
U

R
a

b

c

a

A
R
R
A
A

K
E
C
A
I
E
C
U
I
M
A
I

C

h
0

Neuroscience and Biobehavioral Reviews 69 (2016) 216–238

Contents lists available at ScienceDirect

Neuroscience  and  Biobehavioral  Reviews

journa l homepage: www.e lsev ier .com/ locate /neubiorev

nconscious  emotion:  A  cognitive  neuroscientific  perspective

yan  Smith  (Ph.D.) a,∗,  Richard  D.  Lane a,b,c

Department of Psychiatry, University of Arizona, Tucson, AZ, United States
Department of Psychology, University of Arizona, Tucson, AZ, United States
Department of Neuroscience, University of Arizona, Tucson, AZ, United States

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 21 September 2015
eceived in revised form 6 July 2016
ccepted 9 August 2016
vailable online 10 August 2016

eywords:
motion
ognition
ppraisal

nternal models

a  b  s  t  r  a  c  t

While  psychiatry  and  clinical  psychology  have  long  discussed  the  topic  of unconscious  emotion,  and
its potentially  explanatory  role in  psychopathology,  this  topic  has only  recently  begun  to  receive  atten-
tion  within  cognitive  neuroscience.  In contrast,  neuroscientific  research  on  conscious  vs.  unconscious
processes  within  perception,  memory,  decision-making,  and  cognitive  control  has  seen  considerable
advances  in  the last two decades.  In this  article,  we  extrapolate  from  this  work,  as well  as from  recent
neural models  of  emotion  processing,  to outline  multiple  plausible  neuro-cognitive  mechanisms  that
may be  able  to explain  why  various  aspects  of one’s  own  emotional  reactions  can  remain  unconscious  in
specific  circumstances.  While  some  of  these  mechanisms  involve  top-down  or motivated  factors,  others
instead  arise  due  to bottom-up  processing  deficits.  Finally,  we  discuss  potential  implications  that  these
different  mechanisms  may  have  for  therapeutic  intervention,  as well  as how  they  might  be tested  in
motion regulation
onsciousness
nconscious processing

nteroception
edial prefrontal cortex (MPFC)

nterior cingulate cortex (ACC)

future research.
© 2016  Elsevier  Ltd.  All  rights  reserved.
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ever, the nature of the emotion prior to it being further processed in
this manner is currently considerably less clear. Recent work inves-
tigating the cognitive and neural processes underlying conscious

1 While Ledoux believes that these survival circuits are responsible for gener-
ating the autonomic, cognitive, and behavioral reactions associated with the term
R. Smith, R.D. Lane / Neuroscience and

. The need for reconsideration of unconscious emotion

The concept of unconscious emotion may  at first blush appear
o be an oxymoron. What are emotions if not intense, conscious,
ubjective experiences that constitute our greatest joys and great-
st sorrows? Emotion arguably makes living worthwhile: consider
he value of life if emotions could not be experienced. Yet, with
he advent of cognitive neuroscience and the foundational dis-
inction between implicit and explicit processes that apply to all

ajor areas of cognition, including perception, attention, memory
nd decision-making, coupled with the realization that the genera-
ion, expression, experience, and regulation of emotion all involve
erceptual/cognitive mechanisms, it has been argued that the
ame implicit-explicit distinction that applies to cognition gener-
lly also applies to emotion (Kihlstrom et al., 2000; Lane et al., 2000;
mith and Lane, 2015). Indeed, evidence that unconscious emotion
xists, at least in some forms, is now fairly strong. For example,
motionally relevant stimuli presented so briefly that perceptual
wareness is not possible nevertheless reliably influence prefer-
nces (Zajonc, 1980), consummatory behavior (Winkielman and
erridge, 2004), and can also trigger other emotion-related phys-

ological/behavioral reactions (Tamietto and de Gelder, 2010). A
rowing literature has also established that unconscious or implicit
ttitudes and beliefs have a profound effect on social behavior
McConnell and Leibold, 2001).

After reviewing a considerable body of such evidence from sev-
ral research domains – including studies of implicit memory,
he subliminal mere exposure effect, and deficit profiles in neu-
ological and psychiatric patients, as well as studies of observed
issociations between the various components of an emotional
esponse – it was suggested by Kihlstrom et al. (2000) that the
nconscious emotional effects observed in these studies can be
ub-divided into two broad categories of phenomena. The first cat-
gory – which we will call “unconsciously generated emotion” –
nvolves cases where emotional responses are themselves con-
ciously experienced/recognized, but where those emotions are
enerated in response to unconscious processes (e.g., unconscious
ercepts, thoughts, or memories). In such cases, an individual will
eport feeling an emotion, but they will not be consciously aware of
he internal/external event that caused the feeling. A slight variant
hat also falls within this broad category is a set of cases where one
s conscious of both the emotional response and the eliciting cause,
ut where one remains unaware of the causal relation between
hem. For example, one might consciously perceive a desk and
onsciously experience becoming sad, and yet not be aware that
he desk-percept caused the sadness response. In contrast to such
ases, the second category suggested by Kihlstrom et al. (2000) –
hich he calls “implicit emotion” – is instead when an emotional

esponse is generated but not consciously experienced/recognized.
n this type of case, for example, a person might display an auto-

atic fearful facial expression, exhibit an increased heart rate, and
ehave avoidantly in response to a stimulus, and afferent feedback
ould trigger unconscious representations of these changes in the

rain – yet the person would not report consciously feeling fear.
hile Kihlstrom et al. (2000) identify many behavioral findings

hat are consistent with both categories, they identify very few
nstances in which the neural basis of such effects is examined, and
his characterization remains largely true to date. Thus, although
he behavioral reality of unconscious emotion has been fairly well
stablished, a more detailed consideration of the origins, mecha-
isms, and maintenance of unconscious emotion from a cognitive
euroscientific perspective has not been undertaken, and it is the

im of this paper to attempt to fill this gap.

There are several reasons why a review of this topic is needed.
irst, advances in basic emotion theory point to the importance of
nconscious emotion. In “Rethinking the Emotional Brain” (LeDoux,
havioral Reviews 69 (2016) 216–238 217

2012), Ledoux addressed the challenges of linking animal and
human research on emotion given that humans can report on
their conscious experiences whereas other animals cannot. He pro-
posed that emotions occur when survival circuits1 are activated (in
humans or other animals), leading to changes in various aspects of
behavior, cognition, and physiology. Crucially, he argued that the
activation of such circuits is not sufficient to generate a conscious
feeling on its own. Instead, these activations must interact with
other neural systems involved in conscious processing and aware-
ness (i.e., if the organism in question possesses them), indirectly
contributing to the generation of a subjective feeling. In the case
of humans, we are learning a great deal about the neural basis of
consciousness in relation to multiple domains of cognition, partic-
ularly visual and auditory perception (Dehaene, 2014). This work
has revealed a great deal about the mechanisms of unconscious and
conscious cognition, but, with few exceptions, these insights have
not been applied to emotion. Addressing this topic will advance
our understanding of how humans are and are not like our phy-
logenetic neighbors. With regard to humans, we have recently
published a review of the hierarchical neural networks responsi-
ble for the generation, perception and regulation of conscious and
unconscious emotion (Smith and Lane, 2015), which assumed that
the full range of processing from unconscious to conscious would
occur in each domain. In this paper we consider for the first time
from the perspective of that model how emotion that is and remains
unconscious (i.e., the “implicit emotion” category) may  come about.

A second important reason for addressing this topic involves
the clinical domain of psychotherapy. Traditional psychoanalytic
concepts of affect held that unconscious emotions residing in the
id pressed for discharge but were held in the unconscious by the
forces of repression (Brenner, 1973). The advances in cognitive neu-
roscience alluded to above have led to some recognition within
psychoanalysis that concepts about the unconscious should be
updated. For example, Modell has called for a shift from traditional
concepts of the unconscious as a cauldron of forbidden impulses to a
cognitive and affective unconscious that is fundamentally adaptive
(Modell, 2010, 2008), and Ginot has elaborated on the empirical
foundation/justification and clinical implications of such a shift
(Ginot, 2015).

Within psychoanalysis, alternative models of psychopathology
focusing on dissociation (rather than conflict and repression) and
the importance of the interpersonal relationship between thera-
pist and client have been proposed – supported in part by findings
in modern cognitive and affective neuroscience (Bucci, 2016). This
perspective highlights the need to convert subsymbolic emotional
responses to symbolic, conceptual representations of emotional
experience. More generally, a fundamental principle of many psy-
chotherapy modalities is that “emotion processing” is a necessary
ingredient for therapeutic success. A quintessential example of
this is Emotion Focused Therapy, which has a substantial record
of empirical research supporting it, both in terms of outcome and
process research (Greenberg, 2010). This form of therapy involves
helping clients to experience their emotions, to become aware of
them, to label them, understand them, and transform them. How-
“emotion,” he does not believe that there is a different circuit for each of the “basic
emotion” concepts often used in psychological research (e.g., sadness, happiness,
fear). Instead such basic emotion terms are likely applied to the outputs of differ-
ent  circuits in different contexts, and their use is also likely dependent on previous
learning.
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ble manner.

2 The author was  a patient himself and had similar personal experiences with
pain and emotion. Although the author is not a clinician or researcher himself, the
facts and clinical observations as stated have been verified with the author [personal
communication 6/23/16] as an accurate account of an actual clinical encounter with
another patient witnessed by the author. Details such as whether Walter had a
history of abandonment in childhood, or the degree to which the marriage with
18 R. Smith, R.D. Lane / Neuroscience and

nd unconscious emotion suggests, however, that there may  be
any variants of unrecognized or cognitively inaccessible emotion

Brosch and Sander, 2013; Lambie and Marcel, 2002; Lane et al.,
015b; Smith and Lane, 2015; Winkielman and Berridge, 2004).
nowing what these different variants of implicit emotion are, and
hat processes keep these emotional responses from being rec-

gnized, might significantly assist clinical interventions. That is, a
ore detailed, up to date model of these processes could allow clin-

cians to tailor interventions to what each individual client needs.
hus, in this paper we aim to provide a basic taxonomy of differ-
nt neuroscientifically plausible mechanisms that may  be capable
f accounting for implicit emotions, and to highlight their various

mplications for therapeutic intervention.
A third important domain in which unconscious emotion

ppears to be highly relevant is physical health. The association
etween depression or anxiety and early mortality in a vari-
ty of disease contexts is now unequivocal (Frasure-Smith and
esperance, 2005; Friedman and Thayer, 1998; Grippo and Johnson,
009; Gross and Levenson, 1997; Kemp et al., 2010; Thayer and
ane, 2007; Thayer et al., 2010). Although the latter findings
re largely based on self-reported emotional experiences, recent
esearch also indicates that the majority of instances in which

ental stress results in detrimental physiological changes are not
ssociated with self-reported emotion (Brosschot, 2010; Brosschot
t al., 2010), particularly among people with lower trait emo-
ional awareness (Verkuil et al., 2016). This implies that emotional
rousal may  often not be consciously recognized, and, combined
ith other findings, it appears clear that persistently activated

but consciously unrecognized) emotion can have prolonged phys-
ological effects that are deleterious to health (Lane, 2008). An
xample (now replicated in several studies, reviewed in Slavich
nd Irwin, 2014) of such mechanisms is that negative emotional
rousal can produce increases in circulating pro-inflammatory
ytokines (mediated by increased sympathetic tone, reduced vagal
one, and related endocrine responses), and that such changes,
hen chronic, can increase risk of systemic disease. Therefore, a

etter understanding of the ways in which emotion can remain
nconscious/unrecognized, and how this can be overcome, might
herefore lead to improved ways to assess it, understand its
nderlying mechanisms, and intervene to prevent adverse health
onsequences.

A fourth domain, related to all of the preceding three, involves
he phenomenon of somatization or the expression of emotional
istress in the form of physical symptoms. It is estimated that at

east one third of all medical visits involve somatic complaints
hat are not adequately explained by detectable physical disease
rocesses (Kroenke, 2003), and many of these complaints may  be
ttributable to unrecognized emotional causes (Konnopka et al.,
012; Sharpe and Carson, 2001). As impairments in affective theory
f mind have been shown to contribute to this type of somatization
Stonnington et al., 2013; Subic-Wrana et al., 2010), and as somati-
ation also represents a significant health care cost (Konnopka et al.,
012), better understanding in the area of unconscious emotion
ight lead to improvements in diagnosis, treatment, and poten-

ially prevention.
Further, research within the past few decades appears to

upport the possibility that pain intensity within chronic pain
yndromes can be amplified by suppressed or unrecognized emo-
ional reactions. For example, carefully controlled experiments
ave provided evidence for the role of inhibited anger in increas-

ng somatic pain (Burns et al., 2008), and current developmental
heories seeking to explain somatoform pain have stressed the

mportant contribution of both early life adversity and the unmet
eed for emotional closeness with others (Landa et al., 2012). As
riefly mentioned above, because negative emotion can increase
odily inflammatory responses via descending autonomic path-
havioral Reviews 69 (2016) 216–238

ways (Slavich and Irwin, 2014), and inflammatory responses are
also known to amplify pain (e.g., Woolf et al., 1997), there is also
a plausible physiological process whereby such effects may  occur.
More generally, “unspeakable” personal dilemmas, in which one’s
own  needs and desires are perceived to conflict with internalized
social norms and values, appear to represent a common context in
which unrecognized emotional arousal contributes to a variety of
physical symptoms (Griffith and Griffith, 1994).

There are many well-documented cases of such unspeakable
dilemmas and their association with both amplified pain and clin-
ical observations consistent with unconscious emotion (Anderson
and Sherman, 2013; Anderson, 2017, 1998). However, most clinical
cases of this kind are often unavoidably “messy” and complex, lead-
ing to difficulties in applying any idealized neuro-cognitive model
of the type we present below with confidence. To provide a concrete
example, we will therefore make use of a simpler case vignette that
is representative of the basic elements of the types of clinical cases
that we  are interested in explaining. Specifically, we will use the
case of “Walter” (Conenna, 2013; pgs 52–53)2 who  is described as
currently mourning the loss of his wife of fifty years named Martha,
and who  said he felt both “grief and sadness.” However, he had
also simultaneously acquired unpleasant pain in his back that he
did not understand. Walter further claimed to be angry at “life,”
because “it’s not fair that good people die,” and he also said he
wished Martha was  with him right now. Over the course of ther-
apy, it was  suggested that Walter was actually angry with Martha
for dying. After a long period of silence, Walter was provoked to cry
as a result of this suggestion. He eventually composed himself, and
stated: “Yes. I can see that I’ve been angry with Martha. And I can
see that this doesn’t mean that I love her any less.” At the end of the
session, Walter is described as walking out of the room displaying
signs of improved mood and reduced somatic pain.

