gating in and outside the laboratory (e.g., Berntsen, 1996; Roberts,
McGinnis, & Bladt, 1994; Schlagman & Kvavilashvili, 2008).
IAMs were overlooked in cognitive psychology for several decades
(e.g., Miller, 1962/1974), but starting from the nineties (e.g.,
Berntsen, 1996; Roberts et al., 1994), they have been investigated
using three main methods (see Berntsen, 2009, for a more detailed
review): Survey methods (e.g., Berntsen, Rubin, & Salgado, 2015),
structured diaries (e.g., Johannessen & Berntsen, 2010; Mace,
2005), and experimental methods (e.g., Ball, 2007; Barzykowski
& Niedzwienska, 2016, 2018a; Mace, 2006; Schlagman &
Kvavilashvili, 2008; Vannucci, Batool, Pelagatti, & Mazzoni,
2014).
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Table 1 (Barzykowski and Moulin). The summary of similarities and differences between déja vu and involuntary autobiographical memories (partially inspired by
Kvavilashvili, 2015, Figure 1).

Déja vu

Involuntary autobiographical memories

Basic definition

Feeling of familiarity combined with the knowledge that
the feeling is false

Recollections of personal events that come to mind
without any conscious attempt at retrieval

Key characteristics

» Automatic: Effortless

« Cannot be willfully generated

+ Unexpected

« Infrequent

+ The feeling of familiarity with one’s personal past

- Automatic: Effortless

- Involuntary: No preceding conscious attempt
- Unexpected

- Direct relation to one’s personal past

Similarities/shared properties

Population Normal and clinical

Retrieval Involuntary/spontaneous

Effort Automatic: None or minimal
Appearance Incidental: Accidentally triggered/arosing

Feeling of retrieval

Mostly explicitly experienced

Retrieval latency

Low: Quickly retrieved

Methods used

Questionnaire, experimental, diary, neuropsychological

Relevance to personal past

Grounded in/immersed in/related to personal past

Distress

Rarely: None to moderate

Differences

Manifestation

Elusive sensation of false familiarity

Memory of personal events, experiences

Memory content

Absence of content: No direct relation to given past
experience and details

Usually direct relation to given past experience with
different levels of details

Feeling of familiarity

Central, overwhelming, explicit

Peripheral, secondary, extremely brief or non-existent

Time orientation

Feeling of pastness for present moment

The recollection of past events/experiences

Cognitive demand

Highly cognitively demanding: Only experienced by
people with sufficient cognitive resources to oppose and
detect the false feeling of familiarity

Only mildly cognitively demanding (although limited by
cognitive load)

Accuracy False familiarity Rather accurate: Knowing/believing that what is retrieved
Knowledge that familiarity is inaccurate is correct and true
Prevalence Relatively Low/infrequent/rare Relatively high/frequent/common
Recurrence Unknown - presumably low - ironically, one does not get Low to high - one does not get the same involuntary
the same déja vu often memory very often but some memories may become
recurrent and repeated
Cue Configural, contextual similarity (Gestalt account), and/or External or internal identifiable cues
perceptual prime (in experimental work)
Source Unknown or “unknown past”: Source amnesia Rather easily identifiable external/internal cues/past
events
Accessibility Rather high: Easily passes awareness threshold High: Strong and intense experience - easily passes

awareness threshold

Phenomenological
characteristics (e.g.,
vividness, clarity)

Mostly described as intense - but no explicit content

Mostly sound and intense: Identifiable phenomenological
characteristics

Valence Pleasant experience typically - but difficult to compare Mostly positive; also neutral and negative
since no content; at the same time may be felt as disturbing
and unsettling due to it’s incomprehensible nature
Avoidance Unknown None or minimal - differentiates them from recurrent or
traumatic memories
Disruption to current Unknown None or minimal

cognitive processing

Metacognition

Metacognitive: Top-down
Higher order interpretation of retrieval processes, feeling
of familiarity

Minimally metacognitive - Bottom-up: Triggered/
memory’s phenomenological characteristics draw one’s
memory-related attention
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Table 1 (Continued.)

Déja vu

Involuntary autobiographical memories

Self-awareness High (always present)

High to none (one may not be aware of having IAMs)

The role of attributions High
(e.g., beliefs in retrieval)

Rather non to minimal

Functionality

contextual/environmental cues

Error of the memory metacognitive/metamemory illusion/
error; side effect of typical involuntary processing of

While they may be side effect of typical involuntary
processing of contextual/environmental cues, IAMs may
serve several functions and roles

Neurological basis

prefrontal cortex

Familiarity signal produced by medial temporal-lobe
circuitry, upstream conflict detection in cingulate cortex/

Posterior cingulate cortex, dorsolateral prefrontal cortex
(inactivated), posterior parietal regions (e.g., inferior
parietal lobule), medial temporal-lobe areas, increased
activation in the hippocampus, precuneus, and
ventrolateral prefrontal cortex

The laboratory method developed by Schlagman and
Kvavilashvili (2008; with further modifications, e.g., Barzykowski,
Niedzwieniska, & Mazzoni, 2019a; Plimpton et al, 2015;
Vannucci et al., 2019) allows the examination of the retrieval
phase of this spontaneous phenomenon under controlled condi-
tions (e.g., Barzykowski, 2014; Barzykowski & Niedzwienska,
2012). Participants are engaged in a monotonous vigilance task
requiring little attention (such as detecting 15 infrequent target ver-
tical lines in a stream of 785 slides with horizontal lines) while
exposed to irrelevant word phrases (e.g., buying a baguette, a won-
derful smile, an unpleasant conversation), some of which may inci-
dentally trigger involuntary memories (e.g., I remember buying
fresh and still warm bread from the bakery’s back window when get-
ting back from a crazy all night party; this was something I very much
needed when going home at 4am). Participants are instructed to
write down any spontaneously occurring thought and/or memories
during the vigilance task. Schlagman and Kvavilashvili’s (2008)
participants reported on average approximately six involuntary
memories (ranging from 1 to 24) during laboratory sessions.

While IAMs were treated at first as a relatively rare phenome-
non (e.g., Davachi & Dobbins, 2008), they are now considered
common in daily life (Berntsen, 2010, 2015; Brewin et al., 2010;
Clark et al., 2013; Moulds & Krans, 2015). Involuntary remember-
ing may be even more frequently experienced in daily life than
voluntary and effortful autobiographical retrieval (e.g.,
Rasmussen & Berntsen, 2011; Uzer et al., 2012). The high preva-
lence of IAM:s is also demonstrated by people’s tendency to clas-
sify automatically (i.e., effortlessly) retrieved voluntary memories
as involuntary memories even though these memories were
retrieved in response to a direct instruction to do so (e.g.,
Barzykowski, Staugaard, & Mazzoni, 2021b; Sanson, Cardwell,
Rasmussen, & Garry, 2020). IAMs may be considered as a univer-
sal well-known and frequently experienced phenomenon that
commonly occurs in the general population and which occurs
in healthy autobiographical memory." While typical frequency
estimates vary depending on the method used (e.g., Laughland
& Kvavilashvili, 2018), the average frequency of IAMs is in the
order of a dozen per day (e.g., roughly 20 memories per day;
Rasmussen & Berntsen, 2011).

The results of naturalistic diary studies, where participants are
instructed to record and describe IAMs and their accompanying
context immediately as they occur in everyday life (e.g.,
Berntsen, 1996; Laughland & Kvavilashvili, 2018), have shown
that IAMs are more likely to be reported when attention is diffuse
(Berntsen, 1996; 2009), and when the individual is engaged in an
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automatic activity with low attention and low cognitive demands
(e.g., washing-up, walking, ironing). They also arise in response to
incidental external and/or internal cues that usually overlap with
key features of the memory content (e.g., seeing a given mug on a
desk may trigger a certain past episode of receiving it as a gift;
Berntsen, 1998). This is supported by data from laboratory set-
tings: The content of IAMs directly corresponds to experimentally
provided cues (e.g., Barzykowski & Niedzwieniska, 2018b;
Plimpton et al, 2015; Vannucci, Pelagatti, Hanczakowski,
Mazzoni, & Paccani, 2015, 2019). This idea, that IAMs are in
fact a response to cues in the environment even though they
are experienced as involuntary, is a critical aspect of our argument
and we explain this focussing on the notion of cognitive control.

It could be argued that the key difference between involuntary
and voluntary memories is the presence or not of cognitive con-
trol. When trying to deliberately retrieve a given memory (e.g.,
eating Ramen with close friends two weeks ago) in response to a
certain cue (e.g., eating Ramen), one has to actively and strategi-
cally search for a representation that specifically relates to that cue.
Thus, there is a cascade of cognitive processes leading to success-
ful memory retrieval: (1) Actively elaborating on the cue, (2)
monitoring the stream of consciousness looking for a thought
corresponding to a cue, (3) deciding whether the thought relates
to the searched episode from the personal past and (4) deciding to
terminate search or continue the search until a better match is
found (see also Mace, Clevinger, Delaney, Mendez, & Simpson,
2017, for mental strategies used in voluntary recall).

Involuntary retrieval circumvents such search processes as
there are no pre-set requirements to be met and the involvement
of cognitive control in the memory retrieval is minimised. The
presence of cognitive control is also reflected by longer retrieval
latencies for voluntary than involuntary memories (e.g.,
Barzykowski et al., 2021b; Schlagman & Kvavilashvili, 2008). In
addition, Barzykowski et al. (2021b) recently also reported data
suggesting that voluntary retrieval entails not only increased cog-
nitive control but also more awareness during memory retrieval,
which allows participants to retrospectively reflect upon and eval-
uate their retrieval. Involuntary memories thus come to mind rap-
idly, and thus somewhat devoid of phenomenology, since there is
no feeling of effort.

Whilst there are only a few neuroscientific studies which help
elucidate the nature of the difference between voluntary and
involuntary memories, there is a consensus view on the neurosci-
ence of cognitive control more generally. Traditionally, the frontal
lobes are seen as a critical structure in a network of regions
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(essentially a frontal-cingulate—parietal network) responsible for
cognitive control (e.g., Cai et al.,, 2016). This network is involved
in bringing to attention task-relevant information, distributing
attentional resources and suppressing inappropriate behavioural
responses. In a review, Menon and D’Esposito (2022) outline
six different large-scale functional networks involved in cognitive
control, proposing that cognitive control is implemented by
dynamic interactions among prefrontal cortex (PFC) networks
embedded in a “global brain architecture.” In memory retrieval
more specifically, Eichenbaum (2017) proposes that during recall,
contextual cues are processed by the ventral hippocampus, which
sends this information to the prefrontal cortex, which in turn
“biases” the retrieval of context-appropriate memories from the
dorsal hippocampus.

These neuroscientific descriptions of the complex, dynamic
interactions between the prefrontal cortex and the temporal
lobe are described without reference to comparison between vol-
untary and involuntary retrieval, and so it is difficult to know the
implication of the prefrontal cortex in involuntary retrieval,
despite causal mechanisms being identified in the literature (ie.,
prefrontal activation occurring before, or leading to, cognitive
control and memory retrieval [Cai et al, 2016; Eichenbaum,
2017]). In their Trace Transformation Theory, Sekeres,
Winocur, and Moscovitch (2018) propose a similar interaction
between the same structures, but also specify difference between
the anterior and posterior hippocampus in humans, from more
coarse representations in the anterior hippocampus and more
fine-scaled representations in the posterior hippocampus (e.g.,
Brunec et al., 2018).

The neuroscientific literature describes a network with a
to-and-fro between retrieval and control mechanisms driven by
cues in the environment, which inspires our view here. But note
that most neuroscientific accounts of this process do not differen-
tiate between voluntary and involuntary retrieval (perhaps
because these are more subtle differences in the non-human
brain and are difficult to operationalise experimentally).
However, cognitive control is a key component of neuroscientific
accounts of retrieval and our focus here is what occurs cognitively
when memories are involuntarily retrieved: Does this imply less
control, and possibly less of a causal activation derived from the
prefrontal cortex?

To examine this, Hall et al. (2014) compared voluntary and
involuntary retrieval, finding that voluntary retrieval elicited
greater activity in dorsal frontal regions while keeping other
sub-components of the retrieval network (e.g., medial temporal,
ventral occipitotemporal, and ventral parietal regions) similarly
engaged. Previous studies (e.g., Hall, Gjedde, & Kupers,
2008; Hall et al, 2014; Kompus, Eichele, Hugdahl, & Nyberg,
2011; for review, see Kvavilashvili et al., 2020) suggest important
roles for the posterior cingulate cortex (involved during both
involuntary and voluntary retrieval), dorsolateral prefrontal
cortex (inactivated during involuntary but activated during
voluntary retrieval), posterior parietal regions (e.g., inferior pari-
etal lobule),” and medial temporal-lobe areas in the involuntary
retrieval processes. Therefore, involuntary retrieval compared to
voluntary retrieval may not need additional engagement of the
prefrontal cortex.

The phenomenology of IAMs is of them being spontaneous
and this is corroborated by the neuroimaging findings that con-
verge on a lack of cognitive control in involuntary retrieval.
In this way, they might be thought of as part of a family of “stim-
ulus unrelated thoughts” including mind wandering, which is
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described as being thought decoupled from current perceptual
inputs (e.g., Mills, Zamani, White, & Christoff, 2021; Schooler
et al,, 2011). However, as stated above, IAMs are in fact often
related to easily identifiable cues in the environment (e.g,
Plimpton et al,, 2015; Schlagman & Kvavilashvili, 2008). Mace
(2004) showed that in everyday life, IAMs were most likely to
be triggered by abstract cues (e.g., thoughts, language-based refer-
ents to the original past event) rather than sensory/perceptual
cues (e.g., raw sensory experiences such as taste or smell). This
finding suggests that although sensory and perceptual experiences
may sporadically trigger an involuntary memory, more often than
not they are evoked by objects, scenes, themes, abstract
linguistic-based cues, and activation of autobiographical memory
schemas. Several authors stress the relationship between mind
wandering and involuntary memories (see Cole & Kvavilashvili,
2019; Plimpton et al, 2015), stating that retrieving an IAM is
not related to the ongoing task, but it is related to information
in the environment. To summarise, we propose that retrieval in
involuntary memory is relatively rapid and although cued by
the environment, arrives without an awareness of memory search,
and is as such a relatively pure, content-rich type of retrieval, as
indicated in Figure 1.

1.2. Déja vu

Déja vu is a brief experience in which the person experiences false
familiarity at the same time as knowing that the familiarity is
false. A reasonable estimate is that about 80-90% of the popula-
tion experience it at least once, and no more than 10 times a
year (see Brown, 2003). It is therefore experienced far less fre-
quently than TAMs. Questionnaire studies have examined the pos-
sible triggers of déja vu, and although it appears to be more likely
for scenes, conversations, and for familiar places and people, no
real patterns emerge (see Moulin, 2018, for a review). It is not
the case that déja vu has a uniquely visual trigger: Even people
who are blind report experiencing déja vu’ (O’Connor &
Moulin, 2006). The current conceptualisation is that déja vu arises
from an inappropriate activation of familiarity: It feels as if a
memory is being accessed, but no such representation from the
personal past is present (Brown, 2004). This idea that déja vu
might result when the relevant memory cannot be retrieved has
inspired the paradigms developed for studying déja vu.

Definitions converge on the idea of a clash in mental evalua-
tions and a conflict in appraisals (e.g., Urquhart, Sivakumaran,
Macfarlane, & O’Connor, 2021). For instance, one may experience
déja vu when entering a flat, having a strong feeling of having
been in this flat before, although at the same time knowing that
this is actually the first time you have visited your friend’s
place. The déja vu experience is thus also metacognitive: It arises
out of a higher order interpretation of retrieval processes; it is not
possible to have a déja vu experience and not be aware of it. This
critical feature distinguishes it from a false memory.

Whilst some authors have suggested the conflict in déja vu
arises from false familiarity which is top-down, or neurological
in origin (the decoupled familiarity hypothesis; Illman, Butler,
Souchay, & Moulin, 2012). This sees déja vu as essentially an
infrequent or random experience caused by a neurophysiological
event, not unlike the electrical stimulations which start this article.
Others, however, have suggested it is cued by stimuli which pre-
sent some undetected conceptual or perceptual overlap with
stored representations (e.g., the Gestalt Similarity account;
Cleary et al,, 2012). Déja vu is a spontaneous mental event, in
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Figure 1. Flow chart representing the memory phenomena (autobiographical memory, déja vu, tip of the tongue, feeling of knowing), as a result of (1) retrieval
intentionality (involuntary vs. voluntary), (2) memory content accessibility (accessible/inaccessible), and (3) feeling of familiarity (present/absent). Outcomes of the
retrieval process are: No memory (whereby nothing is retrieved that is experienced as a memory), déja vu, involuntary memory, voluntary memory, and the feeling of
knowingytip-of-the-tongue, this latter, which is evaluated as plausible despite the lack of retrieved content is experienced as a frustrating sense of familiarity for a
currently unretrieved representation. It is a sensation which provokes a search in memory, hence its link to voluntary retrieval process. Access to content: Access to
content implies complete recollective retrieval of the personal past including the phenomenology of remembering and a sense of successful retrieval. Feeling of
familiarity: Feeling of familiarity implies a subjective experience of fluency devoid of any content. Voluntary and involuntary retrieval: These labels refer to generic
memory processes which are either will fully engaged (e.g., memory search, cue elaboration, generation of associations) or which are provoked by cues in the

environment.

that it is not directly related to the current goals of conscious pro-
cessing, and it is not sought for. However, as with [AMs, it can be
triggered by cues in the environment.

The idea is that, for example, when entering the friend’s flat for
the first time, the configuration of the window, fireplace, and sofa
match a stored representation, and give a certain configural flu-
ency (e.g., Cleary et al., 2012; Cleary & Claxton, 2018), such
that a feeling of familiarity for the environment is generated
which relates strictly to one’s personal past, even though it is
known that this is the first visit to the apartment. The room
feels familiar because it reminds us of something we have already
encountered in our past, but we are not able to retrieve the source
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of the familiarity: We are unaware of the resemblance. Similar
theories have been proposed since the nineteenth century (e.g.,
Knight, 1895), and may involve anodyne processes such as read-
ing a description of a place and then visiting the same place or
somewhere similar (e.g., Hawthorne, 1863).

Such experiences can be provoked in the laboratory. In the first
of a series of influential experiments, Brown and Marsh (2008, see
also 2009, 2010) used unattended processing to change beliefs
about memory and prior occurrence, using a superficially pre-
sented stimuli to produce a déja vu-like experience. This would
be comparable with having a quick glance at a scene, and then
subsequently processing the information more fully - what has
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been described as a cognitive “double take.” Critically, the same
information is actually processed twice, which is presumably
not the case for our example in our friend’s flat. Cleary and col-
leagues (e.g., Cleary, Ryals, & Nomi, 2009) sought to explain déja
vu, not in terms of an exactly matching unattended processing of
a stimulus, but as a perceptual overlap, basing their empirical
work on the recognition without identification paradigm (see
Cleary, 2008). Their hypothesis was that déja vu was provoked
by configural overlap in perception.

In their first experiment, they presented line drawings of
scenes, such as an airstrip with a plane coming into land. This
image is matched with second “test” image which shares the
same general layout and elements, a picture of a pond. Instead
of having the aeroplane above the horizon in the centre, there is
a dragonfly, and the converging lines of the airstrip tapering
into the distance are replaced by a similar pattern on the surface
of the water. This gives two unique scenes which share a large per-
ceptual similarity. Participants study the scenes with labels (e.g.,
airstrip) and at test they see the novel configurally similar scenes,
which they cannot name (e.g., pond), since they were never stud-
ied. The configural similarity generates a feeling of familiarity, but
when combined with the failure to produce a name (i.e., recogni-
tion without identification), it generates déja vu. Subsequently,
using virtual reality, Cleary et al. (2012) used conceptually the
same method but used rooms and scenes (exactly like the flat
example above), again producing déja vu in their participants.

Drawing on this virtual reality approach, and using naviga-
tional paths through a virtual environment, Cleary and colleagues
have mapped out the range of attributions and subjective experi-
ences that accompany déja vu (e.g., Cleary & Claxton, 2018;
Cleary, Huebert, McNeely-White, & Spahr, 2019; Cleary,
McNeely-White, Huebert, & Claxton, 2021a). In these experi-
ments, Cleary and colleagues sought to explain the feeling of “pre-
science” in déja vu - the ability to be able to predict the future. In
the first work in this series, Cleary and Claxton showed that a feel-
ing of familiarity with a turn in a path generated feelings akin to
déja vu, replicating their earlier work, but this feeling did not lead
to above-chance ability to predict the next turn. Critically, how-
ever, déja vu was accompanied by increased feelings of knowing
the direction of the next turn, leading Cleary and colleagues to
describe déja vu as an illusion of prediction. In a follow up,
Cleary, McNeely-White, Huebert and Claxton showed that pre-
science was not a ubiquitous experience in déja vu, but that it
was related to the level of familiarity felt; the more intense the
phenomenology of familiarity, the more the participant felt like
they could predict what was coming next. Cleary, Huebert,
McNeely-White and Spahr went one stage further, asking partic-
ipants to report on how things unfolded after the feeling of déja
vu, showing a “postdictive bias” as well as the illusion of predic-
tion. Participants were more likely to say that the novel route
unfolded in a way that they remember from the déja vu:
Something which, as in the earlier task, was not borne out in
their ability to identify the right path.

Most recently, Huebert, McNeely-White, and Cleary (2022)
tested the idea that feelings of familiarity in cued recall might pro-
voke illusory feelings of recollection - being able to recall contex-
tual specifics from a past event, in line with the observation of
recollective confabulation patients, who have been described as
having permanent déja vu (Moulin, 2013). Again using the recog-
nition without recall paradigm, Huebert et al. manipulated the
amount of cue-target feature overlap. Increasing familiarity led
to increased confidence in knowing a contextual detail of some
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other information that was presented at study. In sum, using var-
ious iterations of the recognition without identification paradigm,
Cleary and colleagues have repeatedly provoked feelings of famil-
iarity in the laboratory which are described as déja vu by partic-
ipants. Crucially for our argument below, this feeling of
familiarity has implications for illusions of prediction and
recollection.

In a different experimental framework, Urquhart and col-
leagues (Urquhart & O’Connor, 2014; Urquhart et al., 2021) gen-
erated a feeling of familiarity in word learning tasks using
conceptually related stimuli. They wuse Deese-Roediger—
McDermott (DRM)-like stimuli (Roediger & McDermott,
1995), in which one critical non-presented item (e.g., SLEEP) is
related to a series of other targets (e.g, BLANKET, REST,
DOZE, DREAM, BED). At test, the non-presented item will feel
familiar to the participant, and in an oft-replicated finding, a
large proportion of people report a false memory for this item.
Urquhart and O’Connor (2014) produced an analogue of déja
vu by adding a task at study whereby participants also had to
report and note the number of words beginning with a certain let-
ter, in our example, “S.” Because SLEEP was not presented, and
no other word was presented that began with an “S,” it created
a situation where the participants had knowledge about the
study phase: “no words began with an ‘S’.” Thus, when presented
the item SLEEP in the test phase, participants found the item very
familiar but were also confronted with the information that they
had not studied any words beginning with an “S,” and partici-
pants were likely to report having an experience of déja vu,
hence O’Connor and colleagues’ emphasis on the role of conflict
in the déja vu experience.

As a final note, déja vu is a subjective experience where the key
characteristic is its phenomenology and as such it is not only dif-
ficult to verify people’s experience, it is also possible that experi-
mental inductions exaggerate the rate of déja vu generation, or
that participants confuse different types of phenomenological
familiarity (O’Connor & Moulin, 2010). One concern is that par-
ticipants report having had déja vu even in a control condition.
Central to this problem is the notion of demand characteristics,
a response bias generated by social desirability (Orne, 1962),
sometimes referred to as reactivity. The fact that participants
are asked whether they have experienced déja vu repeatedly
adds to this possibility (e.g., Winkler, Kanouse, & Ware, 1982).

Jersakova et al. (2015) examined the possibility that reports of
déja vu were influenced by demand characteristics. They reasoned
that participants could interpret being asked about whether they
experience déja vu as indicative that they should be experiencing
it. This could arise with a participant who is unsure of what
exactly she is experiencing or how to describe it. Also, it could
be that the communication between the experimenter and partic-
ipants about the exact nature of the studied experience is not
clear. Cleary et al. (2009) report a cross-experiment comparison
of déja vu rates for otherwise identical experiments when they
do and do not provide a definition of déja vu. They observed
changes in how the participants responded to their induction of
familiarity, noting that ... participants’ pre-experimental notions
about déja vu may make them more inclined to equate déja vu
with standard feelings of familiarity” (p. 1087).

Jersakova et al. carried out online experiments with an ongo-
ing continuous recognition task, reporting whether a given item
was old or new. Interspersed with this task were questions
about other experiences (notably déja vu and the tip of the tongue
[TOT]), which were manipulated between subject, and there was
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also a control condition with no questions asked during the rec-
ognition phase. All participants had a common final post-
experimental questionnaire that asked about the incidence of sub-
jective experiences, the hypothesis being that asking frequently
about déja vu would lead to an elevated level of déja vu reporting.
Across experiments, between 33 and 58% of participants reported
experiencing déja vu or TOT - even if they had not been in a con-
dition where they had been asked repeatedly about those condi-
tions. Changing the definition of déja vu or asking participants
to bring to mind a real-life instance of déja vu or TOT before
completing the task had no impact on reporting rates in the post-
experimental questionnaire. Jersakova et al. also compared their
“laboratory” déja vu and the real-world experience finding that
participants rated salience, intensity, and emotionality higher
for real-life déja vu and TOT experiences as compared to their
experimentally generated analogues.

Our aim here is not to question the outcome of experiments
examining déja vu formation, but rather explore how demand
characteristics, and “pre-experimental notions” might influence
responding of such a subjective and difficult to describe state. It
should be noted that déja vu research is not alone in possibly
being influenced by demand characteristics — as we have noted
here, for example, the expectancy of generating an involuntary
memory also influences the rate of this experience too.
However, all experimental approaches to déja vu formation
involve asking the participant directly if they have had déja vu,
and often on a trial-by-trial basis. This “provocation” of déja vu
is therefore somewhat at odds with our characterisation of déja
vu as spontaneous. Our point here is about the phenomenological
spontaneity and unpredictability of the experience, which lends
itself to the design used to provoke involuntary memories.
Whilst we characterise déja vu in the real world as being an unex-
pected, spontaneous experience, we do not yet know the extent to
which it is experienced as surprising or spontaneous in experi-
mental settings. It seems that two lines of experimentation
might address this issue. The first would be to adapt the existing
successful paradigms by Cleary and colleagues reviewed above
such that questions are asked about the spontaneity and “auto-
matic” nature of the experience. Second, we propose below an
approach whereby a mundane ongoing task leaves space to expe-
rience spontaneous phenomena such as involuntary memories to
complement the existing work.

2. Retrieval processes in involuntary autobiographical
memory and déja vu

Whereas IAMs are mostly discussed within the context of auto-
biographical memory (where recall tasks are predominant), déja
vu has been mostly discussed in the context of familiarity pro-
cesses in recognition memory decision making. To reconcile
these literatures, our hypothesis is that, given that both déja vu
and TAMs relate to our personal past, they reveal something
about human retrieval processes, in general, and autobiographical
memory retrieval, in particular. A complete account of retrieval
should incorporate both these phenomena and demonstrate
how they relate to each other. Importantly, while the idea that
IAMs and déja vu may be similar phenomena has been suggested
in the literature (e.g., Bradley, Moulin, & Kvavilashvili, 2013;
Conway & Loveday, 2015; Illman et al., 2012; Mazzoni &
Hanczakowski, 2011), to our best knowledge, the present paper
is the first that provides an account for the possible underlying
mechanisms of both. Of note, in the only empirical work on
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the relationship, Moulin et al. (2014) find that retrospective ques-
tionnaire reports of the frequency of déja vu and IAMs in daily
life are related, at least in older adults (mean age 71; r[44] =
0.723).*

2.1 Familiarity and feelings of fluency

The experimental induction of déja vu converges on one theoret-
ical entity: Familiarity. The implication is that retrieval is incom-
plete: Participants find a stimulus familiar but at the same time,
are unable to retrieve its source (the Brown, Marsh, and Cleary
experiments), or know that the familiarity is false (the Urquhart
and O’Connor experiments). In terms of memory retrieval, as
pointed out by Renoult, Irish, Moscovitch, and Rugg (2019),
familiarity is often defined by default - it is what occurs in the
absence of the rich evocative mental time travel which is experi-
enced in episodic remembering (Renoult et al., 2019). For a def-
inition of familiarity, we turn to the recognition memory
literature, where it is described as a recognition memory decision-
making process based on the evaluation of trace strength, a judge-
ment of prior occurrence based simply on a feeling, rather than
the retrieval of information (e.g., Yonelinas, 2002). A robust liter-
ature examining this trace strength account using signal detection
models and receiver operating curve analysis exists (for a review,
see Yonelinas & Parks, 2007; see also Delay & Wixted, 2021, for
an example application to recognition memory making the case
for a continuous process).

The focus here however is on phenomenology rather than rec-
ognition memory performance, and perhaps the idea of familiar-
ity is most intuitive when we talk about first-person experiences,
such as “the butcher on the bus”:

Consider seeing a man on a bus whom you are sure that you have seen
before; you “know” him in that sense. Such a recognition is usually fol-
lowed by a search process asking, in effect, Where could I know him
from? Who is he? The search process generates likely contexts ...
Eventually the search may end with the insight, That’s the butcher from
the supermarket!

Mandler (1980, pp. 252-253)

In Figure 1, we propose that such phenomenological familiar-
ity occurs when there is (temporarily) no content retrieved. It is
felt in both involuntary and voluntary retrieval, but as we will
explain below, it serves to guide and motivate retrieval processes:
A sense of familiarity arises without any intention, but the subse-
quent search for corresponding information can be intentional.
Before examining this metacognitive account in more detail, we
quickly review the notion of familiarity in recognition memory.

Recognition of a cue in the environment arguably relies on two
retrieval modes or processes, familiarity and recollection (e.g.,
Yonelinas, 2002). The neural and cognitive organisation of these
entities is often debated (for an overview of this debate, see
Moulin, Souchay, & Morris, 2013, and for a proposal for the inte-
gration of these ideas, see Bastin et al., 2019). Simons, Ritchey,
and Fernyhough (2022) propose that early characterisations
(such as Yonelinas’s [2002] account of a hippocampal mechanism
and a simple threshold that gives rise to recollection) are helpful
for explaining binary (laboratory-based) memory decision mak-
ing. However, with more complex representations of the personal
past, they propose that additional to this hippocampal reinstate-
ment, cortical regions such as the angular gyrus are recruited to
generate a precise representation of the episode (e.g., Richter,
Cooper, Bays, & Simons, 2016). As such, they describe
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remembering as drawing upon two different dimensions:
Retrieval success and the precision of the details retrieved.

We emphasise separable phenomenological experiences of
familiarity and recollection, and we are agnostic as to whether
these map onto one or two underlying processes, although as
will be seen, our ideas converge on the idea of a trace-strength
account based on the continuity between familiarity and recollec-
tion. A nuanced view would be that complex interactions exist
between networks traditionally thought responsible for familiarity
(extra-hippocampal regions) and recollection (the hippocampus)
such as proposed by Quamme, Yonelinas, and Norman (2007),
with also the recruitment of an area around the left angular
gyrus which yields the multisensorial information experienced
in remembering as outlined by Simons et al. (2022). As proposed
by Montaldi and Mayes (2010), we suggest that recollection and
familiarity are related: “...each is a complex function, likely to
depend on several different processes that are probably mediated
by different structures that are functionally connected in a system”
(p. 1294). Whereas the consideration of recollection and familiar-
ity as processes favours an interaction between shared neural and
cognitive processes in a continuum, for the experient, recollection
and familiarity are separable signals which differ in their phenom-
enology and content.

The critical issue, as identified by Bastin et al. (2019), is that
these signals are interpreted differently, and have consequences
for retrieval. They propose an integrative model with a represen-
tational hierarchy and an attributional system. The first is a “core”
system that stores specific representations based on interactions
between a large network of computational operations from the
whole brain, split into an entity representation system (guided
by feelings of fluency - see below) and a relational representation
system (responsible for binding and pattern completion) centring
on the hippocampus. A second system acts on the current context
and “translates content reactivation into a subjective experience”
(p. 5) and includes input from networks in the parietal and pre-
frontal cortexes. Critically, their model rests on differences in the
outputs and representations of their core systems, and an interac-
tion between processes and computations, resonating with the
Montaldi and Mayes “kinds” of memory proposal and our view
about separable phenomenology. In autobiographical memory,
the retrieval of specifics from the personal past is accompanied
by a feeling of mental time travel or autonoesis (see Conway,
2009), directly comparable with the concept of recollection: A
detailed representation of a moment in the personal past. The
idea of the “self in past” (Conway, 2009; Klein, 2013; Marshall,
Halligan, & Wade, 1995; Moulin & Souchay, 2014) is that it
enables distinguishing between imagined, false, and actual events
and gives episodic memory its particular character (Perrin &
Rousset, 2014). Recollection gives the feeling of completeness,
and the resolution of the feeling of familiarity. In the butcher
on the bus, if we are able to identify the person we have seen,
we resolve the feeling of familiarity and the feeling of recollection
confirms successful retrieval. The phenomenology of remember-
ing is indeed associated with high degrees of confidence (Dunn,
2004).

Recognition decisions made based on familiarity are proposed
to be faster and more automatic than those based on recollection
(e.g., Besson, Ceccaldi, Didic, & Barbeau, 2012; Hintzman,
Caulton, & Levitin, 1998; Hintzman & Curran, 1994; Mandler,
2008; see Dewhurst, Holmes, Brandt, & Dean, 2006, for a discus-
sion of this issue, and Berry, Shanks, Speekenbrink, & Henson,
2012, for a single-process explanation of this pattern of results).
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In tasks where recollection and familiarity are compared by asking
participants to make decisions based on the information they are
able to retrieve, Yonelinas and Jacoby (1994) found that recollec-
tion decisions peaked at 800-1100 ms, whereas familiarity deci-
sions peaked earlier at between 600 and 800ms. In EEG
paradigms (e.g., Duzel, Yonelinas, Mangun, Heinze, & Tulving,
1997; Rugg & Curran, 2007), two separate neural signatures are
found for old/new decisions in episodic memory. The FN400
effect (between 300 and 500 ms, e.g., Curran, 1999; a negative
potential in the frontal areas) is proposed to reflect familiarity
processing, whereas the parietal old/new effect (sometimes called
the late parietal effect) is a positive potential in the parietal area
arising slightly later, after about 500 ms (e.g., Tsivilis et al., 2015).

