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THE EMERGENCE OF EMOTION 1

Abstract

Affective science is stuck in a version of the nature-versus-nurture debate, with theorists
arguing whether emotions are evolved adaptations or psychological constructions. We do not see
these as mutually exclusive options. Many adaptive behaviors that humans have evolved to be
good at, such as walking, emerge during development—not according to a genetically dictated
program, but through interactions between the affordances of the body, brain, and environment.
We suggest emotions are the same. As developing humans acquire increasingly complex goals
and learn optimal strategies for pursuing those goals, they are inevitably pulled to particular
brain-body-behavior states that maximize outcomes and self-reinforce via positive feedback
loops. We call these recurring, self-organized states emotions. Emotions display many of the
hallmark features of self-organized attractor states, such as hysteresis (prior events influence the
current state), degeneracy (many configurations of the underlying variables can produce the
same global state), and stability. Because most bodily, neural, and environmental affordances are
shared by all humans—we all have cardiovascular systems, cerebral cortices, and caregivers who
raised us—similar emotion states emerge in all of us. This perspective helps reconcile ideas that,

at first glance, seem contradictory, such as emotion universality and neural degeneracy.
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Beyond nature versus nurture: The emergence of emotion

For over 100 years psychologists have debated whether emotions are more like soldered
circuits whose designs are encoded in our genes, or more like software programs written by
context and experience—whether, in the language of bygone debates within biology, emotions
reflect nature or nurture. Most attempts to reconcile the two perspectives involve a compromise
in which nurture modifies the innate emotion programs given to humans by nature (i.e., by our
genes; Mesquita & Walker, 2003; Matsumoto & Hwang, 2012; Levenson et al., 2007; Oatley,
Keltner, & Jenkins, 2006). But this compromise still implies that we can meaningfully
differentiate what humans are “born with” from what happens to their bodies as they interact
with their environment, and indeed that doing so is of vital scientific importance.

Contemporary evolutionary biology has largely moved on from the nature-nurture debate,
as accumulating theory and evidence complicates the boundary between phylogeny and
ontogeny (Hochman, 2013). We see the future of affective science as one that has caught up to
modern biology by no longer considering evolution and development, or, as some would have it,
adaptive specificity and mechanistic degeneracy (Edelman and Gally, 2001), as competing
explanations (Bergman & Beehner, 2022). From here, we propose that at the level of goal-
directed behavior, emotions are relatively universal, discrete, and adaptive—one might say
evolved— but also necessarily constructed through the body’s interaction with the environment.

Adaptive traits primarily manifest as the organism interacts with, and develops within, its
environment (Feigin et al., 2022; Gomez-Marin & Ghazanfar, 2019). As an analogy, consider
bipedal walking. From our heads to our toes, evolution has shaped our musculoskeletal system to
suit this behavior. Our bodies have evolved to walk. But nothing coded in our DNA “tells” us to

walk. So why do all able-bodied adults walk in similar ways? Because the form of our bodies
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and the combination of affordances (i.e., opportunities for action) and demands in our
environments combine with our motivation to move. As our bodies develop, we dynamically
fumble our way towards an efficient gait (Adolph et al., 2012), with the help of a bit of
behavioral transmission from observing nearby adults (Berger et al., 2007). Even a computer-
simulated pair of legs can learn to walk, so long as its “goal” is to travel as efficiently as possible
(e.g., Reil & Husbands, 2002). Any slight variability in how people walk occurs because bodies
vary and gaits are, to a small degree, culturally transmitted (Wallace et al., 2022).

Importantly, walking manifests differently in different contexts (Gates et al, 2012).
Walking on level ground with sufficient traction selects for a gait and pace that most people,
regardless of culture or other individual differences, will move toward. Call this “Gait 1.” By
contrast, walking in deep sand demands relative decreases in plantar flexion and hip extension,
with increases in knee angle flexion, in order to optimize stability and efficiency (Lehmann &
Artemiadis, 2020). Call this “Gait 2.” Again, most people will, regardless of culture or other
individual differences, move from Gait 1 to Gait 2 when moving from a stable, flat surface to a
sandy one. “Gait 3”—which manifests as shorter and more frequent steps—optimizes walking on
ice (Fossum, Hillnhiitter, & Ryeng, 2022). “Gait 4 dramatically increases forward lean when
carrying a heavy backpack (Attwells et al., 2006).

Here, we suggest that different emotions are like different gaits in the examples above—
optimal, perhaps, for relatively specific conditions.! Fear may not be specifically controlled by

phylogenetically determined genes and circuits, but humans are nevertheless animals that

" Note we are not saying that emotions are optimized for specific "situations” (e.g, being on a roller coaster or
being chased by a bear) since appealing to situations may neglect attention to the sensory properties (the
sensation of speed, the sound of a growl) and contextual demands (the need to flee) that actually mediate
emotion attractors. “Situations” can likely act as proxy variables for the sensory properties and contextual
demands of interest, but as a practical matter, maintaining focus on those properties and demands should
facilitate the standardization of elicitation and assessment approaches (cf., Coan & Allen, 2007).
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commonly respond to things with fear, because they commonly encounter things requiring
coordinated responses that can profitably be categorized under the term “fear.” Framing humans
as complex dynamical systems (an idea we explain in the next section), fear could be an attractor
state that all or most humans (re)discover as their embodied brains encounter threats in the
environment (Scherer, 2009), learn how to escape those threats, and track their goal progress
(Cunningham et al., 2013; Lowe & Ziemke, 2011). We call these self-organized goal states and
their associated responses emotions (Adolphs & Anderson, 2018).
Distinct emotions are emergent states

A person is a complex dynamical system made of a huge number of interacting
processes: 11 major organ systems, over 50 hormones, over 100 neurotransmitters, 86 billion
neurons, and over 600 muscles. And the components interact not just with each other, but also
with the environment and the many other dynamic systems (e.g., people) in that environment.
When the components of a system interact, surprising patterns of behavior often emerge. These
emergent processes are difficult or impossible to predict by observing the behavior of individual
components (Nicolis & Nicolis, 2012). Even knowing the simple rules guiding how an ant
interacts with its environment, you would probably not predict that when many army ants are
together, they can use their bodies to form gravity-defying bridges that other ants can then use to
cross obstacles (Reid et al., 2015). A defining feature of emergent processes is that there is no
central controller, no ant architect directing the other ants. Similarly, we argue emotions are not
turned on and off by a central controller, be it a subcortical nucleus in the brain, a particular
neurotransmitter, or the activation of a concept.

The attractors that we recognize as common human emotions—anger, sadness,

amusement, dread, love, and so on—are not pre-formed upon our entry into the world. As water
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flowing downbhill gradually carves the land, leading even more water to follow the gully’s path,
emotions are carved as we discover and repeat the behaviors (and the supporting neural and
bodily states) that help us achieve our goals (Moors & Fischer, 2018). Research with robots
illustrates the remarkably complex behaviors that can emerge when an organism with simple
goals (e.g., to learn) and a specific body interacts with its environment (Gordon, 2019; Barrett,
2011). Without being programmed to do so, robots can play (Oudeyer & Smith, 2016), cry for
attention (Gordon & Breazeal, 2014), and walk (the latter is accomplished without a “brain” at
all; Collins et al., 2005).