As stated above, we  intend to use this case vignette as a device
for the purposes of illustration/exposition; we believe it serves as
a simplified, yet concrete example representative of many others
(Anderson and Sherman, 2013; Anderson, 2017, 1998), and it con-
tains the basic elements of internal conflict, unrecognized emotion,
and somatic symptoms with which many clinicians are regularly
confronted. In this case, Walter was  aware of his back pain, his
sadness/grief due to the loss of his wife, and his anger at life. How-
ever, he did not have conscious access to the fact that he was angry
with Martha, and this appears to be related to the fact that blam-
ing (or being angry with) his wife for dying was  “impermissible”
(in the sense that it conflicted with his own  explicit norms/values
and seemed incompatible with his love for her). This case repre-
sents the type of clinical phenomena we  seek to explain through
consideration of plausible mechanisms delineated in pre-clinical
cognitive neuroscience research. After introducing relevant back-
ground information directly below, we will return to this case and
illustrate how some of the mechanisms we propose may be able to
account for experiences like Walter’s in a neurobiologically plausi-
Martha was loving or ambivalent, would certainly be clinically relevant but are not
known. Not knowing these details, we submit, makes the case more tractable for
the  analysis we  intend, whereas to include such details would add even greater
complexity, would require more specificity rather than generality, and thus would
distract from the clarity and purpose of the exposition.
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R. Smith, R.D. Lane / Neuroscience and

. A cognitive neuroscientific approach to unconscious
motion

In spite of the evidence supporting the existence of unconscious
motion and the need to better understand it, the nature of uncon-
cious emotion remains controversial. For example, the idea of
repression” – that complex, motivated unconscious factors can
eep fully formed thoughts, feelings, and memories out of aware-
ess – has been criticized in light of current conceptions within the
ognitive and neural sciences (Kihlstrom, 2002; Rofé, 2008). On the
ther hand, a growing body of work within cognitive neuroscience
as recently provided evidence for the ability to intentionally sup-
ress the retrieval of both emotional and non-emotional memories
Anderson and Hanslmayr, 2014; Depue, 2012), lending support to
he idea that unconscious motivational factors may  be capable of

odulating conscious access to mentally represented information.
n a recent review we have also defended the possibility that, in
ome cases, the conceptual meaning of one’s own  emotional reac-
ions may  fail to be appropriately represented at all, independent
f the question of conscious access (Lane et al., 2015b). Such ideas
re also broadly consistent with long-standing theories that sep-
rate emotions into theoretically distinct components, including
hysiological (autonomic/endocrine/immune) responses, behav-

oral (skeletomotor) responses, and cognitive responses (Lang,
988, 1968; Rachman, 1978). Specifically, because evidence sug-
ests that these different components can become desynchronized
rom one another (Hodgson and Rachman, 1974; Rachman and
odgson, 1974), and because part of the cognitive response can
e understood to involve conscious awareness (Kihlstrom et al.,
000), it is plausible to imagine that conscious awareness of emo-
ion could desynchronize from the physiological and behavioral
esponses (as well as from other aspects of the cognitive response).
he result would be a lack of conscious awareness of one’s phys-

ological/behavioral reactions and/or a lack of awareness of their
motional meaning (e.g., that they signify an emotion like sadness),
nd thus a lack of reportable emotional feeling.

In this article, we will use both the term “unconscious” and the
erm “unrecognized” to jointly describe instances, such as that of
Walter,” in which an emotional response is activated but not ver-
ally reported or otherwise consciously understood (and thus not
eportably experienced as a discrete emotional feeling). This falls
nto the “implicit emotion” category discussed in Section 1. Since
reud (and some of his predecessors), many have previously used
he term “unconscious,” but we believe that this term may  at times
ead to confusion; this is because emotional reactions have multi-
le components (Rachman, 1978; Shiota and Kalat, 2012), and, in
he cases under consideration, individuals appear to be conscious
f some aspects of their emotional response and not others. For
xample, they may  be fully conscious of the bodily aspects of their
motional reaction (e.g., they may  feel an increase in heart rate),
hey might be aware of strong impulses to act in a specific manner,
nd they might even recognize that they have certain types of atten-
ional/memory biases in their present state. What is clear, however,
s that in the types of cases we focus on here, such individuals often
o not consciously recognize their reactions as being emotional in
ature. That is, they do not have conscious access to the fact that
heir reaction is related to an emotion concept like anger or guilt.
lternatively, they might misidentify the nature of their emotional

eaction. For example, they might misidentify anger as fear. This
ight be especially likely to occur in cases where a person also
isidentifies the cause of their emotion, as with the phenomena

iscussed in Section 1 associated with the “unconsciously gener-

ted emotion” category (reviewed in Kihlstrom et al., 2000).

Given the paucity of available research that is specifically
irected at unconscious emotion, our major strategy will involve
aking broader lessons gleaned from the cognitive/neural sciences
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and applying them to emotion – something that has not been done
previously. Our starting point is a focus on internal representations
of situations and how their significance is automatically appraised
(including representations of the self in relation to those situations).
Emotion involves an assessment of the extent to which needs,
goals, and values are met  or not met  in a given situation, and an
adjustment of behavior, physiology, cognition and experience to
adapt to that situation (Levenson, 1994). The way  situations are
internally represented (both perceptually and conceptually), and
how the significance of such representations is then automatically
appraised, are both major determinants of whether an emotional
reaction is generated or not and, if so, what emotion is generated.
Once the emotional reaction is generated, the different aspects of
this reaction may  or may  not become consciously accessible. For
example, according to our previous hierarchical model (Smith and
Lane, 2015), if a person’s attention were sufficiently distracted, they
might not become aware of their bodily response (e.g., increased
heart rate, change in posture, etc.). Further, a person might be
aware of such bodily reactions, but still fail to consciously recognize
this reaction as one of, for example, fear. Several additional factors
will influence whether or not each aspect becomes conscious. As
such, we will discuss four foundational processes that determine
whether different aspects of an emotional reaction will become
conscious or not in a given situation.

1. Constructing/maintaining a probabilistic, unconscious “inter-
nal model,” which stores/represents acquired knowledge about
one’s self, the world and their interaction.

2. The automatic appraisal of the current situation as it is repre-
sented in this unconscious internal model.

3. Selective conscious access to elements of this (otherwise uncon-
scious) internal model.

4. Cognitive control processes associated with both the automatic
and goal-directed amplification/suppression (termed “dynamic
filtering”) of conscious access to representations within this
internal model.

As detailed below, we will argue that neuroscientific work on
automatic situational appraisal (Brosch and Sander, 2013) can be
combined with recent work on probabilistic, hierarchical internal
models (Friston, 2005; Hohwy, 2014; Moreno-Bote et al., 2011;
Vul and Pashler, 2008; Vul et al., 2009) to explain the uncon-
scious generation of an emotional reaction. By “emotional reaction”
we mean a combination of both an automatically triggered auto-
nomic/somatic reaction (e.g., changes in facial expression, posture,
breathing, vasoconstriction, etc.) and an automatically triggered
cognitive reaction (e.g., attentional/memory biases, strong moti-
vations/impulses to decide to act in specific ways, etc.). We  will
argue, however, that recent models of consciousness, which involve
many unconscious representations simultaneously competing for
conscious access (Dehaene et al., 2006), can be combined with work
on both top-down memory suppression (Anderson and Hanslmayr,
2014; Kuhl et al., 2007) and prefrontal cortex (PFC) dynamic fil-
tering mechanisms (Shimamura, 2000), to explain how motivated
factors could prevent specific aspects of this emotional response
from being selected for conscious access after they are uncon-
sciously perceived/recognized.

After reviewing current work in these areas, we will high-
light plausible interactions between these processes, and we will
illustrate how such interactions can be combined to provide
multiple mechanisms capable of explaining the cases of uncon-
scious/unrecognized emotion discussed above. In the taxonomy

we provide below, we will first discuss various “top-down” mech-
anisms capable of keeping an emotional reaction from being
consciously recognized. We  will then discuss some alternative
“bottom-up” mechanisms that are also able to account for phe-
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otypically similar phenomena. Finally, we will discuss possible
mplications of these various mechanisms for future research and
linical practice.

. Internal models and automatic appraisal

There have been several recent advances in the neural sciences
ith regard to the nature of unconscious mental processes. For

xample, when one perceives, remembers, or imagines their past,
resent, or future position in the world, (e.g., one’s relation to the
elevant objects, people, and contexts in question), the various per-
eptual/conceptual properties of these actual/potential situations
re now thought to be represented across hierarchically organized
ensory, memory, and motor systems within the brain (Danker
nd Anderson, 2010; Dayan and Daw, 2008; Friston, 2005; Hohwy,
014; Kiefer and Barsalou, 2013; Kreiman et al., 2000; O’Craven
nd Kanwisher, 2000; Pezzulo et al., 2015; Pouget et al., 2000).
ierarchical internal representations are also held about one’s

elf, including representations of both one’s physical and mental
ttributes (Friston and Frith, 2015; Metzinger, 2003; Northoff et al.,
006). This large set of inter-related representations jointly com-
rises one’s “internal model” of the world, the self, other people,
nd their relations to one another. However, as we will describe in
ore detail below, at any given moment the vast majority of the

nformation represented within this internal model is unconscious;
ne only selectively gains conscious access to specific aspects of
his internal model based on a selection process that takes various
actors into account, such as salience, goal-relevance, and probabil-
ty of accuracy (Dehaene, 2014; Dehaene et al., 2006; Moreno-Bote
t al., 2011; Vul and Pashler, 2008; Vul et al., 2009).

Counterintuitively, unlike the single, discrete percepts and
eliefs that are consciously experienced, recent work suggests
hat the representations held within this larger unconscious
nternal model are instead probabilistic; that is, as opposed to dis-
inct all-or-none representations, the brain instead simultaneously
nconsciously represents many different possible interpretations
e.g., perceptions, beliefs) about the world, self, and their rela-
ion, along with the probability that each interpretation is correct
Moreno-Bote et al., 2011; Pouget et al., 2000; Vul and Pashler,
008; Vul et al., 2009). For example, recent studies have shown that
hen shapes are embedded within the “ground” side of a visual
gure, participants do not report consciously recognizing them;
et, both neural and behavioral evidence can be found that the
rain unconsciously and automatically represents possible seman-
ic/conceptual interpretations of the shape (Cacciamani et al., 2014;
anguinetti et al., 2014). However, being on the “ground” side low-
rs the probability that this interpretation is the right one, and
his reduces the chances that it will be selected for conscious
ccess. Such studies suggest, therefore, that many interpretations
f one’s situation, at both abstract and concrete levels of descrip-
ion, are automatically represented prior to conscious processing.
hese internally represented probability distributions across multi-
le perceptual/conceptual interpretations are continually updated
ased on new sensory input, likely based on an iterative process
hat attempts to minimize the error between this sensory input
nd the input predicted by the internal model in its current form
Hohwy, 2014; Pezzulo et al., 2015).

The unconscious information within such an internal model can
lso take multiple forms (Dehaene et al., 2006). One way  in which
nformation can be unconscious is if it takes the form of activated,
ontent-bearing neural states, which are not consciously accessed.

n such cases, informational content is represented, but the indi-
idual is unaware of it. This can occur during the presentation of
ubliminal stimuli, or when attentional resources are sufficiently
axed by a separate ongoing task (Simons and Chabris, 1999). As
havioral Reviews 69 (2016) 216–238

discussed above, it can also happen if the representation in question
is estimated to have a lower probability of being correct compared
to other competing interpretations.

In contrast, a further way in which information can remain
unconscious is if it is not represented by an active neural state
at all, but only implicitly represented within the brain’s structure
– such as within the pattern of synaptic connections between neu-
rons (and the specific strengths of these connections). When a given
neural state is activated, for example, this structure will deter-
mine how connected regions of the brain and body will respond.
Hence, it can embody specific implicit rules about which stimulus
representations are linked to which responses, or which repre-
sentations predict which other representations (Pezzulo et al.,
2015). For example, due to either innate or learning-based fac-
tors, the representation of a certain perceived movement pattern
might be synaptically “wired-up” to directly trigger a fight-or-flight
response; in such cases, the perceived movement need not first acti-
vate a neural representation of the concept “threat” to trigger this
response – and thus there might not be any unconsciously activated
“threat” representation to gain conscious access to (LeDoux, 1996).
Similar phenomena have been described by Tomkins in which basic
expressions of affect in infants (such as startle or laughter) are
induced by simple changes in the intensity of sensory stimula-
tion (Tomkins, 1995). These may  be good examples of what Zajonc
referred to when he argued that “preferences need no inferences”
(Zajonc, 1980). Relatedly, similar synaptic connection strength pat-
terns are also thought to play a critical role in long-term memory
storage. For example, during memory retrieval, specific patterns of
connections (acquired due to past experience) allow for the recre-
ation of a pattern of neural activity similar to the one that was
generated during the perception of an event – and this recreated
activity pattern represents the various aspects of the memory of
that event (Danker and Anderson, 2010; Lynch, 2004).

Finally, it is important to highlight that internal models within
the brain are thought to simultaneously represent descriptions of
the self and the world (including other people) at many levels of
abstraction (Hohwy, 2014). For example, while neurons in primary
sensory regions appear to generate representations associated with
very concrete, low-level regularities (such as the presence of a spe-
cific auditory tone), higher cortical levels generate representations
associated with more abstract regularities (such as whether a series
of tones signifies a specific word/concept). Each such cortical region
might be thought of as representing one particular hypothesis space
(e.g., the space of possible tones, or the space of possible words,
etc.), and assigning a probability value to each possibility within
its respective space in response to a new wave of sensory input.
While these different hierarchical regions interact and inform one
another (e.g., hearing certain tones might be more consistent with
hearing certain words), it is important to keep in mind that they
represent distinct layers of information that can be present within
experience, and one might lose conscious access to one layer but not
the other (e.g., as when one is conscious of automatically clenching
one’s fists, but is not conscious of being angry).

