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Constructing emotion through simulation
Christine D .Wilson-Mendenhall
Evidence increasingly suggests that simulations implement
patterns of prior experience to construct one’s current
experience, whether that experience is oriented in the past, in
the here and now, or in the future. Simulation is the mechanism
by which the brain capitalizes on prior learning to efficiently
navigate the situation at hand. This review examines the latest
developments in theory and empirical research that address
simulation during emotional phenomena. Integration of
evidence across multiple literatures suggests that simulation
accounts provide a unifying framework across many different
emotional phenomena and highlights the importance of
investigating dynamics, complexity, and variation in emotional
experiences moving forward.
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moment-to-moment simulation, the brain capitalizes on
prior learning to navigate the situation at hand. Anticipating based on prior experiences, and then adjusting if
necessary, is the most efficient means of preparing the
body for what might happen next [1].
Simulation is a unifying framework across recent cognitive science theories (e.g., [5,6]), neuroscience models (e.
g., [4,7,8]), and approaches to emotion (e.g., [1,9]), and
stands in contrast to classic theories that encapsulate
emotion, cognition, or perception (e.g., [10–12]). Many
empirical findings demonstrate how perceptual and cognitive phenomena are grounded in simulation (for
reviews, see [7,13,14]). Theoretical and empirical work
across several literatures is beginning to address simulation during emotional phenomena. This review integrates
these recent developments on the nature of emotion by
successively addressing how simulations underlie regulating the body, are situated and dynamic, and are assembled using language.
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Imagine you are out hiking on a crisp fall day. As leaves
crackle under your feet, you catch a glimpse of a snake a
few feet away and abruptly stop. Seconds later, you exhale
as you realize that the snake is an unusually curvy piece of
wood, and your body slowly begins to relax. Experiences
like this one provide a glimpse into the inner workings of
the brain — the simulation that is happening in every
moment. Simulation refers to probabilistic patterns of
prior experience that dynamically construct one’s current
experience [1,2,3]. In the brain, simulations are implemented as top-down prediction signals that underlie neural activity across sensory and motor cortices, including
interoceptive and visceromotor cortices [1,4]. These
predictions, as an ‘internal model,’ change dynamically,
often as sensory input deviates from them. Consider our
hiking scenario. Neural simulations constructed the experience of seeing a snake, a probabilistic inference, which
was then revised as sensory input deviated from prediction
signals specifying the snake’s appearance. Through
www.sciencedirect.com