Familiarity is often described as a low-level process working on
perceptual inputs® (Bastin et al., 2019). This part of the memory
system tries to match, as quickly and effortlessly as possible, the
contents of mental representations stored in memory with the
current contents of perception; consistent with the classic neuro-
anatomical view of the temporal-lobe memory system as being the
last point in the ventral visual stream (e.g., Suzuki & Amaral,
1994). Viewed like this, familiarity decision making is the last
stage in perception — once we have composed and identified a
scene or environment, we can “read off” whether we have encoun-
tered it before. More recent neuroanatomical accounts of memory
retrieval propose a similar organisation. Moscovitch (2008)
describes two phases in episodic retrieval. A first stage involving
the hippocampus is non-conscious, based on a rapid interaction
between a retrieval cue and a stored representation, whereas a sec-
ond stage, featuring a more complex interaction between the hip-
pocampus, prefrontal, and parietal cortex, is required for the
retrieved information to be re-experienced. These accounts are
inspired by the notion of an organisational hierarchy of connec-
tivity (e.g., Margulies et al., 2016). Irish and Vatansever (2020,
p- 47) propose a “...concrete to abstract representation spectrum
along modality-specific and default mode brain networks which
collectively support rich and detailed memories,” such that rather
than specifying different stores or types of information as in the
standard episodic/semantic distinction (see also Renoult et al.,
2019), the memory system emerges as part of a larger scale net-
work with retrieval of specific events from the personal past as
being a type of interrogation of the stored representations based
on a common network, rather than something restricted to a spe-
cific zone, region or process in the brain. As such, memories
might be thought of as reflecting a dynamic pattern of local to
regional connectivities, varying along the continuum from
abstract to specific and more or less involving the sensorimotor
regions (Irish & Vatansever, 2020). For an up-to-date review of
the neural processes in the subjective experience of remembering
taking on board both the large-scale networks and traditional
“regions” involved in memory, see Simons et al. (2022).

The existing cognitive frameworks resonate with the neurosci-
entific view, but discuss phenomenology in a way which is some-
what lacking in neuroscientific accounts (see Renoult et al., 2019).
In Whittlesea’s SCAPE (Selective Construction and Preservation
of Experience) model (Whittlesea & Williams, 2001), the memory
system is continuously trying to make sense of its inputs, so that
it can interpret any signals arising from low-level processing of
the environment. Familiarity is thus a subjective feeling arising
from the fluent processing of a stimulus. This theory draws
upon various illusions of familiarity: Where the fluency of pro-
cessing leads to the (erroneous) decision that we have seen some-
thing before, or to “know” an answer (e.g., Goldinger & Hansen,
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2005; Newman, Garry, Bernstein, Kantner, & Lindsay, 2012;
Whittlesea & Williams, 1998). Phonological and structural regu-
larity can be used to induce feelings of fluency which are misin-
terpreted as meaning we have seen the information before. For
example, in the hension effect, people are proposed to be more
likely to make false positives for pseudowords such as hension
(which is regular and resembles a real word) than stofwus (for a
critique, see Cleary, Morris, & Langley, 2007). The idea is that
the ease at which they read the word is misinterpreted as it
being an item from a study list. Golding and Hansen push the
idea one step further: Participants respond to meaningless sub-
liminal vibration cues, interpreting them as a signal they have
seen the word before. There is some debate about whether the
critical element is “surprise” in false memories, and it seems
unlikely that Whittlesea’s view could explain all kinds of false
memory. For instance, in the DRM paradigm, the critical lures
for which participants have false memories are expected as targets,
and so the false memory cannot be described as surprising
(Karpicke, McCabe, & Roediger, 2008). Moreover, Cleary et al.
(2007) point out that structural regularity usually leads to benefits
in recognition memory, not an increase in false positives, suggest-
ing that empirical support for Whittlesea’s ideas on false memo-
ries is weak. Cleary et al. (2007) found that the hension effect
disappeared completely once controlling for inter-item similarity
in the recognition test materials, and so interestingly, this effect
which formed the basis of the original theorising receives little
empirical support. The role of phenomenological fluency in rec-
ognition memory is something which will need continued evalu-
ation, even though the basic idea, that the ease of processing leads
to an attribution of prior exposure, is well established (e.g., Jacoby
& Dallas, 1981; but see also Berry et al.,, 2012).

Whilst there is not unequivocal empirical support from
recognition memory studies, Whittlesea describes an interaction
of attributions of memory and processing fluency, something
that is critical for thinking about how cognitive “feelings” guide
retrieval processing (Bastin et al, 2019; Moulin & Souchay,
2014). The idea that we adopt here is that the current context gen-
erates a top—down expectation of processing fluency. When an
expectation of fluency is violated, it triggers a search for as to
why that has arisen. This is the search triggered in the case of
the butcher on the bus; the person feels intensely familiar pre-
cisely because the source of the familiarity is unknown. In this
way, we align our reasoning with Whittlesea’s observation that
strangers feel familiar, but our friends do not (Whittlesea &
Williams, 1998): The phenomenology of familiarity is produced
by a mismatch between processing fluency and the expectations
about fluency. The spontaneity and phenomenology of the expe-
rience are one and the same: It feels familiar because it was
unexpected.

Fluency is also a variable of interest in IAM studies. Sanson
et al. (2020; see also Barzykowski et al., 2021b) investigated the
influence of fluency on classification of intention in a
paired-associates design. Participants studied a series of phrases,
half of which were accompanied by a phrase-related photo.
During retrieval, participants were presented with the phrase
only and then instructed to retrieve additional information
about it. Crucially (Experiment 3; Sanson et al., 2020, p. 12), par-
ticipants reported if they experienced retrieval as spontaneous
(“the information came to mind without intent”) or deliberate
(“the information was brought to mind intentionally”).
Although they were explicitly instructed to intentionally retrieve
memories, fluency overruled intentionality when classifying
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their memories. When participants intentionally, yet fluently,
brought a memory to mind, they were prone to judge the retrieval
as spontaneous. Similar results were obtained in study by
Barzykowski et al. (2021b) who investigated the effect of retrieval
effort while classifying memories. They created experimental con-
ditions that maximise the probability of one type of retrieval (e.g.,
involuntary or voluntary) while minimising the probability of the
other. Participants recalled autobiographical memories in each
condition, retrieval time was measured, and they classified their
memories as either voluntary or involuntary and rated them on
retrieval effort. There were four categories of memories:
Experimentally defined voluntary and involuntary memories
with an objective measure of effort (retrieval time) and subjec-
tively classified involuntary and voluntary memories with a sub-
jective measure of effort. Similar to Sanson et al., the majority
of memories were classified as involuntary, whether they were
retrieved in the experimentally defined voluntary or involuntary
condition. Interestingly, the relationship between the rating of
subjective fluency and objective retrieval time was only significant
in the voluntary conditions, indicating that people are more aware
of subjective effort when deliberately trying to retrieve a memory
than for an involuntary memory. In contrast with existing theo-
ries, these results indicate that the subjective feeling of fluency
is more important than intention for the involuntary-voluntary
distinction. Such experiments suggest that low-level feelings are
used when making explicit decisions about memory.

These findings question the interpretability of existing studies
on involuntary memories in which fluency has not been con-
trolled for. Sanson et al. (2020, p. 2) argued “[...] subjects them-
selves classify their memories as voluntary or involuntary, and so
the validity of what scientists know about involuntary memories
rests upon the validity of this task. How well do subjects perform
this task, then? Here, we show that, at least under certain circum-
stances, the answer is not very well.” Our view is more moderate:
Classifications are internally consistent in terms of retrieval latency
and retrieval effort, especially during voluntary retrieval. At the
same time, it is much less of an issue during involuntary retrieval,
since the vast majority of participants’ classifications align with the
classification set by the experimental condition. As such, these find-
ings do not undermine previous results on involuntary and volun-
tary memories but rather extend our understanding of retrieval.
Accordingly, the involuntary-voluntary distinction is not as clear-
cut as the conceptual foundation of intentional versus non-
intentional retrieval (or indeed retrieval with or without cognitive
control) suggests. As such, there are no involuntary/voluntary
memories but a memory representation that is constituted by cer-
tain factors operating during retrieval, an attributional process. We
see retrieval as a dynamic process consisting of interactions
between different dimensions (e.g., intention, retrieval effort, mem-
ory accessibility, and monitoring processes) that all together make
up the particular “flavour” of a retrieved memory.

We see familiarity as metacognitive; a feeling that is generated
from the fluent processing of a stimulus.® It is a signal which
guides memory processing — orientating us to information in
the environment which we have already encountered. As such,
it can be described as an epistemic feeling (Moulin & Souchay,
2014). Arango-Mufoz (2011) defines epistemic feelings as quick-
acting intuitive processes, based on how things feel, and déja vu is
often used by philosophers as an example of an epistemic feeling
(Arango-Muioz, 2014; Bortolotti, 2010; de Sousa, 2009; Gerrans,
2014). Epistemic feelings neatly map onto a set of metacognitive
phenomena and paradigms that are better researched and
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Figure 2. Representation of the metacognitive evaluation of familiarity and recollec-
tion in recognition memory decision making.

understood than déja vu, such as the TOT state (Greely, 2021) and
the feeling of knowing (FOK; Souchay, Moulin, Clarys, Taconnat,
& Isingrini, 2007). These are instances of metacognitive awareness
at the moment of retrieval failure (Fig. 1). When familiarity is
high and retrieval is incomplete, this will lead to such feelings,
even for the personal past. Critically, in the TOT (or the FOK)
for the personal past, the experient must evaluate retrieval as
plausible, since otherwise the experience would be one of conflict,
possibly resulting in déja vu.

Souchay and Moulin (2009) synthesised the existing proposals
into a schematic representation about the relationship between
familiarity and recollection (Fig. 2). Various similar proposals
exist in the literature (see Hintzman & Curran, 1994; Koriat &
Levy-Sadot, 2001; Reder, 1987; Reder & Ritter, 1992).” It explains
the search for information given a cue in the environment, and
pertains most clearly to the FOK. In the FOK, a rapid initial feel-
ing of familiarity with a cue triggers the attempted retrieval of epi-
sodic detail about the cue, and any associated information. In the
absence of any contextual information, people can make accurate
predictions of future recognition based on the strength of famil-
iarity for the cue, and what “partial information” about the cue
or searched-for-target comes to mind. Such research shows that
even when information is not currently retrievable, outputs
from the recognition memory system (in particular fluency) can
be acted on metacognitively in order to accurately predict the like-
lihood of subsequent retrieval, suggesting the existence of a
sequential arrangement as shown in Figure 2, which is why it is
helpful to think of familiarity and recollection as lying along a
continuum.

In the context of IAMs, it is possible to retrieve information
directly without feeling anything until the moment there is a
fully formed mental representation. We would argue that this is
due to there being very little delay between the first familiarity
stage and the complete retrieval. Memory retrieval in this case
feels spontaneous because the subject had both the feeling of
familiarity and recollected specifics at approximately the same
time. Familiarity is most strongly felt when we are not able to
retrieve contextual specifics. In the butcher on the bus, familiarity
is high but the recollected specifics are (momentarily) absent,
whereas in déja vu, the familiarity is similarly high, but a meta-
cognitive evaluation favours the interpretation that the familiarity
is false or impossible. Here we suggest for the first time that this is
based on access to information about the personal past.®

2.2 Autobiographical retrieval mechanisms

Here, we examine in more detail autobiographical memory
retrieval processes with a focus on metacognition, and propose
a threshold mechanism. According to Conway and
Pleydell-Pearce (2000; for later modifications, see also Conway,
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2008, 2009; Conway & Jobson, 2012), autobiographical memory
consists of a hierarchical network of interconnected nodes that
differ in terms of their level of specificity. At the bottom are frag-
ments of events with specific sensory details (e.g., details experi-
enced when riding a bike for the first time). Such vivid
information is further connected to super-ordinate levels of gene-
ral events (e.g., riding a bike to work), common themes (riding,
commuting to work), and, at the highest level, important periods
in one’s life (e.g., when I moved to France). The activation of auto-
biographical information spreads across the network resulting in
the construction of a particular memory. Such activation may
be elicited by different types of cues, internal or external. While
voluntary autobiographical memories are the result of a top-
down search process that eventually arrives at an episode, directly
retrieved (i.e., involuntary) memories are thought to circumvent
the search process and enter consciousness very quickly.
Conway and Pleydell-Pearce argued that fragments of memory
representations are constantly activated at the bottom level of
the hierarchy, but the vast majority of such memories never
reach consciousness due to being suppressed by constantly oper-
ating executive control system. Moreover, some low level and/or
mundane information will be completely in line with expectancies
(cf. Whittlesea’s SCAPE) and will not be raised to awareness. Only
some of these activated memories, especially those that are consis-
tent with current self-goals, may occasionally get through this
executive control mechanism and reach awareness.

This implies that IAMs occur as a result of two concurrent
processes, namely spreading activation and inhibition that
works against such activation (see Ball & Hennessey, 2009). The
retrieval of IAMs depends on absent or inefficient inhibitory con-
trol. For instance, when entering a hotel room for the very first
time (i.e., we have never been to the city, in general, nor to this
hotel chain), the environment is being continuously processed
and automatically matched with any corresponding representa-
tion in memory. Aside of deliberative searches in memory cued
by conscious thoughts (e.g., being asked by the receptionist if
we have ever stayed at the hotel before), we propose that there
are several possible outcomes, which lie on a continuum: (a) An
involuntary memory may be triggered, (b) one may get only a
general feeling of familiarity, or (c) the room does not trigger
any retrieval process. The key premises delivered from this
model are that (1) autobiographical memory information is con-
stantly and automatically activated by cues and that (2) only some
of them may enter awareness.

Given that IAMs occur automatically in response to incidental
external and internal cues, one may ask why are we not constantly
flooded by memories? According to the principle of cue overload,
it is most likely that a cue will match several past events. Berntsen
(2009) proposed a mechanism of cue-item discriminability,
defined as “how easily a given cue isolates an item” (Rubin,
1995, p. 151 as cited in Berntsen, 2009, p. 107; see also
Norman & Bobrow, 1979). That is, the more events that are asso-
ciated with a particular cue, the less efficient this cue will be in
triggering any one of them. Berntsen, Staugaard, and Serensen
(2013) examined the relationship between cue and memory and
were able to predict the occurrence of an involuntary episodic
memory based on a manipulation at encoding. Across four exper-
iments, they found that involuntary episodic memories were
retrieved more often in response to unique compared to repeated
cues, in keeping with the principle of cue-overload.”

The déja vu field has yet to manipulate such variables,
although a neuroscientific account relating déja vu to novelty
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mechanisms has been advanced by O’Connor, Lever, and Moulin
(2010). At least in clinical samples, delusional beliefs of prior
occurrence are more likely to appear in novel locations and events
(i.e., environments with unique cues) than those that are familiar.
Our prediction is that déja vu would arise in situations where the
cues are relatively unique, since in situations where there is cue
overload, the attribution will be that any sense of familiarity is
normal given the current situation.

It can be argued that cues that are unique and distinctive are
infrequent in daily life and most cues map onto many different
memories and events. Given how frequent IAMs are, it must be
the case that other processes are at play. In response, it has
been suggested that priming processes (i.e., increasing the activa-
tion of a memory information by prior encounter with the con-
tents of memory representation) may not only increase
cue-item discriminability allowing for efficient activation of a par-
ticular involuntary memory (e.g., Barzykowski & Niedzwienska,
2018b; Mace, 2005) but also increase the familiarity of a given
cue.'® It is thus possible that on some occasions, a new event/set-
ting may consist of cues that map onto many different past mem-
ories, or even that there is a relevant configural, contextual
similarity between the current situation and some past events
(exactly as proposed in the Gestalt Similarity hypothesis; Cleary
et al., 2009). While these cues/contexts are not efficient in trigger-
ing any given memory, it is nonetheless possible that some of
them may induce the feeling of familiarity, leading to the experi-
ence of déja vu. This would be the case if the memory is vague, or
non-specific: Associated with many previous events/information
in the AM organisational hierarchy and unable to enter aware-
ness. The activation is not strong enough to trigger a given mem-
ory, but it is strong enough to trigger a feeling of familiarity. This
suggests that while on some occasions the memory content (e.g.,
being in a similar hotel room in Rome a few years ago) does not
enter consciousness, leaving us without a straightforward refer-
ence to our past, the feeling of familiarity still appears. Conway
and Pleydell-Pearce (2000) assumed an inhibitory control mech-
anism suppresses irrelevant memory information, preventing it
from reaching consciousness. Findings from several recent studies
(e.g., Barzykowski et al., 2019b, 2021a, 2022) do not provide full
support for the existence of such a direct control mechanism,'"
and favour an account based on a retrieval threshold (see
Barzykowski & Staugaard, 2016, 2018; Barzykowski et al., 2019a).

In recognition memory decision making, activation/threshold
models have long been the norm, stemming from signal detection
theory (e.g., Banks, 1970; Wixted, 2007). In autobiographical
memory, it has recently been proposed that in order to reach con-
sciousness, a memory must pass an awareness threshold that
determines the minimum amount of activation for awareness.
Entering awareness can be achieved either when a memory
reaches levels of activation that is greater than a given threshold,
or when the threshold is lowered by some additional factors. For
activation, for instance, it may be easier for a phenomenologically
pronounced and intense memories to pass the threshold because
they may be especially good at drawing one’s attention (see also
Barzykowski & Staugaard, 2016, 2018; Barzykowski et al,
2019a). For the threshold level, it is argued that it may be momen-
tarily modified by different factors (e.g., expecting memory to
happen, placing the focus of attention on one’s stream of
thoughts), which would consequently modify the experience of
otherwise less accessible memories. The threshold hypothesis
states that, while both highly and poorly accessible memories
can be retrieved either voluntarily or involuntarily, the processes
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operating during memory retrieval can influence the frequency
of each type of retrieval by modifying the awareness threshold.
Barzykowski and Staugaard (2018; also, Barzykowski et al.,
2019a) proposed these processes to be intention (i.e., wanting to
retrieve a memory) and selective monitoring (i.e., expecting a
memory to appear). This idea has been verified in several empir-
ical studies (e.g., Barzykowski & Mazzoni, 2022; Barzykowski,
Skopicz-Radkiewicz, Kabut, Staugaard, & Mazzoni, 2023;
Barzykowski & Staugaard, 2016, 2018; Barzykowski et al.,
2019a, 2021b). For instance, involuntary memories compared to
voluntary memories were rated by participants as more phenom-
enologically accessible; namely, more clear, unusual, personally
relevant, important, recent, and more frequently rehearsed in
the past (e.g., Barzykowski & Staugaard, 2016; Barzykowski
et al., 2019a). These findings corroborate the idea that when not
being actively engaged in memory retrieval, a memory has to be
phenomenologically sound to pass the threshold. Also,
Barzykowski and Niedzwienska (2016) demonstrated that invol-
untary memories retrieved in a selective monitoring condition
(i.e., when one is expecting a memory to appear) were less
clear, less detailed, less vivid, and elicited less intense physical
reactions compared to memories retrieved without selective mon-
itoring. In another study, selective monitoring decreased the per-
sonal importance and emotional intensity of memories
(Barzykowski & Staugaard, 2018). Finally, these results pertain
not only to the phenomenological characteristics of memories
but also to their objectively observable descriptions
(Barzykowski et al., 2023). When looking at the descriptions of
memories, on average involuntary memories were indeed more
accessible (i.e., rated by independent judges as having more indi-
cators of memory accessibility such as being scored higher on the
emotional impact scale, etc.) than voluntary memories and inten-
tionality lowered the awareness threshold and increased the num-
ber of low-accessibility memories.

Note that these threshold processes are metacognitive, about
expectations and intentions. Our proposal is that in complete
retrieval, there is little need to reflect too much on the process
of retrieval: Information comes to mind, and is recollectively
experienced, whether or not it was sought for. Naturally, the recall
of contextual specifics may even justify to the experient why the
information has come to mind, for example, “it was in this post
office where I got my foreign currency last year.” However, in
cases where retrieval is incomplete or low-level signals violate
expectations (i.e., finding something familiar in a novel location),
then intense feelings are generated.

Autobiographical retrieval is therefore determined by a com-
plex interplay between factors. Intention and monitoring can be
conceived as processes that enable access to otherwise less acces-
sible memories. The most important assumption of the threshold
hypothesis is that because of certain phenomenological properties
(e.g., emotional intensity, clarity, vividness, personal relevance,
unusualness), some mental contents may be especially good at
drawing one’s memory-related attention and, thus, they may
pass the awareness threshold more easily and be more likely to
be reported. However, on occasions where we may not be aware
of a given memory content, but where activation is sufficient,
we can still feel familiarity. If the familiarity is logically impossible
and unexpected, it will trigger a search in memory to explain the
feeling. Thus, both déja vu and TAMs start from the same point in
shared retrieval processes.

We turn our attention to how these processes can be split
down into their component parts. Autobiographical memory
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retrieval has the following four stages (e.g, Barzykowski &
Mazzoni, 2022; Wilckens, Erickson,& Wheeler, 2012):
Pre-retrieval, retrieval, post-retrieval, and retrieval outcome report
stages.'” The pre-retrieval stage is associated with any cognitive
processes that either facilitate or impair retrieval. For example,
during this stage, an individual may be in “retrieval mode” in
which “the cognitive system is prepared for or expects memory
construction and recollection” (Conway, 2001, p. 1379). The effect
of priming would occur here, enhancing the likelihood that the
memory will be triggered and/or will enter a person’s awareness.
The retrieval stage relates to the forming and developing of an
autobiographical memory, but without explicit self-reflection;
namely, a given memory might have been formed but one may
not be explicitly aware of it yet. During this stage, a memory is
triggered by and/or accessed via a given cue. Once the memory
is formed, during the post-retrieval phase, people may become
aware of having the memory in mind. Thus, this stage relates to
the ability to, for example, extract autobiographical content
from the stream of consciousness to explicitly become aware of
having a memory that is autobiographical. One is fully aware
that an autobiographical memory was actually retrieved, and in
voluntary retrieval, if the memory content meets the given crite-
ria, then the search may be terminated. In the last stage, the
retrieved memory may be shared with others and reported by giv-
ing a verbal account of the content.

This four-stage account highlights two main factors, the first
being intentionality during the pre-retrieval phase, the second
being a metacognitive process (see Koriat & Goldsmith, 1996;
Mazzoni & Kirsch, 2002). Koriat and Goldsmith, inspired by sig-
nal detection models, describe a situation whereby the subject can
decide whether to report retrieved information (p. 181): “people
monitor the subjective likelihood that an item of information
that comes to mind is correct and then apply a control threshold
to the monitoring output in order to decide whether to volunteer
that item or not.” Their emphasis, necessitated by the use of a
forced/free report recall procedure (see Goldsmith & Koriat,
1999), is on the participant evaluating the quality of information
before choosing to output it, whereas our proposal is that inter-
nally such a process also exists to motivate and regulate the search
for information for the subject.

When looking at these retrieval stages, we argue that both déja
vu and TAMs are natural forms of involuntary and spontaneous
processing of cues that can be found in one’s surroundings, and
that memory information when retrieved is not only accompanied
by the exact memory content but also the feeling of familiarity
that, importantly, may arise and/or be experienced separately
from each other. In particular, déja vu can be thought of as arising
at the retrieval stage, and before the person is aware of having any
content in mind.

A critical issue is to understand why in some cases, retrieval is
incomplete and déja vu arises rather than the retrieval of an JAM.
Here, we advance two hypotheses which are not mutually exclu-
sive and may map onto the top-down/bottom-up descriptions of
déja vu in the literature. These are proposals based on cue famil-
iarity/trace strength and the metacognitive evaluation of cues in
the environment. It is beyond the scope of this paper to delve
too deeply into retrieval failure per se on a mechanistic level,
but it is important to note that the dynamic patterns of inhibition
and activation seen in episodic memory (e.g., Anderson, Bjork, &
Bjork, 1994; for a review, see Kuhl & Wagner, 2009) are likely to
contribute to the failed retrieval referred to here. For instance, it is
known that competition between similar cues leads to an
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inhibition process whereby the retrieval of one memory actively
inhibits the retrieval of another. It is not impossible that informa-
tion is not simply forgotten or lost according to this process, but
that it gives rise to phenomenological states such as referred to
here, something that would warrant further investigation.

Our first hypothesis is that there is only weak activation of the
associated cues and memories from the environment, and thus
there is not sufficient activation for any content to enter into con-
sciousness. This is not unlike the experience of information in the
TOT (developed in detail below), where knowledge or lexical
information is partially activated and frustratingly will not come
to mind, even if we are aware of its existence. In this weak version
of déja vu, a parallel is seen in autobiographical memory. A cue
reminds us of something stored in autobiographical memory,
but the cue is undetected and does not yield sufficient activation,
giving a feeling of familiarity without a known source.
Accordingly, it would be expected that déja vu will most likely
occur in a context that is rather familiar/known, in contradiction
to what we proposed above when discussing cue discrimination.
Whilst Brown and Marsh (2008) compared mundane and distinc-
tive scenes in their experimental analogue of déja vu, finding that
mundane scenes were more likely to generate feelings of having
visited a place before, this rather common-sense interpretation
of déja vu in mundane, familiar locations has yet to be tested
(although questionnaire studies suggest that in healthy groups,
déja vu happens more in familiar than novel contexts; see
Moulin, 2018). One possibility to test this idea in experimental
analogues of déja vu is to further probe the déja vu once experi-
enced. For instance, one may amplify the weak activation of the
associated cues and memories by lowering the awareness thresh-
old and/or drawing the attention to the possible sources of déja
vu. This way, the feeling of familiarity caused by weak activation
of memory content could be overcome leading eventually to
memory content retrieval; that is, reinstating cues experimentally
may shift the experience from déja vu to a memory of the past.
This weak activation account also suggests that the déja experi-
ence may be more likely to arise when one is engaged in attention
demanding activities where ongoing task performance elevates the
awareness threshold making weakly activated memories difficult
to enter consciousness.

Our second hypothesis centres on metacognitive evaluations
and posits that déja vu is felt precisely because it is unexpected,
aligning with the top-down view. In certain contexts, the expec-
tation of familiarity should be low. In such cases, any involuntary
process of retrieval, especially when it does not result in any
retrieved information will be unexpected and will lead to a meta-
cognitive evaluation which will be raised to consciousness. Until
this feeling of familiarity is resolved or explained, it will grow
and the experiment may well search for a reason “why” they
have this feeling. Experimentally, it would be relatively simple
to manipulate expectations about the likelihood of finding infor-
mation familiar. In Cleary-type recognition without identification
experiments, the idea that expectations about familiarity lead to
the feeling of conflict should mean that déja vu is more intense
and more frequent when the expectation is lower. This could
either be manipulated by giving explicit instructions to this effect
to participants or manipulating the amount of similarity between
the initial scene and its analogue in the recognition phase. It
would be intense when the context is surprising, such as in the
unrelated experiments conceit (e.g., Lakin & Chartrand, 2003):
A first study phase is conducted in the context of one task and
then the test phase is presented as a separate experiment. This
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design could assess the role of the experimental context (either
presented as the same experiment or a separate experiment) on
the report of déja vu.

There is little existing research to discriminate between our
two hypotheses, but Urquhart and colleagues successfully manip-
ulated both the novelty and the activation (which they described
as “familiarity”) of the critical non-presented stimulus. For nov-
elty, they manipulated how specific the letter string was in refer-
ring to the critical lure (e.g., monitor for words that begin “SLE”
in the list, vs. monitor words that begin with “B”). In the test
phase, the string SLE was highly novel because it did not corre-
spond to any items presented in the study phase, whereas the
less specific “B” string applied to two words in the studied list,
blanket and bed. For activation of the cue, they used results
from previous versions of the DRM task: Some lists of associates
are more likely to activate the critical lure than others: Thus they
had more strongly and more weakly activated critical lures.
In their experiment, the recognition memory results replicated
the expected patterns. However, for the rates of experiencing
déja vu, there were no effects or interactions involving activation:
The strength activation of the critical lure in the presented
lists had no bearing on the generation of déja vu. Thus, in this
case, a weakly activated associate was not more likely to generate
déja vu than a more strongly activated one. The effect of
novelty was however significant: Participants were more likely
to experience déja vu when the critical lure was unambiguously
impossible to have been viewed in the study phase due to its
unique string.

Our explanation of déja vu as being “unexpected” would
involve processes downstream, corresponding with the post-
retrieval stage. During this stage, one becomes aware of having
either an involuntary memory in mind or having a feeling of
familiarity. More precisely, during both the post-retrieval and
final stage, the unexpected feeling of familiarity without having
any particular memory in mind may start metacognitive process-
ing (e.g., thinking of plausibility of the event, etc.) leading people
to explicitly experience déja vu, especially in cases when the cur-
rent situation is judged as novel and, crucially, “encountering it in
the past is in fact highly implausible” (Mazzoni & Hanczakowski,
2011, p. 104). This would be the conflict described by Urquhart
and O’Connor (2014): Familiarity is generated bottom-up from
the environment, but higher-level autobiographical belief or
knowledge opposes the feeling. This should be a rare occurrence,
since as Conway (2005) proposes, autobiographical remembering
is typically coherent with current goals and processing, but this
would be a situation where the experience is incoherent. An inter-
esting way to test this idea would be to re-evaluate reported déja
vu experiences in questionnaires according to self-reports of
implausibility and novelty, on one hand, and also their stability
across time. More precisely, although a given situation may pro-
voke déja vu, it may do so because in fact, there is not sufficient
access to information relating directly to a past situation.
However, such access may be restored later, and this additional
information may change the evaluation of what was initially expe-
rienced as déja vu, raising the question of the stability of déja vu
over time. In the only work related to this idea, Milton, Butler,
and Zeman (2011) report a case of epileptic amnesia where the
spontaneous retrieval of previously inaccessible autobiographical
memories was “heralded” by a period of déja vu. Finally, we
may also hypothesise that if déja vu experiences arise in response
to the unexpected feeling of familiarity without having any partic-
ular memory in mind, then increasing the expectancy of a feeling
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of familiarity in response to the current situation should lower the
frequency of reporting déja vu experiences.

In our proposal, memory retrieval is not an all-or-nothing pro-
cess, and numerous forms of partial or incomplete memory
retrieval exist."> Notably, memory content and a feeling of famil-
iarity are separable (e.g., Ryals & Cleary, 2012). Studies on the
TOT phenomenon (e.g., Brown, 1991; Heine, Ober, & Shenaut,
1999; Schwartz, 2001, 2002, 2011) demonstrate that on some
occasions while we cannot access memory content (e.g., trying
to recall the last time we were in cinema), we have a strong feeling
of familiarity, with the attribution that this memory exists some-
where. Whilst this phenomenon is usually discussed in terms of
linguistic or semantic processes, our proposal is that it occurs
for the personal past too. Thus, it may occur for a given cue
(e.g., a colourful beach ball): There is a strong feeling of that
there is something in our past relating strongly to this cue or
that this cue reminds us of something that cannot be yet recalled.

In Figure 1, we propose a flow chart summarising the possible
memory phenomena on three dimensions: (1) Retrieval inten-
tionality (involuntary vs. voluntary), (2) memory content accessi-
bility (the presence vs. absence of memory content), and (3)
phenomenological familiarity (feeling familiar or not). It shows
that TOTs/FOKs are the result of unrecalled content despite hav-
ing strong feelings of familiarity. They can arise both when
retrieval is intentional and unintentional, and in this way, they
act as a bridge between more controlled and less-controlled pro-
cesses. That is, an involuntary retrieval may provoke a sense of
familiarity, that once detected will lead to an intentional retrieval
or at least a wilful memory search. In this way, metacognition
plays a functional role in recruiting intentional retrieval processes
to something for which retrieval was cued in an involuntary
manner.

Figure 1 makes the case that familiarity is something that is
experienced (or not) on the way to retrieving content, and that
there is something of a sequential relationship between feelings
of familiarity and the retrieval of content. We think that this is
necessarily the case in failed retrieval, where there is a phenome-
nological response despite there being a lack of content, but this is
not necessarily the case in fluent, successful retrieval where the
presentation of content to consciousness is so rapid as to feel
direct. The organisation may be sequential, but it is also recursive:
Feelings of familiarity and content retrieval may jump
back-and-forth in a manner inspired by the large-scale synchroni-
sations of activation in the DMN; more precisely, this
phenomenology-content loop is inspired by the interactions
between retrieval and control networks stated in various models
of memory retrieval described above (e.g., Eichenbaum, 2017;
Irish & Vatansever, 2020; Sekeres et al., 2018).

Our view is that one underlying retrieval process yields two
different experiences: Phenomenological familiarity is experi-
enced when retrieval is incomplete, but it is not experienced
when retrieval is fluent and routine. That is why our friends do
not feel familiar, since we are able to rapidly retrieve specific
information about them. That is, high trace strength memories
can be accessed directly without giving rise to phenomenological
fluency. In Figure 1, voluntary memories can be retrieved with
familiarity or more directly, but involuntary memories never
give rise to familiarity during retrieval. The study of déja vu
and TAMs helps us arrive at this conclusion since we need to
understand why there is sometimes unbidden retrieval of the per-
sonal past without giving rise to any particular phenomenology,
and on the other hand, in déja vu, there is the opposite: An
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intense feeling of familiarity with the conclusion that the familiar-
ity is erroneous, and devoid of content.

In sum, both déja vu and IAMs are products of involuntary
retrieval but, as presented in Figure 1, while IAMs are accompa-
nied by memory content, déja vu lacks the access to memory con-
tent and the feeling of familiarity is judged as implausible (if
judged plausible, then one would most likely experience FOK/
TOT)."* An interesting consequence emerging from Figure 1 is
the possibility of differentiating involuntary and voluntary
instances of FOK/TOT, which for now in our characterisation
are the same experience whether or not they are encountered in
intentional or unintentional retrieval. Although they have not
been explicitly contrasted with each other in previous studies,
such a distinction seems to us to be possible. Finally, all these phe-
nomena (involuntary/voluntary memories, déja vu, FOK/TOT)
can be described along the same retrieval dimensions and so
the integration of déja vu into autobiographical retrieval has
opened up new way of thinking about and classifying the range
of possible retrieval experiences. We discuss this now, pointing
out where research is needed.