As we  have characterized it, this unconscious internal model
that is maintained in the brain can be thought of as descriptive in
nature. For example, its content (when verbally described) could
include the following as one represented high-probability inter-
pretation: “I am currently sitting in a classroom, there is a green
chalkboard in front of me,  and I feel bored.” However, the signifi-
cance of this description to the person whose brain is representing it
still requires evaluation (with regard to their own needs, goals, val-
ues, etc.). “Automatic appraisal” refers to a further process within

the brain whereby distinct mechanisms receive this probabilistic,
largely unconscious “description” held within the internal model,
and then evaluate its significance in the present moment for the
person along various dimensions. It is referred to as “automatic”
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ecause at least many of the appraisal mechanisms in question
ppear capable of operating outside of awareness, and may  not
equire attention to the specific properties of one’s internal model
hat are being evaluated (Brosch and Sander, 2013).

We have recently proposed and defended a neural model of
he generation, perception, and regulation of one’s own emo-
ional states (Smith and Lane, 2015), and in that model, appraisal
lso operates on a hierarchical, iterative basis. Some appraisal
imensions, such as “novelty” and “concern relevance,” can be
valuated quickly, whereas others, such as “goal-congruence,”
agency/control,” and “compatibility with norms/values,” may
equire greater computational resources (and hence more time).
ppraising one’s internally represented situation along each of

hese dimensions also appears to involve distinct brain regions. In
ur model, for example, the initial evaluation of concern relevance
ecruits the amygdala, whereas evaluations of goal-congruence
ecruit the dorsal anterior cingulate (dACC) and dorsolateral pre-
rontal cortex (DLPFC). Evaluating agency/control instead involves a
road network of regions, including dorsomedial prefrontal cortex
DMPFC), the temporoparietal junction (TPJ), and sensory-motor
ortices, among other regions. Evaluating norm/value compatibility
described further below) recruits anterior temporal and dorsolat-
ral frontal regions. Finally, the ventromedial prefrontal cortex (via
nteraction with several other appraisal-related brain regions) may
ventually arrive at a global evaluation of the affective meaning
f one’s represented situation, after integrating broader informa-
ion about one’s current context and one’s present goals (Roy
t al., 2012). This region may  also be necessary for appraising, and
nconsciously generating emotional reactions, while entertaining
ossible, as opposed to actual, situations (Gupta et al., 2011).

Although the exact number and type of appraisal dimensions
osited varies between theories (for example, see Frijda, 1986;
azarus, 1991; Reisenzein, 2006; Roseman et al., 1990; Scherer,
984), cross-cultural research supports the idea that unique pat-
erns in self-reported judgments across the appraisal dimensions
n such theories are associated with different self-reported basic
motions (Moors et al., 2013; Scherer, 1997). In general, the func-
ion of each of these appraisal mechanisms is to (1) detect/evaluate
eatures of one’s internal model that are significant to one’s current
oncerns, needs, goals, and values, and (2) initiate a set of appropri-
te cognitive, autonomic, neuroendocrine, and behavioral changes
n response. Given the iterative, hierarchical nature of these mech-
nisms, however, it is possible that one appraisal mechanism might
uickly initiate this type of “emotional” cognitive/bodily reaction,
hereas another might adjust that reaction shortly thereafter as
ore information becomes available.

Crucially, in our model these appraisal mechanisms do not only
valuate the unconscious representations that are estimated to be
he most likely (and which typically become conscious); instead,
hey will evaluate the full probability distribution that is unconsciously
epresented across possible interpretations. In other words, before
nitiating the cognitive/bodily responses described above, appraisal

echanisms will take into account the full range of possible inter-
retations that are represented unconsciously – and the probability
f correctness assigned to each one. This means that, for example,
n emotional reaction might be generated by automatic appraisal
echanisms in response to the unconsciously represented pos-

ibility of “threat,” even if another competing interpretation of
non-threat” was represented as having a higher probability of
ccuracy within the internal model (and was consciously acces-
ible). Further, as at least many of these mechanisms can operate
utside of awareness, these emotional reactions can be generated

ithout being consciously perceived or understood. For example,

ay that sensory input updated one’s internal model such that
t now represented a person as being “disrespectful” (i.e., it rep-
esented this interpretation as now having a high probability of
havioral Reviews 69 (2016) 216–238 221

accuracy). If so, this could, via these appraisal mechanisms, initi-
ate (1) a set of changes in one’s autonomic state, facial expression,
and body posture (Friedman and Kreibig, 2010; Kragel and Labar,
2013; Nummenmaa et al., 2014), as well as (2) a set of biases
in attention, memory retrieval, and action selection (Gupta et al.,
2011; Huntsinger, 2013; Lewis et al., 2005; Mitchell, 2011), all
without a person having conscious access to the reason for this
reaction, or to the fact that their reaction was  one of anger. Whether
a person became aware of these further facts would depend on
other processes that influence the competition for conscious access
(described below).

The idea that unconscious interpretations are still evaluated by
automatic appraisal mechanisms is supported by studies that have
shown that bodily emotional reactions, and biases in cognition and
action selection, can be generated (e.g., by subcortical structures
such as the amygdala) via subliminal perception of emotional stim-
uli (reviewed in Kihlstrom et al., 2000; Tamietto and de Gelder,
2010). Such effects can be explained by the idea that emotional
reactions are generated in response to represented interpretations
within the internal model that are not selected for conscious access.
In the case of subliminal perception, such an interpretation would
remain unconscious due to the fact that sensory input is too weak
to provide sufficient evidence in favor of that interpretation, and
hence its estimated probability would remain too low to become
conscious (see Section 4 on conscious access below). However,
the relationship between unconscious probabilistic representation,
automatic appraisal, and the generation of an emotional reaction
remains largely unexplored. One interesting hypothesis, however, is
that the degree to which an emotional reaction is generated by an
unconscious interpretation may be proportional to the estimated prob-
ability that the interpretation in question is correct. Thus, for example,
if an unconscious interpretation of “threat” was estimated to have
a 30% probability of being correct, appraisal mechanisms might
generate less intense autonomic arousal than if it was instead rep-
resented to have a 40% probability of accuracy. This could be the
case, even if another interpretation of “non-threat” had the highest
represented probability estimate in both cases, and was the inter-
pretation selected for conscious access. Future research should test
this hypothesis empirically, as it could play an important role in the
bottom-up mechanisms for keeping emotion unconscious that we
will describe later in this paper.

While we  have thus far described appraisal mechanisms as
simply “evaluating” a represented description within one’s prob-
abilistic internal model, certain learning processes also appear
capable of directly modifying the circuitry within appraisal-related
structures such that the same represented description can provoke
a different appraisal. This may  often involve both classical and oper-
ant conditioning processes (Cushman, 2013; Daw and Shohamy,
2008; LeDoux, 2012, 2013; Mitchell, 2011; Pessoa and Adolphs,
2010); for example, classic work on the amygdala has shown that
synaptic changes within specific amygdalar nuclei underlie the
acquisition of conditioned fear (LeDoux, 2012, 1996). However,
recent considerations of the role of emotions in moral psychol-
ogy have also stressed the potential “statistical intelligence” of the
appraisal and emotion generation process (Cushman, 2013; Railton,
2014). That is, while many findings within moral psychology sup-
port the idea that automatic, intuition-based emotional reactions
guide moral judgments (Greene and Haidt, 2002; Haidt, 2001;
Schnall et al., 2008; Wheatley and Haidt, 2005), it has also been
argued that these moral emotional reactions are the result of fairly
sophisticated implicit statistical rule learning mechanisms (Dwyer
et al., 2010; Railton, 2014). Traditional studies of implicit statisti-

cal rule learning, for example, have found that participants shown
several letter sequences following an “artificial grammar” (a com-
plicated set of rules stating what letters may  follow what others)
can learn, at above chance levels, to detect when the rules of that
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rammar are broken (Pothos, 2007). They do not have conscious
ccess to the grammar’s rules (e.g., they could not verbally state
hem); instead different sequences simply begin to automatically
eel right or wrong when they are presented. In a similar man-
er then, it is suggested that, in the emotional domain, automatic
ppraisal mechanisms may  be highly sensitive to statistical trends
ithin experience that signify when specific situational elements

re predictive of the need for a given emotional response (Dwyer
t al., 2010; Railton, 2014). Such implicitly learned “rules” about
hich representations should evoke which emotional responses

epresent an important example of how unconscious information
an be stored “structurally” (in the pattern of synaptic connections
etween neurons), as was described above; as conscious access
equires that information be represented within active, content-
earing neural states, this structural storage format also explains
hy these rules cannot be consciously reported (Dehaene, 2014;
ehaene et al., 2006).

The fact that these automatic appraisal mechanisms may  learn
 sort of “implicit emotional grammar,” reflecting statistical reg-
larities in the relationship between situational elements and
ppropriate emotional responses, highlights the potential intelli-
ence of unconsciously generated emotional reactions (Bargh and
orsella, 2008). Studies using the Iowa Gambling task (Bechara

t al., 1997; Buelow and Suhr, 2009; Gupta et al., 2011), for exam-
le, have found evidence that, by causing automatic unpleasant
odily reactions (or at least internal representations of such reac-
ions, Wiens, 2005), implicit statistical learning mechanisms can
ead participants to avoid choosing card decks that tend to result in
ong-term losses, even when they do not consciously understand

hy they are avoiding them. More generally, these considera-
ions also highlight the important distinction between (1) processes
nderlying “emotion generation” (many of which operate outside
f awareness) and (2) processes underlying the subsequent per-
eption of the cognitive and bodily reactions generated (and the
ecognition of their conceptual emotional meaning). Even if certain
rocesses generate an emotional reaction (e.g., the survival circuits
iscussed by LeDoux, 2012), this does not guarantee that this reac-
ion will subsequently be perceived and recognized appropriately,
r that it will enter conscious awareness. In what follows, we will
ow consider the factors that may  contribute to these further stages
f emotional processing.

. Conscious access

The above discussion of automatic appraisal highlights the need
o distinguish between conscious and unconscious aspects of emo-
ion. However, to do so requires a theory of consciousness. One
eading neuroscientific account of consciousness is the “Global
euronal Workspace” (GNW) model (Baars, 2005; Dehaene and
accache, 2001; Dehaene, 2014; Dehaene et al., 2003; Del Cul et al.,
009; Kouider et al., 2007). As we have previously proposed a
eans of extending this model to conscious/unconscious emotion

Smith and Lane, 2015), we will also draw on the insights of the
NW framework here. According to the GNW model, unconscious
erceptual processes operate in parallel, and the vast majority of
he information that is represented unconsciously fails to enter
onsciousness (and hence will not be reportable). As discussed in
he previous section, in contrast to “discrete” conscious conclu-
ions, unconsciously represented information within the brain’s
nternal model takes the form of probability distributions (that
imultaneously describe the likelihood that several different pos-

ible percepts/beliefs about the self and the world may  be correct);
ccording to the GNW framework (Dehaene, 2014), when one
xperiences a single conscious percept/belief, this is the result of
op-down control mechanisms that “sample” from one out of the
havioral Reviews 69 (2016) 216–238

many interpretations that are unconsciously represented – typi-
cally the one represented as having the highest likelihood of being
correct (Friston, 2005; Hohwy, 2014; Moreno-Bote et al., 2011; Vul
and Pashler, 2008; Vul et al., 2009). So while automatic appraisal
can evaluate the larger set of possible interpretations that are
unconsciously represented (and their estimated probabilities), con-
sciousness can only access one interpretation at a time. This means
that emotion could be generated by one of the many parts of the
internal model’s “description” that have lower represented proba-
bilities, and hence the emotion’s cause would remain unconscious
and not understood (See Fig. 1).

The GNW model suggests that these many unconsciously rep-
resented pieces of information (of the “activated neural state”
type discussed above) are each held in locally reverberating neu-
ral “buffers” (largely in posterior cortical regions), and that they
compete with one another for the ability to be “sampled” and gain
access to conscious awareness (Dehaene et al., 2006). When one of
these representations gains sufficient strength to outcompete the
others (based on factors such as attention, salience, goal-relevance,
strength of the perceptual input signal, and estimated probability of
accuracy), this initiates a top-down signal from the prefrontal cor-
tex (and associated posterior parietal regions), which amplifies the
“winning” representation and allows it to be “globally broadcast”
within a broad frontal-parietal network associated with controlled,
sequential cognition and goal-directed action selection (Andersen
and Cui, 2009; Sackur and Dehaene, 2009; Zylberberg et al., 2011).
This global broadcasting function allows the content of the winning
representation to be sufficiently “noticed” by these downstream
control systems that its content can now be held in mind, sequen-
tially manipulated, and used to inform deliberative action selection.
In essence, this frontal-parietal control network is choosing to “bet
on” a specific subset of the probabilistic hypotheses held within
the larger, unconscious internal model – typically a subset taken
to be goal-relevant and to have the highest estimated likelihood of
being correct – and using these selected representations to guide
the deliberative action selection process. As verbal reports repre-
sent one class of deliberative actions that are guided by this process,
this explains why selection for global broadcasting is a necessary
condition for verbal reportability.

As mentioned above, we  have previously applied the GNW
framework to the conscious perception/recognition of one’s own
emotional responses (Smith and Lane, 2015). According to that
model, after one’s bodily reaction is generated in response to auto-
matic appraisal mechanisms, these autonomic/somatic changes are
subsequently detected/represented within various cortical regions
that subserve interoception and somatosensation, including pri-
mary and secondary somatosensory cortices within the parietal
cortex and the left and right insular cortices. Within our model,
regions of the lateral anterior temporal lobe (LATL), as well as
the rostral anterior cingulate cortex (rACC) and adjacent medial
prefrontal cortex (MPFC), are then proposed to assign conceptual
significance to these bodily reactions, such that they are repre-
sented as signifying one or more emotion concepts (e.g., sadness,
fear, anger etc.). Critically, these sensory/conceptual representations
with regard to one’s own bodily/emotional state are also a part of
the internal model, and will be unconsciously represented in terms
of the same probability distributions across possible interpretations
discussed above.