The emotional life of a newborn baby might best be described as a bistable system, the
simplest multiple attractor system (Kelso, 2012): newborns are either fussy or content (Reissland
et al., 2013). But as the child’s behavioral repertoire expands and they bootstrap more complex
goals, new emotion attractor basins form (Bennett et al., 2005). The emotion landscape also
becomes increasingly stable over the course of childhood and adolescence (Reitsema et al.,
2022). This stabilization is accompanied, but not necessarily caused by, an expanding emotion
vocabulary (Nook & Somerville, 2019). Many developmental paths can lead to the same
attractor landscape as each developing human discovers the optimal solutions to common goal-
relevant challenges.

We are not the first to call emotions emergent processes (e.g., Coan, 2010; Barrett, 2014;
Lindquist, 2013; Cunningham et al., 2013; Clore & Ortony, 2013; Witherington & Crichton,
2007; for a similar argument about emotion displays, see Fridlund, 2014). Indeed, empirical
work shows that dynamical systems models, such as a modified Ising model (Loossens et al.,
2020) and coupled oscillator models (e.g., Boyd et al., 2022; Chow et al., 2005) are useful for

describing affective dynamics. We differ from prior perspectives in at least two ways: first, we
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do not consider emotion concepts necessary for the emergence of an emotion (in contrast with
Barrett, 2014; Lindquist, 2013; Cunningham et al., 2013; Russell, 2003). Although activating an
emotion concept can alter the trajectory of an emotion state (Torre & Lieberman, 2018; Wood et
al., 2016), stable and specific emotion states emerge because emotion states are self-reinforcing.

This brings us to a second way in which we differ from prior “emergent emotion”
perspectives (c.f., Scherer, 1994; Witherington & Crichton, 2007): we emphasize the way in
which global stability and order self-organize around higher-probability situational demands and
opportunities (Camazine et al., 2020). Organisms can theoretically exist anywhere in a high-
dimensional space that includes many possible combinations of brain, bodily, subjective, and
behavioral states.? But organisms do not in fact occupy all corners of this massive state space at
the same frequency (Cowen et al., 2019; Kelso, 2012). Some states, called attractor basins, are
more stable, and thus visited more frequently, than others (see Figure 1). A person in a less stable
transitional state will be pulled to the nearest attractor basin. Environmental, bodily, and/or
neural processes reinforce each other, and create positive feedback loops that result in emotional
attractor states (e.g., Hoeksma et al., 2007; Cunningham et al., 2013; for a similar argument
about psychiatric disorders as attractors, see Rolls, 2021). Some emotion states become stable
attractors because they are rewarded—they serve specific goals and transform into habits (Wang
et al., 2021). We reason that some states (such as fear) are equally attractive across individuals
because they solve common goal-relevant environmental problems using common affordances
that result from the body-environment interaction. This is analogous to fitness landscapes in

evolutionary biology: organisms do not take all possible forms, instead converging to certain

2 This is the point at which, for example, Coan (2010) leaves off in his discussion of the
statistical properties of emergence.
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adaptive forms that are stable because all immediately surrounding states are less adaptive (de

Visser & Krug, 2014).

Figure 1. At any moment, a person has goal(s) and is in a particular brain-body state. Here we visualize this as a 2-
dimensional space (x-y plane), but of course it is a very high-dimensional space with all dimensions of neural
activity, physiological activity, behavior, and cognition. The z dimension represents the stability or attractive force
of all possible locations in this high-dimensional space. Some locations—attractor basins, in blue—become more
attractive and stable through development and reinforcement. If a person is in a nearby, but less stable state, they
will be pulled toward these more attractive states like a ball rolling downhill. We call these emotion states discrete
because the phase transitions between them are nonlinear (rather than gradual and linear; Korolkova, 2018).

An organism moves from one attractor basin to another following changes in the key
variables sustaining the state. These changes are often achieved through the very behavior
motivated by the emotion. For instance, running away from a threat during a fear state changes
the perception of the environment from unsafe to safe, which will pull the organism to a state of
calm. We can map the system’s likeliest trajectories through the state space (Thornton & Tamir,

2017).
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Although people (Kuppens & Tong, 2010) and cultures (Lindquist et al., 2022) vary in
the emotions they display and experience, some aspects are more or less universal (e.g., Cowen
& Keltner, 2020; Jack et al., 2016). Human environments share many common affordances and
demands (other people, threats, food, hunger, reward, possessions, and so on). Human bodies and
brains offer a finite number of possible responses to these affordances and demands, and some of
these responses will more objectively optimize outcomes (Davies et al., 2012). We suggest that
these optimal solutions can and do lead to the emergence of similar emotion attractors across
people and cultures (psychopathology aside) by the same process and for the same reason that
stereotyped human gaits emerge from interaction with different walking surfaces in our earlier
example. Our commonalities, combined with non-genetic processes of inheritance such as social
learning and cultural evolution (Heyes, 2018; Lindquist et al., 2022), means that our genes never
had to bother with encoding discrete emotion states (Clark, 1989, p. 64), just as they never had to
bother with encoding discrete walking gaits.

One feature of attractors that we see in emotions is Aysteresis: leaving an attractor basin
requires a stronger input than entering it, just as a hill requires more effort to climb than to
tumble down. Emotions are likewise characterized by their persistence, lingering even after the
eliciting stimulus is removed and having slower offsets than onsets (Hoeksma et al., 2007;
Schuyler et al., 2014). We expect the depth and steepness of attractor basins to vary within and
across people, meaning some emotions will have stronger “gravitational” forces than others.
Following the principle of hysteresis, these deeper and steeper basins might simultaneously have
faster onsets and slower offsets. This leads to the prediction that onset and offset time should be

negatively correlated across emotions and individuals.
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At lower levels of analysis (e.g., central or peripheral neural systems), emotions also
display degeneracy (Lindquist et al., 2016). Degeneracy means many underlying patterns of
neural or physiological activity can produce the same stable emotion state and functional
outcome, in a many-to-one mapping (Kelso, 2012). Of course, scientists can predict a person’s
emotions often well above chance based on their neural or physiological response profile (e.g.,
Kolodyazhniy et al., 2011), but the response profiles are only probabilistically associated with
specific emotions. Degeneracy is a feature of complex dynamical systems and contributes to the
diversity and stability of the attractors, as synergistic processes compensate for perturbations to
any one part (Kelso, 2012; Whitacre, 2010). Degeneracy does not mean the emergent emotion is
wholly unique and context-specific (cf. Barrett, 2017). Rather, neural and physiological
degeneracy underlies globally consistent consequences, such as repeated and recognizable
feelings, goal-directed behaviors (Lowe & Ziemke, 2011), and reliable consequences (Coan,
2010). These consistent features of emotions help us survive, whether through aggression or
nurturing or escape behaviors, and make the outcomes of our behavior more predictable and
adaptive. Systems that exhibit degeneracy are also flexible and better at exploring state space for
more optimal solutions (Komar et al., 2015).