3. What is already known and what still needs to be known

Whereas déja vu research has been aligned with familiarity pro-
cessing, IAMs have been studied from the viewpoint of autobio-
graphical recall. It seems to us that to reconcile many
naturalistic phenomena, a more circumspect view is needed. For
instance, in déja vu, the role of conflict favours the view that a
feeling of retrieval is at odds with what is known or recalled
about the current situation. Very little in cognitive science speaks
to our rapid ability to reject things as unknown or unexperienced
(but see Kolers and Palef [1976], “knowing not”). Déja vu cannot
simply be only about familiarity but also about the failure of the
familiarity to reproduce any stored representation which can
explain it: Recall (or at least attempted recall) is involved in
déja vu. Likewise, a stereotypical view of involuntary memory is
that information arrives in consciousness unbidden, and it is as
such uniquely a recall phenomenon. However, as we have seen,
it is likely that cue activation and information in the environment
drives this recall, however effortlessly, and the view we present
here is that there should be a continuum between finding some-
thing familiar in the environment and spontaneously recalling
information related to it. Along this continuum are varying
degrees of our three dimensions: Intentionality, accessibility of
content, and the feeling of familiarity. The classification by the
experient of a retrieval as being déja vu or an IAM is a metacog-
nitive evaluation applied at a later stage to more-or-less usual
memory processes, which like low-level familiarity mechanisms,
we consider to be somewhat permanently active, scanning the
environment for novelty and familiarity (in line with Bastin
et al.’s [2019] proposition). This, of course, implies a modulation
between responding to the external environment and generating
internal thoughts; a fundamental property of human cognition.
In cognitive psychology, this is captured in the difference between
internal and external attention (Chun, Golomb, & Turk-Browne,
2011), and in cognitive neuroscience, this issue is represented in
the discussion of the role of the DMN in “perceptually decoupled
thought” (Smallwood et al., 2013; see also Kvavilashvili et al.,
2020).

One possibility is that purely spontaneous retrieval without
feelings of familiarity and metacognitive evaluations of intention-
ality should be related to greater activity in the DMN, such as
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medial pre-frontal cortex and the posterior cingulate, whereas
stimulus-driven retrieval accompanied by familiarity, even when
the retrieval of content is low, should be indexed by higher para-
hippocampal/medial temporal-lobe activation. Of note in
Urquhart et al’s (2021) fMRI investigation of conflict-based
déja vu, undetected false memory decisions (false positives to
unstudied critical lures) reveal activations which are indistinguish-
able from genuine memory decisions (see also McDermott,
Gilmore, Nelson, Watson, & Ojemann, 2017). It remains to be
seen whether the prefrontal activations seen for decisions where
conflict is detected are due to modulations of internal/external
attention or align more broadly with metacognitive processes
which too are proposed to lead to activations in prefrontal cortex
(e.g., Morales, Lau, & Fleming, 2018).

Secondly, although both TAMs and déja vu experiences have
been studied for several years, one basic but yet central aspect
of these two spontaneous phenomena was surprisingly over-
looked; namely, their phenomenology. Therefore, there is
still a need for experimentally oriented systematic studies to
further examine exactly what it is like to have IAMs and déja
vu. Are they experienced similarly to each other and only the
presence or lack of the content makes them distinct or, alter-
natively, are there more differences in the way they are phe-
nomenologically experienced? It would be also interesting to
examine how these two experiences are described by people.
This leads to an intriguing question of the role of metacogni-
tive beliefs in experiencing these spontaneous instances (for
similar studies on mind wandering, see Zedelius, Protzko, &
Schooler, 2021).

In addition, there is a need to examine the role of conflict in
déja vu. This “fact checking” control process is the thing that is
hardest to reconcile with existing involuntary memory theory.
We are obliged to propose that a later, metacognitive stage is
able to reject cues in the environment as being false. In our
schematic (Fig. 1), chief among the higher-order evaluations in
memory retrieval is plausibility. In implausible situations, we
are able to quickly reject the current situation as being novel or
unique, when this happens quickly and decisively, we imagine
that it is what generates déja vu, as opposed to a search in
memory for a prior event. Given the notion of the continuity
between imagination and memory retrieval, in counterfactual
memory (e.g., De Brigard, Spreng, Mitchell, & Schacter, 2015)
or in representations of the future (e.g., Schacter et al, 2012),
it seems important to identify the control mechanisms that
allow us to experience memories as veridical or as having
occurred in the past. Are these the same control mechanisms
implied in the conflict generated in déja vu? It has been proposed
that déja vu acts to correct faulty or overactive feelings of familiar-
ity, and it follows that if one is less likely to experience déja vu,
then one should be more likely to falsely recognise situations
and events.

Our proposal rests on the ability to judge the plausibility of
retrieved material and even the plausibility (or likelihood) that
the present situation should generate memories or feelings of
familiarity. In comparison to investigations of familiarity or recol-
lection, this is an underdeveloped field, and in general, there is a
lack of studies evaluating metacognition in autobiographical
memory (although plausibility evaluations have gained some
interest, for example, Scoboria, Mazzoni, Kirsch, & Relyea,
2004). One way of rapidly judging plausibility online during
retrieval would be by conceptual stores of “personal semantics”
(e.g., Renoult, Davidson, Palombo, Moscovitch, & Levine, 2012).
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In any one situation (or “event”), we activate schemas which can
help us rapidly retrieve appropriate information as a scaffold
(Irish & Piguet, 2013) but which also would create a metacogni-
tive model of expectancies about fluency and the likelihood of
retrieval, thus contributing to our evaluation of plausibility and
a metacognitive representation of the situation or event.

The notion of a continuum should lead to some empirical tests
of this idea, and the two domains may learn from each other.
Most notably, the IAM literature has converged on a laboratory
task which reliably yields IAMs. An obvious implication of our
ideas is that in these mundane and repetitive tasks, participants
should be experiencing metacognitive experiences and unresolved
feelings of familiarity as well as more well-developed IAMs. Thus,
when studying involuntary memories, one could ask for instances
of déja vu and familiarity to test some of the ideas suggested in the
present paper. Also, questionnaire and diary studies should inves-
tigate the incidence of the two phenomena to examine whether
those people who experience more IAMs also experience déja
vu more often.

Testing people with temporal-lobe pathology on tasks which
generate IAMs would also be of interest (for a first case study
for déja vu, see Cleary et al., 2021b). Martin et al. (2012) have
identified familiarity and recollection tasks which distinguish
between people with temporal-lobe epilepsy who do and do not
experience déja vu, and according to our continuum hypothesis,
people who experience more déja vu in temporal-lobe epilepsy
should also be more likely to experience involuntary memories.
Such populations would help converge on the relationship
between bottom-up and top-down processes in retrieval.
Patients with selective parahippocampal impairments which
lead to feeling less familiarity should, by our view, experience
more spontaneous retrieval, and be less able to metacognitively
act on cues in the environment. Such information is as yet
unknown, primarily because, as with the existing IAM tasks in
healthy populations, most memory measures concentrate on
objective indices of declarative memory, and very little on subjec-
tive report or incomplete retrieval. Because we argue that familiar-
ity operates to tell us that something in the environment
“reminds” us of something, it should be possible to experimen-
tally induce these feelings through priming and fluency manipu-
lations, and measure the resultant effects on phenomenology and
subjective experience.

To our knowledge, there are as yet no similar studies investi-
gating involuntary memory retrieval in the context of brain dam-
age, but there are studies demonstrating autobiographical
memory retrieval deficits relating to clinical states (e.g., Minera
et al., 2014; Philippi, Tranel, Duff, & Rudrauf, 2013). We propose
that it is a matter of time until case studies with people lacking
involuntary retrieval will be reported. From the opposite end,
there is already one case study by Parker, Cahill, and McGaugh
(2006) describing AJ’s memory as “nonstop, uncontrollable, and
automatic” which is an example of extreme domination of invol-
untary retrieval, described as most likely resulting from a variant
of a neurodevelopmental frontostriatal disorder.

It would also be fruitful to study both the mental content and
feeling of familiarity as two dimensions that may influence mem-
ory retrieval independently from each other. For example, one
may try to manipulate familiarity and memory accessibility dur-
ing involuntary retrieval by the use of different types of antece-
dental/previously prepared cue-sets such as, for example: (1)
Cues that are highly efficient in quickly triggering an autobio-
graphical memory and are also rated as highly familiar/typical,
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(2) cues that are less efficient in triggering any concrete memory
while being rated as familiar (i.e., that slowly but eventually leads
to a memory retrieval), (3) cues that are less efficient and weakly
familiar. As a result, one may expect that most IAMs will be expe-
rienced with the first type of cue, while déja vu would be experi-
enced with the second type.

Next, if we agree on the spontaneous nature of IAMs and déja
vu, then one may ask about the relationship between mind wan-
dering and IAMs and déja vu. As, in general, mind wandering
relates to thoughts not related to the ongoing task per se, then
one may expect to observe instances of IAMs and déja vu during
typical mind-wandering episodes. For instance, as Kvavilashvili
et al. (2020; also Cole & Kvavilashvili, 2019; Plimpton et al.,
2015) directly treat IAMs as an instance of spontaneous mind
wandering, it may be argued that at least some examples of déja
vu may constitute the content of mind-wandering instances.
Importantly, we propose that déja vu and IAMs may both
have multiple causes. For instance, it is still possible that on
some occasions, déja vu experiences are due to false recognition
(as suggested by Mazzoni & Hanczakowski, 2011) or decoupled
familiarity (Illman et al., 2012) on a neural level. It may also be
true, especially when metacognitive abilities are impaired, that
déja vu is a result of the lack of access to already activated auto-
biographical memories that are below the awareness threshold
(e.g., Conway & Loveday, 2015; Moulin et al., 2014).

Integrating déja vu into autobiographical memory has opened
interesting avenues for future research. For instance, recent
advances and newer theoretical developments such as those pro-
posed by Rubin and Umanath (2015; also Rubin, 2022, p. 10)
propose a common theoretical ground and “home for many
homeless categories of memory” including déja vu. As they aim
to improving and integrating theories arising from laboratory
work, they create a conceptual “corner” space for such integration.
Specifically, Rubin and Umanath (2015) proposed the theory of
event memory to classify and understand “a mental construction
of a scene recalled as a single occurrence” (p. 1)."” In these
terms, déja vu may be understood as an example of self-reference
(i.e., about past events involving the person recalling them)
implicit scene memory that “includes recognizing people and
objects as a function of their context, traversing familiar routes
without explicit memory” (Rubin, 2022, p. 7). Importantly,
implicit scene memories are accompanied by feelings of familiar-
ity and reliving without an access to memory of past experience.
Although it is unknown whether déja vu is associated with
scene processing the same way as involuntary memories are,
given the fact that scenes are known to be a common trigger of
déja vu (Brown, 2004; Cleary & Brown, 2022), it is highly possible
that scenes, in general, may be a special form of triggering cues of
both TAMs and déja vu. This shows another possible way in which
these two phenomena may have something in common and
future studies should investigate this possibility.

Finally, we mentioned briefly several other memory-related
phenomena (e.g., FOK, TOT, see Fig. 1) that strongly depend
on the feeling of familiarity which were not discussed in the
same detail as déja vu and IAMs. Future research might want
to consider how these primarily metacognitive experiences fit
into a framework of thoughts and feelings associated with sponta-
neous retrieval. A key issue is their spontaneity - it would be nor-
mal that feelings of imminent retrieval and retrieval failure as well
as feelings of familiarity guide retrieval processes, and our
hypothesis here is that whilst we can ask participants to con-
sciously and wilfully report their likelihood of retrieval in an
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experimental task (e.g., in the FOK task), the TOT, the butcher on
the bus, and FOK all also exist as naturally occurring spontaneous
phenomena in daily life, and are far more frequently experienced
than déja vu.

4. Conclusions

In the present paper, we discussed the idea that IAMs and déja vu
can be described and explained as natural forms of memory pro-
cessing and that both are based on the same retrieval processes.
According to our continuum hypothesis, déja vu is, at least on
some occasions, an underdeveloped form and special case of
involuntary memory; it draws upon the personal past and shares
some crucial properties with TAMs, and surprisingly these two
instances have not yet been comprehensively considered alongside
each other in cognitive psychological discussions of human mem-
ory, in general, and autobiographical memory, in particular.

While there are a few possible origins of déja vu and IAMs, not
least in intercortical stimulation studies, we argue that one may be
routine: A product of the ongoing automatic processing of cues in
the environment which may present some conceptual or percep-
tual overlap with stored memory representations. As our cognitive
system tries to match, as quickly and effortlessly as possible, the
contents of mental representations stored in memory with the
current contents of perception, one would expect déja vu and
involuntary memories to arise. This way, on some occasions,
such an overlap may successfully trigger an involuntary memory
of a given past personal event. This should be indeed expected
from time to time, especially given the fact of “the vastness and
richness of the autobiographical memory base” (Mace &
Atkinson, 2009, p. 202). On some other occasions though, the
overlap may be too weak and/or diffused to successfully trigger
a given personal memory leaving one with only a feeling of famil-
iarity, which we conceive as something like the TOT but for the
personal past. Importantly, this should be also reasonably
expected to happen given the fact that a great number of cues
in the environment may coincide with a great number of memo-
ries stored in mind (i.e., the cue-overload principle) not being able
to successfully match and trigger one given memory.

In terms of the function of these phenomena, we propose that
they are the result of a continuously active memory system that
automatically and rapidly scans the environment for matching
representations. The purpose and evolutionary advantage of
such a system is clear, quickly raising pertinent information to
consciousness without effort. Yet, our characterisation is this sys-
tem is of it being a constant iteration driven by feelings of famil-
iarity and successful retrieval. Déja vu arises when the familiarity
arises in an inappropriate context, and its function is to signal that
there is unwarranted activation of familiarity in the absence of
retrieved contextual specifics which could link the present
moment to the personal past.

Interestingly, there are neuropsychological patients which sup-
port this view. When familiarity is pathologically overactive, it can
yield feelings of recollective confabulation, described by carers
and medics as like permanent déja vu (see Moulin, 2013, for a
series of cases). The account of such patients is that rather than
experiencing a conflict in mental evaluations as proposed here,
they confabulate contextual specifics to justify the feeling of con-
fabulation (Turner, Shores, Breen, & Coltheart, 2017).
Neuroanatomically, in the most detailed analysis of the brain of
such cases, Craik et al. (2014) describe extensive grey matter atro-
phy in frontal and medial temporal areas as shown by MRI, again
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converging on the notion that inappropriate familiarity was not
“discounted or edited out” (p. 367).

Here, we have rarely discussed conceptual knowledge in mem-
ory retrieval, focusing on the personal past. Déja vu is studied
exclusively from an episodic memory viewpoint, whereas involun-
tary memories are most studied in the context of a richer, more
complex construct: Autobiographical memory encompasses both
conceptual and event-specific information. As such, for example,
whereas we might discuss the integration of episodic and semantic
memory in autobiographical retrieval (e.g., Mace & Unlu, 2020),
and can even propose purely semantic involuntary cognitions
(e.g., Kvavilashvili & Mandler, 2004), there is not, to the best of
our knowledge, a similar parallel in déja vu: It seems to uniquely
include an interpretation of a prior experience rather than infor-
mation or knowledge. Although familiarity is an epistemic feeling
which can be experienced for both semantic and episodic materi-
als (see Kempnich, Urquhart, O’Connor, and Moulin [2017] for
evidence of dual process retrieval processes in episodic word lists
and general knowledge; or Bowles and Kohler [2014] for studies
of familiarity in semantic memory), it is unclear what a “semantic”
déja vu would consist of. This issue still warrants attention in future
work, although it would need to be discussed in the context of evi-
dence shifting away from the existence of truly separable semantic
and episodic systems (e.g., Renoult et al., 2019).

By relating to well-known and already elaborated mechanisms
of autobiographical memory retrieval, we were able to explain the
generation of déja vu. This theoretical and conceptual integration
will facilitate future studies on every-day spontaneous phenom-
ena, and in doing so underlines the importance of three impor-
tant dimensions on which memories are experienced:
Intentionality, plausibility, and phenomenological experiences
during retrieval, notably fluency.
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Notes

1. IAMs have been differentiated from intrusive memories and flashbacks by
Kvavilashvili (2014). She proposes a continuum with IAMs and flashbacks on
opposite poles and intrusive memories in the middle. While they all share
some features (all of them are spontaneously retrieved), they may also be
treated as different. IAMs can be positive, negative or neutral, with non or
minimal avoidance, disruption, distress; whereas intrusive memories can be
positive or negative with moderate, high to very high avoidance, disruption
and distress, and are typical for normal and clinical populations; while flash-
backs that can only be negative with high to extreme avoidance, disruption and
distress are restricted to the PTSD population only.

2. Inferior parietal lobule involvement could also be reflective of cognitive
control driven by the frontoparietal control network.

3. The status of IAMs in people who are blind is unknown, but we would
not expect this group to be unable to experience IAMs (see Tekcan et al.,
2015, for differences in sighted and non-sighted participants’ autobiographical
memories).

4. This result was specific to older adults. The lifespan trajectory of IAMs and
déja vu is somewhat unknown, but interesting patterns with age emerge. There
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are equivocal findings for IAMs, but the emerging view is that their frequency
does not decline with age (e.g., Rubin & Berntsen, 2009), whereas the fre-
quency of déja vu does decrease with age (Moulin et al., 2014). IAMs are
well documented in children as young as 35 months of age (e.g., Krojgaard,
Kingo, Jensen, & Berntsen, 2017; Sonne, Kingo, Berntsen, & Krejgaard,
2019), but there are as yet no comparable studies for déja vu. Since déja vu
can only be experienced by people with sufficient cognitive resources to oppose
and detect the false feeling of familiarity, it may not be experienced by children
and individuals without sufficient metacognitive function. It is relatively easy
to imagine that a child could more readily report a memory coming to
mind spontaneously than the unusual feelings of familiarity in déja vu, but
this is an area which needs more research.

5. Familiarity is not only thought to be strictly perceptual in nature but may
also be described as conceptual (e.g., Rajaram & Geraci, 2000).

6. Fluency is not thought to be domain specific, that is, reserved to evaluations
about memory, but is a heuristic which can be applied to many contexts and
situations (a “heuristic inference processes”; e.g., Mantonakis and Hastie, 2011).
Depending on what is asked of the participant, fluency can act on judgements
of memory, preference, confidence, intentionality and so on.

7. Many of these works draw inspiration from Norman & Bobrow’s (1979,
p. 109) paper where they posed the questions: “How does one know what is
needed from memory? Is not the knowledge of what is sought in itself part
of the knowledge that is being sought?”

8. This is not to say that a reciprocal feedback loop is not possible. It may be
that initially familiarity prompts an attempt to retrieve contextual specifics.
Once such an attempt fails, it may be felt even more strongly, leading to
even a more intense and goal-oriented search.

9. The idea that uniqueness of cues plays an important role in the memory
retrieval is not so new (e.g., Nairne, 2002; Poirier et al., 2012), and it may
be considered a common notion in memory research. However, as we argue
in the present paper, the novelty of our account lies in the idea that although
a typical and common cue may not be sufficient to trigger a particular memory
(as it is in case of unique cues), they still may activate and trigger an uniden-
tified feeling of familiarity leading to a déja vu experience.

10. Cue familiarity is an experimental variable that has drawn a lot of atten-
tion in experiments on recognition memory (e.g., Ryals & Cleary, 2012) and
metacognition (e.g., Metcalfe, Schwartz, & Joaquim, 1993). It is used in a
diverse set of experimental contexts including “don’t know” responding
(e.g., Hanczakowski, Pasek, Zawadzka, & Mazzoni, 2013); illusory recollective
experience (e.g., Huebert et al., 2022); decision making (e.g., Schwikert &
Curran, 2014) and autobiographical memory (e.g., Fenerci & Sheldon,
2022). Much of the ideas presented here draw upon these literatures, and in
particular the series of experiments by Cleary and colleagues on déja vu
reviewed in this article.

11. Although these studies suggest that the retrieval of IAMs may not depend
exclusively on inhibitory control, there is still a possibility that such a suppres-
sion mechanism may not to be switched on all the time, but is only switched
on intermittently, similarly to proactive and retroactive cognitive control (for a
review, see Braver, 2012). However, there is still the need to find circumstances
in which such a mechanism may be observed. As no adequate answers to these
questions have been found yet, our position is relatively inclusive; namely, at
this stage, we do not say categorically that the cognitive inhibitory account
should be disregarded completely.

12. These stages are not necessarily consecutive, where one stage is terminated
before another is activated. While such a simple presentation facilitates our
understanding of memory retrieval, they are rather thought of as dynamic,
complex floating system of memory states where all of the stages may be acti-
vated simultaneously to different extents at the same time. Thus, we can think
about these stages in a similar way as we understand memory circuitry between
the temporal and frontal lobes.

13. Note that while the idea that memory retrieval is or is not an all-or-none
process is broadly discussed in the memory literature (e.g., Kempnich et al.,
2017; Onyper, Zhang, & Howard, 2010; Wixted & Mickes, 2010; Vilberg &
Rugg, 2008; Yonelinas, 2002), in general, this idea is rarely (if at all) discussed
within the field of autobiographical memory retrieval.

14. One interesting hypothesis to fall out of this proposal is that older adults’
lack of déja vu experiences could be explained by changes in how plausible
subsequent retrieval is. That is, when confronted with retrieval failure and a
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feeling of familiarity, the older adult would interpret this as a result of tempo-
rary retrieval failure and that later retrieval was possible, and the context for
memory retrieval was plausible. As a result, one prediction is that as feelings
of déja vu diminish, feelings of FOK/TOT should increase.

15. Maguire and Mullally (2013) contributed to the notion that scene construc-
tion may serve a special purpose in episodic and autobiographical memory and
their work likely prompted subsequent research on that idea; namely, the role of
scene processing in episodic and autobiographical memory retrieval.
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Abstract

Barzykowski and Moulin’s view on involuntary autobiographical
memory focuses on automatic activation of representations and
inhibitory control mechanisms. We discuss how and when a
known neural mechanism - pattern completion — may result
in involuntary autobiographical memories, the types of cues
that may elicit this phenomenon and consider interactions
with future-oriented cognition.
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Barzykowski and Moulin (B&M) synthesize considerable evidence
to support their primary thesis that involuntary autobiographical
memories (IAMs) occur in the context of constant and automatic
activation of autobiographical fragments in the absence of inhib-
itory control mechanisms; when the activation of a given memory
representation passes a threshold, it is involuntarily retrieved.
While we agree with their proposed model, here we discuss how
another critical mechanism in direct retrieval - pattern comple-
tion — may result in IAMs, the types of cues that may elicit this
phenomenon and how this process interacts with future-related
cognition.

Pattern completion, the process of recalling an entire memory
representation when cued with a subset of its elements, was orig-
inally proposed by Marr (1971) as a fundamental computation
of the hippocampus along with pattern separation. He argued
that whether incoming information elicits pattern completion
depends on the degree to which it matches a previously stored
representation, suggesting that as few as one-third of the elements
may be sufficient to elicit recall (Becker, 2016). We suggest
that B&M’s proposal is broadly consistent with this and later
computational models of pattern completion and separation
(McClelland, McNaughton, & O’Reilly, 1995; Norman &
O’Reilly, 2003) in two ways. First, the hippocampus is argued to
behave in a thresholded manner depending on the overlap of
the cue with the stored memory: If the threshold is met, the
cue is pattern completed and retrieval ensues (Elfman, Aly, &
Yonelinas, 2014; see Eichenbaum, Yonelinas, & Ranganath,
2007, for a review of neuroimaging evidence of thresholded hip-
pocampal signals). Second, once this threshold is met, retrieval
occurs automatically via an autoassociation network mediated
by the dense recurrent connections within CA3, resulting in a pat-
tern of excitation in the output layer which is then back-projected
to the complete set of neocortical regions representing the mem-
ory (Rolls, 2016; for a recent review of empirical evidence, see
Becker, 2016).

Therefore, we argue that IAMs occur when content received by
the hippocampus overlaps sufficiently with an existing memory as
to trigger the automatic “completion” of the whole representation
in neocortical regions. While conceptually similar to the proposed
threshold model, in that overlap between the cue and the content
must pass a threshold, pattern completion reflects a known neural
mechanism by which automatic retrieval can occur. As a funda-
mental retrieval mechanism, pattern completion should act at
all levels of the memory hierarchy (Conway & Pleydell-Pearce,
2000), including not just specific events but also general events
and lifetime periods shown to engage the hippocampus
(e.g., Ford, Addis, & Giovanello, 2011).

Although B&M suggest that cues are central to their account of
spontaneous memory phenomena, little consideration is given to
why some cues, whether present in the external environment or
generated internally by the individual, are more likely to evoke
IAMs than other cues. It is likely that, in everyday situations, a
specific combination of cues is required to provide sufficient over-
lap with the stored representation in order for pattern completion
to occur (Marr, 1971), explaining why IAMs do not occur all the
time. Moreover, it may be that the interaction between cues and
internal states is important. Along these lines, Klinger and col-
leagues have suggested that current concerns, or the state of an
organism between commitment to a goal and later accomplish-
ment or abandonment of that goal (Klinger, 1978), make goal-
relevant cues especially salient and likely to evoke spontaneous
thoughts and memories (e.g., Klinger & Cox, 2004).
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Consider an individual who takes the same train ride into work
each day. While looking out the window of the train, the individ-
ual is exposed to many cues (e.g., a billboard featuring an air-
plane; a junkyard full of old automobiles) that could, but
typically do not, produce spontaneous retrieval of past experi-
ences (Berntsen, 2009). However, if the individual were to set a
goal (e.g., a planned trip) related to one of those cues (e.g., a bill-
board featuring an airplane), then that cue may be more likely to
evoke not only thoughts about the goal, but conceivably some rel-
evant experience from the past (e.g., a previous trip). Of course, in
this scenario, the memory that comes to be evoked by the
now-relevant cue may be more likely to surpass some threshold
of activation due to its relation to the goal, but it is important
not to overlook the fact that the cue itself is also more salient
(Klinger, 2013). Understanding how goals, cues, and representa-
tions independently and/or jointly determine the occurrence of
spontaneous memory phenomena, such as IAMs, are issues war-
ranting further attention in the literature (e.g., Cole & Berntsen,
2016).

Consideration of goals alongside cues and representations may
help shed light on other related phenomena. For instance, one
important function of memory is to retain simulations related
to predictions, intentions, and plans for the future (Ingvar,
1985; Szpunar, Addis, McLelland, & Schacter, 2013). Recent stud-
ies have shown that simulations of the future are especially likely
to come to mind in a spontaneous manner if they have been
thought about on some previous occasion (e.g., Jeunehomme &
D’Argembeau, 2016). This is likely the case because simulations
result in memory representations that can be directly elicited by
goal-relevant cues (for similar considerations in the prospective
memory literature, see McDaniel & Einstein, 2000; for more gene-
ral considerations of the role of pattern completion mechanisms
in future-oriented cognition, see Falandays, Nguyen, & Spivey,
2021). Although more speculative, it is possible that in some sit-
uations, goal-relevant cues only weakly evoke memories of the
future, along the lines of the continuum proposed by B&M, giving
rise to a spontaneous familiarity-based feeling that one should be
doing something in the present moment (a “déja vu for the
future”) as opposed to the more classic feeling that one has
already experienced the present moment.

In sum, for a more complete account of IAMs and related
phenomena, it will be important to consider more precisely
the neural mechanism(s) governing the interaction between
cues and representations, and why specific cues and representa-
tions are especially relevant and/or accessible at any moment in
time.
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Abstract

Barzykowski and Moulin argue that déja vu is a natural product
of autobiographical memory retrieval. Their proposal fails to
account for three salient properties of déja vu experiences:
Their strangeness, their infrequency, and their characteristically
sudden onset. Accounting for these properties is necessary for
proper integration of déja vu into autobiographical memory
research.

Aiming to provide a means of integrating research on the two
phenomena, Barzykowski and Moulin (B&M) propose an
approach to involuntary autobiographical memory and déja vu
as natural products of memory retrieval. Their proposal must, if
it is to achieve this aim, have a level of detail sufficient to account
for the core functional and phenomenological properties of the
target phenomena. Focusing on déja vu, this commentary
shows that the proposal does not have the requisite level of detail.
We argue, after identifying three core properties of déja vu expe-
riences, that each of these leads to a problem that the proposed
account, in its current form, is unable to resolve.

The first property that we will consider is strangeness. Déja vu
experiences are regularly characterized as strange, weird, or even
eerie by both subjects and theorists (e.g., Brazdil et al, 2012).
In the kind of experience on which we will focus here - some-
times referred to as “déja vécu” (O’Connor, Lever, & Moulin,
2010) - the strangeness of the experience is due to the fact that
it concerns a singular event and not merely a repeatable item,
“as if time had slipped a cog and were now repeating itself”
(Woodworth, 1940: 357). The second property is infrequency.
While most people experience déja vu, they do so very rarely -
on the order of few times a year (Brown, 2003). The final property
is suddenness. Triggered by a variety of situational factors, déja vu
experiences typically begin abruptly, last no longer than a few sec-
onds, and end just as abruptly as they began (Brown, Porter, &
Nix, 1994).

Consider strangeness first. According to B&M’s proposal, the
distinctive phenomenology of déja vu results from the combina-
tion of incomplete memory retrieval, which produces a sense of
familiarity, with metacognitive appraisal of that familiarity as
implausible. The strangeness of déja vu, however, is due not
merely to the implausibility of familiarity with a repeatable item
- that is, with a type - but also, in cases in which déja vu amounts
to déja vécu, to the felt impossibility of familiarity with the cur-
rently experienced token event. In order to account for the
strangeness of déja vu, then, the proposal needs to explain not
only why incomplete retrieval produces a sense of familiarity
with an item (a feeling that the current event resembles something
experienced in the past) but also why, at least in some paradig-
matic cases of déja vu, unexpected familiarity is not simply
brushed off as arising from limited access but is instead taken
to indicate event repetition (a feeling that this very event has
already been experienced). If the distinctive phenomenology of
déja vu results from a metacognitive assessment of plausibility,
in short, then what should be assessed is not the plausibility of
event resemblance but of event repetition.

For a similar reason, B&M’s proposal cannot account for the
infrequency of déja vu. According to the proposal, incomplete
retrieval — producing familiarity but not specific memory content
- should be relatively frequent. This is required to explain the rel-
ative frequency of tip-of-the-tongue experiences (Brown, 1991).
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Now, if our argument above is on the right track, the metacogni-
tive assessment of plausibility responsible for generating déja vu
pertains to event repetition, not to mere event resemblance.
Since event repetition is impossible, however, familiarity unac-
companied by specific memory content should typically, if not
invariably, be assessed as impossible or at least highly implausible.
But this entails that déja vu experiences should be relatively fre-
quent, which strongly contradicts the available data. Thus, if it is
to account for both the strangeness and the infrequency of déja
vu, the proposal will have to invoke a wider range of (meta)cognitive
processes. We will not attempt to determine here with it is feasible
for a modified form of the proposal to do so.

The suddenness of déja vu also presents a problem for the pro-
posal. B&M contrast the rapidity of content retrieval in involuntary
memory with the gradual intensification of familiarity in déja vu.
The onset of familiarity is sudden, but the epistemic feeling char-
acteristic of déja vu is a result of the conflict between familiarity
and metacognitive expectation, which triggers additional search.
Hence, as the authors suggest, the feeling of unexpected familiarity
in déja vu should gradually intensify until it is resolved or
explained. (Compare to the gradual intensification, and persistence,
of familiarity in tip-of-the-tongue experiences.) But déja vu experi-
ences have a characteristically sudden onset: Not only do they begin
abruptly, but often the strangeness that characterizes them is stron-
gest in the first moments of the experience. The proposal, at least in
its current form, does not account for this property of déja vu.

Before concluding, we note that the strangeness, infrequency,
and suddenness of déja vu have sometimes been viewed as pointing
to an underlying neural or cognitive malfunction (e.g., Critchley,
1989). Their characterization of déja vu as a natural product of
memory retrieval suggests that B&M intend to argue against such
views. If, on the one hand, their intention is to argue that déja
vu results from properly functioning retrieval processes, much
more evidence is required to support their claim. If, on the other
hand, they do not mean to argue for a claim about function,
then their characterization of déja vu as “natural” adds little to
their proposal. Greater clarity about this issue would be welcome.

B&M might respond by arguing that our focus on déja vu for
token events (ie., on déja vécu) is unjustified, suggesting that
future work, and the development of more detailed models, will
shed more light on this particular phenomenon. While we sympa-
thize with this sentiment, we worry that operationalizing déja vu
as any form of inappropriate familiarity (cf. Neppe, 1983)
obscures much of what is puzzling, and indeed difficult to explain,
about the phenomenon. We thus maintain that integrating déja
vu into autobiographical memory research will require tackling
the problems that we have highlighted head-on.
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Abstract

I strongly support Barzykowski and Moulin in their proposal
that common retrieval mechanisms can lead to distinct phenom-
enological memory experiences. I emphasize the importance of
one of these mechanisms, namely the attribution system.
Neuropsychological studies should help clarifying the role of
these retrieval mechanisms, notably in cases of medial tempo-
ral-lobe lesions and cases of dementia.

A fundamental tenet in Barzykowski and Moulin’s (B&M) pro-
posal is the idea of common retrieval mechanisms leading to dis-
tinct phenomenological memory experiences depending on the
success/failure and degree of involvement of these mechanisms.
In both involuntary autobiographical memory and déja vu,
there is a rapid cue-generated automatic search in memory, a feel-
ing of familiarity and attribution processes that come into play. I
agree with B&M that a key difference lies in the content reactiva-
tion, with content that comes successfully to mind in the case of
involuntary autobiographical memories and failure to find any
content in the case of déja vu. However, more emphasis could
be made on the fact that the two types of memory experiences
critically differ in the extent of contribution of the attribution sys-
tem. Of note, the notion of attribution system refers here to the
cognitive appraisal of the result of the memory search to generate
an output (Bastin et al., 2019). In other words, this corresponds to
the set of inferential and monitoring processes that evaluate
retrieved contents before deciding about the old/new status of
the information or expressing a subjective feeling of memory. In
involuntary autobiographical memories, the retrieval cue leads
to the rapid reactivation of some content that is compatible
with expectations that there is indeed a memory trace. Here, the
match between content reactivation and feelings of familiarity is
satisfactory and not surprising, so that attribution processes take
the form of relatively automatic and unconscious inferential pro-
cesses. In contrast, in déja vu, some cues generate expectation of
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processing fluency and feeling of familiarity, but the search fails to
find any content. Attribution processes become hyperactive
because they detect a mismatch between content and feeling.
Moreover, there is knowledge that it is not possible to have con-
tent. This conflict reaches consciousness and is likely responsible
for the unique phenomenology of déja vu. Another common
mechanism that is evoked in B&M is that elements of internal
and external context are automatically weighted against prior
knowledge, and this generates expectations. There are similarities
with the ideas proposed in the predictive interactive multiple
memory systems model (Henson & Gagnepain, 2010). Notably,
Henson and Gagnepain (2010) suggest that the content retrieved
in a memory system is compared to context-based predictions. In
this view, déja vu arises from a prediction error as the absence of
memory content mismatches the expectations.

