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Research on emotional learning and memory is traditionally
approached from one of two directions: episodic memory and
classical conditioning. These approaches differ substantially in
methodology and intellectual tradition. Here, we offer a new
approach to the study of emotional memory in humans that
involves integrating theoretical knowledge and experimental
techniques from these seemingly distinct fields. Specifically,
we describe how subtle modifications to traditional Pavlovian
conditioning procedures have provided new insight into how
emotional experiences are selectively prioritized in long-term
episodic memory. We also speculate on future directions and
undeveloped lines of research where some of the knowledge
and principles of classical conditioning might advance our
understanding of how emotion modifies episodic memory, and
vice versa.
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Introduction

"T'he ability to remember emotional events can adaptively
guide behavior in future situations. Consequently, mem-
ory systems are biased to remember experiences encoded
around the time of heightened emotional arousal, referred
to as the emotional enhancement of memory. This prior-
itization of emotional memory is adaptive insofar as it
helps ensure that we remember people, places, stimuli,
situations, and responses associated with important
experiences. Research on emotional memory tends to
fall into two largely isolated psychological disciplines
with characteristically distinct academic traditions:
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episodic memory and classical (Pavlovian) conditioning,.
Emotional episodic memory research is generally con-
cerned with explicitly stated knowledge of details sur-
rounding an emotional experience. It is dominated by
research on humans, but informed by a history of non-
human animal research focused on hippocampal-depen-
dent learning, such as spatial navigation and object rec-
ognition. Classical conditioning, on the other hand,
describes both a learning process and an experimental
procedure by which animals associate neutral stimuli in
the environment with meaningful outcomes (e.g. aversive
shock or appetitive reward). Neurobiological research on
conditioning is predominately focused on the amygdala
for its role in learning, storage, and retrieval of threat
memories. The goal of this article is to bring into focus the
correspondence between these traditionally separated
areas of emotional memory research. We briefly describe
how ‘emotional memory’ is experimentally defined in
episodic memory and conditioning research, describe
challenges to studying emotional memory for each field,
and discuss how integrating these areas of research can
advance our understanding of emotional learning and
memory.

Episodic memory and the trouble with
isolating the role of emotion

Episodic memory refers to knowledge of the time, place,
or other contextual details of an experience [1]. Research
on human episodic memory dates back to at least the late
nineteenth century [2-4], and has typically involved
testing people’s ability to explicitly recall or recognize
a variety of stimuli (words, images, etc.) or the associa-
tions between stimuli. Among the most widely replicated
findings in episodic memory research is that emotional
events are better remembered with more vividness and
higher confidence than mundane or trivial everyday
events (Figure 1) [5,6,7°]. Functional neuroimaging
research indicates that the amygdala responds to intrinsi-
cally emotional stimuli, and upregulates processing in the
hippocampus and neocortical regions to enhance long-
term episodic memory for emotional versus neutral
events [8,9]. Another hallmark of emotional episodic
memory is that the memory advantage for emotional
versus neutral details increases over time [10-12], a
process that has been linked to the strength of connec-
tivity between the amygdala and hippocampal complex at
the time of encoding [13]. This would imply that emo-
tional memory benefits are not determined entirely by
biased encoding processes, which would predict superior
memory immediately after encoding. It is widely
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A modified taxonomy of memory [68], showing how emotional memory is traditionally investigated along separate domains of inquiry that can
broadly be divided between episodic memory and Classical (Pavlovian) conditioning.

recognized, however, that the memory advantage for  perceptual resources, making it difficult to disentangle
emotional material is often confounded by a host of  heightened attention from strict emotional modulation of
additional cognitive factors related to processing the = memory processes [15]. Another issue concerns the rela-
emotional material, per se [14°°]. For instance, emotional tively restricted set of thematically related content (e.g.
items outcompete neutral items in the allocation of  taboo words, violent scenes), as compared to neutral
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stimuli that can span a range of thematic content [16].
The interrelatedness of emotional items may simply
make it easier to remember them.