Because the individual components of an emotion display degeneracy, we identify and
categorize emotions at the more abstracted level of goals (Moors & Fischer, 2018). We cannot
classify a person’s emotion state based on their physiological profile, facial expression, or brain
activity, because many patterns give rise to the same emergent emotion. When qualitatively
distinct states emerge from the interaction of individual components, but the exact behavior of
any one component does not decide the fate of the whole, it is no longer useful to categorize

those states at the level of the components. This goal-centric view is compatible with some
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appraisal theories of emotion (e.g., Scherer & Moors, 2019), and with more recent
characterizations of emotions as tracking progress towards (or away from) goals (Cunningham et
al., 2013; Kron & Weksler, 2022).

Emotions are not reflexes that take a rigid, stereotyped form (like a sneeze). They are
more flexible and context-dependent, and this makes them useful (Adolphs & Anderson, 2018).
People flexibly experience familiar emotions (fear) in response to novel experiences (being
stalked by a zombie). And familiar emotions can flexibly lead to novel behavioral solutions
(setting up a zombie booby trap), as long as the behavior is predicted to produce a desired
outcome (trapping said zombie). Successful high-level behaviors are reinforced and become
likelier in the future. Rather than having to stumble upon a novel behavioral response each time a
goal is at stake, organisms have organized, repeatable emotion attractor states that, when they
enter them, make previously-successful behavior patterns salient and likelier (although still
constrained by the affordances of the environment). Commonalities across people’s goals,
bodies, and environments mean that there are recognizable action tendencies loosely associated
with particular emotions, which observers can use as cues to infer the actor’s underlying
emotion.

A particular subcategory of emotion-related behaviors—signals like facial expressions and
vocalizations—demonstrate why stable and repeated emotion behaviors are adaptive. Signals like
smiles, scowls, and screams do not function as readouts of emotion states; instead they function
to influence the receiver (Crivelli & Fridlund, 2018), often by conveying information about the
sender’s intentions. Signals that are entirely ad hoc will not have a predictable effect on
receivers, rendering them functionless (Bradbury & Vehrencamp, 2000; cf. Barrett, Lindquist, &

Gendron, 2007). But how do recognizable emotion displays emerge again and again across
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individuals, cultures, and species? Smiles, at first glance, may seem like arbitrary signals given
meaning by either genes or culture. But smiles alter the vocal tract, ever so slightly, making the
producer’s body sound smaller than it is (e.g., Lasarcyk & Trouvain, 2008). Across the animal
kingdom, signals of smallness are also signals of nonthreat—not because our genes tell us so, but
because we learn that small things are statistically less likely to present a threat. Given this fact,
individuals can learn through reinforcement and social imitation to change their mouth shape in
order to convey friendliness. We suspect this sort of form-from-function reasoning, combined
with an emergent developmental story, could go a long way in explaining universal
communicative signals (e.g., Wood, et al., 2017; Chuenwattanapranithi, et al., 2009; Fridlund,
2014).
An example: The emergence of fear

To illustrate our view of emotions as being both emergent and evolved, let us return to
the emotion fear. Newborn infants do not exhibit fear (Debiec & Sullivan, 2017). Fear is about
the anticipation of potential threats, and newborns do not have sufficient prior experience on
which to base predictions of future threats (LoBue & Adolph; 2019; Adolph et al., 2014).
Moreover, escaping from a threat is not a behavioral affordance that is available to a helpless
newborn, so a state that motivates such behavior would be useless.?

The complex system that is a newborn infant has one “goal”: to predictively adjust their

internal physiology in the service of survival, a process known as allostasis (Sterling, 2012).*

3 Infants have protective reflexes like the Moro reflex, which they display when dropped, but this
requires only the presence of a brainstem and does not necessarily involve an organized fear state
(Futagi et al., 2012).

4 Allostasis—stability through change—is Sterling and Eyer’s (1988) theoretical elaboration on
homeostasis. Whereas homeostasis refers to an organism’s tendency to return to a preferred
physiological attractor state, allostasis instead emphasizes the optimization of the organism’s
response to variable environmental demands with the predictive regulation of the body’s highly
adaptive physiological and behavioral systems. In homeostasis, the organism is always seeking a
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The newborn’s allostatic solution, which is to say the most efficient and effective solution, to
most threats—hunger, exhaustion, heat, cold, gassiness—is to fuss and recruit a caregiver’s help.
Over development, the infant learns how to predict upcoming threats (“going to this place called
the pediatrician means painful needles!”) and organizes behavioral responses to evade those
threats (throw a fit!). As the child expands their behavioral repertoire, they discover that some
responses are more efficient and effective for addressing some kinds of threats than others. For
instance, freezing is useful for uncertain threats, such as when a stranger tries to talk to you.
These reinforced responses are carved into their behavioral state space as attractor basins that
pull at the system when it is in nearby states—if they encounter stimuli previously associated with
danger, if their physiological arousal spikes, or if they think about something scary, they are
more likely to fall into the fear attractor state. Many initial conditions lead to the state of wanting
to evade a threat (fear), and once they are in that state, they will be slow to leave it.

Animal and human research suggests that organisms flexibly shift their likely behavioral
responses depending on the imminence of a threat: a psychologically distant threat increases
vigilance, but as it nears, vigilance becomes freezing, then attempts to escape, then defensive
aggression (Hoffman et al., 2022). The exact actions required for the response will vary from
situation to situation, so many underlying neural and physiological configurations lead to similar
stable states (Barrett & Finlay, 2018). The qualitatively unique states that emerge, such as
vigilance and escape behavior, may represent distinct attractor states, so it may be most useful to
call them separate emotion states, such as anxiety, fear, and panic (Adolphs & Andler, 2018;

Fanselow, 2022).

particular physiological state. In allostasis, the organism is always seeking the most efficient and
effective physiological state given prevailing circumstances.
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These responses (freeze, flee, fight) are universal and re-emerge even across species
without necessarily being hard-wired. Yet the specifics of the body and the environment are
central determinants of which solutions are optimal—a tortoise’s shell and slow speed make its
go-to solution freezing. A dog on a leash (an environmental constraint) will often immediately
resort to aggression regardless of threat imminence because freezing and escape are no longer
options (a phenomenon known as leash aggression).

Evolution and emergence: Two sides of the same coin

Although we have argued that stable emotion states emerge as the organism interacts
with the environment, we cannot ignore evolution. The ability to walk bipedally emerges through
trial-and-error learning, and yet biological evolution (which includes but is not limited to genetic
variation; Jablonka & Lamb, 2014) has shaped our bodies for bipedalism. And however learning
to walk bipedally has evolved and developed, it is unlikely that any of the gaits in our earlier
example have an exclusive genetic or neural provenance; each gait is simply the best solution for
safely traversing a specific surface. Likewise, specific emotion states may emerge and stabilize
as attractors through experience with the world, but biological evolution nevertheless bequeathed
us the machinery with which to generate those attractors. Our ability to communicate emotion
states is enhanced by well-differentiated facial muscles that anchor to our skin so each muscle
contraction is maximally visible to others (Burrows, 2008). Our brains allow us to learn,
remember, and predict the best possible behavioral paths for achieving necessary goals, and our
ability to generalize allows us to use organized emotion responses in new contexts.