If involuntary autobiographical memory and déja vu rely on
the same neurocognitive architecture, one expects that selective
dysfunction of some retrieval mechanisms following brain dam-
age impacts the expression of these phenomenological experi-
ences. Predictions for brain-damaged patients is only briefly
mentioned in B&M’s article, but this is an important avenue for
future research as it provides a way to test predictions emerging
from the proposal. B&M predict that patients with medial
temporal-lobe damage should show similar changes in déja vu
and involuntary autobiographical memories. For instance,
temporal-lobe epilepsy would be associated with more déja vu
experiences and more involuntary autobiographical memories.
However, if the two memory phenomena differ critically on the
access to content, one may predict a different pattern. Considering
that the medial temporal lobe is critical to store contents of past epi-
sodes (Davachi, 2006; Eichenbaum, Yonelinas, & Ranganath, 2007;
Ranganath & Ritchey, 2012), medial temporal-lobe damage should
decrease involuntary autobiographical memories; and as metacogni-
tive appraisal would partly depend on frontal areas (Chua, Pergolizzi,
& Weintraub, 2014; Kurilla & Gonsalves, 2012) and is not expected
to be impaired in medial temporal-lobe pathology, such patients may
show preserved or more déja vu experiences. The opposite pattern
would be expected in patients with frontal-lobe damage, with the
disappearance of déja vu experiences and intact or increased invol-
untary autobiographical memories.

An interesting case is the one of patients with dementia as the
extent of the neuropathology disrupts several retrieval mecha-
nisms evoked as the building blocks for involuntary autobio-
graphical memory and déja vu. Patients with dementia
sometimes present with persistent déja vu whereby they have
the feeling that everyday life events constantly repeat (Moulin,
2013). These patients typically come up with some explanations
about their pervasive feeling of memory (ie., confabulations)
and do not report knowing that this feeling of memory is false.
This is likely because both memory content and attribution pro-
cesses are altered because of medial temporal and frontal pathol-
ogy (Moulin, 2013). Another line of research suggests that
demented patients have preserved involuntary autobiographical
memories evoked by nostalgia films or music (El Haj, Fasotti, &
Allain, 2012; Rasmussen, Salgado, Daustrand, & Berntsen,
2021), which may seem surprising if these memories rely on the
same retrieval mechanisms that are impaired and cause persistent
déja vu. Nevertheless, it is likely that those memories are recollec-
tion of remote memories, mostly belonging to young adulthood,
whose content is consolidated (Berntsen, Kirk, & Kopelman,
2022). So, the question remains as to the integrity of involuntary
autobiographical recall of recent memories in demented patients.
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This also raises the possibility that involuntary autobiographical
memory and déja vu differ on another dimension, which is tem-
porality. Whereas involuntary autobiographical memory brings
back to mind events from any time in the past, déja vu seems
anchored in the present (i.e., “the situation I experience now
feels familiar even if I know it is new”) with some glimpse into
the future with the feeling of prescience. I agree with B&M that
considering both involuntary autobiographical memory and déja
vu experiences within the same sample would provide insights
as to their common mechanisms.
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Abstract

External cues and internal configuration states are the likely
instigators of involuntary autobiographical memories (IAMs)
and déja vu experience. Indeed, Barzykowski and Moulin discuss
relevant neuroscientific evidence in this direction. A comple-
mentary line of enquiry and evidence is the study of inhibition
and its role in memory retrieval, and particularly how its (dys)
function may contribute to TAMs and déja vu.

Barzykowski and Moulin (B&M) suggest that involuntary auto-
biographical memories (IAMs) and the experience of déja vu
can be described and explained as natural phenomena resulting
from memory processing, particularly retrieval. Both are based
on the same basic retrieval processes, they argue, and can be con-
sidered as “involuntary” or spontaneous cognitive events. The tar-
get paper discusses similarities and differences between the two
phenomena, and outlines how these unusual subjective experi-
ences may be explained by relating them to known mechanisms
of memory retrieval. This leads the authors to conclude that
IAMs and déja vu lie on a continuum. Here, I expand on why
inhibitory (dys)function may play a significant role in such a
continuum.

In memory systems, distinct patterns of neuronal activity
(Atallah & Scanziani, 2009; Colgin, 2016) are modulated intri-
cately by inhibitory neurons in the hippocampus and cortex.
More generally, inhibitory neurons are important for the struc-
tural formation and proper functioning of neuronal assemblies
(Holtmaat & Caroni, 2016). This is due to their fast-spiking
behaviour which allows them to provide powerful feedforward
and feedback inhibition to excitatory neurons (Gan, Ming
Weng, Pernia-Andrade, Csicsvari, & Jonas, 2017) and constrain
the size or identity of such assemblies (Colgin, 2016; Gan et al.,
2017; Isaacson & Scanziani, 2011). This limits the realm of excit-
atory plasticity for neurons in such assemblies, subsequently pro-
viding increased efficiency for memory storage and greater
robustness against over-excitation (Mongillo, Rumpel, &
Loewenstein, 2018), which may also help reduce the number of
spurious attractors. From a computational perspective, it therefore
seems natural that inhibition will be implicated in IAMs and déja
vu.

From a psychological perspective, Conway and Pleydell-Pearce
(2000) describe a model wherein a cognitive inhibitory control
mechanism may actively supress the activation of memories
while they are not relevant. Such a mechanism could prevent
such memories from becoming fully activated in our conscious
awareness, while leaving room for the experience of familiarity
in the absence of the underlying memory content. Retrieval of
IAMs could occur via a similar mechanism. While B&M do not
categorically reject this as an explanation, they point to recent
studies (Barzykowski, Radel, Niedzwienska, & Kvavilashvili,
2019; Barzykowski, Staugaard, & Mazzoni, 2021) which suggest
a retrieval threshold or activation account. For example, IAMs
may be particularly effective in capturing memory-related atten-
tion due, for example, to certain phenomenological properties
such as emotional valence or particularity. However, it seems
more likely that both accounts are true and work in concert.

In computational associative memory models where memories
are spatially correlated (Burns, Haga, & Fukai, 2022; Haga &
Fukai, 2019), memory capacity and the range of retrieval across
related memories is dramatically altered by subtle modulations
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of inhibition - without any change to the underlying excitation
or memory structures. While there is still a critical threshold or
level of activation which must be obtained for memories to
become activated, the dynamics of these mechanisms are changed
by inhibitory modulation. In the context of humans, where inhi-
bition protects against memory interference (Koolschijn et al.,
2019), this may explain why clinical studies have reported that
delusions and hallucinations associated with schizophrenia are
due to impaired inhibitory regulation (Vogels & Abbott, 2007;
Yizhar & Fenno, 2011).

Learning of context-dependent associations has also been
shown in rats to be correlated with changes in inhibition
(Kuchibhotla et al., 2017) and inhibition may play an active role
in helping to forget competing memories of a retrieved memory
(Wimber, Alink, Charest, Kriegeskorte, & Anderson, 2015), per-
haps pruning the relevant assemblies to improve or maintain
the strength of the retrieved memory. It seems likely that IAMs
and déja vu may be implicated or are affected by this “pruning”
role, in combination with other inhibitory mechanisms, for exam-
ple, disinhibition (Letzkus, Wolff, & Liithi, 2015), and that these
phenomena will subsequently occur in different frequencies for
persons with inhibitory neuron disorders. Inhibitory function is
also known to change when exposed to different drugs, and
indeed we see that recreational uses of alcohol and other sub-
stances often increase mind wandering (Sayette, 2009), a phenom-
enon the authors argue is related to IAMs and déja vu.

In summary, the role of inhibitory neurons in memory systems
is well-established. These neurons are important for the structural
formation and proper functioning of neuronal assemblies, which
allows for efficient memory storage and increased robustness
against over-excitation. Inhibition also plays a role in protecting
against memory interference and competition. Dysfunction in
inhibitory regulation has been linked to delusions and hallucina-
tions, and subtle modulation of inhibition shows dramatic
changes in memory retrieval dynamics in computational models.
These findings suggest that IAMs and déja vu experiences may be
related to the function of inhibitory neurons or their cognitive
control. These phenomena may occur at different frequencies
for individuals with disorders affecting inhibitory function.

Unifying the threshold/activation and inhibitory control
accounts of JAMs and déja vu thus appears a sensible goal; it is
encouraging the authors state that “our position is relatively inclu-
sive” in this regard and do not categorically reject the inhibitory
account. The challenge will be to design suitable experiments
with relevant human populations and in relevant conditions to
connect these high-level subjective phenomena with the rapidly
growing biological and computational literature non-trivially
implicating inhibition in memory processes.
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Abstract

We propose that IAM and déja vu may not share a placement on
the same gradient, per se, but the mechanism of cue familiarity
detection, and a major differentiating factor between the two
metacognitive experiences is whether the resulting inward
directed search of memory yields retrieved content or not.
Déja vu may manifest when contentless familiarity detection
is inexplicable by the experiencer.
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In their article, “Are involuntary autobiographical memory and
déja vu natural products of memory retrieval?” Barzykowski
and Moulin (B&M) bring two fascinating and usually disparate
fields together in a way that we believe will be fruitful for future
research and theory. The idea that déja vu should be considered
a form of involuntary memory makes great sense given that
déja vu interrupts ongoing processing and pulls attention toward
the experience of déja vu itself; also, both déja vu and involuntary
autobiographical memory (IAM) are arguably phenomenologi-
cally surprising in nature (Christoff, Irving, Fox, Spreng, &
Andrews-Hanna, 2016; Mills, Zamani, White, & Christoff, 2021).

Although the linkage made in the article is already exciting, a
potentially helpful extension for the field will be to specify the
common mechanism(s) that might be shared between IAM and
déja vu, as well as what distinguishes them phenomenologically
(e.g., Neisser et al., 2023). We propose that IAM and déja vu
may not share a placement on the same gradient, per se, but
rather the mechanism of cue familiarity detection. Upon detecting
familiarity with a cue, an inward directed attentional search of
memory may be launched that can manifest in the form of
attempts at recollecting potentially relevant candidate information
(Carlaw, Huebert, McNeely-White, Rhodes, & Cleary, 2022;
Huebert, McNeely-White, & Cleary, 2023). We propose that cue
familiarity detection can be triggered involuntarily in the presence
of a cue or set of cues, which can be internally or externally
driven. The familiarity “signal” that emerges varies according to
the degree of feature overlap between the cue(s) and memory
representations (Clark & Gronlund, 1996; McNeely-White,
McNeely-White, & Cleary, 2021; McNeely-White, McNeely-
White, Huebert, Carlaw, & Cleary, 2022); if it is above a critical
threshold, attention may be directed inward toward a search of
memory to attempt to retrieve candidate relevant information
to the current situation.

This can take at least two different forms, which are similar as
noted by B&M. Sometimes, the search launched by initial cue
familiarity detection may result in successful retrieval of a relevant
prior experience from memory, leading to an experience of an
IAM. Notably, although most IAMs have identifiable cues (Ball
& Little, 2006; Schlagman & Kvavilashvili, 2008), it is also possible
that the cue cannot be identified (the cue-elicited content simply
comes to mind in response to the cue, even if the cue itself was
not identified by the experiencer). Other times, the search that
is launched by initial cue familiarity detection fails. When it
fails, we propose that attention is drawn to the sense of familiarity
that prompted the inward directed attentional search of memory.
In the absence of any retrieved memory content, the experience
might be that of either a general familiarity feeling (if the famil-
iarity seems like it is explainable) or déja vu (if the familiarity can-
not easily be explained away). From this perspective, one possible
common memory-based mechanism between IAM and déja vu is
cue familiarity detection, and a major differentiating factor
between the two is whether the inward directed search of memory
results in retrieved content or not.

With this in mind, one aspect that may phenomenologically
distinguish IAM and déja vu is the presence versus the absence
of content (see Neisser et al., 2023). In the case of IAM, content
is retrieved that can usually be attributed to a cue or cues that
elicited it roughly 85% of the time (Ball & Little, 2006;
Schlagman & Kvavilashvili, 2008). In the case of déja vu, no con-
tent is retrieved, leaving a person in a state of contentless inward
focus and a mere sensation of a memory; this sensation can be
difficult to explain away when there is no content identified


https://doi.org/10.1523/ENEURO.0023-22.2022
https://doi.org/10.1523/ENEURO.0023-22.2022
https://doi.org/10.1111/j.1467-9280.2009.02351.x
https://doi.org/10.1111/j.1467-9280.2009.02351.x
https://doi.org/10.1111/j.1467-9280.2009.02351.x
https://orcid.org/0000-0003-1856-9070
mailto:Anne.Cleary@colostate.edu
mailto:mcp1066@wildcats.unh.edu
mailto:caitlin.s.mills@gmail.com
https://psywebserv.psych.colostate.edu/Psylist/facdetail.php?FirstName=Anne%26LastName=Cleary
https://psywebserv.psych.colostate.edu/Psylist/facdetail.php?FirstName=Anne%26LastName=Cleary
https://psywebserv.psych.colostate.edu/Psylist/facdetail.php?FirstName=Anne%26LastName=Cleary
https://www.cehd.umn.edu/edpsych/people/cmills/
https://www.cehd.umn.edu/edpsych/people/cmills/
https://doi.org/10.1017/S0140525X22002035

Commentary/Barzykowski and Moulin: Are involuntary autobiographical memory and déja vu natural products of memory retrieval? 29

and it is unclear what elicited it, which can be off-putting. The
inability to explain the feeling may contribute to a more salient
phenomenological experience of surprise or spontaneity in the
thought stream (Mills et al., 2021).

In this regard, déja vu may fit within Whittlesea and
Williams’s (2000, 2001a, 2001b) discrepancy attribution frame-
work in that it may be when the familiarity feeling is surprising
that déja vu occurs; however, as B&M note, no laboratory para-
digm has yet successfully operationalized “surprise” in this con-
text, and existing attempts at doing so have been unsuccessful
(see Cleary, Morris, & Langley, 2007; Karpicke, McCabe, &
Roediger, 2008). We propose that it is the inexplicable contentless
sensation of memory that characterizes déja vu. When people
experience a strong sensation of familiarity, they have an inherent
need to explain why the feeling is occurring, and may do so by
conjuring up details that are inaccurate (Carlaw et al., 2022;
Huebert et al, 2023) or even confabulating details (Moulin,
2013, 2018) in an effort to explain away the feeling. The more dif-
ficult it is to do this, the more likely the experience might be
labeled as déja vu as opposed to just a feeling of familiarity.

Some evidence for this possible mechanistic link can be found
in other shared memory-based characteristics of IAM and
déja vu. For example, a shared characteristic between IAM and
déja vu is that both are associated with medial temporal lobe
(MTL) processes (Christoff et al., 2016; Cleary & Brown, 2022).
It is plausible that this commonality is due to MTL processes
being responsible for the initial familiarity detection that
launches the search of memory; some researchers have indeed
proposed that familiarity detection results from processing
occurring in the MTL (e.g., Elfman & Yonelinas, 2015). From a
phenomenological perspective, both IAM and déja vu are more
commonly reported in younger adults compared to older adults
(e.g., Cleary & Brown, 2022; Schlagman, Kvavilashvili, &
Schulz, 2007). It is plausible that this commonality is due to
the common mechanism of cue familiarity detection prompting
initial memory search, and that this mechanism peaks in young
adulthood and then diminishes with age.

In sum, we were delighted to see the interesting links made by
B&M across two interesting involuntary and spontaneous thought
processes. We think this work will inspire new theoretical and
empirical work, and it has certainly prompted us to think more
about their shared links, as discussed in this commentary.
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Abstract

Déja vu and involuntary autobiographical memories (IAM) can
be induced by intracranial electric brain stimulation in epileptic
patients, sometimes in the same individual. We suggest that
there may be different types of TAM which should be taken
into account and provide several ideas to test the hypothesis of
a continuity between IAM and déja vu phenomena.
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Are déja vu and involuntary autobiographical memories (IAM)
based on the same continuum of retrieval processes? This is the
core hypothesis proposed by the intellectually stimulating paper
by Barzykowski and Moulin (B&M) which we will discuss specif-
ically within the spectrum of déja vu and IAM induced by intra-
cranial electrical brain stimulation (iEBS) in epileptic patients.

There is an undeniable proximity between déja vu and IAM
with strong arguments presented in B&M’s proposal. However,
conceptual proximity does not mean mechanistic similarity. For
instance, the authors emphasize that IAM are frequent, contrary
to déja vu, which are much rarer. One may wonder why phenom-
ena sharing common mechanisms do not have a correlated prev-
alence. How this is accounted for is not yet clear. A better
definition of IAM could clarify this issue. In fact, there are also
inconsistencies in the reported frequency of IAM across studies.
While some studies report high frequency, of up to 20 per day
(Rasmussen & Berntsen, 2011), others report only one per week
or per month (Moulin et al., 2014). Do such discrepancies
mean that there are different types of IAM which are poorly dif-
ferentiated in the literature at present?

B&M focus mainly on IAM that occur several times a day dur-
ing mind wandering due to the associative nature of memory pro-
cesses (Plimpton, Patel, & Kvavilashvili, 2015). But how can IAM
such as the memory of Tante Leonie’s home in Combray which
popped up in Marcel Proust’s mind thanks to a madeleine be
explained? Proust’s IAM was sufficiently intrusive, unusual and
disturbing for him to write 2,400 pages largely inspired by this
phenomenon. And what about memories that are just as intense
and intrusive with no associative trigger in the environment?
We contend that such “pop-up” IAM are rare and do not corre-
spond to “mind-wandering” IAM. These “pop-up” IAM seem to
have a similar prevalence to that of the déja vu experience
reported in the healthy population. In fact, pop-up IAM not trig-
gered by an environmental or goal-directed memory cue are the
minority (approximately 15%) of the IAM experienced in the
everyday life of healthy subjects (Ball & Little, 2006).

Distinguishing between “pop-up” and “mind-wandering” TAM
(this terminology may need to be revised) may be all the more rel-
evant as they do not seem to serve the same purpose. While remi-
niscing on autobiographical memory during mind-wandering
episodes is assumed to play a fundamental role in memory consol-
idation (Wamsley, 2019) and possibly in personality construction,
whether or not “pop-up” IAM play an adaptive or ecological role
is unclear. Again, in terms of functionality, this role seems closer
to déja vu which B&M describe as the result of a metamemory
error. “Pop-up” IAM may also lead to some level of surprise similar
to déja vu.

Déja vu and experiential phenomena in epileptic patients,
whether occurring spontaneously during seizures or after iEBS,
offer informative snapshots into these highly subjective memory
phenomena which can be phenomenologically very rich (Curot
et al,, 2017). They have an important role as complements in cog-
nitive psychology experiments, in discussing the reality of theoret-
ical models, and in obtaining insights into the physiological
mechanisms underlying such phenomena.

Like the memory of Tante Leonie’s home for Proust, epileptic
subjects can also experience “pop-up” IAM after an EBS and get
literally invaded by such memories, unexpectedly and involuntarily
(for verbatim details, see Curot et al. [2017] and corresponding
online database https:/figshare.com/s/923f93555a0ce51426e4 of
>370 experiential phenomena reported in >110 patients;
Bartolomei, Lagarde, Médina Villalon, McGonigal, & Benar,
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2016). Their attention is suddenly projected toward their internal
word, which could be interpreted as mental diplopia or a dissoci-
ation process in these patients. Patients often spontaneously
describe a feeling of temporal and/or spatial projection into
their own past. During these “pop-up” IAM, the intention to
remember is absent, which may explain why it is such a surprise:
There is no “madeleine” or environmental trigger. Interestingly,
B&M mention that one of the limitations of the literature is
that déja vu and IAM are studied separately, while the
EBS-induced déja vu and IAM model allows studying these phe-
nomena together in the same patients. Therefore, we propose
using this approach to investigate a possible continuum between
déja vu and IAM. Based on the observations made in epileptic
patients after iEBS, we suggest that there may be different types
of IAM, including “pop-up” IAM, which may be closer to déja
vu than to mind-wandering IJAM. We agree that déja vu and
IAM could be part of a continuum involving retrieval processes,
but that this could be the case for a certain type of IAM only,
those that pop up in the mind without any obvious memory cue.

To examine this hypothesis, we could: (1) Calculate the intra-
individual correlation between the number of IAM and déja vu
induced by iEBS in the same brain region; (2) investigate the cor-
relation between the prevalence of these “pop-up” IAM and expe-
riential phenomena such as déja vu which occur during
spontaneous seizures, individually and in a group. If “pop-up”
IAM and déja vu experiences rely on shared underlying mecha-
nisms, we expect a significant positive correlation between their
prevalence, but no correlation with mind-wandering IAM; (3)
iEBS are performed during intracranial EEG recordings, enabling
trapping of the neural correlates of the fleeting moments that corre-
spond to IAM and déja vu (Barbeau et al., 2005; Bartolomei et al.,
2012). Functional connectivity networks during each phenomenon
could be compared to identify commonality and differences in con-
nectivity patterns. Each network could also be compared to those of
episodic memory and mind wandering to assess the specificity of
“pop-up” TAM. (4) Finally, in 2017, we proposed a classification
of the different types of memories induced by EBS according to
their content and the current main concepts of long-term memory
(Curot et al., 2017, see online database). This classification could be
reviewed in light of the suggestions made by B&M to verify how
they fit with the verbatim report of patients.
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Abstract

The continuum between involuntary autobiographical memories
and déja vu, as proposed by Barzykowski and Moulin, can be
better defined by considering research on autobiographical
retrieval in patients with Alzheimer’s disease. Although autobio-
graphical retrieval in patients with Alzheimer’s disease can gen-
erally be associated with a sense of familiarity, involuntary
retrieval can trigger an autonoetic experience of retrieval in
these patients.

Barzykowski and Moulin (B&M) provide an interesting theoreti-
cal framework for a large body of cognitive research studying phe-
nomena that come to mind spontaneously and/or without any
preceding intention to think about them. More specifically,
B&M compare involuntary autobiographical memories and déja
vu regarding, among other factors, familiarity. Within this com-
parison, the authors propose that involuntary autobiographical
memories may be considered as recollections of the personal
past, whereas the “déja vu” phenomenon rather triggers a stronger
experience of familiarity.

We believe that the distinction between involuntary autobio-
graphical memories and déja vu, as proposed by B&M, can be
enriched by considering studies in amnesia, especially in patients
with Alzheimer’s disease. Research has demonstrated how, while

https://doi.org/10.1017/S0140525X22002035 Published online by Cambridge University Press

the typical retrieval of autobiographical memories in patients
with Alzheimer’s disease is characterized by familiarity, involun-
tary autobiographical memories, at least as cued by sensory
cues, can trigger a strong recollection experience in these patients.
Within this view, familiarity can be considered as a metacognitive
process, a feeling which is generated from the fluent processing of
autobiographical information. This feeling, guiding patients with
Alzheimer’s disease through their own phenomenological experi-
ence, can range from the general sense of familiarity (i.e., noetic
experience of déja vu) to the increased subjective experience of
remembering (i.e., autonoetic experience during involuntary
retrieval).

Autobiographical retrieval in patients with Alzheimer’s disease
is typically characterized by overgenerality, that is, a difficulty to
retrieve unique memories situated in time and space (El Haj,
Antoine, Nandrino, & Kapogiannis, 2015; El Haj, Boutoleau-
Bretonniére, & Gallouj, 2020; El Haj, Moustafa, Gallouj, &
Robin, 2019; El Haj, Roche, Gallouj, & Gandolphe, 2017b). This
overgenerality can be observed regardless of methodology or
memory distribution (Irish et al.,, 2011; Moses, Culpin, Lowe, &
McWilliam, 2004). Autobiographical overgenerality in patients
with Alzheimer’s disease can lead to a diminished subjective expe-
rience of retrieval. More specifically, overgenerality can lead to
shift from an ability to mentally relive past events toward a gene-
ral sense of familiarity that may be expressed by patients as a
sense of “having experienced this before” (El Haj et al., 2015).
This sense of familiarity can, somehow, mirror that triggered by
“déja vu.” In other words, patients with Alzheimer’s disease
may tend to retrieve autobiographical memories under the lens
of a “déja vu” perspective, lacking the richness of contextual
and phenomenological information, and, consequently, the
autonoetic experience of retrieval.

Although autobiographical retrieval in patients with Alzheimer’s
disease can generally be associated with a sense of familiarity, invol-
untary retrieval can trigger an autonoetic experience of retrieval in
the patients. This assumption can be supported by the large body of
research demonstrating how sensory cuing can trigger involuntary
retrieval and, consequently, an enhanced recollective experience.
For instance, research on music-evoked autobiographical memories
has demonstrated how these memories can trigger, thanks to invol-
untary retrieval, an enhanced subjective experience of retrieval in
patients with Alzheimer’s disease (El Haj, Fasotti, & Allain, 2012).
The same thing can be said for odor-evoked autobiographical mem-
ories in patients with Alzheimer’s disease (El Haj, 2022; El Haj,
Gandolphe, Gallouj, Kapogiannis, & Antoine, 2017a). Research
has also demonstrated how visual cuing (i.e., exposure to nostalgic
films) may promote involuntary autobiographical retrieval and a
strong subjective experience in patients with Alzheimer’s disease
(Rasmussen, Salgado, Daustrand, & Berntsen, 2021).

Taken together, while autobiographical retrieval in patients with
Alzheimer’s disease can be associated with a general sense of famil-
iarity, involuntary retrieval can trigger an autonoetic subjective
experience during retrieval. Thus, the continuum between involun-
tary autobiographical memories and déja vu, as proposed by B&M,
can be better defined by considering research on autobiographical
retrieval in patients with Alzheimer’s disease. Familiarity may be
considered as a cornerstone to the foundation of the distinction
between déja vu and involuntary retrieval, not only in the general
population, as proposed by B&M, but also in amnesia.
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Abstract

The proposed framework can benefit from integrating predictive
processing into the explanation of déja vu which corresponds to
interrupted prediction. Déja vu is also accompanied by
familiarity. However, considerable ambiguity is inherent in famil-
iarity, which necessitates elaboration of this construct. Research
findings on involuntary autobiographical memories and déja vu
show discrepancies, and clustering these constructs can be coun-
terproductive for research.

We believe that the authors have proposed a comprehensive
approach to integrating the process of memory retrieval to
account for both involuntary autobiographical memories
(IAMs) and déja vu experiences. In the current commentary,
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we focus on four points that may contribute to the discussion.
These are: (a) The need to integrate predictive processing into
the explanatory framework for déja vu, (b) the need to further
specify the concepts of weak activation and familiarity, (c) the
findings conflicting with the idea of common origins for déja
vu and IAM, and (d) the possible detriments of clustering
constructs.

In recent years, the concept of prediction emerged with high
impact to the extent that some researchers consider the study of
prediction a new paradigm (Hutchinson & Barrett, 2019).
Predictive processing emerges in areas of study from perception
and imagery (Grush, 2004) to visual recognition (Bar et al.,
2006) and decision-making (Doya, 2008). Cleary and Claxton
(2018) suggested that déja vu, too, could be a function of predic-
tive processing. Even in novel circumstances, top-down processes
seek contextual cues to past contexts to activate relevant past
experiences. We use these past experiences or schema representa-
tions to predict current experiences. The déja vu experience may
happen when this prediction is erroneous. The mismatch between
the prediction and the actuality would dissipate the fleeting feel-
ing of familiarity, and the individual reports a déja vu. Cleary
et al. (2021) emphasized the familiarity component and showed
that not all déja vu experiences are accompanied by a feeling of
prediction, but the feeling of familiarity typically characterizes
them. Predictive processing studies rely on self-report making
them difficult to observe because prediction remains implicit in
daily life, whereas déja vu is defined by awareness.

Researchers employing event-related potentials to study famil-
iarity more directly obtained varying results. For example, familiar
faces show N250, whereas participants’ own faces do not
(Sommer et al., 2021; but also Wiese et al., 2022). Caharel and
Rossion (2021) showed that when long-term familiarity exists,
the response is much sooner. Leynes and Upadhyay (2022) used
familiar words and showed that responses changed depending
on the context. Therefore, one must use caution when considering
familiarity as a singular construct.

The concepts of familiarity and weak activation form the main
tenets of the authors’ hypotheses. These constructs require further
elaboration because several factors may be influential, for exam-
ple, insufficient cues, the inadequacy of cues, threshold for activa-
tion, or activation level. In addition, weak familiarity may arise
because memory cells or ensembles have weak connectivity, cell
clusters are partially damaged, or the representation is temporar-
ily inaccessible (Josselyn & Tonegawa, 2020). If familiarity is a
function of contextual cues, there must be a sufficient level of
cues to trigger familiarity, but the configuration of these cues
may not match the activated representation. We have also seen
that schema activation and remembering specific memories can-
not be distinguished easily in recalling past events (Ece & Giilgoz,
2021). In déja vu, it is likely that the cues activate a schema rather
than a specific event, and thus, an actual memory may not be
available. In IAMs, on the other hand, what is remembered is a
previously experienced specific event. It is also possible that
déja vu results from the hippocampus being unable to reinstate
the original memory representation or to reconstruct it (Barry
& Maguire, 2019; Frankland, Josselyn, & Kohler, 2019). With
IAMs, on the other hand, memory is reinstated without any
deliberation.

Another point is the discrepancies between IAM and déja vu
findings. Berntsen (2010) proposed that IAM and voluntary recall
share the same encoding and storage principles with four claims.
First, the TAM recall experience is universal, and they are observed
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in most individuals (Ball & Little, 2006; Rubin & Berntsen, 2009),
whereas Brown (2003) reported the rate of people experiencing
déja vu at least once in their lifetime to be 67%. Another discrep-
ancy is the decrease in the frequency of déja vu experience with
age. No such decrease is observed in IAM experience (Berntsen
et al., 2015). One would expect that the likelihood of having a
déja vu would increase with experience and the possibility of an
associative match, according to configural similarity and familiar-
ity theories. Berntsen (2010) also proposed that IAM recall is fre-
quent, with around 20 memories per day on average (Rasmussen
& Berntsen, 2011), but déja vu experience is very rare, a few times
a year (Brown, 2003). If familiarity increases déja vu experience,
then déja vu experience should be more frequent because our
environment is full of cues overlapping with our experience
(Cleary et al., 2012; Cleary & Claxton, 2018). Berntsen (2010)
argued that involuntary memories belong to the same memory
system as voluntary ones. However, IAMs differ in retrieval pro-
cesses (Barzykowski & Staugaard, 2016). Déja vu phenomenon is
difficult to categorize within the memory system because it does
not include any key processes observed in memory, such as
encoding, maintenance, or retrieval. In déja vu, what is lacking
is not “access to content” (see Fig. 1 in the main article), but
the content itself. Conversely, there is an actual recall of “content”
in IAM. Therefore, déja vu is merely a spontaneous and false
belief of familiarity.

Although trying to explicate memory mechanisms within a sin-
gle framework and to have a general model of retrieval is valuable,
clustering qualitatively distinct processes as on a continuum may
blind researchers to nuances in the underlying processes. There
seem to be similar problems with other constructs. For example,
false memory is an overarching term that subsumes memory
implantation, recovered memories, imagination inflation, misinfor-
mation effect, and the Deese, Roediger and McDermott (DRM)
task although there is evidence that they may be products of differ-
ent mechanisms. Patihis, Frenda, and Loftus (2018) studied the
correlations between different false memory paradigms and
observed no relationship. In order to avoid such pitfalls, we should
focus on particular mechanisms rather than constructing general
frameworks, at least for now.
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Abstract

Dementia syndromes offer a unique opportunity to clarify some
of the component processes of spontaneous expressions of
memory proposed by the Barzykowski and Moulin model. By
considering the model through the lens of memory disorders,
I outline several important extensions to progress our under-
standing of these spontaneous cognitive phenomena.

A nascent topic in cognitive neuroscience is the relatively seamless
manner by which humans transition between externally evoked
and internally driven expressions of memory. Barzykowski and
Moulin (B&M) present a new framework under which seemingly
divergent manifestations of spontaneous cognition might be
accommodated within the same conceptual space. Two putative
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expressions of spontaneous memory - involuntary autobiograph-
ical memory and déja vu - are conceptualised as interlinked pro-
cesses that vary in terms of their content and associated
phenomenology. By situating these processes along a representa-
tional continuum, the framework provides an interesting testbed
for future empirical studies to capture variable manifestations of
spontaneous cognition in health and disease.

Despite its broad appeal, several theoretical aspects warrant
further development, particularly in relation to disorders of mem-
ory. First, the model proposes that the threshold for familiarity is
intimately linked to the retrieval of contextual specifics.
Accordingly, deterioration of episodic or semantic fluency signals
should impede re-instantiation of the corresponding neural acti-
vation of the original experience, resulting in a subjective feeling
of familiarity (reviewed by Renoult, Irish, Moscovitch, & Rugg,
2019). Degradation of the contextual memory trace and accompa-
nying recollective experience is a transdiagnostic feature of
dementia (Irish, 2023; Irish, Piguet, & Hodges, 2012). On formal
tests of autobiographical memory, participants with Alzheimer’s
disease display a content-specific vulnerability, biasing the subjec-
tive experience towards a feeling of familiarity in the absence of
detailed recollection (reviewed by Irish, 2023). Thus, for deliberate
forms of autobiographical retrieval, at least, the model’s predic-
tions of a coupling between content and phenomenology appear
well supported.

Importantly, however, the B&M model focuses on involuntary
expressions of memory that arise relatively unbidden or without
deliberate intention. For involuntary autobiographical memories
(IAM), the central premise is that a content-addressable memory
springs to mind fully formed, reflecting an automatic bottom-up
retrieval process in response to environmental cues. Few studies
have explored the frequency, content or phenomenology of
IAMs in dementia; however, studies of self-referential forms of
spontaneous cognition provide initial insights (O’Callaghan &
Irish, 2018). Participants with Alzheimer’s disease have been
shown to generate significantly fewer incidences of mind wander-
ing relative to healthy older adults during ongoing performance of
a sustained attention task (Gyurkovics, Balota, & Jackson, 2018).
In contrast, work from our lab indicates that under conditions of
low cognitive demand, some types of of self-referential mind wan-
dering can be achieved in Alzheimer’s disease (O’Callaghan,
Shine, Hodges, Andrews-Hanna, & Irish, 2019). These conflicting
findings suggest that the way in which we probe spontaneous cog-
nition significantly influences the resultant content and subjective
experience.

How, then, might incidental cues in the external environment
give rise to somewhat aberrant expressions of memory, such as
déja vu? Here, Barzykowski and Moulin’s (B&M) model diverges
from previous literature by intimating that a loss of contextual
detail could potentiate a feeling of déja vu. Contexts that are
repeatedly encountered might trigger a schema-driven sense of
familiarity, which lacks the spatiotemporal specificity required
for fully fledged episodic recollection (Irish & Vatansever,
2020). In contexts where an appropriate detail threshold is not
met and feelings of familiarity are not corroborated with sufficient
detail, the ensuing representation might shift from a
content-addressable memory to the subjective experience of déja
vu. Based on the B&M model, one might be tempted to predict
elevated levels of déja vu in dementia populations, reflecting a
mismatch between preserved familiarity for an incidental cue or
context in the absence of the comparator content from episodic
memory. Empirical research on déja vu in dementia, however,
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is extremely scant, given the inherent difficulties in operationalis-
ing and measuring a rare occurrence that requires high levels of
metacognitive insight for its detection.