Regulating the body
In recent accounts, top-down simulations drive visceromotor and skeletomotor actions and construct sensory perceptions during perceptual, cognitive, and emotional
phenomena [1,2]. Extensive evidence in perception,
for example, demonstrates that top-down simulations distort sensory information based on what is predicted to
occur, shaping perception and attention through expectation [2,8,15]. Most recently, these accounts are building
on models of exteroceptive perception and motor action to
address regulating the body through simulation [16].
From this perspective, even in-the-moment emotional
experiences that feel ‘triggered’ and that have been
described as ‘basic’ are constructed through simulations
that mobilize the body to interface with the world [1].
This top-down approach is a clear departure from classic
modular approaches in which perception and emotion
remain encapsulated from ‘higher level’ conceptual simulation or processing that occurs at a later stage (e.g., [10,12]).
Predictive coding models of brain function specify the
column-level prediction and error computations that
underlie how top-down simulations are implemented
across sensory and motor cortices (for reviews, see
[1,8,17,18]). Recent models extend this framework
to the visceromotor action and interoception that underlies regulating the body. More specifically, the Embodied
Predictive Interoceptive Coding (EPIC) model [16]
specifies a model of top-down simulation in which cortical
regions that send descending, efferent visceromotor signals to the body are integrated with those that receive
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ascending, afferent interoceptive signals from the body
(for an extension of the EPIC framework, see [1,4] and
for other discussions of interoceptive prediction, see
[19,20]). In this model, simulation is integral to anticipating the body’s needs, or allostasis. Allostasis refers to
anticipating changes in the body’s internal milieu and
preparing to meet those needs before they arise, which is
how the body’s many physiological systems are efficiently
kept in balance [21–23,24]. This occurs via limbic
cortices (e.g., anterior cingulate, ventral anterior insula)
initiating visceromotor signals to the hypothalamus and
brainstem nuclei that regulate the autonomic, neuroendocrine, and immune systems. These visceromotor limbic
regions also send the predicted sensory consequences of
visceromotor changes — interoceptive simulations — to
primary interoceptive cortex (as well as to the other
sensory cortices and to motor cortex).1 Comparing a
simulation (i.e., prediction signal) to ascending sensory
input from the internal milieu of the body results in
interoceptive prediction error. There are then multiple
routes to dynamically minimizing prediction error over
time, including changing prediction signals or changing
how the sensory input is sampled [16].
Initial neuroanatomical and functional connectivity findings suggest EPIC is a viable model of brain function
[1], although it remains to be tested in many respects.
Evidence that top-down simulations underlie early sensory processing is accruing across the exteroceptive sensory modalities and also during multisensory integration
(for reviews, see [2,4,8,15,26,27]). Initial evidence is
suggestive that top-down processing of interoceptive
activity also occurs [16,19,28,29]. A recent synthesis
demonstrated integration of the interoceptive/allostatic
system described above using evidence from tract-tracing
studies in macaque monkeys, intrinsic functional connectivity in multiple large-scale samples (assessed in ‘resting
state’ data), and the behavioral relevance of this connectivity emerging in individual differences [30]. During an
affective task, individuals showing stronger intrinsic connectivity within the specified allostatic/interoceptive system also demonstrated stronger concordance between
subjective ratings of arousal and objectively measured
arousal in the body (changes in the sympathetic nervous
system). These findings highlight the promise of predictive coding approaches for illuminating individual differences in emotional experience (see also [31]). Many
recent articles are building on initial findings to develop
implications for mental health, using this computational
framework to generate new hypotheses about changes
through which psychopathology emerges, including early
1
This direction of prediction flow from viseromotor regions to primary
interoceptive cortex is grounded in Barbas and colleagues model of
corticocortical connections, in which prediction signals flow from lessdeveloped granular regions (e.g., visceromotor regions) to more-developed granular regions (e.g., primary interoceptive cortex) [25].
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vulnerabilities and later crippling manifestations in physical health (e.g., [16,32–34]).