Complex behavior can emerge from the interaction of simple neural systems,
environmental affordances, and specialized bodies shaped by evolution. As an analogy, consider

how female crickets find, and mate with, males who produce the loudest version of a species-
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specific mating song (example borrowed from Barrett, 2011). The females’ apparent ability to
listen to enough of a song to recognize it, compare it to others and decide which is loudest, and
then locate her chosen mate, suggest she is remembering, recognizing patterns, deciding, and
planning a route. But she is not. Rather, this complex behavior all results from her ear anatomy.
When sound reaches her eardrums, two neurons cause her to turn in the direction of the eardrum
that received the sound first (and is therefore closer to the source). This happens over and over,
slowly drawing her towards her future mate; louder chirps activate the neurons more strongly,
overriding the possibility that she move towards quieter chirps. But how does she differentiate
her species’ mating call from other species’? First, her tracheal tubes, through which the sound
travels, have evolved to resonate at the specific frequency of her species’ chirps. Second, the
males’ chirp syllables are timed to the decay rate of her neurons to maximize neuronal firing and
sustain her movement towards the male. Syllables that are too close or too far apart will cause
the cells to fire less, making her drift off course as she tries to follow the sound of the wrong
species.

Humans are not crickets, and our brains are vastly more complex. But this detour into
cricket anatomy demonstrates how evolution and the emergence of complex phenomena—
including, perhaps, emotions—work together. Female crickets did not evolve mating ritual brain
circuits. Instead, they evolved bodies and simple neural systems that, through interaction with an
“expected” environment (one with crooning males within earshot), produce adaptive, specific
behaviors. Likewise, to experience discrete states like love, anger, sadness, or fear, humans did
not need to evolve specific emotional capacities. We needed to evolve bodies with more domain-
general features, like responsive autonomic nervous systems, hormones that diffuse widely, a

musculoskeletal system that can act, and brains that can encode and integrate information and
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direct behavior in the service of goals. We would not have sadness without the capacity to
remember what we have lost. We would not have fear if we could not feel pain or discomfort.
We would not have anger if we had no way to respond to frustration. The human body takes its
form for many reasons, and one of them may be that it supports the emergence of adaptive
emotion states.

Emotions, in turn, likely scaffolded the biological and cultural evolution of other
mammalian and human traits. We propose that stable emotion states, which emerged as each
individual interacted with their social and nonsocial environment, expanded the possibilities for
biological and cultural evolution. For instance, love and separation distress are the glue that bind
families and social groups, without which our species would not survive (Beckes & Coan, 2011).

A modern affective science

We have presented a framework of emotions as emergent states that is compatible with
the ecological dynamics framework (Seifert et al., 2016), which combines ecological
psychology’s emphasis on the body and environment with complex dynamical systems
reasoning. Our perspective is also in the spirit of Witherington and Crichton (2007), who argue
for blending dynamical systems and functionalist emotion views as complementary levels of
explanation.

Future work should continue to test the fit of dynamical systems models to densely-
sampled dynamic emotion data (e.g., Boker, 2002; Hoeksma et al., 2007; Butler, 2017; Chow et
al., 2005; Pettersson et al., 2013). An exciting direction is to computationally model the
emergence of specific goals (such as the goal to be with others, Atzil et al., 2018) and the
optimization of behavior that serves those goals (e.g., FeldmanHall & Chang, 2018; Pacella et

al., 2017). Critics of the notion that emotions are stable states may instead model emotions as
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flow-type attractors (Shibata & Goto, 2017). Beyond relying on longitudinal data, affective
scientists could borrow biological approaches for modeling fitness landscapes to identify
emotion attractor basins (for a similar approach to cultural evolution of religions, see Poulsen &
DeDeo, 2023).

Testable hypotheses follow from the assumption that emotions are emergent attractors.
For example, over development, we expect a few stable states to bifurcate and multiply, which
fits with existing evidence that emotion knowledge becomes increasingly granular during
development (e.g., Nook & Somerville, 2019). But individuals may not follow the same
developmental trajectory, even if they converge to similar emotion landscapes. Another
predicted consequence of emotional maturity is that emotion states will be increasingly
contingent on the environment; domain experts, such as professional athletes, are more attuned
and responsive to environmental affordances, producing more goal-relevant outcomes (Seifert et
al., 2016). A child’s behavioral solution in all negative states may be to throw a tantrum, while
an adult’s response may (hopefully) be more goal-directed and contingent on the context,
reflecting their emotional “expertise.” We might also hypothesize that emotions that are distant
from all other emotions (e.g., lust) will be more stable, whereas emotions that are more proximal
to each other (e.g., fear and disgust; Cowen & Keltner, 2017) will more easily destabilize each
other. Another prediction is that a system can be pushed out of a habituated attractor state (e.g.,
fearful or sad rumination) through an unrelated perturbation (e.g., a random distraction;
Huffziger & Kuehner, 2009). Of course, there are many more possibilities. By viewing emotions
as emergent attractor states, we can shift our focus toward the functional coupling of individuals
to their environments in ways that offer relief from spurious disagreements about nature versus

nurture.
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In sum, we have sketched a perspective of where emotions come from that combines
basic emotion theories’ emphasis on adaptive functions and universality with psychological
constructionism’s emphasis on context-dependent learning. Our disagreement with standard
basic emotion theories is where the information that gives rise to discrete emotions is encoded:
rather than being encoded in genes that give rise to specialized emotion-generating brain systems
(e.g., Pacellaet al., 2017; Gu et al., 2019), we see emotions as arising from the body’s response
to the sensory properties and demands of the environment. Our disagreement with psychological
constructionism is about the end product of degeneracy and learning: rather than the end product
being core affect layered with culturally-specific, ad hoc emotion concepts (Barrett, 2014;
Lindquist, 2013), we see the end product as being distinguishable emotion states.>

All organisms attempt to optimize their behavior to maximize reward and minimize cost
as cheaply and efficiently as possible. Emotions are practiced feeling-behavior patterns that the
organism discovers and employs as efficient means for achieving goals. The specific goals—to be
near others, to mate, to play, to be safe—are bootstrapped from the most basic goal of predictively
regulating and maintaining the body (Sterling, 2012). Given nothing more than that imperative, a
sufficiently resourced environment, and time, most humans will discover stable (and, to some
degree, similar) emotion attractors that capitalize on the affordances of the body and
environment. We call for affective scientists to follow the path of contemporary evolutionary
biologists (Jablonka & Lamb, 2014; Keller, 2010) and recognize that nature and nurture are two

sides of the same coin.

5 Distinguishable when identified at the level of functional goal pursuit, not at the level of
individual components, because complex systems display degeneracy.



THE EMERGENCE OF EMOTION 18

Conflict of interest statement
On behalf of all authors, the corresponding author states that there is no conflict of interest.
Funding acknowledgement
A.W. was funded by National Science Foundation Grant 2145385.
Authors contributions statement
A.W. and J.C. wrote the manuscript.
Data availability statement

No new data were created or analyzed in this study. Data sharing is not applicable to this article.

References

Adolph, K. E., Cole, W. G., Komati, M., Garciaguirre, J. S., Badaly, D., Lingeman, J. M., Chan,
G.L. Y., & Sotsky, R. B. (2012). How Do You Learn to Walk? Thousands of Steps and
Dozens of Falls per Day. Psychological Science, 23(11), 1387-1394.

https://doi.org/10.1177/0956797612446346

Adolph, K. E., Kretch, K. S., & LoBue, V. (2014). Fear of Heights in Infants? Current
Directions in Psychological Science, 23(1), 60—66.
https://doi.org/10.1177/0963721413498895

Adolphs, R., & Anderson, D. J. (2018). The neuroscience of emotion. In The Neuroscience of
Emotion. Princeton University Press.