One way to disentangle the effects of emotional arousal
and heightened attention at the time of encoding is to
present neutral stimuli in emotional and neutral contexts
during encoding, and then test memory for neutral stimuli
in isolation. These paradigms report that emotional con-
texts can enhance neutral item memory, a process associ-
ated with increases in amygdala-hippocampal activity and
connectivity during encoding and retrieval [17,18,19,20°];
however, the episodic enhancement effect in these stud-
ies tends to be minimal compared to typical performance
for intrinsically emotional versus neutral stimuli. Another
route to isolate the effect of emotion on episodic memory
then is to modulate arousal after encoding. Pioneering
research in rodents revealed that post-encoding arousal
activates neurohormones (e.g. noradrenaline) in the
amygdala that upregulate hippocampal processes [21].
In humans, stress induction immediately after encoding
via social stress (giving a public speech), physical stress
(submerging the subjects arm in ice water), or a drug can
also improve episodic memory for items encoded before
the stressor [22]. While this provides compelling evidence
of post-encoding arousal modulating long-term memory,
many of the issues of dissociating different stages of
memory processing remain pertinent. That is, early stud-
ies showed that immediate post-training treatments
selectively affected memory for emotional material
[23], therefore strengthening memory for items that
already receive an encoding advantage. Interestingly,
hippocampal encoding-related activity before post-
encoding stress might already determine what neutral
information gets prioritized by stress during a period of
memory consolidation [24°]. Recent evidence also shows
that emotional experiences generate persistent emotional
encoding states in amygdala-hippocampal networks that
carry-forward in time, influencing encoding and enhanc-
ing memory formation for neutral information encoun-
tered several minutes afterward [25°°].

Given that characteristics of emotional stimuli can con-
found the interpretation of emotional memory enhance-
ment, and the inconsistencies and complex selectivity of
post-encoding manipulations, a methodology by which
otherwise neutral information comes to acquire emotional
significance would help disentangle intrinsic properties of
the stimulus from emotion-mediated influences on mem-
ory. Pavlovian conditioning provides such a methodology.

Pavlovian conditioning and the trouble of
isolating individual learning experiences
Conditioning refers to both a learning process and an
experimental procedure by which neutral conditional
stimuli (CS) acquire the capacity to elicit learned behav-
ioral conditional responses (CR) via association with a

biologically salient unconditional stimulus (US). It is
traditionally considered an implicit (non-declarative)
form of memory mostly unconnected to declarative mem-
ory processes [26] (Figure 1). The dominant conditioning
paradigm is threat conditioning. Threat conditioning has
proved an indispensable model to answer questions on
the nature of learning and memory representations in the
brain; it is rapid, strong, stable, and has objective neural
and behavioral correlates conserved across species
[27°°,28]. The overwhelming advantage to threat condi-
tioning protocols is the ease by which learning and
memory strength can be inferred by the magnitude of
the CR. For instance, if an animal learns that a CS predicts
a painful shock (US), they will display an overt CR
relevant to anticipation or delivery of the US (e.g.
hypo-analgesia or freezing) indicating that they anticipate
an impending threat. If during a retention test at some
later time the CS elicits a CR of similar magnitude, then
the experimenter can infer that the animal learned,
stored, and retrieved a long-term memory of the CS-
US association. While admittedly a simplified description
of an animal learning experiment, the focus is ultimately
on the expression (or lack thereof) of the CS-US memory
as a measurable CR. In other words, the CR is the e facto
memory, the magnitude of which reflecting the strength
of the underlying memory trace.

It is well appreciated, however, that behavioral perfor-
mance (the CR) at the time of test can be a poor indicator
of the animal’s long-term memory, or ‘what it
remembers,” sometimes referred to as the learning versus
performance distinction [29]. For instance, the animal
might remember that the tone was paired with shock; but
if it also remembers that the tone was sometimes pre-
sented without the shock—for instance during extinc-
tion—then it may not show a CR. The animal also likely
formed a number of other associations with the CS
(temporal, contextual), and the CS-US memory is also
likely to engage a number of learning processes and
response systems beyond the overt CR under investiga-
tion [30]. If the animal does not show a CR after a
retention interval, it could be that the animal never
formed a CS-US memory, the CR is temporarily inhib-
ited, or the animal remembers a hybrid of competing
excitatory and inhibitory CS associations. The CR thus
provides an aggregate over the entire learning history and
can thus be a poor indicator of what an animal remembers
from individual learning events. How ‘memory’ is defined
in conditioning is especially critical when drawing infer-
ences from protocols that putatively lead to persistent
alteration of a threat memory [31], as in disrupting recon-
solidation [32].

In summary, Pavlovian conditioning reveals how animals
acquire adaptive emotional responses. But the CR is often
measured as a unitary response that reflects one aspect of
a CS-US memory built up over a series of trials [30,33]. A
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multitude of associations engaged by other behavioral
systems might provide a more comprehensive reflection
of what, precisely, an animal learns and remembers from
the conditioning experience.