Situating dynamically
Grounding emotional phenomena in simulation removes
sharp divisions between emotion, perception, and cognition. Instead, emotional experiences become distinguished by the coordinated visceromotor, motor, and perceptual
changes that occur as simulations mobilize the body to
interface with the world (which underlie feelings, behaviors, expressions, and so on). Because these coordinated
changes reflect the situation at hand, recent theoretical
developments emphasize situating emotion [35,36].
Returning to our ‘snake mistake’ example, consider happening upon the same atypically curvy piece of wood in a
trendy home décor store. In this situation, you likely
would not initially mistake it for a snake and would likely
experience the situation very differently, perhaps with
pleasant interest. Situated approaches to the mind view
the brain as a coordinated system designed to dynamically
implement context-specific, multimodal patterns to navigate situations [2,6,35–40]. Because the multimodal
aspects of situations tend to repeatedly co-occur, during
emotional phenomena and during many other kinds of
phenomena, the simulations that construct these experiences typically involve coordinated facets of a situation
[35,37,41]. From this perspective, the situation plays a
critical role in the emergence of an emotion and should not
be considered a separate phenomenon from it [36,37].
Neuroscience evidence increasingly points to the possibility that a myriad of situated emotional phenomena
could be constructed through coordinated and interacting
neural systems that are not specific to emotion [42–44,45].
Any given experience of emotion is grounded in a series of
dynamically changing, situated simulations, which is
reflected in distributed and time-varying neural patterns
across structurally and functionally distinct networks.
Consistent with this approach, a major insight of metaanalyses examining the brain bases of emotion is that
regions consistently implicated during emotion are distributed across multiple, large-scale networks that are
involved in many different psychological phenomena
[46,47]. A recent synthesis further suggests that the
highly-connected cortical limbic regions implicated in
these meta-analyses and discussed in much research on
emotion coordinate situated simulation across sensory and
motor systems, dynamically integrating body and world,
and constructing a unified conscious experience [4].
These discoveries are initiating research that increasingly
employs more ecologically valid paradigms to induce
situated and dynamic multimodal experiences that parallel what occurs in the real world (for a special issue on
emotion in multimodal settings, see [48]). Initial research
indicates that, in general, shifts into emotional and motivational states are associated with increased functional
connectivity across disparate brain regions (for recents
www.sciencedirect.com
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reviews, see [49,50]), which is consistent with the idea
that coordinated activity mobilizes the body to interface
with the world. When intense subjective feelings of fear,
anger, or sadness emerged in a naturalistic movie-viewing
context, for example, distributed circuitry anchored in the
amygdala and subgenual anterior cingulate involved in
regulating the body showed greater connectivity with
distributed insula-based circuitry involved in orienting
attention [51].
Because, in situated simulation approaches, the situations
that characterize individuals’ lives differ, it becomes an
empirical priority to investigate variation in emotional
repertoires. Taking this approach, a recent large-scale
study revealed that ‘emodiversity’ — experiencing diverse
emotions in daily life (broadly construed) — is associated
with better mental and physical health outcomes [52].
Consistent with this finding, accumulating evidence is
demonstrating that more granular experiences of emotional situations in day-to-day life are protective [53,54].
Individuals who tend to distinguish between negative
emotional experiences (e.g., differentiating sadness, fear,
anger) are less likely to engage in destructive behavior or to
experience severe anxiety or depression [55,56]. Individuals who tend to distinguish between positive emotional
experiences (e.g., differentiating amusement, joy, pride)
exhibit greater psychological resilience [57] and those who
tend to experience greater diversity in their positive emotions exhibit lower circulating levels of inflammation [58].
Furthermore, several recent experiments demonstrate that
meaningful situational variation occurs even within common categories of emotion that we refer to with the same
word (e.g., fear, anger, sadness, disgust, happiness)
[35,44,59,60]. This recent research demonstrates the
value of situated approaches in unlocking a mechanistic
understanding of individual differences underlying human
suffering and flourishing [41].

Assembling via language
Simulation accounts draw attention to shared mechanisms
underlying ‘online’ experiences of emotions unfolding in
the world, and thinking and talking about these experiences ‘offline,’ a focus that emerges when emotion, cognition, and perception are not assumed to function separately [61]. It was probably easy for you to imagine
experiencing the ‘snake mistake’ situation in the woods
presented earlier, simply by reading a few short sentences.
During many emotional phenomena, language is a vehicle
for assembling simulations, especially when a situation is
not presently occurring — to anticipate a future scenario,
recount a past episode, and so on ([61,62]; see also [63,64]).
As words provide details that increasingly situate the
experience, top-down predictions cascade across distributed brain networks, including motor and sensory systems,
to construct experience during what is described as
remembering, imagining, and so on. From this perspective, situated simulation is a common neural mechanism
www.sciencedirect.com