Adolphs, R., & Andler, D. (2018). Investigating Emotions as Functional States Distinct From
Feelings. Emotion Review, 1754073918765662.

https://doi.org/10.1177/1754073918765662



https://doi.org/10.1177/0956797612446346
https://doi.org/10.1177/0956797612446346
https://doi.org/10.1177/0963721413498895
https://doi.org/10.1177/0963721413498895
https://doi.org/10.1177/0963721413498895
https://doi.org/10.1177/1754073918765662
https://doi.org/10.1177/1754073918765662
https://doi.org/10.1177/1754073918765662

THE EMERGENCE OF EMOTION 19

Attwells, R. L., Birrell, S. A., Hooper, R. H., & Mansfield, N. J. (2006). Influence of carrying
heavy loads on soldiers’ posture, movements and gait. Ergonomics, 49(14), 1527-1537.

https://doi.org/10.1080/00140130600757237

Atzil, S., Gao, W., Fradkin, 1., & Barrett, L. F. (2018). Growing a social brain. Nature Human

Behaviour. https://doi.org/10.1038/541562-018-0384-6

Barrett, L. (2011). Beyond the brain: How body and environment shape animal and human
minds. Princeton University Press.

Barrett, L. F. (2014). The conceptual act theory: A précis. Emotion review, 6(4), 292-297.

Barrett, L. F. (2017). The theory of constructed emotion: an active inference account of
interoception and categorization. Social cognitive and affective neuroscience, 12(1), 1-23.

Barrett, L. F., & Finlay, B. L. (2018). Concepts, goals and the control of survival-related
behaviors. Current Opinion in Behavioral Sciences, 24, 172—179.

https://doi.org/10.1016/j.cobeha.2018.10.001

Barrett, L. F., Lindquist, K. A., & Gendron, M. (2007). Language as context for the perception
of emotion. Trends in cognitive sciences, 11(8), 327-332.

Beckes, L., & Coan, J. A. (2011). Social baseline theory: The role of social proximity in
emotion and economy of action. Social and Personality Psychology Compass, 5(12), 976-
988.

Bennett, D. S., Bendersky, M., & Lewis, M. (2005). Does the Organization of Emotional
Expression Change Over Time? Facial Expressivity From 4 to 12 Months. Infancy, 8(2),

167—-187. https://doi.org/10.1207/s15327078in0802_4



https://doi.org/10.1080/00140130600757237
https://doi.org/10.1080/00140130600757237
https://doi.org/10.1080/00140130600757237
https://doi.org/10.1038/s41562-018-0384-6
https://doi.org/10.1016/j.cobeha.2018.10.001
https://doi.org/10.1016/j.cobeha.2018.10.001
https://doi.org/10.1016/j.cobeha.2018.10.001
https://doi.org/10.1207/s15327078in0802_4

THE EMERGENCE OF EMOTION 20

Berger, S. E., Theuring, C., & Adolph, K. E. (2007). How and when infants learn to climb
stairs. Infant Behavior and Development, 30(1), 36—49.

https://doi.org/10.1016/].infbeh.2006.11.002

Bergman, T. J., & Beehner, J. C. (2022). Leveling with Tinbergen: Four levels simplified to
causes and consequences. Evolutionary Anthropology: Issues, News, and Reviews, 31(1),
12-19.

Boker, S. M. (2002). Consequences of Continuity: The Hunt for Intrinsic Properties within
Parameters of Dynamics in Psychological Processes. Multivariate Behavioral Research,

37(3), 405-422. https://doi.org/10.1207/S15327906 MBR3703_5

Boyd, S. M., Kuelz, A., Page-Gould, E., Butler, E. A., & Danyluck, C. (2022). An exploratory

study of physiological linkage among strangers. Frontiers in Neuroergonomics,

2(February), 1-14. https://doi.org/10.3389/fnrgo.2021.751354

Bradbury, J. W., & Vehrencamp, S. L. (2000). Economic models of animal communication.
Animal behaviour, 59(2), 259-268.

Burrows, A. M. (2008). The facial expression musculature in primates and its evolutionary
significance. BioEssays, 30(3), 212-225.

Butler, E. A. (2017). Emotions are temporal interpersonal systems. Current Opinion in
Psychology, 17, 129-134.

Camazine, S., Deneubourg, J. L., Franks, N. R., Sneyd, J., Theraula, G., & Bonabeau, E. (2020).
Self-organization in biological systems. In Self-Organization in Biological Systems.
Princeton university press.

Chow, S. M., Ram, N., Boker, S. M., Fujita, F., & Clore, G. (2005). Emotion as a thermostat:

representing emotion regulation using a damped oscillator model. Emotion, 5(2), 208.


https://doi.org/10.1016/j.infbeh.2006.11.002
https://doi.org/10.1016/j.infbeh.2006.11.002
https://doi.org/10.1207/S15327906MBR3703_5
https://doi.org/10.1207/S15327906MBR3703_5
https://doi.org/10.3389/fnrgo.2021.751354
https://doi.org/10.3389/fnrgo.2021.751354

THE EMERGENCE OF EMOTION 21

Chuenwattanapranithi, S., Xu, Y., Thipakorn, B., & Maneewongvatana, S. (2009). Encoding
Emotions in Speech with the Size Code. Phonetica, 65(4), 210-230.

https://doi.org/10.1159/000192793

Clark, A. (1989). Microcognition: Philosophy, cognitive science, and parallel distributed
processing. MIT Press.

Clore, G. L., & Ortony, A. (2013). Psychological construction in the OCC model of emotion.
Emotion Review, 5(4), 335-343.

Coan, J. A. (2010). Emergent ghosts of the emotion machine. Emotion Review, 2(3), 274-285.

Coan, J. A., & Allen, J. J. B. (2007). Handbook of Emotion Elicitation and Assessment. Oxford
University Press, USA.

Collins, S. H., & Ruina, A. (2005). A Bipedal Walking Robot with Efficient and Human-Like
Gait. Proceedings of the 2005 IEEE International Conference on Robotics and

Automation, 1983—1988. https://doi.org/10.1109/ROBOT.2005.1570404

Cowen, A., & Keltner, D. (2017). Self-report captures 27 distinct categories of emotion bridged
by continuous gradients. Proceedings of the national academy of sciences, 114(38),
E7900-E79009.

Cowen, A., & Keltner, D. (2020). Universal facial expressions uncovered in art of the ancient
Americas: A computational approach. Science Advances, 6(34), eabb1005.

https://doi.org/10.1126/sciadv.abb1005

Cowen, A., Sauter, D., Tracy, J. L., & Keltner, D. (2019). Mapping the passions: Toward a
high-dimensional taxonomy of emotional experience and expression. Psychological

Science in the Public Interest, 20(1), 69-90.


https://doi.org/10.1159/000192793
https://doi.org/10.1159/000192793
https://doi.org/10.1109/ROBOT.2005.1570404
https://doi.org/10.1109/ROBOT.2005.1570404
https://doi.org/10.1126/sciadv.abb1005
https://doi.org/10.1126/sciadv.abb1005

THE EMERGENCE OF EMOTION 22

Crivelli, C., & Fridlund, A. J. (2018). Facial Displays Are Tools for Social Influence. Trends in

Cognitive Sciences, 22(5), 388—399. https://doi.org/10.1016/].tics.2018.02.006

Cunningham, W. A., Dunfield, K. A., & Stillman, P. E. (2013). Emotional states from affective
dynamics. Emotion Review, 5(4), 344-355.