Finally, we must consider the endogenous processes by which
spontaneous cognition emerges in response to incidental external
triggers. Recent theoretical frameworks place incidental external
triggers at the cornerstone of involuntary quirks of memory and
their natural occurrence in everyday life. The spontaneous
retrieval deficit hypothesis argues that spontaneous manifesta-
tions of autobiographical memory are disproportionately compro-
mised in dementia due to an inability to endogenously generate
appropriate content in response to stimuli encountered in the envi-
ronment (Kvavilashvili, Niedzwienska, Gilbert, & Markostamou,
2020). This hypothesis emphasises the importance of automatic
bottom-up retrieval of cue-driven representations as an early
marker of Alzheimer’s disease, but one which seems minimally
affected in healthy aging (see also Irish, Goldberg, Alaeddin,
O’Callaghan, & Andrews-Hanna, 2019). A marked attenuation of
spontaneous phenomena, including IAMs and déja vu, would there-
fore be predicted in any population where the endogenous genera-
tion of mental content is impaired (O’Callaghan & Irish, 2018).

While B&M’s model offers an interesting glimpse into poten-
tial mechanisms driving spontaneous quirks of memory, its
application in neurocognitive disorders raises several challenges
and opportunities for future research. Further iterations of the
model might explore the nature of external cues in determining
the frequency and readout of spontaneous memory. Efforts to
delineate how different levels of cue specificity influence the per-
ceptual and conceptual fluency signals that drive familiarity pro-
cesses in dementia will also be essential. Ultimately, by
incorporating synergies and discontinuities from clinical popula-
tions, the model can progress towards a more integrative
account.
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Abstract

Although involuntary autobiographical memories (IAMs) and
déja vu have important shared characteristics, in this commen-
tary, we focus on potential differences that may question the
argument that two phenomena lie on a continuum. We propose
that differences in their frequency and autonoetic consciousness
could be explained by different types of cues and memory rep-
resentations involved in experiencing IAMs and déja vu.

The target article proposes that the basic retrieval mechanisms
involved in involuntary autobiographical memories (IAMs) and
déja vu may be more similar than previously thought. While we
do not disagree with this premise and find the proposed frame-
work useful in stimulating future research, in this commentary,
we focus on two key aspects that differentiate IAMs from déja
vu - the temporal orientation of the phenomenological experience
of the two phenomena (while IAMs involve recalling and re-living
past experiences, déja vu is characterised by a feeling of re-living
the present moment) and the frequency of their occurrence (while
IAMs occur very frequently, déja vu occurs very rarely). We argue
that these differences may be explained by two crucial differences
in the memory processes involved: The triggering conditions and
the types of events being recalled.

In the target article, one of the key similarities between IAMs
and déja vu refers to autonoetic consciousness — the sense of
re-living a past experience or traveling back in time when recalling
a past event. While this definitely applies to IAMs, in cases of déja
vu, a person experiences an intense feeling of familiarity that they
have been in the current situation before, in other words, they
experience a sense of re-living the present moment as if it had
already occurred (without recalling a past event). This means
that while IAMs refer to a form of conscious recollective memory,
déja vu experiences refer to an unusual form of recognition mem-
ory where the intense feeling of familiarity never gets resolved
(unlike a “butcher-on-the-bus” example). This core phenomeno-
logical difference raises some doubts about the two phenomena
being on a continuum. Moreover, if the two phenomena rely on
the same basic recall mechanisms, then why do IAMs occur mul-
tiple times a day (Gardner & Ascoli, 2015) while déja vu experi-
ences are so rare? Below we address these issues by examining the
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role of triggers in eliciting the two phenomena and the types of
memory representations that may be activated.

It is well established that simple and easily identifiable cues,
which map onto a previously experienced - and recallable -
event, trigger IAMs (Mace, 2004; Schlagman, Kvavilashvili, &
Schulz, 2007). Cues can be objects (a broken window), individuals
(an old lady) or places (a street corner), or they can have a verbal
form (a written word or a conversation) (Berntsen & Hall, 2004).
Such simple cues have been successfully used to elicit IAMs in
laboratory vigilance tasks (Schlagman & Kvavilashvili, 2008;
Vannucci et al., 2015). The literature reviewed in the target article,
however, suggests that déja vu experiences are elicited by being in
a particular situation or scene that features an ensemble of mul-
tiple (and possibly subtle) cues, that create a sense of re-living
this very same situation in the present moment as something
that had already occurred in the past. Thus, while an easily iden-
tifiable and rather isolated cue in the environment can trigger an
IAM and transport us back to some past event that occurred in a
very different context (e.g., seeing a candle on TV eliciting a
memory of romantic dinner last weekend), in déja vu, the feeling
of familiarity is triggered by a current situation as a whole, with
multiple contextual cues present. These differences in cueing con-
ditions make it highly unlikely that standard vigilance tasks using
incidental verbal cues to study IAMs will elicit instances of déja vu
as suggested in the target article. These differences, however, are
not sufficient to explain why déja vu experiences are so rare com-
pared to the frequent occurrences of IAMs.

The second and perhaps more critical factor as suggested in
the target paper is that a particular constellation of cues in a
scene or situation only partially activates traces of some previously
encountered scene or situation. This may occur if there is only a
subtle resemblance between the current and the previous scene, as
demonstrated by Cleary and colleagues’ work described in the tar-
get paper. Consider, for example, that you walk down a street in a
new city and see a beautiful glass ball in an art gallery window.
The colour and the texture of this ball may elicit a fond memory
of swimming with dolphins in Hawaii. However, a strong déja vu
could be experienced if the situation of encountering this glass
ball has some resemblance to a situation of seeing a beach ball
in a sports shop window when walking along a street in
London some time ago. The resemblance between the balls is
too weak to activate a memory of seeing the beach ball in
London; however, there may be several other subtle overlapping
cues such as the presence of an ice-cream stall near both shops
or a strong wind blowing in your face that may create, in this par-
ticular constellation, this intense feeling of familiarity and
re-living the present moment.

Importantly, this hypothetical example suggests that memory
traces that get partially activated in déja vu are not fragments of
sensory-perceptual experiences that have become part of one’s
autobiographical knowledge system (Conway, 2009), and can be
easily recalled in response to simple cues. Instead, partially acti-
vated representations of previously encountered scenes may be
part of one’s long-term perceptual-representation system.
Although this system was originally proposed to explain implicit
memory phenomena (Tulving & Schacter, 1990), there is growing
evidence from multiple strands of research (Brewin, 2014) that
people can retain a large amount of incidentally encountered
information (scenes, stimuli), that may even get accessed con-
sciously under certain circumstances. This has been demonstrated
by research using SenseCam pictures to cue memories (Sellen
et al, 2007) and in studies testing recognition memory for
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hundreds and even thousands of pictures and scenes (Delorme,
Poncet, & Fabre-Thorpe, 2018; Standing, 1973). It is therefore
possible that IAMs and déja vu experiences differ also in types
of representations that get activated. One interesting prediction
that emerges from this proposition is that participants scoring
high in such experiments may be prone to more frequent self-
reported déja vu.
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Abstract

The proposed memory architecture by Barzykowski and Moulin
is compelling, and could be improved by incorporating a rational
analysis of the functional roles of involuntary autobiographical
memory and déja vu. Additionally, modeling these phenomena
computationally would remove ambiguities from the proposal.
We provide examples of past work that illustrate how the phe-
nomena may be described more precisely.

The target article by Barzykowski and Moulin (B&M) argues that
involuntary autobiographical memory (IAM) and déja vu are the
result of an integrated system of memory and that they naturally
arise from recognition and memory retrieval processes. While we
agree with this stance, we find the proposed memory architecture
lacking in two respects. First, the focus of the authors on the phe-
nomenology of IAM and déja vu neglects the functional role of
these phenomena, the justification for why they might exist,
and how they might be used by agents. Second, the memory
architecture, as summarized in Figure 1, is only imprecisely spec-
ified, leaving room for alternate theories, potential inconsistencies,
and omitted details. Here, we consider how performing a rational
analysis of, and building computational models of, IAM and déja
vu can mitigate these problems. We use our work on how IAM
can support prospective memory as an example of addressing
both problems (Li & Laird, 2015), then extend that reasoning to
the familiarity judgments that underlie déja vu.

The rational analysis framework assumes that cognitive pro-
cesses are optimally adapted to the functional goals of the
agent, while subject to ecological constraints and limits on biolog-
ical and cognitive resources (Anderson, 1990; Lieder & Griffiths,
2020). For memory, we take its primary function to be to “bring
past experience to bear on present action” (Anderson, 1994),
operating within a small working memory capacity, fixed band-
width to long-term memory, and other cognitive constraints.
This serves as the starting point for understanding the functional
role of phenomena such as IAM.

A hypothesis about the structure of memory can be tested via
its implementation in a computational model. These models force
researchers to be precise in their definitions of the computational
representations and processes that underlie their theories and
ensure that hypothesized theoretical models of memory are con-
sistent both internally and with broader theories of cognition.
This is particularly true in cognitive architectures such as
ACT-R (Anderson, 2007), which integrate multiple cognitive pro-
cesses and potential neural correlates into a single system. This
enables the evaluation of their combined performance across mul-
tiple tasks, thus ensuring that a hypothesis is compatible with the
same mechanisms used to model other phenomena.

Consider, for example, the hypothesis that IAM is the result of
automatic matching of sensory and abstract cues with items in
memory in order to “quickly rais[e] pertinent information to con-
sciousness without effort” (target article, sect. 4, para. 3). A ratio-
nal analysis of TAM would start by considering the limits of
deliberate retrieval and situations where those limits are exceeded.
One such situation is in the prospective memory for future goals,
when there may not be the intention to initiate a deliberate
retrieval. For example, if one were previously asked to pass a mes-
sage to a colleague, nothing about seeing the colleague later in the
day would necessarily prompt a deliberate retrieval to bring that
task to mind, especially if the encounter is otherwise routine. It
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is in this context that IAM provides a functional benefit, and indeed,
this is known as spontaneous retrieval in the prospective memory
literature and is one of several possible strategies for achieving
such a goal (McDaniel & Einstein, 2007). This application of ratio-
nal analysis showcases how IAM can play a role in problem solving:
Beyond the passive role suggested in the target article, people can
learn to take advantage of IAM to reduce cognitive load.

We have implemented a spontaneous retrieval mechanism in a
cognitive architecture, modeled its use in prospective memory,
and shown that the conditions under which it succeeds qualita-
tively resemble results from human experiments (Li & Laird,
2015). More than that, the model requires a fully specified theory
of how IAM arises and how it interacts with other memory pro-
cesses such as deliberate retrieval; in our case, to prioritize prob-
lem solving, involuntary retrieval only occurs when no deliberate
retrievals are taking place. This decision, which follows from the
assumption that memory is used to support goal-driven behavior,
suggests an explanation for why researchers have found that IAMs
occur most commonly during “relaxed or non-focused state[s] of
awareness” and how “being focused would inhibit the activation
of knowledge units that are inconsistent with the individual’s cur-
rent goals” (Berntsen, 2008; quoting Mandler, 1994). In this case,
the computational model built on the rational analysis framework
aligns with the psychology literature.

As for déja vu, although we know of no existing theory of its
functional role in cognition, we agree that it results from false pos-
itives in familiarity judgments. Familiarity judgments - or at least
its simplest form, recognition — have long been a subject of study
via rational analysis, with recognition probability following the
optimal Bayesian solution (Shiffrin & Steyvers, 1997). That famil-
iarity is faster than recall allows it to be used to guide the strategic
search for knowledge, as per the cognitive-heuristic account of
metamemory (Schwartz & Metcalfe, 2011). We have implemented
recognition judgments in a cognitive architecture and used it to
trigger deliberate retrievals, which led to situations where a false-
positive recognition resulted in retrieval failure (Li, Derbinsky, &
Laird, 2012). Although we have not modeled déja vu explicitly, the
retrieval failure could suggest that recognition was “implausible.”
This interaction between deliberate retrieval and plausibility was
not explored in the target article, nor how familiarity and recollec-
tion interact with each other over time.

In sum, the target article by B&M presents a compelling pro-
posal for how IAM and déja vu arise. However, their description
is missing details that would clarify the relationships between
memory mechanisms and could be improved by accounting for
the functionality of these phenomena. Applying the rational anal-
ysis framework, and considering how the proposed system may be
modeled computationally, would resolve these issues.
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Abstract

This commentary supports Barzykowski and Moulin’s model,
but departs from it on the question of functionality, where
IAMs and déja vu fractionate. The authors seem to say that
IAMs are functional, while déja vu is not. As there is no hard
evidence supporting the idea that IAMs are functional, I argue
that both phenomena should be viewed as cognitive failures.

Barzykowski and Moulin (B&M) present an interesting model for
understanding involuntary autobiographical memories (IAMs)
and déja vu, two mysterious cognitive phenomena. They argue
that déja vu is the likely non-functional by-product (or “side
effect”) of other cognitive processes, and while they make similar
arguments for IAMs, they seem to indicate that IAMs have, in
contrast, many functions (see Table 1 in their article). It is at
this point, the question of adaptive functionality (e.g., Baddeley,
1988; Bluck & Alea, 2002), that I depart from their model. It is
not clear to me how one (déja vu) is seen as a cognitive failure
and the other (IAM) is not. There is plenty of evidence that IAMs
are by-products of other processes (e.g., unique cuing and priming;
Ball, 2015; Berntsen, Staugaard, & Serensen, 2013; Johannessen &
Berntsen, 2010; Mace, 2005 Mace & Kruchten, 2022; Mace,
McQueen, Hayslett, Staley, & Welch, 2019; Mace & Unlu, 2020,
see target article). It is also reasonable to assume, even without
this evidence, that IAMs, like déja vu, may merely be cognitive fail-
ures. Thus, my commentary focuses on the idea that IAMs, like déja
vu and other similar phenomena, may be cognitive failures.
Proponents of the view that IAMs are functional have a number
of challenges to overcome. For example, questionnaire studies on
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IAM functions report functional hit rates ranging from one- to
two-thirds (e.g., Mace & Atkinson, 2009; Rasmussen & Berntsen,
2011; Rasmussen, Ramsgaard, & Berntsen, 2015). One challenge
is to explain how an evolved adaptive mechanism functions with
such a low hit rate, presuming these numbers can be accepted.
Relatedly, many of the reported functions in these studies can be
seen as dubious (e.g., an IAM was entertaining or it made one
feel better). Function theorists will also need to show how responses
like these are functional, and not merely the function of the means
used to assess the question, the survey method. Another challenge
is to explain how an evolved adaptive mechanism, one which pre-
sumably reads the environment in some way to produce needed
memories, interfaces with the cuing and priming variables to
accomplish the same task. Indeed, aligning the function hypothesis
with variables that seem to independently produce IAMs may
prove challenging.

One additional explanatory variable for IAMs is the concept of
retrieval mode (Tulving, 1983), a phenomenon which the target arti-
cle addresses. Though originally discussed by Tulving (1983) as a
tentative proposition, there is now good evidence that when the cog-
nitive system is focused on intentional retrieval that stimuli are
treated as episodic cues and memories of the past come to mind
automatically and effortlessly (e.g., Herron, 2018; see also Rugg &
Wilding, 2000). This process has been shown to be a routine, and
often dominant, part of voluntary recall in autobiographical memory
(e.g., Uzer, Lee, & Brown, 2012, known as direct retrieval, see also
Conway, 2005, and the literature on direct retrieval). It is certainly
possible that some IAMs may be the product of retrieval mode, a
state which may be initiated inadvertently by aspects of the internal
and external environment (e.g., Mace, 2010). If some IAMs are the
products of retrieval mode gone awry, then this variable, too, would
need to be aligned with the functional mechanism approach.
However, this could be the more promising case if one could
show that all IAMs were a function of the retrieval mode state,
and such a state was not functioning erratically, but purposefully.
This would raise a set of additional questions (e.g., the role of intent,
or covert intent), and it clearly would be difficult to establish (but
see Herron, 2018, and the retrieval mode and orientation literature).

Another problem concerns individual perceptions of sponta-
neous processes. Perceptions of IAMs are likely to differ greatly
from déja vu and other spontaneous processes, like action slips
(e.g., Norman & Shallice, 1986; Reason, 1979). A déja vu is likely
to be seen as a false impression, an impossibility, and the circum-
stance may often reveal that. The experience of IAMs, though, can
be quite different. They can be perceived as pleasant, circumstan-
tially congruent relivings of one’s past (e.g., Berntsen, 1998). As
snippets of one’s past, individuals may be more likely to imbue
them with meaning, perceive them as functional, or imagine
that they must be, even if they cannot see how. Such
perceptions are likely to taint any self-report measure, and the
design of such measures may only reinforce them. Given that
experimental means are currently unavailable to answer questions
of function (e.g., see interesting discussions in Downes, 2015),
researchers have been forced to rely on self-report measures,
like surveys. This presents another challenge for function
theorists, as they also need to show that the data from such
approaches are largely free of bias, or they can distinguish biased
from unbiased data. A good example of potentially biased data are
the dubious responses mentioned above, which do account for a
substantial portion of the data (see Rasmussen et al, 2015).
Researchers need to be cognizant of how personal biases might
affect survey data, and guard against their own.
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Thus, there are many challenges to the position that IAMs are
functional, or sometimes can be. Because reliable means do not
exist to adequately answer this question, the default, interim posi-
tion, that IAMs are cognitive failures like déja vu, appears to be
the logical and prudent choice. Involuntary remembering can
be explained in absence of a functional account. A number of var-
iables have been identified as sources of IAMs (e.g., cuing, prim-
ing, and perhaps retrieval mode), variables which appear to
independently cause them. B&M’s model of IAM and déja vu
may work better if they presume the default position for both
phenomena. Their model, and others, should treat IJAM and
déja vu similarly if and until the function question can be
answered. Alternative use accounts are possible (i.e., how memo-
ries might get used, Bluck, Alea, Habermas, & Rubin, 2005), but
they should not be taken for function accounts.
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Abstract

Barzykowski and Moulin link déja vu and involuntary autobio-
graphical memories to the process of retrieval. They make no
reference to Tulving’s SPI-model. In this, it is proposed that
information is acquired serially (S), stored in parallel (P), and
retrieved independently (I). This model offers an alternative, ele-
gant, view of involuntary autobiographical memory retrieval, as
well as of déja vus.

Memory entails encoding, consolidating, storage, and retrieving
information. These are named processing stages of information
and they rely on complex networks in the brain (Tulving &
Markowitsch, 1998). Distinct from memory processes are the
memory systems which have been proposed since the 1970s
(e.g., Mishkin & Petri, 1984; Squire, 2004; Tulving, 1972) and
refined over time (e.g., Schacter & Tulving, 1994; Schacter,
Wagner, & Buckner, 2000; Staniloiu, Kordon, & Markowitsch,
2020). A sketch of memory systems is given in Figure 1.

Long-term memory systems have been partitioned into
episodic-autobiographical memory (memory for personal events
or experiences), semantic memory (conscious knowledge of
facts, including factual self-knowledge), perceptual memory (con-
scious familiarity judgments), procedural memory (mechanical,
motor-related skills), and priming memory (higher likelihood of
re-identifying previously perceived stimuli) systems.

The “perceptual memory system” was identified and described as
a legitimate distinct long-term memory system later than the other

https://doi.org/10.1017/S0140525X22002035 Published online by Cambridge University Press

four long-term memory (Tulving & Markowitsch, 1998). In contrast
to the priming and procedural memory systems, this system acts
“consciously” (noetically), but on a presemantic level and relies
on familiarity judgments. An example is the conscious (noetic)
identification of an apple without hesitation, no matter what color
it has or whether it is already half eaten or not. Patients with seman-
tic dementia may therefore still be able to distinguish, for example,
an apple from a peach or pear by accessing perceptual representa-
tions of information via the perceptual memory system (despite los-
ing capabilities for language and semantic memory).

In 1995, Tulving proposed his SPI-model which states that
encoding of information follows a regular sequence - that
means it is serial in that way that first simple, implicitly function-
ing, memory systems are engaged and only at the end of the series
explicit, episodic encoding occurs. Information then is stored in
parallel memory systems in the brain, and, most importantly it
can be retrieved independently from the systems used for the
encoding process (SPI= Serial, Parallel, Independent) (Tulving
& Markowitsch, 1998, Fig. 2).

Seen in the light of the partitioning given in Figure 1, “involun-
tary autobiographical memories,” as described in the target article,
belong to the episodic-autobiographical memory system (EAM), as
they are, according to the authors, “recollections of the personal
past”; on the other hand, they are retrieved automatically (“sponta-
neously,” as the authors write), without conscious effort, and there-
fore we argue that the retrieval of such personal past information
recruits additional implicit/priming memory system resources
(priming system) (Dew & Cabeza, 2011; Fehr, Staniloiu,
Markowitsch, Erhard, & Herrmann, 2018; Henke, 2010). This
recruitment of the priming memory resources may be facilitated
at the neural level by a certain common neural mechanism that
underpins implicit and explicit retrieval (Henke, 2010).

“Déja vus” are described as “brief experiences of familiarity.” In
another paper, one of the present authors writes that for déja vu
“the experi[m]ent is aware of a conflict in mental evaluations”
(O’Connor, Wells, & Moulin, 2021, p. 835). We propose that
in déja vus, the conscious experience of familiarity that arises
in the absence of corroboration from the semantic or episodic-
autobiographical systems (recollection-familiarity) is due to a
faulty/false retrieval/recognition in the conscious (noetic) percep-
tual memory system plus or minus priming system. Along this
line, we provided evidence that false memories (false recognitions)
do not only occur in semantic and EAM systems, but may also
occur in other memory systems, such as the procedural memory
system (see Borsutzky, Fujiwara, Brand, & Markowitsch, 2010).

We furthermore propose that information that is indepen-
dently retrieved from the semantic or EAM systems according
to the SPI-model along with sufficient intact metacognitive pro-
cesses involved in monitoring and controlling retrieval (Risius
et al,, 2013) can decrease the strength of the feeling of familiarity,
the confidence in the perceptual memory-based recognition judg-
ments, and favor the interpretation that the conscious familiarity
experience (false recognition) in déja vus is false or impossible.

In line with the SPI-model, we (Staniloiu & Markowitsch, 2012)
have pointed to the potential relationship between familiarity-based
recognition, which perceptual memory (noetic, conscious) is inti-
mately linked to, and familiarity linked to anoetic memory systems
(priming, unconscious). Hereby, we argue that, reflecting the
“porous boundaries” or dynamic exchange that exists between
diverse memory systems at both the behavioral and neural levels
(Dew & Cabeza, 2011), the SPI-model offers support for the view
that the retrieval of IAMs and déja vus engages an interplay
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Figure 1 (Markowitsch et al.). The five long-term memory systems. Procedural memory is principally motor-based, but includes also sensory and cognitive skills and
routines. Priming refers to a higher likeliness of re-identifying previously perceived information. Perceptual memory allows distinguishing and retrieving an item, an
object, or a person based on distinct features. Semantic memory is context-free and refers to general facts; it encompasses general knowledge of the world. The
episodic-autobiographical memory (EAM) system is context-specific with respect to time and place. It allows mental time travel and is based on self-reflection
(autonoesis). Examples are events such as a meeting with friends last week or the last celebration of New Year. The five systems develop phylogenetically and
ontogenetically from left to right. With respect to dimensions of consciousness, Tulving (2005) considered the first two memory systems as being anoetic, the
next two as noetic, and the EAM to be autonoetic (“self-conscious”). A version of this sketch was created together with Endel Tulving.
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Figure 2 (Markowitsch et al.). Tulving’s SPl-model
(Tulving, 1995; Tulving & Markowitsch, 1998), exemplified
for the semantic and episodic (or episodic-autobiograph-
ical) memory systems. Information can be encoded
into semantic memory independently of episodic
(-autobiographical) memory, but must be encoded into KNOW THE out
episodic(-autobiographical) memory “through” semantic PRESENT

memory (This was proven as well for ontogenetic learn-
ing of children; see Nelson & Fivush, 2004.) Encoded and
stored information is potentially available for retrieval
from one of the two systems, or from both of them (or

- in generalizing - from all five of them, mentioned in

Fig. 1). (Composed after Fig. 1 from Tulving &

Markowitsch, 1998.) IN
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between the (anoetic) priming memory system and autonoetic and
noetic memory systems (see Fig. 2).
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Abstract

Barzykowski and Moulin suggest that déja vu and involuntary
autobiographical memories recruit similar retrieval processes.
Here, we invite the authors to clarify three issues: (1) What
mechanism prevents déja vu to happen more frequently? (2)
What is the role of semantic cues in involuntary autobiograph-
ical retrieval? and (3) How déja vu relates to non-believed
memories?

Barzykowski and Moulin (B&M henceforth) offer an intriguing
model to unify déja vu and involuntary autobiographical memo-
ries (IAM). A critical claim of their model is that both psycholog-
ical phenomena share, as a common cause, the automatic
processing of ongoing cues in the environment. Specifically,
they suggest that a perceptual overlap between an environmental
cue and a particular mnemonic content is the starting point for
both déja vu and IAM. While their proposal is compelling, our
comment raises three points that, we think, deserve further elab-
oration. The first and second points concern the nature of the
cues leading to déja vu and IAM experiences. The third point
draws attention to the mechanism that differentiates déja vu
from non-believed memories.

The first concern can be put simply: There seems to be a ten-
sion between the fact that perceptual overlap is an extremely com-
mon phenomenon whereas déja vu, as remarked by B&M, is
extremely uncommon. How come such a rare psychological phe-
nomenon is largely explained by such a common occurrence as
the overlap between a memory representation and an environ-
mental cue? According to B&M’s model of déja vu, our memory
system involves a continuously active mechanism constantly scan-
ning the environment for cues that could match memory repre-
sentations. When this mechanism finds a cue that matches a
stored representation, but the activation is not sufficient to elicit
autobiographical recall, people experience only a sense of famil-
iarity. This feeling is then metacognitively assessed in order to
evaluate its source. If the system fails to find the source of the feel-
ing of familiarity, it evaluates the cue as novel, and the output is
thus experienced as déja vu.

The problem is that the model is not sufficiently clear as to
how exactly this underlying mechanism manages to discriminate
between the very frequently experienced environmental cues that
overlap with stored memory representations and that never get
experienced as déja vu, and the very infrequent instances in
which they do. To be sure, we agree with B&M in that our mem-
ory system is constantly presented with overlaps between environ-
mental cues and mnemonic representations (Fernandez & Morris,
2018; Kafkas & Montaldi, 2018). What we find unclear is how and
why exactly some of those overlaps manage to only elicit a sense
of familiarity and a metacognitive evaluation of novelty whereas
the vast majority elicit no feeling at all. One possible avenue to
fill this gap in the model could be found in the schema literature,
whereby novelty is proportional to the mismatch between the
stimulus and its context (Van Kesteren, Ruiter, Fernindez, &
Henson, 2012). Another possible avenue is to appeal to prediction
error, whereby novelty relates to the divergence between a prior
likelihood and a posterior probability (De Brigard, 2012; Ergo,
De Loof, & Verguts, 2020). Either way, we believe this bit of the
model needs further development.

The second concern is about the relationship between seman-
tic memory and TAM. When talking about IAM, the authors
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swiftly mention that semantic information can elicit IAM. Indeed,
there is plenty of evidence suggesting that abstract and conceptual
information are powerful triggers of IAM (Mace, 2005; Mace &
Hidalgo, 2022). However, almost all of the examples B&M use
to substantiate the model involve IAM that are triggered by per-
ceptual cues. While we certainly agree that sensory cues are an
important and frequent environmental trigger for IAM
(Conway & Pleydell-Pearce, 2000), we also believe that B&M’s
model could be strengthened by clarifying the distinct contribu-
tion of the perceptual and the semantic properties of the environ-
mental cues that can trigger TAM. Consider how semantic
information can trigger IAMs in semantic-to-autobiographical
memory priming. The work of Mace, McQueen, Hayslett,
Staley, and Welch (2019) has shown that priming a concept
(e.g., reading the word “frog”) increases the likelihood of having
an IAM related to that concept. Moreover, perceptual cues con-
tain both sensory and semantic information that can influence
episodic memory (Davis et al, 2021; Hovhannisyan et al,
2021). Each of these could in turn trigger IAM in different
ways. For example, when seeing a Darwin’s frog, its sensory prop-
erties (such as its form or color) could trigger an IAM about a pet
frog in my childhood, whereas the conceptual information associ-
ated with seeing such a frog could generate an IAM about the
period of my life in which I studied the theory of evolution. By
further exploring the properties of the cues that trigger IAM,
B&M could generate a more thorough explanation about the
memory processes that support IAM.

Our final point is a question about the relationship between
déja vu and another surprising memory phenomenon:
“Non-believed memories.” In their paper, B&M state that déja
vu “arises out of a higher order interpretation of retrieval pro-
cesses; it is not possible to have a déja vu experience and not
be aware of it. This critical feature distinguishes it from a false
memory.” It is tempting to think that a similar metacognitive
evaluation helps to explain “non-believed memories,” that is, rec-
ollective experiences of events one no longer believes that hap-
pened (Otgaar, Scoboria, & Mazzoni, 2014; Scoboria, Boucher,
& Mazzoni, 2015). While unusual, non-believed memories have
been shown to occur in around 20% of the population, and pre-
sent similar phenomenological features as real autobiographical
memories (Scoboria, Mazzoni, Kirsch, & Relyea, 2004).
Moreover, like déja vu, non-believed memories also involve the
metacognitive awareness that what is experienced is not an actual
memory. What it surprising, though, is that while in the case of
déja vu the metacognitive judgment that the event is not a mem-
ory is sufficient to remove its recollective experience, the same is
not the case with non-believed memories: People know the events
they thought were memories are not, but still experience them as
such. What accounts for this difference? We think it would be
interesting to try to expand the proposed model to see how it
could accommodate non-believed memories.
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In déja vu, a novel experience feels strangely familiar. Here we
propose that this phenomenology is best seen as consisting of
an illusory feeling of identification of the gist of the current
scene or event, rather than in the intensity of the fluency-based,
metacognitive feeling of familiarity.

Barzykowski and Moulin (B&M) propose that both involun-
tary autobiographical memories (IAMs) and déja vu result from
the same memory retrieval processes, initiated by “a continuously
active memory system that automatically and rapidly scans the
environment for matching representations.” We are largely in
agreement with their overall framework. Here we focus on
B&M’s discussion of déja vu, which they characterize in terms
of a false familiarity devoid of content (thus unlike IAMs,
which do deliver content). B&M emphasize that this feeling arises
when retrieval fails, contending that the relevant notion of famil-
farity is a uniquely phenomenological one (hereafter,
“familiarity,”). Notably, this is a slightly different notion of famil-
iarity from that employed in the recognition-memory literature
(hereafter, “familiarity”), one that refers to a decision-making
process based on feelings of fluency (Yonelinas, 2002). But
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B&M’s view is that the feeling of familiarity,, characteristic of déja
vu results from a mismatch between familiarityr and one’s expec-
tations about fluency. Thus, the false familiarity, constitutes a
higher-order, metacognitive interpretation of retrieval processes,
and on this view, familiarity, naturally admits of degrees of inten-
sity, corresponding to greater or lesser mismatch.

B&M are far from alone in adopting a familiaritys-based con-
ception of déja vu. It makes intuitive sense that in having a déja vu
experience, one feels the current scene or event to be strangely
familiar. We emphasize, however, that this intuitive, colloquial
sense of familiarity is not fully captured by either familiarity; or
familiarity,. In déja vu, one does not merely experience phenom-
enological fluency; nor is it just the feeling that the felt fluency is
unexpected. Adding intensity does not help, either. Uniquely
characteristic of déja vu is the impression that this exact scene
or event has happened before, a feeling which one simultaneously
judges to be implausible (since, e.g., one is visiting a city for the
first time). The phenomenology of déja vu thus has a specificity
component, despite the fact that no contextual specifics are suc-
cessfully retrieved. But this is precisely why déja vu is so striking,
and it suggests that the sense of familiarity of relevance to déja vu
is something more akin to an illusory feeling of identification (cf.
Cleary, 2008).

Let us put the point differently. Note that recollection and
familiarity - the two bases of recognition - correspond to
“remembering” and “knowing,” respectively. Familiarity-based
accounts of déja vu thus characterize the phenomenology in
terms of erroneously knowing that something has been encoun-
tered before. Phenomenologically, this characterization is inade-
quate. Indeed, both of the two déja vu quotes with which B&M
begin their article express an illusory feeling of identifying the
current scene or event with the personal past (e.g., “Each time I
feel a strong conviction that I've seen all of it happen before”).
To be sure, this is not full-fledged recollection/remembering;
but it is not merely familiarity/knowing, either. Since B&M
seem friendly to the idea of familiarity and recollection lying
along a continuum, we suggest that identification may lie some-
where in between.

We have argued that the phenomenology of déja vu is best
seen as an illusory feeling of identification, rather than a mere
feeling of familiarity. We now argue that the feeling of identifica-
tion is not fully devoid of content. Rather, it can plausibly be
explained as recollection-based identification of the gist of the
current scene or event, when that gist matches one (and only
one) that is stored in memory.

It is now well known that ensemble perception (or “gist per-
ception”) takes place alongside focused object perception, and is
responsible for much of the sense of richness that attaches to con-
scious experience (Cohen, Dennett, & Kanwisher, 2016;
McClelland & Bayne, 2016; Whitney & Leib, 2018). Thus, perceiv-
ers can accurately extract the average orientation of a set of lines,
or the average size of a set of circles, or the average expression on
a set of faces; and they can do so quite swiftly, often within 50
milliseconds, or (in cases of sequential presentation) at presenta-
tion speeds of 20 images per second (Chong & Treisman, 2003;
Haberman & Whitney, 2009). Moreover, they can extract a num-
ber of distinct kinds of gist at once, such as the average emotional
expression, the average speed, and the average direction of move-
ment of a crowd of people (Haberman, Lee, & Whitney, 2015;
Sweeny, Haroz, & Whitney, 2013; Sweeny & Whitney, 2014),
although accuracy on each individual dimension tends to drop
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as more and more dimensions get added (Emmanouil &
Treisman, 2008).

It is also known that the gist properties of an event or scene get
stored in long-term memory alongside episodic details (Brady &
Alvarez, 2011; Lew & Vul, 2015). When an episodic autobio-
graphical memory is accessed or triggered and becomes con-
scious, then, it will characteristically comprise both episodic
details (who was there, what happened and when), together
with background gist — the scene was a picnic in a park, with
other people distributed against a background of grass and distant
trees; or the scene was a busy street with tall buildings and traffic
moving slowly past.