Further, modulatory influences from appraisal mechanisms, as
well as other background expectations within one’s current con-
text, may  also contribute to what emotion concept is “assigned”
to these perceived bodily reactions as the most likely interpreta-

tion. For example, the same felt bodily reaction might be more
likely recognized as “sadness” when at a funeral than when at
a birthday party. Finally, the cognitive biases in attention, mem-
ory retrieval, and decision-making that are initiated by automatic
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Fig. 1. Conscious vs. Unconscious Processing. This figure illustrates how unconscious probabilistic representations within an internal model can result in both 1) non-
probabilistic, “all-or-none” conscious percepts/beliefs and 2) automatic emotional reactions (that may  or may  not relate to those consciously experienced percepts/beliefs).
Note  that while, for simplicity, the figure illustrates a single probability distribution over a single space of possible interpretations, the internal model we describe in the
t ces – e
d n the t
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ext  includes a large number of separate (but hierarchically linked) hypothesis spa
ifferent level of description of it (e.g., perceptual vs. conceptual). As also described i
ccess  at any given time, based on a range of factors (e.g., salience, goal-relevance, e

ppraisal mechanisms will each play a role in determining whether
hese percept- and concept-level representations of one’s own
motional reaction are selected for global broadcasting, and hence
hether they are consciously accessible to the individual from
oment to moment. For example, while certain psychological

tates might promote attention to one’s own  emotions, others
ight preferentially direct attention outward (Huntsinger, 2013).
e have suggested that a medial frontal-parietal network, involv-

ng the dorsomedial prefrontal cortex (DMPFC), and the posterior
ingulate (PCC) and precuneus, may  be primarily involved in the
ttentional selection and maintenance of emotion-related repre-
entations, such that they can be held in mind and used within
eliberative cognition.

In summary, the unconscious internal model we have described
ncludes several hierarchically linked hypothesis spaces that
escribe both one’s external and one’s internal situation. The parts
f the model that pertain to one’s external situation will involve
robabilities assigned to different possible perceptual/conceptual
escriptions of the world outside of one’s body and one’s posi-
ion in it (e.g., “I see sand and water; I am on a beach”). The parts
f the model that pertain to one’s internal situation will involve
robabilities assigned to different possible perceptual/conceptual
escriptions of the world inside of one’s body (e.g., “my  face feels
arm; I am happy”). Many interpretations/probabilities are repre-

ented in each part of the model, and only a small subset of this
nformation is selected for conscious access at any given moment

ia frontal-parietal mechanisms (discussed further in the following
ection). However, even if some representations within the internal
odel remain unconscious, they may  still be capable of influencing
ach representing a different type of information (e.g., visual vs. auditory) and/or a
ext, only representations within some of these spaces will be selected for conscious

the generation of future emotional responses, which could lead one
to be unaware of these emotional responses, their causes, or both.

5. Cognitive control

The final preliminary topic we  will discuss before introducing
our proposed taxonomy of mechanisms underlying unconscious
emotion is the broad set of processes associated with “cog-
nitive control.” Cognitive control processes have been largely
linked to distinct regions of the prefrontal cortex, and serve the
overarching function of representing goals, and coordinating the
interactions between distinct neural systems in a context- and
goal-specific manner (Braver, 2012; Gazzaniga et al., 2014, ch. 12).
The attentional selection, amplification/maintenance, and delib-
eration functions discussed in the previous section on conscious
access are examples of cognitive control, but many other important
mechanisms also fall within this broader category. One  mechanis-
tic conception of the nature of these prefrontal functions is the
idea that the PFC acts as a “dynamic filter” (Shimamura, 2000).
Dynamic filtering theory suggests that the PFC selects different top-
down signaling patterns, or “filters,” in different contexts, which
amplify/maintain the strength of some representations over others.
Crucially these PFC “filters” also suppress competing representations,
such that they are hindered from becoming consciously acces-
sible, and hence prevents them from interfering with conscious,

goal-directed cognition (Thompson-Schill et al., 2005, 1999). For
example, studies in both the visual and auditory domain have
provided evidence that goal-related PFC activation may cause
representations of irrelevant or potentially interfering perceptual
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timuli within sensory cortices to drop below baseline activation
evels (Druzgal and D’Esposito, 2003; Knight and Grabowecky,
995). Similarly, we have previously suggested that DMPFC may
epresent goals of a social/emotional nature; when activated, these
oal representations may  function to suppress/amplify represen-
ations of the thoughts and emotions of self and other that are
rrelevant/relevant to those goals, respectively (Lane et al., 2015b;
mith and Lane, 2015).

Recently, the same general result has been extended to declar-
tive memory processes, in order to explain both incidental and
otivated forgetting. With regard to explaining incidental for-

etting (i.e., accidental forgetting), one evidentially supported
echanism is referred to as “retrieval-induced inhibition.” Based

n phenomena such as part-set cueing impairment (Anderson,
003; Chan, 2009), which illustrate that retrieving some items from

 list makes it more difficult to retrieve other items from the same
ist, this explanation suggests (somewhat ironically) that incidental
orgetting can result from successfully retrieving related informa-
ion. That is, cognitive control networks within the PFC appear
o automatically suppress the accessibility of memories related to
hat has been retrieved, in order to minimize future interference

Kuhl et al., 2007). The adaptive assumption underlying this type
f automatic dynamic filtering appears to be that since the infor-
ation currently being retrieved is very likely goal-relevant (and

ence “high priority”), the accessibility of related representations
that are currently not in need of retrieval, and hence relatively
low priority”) should be inhibited so as to avoid possible future
nterference with high priority information (see Baddeley et al.,
015). Central to the topic of the present paper, this type of selective
uppression of conscious access to low priority information occurs
ntirely outside of awareness, and since it appears to be based on

 type of heuristic assumption about future goal-relevance, it can
ften frustrate an individual’s present goals of retrieving pieces of

nformation stored in long-term semantic or episodic memory.
Also directly relevant to the topic of this paper, recent research

as found that people can cause themselves to forget certain infor-
ation in a “voluntary” or “motivated” fashion as well, through

oth “thought substitution” and “retrieval suppression” strate-
ies (Anderson and Hanslmayr, 2014; Benoit and Anderson, 2012;
epue, 2012). When presented with a retrieval cue, thought

ubstitution involves the intentional retrieval of a different
hought/memory, in order to keep the to-be-suppressed piece
f information out of awareness. Retrieval suppression instead

nvolves attempting to more directly keep the to-be-suppressed
tem out of mind, without replacing it with anything else. Several
tudies have now shown that, using either method, later recall per-
ormance is reduced for voluntarily suppressed items compared to
ontrol items that were never retrieved or suppressed (reviewed
n Anderson and Hanslmayr, 2014; also see Benoit and Anderson,
012). While thought substitution activates left prefrontal regions
hat appear to increase hippocampal activity (i.e., memory retrieval
or a competing item), retrieval suppression instead appears to
nvolve reduced hippocampal and sensory cortical activation as a
esult of increases in right prefrontal regions that are also impli-
ated in top-down behavioral inhibition (Aron and Poldrack, 2006;
ron et al., 2007; Benoit and Anderson, 2012). Interestingly, studies
ave found similar right prefrontal activations associated with for-
etting in psychogenic amnesia (Kikuchi et al., 2010; Tramoni et al.,
009), and other studies have also found evidence that similar types
f prefrontal inhibition can be (at least partially) initiated by uncon-
cious stimuli (Hughes et al., 2009; van Gaal et al., 2010). These
ndings both suggest that information need not be consciously

ccessible in order to trigger this type of “motivated” suppressive
ltering. Finally, recent work has provided evidence that motivated
etrieval suppression even reduces the later visual priming effects
ssociated with implicit memory (Gagnepain et al., 2014), suggest-
havioral Reviews 69 (2016) 216–238

ing potentially broad-sweeping long-term effects on unconscious
processing. It is important to highlight, however, that this work
on voluntary retrieval suppression has been the topic of multi-
ple critiques (Kihlstrom, 2002; Schacter, 2001), and it also remains
largely unexamined at present whether cues to successfully sup-
pressed emotional memories can trigger emotional responses or
related priming effects (but for some recent evidence, see Smith
et al., 2016).

The types of cognitive control mechanisms described here are
typically understood to be domain general; thus, for example, the
same processes invoked in the non-emotional areas of cognition
described above are also posited to implement top-down emotion
regulation strategies in recent models supported by neuroimaging
studies (Buhle et al., 2014). In addition, within recent large-scale
neural network models (e.g., Barrett and Satpute, 2013) emotion is
also understood to be implemented by a range of domain-general
networks. For example, emotion concept representations like “sad”
can be understood in similar terms to any other distributed concept
representation in semantic memory networks (Pobric et al., 2010;
Wilson-Mendenhall et al., 2011). Interoceptive/somatic perception
in emotion can also be understood to operate in relevantly simi-
lar ways to other cortical sensory systems. Further, studies have
found state-dependent changes in conscious access to one’s own
heart beat and respiration in emotional contexts (Khalsa et al., 2016,
2009). Thus, it is highly plausible that the same top-down control
mechanisms discussed above should also act to amplify/suppress
conscious access to representations of emotional bodily responses
and emotion concept representations. However, to date there have
been no studies (of which we are aware) that have directly tested
suppression of conscious access to information about one’s own
emotional state. Thus this also represents a potentially fruitful
avenue for future research.

6. Modeling unconscious emotion

Having reviewed the relevant background information, we will
now illustrate how interactions between the processes just dis-
cussed can provide mechanisms that explain the types of clinically
observed cases of unconscious emotion described above. Within
the neuro-cognitive framework of the literature introduced above,
we suggest that cases of unconscious/unrecognized emotion, such
as Walter’s unrecognized anger in the introduction, can ultimately
arise in two different ways: one due to top-down, motivated fac-
tors, and the other due to a bottom-up processing deficit. The
“top-down” variant involves mechanisms whereby PFC-controlled
dynamic filtering processes may  prevent concept-level represen-
tations of emotion from being selected for global broadcasting,
despite the fact that these representations are both possessed and
activated appropriately at an unconscious level. In contrast, the
“bottom-up” variant – what we have previously termed “affective
agnosia” (Lane et al., 2015b) – can occur if the concept-level repre-
sentation of one’s own emotional reaction is never activated, or if
misrecognition otherwise occurs in the absence of suppressive, top-
down influences. We  will describe mechanisms that could bring
about both of these variants below.

Before doing so, however, it will be important to further clarify
what is meant by the term “unconscious emotion.” In this paper
we mainly consider ways in which a person can have a specific
emotional reaction without consciously recognizing it (i.e., the
“implicit emotion” category described in the introduction). This
clearly implies that there are criteria that determine the identity of

an emotional reaction that are independent of conscious recognition.
Several possible criteria could be used. First, a person might be said
to have an unconscious emotion because the pattern of automatic
appraisals that were unconsciously triggered was specific to that



 Biobe

e
s
t
b
n
A
c
a
r
j
w
r
(
a
i
e
p
a
c

i
w
b
S
g
(
e
o
n
p
o
s
l
a
n
a

6

a
m
i
t

w
t
h
t
–
a
f
o
h
i
l
a
d
t
i
t
r
2
h
f
a

R. Smith, R.D. Lane / Neuroscience and

motion. According to this, a person might be said to have uncon-
cious anger because the “anger appraisal pattern” was  triggered by
he contents within their internal model. Secondly, a person might
e said to enter a certain emotional state because the specific cog-
itive/bodily reaction that was triggered is specific to that emotion.
ccording to this, a person might have unconscious fear because the
ombination of their bodily reaction (e.g., heart racing, trembling)
nd their current cognitive/behavioral tendencies (e.g., desire to
un and hide, attentional biases toward threatening stimuli) are
ointly specific to fear. Third, even if a person’s actual bodily reaction

as not specific to a certain emotion, the brain might unconsciously
epresent their bodily reaction as if it were specific to that emotion
e.g., the brain might represent an increase in heart rate even if
ctual heart rate remains slow; Wiens, 2005). Fourth, a person’s
nternal model might unconsciously represent one concept-level
motional interpretation of their bodily/cognitive reaction as most
robable (e.g., the brain may  represent “anger” as the most prob-
ble self-description, but this representation is not selected for
onscious access).

It is currently controversial which of these factors can spec-
fy the identity of an unconscious emotion. For example, some

ork suggests that appraisal patterns and/or bodily reactions could
e emotion-category specific (Kreibig, 2010; Moors et al., 2013;
cherer, 1997), whereas other work suggests that emotion cate-
ories are conceptual categories without specific bodily correlates
Barrett, 2006; Lindquist and Barrett, 2008). It is also possible that
motion concepts, like “sadness” or “anger,” have specific ranges
f bodily correlates within individuals, but that such patterns do
ot generalize across individuals (Thayer and Faith, 1994). In this
aper, we have simply assumed that factors such as one or more
f those described above allow it to be true that a person is in a
pecific emotional state without consciously recognizing it. States
ike “unconscious anger” would not be conceptually possible in the
bsence of such identity-determining criteria. However, we  remain
eutral on which criteria are correct, and simply highlight this as
n important area for future research.

.1. Top-down recognition failures

We  will now illustrate, in detail, how, in a top-down manner,
 combination of the neuro-cognitive processes described above,
ay  be capable of accounting for cases like that of Walter detailed

n the introduction. We  will then generalize from this example case
o describe the model elements and their interactions.

First, in Walter’s case there was a precipitating event – his
ife Martha’s death. As a result of this precipitating event, Wal-

er’s unconscious internal model of the world – the probabilistic,
ierarchical perceptual/conceptual “description” of Walter’s situa-
ion in life represented across his brain’s sensory/memory systems

 was updated so as to now include her death and current
bsence from his life, as well as what that predicted about his
uture. Second, this updated, internally represented description
f his situation was received and automatically evaluated by the
ierarchical appraisal mechanisms introduced above. As Walter’s

nternal model likely conceptualized this event as signifying “the
oss of someone highly valued,” the pattern of reactions across
ppraisal mechanisms (specifically those within the amygdala and
ACC, involving concern-relevance and goal-congruence respec-
ively), and the resulting perceived bodily responses (represented
n somatosensory cortex and insula), would likely have combined
o activate the representation of the concept “sadness” (within
ACC/MPFC and LATL) (Brosch and Sander, 2013; Smith and Lane,

015). As Walter’s sadness was sufficiently salient, and relevant to
is current goals, this concept-level representation was  selected

or global broadcasting, and was therefore verbally reportable,
ble to be held in working memory, and subsequently able to be
havioral Reviews 69 (2016) 216–238 225

used within conscious deliberation when Walter was  intentionally
deciding how he should plan to navigate through his present and
future life. Thus, Walter consciously recognized his sadness.