Davies, N. B., Krebs, J. R., & West, S. A. (2012). 4An introduction to behavioural ecology. John
Wiley & Sons.

Debiec, J., & Sullivan, R. M. (2017). The neurobiology of safety and threat learning in infancy.
Neurobiology of learning and memory, 143, 49-58.

de Visser, J. A. G. M., & Krug, J. (2014). Empirical fitness landscapes and the predictability of

evolution. Nature Reviews Genetics, 15(7), Article 7. https://doi.org/10.1038/nrg3744

Edelman, G. M., & Gally, J. A. (2001). Degeneracy and complexity in biological systems.
Proceedings of the National Academy of Sciences of the United States of America, 98(24),

13763—13768. https://doi.org/10.1073/pnas.231499798

Fanselow, M. S. (2022). Negative valence systems: Sustained threat and the predatory
imminence continuum. Emerging Topics in Life Sciences, 6(5), 467-477.

https://doi.org/10.1042/ETLS20220003

Feigin, C., Li, S., Moreno, J., & Mallarino, R. (2022). The GRN concept as a guide for
evolutionary developmental biology. Journal of Experimental Zoology Part B: Molecular

and Developmental Evolution. https://doi.org/10.1002/jez.b.23132

FeldmanHall, O., & Chang, L. J. (2018). Social Learning: Emotions Aid in Optimizing Goal-
Directed Social Behavior. In R. Morris, A. Bornstein, & A. Shenhav (Eds.), Goal-

Directed Decision Making (pp. 309—-330). Academic Press. https://doi.org/10.1016/B978-

0-12-812098-9.00014-0



https://doi.org/10.1016/j.tics.2018.02.006
https://doi.org/10.1016/j.tics.2018.02.006
https://doi.org/10.1038/nrg3744
https://doi.org/10.1038/nrg3744
https://doi.org/10.1073/pnas.231499798
https://doi.org/10.1073/pnas.231499798
https://doi.org/10.1042/ETLS20220003
https://doi.org/10.1042/ETLS20220003
https://doi.org/10.1042/ETLS20220003
https://doi.org/10.1002/jez.b.23132
https://doi.org/10.1016/B978-0-12-812098-9.00014-0
https://doi.org/10.1016/B978-0-12-812098-9.00014-0
https://doi.org/10.1016/B978-0-12-812098-9.00014-0

THE EMERGENCE OF EMOTION 23

Fossum, M., Hillnhiitter, H., & Ryeng, E. O. (2022). Winter walking — the effect of winter
conditions on pedestrians’ step length and step frequency. Transportmetrica A: Transport

Science, 1-22. https://doi.org/10.1080/23249935.2022.2122760

Fridlund, A. J. (2014). Human facial expression: An evolutionary view. Academic press.

Futagi, Y., Toribe, Y., & Suzuki, Y. (2012). The grasp reflex and moro reflex in infants:
hierarchy of primitive reflex responses. International journal of pediatrics, 2012, 191562.
https://doi.org/10.1155/2012/191562

Gates, D. H., Wilken, J. M., Scott, S. J., Sinitski, E. H., & Dingwell, J. B. (2012). Kinematic
strategies for walking across a destabilizing rock surface. Gait & Posture, 35(1), 36-42.

https://doi.org/10.1016/1.gaitpost.2011.08.001

Gomez-Marin, A., & Ghazanfar, A. A. (2019). The Life of Behavior. Neuron, 104(1), 25-36.
https://doi.org/10.1016/j.neuron.2019.09.017
Gordon, G. (2019). Social behaviour as an emergent property of embodied curiosity: A robotics

perspective. Philosophical Transactions of the Royal Society B: Biological Sciences,

374(1771),20180029. https://doi.org/10.1098/rstb.2018.0029

Gordon, G., & Breazeal, C. (2014). Learning to maintain engagement: no one leaves a sad
Dragonbot. In 2014 AAAI fall symposium series.

Gu, S., Wang, F., Patel, N. P., Bourgeois, J. A., & Huang, J. H. (2019). A model for basic
emotions using observations of behavior in Drosophila. Frontiers in psychology, 10, 781.

Heyes, C. (2018). Cognitive gadgets: The cultural evolution of thinking. Harvard University
Press.

Hochman, A. (2013). The phylogeny fallacy and the ontogeny fallacy. Biology & Philosophy,

28, 593—-612. https://doi.org/10.1007/s10539-012-9325-3


https://doi.org/10.1080/23249935.2022.2122760
https://doi.org/10.1080/23249935.2022.2122760
https://doi.org/10.1016/j.gaitpost.2011.08.001
https://doi.org/10.1016/j.gaitpost.2011.08.001
https://doi.org/10.1016/j.neuron.2019.09.017
https://doi.org/10.1016/j.neuron.2019.09.017
https://doi.org/10.1016/j.neuron.2019.09.017
https://doi.org/10.1098/rstb.2018.0029
https://doi.org/10.1098/rstb.2018.0029
https://doi.org/10.1007/s10539-012-9325-3
https://doi.org/10.1007/s10539-012-9325-3

THE EMERGENCE OF EMOTION 24

Hoeksma, J. B., Oosterlaan, J., Schipper, E., & Koot, H. (2007). Finding the attractor of anger:
Bridging the gap between dynamic concepts and empirical data. Emotion, 7(3), 638—648.

https://doi.org/10.1037/1528-3542.7.3.638f

Hoffman, A. N., Trott, J. M., Makridis, A., & Fanselow, M. S. (2022). Anxiety, fear, panic: an
approach to assessing the defensive behavior system across the predatory imminence
continuum. Learning & behavior, 50(3), 339-348.

Huffziger, S., & Kuehner, C. (2009). Rumination, distraction, and mindful self-focus in
depressed patients. Behaviour Research and Therapy, 47(3), 224-230.

Jablonka, E., & Lamb, M. J. (2014). Evolution in four dimensions, revised edition: Genetic,
epigenetic, behavioral, and symbolic variation in the history of life. MIT press.

Jack, R. E., Sun, W, Delis, 1., Garrod, O. G., & Schyns, P. G. (2016). Four not six: Revealing
culturally common facial expressions of emotion. Journal of Experimental Psychology:
General, 145(6), 708.