B&M speculate that perceived scenes may be frequent trigger-
ing cues for both IAMs and déja vu. Whereas they see this as
another possible commonality between IAMs and déja vu, it
might also suggest a way in which the two are interestingly differ-
ent. Scenes tend to be rich in local features, thus providing
numerous sources of conceptual or perceptual overlap with stored
memory representations, activation of sufficient numbers of
which will be apt to pass the threshold for entry into conscious-
ness, generating an IAM. But scene perception also involves rapid
processing of global information, specifically gist information, as
we have noted. This will then either be matched with many stored
representations (“cue overload,” in which case none pass the
threshold for consciousness individually, unless tied to an
IAM), or it may - unexpectedly — match just one without activat-
ing sufficient detail to create an IAM. In the latter case, the result,
we suggest, is gist identification combined with knowledge that
the situation is novel (a déja vu experience).
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Abstract

On Barzykowski and Moulin’s continuum hypothesis, déja vu
and involuntary autobiographical memories (IAMs) share their
underpinning neurocognitive processes. A discontinuity issue
for them is that familiarity and episodic recollection exhibit dif-
ferent neurocognitive signatures. This issue can be overcome, I
say, provided the authors are ready to distinguish a déja vécu/
episodic IAM continuity and a déja vu/semantic IAM
continuity.

On Barzykowski and Moulin’s continuum hypothesis, the feeling
of familiarity involved in déja vu experiences and the episodic rec-
ollection involved in involuntary autobiographical memories
(IAMs) are due to the same underpinning neurocognitive
retrieval processes. Elaborating their hypothesis with a threshold
model, the authors propose that cues in the environment con-
stantly activate autobiographical memory. As a result, some memo-
ries cross the awareness threshold due to sufficient activation and
give rise to complete retrieval. But it also happens that memories,
due to weak activation for instance, give rise to incomplete retrieval,
or that no specific memory crosses the threshold and no content is
retrieved. In these cases, the cue is predicted to feel familiar while no
complete recollection, or no recollection at all, occurs.

Though such a single-mechanism model can avail itself of
some recent proposals along the same lines, as Bastin et al.
(2019) note, the majority of the existing models suggest that
there is fractionation of both the memory processes (Yonelinas,
2002) and the dedicated brain regions (Aggleton & Brown,
1999) by reference to familiarity and recollection, in particular
in the medial temporal lobe, with parahippocampal regions
dedicated to familiarity and the hippocampal structure dedicated
to recollection. Important recent theorizing of episodic memory
as a distinct system specifically involving mental time travel feel-
ings (Barry & Maguire, 2019, for instance) lend further support to
the same suggestion. In brief, the feeling of familiarity and epi-
sodic recollection exhibit neatly distinct neurocognitive signa-
tures. If these in-the-majority models are right, the continuum
hypothesis is in a bad position, since one of its main goals is to
establish that déja vu and IAMs can be grouped as two forms
of involuntary cognition unified by the same underlying retrieval
process. There is therefore a discontinuity issue for the continuum
hypothesis.

I think that the hypothesis can overcome this issue. But to do
so, it must make room for a distinction neglected by its current
formulation, and be ready for ensuing refinements.
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Though the authors make no room for this, two types of déja
experience must be distinguished, arguably. Subjects can undergo
the experience of reliving in the present the very same episode of
experience as one they have already lived before. The author’s
fourth initial example describes precisely this: “It feels like
you're living an experience that you've already lived through.”
But subjects can also undergo déja experiences illustrated by
reports like the following: “Frequently I relate this to seeing people
in the street. I will ‘Recognise them, rack my brain trying to
remember where and expect them to greet me as we pass”
(Ilman, 2012). In such experiences, subjects have the feeling
that a particular perceived item like a person - versus a whole epi-
sode of experience — has been already encountered during some
indeterminate, potentially multiple past episodes of experience —
versus a specific episode of experience — which refers to the feeling
of familiarity on a standard characterization of it. Some have
judged these differences sufficiently important to call the first
type of experiences déja vécu and distinguished it from déja vu,
arguing that while in déja vu a feeling of familiarity occurs, in
déja  vécu an episodic-recollection-related  feeling occurs
(O’Connor, Lever, & Moulin, 2010).

On my diagnosis, the discontinuity issue originates in the
authors’ attempt to account for the continuity of déja experiences
with episodic IAMs by considering déja vu instead of considering
déja vécu. This diagnosis suggests a way out.

Though déja vécu is akin to episodic IAM, they are distinct
phenomena. Episodic IAM consists of an actual recollection of
a past episode of experience. By contrast, déja vécu consists
of the awareness of the ongoing episode of experience as
having been lived before with no actual recollection of any
previous occurrence of it. Following a recent elaboration of
this point, while episodic recollection brings into play an
autonoetic feeling, déja vécu brings into play an episodic feeling
of knowing (EFOK), namely the feeling that one could remember
other occurrences of the ongoing episode of experience
despite not carrying out this memory task at the moment
(Perrin, Moulin, & Sant’Anna, forthcoming). Interestingly, a
prevailing account of EFOK says that shared processes underly
both this feeling and actual episodic recollection. According to
Souchay, Moulin, Clarys, Taconnat, and Isingrini (2007),
EFOK results from the subpersonal and partial retrieval of con-
textual details, phenomenological feelings, and self-awareness
similar to the ones that occur in actual episodic recollection.
My proposal is, then, that déja vécu experience is underpinned
by the same retrieval process as episodic IAM, a process that
would be assessed as malfunctioning when such an experience
occurs.

What about déja vu? It is worth recalling at this stage that
autobiographical memory, IAM included, comprises two main
forms (Conway, 2001). Though the authors talk mainly about
the episodic form, autobiographical memory also possesses a
semantic form. My proposal is, then, that while EFOK-based
déja vécu experiences share their underpinning neurocognitive
processes with episodic IAMs, feeling-of-familiarity-based déja
vu experiences share their underpinning neurocognitive processes
with semantic IAMs. In effect, it has since long been noted that
familiarity and semantic memory are closely related. As one
remembers that one has already encountered in the past an
item, the item typically feels familiar, and Tulving (1985) even
assimilates the noetic consciousness characteristic of semantic
memory to familiarity.
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If those proposals are correct, the continuity issue pointed out
above can be put to rest and the continuum hypothesis reinstated.
As T have argued, the authors’ version of the hypothesis is threat-
ened because it considers only familiarity-based déja experiences
and posits neurocognitive continuity between this type of experi-
ences and episodic IAMs. Once the déja vu-déja vécu distinction
and the episodic-semantic IAMs distinction are clear, one can
posit continuity relationships at the right place, namely between
déja vu experiences and semantic IAMs, on the one hand, and
between episodic IAMs and déja vécu experiences, on the other
hand.
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Abstract

Barzykowski and Moulin’s model proposes that déja vu and
involuntary autobiographical memories are the result of a con-
tinuously active memory system that tracks the novelty of situa-
tions. Déja vu would only have episodic content and concern
interpretation of prior experiences. We argue that these aspects
of the model would gain to be clarified and explored further and
we suggest possible directions.

The model of Barzykowski and Moulin (B&M) proposes an
interesting comparison of involuntary autobiographical memo-
ries and déja vu experience, whereby déja vu would be the
product of an underdeveloped form of involuntary memory
retrieval. The model includes the attractive notion that familiar-
ity/novelty detection mechanisms might need to be perma-
nently active, sometimes leading to déja vu experience and to
false detections. Moreover, it is proposed that déja vu would
only have episodic content and concern interpretation of
prior experiences, rather than semantic knowledge. These inter-
esting aspects of their proposal are not elaborated upon, unfor-
tunately. However, they are consistent with the finding that
semantic and episodic memory appear to have different sensi-
tivity to novelty processing. Repeated semantic processing has
often been associated with the phenomenon of semantic sati-
ation, a temporary loss of meaning attached to stimuli
Explicit attention to meaning is necessary to counteract these
effects (Renoult, Wang, Mortimer, & Debruille, 2012). Once
an object has been identified and categorized, the conceptual
system may thus no longer be oriented to this particular object
(Murphy, 2002). As shown in another work by the authors
(Moulin, Bell, Turunen, Baharin, & O’Connor, 2021), repeated
semantic processing may actually lead to the opposite experi-
ence, the so-called, jamais-vu (never seen).

In contrast, episodic memory allows to encode unique events
(even if it is just a repetition of the same item, Tulving, 1972,
1983; or an event similar to a previous experience, Rubin &
Umanath, 2015), while related neural processes may create dis-
tinct representations even for seemingly similar events (Nadel
& Moscovitch, 1997; Norman, 2010; O'Reilly, Bhattacharyya,
Howard, & Ketz, 2014). Therefore, if déja vu experiences depend
on constantly active novelty detection mechanisms, episodic
memory would thus be more likely to be associated with these
experiences, consistent with B&M’s current proposal.
Nonetheless, a better characterisation of these novelty detection
mechanisms would help to better understand how the experi-
ences of involuntary autobiographical memories and déja vu
are generated.

As a matter of fact, the points made in the article that déja vu
would “concern interpretation of prior experiences” and would typ-
ically happen for “familiar places and people” suggest a role for
semantic knowledge. Consistent with the proposal that episodic
memory operations typically require semantic memory (Tulving,
2002), one may ask, for example, whether déja vu could be related
to the retrieval of schema knowledge about a similar past experi-
ence, which would act as a cue for a (failed) episodic retrieval
attempt. In other words, it could be that it is this activation of
semantic knowledge about similar prior experiences that would
trigger a retrieval mode: A “tonically maintained state” needed
for episodic retrieval (Rugg & Wilding, 2000; Tulving, 1983).
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Accessing conceptual information can indeed prime the retrieval of
specific memories (Mace, McQueen, Hayslett, Staley, & Welch,
2019; Reiser, Black, & Abelson, 1985) and semantic processing of
cues was proposed to be essential for episodic retrieval (Tulving,
1983). However, in the case of déja vu, this retrieval attempt
may fail, or conflict with the awareness that the experience is
novel. Presumably, the experience of jamais vu (Moulin et al,
2021; O’Connor, Wells, & Moulin, 2021) would similarly not be
associated with the retrieval of specific memories. However, in
that case, it would be due to disrupted semantic retrieval (semantic
satiation), which may also deprive episodic memory from a
relevant cue. Whether these proposals are valid or not, further
exploration of the notion that déja vu would only have episodic
content appears important, as well as clarifying the role of interpre-
tative process (and of semantic knowledge) in generating these
experiences.

Finally, as noted by B&M, the role of personal semantics (e.g.,
the type of personal semantics involved and the timing of its
involvement) would be worth exploring further in the context
of evaluating how it may influence or prime, as discussed in the
article, the content of retrieval. For instance, activating context-
dependent types of personal semantics (e.g., I visit this café
every Monday) might more likely lead to the retrieval of involun-
tary autobiographical memories. More abstracted form of per-
sonal semantics (e.g., I take milk in my coffee) would more
likely be restricted to feeling of familiarity or déja vu (Sheldon,
Peters, & Renoult, 2020). This would be consistent with the find-
ings of Berntsen, Staugaard, and Serensen (2013) that involuntary
episodic memories are retrieved more often in response to specific
compared to more generic cues.

We thoroughly enjoyed the proposal of B&M and hope that fur-
ther research, based on their model, will help clarify these issues.
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Abstract

We raise two points about cues, which complicate Barzykowski
and Moulin’s attempt at a unified model of memory retrieval.
First, cues operate differently in voluntary and involuntary con-
texts. Second, voluntary and involuntary memory can be inter-
connected, as in cases of chaining.

We applaud Barzykowski and Moulin’s (B&M) advocacy for a
comprehensive account of memory retrieval. As they acknowl-
edge, voluntary memory retrieval has long served as the default.
The key terms and processes of retrieval are characterized on
the basis of their operation in voluntary contexts. The success
of a unified account is thus dependent on how easily concepts
that were developed to account for voluntary memory phenom-
ena transfer to involuntary memory phenomena.

Here, we focus specifically on the concept of cues. All memory
is cued, at least in the sense that memory is the recurrence,
re-experiencing, or reconstructive representation of prior infor-
mation, events, or activities. For an item retained in memory,
the potential for reactivation is more or less constant. A memory
coming to mind now, rather than at some other point in time (or
not at all), is explained at least in part by some internal or external
thing serving as a cue for its reactivation.

As causes of memory retrieval, cues precede their effects.
B&M’s comprehensive retrieval model is built around this,
using cues as the starting point for all retrieval processing (as
depicted in their Fig. 1). While this is true of both voluntary
and involuntary memory - that is, that they both start from
cues — the details of this process are importantly different across
these two forms of memory.

In voluntary remembering, there is a clearly identified cue
which is used to prompt a clearly identified target. Within such
a framework, there is a clear starting point and a clear end, as
well as success conditions, making it possible to measure the
retrieval speed, perceived fluency, and accuracy/error of the
remembering attempt. Importantly, in such cases, the cue can
be identified prior to and independently of the memory it acti-
vates. The causal process from the cue to retrieval is thus extended
and consciously available to the would-be rememberer.

The same is not true for cases of involuntary remembering.
Involuntary memories and déja vu are cued, in the sense that
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all memories are, but it is not possible to identify the cue prior to
the involuntary activation of a memory. B&M characterize IAMs
and déja vu as cases of “spontaneous processing of cues.” This is,
in effect, an acknowledgement that, in cases of involuntary retrieval,
a cue can only ever be identified in retrospect. The retrieval process
begins with a cue, but the rememberer is not aware of this process
until the memory is activated. Moreover, there is no sense in asking
whether the retrieved memory is the one targeted by the cue; there
is no opportunity for it to be otherwise.

There is also no sense to be made of the idea of a cue failing to
activate a memory during involuntary retrieval. If nothing is acti-
vated, then there is no cue - and also no memory. This is depicted
in the leftmost column of the retrieval flowchart B&M provide in
Figure 1. It is, however, strange to depict it at all. It is somewhat
misleading to characterize proceeding straight down that column
- answering no to the intentionality of retrieval, access to content,
and a feeling of familiarity — as resulting in “no memory.” It is
true that there is no memory in such cases, but that seems to
be because there is no retrieval process at all. Nothing happens.

If this is the case, then it raises further problems for how we
understand the depiction of involuntary memory and déja vu in
B&M’s model. In terms of what is consciously accessible, the
starting point in cases of involuntary memory and déja vu is
not the cue, but the activation of a memory. The modification
required for involuntary memory may be minimal, as these
cases involve consciously accessing content. How B&M will
accommodate this for déja vu is less clear.

The complicated relationship between involuntary memories
and their cues is further illustrated by cases where voluntary and
involuntary retrieval are intermixed. B&M combine voluntary and
involuntary memory into a single model, but they keep each form
of retrieval distinct. Phenomena such as chaining (e.g., Mace,
2006; Pilotti, Chodorow, & Tan, 2004) suggest that a complete
model should also account for interactions between these forms
of retrieval. Chaining begins with voluntary memory, when the
attempt to retrieve the targeted memory activates other memories
inadvertently. An instance of voluntary remembering is thus
chained to one or more instances of involuntary remembering.

Such a case nicely illustrates the distinct role cues play in vol-
untary and involuntary memory. In a case of chained remember-
ing, the voluntary memory and the involuntary memory share a
cue. Their relation to this cue, however, is different. The voluntary
memory is targeted by that cue; the involuntary memory is not.
The cue is understood as a cue for the voluntary memory from
the outset. It only becomes a cue for the involuntary memory
once that memory is activated. If the involuntary memory had
not been activated, then it would not be a cue for that memory.
Not so for the voluntary memory: Even if the retrieval attempt
failed, the cue remains a cue.

B&M are right to push for greater attention to involuntary
memory processes and a comprehensive account of retrieval. As
this brief exploration of cues demonstrates, however, we think
there is further work yet to be done.
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Abstract

Barzykowski and Moulin argue that common memory processes
form the basis of involuntary autobiographical memory and the
déja vu experience. We think that they underemphasize the
potential dissociability between processes that enact retrieval
and the processes that produce conscious experience. We pro-
pose that retrieval and conscious experience result from different
processes in both involuntary autobiographical memory and
déja vu experiences.

Barzykowski and Moulin (B&M) postulate that there is a relation
between the déja vu experience and involuntary autobiographical
memory. We found their article to be rich in important insights
into the nature of human memory as well as a valuable review
of two important phenomena. However, we focus our criticism
on the logic behind the rationale for equating the two phenom-
ena. To quote from their abstract, B&M write “we hypothesise
that both can be described as ‘involuntary’ or spontaneous cogni-
tions, where IAMs deliver content and feeling of retrieval and déja
vu delivers only the feeling of retrieval.” Although we understand
that the bulk of their paper explores the common retrieval pro-
cesses that occur during involuntary autobiographical memory
and déja vu, we argue that in order to understand both of these
phenomena, one must separate the processes involved in memory
retrieval and the processes involved in conscious experience.
Referring to Tulving’s challenge to the Doctrine of
Concordance (Schwartz, 1999; Tulving, 1989), we assert that too
often we assume that conscious experience derives from the
same processes that produce retrieval, but, in reality, the con-
scious experience is often the product of different processes,
including metacognitive processes.

Tulving (1989) argued that research in cognitive psychology
assumed that cognitive processes, behavior, and conscious experi-
ence are closely correlated. In reviewing past work, he argued that
cognitive psychology opened up the field to study hidden under-
lying processes, but that the next step was to look at the nature of
consciousness and how it relates to cognitive processes. He argued
that research needed to explore the nature of conscious experience
and where it did not line up with cognitive processing. For an
example, he cites implicit memory in which retrieval occurs with-
out conscious access. Building on Tulving’s (1989) framework,
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Schwartz (1999) argued that, at least in some cases, that one set of
cognitive processes may be responsible for retrieval, but a separate
cognitive process may be responsible for the conscious experience
that accompanies retrieval and output of retrieved memories.

In our work on tip-of-the-tongue states, we showed that pro-
cesses that lead to failed retrieval are dissociable from the pro-
cesses that produce tip-of-the-tongue states (Schwartz &
Pournaghdali, 2021). Early seminal work on tip-of-the-tongue
states (e.g., Brown & McNeill, 1966) worked on the assumption
that the cause of the experience of the tip-of-the-tongue state
was word-retrieval failure. However, our work, inspired by
Tulving’s (1989) approach, shows that the processes that produce
the tip-of-the-tongue state are more related to the processing of
the cue or question than to access to the target or answer. For
example, the familiarity of the cue (i.e., the question or stimulus)
influences the reported number of tip-of-the-tongue states.
Metcalfe, Schwartz, and Joaquim (1993) showed that repeating
the cue, but not repeating the target, led to more
tip-of-the-tongue states. More recently, Lee, Pournaghdali, and
Schwartz (2022) showed that more fluently processed faces led
to more tip-of-the-tongue states for the target name. This
shows that with tip-of-the-tongue states, the fluent processing
of a cue leads to a greater chance of a subjective experience
about the target. The example of tip-of-the-tongue states supports
the need to examine the processes of conscious experience as not
being identical to the process of retrieval, consistent with
Tulving’s (1989) challenge to the Doctrine of Concordance.

We suspect that with both déja vu and involuntary autobio-
graphical memory, the subjective experience may be dissociable
from the memory processes. Indeed, with respect to autobio-
graphical memory, Neisser et al. (2023) distinguished between
retrieval from autobiographical memory and the experience of
mental time travel. Neisser et al. point to the observation that
some amnesic patients can retrieve events from their past, but
they lack the subjective experience of mental time travel, which
they call the “feeling of pastness.” Neisser et al. argue that these feel-
ings of pastness are better thought of as a metacognitive experience
about their retrieved memories, and, thus, support a challenge to the
Doctrine of Concordance, because they are separable from retrieval.

We argue that evaluating the nature of the dissociation
between a conscious experience and memory retrieval, as well
as the possible interaction between the two is of critical impor-
tance. In our work, we have used a multidimensional extension
of signal detection theory called general recognition theory
(Ashby & Soto, 2015). We showed dissociation between the con-
scious experience of perceiving a face and facial-expression recog-
nition (Pournaghdali, Schwartz, Hays, & Soto, 2023). However,
our results indicate that the two phenomena are associated in a
way that, in the absence of conscious experience, the strength of
face recognition processes weakens but remains significantly
above chance level, suggesting very complex relations between
the object- and meta-level processes. Following from our work,
general recognition theory can be extended to study dissociations
and interactions between conscious experience and memory
retrieval. Based on this, we argue that this approach is a suitable
framework to evaluate different aspects of the Doctrine of
Concordance. More specifically, the nature of the dissociations
between cognitive processes and conscious experience can be
tested using general recognition theory with high precision.

Although B&M declare themselves “agnostic” on the relation
on how experience maps onto process, we argue that exploring
this relation is important. Returning to our wheelhouse, thinking
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about the tip-of-the-tongue experience in terms of a model in
which the retrieval failure and the phenomenology were not iden-
tical has led to great progress in understanding tip-of-the-tongue
states (e.g., Huebert, McNeely-White, & Cleary, 2023). Thus, we
think it is important to clarify the role of retrieval from autobio-
graphical memory and the feeling of pastness in involuntary auto-
biographical memory and to clarify the role of familiarity
processes in memory and the subjective experience of a déja vu.
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Abstract

The suggested model is discussed with reference to two clinical
populations with memory disorders — patients with misidentifi-
cation syndromes and those with source memory impairment,
both of whom may present with (broadly conceived) déja vu
phenomenon, without insight into false feeling of familiarity.
The role of the anterior thalamic nucleus and retrosplenial cor-
tex for autobiographical memory and familiarity is highlighted.

Barzykowski and Moulin (B&M) presented an interesting model of
autobiographical memory integrating both involuntary autobiograph-
ical memories (IAMs) and déja vu phenomena. We suggest analy-
sing déja vu phenomenon in a broader context of misidentification
syndromes (MIS) and propose the inclusion of anterior thalamic
nuclei (ANT), particularly relevant for source memory, and retrosple-
nial cortex (RSC) into the neuroanatomical basis of the model.

Firstly, the model proposed by B&M suggests the sequential
nature of memory retrieval process as depicted in Figure 1.
Drawing upon a clinical example of delusional MIS, we suggest
that these processes are not necessarily sequential. While in
Capgras syndrome (CS) access to memory content is preserved
(patient’s proxy face is correctly recognized), feeling of familiarity
is missing (the proxy is perceived as an imposter). In contrast,
patients with Fregoli syndrome misrecognize strangers as proxies,
presenting with false feeling of familiarity. A recent case of highly
selective CS supported the idea that right temporal lesions lead to
dissociation of a familiar face with its emotional value (Nuara
et al., 2020), which is in line with double dissociation between
overt face recognition (fusiform face area) and autonomic recog-
nition (limbic cortex) hypothesized by Ellis and Lewis (2001). Of
note, Darby, Laganiere, Pascual-Leone, Prasad, and Fox (2017)
recently linked familiarity to left RSC and the belief evaluation
to the right frontal cortex. The nearest posterior cingulate cortex
was already linked to specific familiarity processing (Qin et al.,
2012) and autobiographical memory (Spreng, Mar, & Kim,
2009). Thus, as RSC is active during the retrieval of all types of
autobiographical information - both emotionally laden and neu-
tral (Vann, Aggleton, & Maguire, 2009) and linked to the limbic
system (Powell et al., 2018) we suggest its incorporation to the
neuroanatomical basis of B&M’s model.

As Capgras and Fregoli syndromes (or their analogues for
place memory, e.g., reduplicative paramnesia) may be regarded
as counterparts of jamais vu and déja vu phenomena, it is surpris-
ing that the proposed model does not address the emotional com-
ponent of familiarity with reference to relevant neural networks
and that the other side of the coin - jamais vu phenomenon -
is not thoroughly discussed.

We strongly believe that feeling of familiarity has its emotional
aspect and cannot be reduced to (meta)-cognitive components. A
broad meta-analysis of functional magnetic resonance imaging or
positron emission tomography data involving a familiarity task by
Horn et al. (2016) evidenced the dependence of the involvement
of emotional networks on the type of paradigm used. The first
two, fully laboratory-based, paradigms are based on the initial
encoding phase of stimuli that are not specifically familiar to
the participant, and they activate only the prefrontal and parietal
regions. However, the third paradigm, based on stimuli previously
known to the participant is assumed to refer to self-related emo-
tions and personal experience, activates the aforementioned
regions and also parts of the limbic system (Horn et al.,, 2016).
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That revealed the undoubted role of emotional processing of stim-
uli of specific familiarity, and the paradigm used seems closer to
the complexity of everyday functioning and potentially directly
covers a larger group of clinical cases, such as the aforementioned
delusional MIS.

The reduction of autobiographical memory model to its
(meta)-cognitive components and the lack of inclusion of emo-
tional networks may affect its explanatory value in the clinic,
for example, in the case of MIS. Not only does a conviction
than a known person or place has been replaced by its copy have
emotional consequences for the affected person, but also this con-
viction itself is based on the impairment of emotional processing.
It seems to us that déja vu is also likely to be emotionally loaded.
Thus, we postulate that the autobiographical memory model
would benefit from emphasizing the role of neural networks that
integrate memory for facts with their emotional value. The interac-
tions between medial temporal-lobe structures and prefrontal
medial cortex could have been given more importance.

Furthermore, the suggested model focusing on the normative
aspects of déja vu fails to include a stage of belief evaluation, lead-
ing to true versus false feeling of familiarity. Implementing a
module reflecting belief evaluation into it, as operationalized by
Darby et al. (2017), could improve the model’s explanatory value
in the memory clinic, especially in the context of MIS.

Secondly, we suggest further refinement of the neuroanatomi-
cal basis of déja vu. In Table 1, B&M referred to medial
temporal-lobe circuitry and cingulate cortex/prefrontal cortex.
We would like to pinpoint the important role of ANT for source
memory (particularly relevant for déja vu phenomenon), as dem-
onstrated in research on Korsakoff syndrome. The most charac-
teristic symptom of Korsakoff's is severe declarative memory
impairment with the prominent loss of the order of events over
time (achronogenesis) or its temporal context (Kopelman,
2015). Temporal encoding deficit in Korsakoff syndrome can
occur independently of typical frontal pathology (Dillingham,
Milczarek, Perry, & Vann, 2021). Patients reveal distinct difficul-
ties with source memory - the less efficient encoding of contex-
tual temporal and also spatial information. While mammillary
bodies specialize in direct and integrated action with ANT on
recollective-based recognition, other diencephalic nuclei do not
show an exclusive specialization in recognition. Nevertheless,
ANT are more closely related to recall memory and the medial
dorsal thalamic nuclei are hypothesized to be related to recogni-
tion memory (Aggleton, Dumont, & Warburton, 2011). The cru-
cial role of the ANT in amnesia linked to Korsakoff’s syndrome,
albeit hypothesized for years, was clearly evidenced over two
decades ago (Harding et al., 2000). Recently, Segobin et als
(2019) investigation using diffusion tensor imaging sequence
analysis revealed that the disconnection between ANT and hippo-
campus, leading to ANT atrophy, was a neuroimaging marker of
thalamic amnesia (Segobin et al., 2019).

Finally, we propose integrating the model by Barzykowski and
Moulin with the recent Aggleton and O’Mara (2022), which
assumes a parallel and partially convergent operation of two
memory streams: Hippocampal-cortical and a medial dience-
phalic—cortical stream. Hippocampus remains the core element
of the first stream, while ANT are at the heart of the second
one. The interactions between these streams seem crucial for
mnemonic consolidation (Aggleton & O’Mara, 2022).
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Abstract

I argue the relationship between déja vu and autobiographical
memory is not continuous, but more akin to a path diagram.
The starting points might be overlapping, but eventually the
paths diverge dependent on whether there is memory content to
be retrieved. I am worried that considering déja vu as part of auto-
biographical memory solves more problems than it creates.

Barzykowski and Moulin present a compelling case for why déja
vu could be considered a special case of involuntary
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autobiographical memory, more specifically one in which retrieval
was initiated but never completed. While I find the arguments
and evidence convincing, I cannot let go of the “why.” Why
take a conceptually and phenomenologically discrete concept
such as déja vu and redefine it as failed retrieval? I believe the
authors run the risk of introducing problems that did not exist
before, and it is not immediately obvious to me what the gains are.

Considering déja vu and autobiographical memory on a con-
tinuum assumes that one can become the other with some addi-
tional components or higher intensity of activation. In line with
this, the authors argue that additional activation of traces (bot-
tom-up) or additional elaboration of details (top-down) can
transform déja vu into autobiographical memory proper. This
premise begs the very intriguing question of when a memory
begins and when it is completed, and what types of phenomena
should be included at each end of this theoretical line.

The sensation of déja vu may at first feel close enough to a
memory that the individual initiates a deliberate search, only to
decide there was no memory after all — it was a trick of the
mind. An auditory hallucination could be considered analogous:
An individual hears their own name and searches their apartment
for the source, only to discover that no one is around. However,
no amount of additional search or neurophysiological activation
will lead to a source, because there is none. I believe this is also
true for déja vu at a conceptual and phenomenological level. It
might also be true at a neurophysiological level, but that is an
empirical question that might never be solved.

An autobiographical memory is the conscious recollection of a
past event. This is the generally agreed upon definition referred to
by the authors on page 6. Activation, or sensation, or any process
that does not lead to recollection of a past event is not an autobio-
graphical memory by this definition. Electronic stimulation of the
temporal lobe is not autobiographical memory, and a focal
temporal-lobe epileptic seizure is not an autobiographical mem-
ory. Why then award this special status to déja vu? On the one
hand, the authors base their argument on the shared neurophys-
iological correlates of both déja vu and involuntary autobiograph-
ical memory, but on the other hand, they explicitly state that déja
vu and autobiographical memory branch away from each other as
a result of a conscious evaluation of plausibility (target
article, sect. 3, para. 1). On the one hand, déja vu can be consid-
ered part of autobiographical memory because of the shared neu-
rophysiological correlates, but at the same time, the conscious
evaluation of plausibility is essential to the phenomenon - and
the evaluation is that déja vu is emphatically not a memory. In
this way, déja vu comes to present a problem for the (conven-
tional) definition of autobiographical memory, if we want to
include it under this definition.

Phenomenologically speaking, déja vu is a satisfactory expla-
nation for a distinct experience, analogous to auditory hallucina-
tion being a satisfactory explanation for hearing your cell phone
“ding,” when there is in fact no message. When the individual
says, “oh, it wasn’t a memory, it was just déja vu,” they are cor-
rect in an ontological sense. To say they actually experienced
failed retrieval of an autobiographical memory appears to intro-
duce an unnecessary extra step to this experience and to be at
odds with the phenomenology of the experience.

Déja vu, similarly to other tricks of the mind, could arise from
a Bayesian principle in consciousness (Ramachandran, 1998): If
the current situation shares a critical amount of features with a
stored configuration of features, the most likely explanation is
that the situation is familiar rather than occurring completely


https://doi.org/10.1101/lm.1884611
https://doi.org/10.1101/lm.1884611
https://doi.org/10.1038/s41583-022-00591-8
https://doi.org/10.1038/s41583-022-00591-8
https://doi.org/10.1093/brain/aww288
https://doi.org/10.1093/brain/aww288
https://doi.org/10.1016/j.neubiorev.2020.11.031
https://doi.org/10.1016/j.neubiorev.2020.11.031
https://doi.org/10.1016/s1364-6613(00)01620-x
https://doi.org/10.1016/s1364-6613(00)01620-x
https://doi.org/10.1093/brain/123.1.141
https://doi.org/10.1093/brain/123.1.141
https://doi.org/10.3758/s13415-015-0392-1
https://doi.org/10.3758/s13415-015-0392-1
https://doi.org/10.1016/j.neubiorev.2014.08.014
https://doi.org/10.1016/j.neubiorev.2014.08.014
https://doi.org/10.1016/j.cortex.2020.04.025
https://doi.org/10.1016/j.cortex.2020.04.025
https://doi.org/10.1177/2398212818811235
https://doi.org/10.1177/2398212818811235
https://doi.org/10.1002/hbm.21201
https://doi.org/10.1002/hbm.21201
https://doi.org/10.1093/brain/awz056
https://doi.org/10.1093/brain/awz056
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1038/nrn2733
https://doi.org/10.1038/nrn2733
https://orcid.org/0000-0001-9133-2366
mailto:sorsta@au.dk
https://doi.org/10.1017/S0140525X22002035

Commentary/Barzykowski and Moulin: Are involuntary autobiographical memory and déja vu natural products of memory retrieval? 51

by chance. However, the stored configuration of features could
refer to one or more specific past events, some fragments of mul-
tiple events, repeated events, or potentially nothing relevant at all.
Importantly, there is no way of knowing (the hard problem of
consciousness) and besides, the whole thing is satisfactorily
resolved as the error it most likely is: A déja vu.

I would argue that the relationship between déja vu and auto-
biographical memory is not continuous, but more akin to a path
diagram, where the starting points might be overlapping (pattern
matching in the hippocampus), the next step might be overlap-
ping in some situations (a sense of familiarity), but when this acti-
vation reaches consciousness, the paths diverge. At this point, one
path leads to not-memory (déja vu), while another path leads to
memory (autobiographical memory). Redefining déja vu as failed
retrieval conjures up the ghost of a hypothetical subconscious
memory, which introduces the hard problem of consciousness.
What problem does it solve?
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Abstract

Rather than a natural product, a computational analysis leads us
to characterize déja vu as a failure of memory retrieval, linked to
the activation in neocortex of familiar items from a composi-
tional memory in the absence of hippocampal input, and to a
misappropriation by the self of what is of others.

Freud (1901) had already noted that déja vu involves memory
retrieval: “the uncanny feeling we have, in certain situations, of
having had exactly the same experience once before, or of having
once before been exactly in the same place, though our efforts
never succeed in remembering the previous occasion that
announces itself this way.”

Barzykowski and Moulin’s (B&M’s) analytical effort conceptu-
alizes déja vu as one possible output of a continuum (although
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structured as a discrete decision tree in Fig. 1 of their article) of
spontaneous memory retrieval phenomena: While involuntary
memories would be the unexpected retrieval of content, déja vu
would be that of an unjustified feeling of familiarity (not accom-
panied by a particular memory in mind). Déja vu, indeed, soon
reveals itself as the phantom of a memory, one we do not belong
to, a “feeling of retrieval” to say it with the authors, but one that
people describe as disquieting, eerie, awkward (Brown, 2003).

What exactly happens during déja vu that disorients us? How
can a spontaneous retrieval process go awry? According to the
authors, déja vu happens when there is a feeling of familiarity
that does not pass a plausibility check (Fig. 1 of their article),
and it is on the neural mechanism of this feeling of familiarity
and the question of its implausibility (memory absence) that our
commentary is focused.

Many times we experience familiarity of unclear origin without
having a déja vu. The butcher-on-the-bus phenomenon, where
someone feels familiar but it is not clear from where, is one
such case, but it is not disquieting an experience. On the other
hand, sometimes déja vu occurs in familiar places or involves
familiar people, where feelings of familiarity would be plausible
and justified. Moreover, it is not clear how the dichotomous
(explicit?) plausibility signal in Figure 1 can be computed in the
absence of access to content.