for navigating many different emotional phenomena that
occur in daily life: experiences oriented in the past, in the
here and now, or in the future.
Innovative studies examining emotional phenomena
that emerge through language are providing initial support for this view. A recent meta-analysis revealed that
imagining emotional experiences from a first-person
perspective, by listening to or reading scenarios, is consistently associated with changes in behavior, experience, and peripheral physiology, and thus underlies
one of the more powerful induction techniques for
studying emotions in the lab [65]. Neuroimaging paradigms drawing on these induction techniques are
increasingly demonstrating that top-down simulations
extending into primary sensory and motor cortices underlie these emotional experiences. Studies in which participants imagined ‘being there’ in an emotional real-world
scenario showed distributed neural activity that
extended into primary visual, motor, and somatosensory
cortices [37,66]. In another study, participants who
showed greater similarity in their subjective emotional
experiences while listening to short narratives also
showed greater similarity in patterns of neural activity
in primary visual and auditory cortex [67]. Recent evidence suggests that simulation also occurs throughout
the sensory and motor systems involved in regulating the
body. Neural activity in primary interoceptive cortex and
brainstem regions involved in visceromotor regulation
was observed during imagined scenarios that involved
detailed descriptions of bodily changes [66]. An intriguing possibility is that immersion rich in situational detail
involves simulation throughout the sensory and motor
systems in which the brain ignores prediction error generated by sensory input, which is why the imagined
experience feels ‘real’ [61].
Recent evidence suggests that simulation also occurs
during rapid language comprehension tasks in which
participants are not instructed to immerse in mental
imagery. These experiments often manipulate body
positions and actions during language comprehension
to investigate simulation. If top-down simulations implemented across motor and sensory cortices as prediction
signals underlie comprehension, then activity in the
body will manifest as prediction error in the brain that
speeds or slows performance in the comprehension
task. In one such innovative study, temporarily paralyzing facial muscles involved in expressing emotion via
botox injections selectively slowed comprehension of
sentences describing emotional situations [68]. This
result suggests that simulation of facial actions contributes to understanding emotional experiences communicated through language. A growing literature of similar
findings suggests that situated simulation underlies comprehending words that refer to emotions (for recent
reviews, see [69,70,71]).
Current Opinion in Psychology 2017, 17:189–194
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The implications of these emerging literatures are farreaching, including the power of words and conversation in
regulating the body, and, vice versa, the power of physical
activity to disrupt or facilitate thought patterns [61,69].
While these initial findings are striking, it is important not
to lose sight of the complexity of many emotional phenomena. Theoretical reviews increasingly emphasize that
prediction is occurring across hierarchies in the brain, at
many different levels, with the goal of reducing overall
prediction error (e.g., [4,72]). The term simulation conveys
that prediction signals throughout the hierarchy are not
divorced from motor and sensory activity, but these signals
may reflect multi-modal compression at some levels. With
this in mind, it is important to consider whether there are
probabilistic representations in the linguistic system and/or
forms of abstraction that should either be further developed within the simulation framework or distinguished
from it (for a recent review of these issues, see [73]). Much
remains to be learned about how language dynamically
constructs emotional phenomena, not only during the
more ‘offline’ emotional experiences reviewed here, but
also during ‘online’ experiences enmeshed in the world.

Moving forward
This review contributes to a growing literature addressing
simulation during many different psychological phenomena. Grounding emotion in simulation reveals dynamics,
variation, and complexity in emotional phenomena that is
often overlooked and that warrants empirical attention.
Moving forward, a largely unexplored research question in
this domain is how the simulations that underlie emotional
experiences in different situations develop and change
across the lifespan — the learning that occurs through
prediction and error and the role that language plays in this
learning [41]. Situated simulation accounts suggest that
relationships in childhood are critical in forming emotional
repertoires, and further suggest that, even in adulthood,
emotional experiences can be altered in the moment and
refashioned for the long-term in many different ways. This
frontier in emotion science thus provides a new optimism
about addressing many of the mental health challenges in
today’s world.

Conflict of interest statement
Nothing declared.

Acknowledgement
Thanks to Maria Gendron for her comments on an earlier version of this
manuscript.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:
 of special interest
 of special interest
1.


Barrett LF: The theory of constructed emotion: an active
inference account of interoception and categorization. Soc
Cogn Affect Neurosci 2017, 12:1-23.

Current Opinion in Psychology 2017, 17:189–194

Develops a brain-based, computation account of emotion called
the Theory of Constructed Emotion (which is a new formulation of the
Conceptual Act Model). Integrates cutting-edge thinking in neuroscience
into the dialogue on what an emotion is and empirical priorities in the field
of affective science.
Barsalou LW: Simulation, situated conceptualization, and
prediction. Philos Trans R Soc Lond Biol Sci 2009, 364:12811289.
Sketches a basic architecture of how the brain implements situated
simulation. Reviews empirical findings from perception, action, working
memory, language, and social cognition to illustrate how this framework
produces the extensive prediction that characterizes the human mind.

2.


3.

Barsalou LW: Integrating Bayesian analysis and mechanistic
theories in grounded cognition. Behav Brain Sci 2011, 34:191192.

4.