Keller, E. F. (2010). Goodbye nature vs nurture debate. New Scientist, 207(2778), 28-29.

https://doi.org/10.1016/S0262-4079(10)62277-4

Kelso, J. A. S. (2012). Multistability and metastability: Understanding dynamic coordination in

the brain. Philosophical Transactions of the Royal Society B: Biological Sciences,

367(1591), 906-918. https://doi.org/10.1098/rstb.2011.0351

Kolodyazhniy, V., Kreibig, S. D., Gross, J. J., Roth, W. T., & Wilhelm, F. H. (2011). An
affective computing approach to physiological emotion specificity: Toward subject-
independent and stimulus-independent classification of film-induced emotions: Affective
computing approach to emotion specificity. Psychophysiology, 48(7), 908-922.

https://doi.org/10.1111/5.1469-8986.2010.01170.x



https://psycnet.apa.org/doi/10.1037/1528-3542.7.3.638
https://psycnet.apa.org/doi/10.1037/1528-3542.7.3.638
https://doi.org/10.1037/1528-3542.7.3.638f
https://doi.org/10.1037/1528-3542.7.3.638f
https://doi.org/10.1016/S0262-4079(10)62277-4
https://doi.org/10.1016/S0262-4079(10)62277-4
https://doi.org/10.1098/rstb.2011.0351
https://doi.org/10.1111/j.1469-8986.2010.01170.x
https://doi.org/10.1111/j.1469-8986.2010.01170.x
https://doi.org/10.1111/j.1469-8986.2010.01170.x

THE EMERGENCE OF EMOTION 25

Komar, J., Chow, J.-Y., Chollet, D., & Seifert, L. (2015). Neurobiological degeneracy:
Supporting stability, flexibility and pluripotentiality in complex motor skill. Acta

Psychologica, 154, 26-35. https://doi.org/10.1016/j.actpsy.2014.11.002

Korolkova, O. A. (2018). The role of temporal inversion in the perception of realistic and
morphed dynamic transitions between facial expressions. Vision Research, 143, 42-51.

https://doi.org/10.1016/j.visres.2017.10.007

Kron, A., & Weksler, A. (2022). The Feelings of Goals Hypothesis: Emotional Feelings are
Non-Conceptual, Non-Motoric Representations of Goals. Emotion Review,
17540739221104456. https://doi.org/10.1177/17540739221104456

Kuppens, P., & Tong, E. M. W. (2010). An Appraisal Account of Individual Differences in

Emotional Experience: Individual Differences in Emotional Experience. Social and

Personality Psychology Compass, 4(12), 1138—1150. https://doi.org/10.1111/}.1751-

9004.2010.00324.x

Lasarcyk, E., & Trouvain, J. (2008). Spread lips+ raised larynx+ higher fO= smiled speech? An
articulatory synthesis approach. Proceedings of ISSP, 43—48.

Lehmann, L. D., & Artemiadis, P. (2020). Quantifying Kinematic Adaptations of Gait During
Walking on Terrains of Varying Surface Compliance. 2020 8th IEEE RAS/EMBS
International Conference for Biomedical Robotics and Biomechatronics (BioRob), 816—

821. https://doi.org/10.1109/BioRob49111.2020.9224315

Levenson, R. W., Soto, J., & Pole, N. (2007). Emotion, biology, and culture. Handbook of

cultural psychology, 780-796.


https://doi.org/10.1016/j.actpsy.2014.11.002
https://doi.org/10.1016/j.actpsy.2014.11.002
https://doi.org/10.1016/j.visres.2017.10.007
https://doi.org/10.1016/j.visres.2017.10.007
https://doi.org/10.1177/17540739221104456
https://doi.org/10.1177/17540739221104456
https://doi.org/10.1111/j.1751-9004.2010.00324.x
https://doi.org/10.1111/j.1751-9004.2010.00324.x
https://doi.org/10.1109/BioRob49111.2020.9224315
https://doi.org/10.1109/BioRob49111.2020.9224315

THE EMERGENCE OF EMOTION 26

Lindquist, K. A. (2013). Emotions Emerge from More Basic Psychological Ingredients: A
Modern Psychological Constructionist Model. Emotion Review, 5(4), 356-368.

https://doi.org/10.1177/1754073913489750

Lindquist, K. A., Jackson, J. C., Leshin, J., Satpute, A. B., & Gendron, M. (2022). The cultural
evolution of emotion. Nature Reviews Psychology, 1-13.

Lindquist, K. A., Satpute, A. B., Wager, T. D., Weber, J., & Barrett, L. F. (2016). The Brain
Basis of Positive and Negative Affect: Evidence from a Meta-Analysis of the Human
Neuroimaging Literature. Cerebral Cortex, 26(5), 1910-1922.

https://doi.org/10.1093/cercor/bhv001

LoBue, V., & Adolph, K. E. (2019). Fear in infancy: Lessons from snakes, spiders, heights, and
strangers. Developmental Psychology, 55(9), 1889—-1907.

https://doi.org/10.1037/dev0000675

Loossens, T., Mestdagh, M., Dejonckheere, E., Kuppens, P., Tuerlinckx, F., & Verdonck, S.
(2020). The Affective Ising Model: A computational account of human affect dynamics.
PLOS Computational Biology, 16(5), €1007860.

https://doi.org/10.1371/journal.pcbi.1007860

Lowe, R., & Ziemke, T. (2011). The Feeling of Action Tendencies: On the Emotional
Regulation of Goal-Directed Behavior. Frontiers in Psychology, 2, 346.

https://doi.org/10.3389/fpsy2.2011.00346

Matsumoto, D., & Hwang, H. S. (2012). Culture and emotion: The integration of biological and
cultural contributions. Journal of Cross-Cultural Psychology, 43(1), 91-118.

McGhee, G. R. (2011). Convergent evolution: limited forms most beautiful. MIT Press.


https://doi.org/10.1177/1754073913489750
https://doi.org/10.1177/1754073913489750
https://doi.org/10.1093/cercor/bhv001
https://doi.org/10.1093/cercor/bhv001
https://doi.org/10.1037/dev0000675
https://doi.org/10.1037/dev0000675
https://doi.org/10.1037/dev0000675
https://doi.org/10.1371/journal.pcbi.1007860
https://doi.org/10.1371/journal.pcbi.1007860
https://doi.org/10.1371/journal.pcbi.1007860
https://doi.org/10.3389/fpsyg.2011.00346
https://doi.org/10.3389/fpsyg.2011.00346

THE EMERGENCE OF EMOTION 27

Mesquita, B., & Walker, R. (2003). Cultural differences in emotions: A context for interpreting
emotional experiences. Behaviour research and therapy, 41(7), 777-793.

Moors, A., & Fischer, M. (2018). Demystifying the role of emotion in behaviour: Toward a
goal-directed account. Cognition and Emotion, 33(1), 94-100.

https://doi.org/10.1080/02699931.2018.1510381

Nicolis, G., & Nicolis, C. (2012). Foundations of Complex Systems: Emergence, Information
and Predicition. World Scientific.

Nook, E. C., & Somerville, L. H. (2019). Emotion concept development from childhood to
adulthood. In Emotion in the Mind and Body (pp. 11-41). Springer, Cham.

Oatley, K., Keltner, D., & Jenkins, J. M. (20006). Understanding emotions. Blackwell
publishing.

Oudeyer, P. Y., & Smith, L. B. (2016). How evolution may work through curiosity-driven
developmental process. Topics in Cognitive Science, 8(2), 492-502.

https://doi.org/10.1111/tops.12196

Pacella, D., Ponticorvo, M., Gigliotta, O., & Miglino, O. (2017). Basic emotions and adaptation.
A computational and evolutionary model. PLoS one, 12(11), e0187463.