We think that the feeling of familiarity that accompanies the
experience of déja vu (troubles us because it) is fundamentally dif-
ferent from other instances of familiarity mentioned in the paper:
It is not relative to a single item, but to a composition of items, to
an experience, albeit fragmented: The place, who was there, some
words we uttered, something that will happen next. Hence, we
expect the ensuing recollection of the corresponding event that
instead does not happen. Perhaps that feels implausible: To have for-
gotten an entire event that we are currently reliving.

Our recent modeling study (Ryom, Stendardi, Ciaramelli, &
Treves, 2022) offers a computational explanation of associative
retrieval failures. These are in fact very frequent, especially if
retrieval is triggered by the activation of partial cues in the neocor-
tex, rather than by hippocampal activity indexing memory. Our
model network is comprised of “Potts units,” which represent
patches of cortex, interacting through long-range connections
(Fig. 1). A compositional memory, such as the memory for a com-
plex event (e.g., my dog hid my friend’s sweater in the park), is con-
ceived as composed of several items, each of which has a
pre-established neocortical representation (dog, park, sweater).
Storing this new memory only involves acquiring the novel connec-
tions among participating items. Memory retrieval could be triggered
either by the activation of a partial cue in the cortex, which is a var-
iable fraction of the units active in the memory (e.g., sweater +
friend), or by a hippocampal input that sustainedly cues all the mem-
ory units simultaneously, working as an index to the compressed rep-
resentation of the entire memory (see Fig. 1). One main finding of our
study is that the cortical storage capacity for compositional memories
is much lower than previously calculated for unitary representations
(Treves & Rolls, 1994). The reason is that while the hippocampus is
thought to store newly assembled compressed representations of
each episode in memory, the neocortex has to make do with reusing
pre-established representations of the various components of the epi-
sode (Ciaramelli, Lauro-Grotto, & Treves, 2006). The ability of the
neocortical network to retrieve compositional memories from partial
cues, in the absence of hippocampal input, is shown, analytically and
with computer simulations, to be severely limited, plagued by the
interference from competing representations (Ryom et al., 2022).
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Figure 1 (Stendardi et al.). The hippocampus activates all the five
items constituting the real event “my dog hid my friend’s sweater
in the park” (straight gray arrows). The activation of two highly famil-
iar items in the absence of hippocampal input may result in déja vu
(fragmented red arrows). Each item has a sparse distributed but par-
tially localized representation over the cortex.

On this view, déja vu could be characterized as an “incom-
plete” memory state where some familiar items from a composi-
tional memory (or from several distinct memories) get activated
in neocortex (e.g., kids + bench; Fig. 1), in the absence of hippo-
campal input. This activation is sufficient to trigger familiarity for
an experience, but not the reinstatement of a full-fledged memory
(assuming one exists). The ensuing feeling of familiarity may be
particularly uncanny if the partial cue activates self-relevant
items or schemata in the neocortex (Stendardi, Biscotto,
Bertossi, & Ciaramelli, 2021), conferring self-relevance to a mem-
ory that might potentially be false, and should last until activated
memory fragments are enough to finally trigger monitoring
mechanisms that explicitly refute the participation of the self;
or, we suggest, the (false) memory can be abandoned based on
an implicit network signal that automatically reads out high levels
of simultaneous activity in the neocortex that in the absence of
hippocampal activity are more compatible with imagination
than with memory. By contrast, the protracted failure of memory
monitoring may lead to confabulation, the false memory for
unhappened events (Gilboa et al., 2006; see also Moulin, 2013).
Similar to déja vu, confabulation entails fragments of memory
traces, and is mostly self-related (Gilboa et al., 2006; see also
Moulin, 2013). Unlike déja vu, confabulation is not abandoned
but endorsed confidently. Interestingly, confabulation is triggered
by familiar stimuli (Ciaramelli, 2008), and dampened by reducing
the cognitive resources available for assembling (wrongly) mem-
ory elements (Ciaramelli, Ghetti, & Borsotti, 2009).

Does the activation of multiple (self-relevant) memory frag-
ments make déja vu so unique and distinguishable from other
illusory familiarity phenomena? Is the estranging feeling
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associated with déja vu the by-product of a just foiled risk of con-
fabulation? Future studies should test this hypothesis, for exam-
ple, studying whether déja vu is associated with the activation
of ventral prefrontal cortex regions, and the computational condi-
tions conducive to memory or confabulatory signals.
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Abstract

The target article claims that involuntary autobiographical mem-
ories and déja vu are based on the same retrieval processes,
although they result in different phenomenological states. Here
we argue that the differential engagement of attention at various
stages of memory may be one of the determinants of when com-
mon retrieval processes give rise to such different experiences.

The main claim of the target article is that involuntary autobiograph-
ical memories (IAMs) and déja vu are two facets of spontaneous
memory, based on the same retrieval processes. The authors argue
that empirical and theoretical advances can be spurred by grouping
these two phenomena under one conceptual framework of sponta-
neous memory-related cognition. While we agree that IAMs and
déja vu build on common memory processes, we argue that consid-
ering them together can move the area forward by highlighting their
differences rather than similarities. The most obvious difference is
that while IAMs are experienced on a daily basis, déja vu is a rather
esoteric experience eluding people most of the time. We thus call for
a line of research identifying how the common memory processes
underpinning IAMs and déja vu can result in vastly differing phe-
nomenological manifestations, and postulate that non-memory
mechanisms must be considered to understand this.

One such mechanism, which the target article mentions only
briefly, is attention. Attention operates throughout the memory
processes, from cue encoding, through retrieval, up to attribu-
tional processes. Although the interplay of attention and memory
has long been of interest (Craik, Govoni, Naveh-Benjamin, &
Anderson, 1996), the investigation of attention in relation to
both TAMs and déja vu is much more recent, reflecting also a rel-
atively newer focus on spontaneous memory processes more gen-
erally. Out of these two phenomena, more empirical work has
been devoted to outlining the role of attention in IAMs. This
has been investigated both in naturalistic settings and in labora-
tory, with both lines of research demonstrating how IAMs are
more likely to occur during activities that require little focused
attention or concentration (e.g. Berntsen & Hall, 2004;
Kvavilashvili & Mandler, 2004; Schlagman & Kvavilashvili, 2008).

While the importance of diffuse attention for experiencing IAMs
is without doubt, the exact mechanisms by which attention impacts
spontaneous memory are still debated. Vannucci, Hanczakowski,
Pelagatti, and Chiorri (2019) provided evidence that reduced
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incidence of IAMs with an increase of the attentional load is due
to both TAMs being less likely to be retrieved and less likely to be
noticed - or cross what Barzykowski and Moulin (B&M) refer to
as the awareness threshold. Regarding the retrieval mechanism,
recently Barzykowski, Hajdas, Radel, and Kvavilashvili (2022) sug-
gested that high attentional load reduces the chances that potential
environmental triggers of IAMs would be noticed, resulting not
only in lowered incidence of retrieval of IAMs but also later in
impaired recognition of these potential cues. Regarding the post-
retrieval mechanism, the increased attentional load implemented
by Vannucci et al. resulted in reduced ratings of meta-awareness
of IAMs, which were collected when participants’ task was inter-
rupted to make participants focus instead on the contents of their
minds in the moments just preceding the interruption.

Thus, the acknowledgment that attention plays a role in both
eliciting and experiencing IAMs is key here, showing that IAMs
are as much a result of memory processes as of attributions fol-
lowing retrieval. This complex picture is acknowledged by
B&M, but their treatment of post-retrieval processes in relation
to IAMs remains limited. The authors focus mostly on how “phe-
nomenologically sound” memories are more likely to cross the
awareness threshold while mostly neglecting how non-memory
factors, such as attention, affect this threshold in the first place.
The relatively sparse treatment of these issues is highlighted by
the fact that the flowchart in Figure 1 includes a specific post-
retrieval step for experiencing déja vu (“Is this plausible?”) but
not for IAMs, where having spontaneous access to memory con-
tents directly leads to involuntary memories.

Interestingly, B&M do acknowledge the role of attention when
discussing the awareness threshold in relation to déja vu. They
suggest that these states “may be more likely to arise when one
is engaged in attention demanding activities,” which may result
in an elevated awareness threshold and thus reduced chances of
experiencing full recollection that would preclude déja vu. This
is an interesting suggestion as it directly pits déja vu against
IAMs, for which meta-awareness occurs precisely when one is
engaged in less demanding activities (Vannucci et al.,, 2019). If
borne out, this hypothesis would thus directly implicate attention
as a “switch” mechanism responsible for whether common
retrieval processes may result in such different states.

But is the involvement of attention in déja vu limited to the
appraisal and attribution of the products of retrieval? For IAMs,
such involvement seems to start earlier, when the retrieval process
is preceded by encoding of retrieval cues (Barzykowski et al.,
2022). While research on cue processing in déja vu states is less
developed, some work does point to involvement of attentional
processes also at this stage. As shown by Brown and Marsh
(2009), a brief glance at an unfamiliar symbol increased feelings
of knowing the stimulus from pre-experimental exposure when
the stimulus was fully processed moments later. These and
other similar demonstrations of a false sense of prior experience
following a brief encounter with the stimulus (e.g. Jacoby &
Whitehouse, 1989; Klinger, 2001) suggest that déja vu may be
more likely to occur when someone is engaged in attention-
demanding activities and the processing of peripheral information
- potential memory cues - is superficial. Again, this contrasts
directly with the studies indicating that attention-demanding
activities reduce the likelihood of IAMs being elicited. Thus,
just as in the case of post-retrieval processing, attention may
serve as a switch determining how potential retrieval cues are pro-
cessed, which in turn determines whether these cues elicit
retrieval as déja vu versus JAM.
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To summarize, differential engagement of attention at various
stages of memory may be one of the determinants of whether
common retrieval processes give rise to contextually rich episodic
memories experienced as IAMs or spurious feelings of familiarity
experienced as déja vu. The full framework of these spontaneous
manifestations of memory processing must involve an in-depth
understanding of non-memory mechanisms, of which attention
is likely to be just one example, to understand how a common
process of matching cues to the contents of memory can result
in such vastly different phenomenological states.
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Abstract

Barzykowski and Moulin argue both involuntary autobiographical
memories and déja vu experiences rely on the same involuntary
memory retrieval processes but their underlying neurological
basis remains unclear. We propose spontaneous neural replay in
the default mode network (DMN) and hippocampus as the basis
for involuntary autobiographical memories, whereas for déja vu
experiences such transient activation is limited to the DMN.
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Involuntary autobiographical memories (IAMs) and déja vu expe-
riences are not uncommon in our daily life. Both involve memory
recall that occur spontaneously without any deliberate/conscious
intention to recall them. Barzykowski and Moulin (B&M) posit
both IAMs and déja vu experiences result from the same involun-
tary memory retrieval processes, while claiming that IAMs are
distinct because of their explicit accessibility to the retrieved
memory content. However, the neurological basis of these two
phenomena remains unclear in the target article. In this commen-
tary, we propose spontaneous neural replay in the hippocampus
and default mode network (DMN) as the basis for experiencing
IAMs, whereas for déja vu experiences such transient activation
is limited to the DMN.

Spontaneous neural replay refers to spontaneously generated
reactivation of neural activity and configurations related to past
experiences (Schuck & Niv, 2019). It occurs preferentially during
brief bursts (~30-100 ms) of high-frequency (~200 Hz) neural
firing known as sharp-wave ripples (Dickey et al., 2022). Such
spontaneous brain activity occurs as a result of intrinsic brain
dynamics as well as cued reactivation by sensory stimuli (Liu,
Nour, Schuck, Behrens, & Dolan, 2022). Spontaneous neural
replay is a critical process supporting memory consolidation
(Deuker et al., 2013) and memory retrieval (Vaz, Wittig, Inati,
& Zaghloul, 2020). Spontaneous neural replay has been noted
to occur in the hippocampal (Gillespie et al., 2021) and the neo-
cortical memory systems (e.g., DMN nodes; Higgins et al., 2021).
Hippocampus and DMN nodes (e.g., medial prefrontal cortex
[mPFC]; posterior cingulate cortex [PCC]) have been implicated
in supporting a range of memory-related functions including
autobiographical memory retrieval (Cabeza & St Jacques, 2007;
Philippi, Tranel, Duff, & Rudrauf, 2015).

According to the cascaded memory systems model (Kaefer,
Stella, McNaughton, & Battaglia, 2022), spontaneous neural
replay in the DMN can be independently triggered in the absence
of corresponding hippocampal replay. Transient activation lim-
ited to DMN and its propagation to areas downstream of DMN
(e.g., unimodal sensory cortices) correspond to reactivation of
only factorized feature representations that make up a memory
(Kaefer et al., 2022). Such features may involve various attributes
or details of a memory’s content. Kaefer et al. (2022) also claim
that hippocampal replay in conjunction with spontaneous neural
replay in DMN and its downstream propagation to primary sen-
sory cortices are essential to the retrieval of a complete memory.
Being a critical brain region for memory encoding (Scoville &
Milner, 1957), hippocampus is considered to generate and store
highest-order memory representations (Kaefer et al., 2022).
These highest-order memory representations could be viewed as
index codes that support the binding of contextual details of a
memory (Simons, Ritchey, & Fernyhough, 2022). Therefore, hip-
pocampal replay reactivates the highest-order memory index
codes necessary for binding or integrating the factorized feature
representations of a memory into a cohesive whole (Goode,
Tanaka, Sahay, & McHugh, 2020).

Inspired by the cascaded memory systems model (Kaefer et al.,
2022), we propose spontaneous neural replay in the DMN occur-
ring in the absence of hippocampal replay forms the neural basis
of déja vu (Fig. 1a). For déja vu experiences, the memory retrieval
process is incomplete and the memory contents are inaccessible
because the memory representations spontaneously reactivated
in the DMN are factorized and lack the highest-order memory
index codes presumed to be generated and stored only in the hip-
pocampus (Kaefer et al, 2022). Therefore, in the absence of
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hippocampal replay, the reactivated representations in the DMN
are unable to be integrated into a complete autobiographical
memory. Instead, transient activity in the DMN may correspond
to reactivation of some stored features or attributes of an autobio-
graphical memory, thereby evoking a vague sense of familiarity to
specific features typical of déja vu experiences. Complete memory
retrieval of IAMs and access to their memory contents occur only
when spontaneous neural replay occurs in both the hippocampus
and DMN (Fig 1b). Reactivation of hippocampal highest-order
memory index codes allows for the binding or integration of
the various factorized feature representations reactivated in the
DMN, resulting in a successful involuntary retrieval of an auto-
biographical memory with explicit accessibility to its contents.
Further support to our spontaneous neural replay account comes
from lesion studies. McCormick, Rosenthal, Miller, and Maguire
(2018) found that patients with bilateral hippocampal damage
could engage in spontaneous thinking but were unable to report
contents of their spontaneous thoughts about their memories.
This suggests hippocampus plays a critical role in the complete
and successful retrieval of IAMs. Additionally, the earliest/preclini-
cal stages of Alzheimer’s disease (AD) are characterized by accumu-
lation of extracellular f-amyloid primarily in DMN nodes such as
PCC and mPFC which produces cell atrophy and disrupted func-
tional connectivity in the DMN (Palmgqvist et al., 2017). Such dis-
ruption to DMN in early AD has been associated with reductions
in the rate of spontaneous thoughts about the past without impair-
ing accessibility to their contents (Kvavilashvili, Niedzwienska,
Gilbert, & Markostamou, 2020; O’Callaghan, Shine, Lewis,
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and layout popped up in my

Figure 1 (Varma and Yu). The spontaneous neural
replay account for (a) déja vu experiences and (b)
involuntary autobiographical memories (IAMs).

mind."

Andrews-Hanna, & Irish, 2015). Taken together, disruption to hip-
pocampus and DMN may impair distinct aspects (accessibility to
memory contents vs. frequency of spontaneous recall) of involun-
tary retrieval of autobiographical memories.

Future studies are warranted to directly dissociate the contribu-
tion of hippocampus and DMN in spontaneous memory retrieval.
It would be advantageous to examine spontaneous neural replay
across cortical DMN nodes and subcortical structure of hippocam-
pus by combining neuroimaging techniques that offer both high
temporal and spatial resolutions (e.g., magnetoencephalography).
In conclusion, we have implicated spontaneous neural replay in
hippocampus and DMN as the neural basis for IAMs while
transient activation limited to DMN supports déja vu experiences.
By highlighting the critical role of spontaneous neural replay in
involuntary memory processes and how replay in different neural
substrates contributes distinctly to involuntary retrieval, we offer
a more nuanced neurocognitive perspective on how IAMs and
déja vu experiences differ.
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Abstract

In order to understand involuntary autobiographical memories
and déja vu experiences, we argue that it is important to take
an evolutionary medicine perspective. Here, we propose that
these memory anomalies can be understood as the outcomes
of an inevitable design trade-off between type I and type II
€rrors in memory processing.

Barzykowski and Moulin (B&M) offer an excellent synthesis of a
wealth of empirical data from a variety of disciplines to simulta-
neously explain two spontaneous phenomena of the memory
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system that have so far eluded satisfying explanation:
Involuntary autobiographical memories (IAMs) and déja vu expe-
riences. Whereas the former are invasive recollections of the per-
sonal past, the latter constitute brief experiences of familiarity while
simultaneously knowing that the familiarity is false. Like the
authors, we think that any theory or account of memory retrieval
should account for the apparently pathological or dysfunctional
anomalies of the memory system. Furthermore, we find their
account extremely compelling, particularly as it places IAMs and
déja vu on a continuum with both involving what Barzykowski
and Moulin describe as involuntary cognitions, and our commen-
tary is not at all intended as a criticism of their hypothesis.

Instead, we hope to make use of this opportunity to further
advance their proposal by focusing on the ultimate or evolution-
ary explanation for the phenomena. B&M primarily concentrate
on the mechanisms and triggers; providing a convincing proxi-
mate explanation for JAMs and déja vu. However, only in their
conclusion do they briefly consider an evolutionary function, sug-
gesting that these memory anomalies can be seen as “the result of
a continuously active memory system that automatically and rap-
idly scans the environment for matching representations”; a sug-
gestion which we would like to expand on. We think there is
much promise in the idea that the brain is continually and rapidly
scanning the environment for opportune information and
attempting to match this to relevant stored representations, a pro-
cess that sometimes intrudes into conscious awareness. Indeed, it
would allow us to explain both TAMS and déja vu experiences as
evolutionary mismatches, phenomena that have received much
attention in the evolutionary medicine literature (see Manus
2018; Stearns, 2012; Veit & Browning, 2021). Since our modern
environments contain many more stimuli than the ancestral
ones in which our memory system evolved, it should not be at
all surprising that there can be frequent instances of misfiring,
especially when - as in the cases of anomalies such as IAMs
and déja vu experiences — there does not appear to be an imme-
diate fitness cost.

From an evolutionary perspective, there could thus be a
straightforward design trade-off in building a costly memory sys-
tem that has to pay off for the organism to be functional. Since
organisms stand to benefit greatly from having pertinent informa-
tion raised to conscious awareness, while false positives in the
form of déja vu experiences and IAMs have little cost in terms
of fitness, it makes sense that evolution would favour the avoid-
ance of type II errors (false negatives such as failing to remember
important familiar situations) over type I errors (false positives such
as mistakenly thinking that a place is familiar). While it may seem
intuitive to think that healthy forms of cognition should not have
any anomalies of this sort, to do so would be a failure to recognize
that these error rates are inversely related to each other, and thus
cannot both be minimized at the same time. There are trade-offs
and it is plausible that evolution designed the memory system to
prioritize the minimization of type II errors.

Nevertheless, even if there is such a trade-off, that does of
course not mean that type II errors are always to be preferred
over type I errors. As B&M themselves acknowledge, feelings of
familiarity can be pathologically overactive, where inputs are
repeatedly accompanied by feelings of familiarity that Moulin
(2013) describes as recollective confabulation. What should we
make of these cases that are akin to a permanent déja vu? From
an evolutionary medicine perspective, we should not at all be sur-
prised that neuropathological cases can be found, in which these
evolutionary trade-offs are handled in a dysfunctional manner.
Indeed, these cases may provide us with the best source of
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evidence for understanding how natural selection has dealt with
trade-offs in “designing” the human memory system.
Importantly, if we want to understand such pathological cases
of the mind, it is important to put evolutionary thinking centre
stage, since it is only from a Darwinian design stance that we
will be able to understand what makes apparent anomalies of
the memory system pathological (or for that matter, healthy)
(Veit & Browning, 2023). After all, it is precisely in asking for
the costs and benefits of different kinds of type I and type II errors
that we can begin to understand the memory system as a teleo-
nomic system designed to maximize the fitness of organisms.

Finally, we would like to again reiterate that we believe there to
be much promise in the account of B&M. Nevertheless, in order
to advance their proposal, we propose that there would be a ben-
efit in studying the anomalies of the memory system framed as
type I and type II errors. This could lead to more precise hypoth-
eses that could in turn be tested. Indeed, we may even be able to
derive computational models and simulations in order to study
these trade-offs and under which environmental conditions
there may be fitness advantages to investing in the avoidance of
one error over the other. While we have been sceptical of very
ambitious attempts to model all phenomena of the mind in
terms of free energy minimization or predictive error minimiza-
tion (Veit & Browning, 2022), this may be a good case for
where this framework could legitimately help us to further our
understanding of how the brain deals with errors in the memory
system and why some errors are evolved features of the architec-
ture of our minds.
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Abstract

We highlight recent progress in neuroimaging and neuro-
psychological research on memory mechanisms in the medial
temporal lobe that speaks to the involuntary nature of
memory retrieval processes. We suggest that evidence form
these studies supports Barzykowski and Moulin’s proposal
that memory signals involved in experiences of familiarity
and déja vu can be generated in the absence of retrieval
intentionality.

We commend Barzykowski and Moulin (B&M) on presenting a
theoretical model that considers links between mnemonic experi-
ences that are typically not discussed together in the
cognitive-psychology and cognitive-neuroscience literature. We
agree with the emphasis on the shared involuntary nature of the
memory experiences covered in the model, and the proposed cen-
tral role that familiarity plays, as summarized in the schematic in
Figure 1. At the same time, we feel that this model could be fur-
ther developed at the mechanistic level through consideration of
the functional properties of perirhinal cortex (PrC) in the medial
temporal lobe; it is the brain region that has been most closely
linked to familiarity assessment in extant research. To this end,
we highlight several recent findings, not covered in the target arti-
cle, that speak to the involuntary mode in which familiarity sig-
nals can arise.

PrC has been implicated in familiarity across many functional
neuroimaging studies conducted in neurologically healthy partic-
ipants and in research in individuals with brain damage (Kohler
& Martin, 2020; Montaldi & Kafkas, 2022). Although the majority
of reports comprising this literature establish a link between PrC
and item familiarity in experimental contexts that involve inten-
tional retrieval (e.g., Montaldi, Spencer, Roberts, & Mayes,
2006), a growing body of evidence suggests that this structure
also supports involuntary effects of familiarity or fluency that
can be observed in the absence of retrieval intentionality. For
example, activity in PrC tracks experimental exposure history
for verbal and non-verbal stimuli in tasks that show behavioural
priming effects (Voss, Hauner, & Paller, 2009; Wang,
Ranganath, & Yonelinas, 2014; Yang, McRae, & Kohler, 2023).
In related functional magnetic resonance imaging (fMRI) work,
we have recently shown that PrC not only tracks recent laboratory
exposure, but also degree of judged lifetime exposure to object
concepts outside the lab (Duke, Martin, Bowles, McRae, &
Kohler, 2017; Yang et al., 2023). Specifically, using a paradigm
in which participants made judgements that either required or
did not require consideration of lifetime familiarity, we
found that fMRI BOLD activity in PrC tracked this memory
characteristic regardless of retrieval intentionality. Moreover,
observed behavioural performance was also sensitive to lifetime
familiarity under conditions in which the latter was task
irrelevant (Yang et al, 2023). Overall, such evidence points
to PrC as a structure that may support the cue-induced familia-
rity that is central to involuntary memory retrieval in B&M’s
model.

A role for PrC in involuntary memory has also been revealed in
research conducted in neurological patients who experience déja vu
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in the context of seizures with medial temporal-lobe origin (i.e.,
ictal déja vu). These experiences have several phenomenological
characteristics that mirror those highlighted by B&M for spontane-
ously occurring déja vu in neurotypical individuals. At the core,
ictal déja vu is also characterized by an involuntarily arising feeling
of familiarity that conflicts with a metacognitive awareness of situa-
tional novelty. Although ictal déja vu in temporal-lobe epilepsy is a
transient phenomenon, the eliciting seizure activity is tied to lasting
structural and functional brain abnormalities. These abnormalities
provide a window towards understanding what brain regions may
be involved in triggering the familiarity experience that is central
to déja vu. Indeed, we have reported that ictal déja vu is associated
with quantifiable abnormal brain structure in PrC that also goes
hand in hand with persistent familiarity-based memory impair-
ments on experimental tasks of recognition memory (Martin
et al., 2021).

While we suggest that the neural familiarity signals that are central
to the involuntary familiarity and déja vu experiences described in
B&M’s model are closely tied to PrC functions, we would not
argue that activity in this region alone is sufficient to generate these
mnemonic experiences. Rather, we agree with the authors’ proposal
that automatically generated familiarity signals may only serve as an
initial trigger; depending on the outcome of downstream processes
that include metacognitive evaluation of situational novelty, they
may or may not lead to memory experiences of familiarity or déja
vu. As such, we do not want to leave the impression that we disagree
with the authors” point of emphasis on large-scale brain networks,
such as the default mode network, when attempting to explain invol-
untary memory retrieval. However, given the increasing appreciation
of the complexity of memory-retrieval cascades in the cognitive neu-
roscience literature, we think that linking specific brain regions to
specific component processes holds unique promise for further
mechanistic and theoretical development of the present model.
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Abstract

Déja vu and involuntary autobiographical memories (IAMs) are
differentiated by a number of factors including metacognition.
In contrast to IAMs, déja vu activates regions associated
with self-awareness including the right dorsolateral prefrontal
cortex.

Barzykowski and Moulin (B&M) provide us with an overview of
two related processes and provide significant detail of the psycho-
logical mechanisms. While the authors touch on the underlying
neural correlates (e.g., cortical midline structures, medial-
temporal), more detail as to the proximate brain mechanisms
would further convince readers of their claims. Further, but not
addressed here, the authors leave the readers wanting a deeper
evolutionary, ultimate perspective and we look forward to papers
that address evolutionary, comparative, and genetic examinations
of these two memory phenomena.

As elucidated by B&M, oddities of human cognition often pro-
vide significant insight into the mechanistic functions of the
brain, which in turn provides knowledge about the phenomena
themselves. Both involuntary autobiographical memories
(IAMs) and déja vu are two such examples. IAMs are spontane-
ously recalled without conscious effort (Berntsen, 2021), are often
triggered by elements of the environment that correspond to a
previous event (Berntsen, 2009), and are typically unpleasant,
and as such, they are one of the main symptoms of posttraumatic
stress disorder (PTSD). B&M note that IAMs are a feature of nor-
mal functioning cognitive processes, and it is the frequency and
intensity (rather than their existence) that warrants a PTSD diag-
nosis (Rasmussen & Berntsen, 2011). In contrast to IAMs, déja vu
is categorized as any erroneous subjective perception that a cur-
rently experienced event is similar to an indeterminate past occur-
rence (Sno & Linszen, 1990). Episodes of déja vu originate from a
memory error that is often influenced by feelings of fluency and
familiarity, thus affecting memory retrieval (Illman, Butler,
Souchay, & Moulin, 2012).

However, the authors may wish to consider a bigger role for
“the self” in these processes, as evidence from neuroscience guides
us to think higher order “meta” processes may distinguish these
memory deviations. Metacognition, as defined here, refers to
the capacity to keep track of and regulate one’s own cognitive pro-
cesses (Fleur, Bredeweg, & van den Bos, 2021). The link between
déja vu and the sensation of foreboding may be explained by the
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metacognitive bias initiated by the experience itself (Cleary &
Claxton, 2018). In brief, IAMs typically have a reduction of meta-
cognitive processes when compared to déja vu which involves a
sense of seeing oneself as an agent in the experience. We derive
this notion from neurological studies in both normals and
patients.

In terms of neural correlates, IAMs typically activate the left
angular gyrus, posterior midline, visual cortex, hippocampus,
and parahippocampal cortex (Berntsen, 2021). Contrary to
IAMs, the medial prefrontal cortex is engaged during déja vu.
As a further distinction between IAMs and déja vu, and likely
more important in terms of the behavioral differences, the right
hemisphere appears active during bouts of déja vu (Vlasov,
Chervyakov, & Gnezditskii, 2013). The right frontal cortex and
temporal parietal junction are active in normals during tasks
that involve self-awareness (Morita et al., 2018) and disruption
of the right hemisphere disrupts self-awareness (Keenan,
Nelson, O’Connor, & Pascual-Leone, 2001).

Déja vu is but one of many perturbations that involves the
right frontal/temporal regions and the self. While déja vu involves
a brief narrative clip, significant neural damage can lead to truly
devastating disorders. The occurrence of hallucinations in which a
location has been duplicated, or exists in two different places, is
known as reduplicative paramnesia, which is a rare illness seen
in neurological patients (Borghesani, Monti, Fortis, & Miceli,
2019). An example of reduplicative paramnesia involved a
70-year-old woman, who presented to her local emergency
room, and was found to have a right temporal meningioma. In
the days prior to her craniotomy, she had been able to recount
“her two houses.” She was aware she owned an apartment in
Rome, yet in the previous month, her single apartment had
“become” two interchangeable homes, with identical floors,
addresses, and furniture (Gerace & Blundo, 2013). Capgras syn-
drome, also referred to as the delusion of doubles, is defined by
the patient’s mistaken conviction that an exact duplicate has
taken the place of a person of significance (Shah, Jain, &
Wadhwa, 2022). Within the disorder, the delusion typically
involves the afflicted person assuming their close friend or relative
has disappeared. The impersonator remains without name and
identity, and is viewed pejoratively (Barrelle & Luauté, 2018).
Fregoli syndrome is defined as the irrational mistaken identifica-
tion of known individuals posing as others, as well as unfamiliar
strangers and/or casual acquaintances identified as a different but
known individual (Langdon, Connaughton, & Coltheart, 2014).
The disorder has frequently been linked to Capgras syndrome
in the past; however, the two have distinct defining features
(Mojtabai, 1994).

There are numerous other, similar disorders of misidentifica-
tion of self and other (Feinberg & Keenan, 2005). We believe,
like B&M, the distinction between IAMs and déja vu provide
insights into human cognition that reach beyond the phenomena
themselves. Here we hope to have elucidated a number of
proximate reasons for such a distinction. However, we believe
that the role of the self may play a larger role than posited by
B&M. Neuroimaging demonstrates that déja vu activates regions
associated with self-awareness and we believe this is one of the
cases where neuroscience can help to clarify a psychological
debate.
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Abstract

In our target article, we presented the idea that involuntary auto-
biographical memories (IAMs) and déja vu may both be based
on the same retrieval processes. Our core claim was thus
straightforward: Both can be described as “involuntary” or spon-
taneous cognitions, where IAMs deliver content and déja vu
delivers only the feeling of retrieval. Our proposal resulted in
27 commentaries covering a broad range of perspectives and
approaches. The majority of them have not only amplified our
key arguments but also pushed our ideas further by offering
extensions, refinements, discussing possible implications and
providing additional empirical, neuroscientific and clinical sup-
port. The discussion launched by the commentaries proves to us
the importance of bringing IAMs and déja vu into mainstream
discussions of memory retrieval processes.

R1. Introduction

The advancement of knowledge is, among other things, about
putting forward ideas for discussion. Our main goal was to launch
a discussion about the possibility that two seemingly different
phenomena, involuntary autobiographical memories (IAMs)
and déja vu, may have the same neurocognitive origin and
point to common retrieval processes. Our main claim was:
IAMs and déja vu are two forms of spontaneous experiences
derived from autobiographical memory processing. If nothing
else, we wanted to bring déja vu and involuntary memory phe-
nomena into mainstream discussions of memory retrieval
processes.

We received 27 commentaries. Let us thank the commentators
for their insightful comments, suggestions and thoughts. They
allowed us to reconsider new perspectives that ultimately advance
the theoretical proposal. On occasion, as developed below, we
agree to disagree, especially with those which argue against study-
ing TAMs and déja vu together.

At its core, our proposal was about the interaction between the
environment and internal representations of the personal past,
and two key theoretical concepts underpin our thinking: The
roles of cues in retrieval and familiarity. The role of cues was
mentioned in many commentaries. For instance, Cleary,
Poulos, & Mills (Cleary et al.) propose a mechanism of cue famil-
iarity detection. Depending on the strength of the cue-memory
overlap, the resulting familiarity “signal” may pass the critical
threshold directing attention inward to initiate a memory search.
This notion advances not only our framework but theories of
autobiographical retrieval in general. Familiarity and neuroscien-
tific mechanisms of retrieval also make up a large part of the com-
mentaries received.

We also made the claim that to understand déja vu and IAMs,
the processes involved in memory retrieval and in conscious expe-
rience appear to be separable, something emphasised in Schwartz
& Pournaghdali’s commentary. We have recently expanded on the
phenomenology of retrieval processes (Moulin, Carreras, &
Barzykowski, 2023), including discussion of the tip-of-the-tongue
experience (which was largely cut from the target article due to
space constraints). Our point is that the brain is constantly trying
to make sense of its inputs: In memory, we propose that the phe-
nomenology of retrieval points to there being an attributional sys-
tem which oversees the function of the temporal lobe. To organise
our responses around these key concepts, we discuss conceptual
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issues, notably the role of cues in retrieval and the definition of
familiarity, and debating the very definition and characteristics of
the phenomena. Finally, we turn our attention to the neuroscien-
tific aspects of our conceptualisation of déja vu and IAMs in a sec-
ond section before attempting to defend our continuum in the
conclusions.

R2. How to conceptualise déja vu and involuntary
memories?

Kvavilashvili & Markostamou focus on cues as a means of
explaining two issues: Temporal orientation and the frequency
of occurrence. They propose that IAMs seem to be triggered by
an easily identifiable cue, whereas déja vu seems to be more
dependent on less specific cues (e.g., the situation as a whole, con-
textual cues, complex constellation of cues, situational gist prop-
erties). Non-specific cues may then activate not the fragments
of sensory-perceptual experiences (that are part of the autobio-
graphical memory knowledge system) but rather the representa-
tions of previously experienced scenes (that are part of
long-term perceptual-representation system). We welcome this
suggestion and agree that déja vu may emerge through several
not mutually exclusive paths, and this may be one possible
route. However, we consider that activating information from
any long-term perceptual-representation system would not
explain the intense feeling of self. There is a difference between
saying “this reminds me of something” and “this feels like I
have been here before.” Therefore, there is space to further
advance this idea by explaining how such activation leads to hav-
ing a “personal past” component.