For the sake of example in the present context, we  will assume
Walter’s internally represented description of Martha’s death also
triggered a pattern of automatic appraisals consistent with resent-
ment/anger. This assumption is consistent with the fact that he was
able to consciously assign the resulting reaction to “anger at life”;
however, another represented possible interpretation – “anger at
Martha” – did not reach conscious awareness until after therapeu-
tic intervention. The latter conceptualization could be generated if
his internal model unconsciously associated Martha’s leaving him
with the concept of “voluntary abandonment.” Perhaps, as is often
observed in clinical cases (Mahler et al., 2008), Walter had a history
in which abandonment was perceived as intentional and volun-
tary, in which case he may  have also implicitly learned to associate
abandonment with blameworthiness (either of the person doing
the abandoning or the person abandoned). Such a conclusion could
have also been reached in childhood when causal explanations such
as “she left because I was bad” are common.

Walter also clearly possessed the concept of anger, and his inter-
nal model would have likely unconsciously represented “anger” as
one of the possible interpretations of his perceived reaction that
had a high likelihood of being correct. Indeed, he even had con-
scious access to his “anger at life.” Yet, unlike Walter’s sadness,
the conceptualization that he was  “angry at Martha” was not con-
sciously accessible; he may  also have been unaware of the aspects of
his internal model that involved Martha or himself being “respon-
sible” or “to blame” for her leaving him. If, for the sake of example,
we take the above description of Walter’s case at face value, can the
elements of cognitive/affective neuroscience described above aid in
understanding it? Here we suggest that a combination of additional
unconscious appraisals, and dynamic prefrontal filtering, may  be
able to account for the elements of such cases (See Fig. 2).

First, based on Walter’s own upbringing and learning history, it
is plausible to assume he internalized a certain sort of “unconscious
emotional grammar” that contained specific implicit statistical
rules. As discussed above, these “rules” are embedded in the struc-
tural connections between neurons that determine how strongly
one representation predicts another (and therefore also determine
stimulus-response relationships); hence Walter need not have any
conceptual representation of these rules at all (conscious or uncon-
scious). The implicit rule mentioned in the previous paragraph
that “abandonment predicts blameworthiness” may be one exam-
ple. With regard to the appraisal dimension of “compatibility with
norms/values,” another important implicit rule might be something
like the following:

When someone blames or becomes angry with others for
tragic events outside of their own control, especially due
to their own resulting losses that are trivial in comparison,
this predicts negative evaluations, and loss of social support,
from those who  become aware of it.

Essentially, the events that Walter has witnessed throughout
his life would have combined so as to adjust the synaptic con-
nections between representations within his internal model to the
point where a combination of the (italicized) features on the input
end of the above stated rule is structurally represented as a sta-
tistically significant predictor of the (underlined) consequences.
Recent computational models of cortical function and learning sug-
gest the brain is fully capable of abstracting this sort of implicit
rule from trends in past experience (reviewed in Hohwy, 2014).

Further, studies have shown that accessing information regarding
one’s personal values has been linked to medial prefrontal and dor-
sal striatal activation (Brosch et al., 2012), whereas knowledge of
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Fig. 2. Top-down Mechanisms. (A-C) In step-by-step fashion, using the example case of Walter (described in the text) to provide a concrete illustration, this figure illustrates
how  the top-down mechanisms we describe can be initiated, and how they can keep an individual unaware of their own emotional state.
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ocial norms may  be represented (at least in part) within superior
nterior temporal regions (Zahn et al., 2007). Other work has also
hown that top-down control mechanisms within DLPFC may be
equired when social norms disagree with one’s personal values
Knoch et al., 2006).

We suggest therefore, that when Walter’s internal model is
pdated to include the unconscious representations of “Martha is
o blame” and “anger at Martha” as possible interpretations, this
ould initiate a further round of automatic appraisal. Since the

nconscious description of the possibility that “I am angry with
artha for dying” likely contradicted Walter’s norms/values, the

elevant appraisal mechanisms described above would trigger a
urther negatively valenced response. This response would be per-
eived as an unpleasant bodily feeling (represented in part within
he anterior insula), and would also trigger cognitive biases and

otivate the selection of cognitive/behavioral strategies designed
o diminish this negative response, at least partially through
nteractions with regions of dACC (Medford and Critchley, 2010).
his is the same sort of unpleasant feeling that may  motivate
voidant decision-making (in the absence of conscious understand-
ng) within the Iowa Gambling task discussed above (Bechara et al.,
997; Buelow and Suhr, 2009; Gupta et al., 2011). We  suggest
hat once this motivation is in place, multiple dynamic filtering

echanisms could plausibly be triggered in order to suppress the
ccessibility of Walter’s unconscious representations of “Martha
s to blame” and “anger at Martha” as possibilities. We will now
iscuss each of the ways this might happen, but the end result
f each will be that, despite the fact that such representations
ay  remain present/active within Walter’s internal model (i.e.,
ithin the reverberating neural buffers described by the GNW

ramework), they will fail to win out in the competition for global
roadcasting and remain consciously inaccessible (Dehaene et al.,
006).

.1.1. Dynamic filtering as a result of motivated retrieval biases
One way in which this might occur is through a mechanism

kin to retrieval-induced forgetting. For example, perhaps Walter
ould have initially been briefly aware of the possible interpretation
hat he was angry with Martha. If so, however, the automatic neg-
tive reaction to this possible interpretation would have quickly
otivated the search for other interpretations. The competing

nterpretation of “anger at life” would be one example. When
alter voluntarily and repeatedly retrieved (or “sampled”) these

elated, alternative interpretations from his probabilistic internal
odel, this could cause retrieval-induced forgetting mechanisms

o label the “anger” interpretation as “lower priority,” and sup-
ress its future accessibility; doing so might also be reinforced by
he resulting reductions in the intensity of his unpleasant response.
iven that what are being suppressed/retrieved are concept-level

nterpretations of Walter’s reaction, this is fairly similar to stan-
ard semantic memory retrieval processes. As described, this is
lso very similar to the work discussed above that has illustrated
educed conscious accessibility of specific memories as a result of
thought substitution” (Benoit and Anderson, 2012). That is, Walter
ight be substituting the thought “I am angry at life” in order to

void accessing the thought that he could be angry with Martha.
lternatively, such a negatively valenced response to the possibil-

ty of his anger at Martha might also motivate Walter’s use of right
LPFC-mediated retrieval suppression mechanisms (Anderson and
anslmayr, 2014).

Both of these scenarios would result in long-term suppression
f the “anger at Martha” representation by PFC-mediated dynamic

ltering mechanisms, putting the representation of this possible

nterpretation at a distinct disadvantage in the competition for
election by global broadcasting mechanisms. Further, while we
ave suggested the possibility that Walter may  have at least initially
havioral Reviews 69 (2016) 216–238 227

consciously entertained the possibility that he was angry at Martha,
the work discussed above on psychogenic amnesia (Kikuchi et al.,
2010; Tramoni et al., 2009) and unconsciously triggered inhibi-
tion (Hughes et al., 2009; van Gaal et al., 2010) both suggest that
this type of motivated suppression could be activated, even if the
“anger at Martha” interpretation was  never consciously accessed.
That is, even if the “anger at life” interpretation was represented
with a higher probability right from the start, the unconscious
(lower probability) interpretation of “anger at Martha” may  still
have been strong enough to drive appraisal mechanisms to trigger
an unpleasant bodily response.

At a minimum, patients such as Walter might be motivated to
reduce the resulting negatively valenced bodily response through
means of trial-and-error, even if no explicit knowledge of the rea-
son for that negative reaction were accessible. In other words, even
if such patients do not understand why  they feel better when they
happen to retrieve one thought as opposed to another, if they found
that retrieving certain thoughts always reduced their unpleasant
feelings more than others, such thought patterns would very likely
increase in frequency. In Walter’s case, as retrieving and focusing
on the “anger at life” interpretation would result in suppression
of the strength of the competing unconscious “anger at Martha”
interpretation, this could provide temporary reductions in his neg-
ative affect without him understanding why. This is based on the
assumption that this suppression of the strength of the “anger at
Martha” interpretation would also decrease the strength of the
unpleasant response it was  driving appraisal mechanisms to gen-
erate.

6.1.2. Dynamic filtering as a result of motivated attentional biases
A third top-down mechanism whereby conscious accessibil-

ity could be reduced to Walter’s unconscious representation of
the “anger at Martha” interpretation is through voluntary atten-
tion. Within the brain, attentional modulation appears to represent
a mechanism whereby certain streams of information can be
weighted more heavily than others in their ability to update one’s
internal model (Feldman and Friston, 2010). If Walter preferen-
tially and repeatedly attended to information that supported the
conclusion that he was  not angry with his wife Martha, and sup-
ported the conclusion that he was “angry at life” instead, this would
therefore have two effects. First, it would have the effect of shifting
the probability distributions within his internal model in a biased
manner, making the “anger at Martha” interpretation decrease in
its represented probability of being accurate (and it would also
make the represented probability of the “anger at life” interpreta-
tion increase). Second, as a result Walter would find that this tended
to cause reductions in his negative affect, because the resulting shift
in represented probabilities would also reduce how intensely auto-
matic appraisal mechanisms reacted to the possibility of “anger
at Martha.” These reductions in negative affect would therefore
reinforce Walter’s “avoidant” attentional bias.

As the global workspace network appears to preferentially sam-
ple from “high probability” interpretations (Moreno-Bote et al.,
2011; Vul and Pashler, 2008; Vul et al., 2009), this would also
decrease the chances of the “anger at Martha” representation being
selected for global broadcasting. Perhaps one of the functions of a
therapist raising the possibility of “anger at Martha” is therefore
to draw attention to the plausibility of the thought, thus shift-
ing the represented probability distributions in a way that would
increase the chances that this interpretation would be selected
for global broadcasting. As we  will discuss more below, however,
guiding attention in this way would need to be done with cau-

tion, because the intensity of arousal generated by the “anger at
Martha” interpretation (or any other “impermissible” interpreta-
tion) would increase as that interpretation became represented
as more and more probable. As we  discuss below in more detail,
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f arousal becomes too high, medial prefrontal regions involved
n mentalization and concept-level emotion representation may
ecome deactivated, hindering a person from accurately recogniz-

ng their emotional state (Lane et al., 2015a,b). Thus a therapist may
eed to foster a calm, soothing context, or actively promote use of
alming self-regulation interventions, to counteract these increases
n arousal in order to facilitate accurate conscious emotion recogni-
ion. The value that a client places on a therapist’s intervention such
s this might well be a function of the strength of the therapeutic
lliance and the level of trust established in this relationship.

.1.3. Top-down model summary
To now generalize from Walter’s example case, our summarized

odel of top-down, motivated unconscious/unrecognized emotion
ncludes the following. First, our model makes use of evidence
uggesting that the brain maintains a probabilistic, hierarchical
nternal model with a description of the world and our position

ithin it (Friston, 2010, 2005; Hohwy, 2014), and suggests that
his probabilistic description is iteratively evaluated by several
nteracting automatic appraisal mechanisms (Brosch and Sander,
013). Second, it suggests that when these appraisal mechanisms
rigger a cognitive/bodily emotional response, this response is sub-
equently unconsciously processed within multiple cortical regions
including the insula, rACC/MPFC, and LATL) and used to update
ne’s internal model further (this updating likely occurs across many
ortical regions, via iterative, hierarchical error-minimzation pro-
esses; see Friston, 2005; Gu et al., 2013; Seth, 2013). However,
hen this updated internal model includes a description of one’s

elf that is incompatible with one’s own internalized norms/values,
his can trigger another round of automatic appraisal, a further
npleasant bodily feeling, and a related motivation to select a
ognitive/behavioral strategy that is predicted to minimize the
ntensity of that unpleasant feeling. Once a strategy is found that
auses partial reductions in the intensity of this unpleasant feeling,
ts continued use can become habitual via reinforcement learn-
ng. Crucially, while these strategies may  keep an unconsciously
epresented interpretation from being consciously accessed, and
lso reduce how probable it is represented to be, they will typically
ot stop the influence that such a representation has on automatic
ppraisal mechanisms. One reason for this is that a person will have
o continually avoid evidence supporting the avoided interpreta-
ion, and thus its unconsciously represented probability will be
nlikely to drop to negligible levels. Hence, chronic, misunderstood
motion can continue to be generated – including the associated
odily autonomic/endocrine/immune system responses that may
mplify pain and explain other related somatic/health complaints
reviewed in Irwin and Cole, 2011; Schultze-Florey et al., 2012;
lavich and Irwin, 2014).

Our model remains neutral about whether one initially has
ome conscious access to such “impermissible” interpretations
f their emotional responses, or whether these aspects of one’s
pdated model, and the resulting motivational influence, remain

ully unconscious; both appear plausible, and may  be variably
pplicable to different individual cases. However, once this (con-
cious or unconscious) motivation is in place, we suggest that
ultiple related mechanisms could then prevent one’s “impermis-

ible,” unconsciously represented interpretation of their emotional
eaction from being selected for global broadcasting within GNW
rontal-parietal networks. First, the strategies of motivated thought
ubstitution or direct retrieval suppression could be reinforced, and
he repeated use of either would result in long-term suppression
f the accessibility of the impermissible interpretation, through

FC-mediated dynamic filtering mechanisms. Second, a strategy

nvolving the motivated use of selective attention could be rein-
orced; if so, this would cause a biased updating of the probability
istributions within one’s internal model, leading to lower repre-
havioral Reviews 69 (2016) 216–238

sented probability estimates that the impermissible interpretation
was correct. This would also decrease the likelihood that GNW
frontal-parietal networks would “sample” (i.e., consciously access)
this unconsciously represented interpretation.