Chanes L, Barrett LF: Redefining the role of limbic areas in
cortical processing. Trends Cogn Sci 2016, 20:96-106.

5.

Barsalou LW: Perceptual symbol systems. Behav Brain Sci 1999,
22:577-609 discussion 610-560.

6.

Glenberg AM: What memory is for. Behav Brain Sci 1997, 20:1-19
discussion 19-55.

7.

Martin A: GRAPES-grounding representations in action,
perception, and emotion systems: how object properties and
categories are represented in the human brain. Psychon Bull
Rev 2016, 23:979-990.

Clark A: Whatever next? Predictive brains, situated agents, and
the future of cognitive science. Behav Brain Sci 2013, 36:181204.
Target article in Behavioral and Brain Sciences that examines recent
accounts of the predictive architecture of the brain. Concludes that this
approach offers ‘best clue yet’ for developing a unified science of mind
brain. Includes discussion of pitfalls and challenges.

8.


9.

Niedenthal PM: Embodying emotion. Science 2007, 316:10021005.

10. Fodor J: The Modularity of Mind. Cambridge, MA: MIT Press;
1983.
11. Pylyshyn ZW: Mental imagery: in search of a theory. Behav Brain
Sci 2002, 25:157-182.
12. Ekman P: An argument for basic emotions. Cogn Emot 1992,
6:169-200.
13. Barsalou LW: Grounded cognition. Annu Rev Psychol 2008,
59:617-645.
14. Kiefer M, Pulvermuller F: Conceptual representations in mind
and brain: theoretical developments, current evidence and
future directions. Cortex 2012, 48:805-825.
15. Vetter P, Newen A: Varieties of cognitive penetration in visual
perception. Conscious Cogn 2014, 27:62-75.
16. Barrett LF, Simmons WK: Interoceptive predictions in the brain.
 Nat Rev Neurosci 2015, 16:419-429.
Introduces the Embodied Predictive Interoceptive Coding (EPIC) model,
which integrates an anatomical model of coritcocortical connections with
Bayesian active inference. Proposes that agranular visceromotor cortices
contribute to interoception by issuing interoception predictions. Includes
discussion of the implications for mental health.
17. Friston K: The free-energy principle: a unified brain theory? Nat
Rev Neurosci 2010, 11:127-138.
18. Hohwy J: The Predictive Mind. Oxford, UK: Oxford University
Press; 2014.
19. Seth AK, Friston KJ: Active interoceptive inference and the
emotional brain. Philos Trans R Soc B Biol Sci 2016, 371.
20. Seth AK: Interoceptive inference, emotion, and the embodied
self. Trends Cogn Sci 2013, 17:565-573.
21. McEwen BS: Stress, adaptation, and disease. Allostasis and
allostatic load. Ann N Y Acad Sci 1998, 840:33-44.
22. McEwen BS, Wingfield JC: The concept of allostasis in biology
and biomedicine. Horm Behav 2003, 43:2-15.
www.sciencedirect.com

Constructing emotion through simulation .Wilson-Mendenhall 193

23. Sterling P, Eyer J: Allostasis: a new paradigm to explain arousal
pathology. In Handbook of Life Stress, Cognition, and Health.
Edited by Fisher S, Reason J. John Wiley & Sons; 1988:629-649.
24. Sterling P: Allostasis: a model of predictive regulation. Physiol
Behav 2012, 106:5-15.

Describes a model of ‘allostasis’ that replaces the traditional regulatory
model of ‘homeostasis.’ Argues that the goal of regulating the body is to
continually adjust the internal milieu to promote survival and reproduction, not to preserve its constancy (as in homeostasis). Allostasis refers to
efficiently regulating the body by anticipating needs and preparing to
satisfy those needs before they arise.
25. Barbas H: General cortical and special prefrontal connections:
principles from structure to function. Annu Rev Neurosci 2015,
38:269-289.
26. Barrett LF, Bar M: See it with feeling: affective predictions
during object perception. Philos Trans R Soc Lond Biol Sci 2009,
364:1325-1334.
27. Lupyan G: Cognitive penetrability of perception in the age of
prediction: predictive systems are penetrable systems. Rev
Philos Psychol 2015, 6:547-569.
28. Seth AK, Critchley HD: Extending predictive processing to the
body: emotion as interoceptive inference. Behav Brain Sci 2013,
36:227-228.
29. Petersen S, Schroijen M, Molders C, Zenker S, Van den Bergh O:
Categorical interoception: perceptual organization of
sensations from inside. Psychol Sci 2014, 25:1059-1066.
30. Kleckner IR, Zhang J, Touroutoglou A, Chanes L, Xia C,
Simmons WK, Quigley K, Dickerson BC, Barrett LF: Evidence for