Charting the overlap between episodic
memory and Pavlovian conditioning

Because human conditioning research is overwhelmingly
informed by cue and context conditioning research in
rodents, it is generally unconcerned with declarative
memory processes. Likewise, because human episodic
memory research is generally concerned with higher-
order cognitive functions, it is generally unconcerned
with putatively reflexive non-declarative memory sys-
tems. Indeed, even in the realm of human fear condition-
ing these forms of memory are typically viewed as oper-
ating independently; for instance, fear conditioned
stimuli can evoke autonomic responses when presented
subliminally [34], and ‘blind sight’ patients with lesions to
the visual cortex show autonomic arousal and amygdala
activity to emotional cues (e.g. pictures of a snake or a
fearful face) in the absence of conscious awareness
[35,36]. Put together, there is no obvious role for episodic
memory processes in the basic conditioning preparation.
Correspondingly, episodic memories are an example of
one-shot learning in the absence of any obvious reinforce-
ment; thus, there is no recognizable role for classical
conditioning processes in typical episodic memory pro-
tocols. Notably, some forms of conditioning, such as
context conditioning and trace conditioning, involve hip-
pocampal processes. There is also some interesting spec-
ulation as to whether different forms of conditioning
require conscious awareness, and may therefore consti-
tute a form of explicit memory [37,38].

In conditioning, it is worth considering that memory
retention overwhelming involves implicit measures of
performance that are more or less independent of the
hippocampus (e.g. freezing or sweating). But this empha-
sis on implicit behavioral response systems does not rule
out learning in other memory systems. In fact, humans do
form episodic memory during conditioning that can be
expressed as propositional knowledge [39]. Because the
cognitive demands tend to be low, this knowledge often
takes the form of detailing the CS-US contingencies. To
comprehensively examine the link between Pavlovian
conditioning and episodic memory, we have augmented a
Pavlovian conditioning task to increase the demands on
episodic memory [40,41,42,43°,44].

In this task, the CSs are trial-unique (i.e. non-repeating)
images from a semantic category: one category is paired
with the US (CS+) and a separate category is never paired
with the US (CS—). Hence, we refer to the design as
‘category-conditioning’. Because trials are non-repeating,
each trial effectively serves as an isolated event that either
remains neutral or acquires emotional significance via a

categorical association with the US. The paradigm still
allows for typical measures of conditioning (e.g. sweating,
startle, etc.). But the trial-unique nature of the design now
affords a new opportunity to probe episodic memory for
CS+ and CS— items afterwards (Figure 2). Although this
modified conditioning design is superficially basic and
straightforward, it represents a marked departure from
traditional protocols that emphasize non-declarative mea-
sures of memory performance.

So far our labs have mostly incorporated the broad super-
ordinate categories of animate versus inanimate objects
because their neural representations are separable in
occipitotemporal regions [45]. This @ priori distinction
in how cortical regions represent category-level knowl-
edge allows for inferences on how emotional learning
modulates the representation of conceptual episodic
knowledge using multivariate fMRI analysis tools [46].
Recently, deVoogd and colleagues incorporated animals
and food (fruits and vegetables) [47°,48°] and we used
animal subcategories (birds and fishes) [42] to similar
effect. Overall, the neurobehavioral mechanisms under-
lying category-conditioning appear consistent with those
supporting classical conditioning to a simple repeated CS,
as well as systems supporting subsequent episodic mem-
ory for individual events.

Behaviorally, we have found that recognition memory is
enhanced for CS+ versus CS— trials encoded before,
during, and after Pavlovian conditioning [40-42,43°,44].
Using partial CS-US pairings, we have verified that mem-
ory is enhanced for all CS+ items, regardless of whether a
specific exemplars is paired the US. Thus, it is not the US
itself that is “stamping in” item memory, but rather the
association between the category and the US that seems
relevant for the enhancement in episodic memory. The
associative learning aspect of the design sets it apart from
protocols in which unpredictable shocks are paired with
unrelated neutral items [49]; a protocol that has inconsis-
tent effects on enhancing episodic memory.