6.2. Bottom-up, perceptual emotion recognition failures

In contrast to the top-down mechanisms described above, the
bottom-up variant of unconscious/unrecognized emotion can occur
if either (1) an individual, as a result of either brain damage or
unhealthy childhood developmental/learning processes, does not
possess concept-level emotion representations (anger, fear, guilt
etc.) relevant to the current situation, or if (2), despite possessing
such concepts, these representations are not activated appro-
priately in response to perceiving the cognitive/bodily reactions
triggered by automatic appraisal mechanisms (Lane et al., 2015b).
While this second variant could be due to stable connectivity
impairments between specific brain regions (such as the anterior
insula and rACC/MPFC), it could also occur in a state-dependent
manner during periods of very high arousal, due to the fact that high
arousal causes inhibition of activity within the rACC/MPFC regions
implicated in emotion concept representation (Lane et al., 2015a;
Thayer et al., 2012; see also Arnsten and Robbins, 2002; Arnsten,
1998; Robbins and Arnsten, 2009). Thus, if automatic appraisal
mechanisms trigger a sufficiently strong, high arousal emotional
reaction (perhaps as in the case of the “unspeakable dilemmas”
mentioned above), the resulting inhibition of rACC/MPFC could
plausibly result in a decreased ability to recognize the conceptual
emotional meaning of one’s current state (See Fig. 3). When this
high arousal state is transient, a person might be able to recog-
nize/infer his or her own  emotions after the fact (e.g., after calming
down and reflecting). However, if a description involving stable
threats to one’s needs, goals, and values persisted within one’s
internal model, automatic appraisal mechanisms could, as a result,
maintain a person in a state of chronically high arousal, resulting in
a potentially chronic deficit in recognizing one’s own emotions. This
is one way in which unconsciously represented dilemmas could
promote high arousal, and decrease both unconscious recognition
of one’s own  emotional responses and conscious understanding of
its underlying causes.

Based on our hypothesis described above – that the degree to
which an emotional reaction is generated may  be proportional to
the estimated probability of the represented interpretation driv-
ing it – there is also an interesting dynamic that could arise. That
is, as an individual comes progressively closer to gaining con-
scious awareness of an “impermissible” interpretation of their
emotional state (within psychotherapy, for example), this could
be understood to involve that interpretation coming to be repre-
sented with a higher and higher unconscious probability estimate
(within rACC/MPFC, at least in part). Typically, this would culmi-
nate in that interpretation winning the competition for conscious
access. However, as that interpretation came to be represented
as more and more probable, it would also drive more and more
intense arousal. If arousal became too intense, rACC/MPFC may
be inhibited, preventing this emotion-interpretation process from
continuing. Intense unpleasant arousal may  therefore prevent con-
scious emotion recognition in a bottom-up manner; this suggests
that therapeutic interventions may  need to involve the creation of a
safe, comforting context to counteract this type of intense arousal,
such that this type of emotion recognition process can proceed to
completion without the rACC/MPFC being deactivated.

Thus, while dynamic suppressive filtering as a result of the

mechanisms described in the previous section (thought substitu-
tion, retrieval suppression, and motivated attention) represents
one means of suppressing emotional awareness, there are also
bottom-up mechanisms for doing so (Lane et al., 2015b). In Walter’s
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ig. 3. Bottom-up Mechanisms. This figure illustrates two  possible ways in which a
f  their own  emotional state.

ase, for example, if his negatively valenced reaction (resulting from
he unconscious appraisal of norm/value incompatibility) involved
ufficiently high arousal, this would result in an inhibition of the
ACC/MPFC regions implicated in emotion concept representation.
his inhibition could prevent both the formation and accessibil-

ty of conceptual interpretations of his emotional responses in a
tate-dependent manner, and if this high arousal remained chronic
due to unresolved dilemmas within his internal model), then Wal-
er’s emotions could also remain chronically unrecognized. Thus,
lthough Walter did recognize both his anger at life and his sad-
ess, the appraisal leading to “anger at Martha” could conceivably
ave induced a higher arousal response than the other two. Perhaps
s the possibility of “anger at Martha” began to be unconsciously
ssessed, the induced arousal prevented this interpretation from
ver reaching conscious awareness because the structures required
or such concept-level functioning became inactivated.

As we have described elsewhere in detail (Lane et al.,
015b), this mechanism can also result in a sort of “short
ircuit” or “positive feedback loop,” in which one’s perceived
but incorrectly understood) bodily reactions are interpreted as
angerous/threatening, and hence drive even stronger further
eactions from automatic appraisal mechanisms. As this cycle of
automatic appraisal-threatening bodily reaction-intensified auto-
atic appraisal-intensified bodily reaction” continues, arousal

and related peripheral physiological responses) can be driven to
ntensely unpleasant levels (and fully capture one’s attention –
otentially amplifying them even further). The resulting bodily sen-
ations, devoid of understood emotional meaning, can themselves
ecome the object of concern and be a reason for seeking evalua-
ion for a medical problem. In fact, this is exactly what happened
n Walter’s case as he sought clinical treatment for back pain. In
ontrast, when a healthy individual appropriately recognizes their
odily reactions as being emotional in nature, this can “quiet down”
he reactivity of automatic appraisal mechanisms, due to the fact

hat the possibilities of physical danger or the threat of an undiag-
osed systemic disease process are no longer estimated as likely. As
ne understands their emotional origin, one will typically also have
m-up processing deficit, due to high arousal, can also keep an individual unaware

a better sense of what one needs to do in order to control/adjust
such reactions, which would also cease to drive appraisals of “lack
of control.” For example, once one understands that one’s stom-
ach pain is related to sadness, one can look for, and attempt to
adjust, aspects of one’s life that are common causes of sadness;
whereas without that understanding one is left with unpleasant
bodily symptoms and no understanding of how to deal with them
except perhaps to seek medical care.

A different type of bottom-up emotion recognition failure
appeals more directly to implicit statistical learning mechanisms.
Specifically, we suggest that learned expectations within particu-
lar contexts could also prevent appropriate bottom-up recognition
processes. In the visual domain, for example, it has been shown
that congruent visual contexts facilitate object recognition, likely
because context representations predict the presence of some
objects and not others (Bar, 2004). Thus, it would be easier to rec-
ognize a cactus in the desert than in a rainforest. Similarly many
studies suggest some contexts may  facilitate or inhibit emotion
recognition (reviewed in Barrett et al., 2011). With regard to Wal-
ter’s case, we  suggest that the context of “Martha’s death” might
be structurally represented as incongruent with him being angry
with her. This might be the case, for example, if he and Martha
had a loving relationship, and if he associated death and loss of the
relationship as involuntary. If so, when the “Martha’s death” rep-
resentation was  activated, it would inhibit the “anger at Martha”
representation. This would decrease the represented probability
that the “anger at Martha” interpretation was  correct, making it
harder for Walter to recognize it. As discussed above, however,
Martha’s absence from his life may  also simultaneously predict
abandonment for Walter, which unconsciously triggers his bodily
anger response. Therefore two  different associations with Martha’s
death might simultaneously trigger Walter’s anger and prevent its
recognition. Further, these associations would only be present in
the pattern of structural connections between the representations

in Walter’s brain (as a result of his past experiences), and therefore
he may  not have any concept-level representation of them at all
(conscious or unconscious).
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In these circumstances, a therapist’s approach to helping
alter gain conscious access to his anger at Martha may  involve a

ottom-up approach. Consistent with Gendlin’s method of “Focus-
ng” (Gendlin, 1982), for example, it may  involve drawing Walter’s
ttention to the patterns in his automatic emotional/bodily
esponses, so that he could figure out (i.e., conceptualize for the
rst time) what the implicit “rules” are that underlie them and
hat emotions the bodily sensations reflect. Once Walter gains

 conceptual representation of the fact that he associates her
bsence with abandonment, for example, the rest of his internal
odel could be updated to reflect that; this would allow him to
ore accurately interpret both his past and present behavior. If he

lso gained a conceptual representation of the implicit “rule” that
anger at Martha” was inconsistent with her death and their loving
elationship, a similar beneficial result might follow. That is, his
nternal model could be updated such that his anger was no longer
epresented as inconsistent with his love for her, and this would
acilitate his ability to fully experience/recognize his anger. Overall
herefore, coming to understand the implicit rules causing one’s
motional reactions can help provide disambiguating information,
aking it more likely that one will interpret those reactions

orrectly. This also might relate to previous work on a type of dis-
ociation (Bucci, 2016) in which hippocampal deactivation during
igh arousal can lead one to have strong emotional reactions to
erceptual cues without forming the episodic memory that would
llow one to understand why one has such reactions (Nadel and
acobs, 1998; but see Kihlstrom, 2006). Here we highlight the fact
hat failing to understand why one has such reactions will also

ake it harder to recognize their correct emotional meaning. One
ill be much more likely to correctly understand their emotional

eactions if they can correctly identify what is causing them and
hy. Thus the two categories of unconscious emotion discussed in

he introduction – unconsciously generated emotion and implicit
motion – can plausibly interact with each other in important ways.

In summary, we suggest that bottom-up emotion recognition
ailures can also involve multiple mechanisms. First, chronically
igh arousal, due to persistent conflicts represented within one’s
wn internal model, can inhibit the neural systems associated with
oncept-level emotion representation. This can result in a global
nability to represent/recognize the identity of one’s own  emotions.
f this were the case during development, one may  also not appro-
riately acquire emotion concept representations to begin with,
r one may  inappropriately link them to one’s perceived bodily
tates. This type of severe, global inability to recognize/understand
motions corresponds well to the construct of alexithymia, or what
e have more recently referred to as affective agnosia (Lane et al.,

015b; Taylor, 2000). Second, one’s learning history can lead to
pecific expectations embedded into the structural connections
ithin one’s internal model, and these implicit expectations can

lso hinder emotion recognition in particular contexts. Particularly,
hen one has implicitly learned that a certain situation is incon-

istent with a certain emotional response, this can make it difficult
o recognize that emotional response. Finally, sometimes emotion
ecognition requires that one recognize the implicit “rules” under-
ying automatic emotional/bodily responses. In such cases, one is
ttending to, and conceptualizing these implicit associations for
he first time, and doing so can update one’s internal model in
ays that facilitate accurate recognition and awareness of one’s

wn emotions.

. Discussion
.1. Limitations and opportunities

The model we propose here offers a broad and nuanced account
f a range of mechanisms related to unconscious emotion. Our
havioral Reviews 69 (2016) 216–238

model is consistent with a large body of work on unconscious social
cognition (reviewed in Bargh and Morsella, 2008), which suggests
that sensory stimuli, whether consciously perceived or not, can trig-
ger unconscious evaluative processes – and that these evaluative
processes can influence motivation and action selection outside of
awareness.

When considering potential implications of the present model,
however, it is important to first highlight its current limitations,
which all stem from a need for more direct evidential support.
While we  have appealed to many related cognitive/computational
theories of brain function that are meant to be domain general,
and which enjoy considerable support, their specific application to
emotion remains insufficiently explored. For example, while the
notions that the brain maintains an internal probabilistic model
and that conscious access is a function of selective sampling/global
broadcasting mechanisms have both received considerable eviden-
tial support (Bastos et al., 2012; Dehaene and Naccache, 2001;
Dehaene, 2014; Del Cul et al., 2009; Friston, 2010, 2005; Hohwy,
2014; Moreno-Bote et al., 2011; Vul and Pashler, 2008; Vul et al.,
2009), most of this work has involved exteroceptive sensory
systems, and its applications to interoception/emotion are just
beginning to receive exploration (Gu et al., 2013; Seth and Critchley,
2013; Seth, 2013; Smith and Lane, 2015). Further, much of what
the model proposes regarding PFC-mediated dynamic filtering,
and motivated suppression, rely heavily on an extrapolation from
research in both declarative memory and visual/auditory per-
ception. Finally, considerable research is still required to better
understand the exact nature of, and interactions between, the var-
ious appraisal mechanisms we have discussed (Brosch and Sander,
2013; Moors et al., 2013). We  have suggested, for example, that
appraisal mechanisms can respond to the unconsciously repre-
sented probabilities of multiple interpretations of one’s situation,
and that the strength of an emotional reaction may be directly
related to the probabilities represented. However, how strong
such unconscious representations need to be in order to trigger
detectable emotional reactions remains largely unexplored, and
future research should address this interesting topic. Despite these
limitations, as there is no inherent reason why the theories we
appeal to should not apply to either interoceptive perception or
emotion concept representations (and their deployment in the
interpretation of one’s own emotional responses), an important
reason for presenting the proposed model is to stimulate further
research to determine whether in fact this extrapolation to emotion
is justified. At present, the absence of evidence in support of such
an extrapolation is due to the fact that the issues have not yet (to
our knowledge) been addressed. Indeed, without articulating the
cognitive neuroscientific implications for unconscious emotion as
we have, the likelihood that such associations would be discovered
spontaneously through empirical studies alone is low.

Some authors (Solms and Panksepp, 2012) have argued that
emotions are different from other cognitive processes and are
always conscious, whereas one of us (RDL) and his colleagues
have argued elsewhere that the foundational distinction in
cognitive neuroscience between implicit and explicit processes
applies to emotion as well (Lane et al., 2000). Moreover, con-
sistent with LeDoux (2012) and others (Kihlstrom et al., 2000),
the latter perspective holds that emotional responses begin as
implicit/automatic responses and that explicit/conscious repre-
sentations of those responses may  or may  not be added. The
mechanisms outlined above can be viewed as an elaboration of how
implicit emotion processing works and is maintained, as well as
what is needed to make the transition to explicit conscious aware-

ness. In the framework we have described, implicit/unconscious
emotion is actually related to multiple processes. First, it is linked
with unconscious sensory processing, which updates the multi-
ple probabilistic interpretations that are held within the internal
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odel and that describe one’s situation in perceptual and concep-
ual terms. Second, it involves the automatic appraisal processes
hat ultimately generate an emotional reaction based on the inter-
al model’s description, where this reaction can include cognitive,
isceromotor, somatomotor and behavioral expressions of emo-
ion in the absence of a consciously perceived and/or consciously
nderstood feeling. Third, it includes the further unconscious per-
eptual processing of one’s bodily emotional reaction (that updates
he internal model further, and contributes to its description of the
elf).