large-scale brain systems supporting allostasis and
interoceptive in humans. Nat Hum Behav 2017, 1:0069.
Using the Embodied Predictive Interoceptive Coding (EPIC) framework,
presents converging evidence for a large-scale brain system supporting
interoception and allostatis in humans. Analogous to the systems identified for the exteroceptive senses (e.g., sight, hearing, touch), introduces a
system for representing sensations within the body (interoception) and its
relation to regulating peripheral systems in the body (allostasis). Proposes
that this interoceptive/allostatic system operates via predictive coding
principles, similar to exteroceptive systems.
31. Ainley V, Apps MA, Fotopoulou A, Tsakiris M: ‘Bodily precision’: a
predictive coding account of individual differences in
interoceptive accuracy. Philos Trans R Soc Lond Biol Sci 2016,
371.
32. Khalsa SS, Lapidus RC: Can interoception improve the
pragmatic search for biomarkers in psychiatry? Front
Psychiatry 2016, 7:121.
33. Barrett LF, Quigley KS, Hamilton P: An active inference theory of
allostasis and interoception in depression. Philos Trans R Soc
Ser B Biol Sci 2016, 371.
34. Farb N, Daubenmier J, Price CJ, Gard T, Kerr C, Dunn BD,
Klein AC, Paulus MP, Mehling WE: Interoception, contemplative
practice, and health. Front Psychol 2015, 6:763.
35. Wilson-Mendenhall CD, Barrett LF, Simmons WK, Barsalou LW:
 Grounding emotion in situated conceptualization.
Neuropsychologia 2011, 49:1105-1127.
Includes a theoretical overview and empirical data that grounds emotion
in situated concepualization. Support for two hypotheses demonstrated
in the neuroimaging experiment: (1) situated conceptualization produces different forms of the same emotion (e.g., fear) in different situations (2) the composition of different situated emotional experiences
reflects distributed activity across systems that are not specific to
emotion.
36. Barrett LF: Psychological construction: a Darwinian approach
to the science of emotion. Emot Rev 2013, 5.
37. Wilson-Mendenhall CD, Barrett LF, Barsalou LW: Situating
emotional experience. Front Hum Neurosci 2013, 7:764.
38. Aydede H, Robbins P (Eds): The Cambridge Handbook of Situated
Cognition. New York, NY: Cambridge University Press; 2009.
39. Barsalou LW: Situated simulation in the human conceptual
system. Lang Cogn Process 2003, 18:513-562.
www.sciencedirect.com

40. Mesquita B, Barrett LF, Smith E (Eds): The Mind in Context. New
York: Guilford; 2010.
41. Wilson-Mendenhall CD, Barsalou LW: A fundamental role for
conceptual processing in emotion. The Handbook of Emotion.
edn 4th. Guilford; 2016:547-563.
42. Lindquist KA, Barrett LF: A functional architecture of the human
brain: emerging insights from the science of emotion. Trends
Cogn Sci 2012, 16:533-540.
43. Barrett LF, Wilson-Mendenhall CD, Barsalou LW: The conceptual
act theory: a road map. In The Psychological Construction of
Emotion. Edited by Barrett LF, Russell JA. New York: Guilford;
2015:83-110.
44. Wilson-Mendenhall CD, Barrett LF, Barsalou LW: Variety in
emotional life: within-category typicality of emotional
experiences is associated with neural activity in large-scale
brain networks. Soc Cogn Affect Neurosci 2015, 10:62-71.
45. Barrett LF, Satpute AB: Large-scale brain networks in affective