Robins & Afifi argue that our unified account depends upon
how easily concepts from the study of voluntary memory transfer
to involuntary phenomena. We agree that cues may differently be
processed in involuntary and voluntary retrieval, but we do not
think that these differences significantly complicate our frame-
work. While the authors say that “the cue can be identified
prior to and independently of the memory it activates,” this is
only true in successful recall of a sought-for memory.
Moreover, it seems that this falls foul of the Norman and
Bobrow (1979) conundrum which we reproduced as a footnote
in the target article. In an experiment, or with a degree of intro-
spection, it is easy for an expert observer to pinpoint a cue. In a
naturalistic setting, the definition of what the cue was is arguably
post-hoc and is as subjective as the contents of retrieval, as Robins
& Afifi state: “a cue can only ever be identified in retrospect.”

In voluntary retrieval, we have an explicit idea of what we want
to recall, but whether a cue will or will not be successful in retriev-
ing it is not a given. We argue that the same is true for involuntary
remembering, as we can never be sure whether something in the
environment will or will not trigger a given memory, although on
occasion a cue is highly efficient in triggering a given memory, for
example, intrusive, recurrent memories triggered by easily identi-
fied stimuli. We state that retrieval is an iterative process, and
what starts as involuntary retrieval may cross over into voluntary
retrieval and vice-versa (see also Barzykowski & Mazzoni, 2022).

Evidently, involuntary retrieval is less predictable, as it is spon-
taneous and automatic. However, we do not agree with Robins &
Afifi since we propose that people can be aware of the cues trig-
gering memories prior to a complete retrieval. We take issue with
the idea that “there is also no sense to be made of the idea of a cue
failing to activate a memory during involuntary retrieval. If noth-
ing is activated, then there is no cue - and also no memory.”
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When saying that a cue failed to activate a memory during invol-
untary retrieval, we do not refer to a situation in which nothing is
activated but that something is insufficiently activated. Not having
memory content does not mean per se that some stages of
retrieval processes did not happen at all. We propose that there
is a prior cascade of processes resulting in retrieval of content:
There are instances where there is a cue, but nothing is retrieved.
We do not think this is contentious. Detecting something in the
environment as familiar based on an evaluation of fluency does
not imply retrieval or the access of content, and yet we are able,
we think, to identify something as a cue from this feeling, even
if nothing is “retrieved.”

Our characterisation of a continuously active memory system
trying to make sense of its inputs necessitates that anything in
the environment is potentially a cue. For the experient, there is
not some philosophical division of the environment into cues
and non-cues, but a series of activations and associations between
the internal and external world which may or may not enter
consciousness.

We now turn our attention to familiarity. A number of com-
mentators interpret familiarity in a different manner from that
conceptualised in the article. At least three conceptualisations of
familiarity exist (as noted in a footnote by Whittlesea and
Williams [1998, p. 141]):

One is that a person has actually encountered a stimulus (or even one like
it) previously. ... A second is that the person has knowledge about a stim-
ulus that permits them to perform appropriately toward an object, without
necessarily having an accompanying feeling of having experienced that
stimulus previously. ... A third is the subjective feeling of having encoun-
tered a stimulus on some previous occasion, whether one actually has or
not.

Pan & Carruthers helpfully differentiate two types of familiar-
ity. The first type is phenomenological and arises in response to a
retrieval failure. The second is akin to that in the recognition-
memory literature referring to “a decision-making process based
on feelings of fluency.” These definitional issues are critical, and
we emphasise that our framework focuses on phenomenological
familiarity. A number of commentators point to this lack of a
solid basis on which to construct our argument. Stendardi,
Basu, Treves, & Ciaramelli (Stendardi et al.) claim that the expe-
rience of déja vu is fundamentally different from other forms of
familiarity experience, including the butcher on the bus which
we use as a reference point, because it is based on a configuration
of a complex set of factors, and not a single item. As such, they
invoke a framework of compositional memory formation
(Ryom, Stendardi, Ciaramelli, & Treves, 2022). They propose
that déja vu is an incomplete memory state (and thus far our
accounts do not differ) but that it occurs when “some” familiar
items from a compositional memory (a rich representation of
complex scene from the personal past) are activated (see their fig-
ure) in the neocortex, but where a full memory is not retrieved
from the hippocampus.

The critical distinction between their proposal and our origi-
nal account would be that a multitude of cues aiming to recon-
struct a rich configuration of information is critical, whereas we
were somewhat neutral as to the number of elements which
might make up a cue. We suppose that differentiating between
their elaboration and the initial proposal would depend not
only on how you define familiarity, but also how you define
“cue.” The grain size of the information required to trigger déja
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vu or an involuntary memory is open to debate. Even if the expe-
rient in the end identifies any one element as critical, we are sure
that cues and representations of the personal past are indeed as
complex as Stendardi et al. point out. It is of interest that
accounts of over-extrapolation of familiarity for specific cues to
the whole scene or “single-element familiarity” has long been
proposed as a mechanism of how déja vu is generated (e.g.,
Leeds, 1944).

Sikorski & Sitek propose a comparison with misidentification
syndromes and familiarity. However, the typical conceptualisation
of familiarity in misidentification syndromes is as objective and
not phenomenological. As such, when they write “While in
Capgras syndrome access to memory content is preserved
(patient’s proxy face is correctly recognised) [the] feeling of famil-
iarity is missing (the proxy is perceived as an imposter)...” it
seems that whether or not this is a genuine first-person “feeling”
or an attribution imputed by an observer is a critical question. An
important issue therefore to address is whether there is a disorder
of phenomenological familiarity in such misidentification syn-
dromes. Whilst we take issue with their implied definition of
familiarity, they raise an important point: The role of emotion,
proposing that “familiarity has its emotional aspect and cannot
be reduced to (meta)-cognitive components.” We think that this
is probably more the case in delusional misidentification than it
is day-to-day attributions of past experience, but it is something
which warrants further investigation. There is sometimes an emo-
tional response to déja vu and involuntary memories, and more-
over, familiarity is invoked in various types of emotional
responses (as demonstrated in the mere exposure effect, e.g.,
Kunst-Wilson & Zajonc, 1980).

A further consideration is that of gist, which somewhat over-
laps with the idea of a non-specific feeling driven by general
information as implied in some conceptualisations of familiarity.
Pan & Carruthers describe a system with recollection-based iden-
tification of the gist of the current scene or event. In agreement,
Moulin et al. (2023) propose that a retrieval model is created at
the moment of accessing a memory which includes a general
model (ie., gist) of pertinent information from various stores
including a metacognitive template of what can be expected
from retrieval. In the target article, we did not explicitly discuss
the processing of gist information, but this general sense of a
scene or event is something captured in the Gestalt account of
déja vu (e.g., Cleary, 2008). Clearly, when cues are not strong
enough to sufficiently activate a given memory, there still may
be sufficient activation for a gist identification.

With these comments about gist as a specific mechanism in
retrieval, we see similar conceptual issues about retrieval schema
and the interaction with semantic structures identified in the
commentaries by Irish, Renoult & Debruille and Sikorski &
Sitek. Renault refers to jamais vu, which has been described as
the opposite of déja vu, whereby an objectively familiar stimulus
feels as being unfamiliar (Brown, 2003). It seems to be even less
frequent than déja vu in daily life, although it proves relatively
easy to reproduce in the laboratory (Moulin et al., 2021). It can
be provoked by repeatedly writing a word until it loses its mean-
ing, and so at the time of writing, it seems to be more of a seman-
tic phenomenon than one about the personal past, and as such it
escapes our interest here. However, as Renoult & Debruille point
out, there is a need to better consider semantic networks and
schema more generally in our thinking: Either as a repeated con-
text, a gist representation or even the use of personal semantics to
act as a plausibility check.
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Indeed, Morales-Torres & De Brigard raise the possibility of a
relationship between déja vu and “nonbelieved memories.” If we
organise our concepts around two dimensions: (a) access to con-
tent (full/absent) and (b) feeling of familiarity (minimal/maxi-
mal), we think that non-believed memories differ from déja vu
in the access to content dimension. While déja vu lacks content,
leaving us only with a feeling of familiarity, the non-believed
memory has content. Importantly, both are believed to be untrue.
In this regard, we agree that non-believed memories - also an
unusual and infrequent phenomenon - fall out of our way of
thinking about content and feelings (see Moulin et al., 2023, for
an explanation of this idea), but it is possible that semantic struc-
tures play a greater role in the identification of implausibility in
non-believed memories.

To best tackle these issues (definitions of familiarity, involve-
ment of gist and semantic retrieval), we should draw on the neu-
roscientific literature, and restrict our thinking to known
mechanisms of familiarity. Recently, the literature has converged
on two types of familiarity, both of which can accommodate our
framework, echoing the Pan & Carruthers commentary: One
which is an attribution based on fluency and the other which
derives from perceptual or conceptual overlap (Montaldi &
Kafkas, 2022). We explore in more detail these ideas with refer-
ence to the brain (see below).

A number of commentaries extend our work beyond
memory systems. Our focus was on memory, but it was not our
intention to imply that only memory processes are important for
understanding IAMs and déja vu, since a number of
other cognitive operations come into play in our characterisation
of a constantly active process surveying the environment. We
are thus in agreement with Vannucci & Hanczakowski who
propose that attentional factors (e.g., monitoring the stream of con-
sciousness) may affect the awareness threshold. We also find their
idea appealing that attention may be a “‘switch’ mechanism respon-
sible for whether common retrieval processes may result in such
different states.” Similarly, attentional factors may contribute to
the differences in phenomenological characteristics between, for
instance, involuntary and voluntary memories (see Barzykowski,
NiedZwieniska, & Mazzoni, 2019; Barzykowski & Staugaard,
2018). We are not sure whether attention plays a leading role but
we surely agree that attention has an important part to play in
both the pre-retrieval stage (i.e., how either peripheral or central/
focal potential cues are processed) and the post-retrieval stage
(i.e., how it changes the threshold of awareness).

Other commentators consider the very definition of the phe-
nomena being discussed, and given their subjective nature, it is
unsurprising that commentators develop, extend and contest
our description of these phenomena, especially déja vu. Some of
these commentaries draw out differences between déja vu and
involuntary memory using specific characteristics. One such char-
acteristic was the frequency of the experiences. Kvavilashvili &
Markostamou invite us to wonder “why déja vu experiences are
so rare compared to the frequent occurrences of IAMs.” In pre-
liminary findings (Zareen, Ahraf, Barzykowski, & Moulin, in
preparation) from a large scale-survey of respondents (mean
age=22) in France (n=178), Pakistan (n=370) and Poland
(n=312), we found that déja vu was experienced fewer times
per week than IAMs (median values respectively 0 and 1-2
times) and fewer times per year (median values respectively, 3-
5 times and 11-20 times).!

Why would there be these differences in frequency of occur-
rence? One possibility is that there are different types of IAMs.
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Curot, Servais, & Barbeau (Curot et al.) remind us of this
issue. They explicitly ask whether there are different types of
IAMs with eloquent reference to Marcel Proust’s madeleine. We
find this extremely relevant, and existing research can contribute
to this discussion. According to Mace (2004) while 30% of all
memories reported were triggered by sensory/perceptual cues,
only 3% of them were triggered by Proustian-type sensory cues
(i.e., tastes or smells). Curot et al. refer to a study by Ball and
Little (2006) showing that IAMs retrieved without easily identi-
fied cues were a minority. Curot et al. thus argue that these
types of IAMs and déja vu actually share similar prevalence.
First, this clearly shows that, while IAMs may be frequently trig-
gered by cues, corroborating their relative high frequency, we
overlook TAMs that were retrieved without any identifiable cue
or by a “rare” type of cue. As such, déja vu and IAMs may be
more similar in their frequency (also phenomenological charac-
teristics like surprise, or strength) when we look at IAM:s triggered
in similar situations. Therefore, we should look at IAMs triggered
by certain types of cues to make an adequate comparison with
déja vu. Our focus on the cues and different types of IAMs
may increase not only their conceptual but also empirical
proximity.

Putting aside these issues, let us explore why déja vu does not
happen more frequently. This is exactly the question that has
often been asked in IAM research, which we identified in the tar-
get article: Why are we not constantly flooded by IAMs in daily
life? It seems to us that the frequency question pertains then to
both déja vu and IAMs. An interesting avenue proposed by
Morales-Torres & De Brigard is the possibility to look at the
extent to which “novelty is proportional to the mismatch between
the stimulus and its context” and the prediction error in which
“novelty relates to the divergence between a prior likelihood
and a posterior probability.” It seems to us that these possibilities
may be relatively easily examined in laboratory settings, and
although empirical approaches to déja vu have considered gener-
ating conflict (e.g, Urquhart, Sivakumaran, Macfarlane, &
O’Connor, 2021), it would also be of interest to manipulate peo-
ple’s expectations of what they should experience. If you go into
an experiment expecting to have déja vu, it should be less likely
to occur if surprise is its key phenomenology, which may be
what renders it so difficult to produce anything like genuine
déja vu in an experimental situation!

We do not feel obliged to explain the infrequency of déja vu as
compared to IAMs, so long as we have a sensible, theory-based
explanation of how it occurs in the memory system. As an ana-
logue, lightning strikes are relatively infrequent but we understand
the conditions by which they are produced. When wanting to
explain their infrequency, we fall into a circular (but completely
reasonable) argument: Lightning strikes are infrequent because
the conditions which lead to their occurrence are infrequent. If
déja vu and IAMs are infrequent, then it is because happily, the
cognitive system is such that the conditions by which they are
produced are also infrequent.

Andonovski & Michaelian go beyond the frequency issue to
claim that our proposal fails to account for the strangeness of
déja vu. We wonder why explaining this one phenomenological
property would serve as sine qua non to explain déja vu properly
by the reference to typically occurring processes in autobiograph-
ical memory? First, the phenomenological strangeness might sim-
ply fall out of the frequency issue. It feels strange because it is rare.
Second, per analogiam, we do not have concerns about integrating
involuntary memories into autobiographical memory research
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despite the robust phenomenological differences between invol-
untary and voluntary memories.

At this stage, it is important to look for mechanistic reasons
for similarities and differences. Similar work has been carried
out over the years in involuntary and voluntary memory research;
an attempt to explain possible mechanisms resulting in phenom-
enological differences between involuntary and voluntary
memories. A recently proposed answer was the threshold idea
which formed the core of the target article. Briefly, retrieval
favours phenomenologically “juicy” memories, which we can con-
sider along different dimensions: Attentional factors, memory
accessibility, retrieval intentionality, attribution and metacognitive
concerned processes, etc. There is, at least for us, no reason to
argue why this would be different in retrieval of déja vu and
IAMs.

It is possible that the phenomenological strangeness felt in déja
vu is what makes it pass the awareness threshold. It may be, as
suggested by Cleary et al. that depending on the strength of the
cue-memory overlap, the resulting familiarity signal has to pass
the critical threshold directing attention inward to initiate a mem-
ory search. In a retrieval failure, it would bring phenomenological
familiarity to one’s attention, because it was strange, unexpected
or inappropriate. We have accounted for such a possibility in
our proposal, even if we did not use the word “strange.” Bastin
further expanded on this, proposing that an unexpected content
retrieval attempt clashes with feelings and sensations resulting
from that retrieval failure that cannot be easily understood or
explained. This leads to attribution processes becoming “hyperac-
tive” resulting in strong feelings such as strangeness.

Andonovski & Michaelian also conclude that our proposal
does not account for the sudden onset of déja vu. We did not
argue against a sudden onset of déja vu, and so apologise if we
gave that impression. However, over the course of experiencing
déja vu and certainly reflecting metacognitively upon it, it can
evolve and change in intensity. In a preliminary analysis (again
from Zareen et al. as above), we asked participants to categorise
their experience using a series of dichotomies, one of which was
to ask participants if the experience came on suddenly or gradu-
ally over time. Both déja vu and IAMs were seen as coming on
suddenly by the majority of participants (85% for déja vu and
62% for IAMs). Interestingly, for tip-of-the-tongue experiences,
the majority of participants also reported it as sudden (67%), in
contrast with Andonovski & Michaelian’s comment. We are not
sure therefore that suddenness is a defining feature of déja vu,
and it does not seem in any case to distinguish IAMs and déja vu.

We can group their criticism together with a number of other
points about micro-phenomenology, and state that we welcome
further research into factors such as strangeness, surprise and
abruptness. The first step is to accept or reject these somewhat sub-
jective descriptions of déja vu with reference to empirical studies,
and consensual, population-based descriptions, as we have done
in the Zareen et al. study cited here. Perhaps the strongest contri-
bution to this phenomenology debate comes from Perrin, who pro-
poses that we should further consider déja vécu as a variety of
cognitive experience. Déja vécu can be thought of as a recollection-
based recognition memory error, the direct sibling of déja vu (see
Funkhouser, 1995; Moulin, Conway, Thompson, James, & Jones,
2005; Perrin, Moulin, & Sant’Anna, 2023, for definitions), whereby
we feel that the present moment is not only familiar, but could lead
to something being remembered. It seems reasonable to posit that a
recollection form of déja vu exists given the mechanisms we have
proposed in our framework, but we were hesitant to add it at
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this stage, since empirical work attesting to the existence of the
two types and the reliability of the definitions of the familiarity
and recollection forms is severely lacking.

Bastin (see also Kvavilashvili & Markostamou) propose that
IAMs and déja vu differ in temporality: Déja vu is retrieved
“with some glimpse into the future with the feeling of prescience.”
Similarly, Addis & Szpunar suggest that our framework may
allow us to better understand related phenomena such as simula-
tions of the future. This leads them to an intriguing speculation;
namely, that some instances of déja vu may be a result of not only
weakly activated representations of the past, but also weakly acti-
vated (by goal-relevant cues) representations of the future, which
they call “déja vu for the future,” something which may be worthy
of future examination in surveys: How often does déja vu involve
a glimpse into the future? It seems to us, that whilst interesting,
such prescience is not a ubiquitous feature of this experience
(for a single case description of prescience in déja vu, see Curot
et al, 2021), and that future research needs to consider the
micro-phenomenology of these experiences in line with Addis
& Szpunar’s hypothesis.

A further conceptual concern is the question of functionality.
Mace elaborated further on the idea that “IAMs, like déja vu and
other similar phenomena, may be cognitive failures.” First of all,
we would like to clarify that in the target article, we did not want
to adjudicate between two opposing views whereby IAMs are or
are not functional. These experiences clearly expose some adap-
tive function as identified by other commentators (e.g., a con-
stantly active system with a bias for making type I errors [see
the evolutionary perspective proposed by Veit & Browning]).
In addition, we propose that the ability to set an appropriate
awareness threshold might have been beneficial from evolutionary
perspective for preventing being flooded by spontaneous thoughts
(for a case study, see Parker, Cahill, & McGaugh, 2006).

In Table 1, we wrote that IAMs “may be a side effect of typical
involuntary processing of contextual/environmental cues, IAMs
may serve several functions and roles,” and in retrospect, the
word “may” should have been highlighted. We believe that
IAMs and déja vu are most likely the by-products of other cogni-
tive processes, and in this way, any one instance of déja vu or IAM
for the individual is not functional. However, this is not to say
that in their apparent randomness, they cannot be functional
on some occasions — the individual may choose to interpret
their IAMs (or indeed déja vu) or as meaningful or as serving a
function. Spontaneous cognitions help us to solve a problem cre-
atively, or remember a prospective task, for example. In any case,
IAMs are not completely random, as we were at pains to demon-
strate in the target article, since there are several processes and
mechanisms showing that the likelihood of their occurrence can
be predicted and even manipulated (e.g., Barzykowski &
Niedzwienska, 2018; Mace, 2005).

IAMs and déja vu “can be explained in the absence of a
functional account” (Mace). Does this mean that we should
treat them as a cognitive failure? If we agree that they are a result
of a failure, then we somehow treat them as some sort of excep-
tion, but they arise because this is how our cognition works:
They are neither failures nor triumphs of the cognitive system,
since this evaluation can only be made in such terms in a given
context. A helpful parallel might be forgetting. If you forget a
friend’s birthday, you may describe it as a failure of the cognitive
system, but if you forget the hurtful comments made by a
colleague the last time you presented your work at a seminar,
we might describe it as adaptive.
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To sum up this section, we note that some commentaries
extend our thinking into domains other than memory (e.g., atten-
tion or inhibitory function discussed by Burns) and draw our
attention to aspects of the two experiences that we did not discuss
in detail (e.g., strangeness, temporality) or which beg questions
about our notion of a continuum (e.g., differences in frequency
between IAMs and déja vu). We defend our continuum in a
final section, but first offer some concrete mechanisms on
which to base our thinking, we respond to the commentaries
about the brain.

R3. An elaboration of the neuroscientific basis of déja vu
and IAMs

Neuroanatomically, our proposal is built upon the idea that in
human memory, there are separable representational and attribu-
tion systems. The importance of the attributional system was
highlighted by Bastin. We are grateful for her endorsement of
our framework since our original neuroscientific view was
inspired by Bastin et al’s (2019) integrative memory framework.
Their account explains an interaction between core systems and
an attributional system, and it seems to us that any neuroscientific
account of memory retrieval must encompass higher-order epi-
memorial processes captured in the attributions we are able to
make about fluency, etc., as well as more mechanistic accounts
of the core systems. In a similar way, Montaldi and Kafkas
(2022, p. 5) discuss familiarity mechanisms in light of two sys-
tems: A global matching system and a fluency-attribution system:

Although the theoretical development of these two familiarity mecha-
nisms have been somewhat distinct, they are highly compatible. ... the
global-matching mechanism explains how familiarity signals are com-
puted by brain regions within a potential familiarity memory network
.. while the fluency-attribution mechanism explains how the feeling of
memory is generated and how decision-making contributes to familiarity
memory.

When discussing familiarity, we think we should adhere to
these definitions. Of note, these global matching and fluency attri-
bution systems map neatly onto the ideas of gist and phenomeno-
logical familiarity discussed above.

A number of commentaries specify the medial temporal-lobe
mechanisms which may be responsible for the generation of
déja vu. Addis & Szpunar identify pattern completion as a critical
mechanism involved in involuntary memory generation. They
propose that the hippocampus responds to an overlap between
a cue and a stored representation, such that when activation sur-
passes a certain threshold, retrieval is automatic, the pattern is
completed, and then a layer of neurons in the hippocampus,
CA3, recruits neocortical areas where different elements of the
scene are stored. Their account is compelling, since it is a neuro-
scientific proposal of a mechanism (i.e., pattern completion)
which could account for a threshold-like process in retrieval of
the personal past. Yang, Martin, & Kohler (Yang et al.) provide
a useful coupling between intentionality and déja vu. We had
overlooked in our original article the fact that the overwhelming
bias in neuroscientific accounts of familiarity is of research into
intentional, strategic detection of familiarity. However, our argu-
ment hinges upon an automatic and spontaneous activation of
familiarity circuitry. Happily for us, Yang et al. specify research
findings which point to involuntary detection of familiarity in
the MTL. They point out that the perirhinal cortex specifically
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is also activated in response to previously seen stimuli in implicit
tasks independently of intentionality. Moreover, if we extend their
argument further, it is clear that the perirhinal cortex is also acti-
vated during encoding and not simply retrieval (see Montaldi &
Kafkas, 2022). As such, we might pinpoint the perirhinal cortex
as a critical starting point in a broader network for retrieval.

Although other commentaries specify different structures,
such as the anterior thalamic nuclei and the retrosplenial cortex
(e.g., Sikorski & Sitek), and Zorns, Sierzputowski, Pardillo, &
Keenan (Zorns et al) highlight that the right hemisphere
might be specifically involved, these commentaries lack the spe-
cific mechanisms that are involved in the same way as the Yang
et al. and Addis & Szpunar contributions. While Yang et al.
seem to emphasise a view of familiarity as found in the perirhinal
cortex, Addis & Szpunar focus on complete retrieval and pinpoint
the hippocampus, and in particular CA3 as being a critical feature.
Together, these commentaries echo the proposal of Stendardi
et al., which essentially suggests déja vu arises from a lack of hip-
pocampal involvement in retrieval.

Varma & Yu elucidate the aspects of the default mode net-
work in involuntary memories and déja vu, and further refine
the neurological characteristics of these phenomena. As with
the Stendardi et al. and Addis & Szpunar commentaries, they
see déja vu as arising when there is a lack of the usual hippocam-
pal activation in memory retrieval. They invoke the cascaded
memory systems framework (Kaefer, Stella, McNaughton, &
Battaglia, 2022), and propose spontaneous neural replay as the
precise neurocognitive mechanism. Spontaneous neural replay is
associated with characteristic bursts of neural activity and occurs
in both hippocampal and neocortical areas, and it is thus appeal-
ing to think of it as underpinning spontaneous phenomena such
as involuntary memories and déja vu. However, the conscious
experience of neural replay is not well understood, and we cannot
go too far with this way of thinking since many neuroscientific
explorations of spontaneous activity (sharp-wave ripples) are
based on rodents, and many analogical processes in the human
brain occur during sleep (see Kaefer et al., 2022). That is, whereas
in the cascaded memory systems framework, there is constant
reactivation of neural patterns which aids in the consolidation
and maintenance of memories, it seems unlikely that this sponta-
neous activity is obligatorily raised to consciousness (especially
when we are asleep).

To carry this important neuroscientific work further into rich
human experiences like déja vu and involuntary remembering
would require more advanced models of rodent memory: As it
stands, we are unsure that a rodent would be able to generate
the complex metacognitive evaluation of false familiarity that is
at the core of the déja vu experience. Another strategy proposed
by Varma & Yu is to use neuroscientific methods, and particu-
larly MEG. This approach has much to offer. For instance, we
could use simple associative memory tasks and contrast voluntary
and involuntary forms of remembering and contrast neural signa-
tures of the two on otherwise identical tasks. Curot et al. offer
concrete proposals about how to examine the brain networks
involved in déja vu and IAMs using intracranial electrical brain
stimulation, and this is perhaps the best place to start, drawing
upon classifications of patients’ experiences of IAMs and déja vu.

Several commentators identify the particular form of
temporal-lobe degeneration in dementia as an interesting exten-
sion to our work, in keeping with Kvavilashvili, NiedZwienska,
Gilbert, and Markostamou (2020) who propose that deficits in
spontaneous cognition could be used as an early marker of
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Alzheimer’s disease (AD). The commentaries do not form a con-
cordant set of proposals, and before discussing them we should
point out that there is a lack of empirical work on déja vu in
dementia, and relatively little on involuntary memories. It was
beyond the scope of the target article to consider too fully the
impact of the healthy ageing process on déja vu and IAMs, but
whilst déja vu frequency decreases with age, involuntary
memory experiences seem to stay somewhat constant across the
lifespan (Moulin et al., 2014; see also Maillet & Schacter, 2016;
Yeung & Fernandes, 2021, for discussions of age differences
in spontaneous cognitions and autobiographical memories). As
such, perhaps we need to know more about déja vu in healthy
ageing before considering it in pathological ageing, since base
rates of the experience may be so low in dementia as to render
it impossible to study.

Bastin; Gautier, Bulteau, Chapelet, & El Haj (Gautier et al.);
Irish and Zorns et al. all discuss dementia or the delusions some-
times seen in dementia patients. Whilst Irish is too generous in
her appraisal to say so explicitly, it is very difficult to reconcile
our ideas with what is known about dementia, and thus we too
would like to see involuntary memories and déja vu as “testbeds”
for theorising in health and disease. Irish focuses on the literature
on mindwandering in AD concluding that although some authors
report fewer instances of mindwandering in AD, experimental
studies show that some self-referential mindwandering is possible.
Gautier et al. propose that autobiographical retrieval in AD can
be viewed “under the lens of a ‘déja vu’ perspective, lacking the
richness of contextual and phenomenological information,” seem-
ingly proposing higher levels of déja vu in AD. Irish also consid-
ers whether higher levels of déja vu might be expected to occur in
AD, but concludes this seems unlikely. She points to a lack of
endogenous generation of mental content in AD as likely to
explain the lack of déja vu and involuntary memories in AD, sim-
ilar to Kvavilashvili et al. (2020).

We agree with Irish, but add that people with AD are known
to have deficient metacognitive access in episodic memory
(Souchay, 2007; Souchay, Isingrini, & Gil, 2002). As such, people
with AD lack the metacognitive access to episodic memory with
which to generate the conflict at the core of the déja vu experi-
ence. The schema-driven sense of familiarity described by Irish
would therefore be more likely to lead to ungated false memories,
as there would not be sufficient metacognitive and recollective
information to correct this familiarity (e.g., a “recall to reject strat-
egy,” Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; see also
Souchay & Moulin, 2009, and for a review of false memories in
AD, see El Haj, Colombel, Kapogiannis, & Gallouj, 2020). A
straightforward extension of this hypothesis would be that in
memory-impaired groups more generally, déja vu would be neg-
atively correlated with false memories.

Zorns et al. compare déja vu to different forms of delusional
misidentification (see also Sikorski & Sitek), and particularly
reduplicative paramnesia. These delusions (reviewed in Moulin,
2018) have been explicitly compared with déja vu. For instance,
Feinberg and Shapiro (1989, p. 40) describe a form of reduplica-
tion where “the patient maintains that his current experiences are
a repeat of past experiences.” Reduplicative paramnesia shows a
clear overlap with the concept of recollective confabulation,
which has been described as like permanent déja vu (see
Moulin, 2013). The delusion arguably arises because the experient
attempts to resolve intact factual knowledge of the world with
erroneous feelings or inappropriate affective signals. According
to Langdon and Coltheart (2000), this calls for a two-factor
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account of the delusion: An underlying cognitive deficit (presum-
ably a problem with over-active familiarity) combined with an
erroneous interpretation of the familiarity (the inability to reject
the familiarity as false). This is different from déja vu where the
experient is aware of the inappropriateness of the familiarity. In
sum, whereas we echo Zorns et al.’s call to explore these delusion
syndromes with reference to our proposal, and especially to con-
sider the role of the self in IAMs and déja vu, there are clear dif-
ferences between delusion and healthy experiences; notably
people with reduplicative paramnesia are anosognosic for their
overactive familiarity.

R4. Concluding remarks: The continuum between déja vu
and IAMs

A number of commentaries take issue with the notion of a con-
tinuum, and we want to avoid any metaphysical discussions
about what a continuum is, only so far as to say that déja vu
and involuntary memories must, according to our view, share
some common processes and characteristics. Water, ice and
steam share an important common characteristic, but they differ
according to context, and might be thought of as lying on a con-
tinuum. Is that comparable to the type of shared characteristics we
have hypothesised to be at the core of déja vu and IAMs?
Probably not. But until more is known about these phenomena,
it seems reasonable to us to point to shared processes available
“off-the-shelf” in the memory literature to explain how they
occur. The extent to which they operate on a continuum rests
upon our notion of the “botched” retrieval of an involuntary
memory (to use Stendardi et al.’s terminology): On the way to
having a fully fledged involuntary memory, we may “only” achieve
the strange feeling of familiarity which leads to a déja vu
Staugaard argues explicitly that “the relationship between déja
vu and autobiographical memories is not continuous, but more
akin to a path diagram.” Although they might share a starting
point, at some point, their paths diverge depending on the pres-
ence or absence of memory content. In principle, we agree and
this briefly summarises the key claim of our proposition.

Our boldest claim is that déja vu and IAMs belong to the same
family since they operate on the same autobiographical memory
base. Staugaard and Giilgéz & Ergen question whether déja vu
should be considered a part of autobiographical memory. We
argue that déja vu and IAMs may, at least in some circumstances,
originate from the same common processes, and are built on
autobiographical oriented information (Would we experience
déja vu without having access to our personal past?). But does
this make déja vu an autobiographical memory? We agree with
Staugaard that this would cause a serious problem for the conven-
tional definition of autobiographical memory. Thus, as long as the
instance of déja vu is embedded within and occurs in the context
of one’s personal past, we consider déja vu as an autobiographical
memory-affiliated phenomena: IAMs and déja vu share cognitive
mechanisms but at some point their paths diverge. We agree with
Staugaard that this may happen once the memory activation
reaches consciousness. Thus, we agree to disagree with Giilgoz
& Ergen saying that “clustering these constructs can be counter-
productive for research.” We believe just the opposite.

To conclude, we are indebted to our peers for their comments
on our work, and they have raised many challenges for empirical
and theoretical developments. Some issues, such as the very
notion of a continuum, are ideas which are not central to our
argument. We can let that idea go as long as we can keep the
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idea that déja vu and IAMs are related phenomena which are cen-
tral to understanding a person’s relationship with their personal
past. Future research may identify how we should think about
the role of gist extraction, pattern matching or whether there is
one type of phenomenological familiarity or two, but at this
moment, we would like our field to converge on the idea of
core and attributional systems which are critical for examining
our dimensions of content and feelings which clearly make up
our experiences of the personal past. Central to this idea is the
notion that there is a constantly active system surveying the exter-
nal environment and assessing its relation to the personal past.
This proposes that anything in the external world could possibly
act as a cue. The extent to which this cue arouses feelings or
retrieval of content from the personal past can be thought of
using a threshold mechanism, and the quality and classification
of what comes to mind rests on what level of activation the cue
affords, and how this activation is interpreted. We believe that,
as suggested by Li, Jones, & Laird (Li et al.), in future we will
be able to develop computational models of both IAMs and
déja vu that may allow testing at least some ideas presented in
our framework. We welcome such a possibility with interest, espe-
cially since Li et al. already successfully modelled IAMs and pro-
spective memory.

As a final remark, we are convinced that discussing déja vu in
the context of autobiographical memory research and its theory,
especially given the fact that personal past is a key context in
which it occurs, may advance our understanding of déja vu.
Over the years, déja vu was not even close to being linked with
autobiographical memory although it clearly is about the personal
past. We believe that it is time to deepen our understanding of not
only déja vu but also IAMs. There are plenty of questions to be
answered. Some of which, we argue, can only be solved by taking
a new perspective based on thinking about memory retrieval
being rich and multidimensional, and above all dynamic. In
their commentary, Markowitsch, Kordon, & Staniloiu remind
us of the classical conceptualisation of memory systems. In our
framework, we quite deliberately and extensively discussed the
dynamic aspects of memory retrieval processes which are not
system-unique. If nothing else, studying déja vu and involuntary
memories should help us shift focus away from this traditional
systems approach onto a more nuanced, ever-active, person-
centred view of the cognitive neuroscience of memory retrieval.
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Note

1. Nonetheless, of those people who reported having had the experience,
the frequency of déja vu was related to IAMs (non-parametric correlations,
r[618] = 0.16, p <0.001 [weekly] and r[620] = 0.24, p <0.001 [yearly]).
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