Critically, the category conditioning paradigm can
address issues inherent to the use of intrinsically evoca-
tive stimuli in emotional memory research [14°°]. For
instance, subjects show selective retroactive memory
benefits for unique items from the CS+ object category
encoded defore conditioning [41,43°], and after condition-
ing when the US is omitted [40,43°]. The retroactive
enhancement effect provides convincing evidence that
conditioning-induced episodic memory enhancements
are independent from biased processing at the time of
encoding. Conditioning enhanced memory effects are
also much weaker (or entirely absent) at immediate
memory tests and emerge after a delay [40,41,43°]. This
suggest an important role in post-encoding consolidation
processes, in keeping with models of arousal-mediated
memory consolidation [50].
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Figure 2
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A schematic of a category-conditioning paradigm. Basic-level exemplars from two different object categories (here, animals and tools) serve as
trial-unique (i.e. non-repeating) conditioned stimuli in the framework of a conditioning paradigm. Exemplars can be presented before, during, or
after conditioning with traditional measures to evaluate conditioning, such as skin conductance, fear-potentiated startle, and threat expectancy
ratings. After learning, an episodic memory test could include CS+ and CS— exemplars encoded before, during, and after conditioning, as well as
category-related foils (e.g. different animals or tools that were not presented during learning). An example of memory performance (corrected
recognition) showing better memory for items from the CS+ than CS— category encoded before, during, and after conditioning.

The category-conditioning protocol also allows memory
strength to be evaluated as time-ordered function of when
exactly each CS exemplar was encoded. This enables
assessment for whether competing experiences of threat
and extinction are represented as separate memory traces,
as proposed by nearly all associative learning models [51—
53]. Recently, we used category-conditioning to investi-
gate whether an event boundary (i.e. a short break)
separating conditioning from extinction segments emo-
tional episodic memory for conceptually-related items
[40]. Event segmentation has received considerable inter-
est in the realm of human memory [54-60], as boundaries
separating an otherwise continuous stream of experience
have the power to organize episodic memory, but has
received far less attention in the conditioning literature
[but see 61°°]. Yet, event segmentation models [62] might
provide an explanatory mechanism to address why extinc-
tion learning generates a secondary memory trace that
competes with, but does not overwrite, threat memories
[52]. We found that when a short break separated condi-
tioning from extinction, and memory was tested after a
24-hour delay, there was a sharp drop in recognition
memory for CS+items encoded during extinction as

compared to related CS+ exemplars encoded during
conditioning [40]. There was no evidence of segmenta-
tion in memory strength for CS+items encoded during
conditioning versus extinction without a transition
between phases, or when episodic memory was tested
immediately. This perhaps suggests that event bound-
aries help shape the selective consolidation of emotional
information, at the expense of related but conflicting
information encoded shortly thereafter. Probing recogni-
tion memory as a time-ordered function of when each
item was encoded has also afforded the opportunity to
unite models of memory reconsolidation between the
episodic and conditioning literatures. Specifically, we
found that an isolated CS+ trial 10 min before extinction
[cf. 63] appears to retroactively strengthen consolidated
episodic memory for CS+items encoded the previous day
[42].

Work on event segmentation in episodic memory shares
in common aspects of recent computational models on
structured learning that clusters experience into distinct
latent causes [64-67]. Specifically, latent cause theories of
classical conditioning propose that the rapid change in
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associative value and accumulation of prediction errors
allows animals to infer that conditioning and extinction
arose from different latent states of the world, which
separates the experience of acquisition and extinction
into distinct memory traces. It is likely that the signals
that generate a new latent cause in conditioning experi-
ments share in common features of event boundaries that
are shown to segment episodic memory, and may be one
explanation for the segmentation in recognition memory
between threat conditioning and extinction in the cate-
gory conditioning paradigm [40].

Conclusions and future directions

Here we discussed how synthesizing elements of episodic
memory and classical conditioning provides unique
insight into the mechanisms of emotional memory. A
‘category conditioning’ paradigm allows neutral stimuli
to be ‘tagged’ by emotional experiences before, during, or
after learning to study the effects on the prioritization into
long-term episodic memory that circumvents many of the
confounds that have historically affected the field of
emotional episodic memory [14°°]. At the same time,
augmenting traditional conditioning protocols provides
the possibility to move beyond a unitary CR as a measure
of Pavlovian learning [29]. Episodic memory systems may
be an underappreciated system engaged during Pavlovian
conditioning that has, until recently, remained unmea-
sured in the field due to minimal demands on hippocam-
pal encoding systems during standard cue conditioning
preparations. Yet, real-world emotional experiences likely
engage both Pavlovian and episodic memory mechanisms
and, therefore, the integration of these seemingly dispa-
rate research fields is critical to understand human emo-
tional memory and its malfunctioning in disease. Fortu-
nately, by bringing together over a century of research on
two mostly isolated fields, there arise a number of exciting
avenues for future discovery on how emotional learning
modulates episodic memory.
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