and social neuroscience: towards an integrative functional
architecture of the brain. Curr Opin Neurobiol 2013.
Review that breaks down distinctions between emotional, cognitive, and
social phenomena in the brain. Proposes that the emerging science of
large-scale networks provides a coherent framework of general, distributed structure-function mappings that supports understanding many
different psychological phenomena.
46. Lindquist KA, Wager TD, Kober H, Bliss-Moreau E, Barrett LF: The

brain basis of emotion: a meta-analytic review. Behav Brain Sci
2012, 35:121-143.
Meta-analytic review of the neuroimaging literature on human emotion.
Presents evidence that discrete emotion categories (e.g., fear, anger,
sadness, disgust, happiness) cannot be consistently and specifically
localized to distinct brain regions. Develops a psychological construction
approach in which many different emotional experiences arise from a set
of interacting brain regions that underlie basic psychological operations
not specific to emotion.
47. Wager TD, Kang J, Johnson TD, Nichols TE, Satpute AB,
Barrett LF: A Bayesian model of category-specific
emotional brain responses. PLoS Comput Biol 2015, 11:
e1004066.
48. Klasen M, Kreifelts B, Chen YH, Seubert J, Mathiak K: Neural
processing of emotion in multimodal settings. Front Hum

Neurosci 2014, 8:822.
Introduction to a special issue on neural processing of emotion in
multimodal settings. Articles in the special issue suggest that different
sensory systems interact at multiple levels during emotional experiences, and, together, highlight the importance of investigating
emotional situations in ways in which this multimodal processing can
be studied.
49. Pessoa L, McMenamin B: Dynamic networks in the emotional
brain. Neuroscientist 2016.
50. Pessoa L: A network model of the emotional brain. Trends Cogn
 Sci 2017, 21:357-371.
Reviews anatomical and functional principles of brain organization
that support understanding emotion in terms of large-scale network
interactions spanning the entire neuro-axis. Illustrates how emotion is
interlocked with cognition, perception, motivation, and action. Demonstrates why the brain networks underlying emotions should be studied as
time-varying and dynamic.
51. Raz G, Touroutoglou A, Wilson-Mendenhall C, Gilam G, Lin T,

Gonen T, Jacob Y, Atzil S, Admon R, Bleich-Cohen M et al.:
Functional connectivity dynamics during film viewing reveal
common networks for different emotional experiences. Cogn
Affect Behav Neurosci 2016, 16:709-723.
Investigated time-varying functional connectivity during different emotional experiences induced by film clips. Found that stronger functional
connectivity between different large-scale networks was associated with
emotional intensity across film clips inducing sadness, fear, and anger.
Findings support a constructionist approach in which a variety of emotional experiences emerge from dynamic interactions across domaingeneral systems.
52. Quoidbach J, Gruber J, Mikolajczak M, Kogan A, Kotsou I,

Norton MI: Emodiversity and the emotional ecosystem. J Exp
Psychol Gen 2014, 143:2057-2066.
Current Opinion in Psychology 2017, 17:189–194

194 Emotion

53. Lindquist KA, Barrett LF: Emotional complexity. In The
Handbook of Emotion. Edited by Lewis M, Haviland-Jones JM,
Barrett LF. Guilford; 2008:513-530.
54. Kashdan TB, Barrett LF, McKnight PE: Unpacking emotion

differentiation: transforming unpleasant experience by
perceiving distinctions in negativity. Curr Dir Psychol Sci 2015,
24:10-16.
Reviews research in clinical, social, and health psychology that examines
the degree to which individuals perceive and distinguish between their
negative emotional experiences and outcomes associated with this
skill. Across a number of studies, the ability to differentiate between
emotions, experiencing them with greater granularity, was associated
with better outcomes, including less engagement in maladaptive selfregulatory strategies, less neural reactivity to rejection, and experiencing
less severe anxiety and depressive disorders.
55. Kashdan TB, Dewall CN, Masten CL, Pond RS Jr, Powell C,
Combs D, Schurtz DR, Farmer AS: Who is most vulnerable to
social rejection? The toxic combination of low self-esteem
and lack of negative emotion differentiation on neural
responses to rejection. PLOS ONE 2014, 9:e90651.
56. Erbas Y, Ceulemans E, Lee Pe M, Koval P, Kuppens P: Negative
emotion differentiation: its personality and well-being
correlates and a comparison of different assessment
methods. Cogn Emot 2014, 28:1196-1213.