To our knowledge this paper is the first in which the concept of
n internal model has been applied to the phenomenon of uncon-
cious emotion, and the first in which this internal model has been
xplicitly related to neural mechanisms associated with the dimen-
ional appraisal process preceding the generation of an emotional
esponse. Here it is important to highlight that both the uncon-
cious internal model’s description of the self/world, and the way
t is automatically appraised, play an important role in uncon-
cious emotion processing. For example, it appears plausible that,
n evaluating the emotional significance of one’s unconsciously
epresented situation, appraisal mechanisms may  draw on a com-
lex set of emotion schemas within the internal model that have
een learned in development. These schemas would include pre-
ictive information regarding which sorts of actions typically occur

n which situations, and which features of one’s situation typi-
ally predict things like threat, loss, disappointment, and so forth.
hus, the same description of one’s present situation may  pro-
oke different appraisals (and hence different emotional reactions)
n different people, because different learning histories – the effects
f which are often only implicit – may  lead people to associate the
ame situation with different predicted outcomes. These different
motional reactions would subsequently also motivate different
ecisions/behaviors.

Thus, one opportunity offered by our model is that it high-
ights potential avenues for further exploration of the way the

echanisms we have described may  interact with development
o explain cases of emotional pathology. For example, if an abusive
r distressing situation exists that is recurrent and unavoidable, a
hild may  come to learn the circumstances in which such adverse
xperiences are likely to occur; the child may  subsequently make
ognitive and behavioral adjustments to increase predictability and
inimize distress in such contexts. Repeated experiences of hav-

ng one’s optimistic expectations dashed, for example, could lead
o a reduction of optimism and an increase in pessimism; that
s, the interpretation that “bad things will continue to happen”

ould become represented as more and more probable. Further,
f one expects bad things to happen, distress may  be lessened

hen they occur (i.e., relative to those with optimistic expecta-
ions). Such adjustments could be highly adaptive in childhood. In
act, one of the major functions of such implicit learning may  be
o navigate life while minimizing emotional distress (and maxi-

izing predictability). Importantly, however, in adulthood these
djustments may  nonetheless act as a basis for recurring difficul-
ies associated with inaccurately interpreting and responding to
he world. Essentially, statistical regularities learned in a traumatic
hildhood environment will no longer be true in one’s adult life,
nd thus the automatic emotional reactions that “assume” those
egularities are true will promote maladaptive responses. They may
lso be very difficult to unlearn because they were learned through
tatistical regularities that became deeply ingrained through rep-
tition, and because unlearning may  often require gaining explicit
nderstanding of the fact that this implicit learning has occurred,

s well as why it has occurred.

Another way development may  interact with the model we have
escribed is via interactions between attention and learning. To
ee how, consider that learning efficiency in a given domain is
havioral Reviews 69 (2016) 216–238 231

modulated by attention (Feldman and Friston, 2010) such that one
learns more efficiently from a given input signal if it is attended
to. This is important in the context of the abusive/distressing
childhood environments discussed above because, in such highly
uncertain/threatening environments, one’s attention will plausibly
be directed exteroceptively the majority of the time (i.e., one will
learn to constantly monitor for possible threats, including signs of
threat in the emotional expressions of others; Paivio and Laurent,
2001). This means that one will attend relatively less to their own
internal states, and therefore have less opportunity to learn about
the patterns in their own interoceptive reactions. As a result, a per-
son would also have less opportunity to learn to understand their
own emotions, because emotion concepts themselves refer to pat-
terns in one’s bodily reactions and how those reactions covary with
changes in the external world (Smith and Lane, 2015). Therefore,
just as patterns of habitual attention can maintain a lack of emo-
tional awareness in adulthood (i.e., what we have called “top-down
attentional mechanisms in Section 6), similar reinforced atten-
tional biases can lead to reduced emotional learning in childhood
– potentially leading to the more ‘bottom-up’ emotion recognition
problems in adulthood associated with affective agnosia (Lane et al.,
2015b). This can clearly also further add to the recurring difficulties
in later adulthood described in the previous paragraph.

The recurring patterns of attention and behavior described
above, which lead to these recurring difficulties, can be more
generally understood as expressions of what a given person’s inter-
nal model has learned to predict in various situations based on
past experience, and the appraisals and emotional reactions that
result. Importantly, such learning processes can occur without a
person consciously understanding why  they are having the emo-
tional reactions that they are having, and, as described above, this
could also lead one to misidentify their emotions in such situa-
tions. Thus, one important point of this article is that not all of
the mechanisms leading to unconscious or unrecognized emo-
tion need involve motivated factors. Sometimes, a person may
fail to recognize their own emotions because they have not yet
(consciously or unconsciously) conceptualized the reason they are
having those reactions. Further, they might fail to recognize their
emotions because, based on past experience, such emotions are
not expected within specific contexts. As discussed more below,
some mechanisms for keeping emotions unconscious may  involve
bottom-up processing deficits (as opposed to top-down factors).

In contrast to the different unconscious/implicit processes
discussed above, we have also described how conscious process-
ing of emotion involves the selection of specific percept- and
concept-level representations of one’s emotional state for global
broadcasting within the GNW frontal-parietal network. When this
occurs, the relevant representations can be held in working mem-
ory, manipulated, combined with other information also held in
working memory in novel ways, and used to guide deliberative
decision-making processes (Dehaene and Sigman, 2012; Sackur
and Dehaene, 2009; Zylberberg et al., 2011, 2010). We  have also
highlighted the fact that emotional experience includes multi-
ple dissociable components, and described how representations of
some of these components can be conscious while others are not in
a given instance. For example, one might consciously experience a
fear-related bodily reaction and associated action tendencies, even
if one is not consciously aware that they are afraid. Much of what we
have said in this paper has focused on situations in which one expe-
riences an automatic emotional reaction, but fails to become aware
of the concept-level emotional meaning of that reaction. Thus, our
model helps clarify why, when thinking about unconscious emo-

tion, it is important to distinguish between 1) conscious access to
emotion-related bodily feelings and action tendencies, and 2) con-
scious access to the emotional meaning of those bodily feelings and
action tendencies.
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That being said, it should also be highlighted that recognizing
he meaning of one’s reaction can also indirectly cause changes
n how that reaction feels. This can happen in at least two  ways.
irst, to minimize error within a hierarchical internal model, the
ay that bodily feelings are represented can be adjusted so as to

e more consistent with the winning emotion concept interpreta-
ion. Thus, once a person recognizes their reaction as one of “anger,”
or example, one’s felt bodily reaction might be adjusted so as to
eel closer to a prototypical anger feeling (e.g., having recognized
hat one is feeling angry, one may  then be more likely to feel the

ost highly expected bodily expression of that feeling). Second,
s described above, correctly recognizing one’s emotional reaction
an also decrease the intensity of that reaction. This is because,
n the absence of correct recognition, it can trigger appraisals of
anger and lack of control (e.g., it might be interpreted as signs
f a heart attack), and promote a further more intense reaction.
hus, while conscious access to represented bodily reactions and
heir emotional meaning can be dissociated from one another, these
ecognition- and perception-related processes can also involve
mportant bi-directional interactions.

.2. Clinical implications

One of the stated aims of this paper was to explicate in cogni-
ive neuroscientific terms how emotion can remain unconscious, as
lausibly occurs in some clinical contexts. With respect to this aim,
he present model appears to offer important potential insights
egarding how clinicians understand the phenomenon of uncon-
cious/unrecognized emotion in their patients/clients. One major
nsight relates to the fact that, in the present framework, there are
ctually several distinct mechanisms that can lead a patient/client
o fail to consciously understand or experience specific aspects
f their own emotional reactions. Some of these mechanisms
ear some similarity to the psychoanalytic concept of repression,
hereas others do not. Further, even those mechanisms that do

ppear similar to repression have a significant amount of added
uance and complexity.

To illustrate, unlike the more recent probabilistic conceptions of
nconscious representation that we have appealed to, repression
as often been thought to involve an emotion being represented
nconsciously as a discretely recognized reaction (e.g., “I am
ngry”); in classic repression, this discrete representation would
lso only remain unconscious because of other unconscious moti-
ations to avoid the pain of becoming aware of that fact. In contrast
o this previous conception, in our framework the unconscious

ind does not represent single, discrete conclusions. Instead, the
nconscious represents multiple possible interpretations simulta-
eously, along with their probability of each being correct. These
nconsciously represented probability distributions across inter-
retations are also constantly adjusted based on incoming sensory

nput, and the degree to which any stream of sensory input is able to
pdate this internal model is weighted by attentional mechanisms.
ne important insight, therefore, is that the traditional question

was the undesired emotion recognized unconsciously or not?”
ctually assumes a false dichotomy. That is, as many interpretations
f one’s emotional state are unconsciously represented simulta-
eously, a better question would be “was the undesired emotion
nconsciously represented as a high probability interpretation or
ot?” In most situations, at least some information from memory
nd/or sensory input will be consistent with many emotional inter-
retations, and hence it is unlikely that the undesired interpretation
ill be represented with a probability of zero. Therefore, the sin-
le, discrete thought or feeling experienced consciously does not
rovide a good model of unconscious representation.

The closest thing to the classic notion of repression within the
ramework we have appealed to would involve the undesired inter-
havioral Reviews 69 (2016) 216–238

pretation being unconsciously represented as having the highest
probability (in comparison to other interpretations within the rel-
evant hypothesis space), and yet still not winning the competition
for conscious access. However, it is worth highlighting that even
the top-down mechanisms we have detailed above may  not be
best described in this way. That is, while the undesired interpre-
tation could start out having the highest probability, this does
not need to be the case in order to trigger the resulting mech-
anisms. It only needs to be represented as sufficiently probable
to drive appraisal mechanisms to generate detectable unpleasant
arousal. Further, regardless of how probable it is originally esti-
mated to be, the top-down mechanisms we  have described can
function to shift the unconsciously represented probabilities such
that the undesired interpretation is represented as less and less
probable over time. For example, the more one attends only to
information consistent with a desired interpretation, and avoids
attending to information consistent with the undesired interpre-
tation, the lower the probability estimate will become that the
undesired interpretation is correct. Yet, if considerable evidence is
present within a person’s environment to support the undesired inter-
pretation, they might end up vigilantly avoiding various aspects of their
life in order to prevent the increases in unpleasant arousal that would
result. This perspective is highly consistent with the vigilance-
avoidance theory of repressive coping (Derakshan et al., 2007).
Thus, while some aspects of the top-down mechanisms we have
described are superficially similar to repression, there are impor-
tant differences. First, the undesired interpretation need not be
the “winning” unconscious interpretation to motivate avoidance,
and second, in addition to preventing conscious access, top-down
mechanisms can also affect unconsciously represented interpreta-
tions and their estimated probabilities. Such considerations suggest
that people whose symptoms are better described by top-down
mechanisms – those that do unconsciously recognize the correct
interpretation of their emotional reaction as a likely possibility –
may  need help recognizing their previously reinforced “avoidant”
cognitive habits (such as the motivated thought substitution and
attentional strategies described above), and they may  also need
assistance in learning to replace those habits with more emotion-
ally adaptive strategies.

In contrast to a model of repression, the bottom-up mechanisms
we have described may  be more consistent with a type of dissoci-
ation, broadly construed, in which automatic emotional reactions
(based on implicit statistical learning) can become dissociated from
conscious understanding of what is causing them and why  (Bucci,
2016). In such cases, the process of becoming aware of what one is
feeling would consist of a transformative process in which a per-
son learns to map  their experienced bodily/cognitive reactions onto
the appropriate emotion concept representations, often by learn-
ing to consciously identify/understand the aspects of their internal
model that are causing such reactions. The ability to map one’s own
felt reactions to emotion concepts is also in part a function of the
range of concepts one has in one’s emotion repertoire. If someone’s
repertoire is very limited it may  consist of simple good vs. bad dis-
tinctions, whereas if it is extensive it may  consist of a wide range of
concepts (with associated words, images and metaphors) that can
be used to verbally communicate to oneself and others how one is
feeling (Lane and Schwartz, 1987). As highlighted above, this ability
to recognize one’s emotions can also result in a feedback process
that could plausibly change what is felt.

The neural mechanisms involved in these deficits are critical
because they involve the rACC/MPFC, areas that are also involved
in the regulation of physiological arousal (Thayer et al., 2012). As

described above, the relationship with arousal is such that when
arousal is high these structures become inactive, unable to exe-
cute their function of concept-level emotion representation. Thus,
rather than an active mechanism at work keeping fully formed
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ental contents (including emotion concepts) in the unconscious
repression), these mechanisms entail that consciously recognizing
ne’s emotions will not occur if the level of arousal associated with
ngaging conceptual representations is too high (dissociation).
xactly how this evolves phenomenologically and neuroanatom-

cally has not been studied, but one possibility is that individuals
ay  try to express how they feel in words but simply find that they

ren’t able to do this, analogous to a weight-lifter who does not have
he strength to lift a particular weight off the ground, and thus it
ppears that nothing has happened or been attempted. As described
bove, arousal may  also increase as an undesired interpretation of
ne’s emotional state gets closer and closer to becoming conscious
i.e., as its probability estimate continues to increase), and if arousal
ecomes too intense it could cause the rACC/MPFC to deactivate
efore the person gains conscious access. Relatedly, previous work
as also discussed how this dissociation process can occur during
emory encoding, in which the hippocampus is also deactivated

y extremely high arousal (Bucci, 2016; Nadel and Jacobs, 1998).
n such cases, implicit emotional learning will associate perceptual
ues with automatic emotional responses, but one will fail to form a
oherent episodic memory of the situation – and thus fail to under-
tand the reason for one’s later emotional responses to those cues. One

ajor therapeutic implication for the therapist is the need to mon-
tor and maintain intermediate levels of arousal in a patient/client
uring the process of trying to help them recognize and understand
heir own emotions, so as to avoid the arousal-induced inhibition
f the MPFC and related brain regions (Lane et al., 2015a).