63. Barsalou LW, Santos A, Simmons WK, Wilson CD: Language and
simulation in conceptual processing. In Symbols, Embodiment,
and Meaning. Edited by De Vega M, Glenberg AM, Graesser A.
Oxford University Press; 2008:245-283.
64. Zwaan RA: Situation models, mental simulations, and abstract
concepts in discourse comprehension. Psychon Bull Rev 2016,
23:1028-1034.
65. Lench HC, Flores SA, Bench SW: Discrete emotions predict
changes in cognition, judgment, experience, behavior, and
physiology: a meta-analysis of experimental emotion
elicitations. Psychol Bull 2011, 137:834-855.
66. Wilson-Mendenhall CD, Henriques A, Barsalou LW, Barrett LF:
Primary interoceptive cortex activity during simulated experiences
of the body. 2017. submitted for publication.
67. Nummenmaa L, Saarimaki H, Glerean E, Gotsopoulos A,
Jaaskelainen IP, Hari R, Sams M: Emotional speech
synchronizes brains across listeners and engages large-scale
dynamic brain networks. Neuroimage 2014, 102(Pt 2):498-509.
68. Havas DA, Glenberg AM, Gutowski KA, Lucarelli MJ, Davidson RJ:
Cosmetic use of botulinum toxin-A affects processing of
emotional language. Psychol Sci 2010, 21:895-900.

58. Ong AD, Benson L, Zautra AJ, Ram N: Emodiversity and
biomarkers of inflammation. Emotion 2017.

69. Winkielman P, Niedenthal PM, Wielgosz J, Eelen J, Kavanagh LC:
 Embodiment of congition and emotion. In APA Handbook of
Personality and Social Psychology, vol 1. Edited by Mikulincer M,
Shaver PR . 2015:151-175.
Reviews recent advances in the literature on embodied grounding of
emotional perception and emotional language comprehension. Written
by leaders in the field. Illustrates the power of this conceptual framework
as well as current challenges.

59. Oosterwijk S, Mackey S, Wilson-Mendenhall C, Winkielman P,
Paulus MP: Concepts in context: processing mental state
concepts with internal or external focus involves different
neural systems. Soc Neurosci 2015, 10:294-307.

70. Oosterwijk S, Barrett LF: Embodiment in the construction of
emotion experience and emotion understanding. In Routledge
Handbook of Embodied Cognition. Edited by Shapiro L. 2014:250260.

60. Kuppens P, Van Mechelen I, Smits DJM, De Boeck P,
Ceulemans E: Individual differences in patterns of appraisal
and anger experience. Cogn Emot 2007, 21:689-713.

71. Niedenthal PM, Wood A, Rychlowska M: Embodied emotion
concepts. In The Routledge Handbook of Embodied Cognition.
Edited by Shapiro L. Routledge Philosophy; 2014:240-249.

61. Barrett LF: How Emotions are Made: The Secret Life of the Brain.
New York, New York: Houghton Mifflin Harcourt; 2017.

72. Lupyan G, Clark A: Words and the world: predictive coding and
the language-perception-cognition interface. Curr Dir Psychol
Sci 2015, 24:279-284.

57. Tugade MM, Fredrickson BL, Barrett LF: Psychological
resilience and positive emotional granularity: examining the
benefits of positive emotions on coping and health. J Pers
2004, 72:1161-1190.

62. Lindquist KA, MacCormack JK, Shablack H: The role of language
in emotion: predictions from psychological constructionism.
Front Psychol 2015, 6:444.

Current Opinion in Psychology 2017, 17:189–194

73. Barsalou LW: On staying grounded and avoiding Quixotic dead
ends. Psychon Bull Rev 2016, 23:1122-1141.

www.sciencedirect.com