It is intriguing to consider the possibility that the more healthy,
urturing and empathic one’s early childhood environment has
een, the better equipped a person’s medial prefrontal cortex may
e for appropriately generating such concept-level representations
f one’s emotional states. Conversely, the more abusive and trau-
atic the experiences of childhood, the more limited these same
echanisms will be. Limitations of this sort, the extreme version

f which is called affective agnosia, are associated with many types
f maladaptive behaviors including but not limited to impulsivity,
elf-injury, addiction, and somatization (Lane et al., 2015b). Help
rom a psychotherapist in providing soothing support and assis-
ance is essential in helping to keep arousal at a tolerable level
o that experiencing, labeling and processing one’s emotions can
roceed. Consistent and accurate empathy from the therapist may
xtend the person’s emotion concept repertoire and potentially
nhance the integrative capacity of the prefrontal cortex. In addi-
ion to facilitating attunement and modeling good mentalization
kills, such techniques can also be used to promote the men-
alization capacities of the client/patient (Allen, 2013). We have
reviously argued that the mentalization function of the medial
refrontal cortex is related to arousal in an “inverted-U” function
Lane et al., 2015a,b), in which it is optimal in the moderate range
f arousal. Thus, the therapist’s role would include increasing the
eak of the inverted-U and keeping arousal levels within appro-
riate bounds for recognizing one’s emotions and their underlying
auses.

Relatedly, one of us (RDL) and his colleagues (Lane et al., 2015a)
as recently proposed that the essential ingredients of endur-

ng change in psychotherapy are activation of old problematic
emories (held within the internal model), activation of a new,

orrective emotional experience that can be reconsolidated with
he old memory, and practicing new ways of interpreting situa-
ions and responding to them until they become automatic. This
rocess essentially involves converting a series of episodic memo-
ies into more enduring semantic structures that incorporate new

motional information. Put another way, the internal model can be
pdated and improved (in the sense of improved adaptability in the
dult world) for therapeutic purposes by bringing into conscious
wareness emotional experiences associated with the previous
havioral Reviews 69 (2016) 216–238 233

way of interpreting/responding, and modifying the internal model
by having vivid conscious subjective emotional experiences that
are corrective. By changing one’s memories, and how they are con-
ceptualized/interpreted (and thus changing what those memories
predict within the internal model and the probability that they will
be consciously accessed), future emotional reactions and volun-
tary behaviors in relevant contexts will be transformed. Repeatedly
practicing news ways of interpreting and responding to the world
will also serve the purpose of updating the implicit statistical prob-
abilities that have been learned.

To illustrate, consider again cases like that of Walter. In some
such cases, it is possible that no criteria are met  that would jus-
tify the conclusion that unconscious anger is present (i.e., no
anger-specific appraisal pattern, no anger-specific bodily/cognitive
reaction, no unconscious anger recognition, etc.). Instead such indi-
viduals might simply experience a tense, uncomfortable bodily
state resulting from conflicting automatic appraisals; the resulting
bodily feeling might be conceptualized as a painful somatic state
or recognized as “emotional” in nature, but in either case it will
not feel consistent with any basic emotion category like anger or
fear. In this situation, a therapist might instead be understood to
help a patient contextualize or re-conceptualize the memory of the
precipitating event – and this could lead to both a change in the
pattern of automatic appraisals and a resultant change in their sub-
sequent bodily/cognitive state (Liberzon and Sripada, 2007). If this
were the case, it would imply that when a patient “gets in touch
with” an emotion during therapy, that the emotion was not actu-
ally present previously.  Instead the therapist could be understood
to have facilitated a change in the conceptualization/appraisal of
one’s situation, and this would lead to a new and different emo-
tional reaction, and that new reaction could be therapeutic for the
patient. We  do not suggest that this is always the case; however,
some clinical cases of “getting in touch with emotion” may  be bet-
ter explained as the generation of a new emotional response, rather
than gaining conscious access to a presently existent unconscious
emotion.

If this were the case, a question arises regarding how one could
account for the “aha” experiences that often occur in psychotherapy
in which a person feels that they have indeed uncovered a previ-
ously concealed or defended-against emotion. Based on a classic
psychodynamic model, which is implicitly used in psychotherapy
modalities that involve “getting in touch with one’s feelings,” it
is assumed that the latter involves becoming consciously aware
of and labeling something that was already there. While this may
occur at times, our model also allows an alternative that is differ-
ent in two fundamental ways: 1) there isn’t one thing there but
rather multiple possible options available for selection about how
one feels; 2) the feeling of rightness or correctness does not actually
involve identifying something that was  there, but rather finding the
interpretation, at the conceptual level, that best “fits” the perceived
situation. That is, it involves finding the concept-level represen-
tation that best predicts all aspects of the situation, and hence
that best describes the significance of the interaction between the
person and the situation immediately at hand – whether that be
the immediate physical surroundings or the situation that one is
considering in one’s mind. Such a fit involves understanding the
significance of the situation for one’s needs, values and goals as
they are described in the internal model. Thus, the “yes” experi-
ence – “yes, that is how I feel” – may  not come from uncovering
what was  there but rather finding the conceptualization, emotion
label, and/or description that best captures – for the first time –
the implications of the current circumstances for meeting or not

meeting one’s needs, goals and values at that present moment.

This perspective has important implications for how therapists
view their role. While their extensive training confers expertise
in human psychology/behavior, there is the potential danger that
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herapists can view themselves as knowing more about what a
atient/client is feeling than they themselves do. One antidote to
his potential “omniscient therapist” stance is to adopt the “Not
nowing” stance endorsed by mentalization-based therapists (e.g.,
llen, 2013; Fonagy and Luyten, 2009). The latter stance is based
n the realization that it is impossible for one person to know
hat another person is feeling without the active participation of

hat person (Summers, 2013). From the perspective of our model,
ne can treat both therapist and patient/client as each having
nique vantage points – neither of which is superior to the other.
he patient/client has privileged access to information within the
omains of interoception and memory, but the therapist can also
niquely assess a patient/client’s behavior exteroceptively from a
ore neutral third-party vantage point. Importantly, both vantage

oints can gather evidence consistent with different possible inter-
retations, and a therapist might readily attend to evidence that a
atient/client has unintentionally ignored (and vice-versa). At this
oint, one can view a therapist, not as “telling a person how they
eally feel,” but as suggesting hypotheses for the patient/client to
ttend to and assess. When an interpretation is found that feels
ight to the patient/client, and this increases their sense of under-
tanding and wellbeing, this need not be seen as the result of
he therapist’s superior knowledge; instead, it can just be seen
s a useful new interpretation that ultimately changed how the
atient/client felt for the better.

.3. Implications for research

Of most general importance to future research, the consider-
tions that have contributed to our model provide many good
euroscientific- and psychological-level reasons for taking the idea
f unconscious emotion seriously. Yet they also highlight the need
or new studies that provide more direct support for the idea. Fortu-
ately, the theoretical mechanisms discussed in this article appear
o offer several interesting implications that would facilitate such
tudies.

As one example, our model suggests that appraisal mechanisms
ay  operate on probabilistic internally represented descriptions

f one’s situation, and that automatic emotional responses may
e generated proportional to the probabilities of accuracy associ-
ted with different interpretations. One way future studies might
est this is by using a conditioning paradigm where participants
earn to implicitly associate a perceptual cue with painful and non-
ainful outcomes at different probabilistic levels (e.g., where cue
xposure predicts a 20% vs. 10% chance of painful electric shock).
ne could then measure peripheral physiological responses, self-

eported beliefs about threat, and self-reported feelings of fear
and how correlated each of these measures are) in response to
ue exposure under these different learned probabilistic relation-
hips. Our model would be supported if 1) physiological responses
ere greater to cues associated with higher vs. lower probabilities

f pain, and 2) this relationship remained even under conditions
here no awareness of threat or fear was reported in relation to

he cue. Relatedly, one might also test this aspect of our model by
nding/creating stimuli that generate bi-stable percepts (such as a
ecker cube), but where one of the two competing perceptual inter-
retations is emotionally significant and the other is not. Our model
ould predict that brief exposures to such stimuli should trig-
er measurable emotional/physiological responses, even when the
elf-reported visual experience only includes the non-emotional
erceptual interpretation.3

3 Binocular rivalry paradigms (e.g., Zhang et al., 2011) might be adapted to test
or  emotional/physiological responses to unconscious perceptual interpretations in

 similar manner (i.e., using competing emotional and non-emotional stimuli).
havioral Reviews 69 (2016) 216–238

As another example, if unconscious/unrecognized emotion is in
some cases the result of the top-down suppression and dynamic fil-
tering mechanisms we  have described, then this may imply several
testable predictions. One prediction with regard to such patients
is that semantic priming effects associated with the unconscious
representation of emotion concepts ought to be detectable in both
the neural and behavioral domain (e.g., Cacciamani et al., 2014;
Sanguinetti et al., 2014). Since these semantic effects would not be
observed if emotion concept interpretations were not represented
unconsciously, this would offer an interesting test of the extent to
which unconscious emotion recognition is present in individuals
who show outward signs of a specific emotion but do not report
feeling that emotion. Creative approaches may  also be needed that
allow intensive experimental studies in single subjects and the
utilization of unique information specific to a given clinical case
(Chassan, 1979).

Another interesting possibility is that factors known to pro-
mote the recovery of forgotten (including intentionally forgotten)
memories might also increase the accessibility of unconscious emo-
tions. For example, two  factors known to promote spontaneous
recovery of forgotten memories are cue reinstatement (Bäuml
and Samenieh, 2012a,b; Goernert and Larson, 2010; Sahakyan and
Kelley, 2002; Smith and Moynan, 2008) and repeated retrieval
attempts (Erdelyi, 1996; Kazén and Solís-Macías, 2014). Cue rein-
statement involves the finding that if one can be presented with
enough cues that are sufficiently unique in their association to the
forgotten information that one is attempting to access (e.g., related
objects, contexts), this can increase accessibility. This suggests the
possibility that if a therapist were capable of providing or elic-
iting enough sufficiently unique cues to the emotion concept in
question, this might also increase their chances of gaining aware-
ness of their emotional state. The free association method which
is foundational in psychodynamic psychotherapies is highly con-
sistent with this concept. Perhaps this could also help to explain
how non-verbal therapies such as dance and art therapy work. The
evidence regarding repeated retrieval attempts suggests that one’s
chances of successfully retrieving an inaccessible memory tend to
increase with repeated retrieval attempts. Perhaps by encouraging
a patient to pay attention to their own emotional state, and facili-
tating repeated attempts to understand it, such as with journaling
(Pennebaker, 1993), therapists might also facilitate accessibility in
a similar manner. Finally, the passage of time is also correlated with
spontaneous recovery of memory (Wheeler, 1995), which suggests
that, in some cases, inaccessible emotions might also eventually
become accessible on their own. This may  be a hidden benefit of
longer term vs. brief therapies. While important differences likely
exist between concept representations in the emotional and non-
emotional domain of semantic memory, and also in the factors
acting to maintain their relative accessibility/inaccessibility, test-
ing these predictions offers one interesting means of examining
whether mechanisms similar to retrieval-induced inhibition and
retrieval suppression might also play an explanatory role in uncon-
scious emotion as we have suggested.

The mechanisms we  have described may  also be relevant to
understanding how emotion contributes to the etiology, onset
and course of systemic medical disorders. Much has been learned
over the past half century demonstrating that self-reported
emotional states such as depression and anxiety are associ-
ated with increased morbidity and mortality (Frasure-Smith and
Lesperance, 2005; Katon et al., 2005; Onitilo et al., 2006), and
also that the processes that generate negative emotion can trigger
autonomic/endocrine/immune changes (e.g., reduced vagal tone,

cortisol dysregulation, increased inflammation) that promote sys-
temic health risks (and also amplify somatic pain; reviewed in
Slavich and Irwin, 2014). What has received less attention is the
possible role of unconscious emotion in these processes, or whether
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motional feelings/appraisals must instead be conscious to have
uch effects. Attempts to understand unconscious emotional pro-
esses in health fell into disrepute by focusing exclusively on
he hypothesized links between specific unconscious conflicts and
pecific diseases (Alexander, 1950) instead of the more general
ssociations between unconscious emotion processes articulated
ere and adverse health outcomes that may  vary depending upon
he genetic predispositions and personal history of the individ-
al. An important implication of the current perspective is that
ethods used to study unconscious emotion should be applied in

linical contexts to evaluate their possible role in contributing to
oor physical health (Lane, 2008). This review has demonstrated
hat unconscious emotion can take many different forms and be

aintained through many different mechanisms. If ways can be
eveloped to identify such processes and differentially intervene

or purposes of primary and secondary prevention, the benefits
o personal health and the reduction of health care costs could be
onsiderable.

With regard to intervention, it is noteworthy that some psy-
hopharmacological medications plausibly act to alter unconscious
motional processes. Antidepressant medications, for example,
ave been shown to reduce the magnitude of amygdala responses
o negative stimuli (Anand et al., 2007; Fales et al., 2009; Fu et al.,
004; Godlewska et al., 2012; Sheline et al., 2001), and these
esponses are plausibly associated with generating both the bodily
nd attentional aspects of an emotional response (LeDoux, 2012,
996). This can be useful in reducing how intense and distract-

ng such automatic emotional reactions are, potentially allowing
sychotherapy-based interventions to work more effectively (e.g.,
arch et al., 2004; Roiser et al., 2012). Further, in at least some

ases, this psychotherapeutic process involves gaining conscious
wareness of one’s own emotions and their causes (Greenberg
nd Watson, 2006). Thus, in addition to modulating reportable
motional states like anxiety and depression, we  suggest such med-
cations can also be seen as potentially altering the unconscious
motion generation process; they may  therefore indirectly facili-
ate one’s ability to gain conscious understanding of their emotions
n therapy as well, helping to explain why the combination of phar-

acotherapy and psychotherapy is more effective than either alone
Cuijpers et al., 2014).

.4. Conclusion

In conclusion, the proposed model offers multiple neurosci-
ntifically plausible mechanisms whereby one’s own emotional
esponses might not be consciously recognized. By applying broad
essons about neural function from other areas of cognitive neu-
oscience, we have highlighted multiple potential top-down and
ottom-up processes that could maintain unconscious emotion,
nd highlighted means of testing these different proposed mecha-
isms. We  have also highlighted how, if confirmed, these variants
ould have specific implications for psychotherapeutic treatment.
ore generally, this model appears to offer a clearer sense of the

lausible nature of unconscious emotion from the perspective of
ognitive neuroscience. It can include the unconscious appraisal
f various aspects of a probabilistic internal model. It can include
nrecognized biases in attention, memory retrieval, and action
election strategies. It can also include consciously felt, but mis-
nderstood, bodily responses. Finally, it can occur both with and
ithout unconscious emotion recognition. Future work should be

esigned to further examine each of these possibilities in greater
etail.
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