Pettersson, E., Boker, S. M., Watson, D., Clark, L. A., & Tellegen, A. (2013). Modeling daily
variation in the affective circumplex: A dynamical systems approach. Journal of Research

in Personality, 47(1), 57-69. https://doi.org/10.1016/1.jrp.2012.10.003

Poulsen, V., & DeDeo, S. (2023). Cognitive Attractors and the Cultural Evolution of Religion

[Preprint]. PsyArXiv. https://doi.org/10.31234/osf.io/daxyu


https://doi.org/10.1080/02699931.2018.1510381
https://doi.org/10.1080/02699931.2018.1510381
https://doi.org/10.1080/02699931.2018.1510381
https://doi.org/10.1111/tops.12196
https://doi.org/10.1111/tops.12196
https://doi.org/10.1111/tops.12196
https://doi.org/10.1016/j.jrp.2012.10.003
https://doi.org/10.1016/j.jrp.2012.10.003
https://doi.org/10.31234/osf.io/daxyu
https://doi.org/10.31234/osf.io/daxyu

THE EMERGENCE OF EMOTION 28

Reid, C. R., Lutz, M. J., Powell, S., Kao, A. B., Couzin, L. D., & Garnier, S. (2015). Army ants
dynamically adjust living bridges in response to a cost—benefit trade-off. Proceedings of
the National Academy of Sciences, 112(49), 15113-15118.

Reil, T., & Husbands, P. (2002). Evolution of central pattern generators for bipedal walking in a
real-time physics environment. /EEE Transactions on Evolutionary Computation, 6(2),

159-168. https://doi.org/10.1109/4235.996015

Reissland, N., Francis, B., & Mason, J. (2013). Can Healthy Fetuses Show Facial Expressions
of “Pain” or “Distress”? PLoS ONE, 8(6), €65530.

https://doi.org/10.1371/journal.pone.0065530

Reitsema, A. M., Jeronimus, B. F., van Dijk, M., & de Jonge, P. (2022). Emotion dynamics in
children and adolescents: A meta-analytic and descriptive review. Emotion, 22, 374-396.

https://doi.org/10.1037/emo0000970

Rolls, E. T. (2021). Attractor cortical neurodynamics, schizophrenia, and depression.

Translational Psychiatry, 11(1), Article 1. https://doi.org/10.1038/s41398-021-01333-7

Russell, J. A. (2003). Core affect and the psychological construction of emotion. Psychological
review, 110(1), 145.

Scherer, K. R. (1994). Toward a concept of “modal emotions.” The Nature of Emotion:
Fundamental Questions, 25-31.

Scherer, K. R. (2009). Emotions are emergent processes: they require a dynamic computational
architecture. Philosophical Transactions of the Royal Society B: Biological Sciences,

364(1535), 3459-3474. https://doi.org/10.1098%2Frstb.2009.0141


https://doi.org/10.1109/4235.996015
https://doi.org/10.1371/journal.pone.0065530
https://doi.org/10.1371/journal.pone.0065530
https://doi.org/10.1037/emo0000970
https://doi.org/10.1037/emo0000970
https://doi.org/10.1038/s41398-021-01333-7
https://doi.org/10.1038/s41398-021-01333-7
https://doi.org/10.1098%2Frstb.2009.0141

THE EMERGENCE OF EMOTION 29

Scherer, K. R., & Moors, A. (2019). The Emotion Process: Event Appraisal and Component
Differentiation. Annual Review of Psychology, 70(1), 719-745.

https://doi.org/10.1146/annurev-psych-122216-011854

Schuyler, B. S., Kral, T. R. A., Jacquart, J., Burghy, C. A., Weng, H. Y., Perlman, D. M.,
Bachhuber, D. R. W., Rosenkranz, M. A., MacCoon, D. G., van Reekum, C. M., Lutz, A.,
& Davidson, R. J. (2014). Temporal dynamics of emotional responding: Amygdala
recovery predicts emotional traits. Social Cognitive and Affective Neuroscience, 9(2),

176—-181. https://doi.org/10.1093/scan/nss131

Seifert, L., Komar, J., Aragjo, D., & Davids, K. (2016). Neurobiological degeneracy: A key
property for functional adaptations of perception and action to constraints. Neuroscience

& Biobehavioral Reviews, 69, 159-165. https://doi.org/10.1016/j.neubiorev.2016.08.006

Shibata, K., & Goto, Y. (2017). New Reinforcement Learning Using a Chaotic Neural Network
for Emergence of “Thinking "—"Exploration” Grows into “Thinking” through Learning -

(arXiv:1705.05551). arXiv. http://arxiv.org/abs/1705.05551

Sterling, P. (2012). Allostasis: a model of predictive regulation. Physiology & behavior, 106(1),
5-15.

Sterling, P., & Eyer, J. (1988). Allostasis: A new paradigm to explain arousal pathology. In S.
Fisher & J. Reason (Eds.), Handbook of life stress, cognition and health (pp. 629-649).
John Wiley & Sons.

Thornton, M. A., & Tamir, D. I. (2017). Mental models accurately predict emotion transitions.
Proceedings of the National Academy of Sciences, 114(23), 5982-5987.

https://doi.org/10.1073/pnas.1616056114



https://doi.org/10.1146/annurev-psych-122216-011854
https://doi.org/10.1146/annurev-psych-122216-011854
https://doi.org/10.1146/annurev-psych-122216-011854
https://doi.org/10.1093/scan/nss131
https://doi.org/10.1093/scan/nss131
https://doi.org/10.1016/j.neubiorev.2016.08.006
https://doi.org/10.1016/j.neubiorev.2016.08.006
http://arxiv.org/abs/1705.05551
http://arxiv.org/abs/1705.05551
https://doi.org/10.1073/pnas.1616056114
https://doi.org/10.1073/pnas.1616056114
https://doi.org/10.1073/pnas.1616056114

THE EMERGENCE OF EMOTION 30

Torre, J. B., & Lieberman, M. D. (2018). Putting feelings into words: Affect labeling as implicit
emotion regulation. Emotion Review, 10(2), 116-124.

Wallace, I. J., Kraft, T. S., Venkataraman, V. V., Davis, H. E., Holowka, N. B., Harris, A. R.,
Lieberman, D. E., & Gurven, M. (2022). Cultural variation in running techniques among

non-industrial societies. Evolutionary Human Sciences, 4, e14.

https://doi.org/10.1017/ehs.2022.12

Wang, X.-S., Turner, J. D., & Mann, B. P. (2021). Constrained attractor selection using deep
reinforcement learning. Journal of Vibration and Control, 27(5-6), 502-514.
https://doi.org/10.1177/1077546320930144

Whitacre, J. M. (2010). Degeneracy: A link between evolvability, robustness and complexity in
biological systems. Theoretical Biology and Medical Modelling, 7(1), 6.
https://doi.org/10.1186/1742-4682-7-6

Witherington, D. C., & Crichton, J. A. (2007). Frameworks for understanding emotions and
their development: Functionalist and dynamic systems approaches. Emotion, 7(3), 628—

637. https://doi.org/10.1037/1528-3542.7.3.628

Wood, A., Lupyan, G., & Niedenthal, P. (2016). Why do we need emotion words in the first
place? Commentary on Lakoff (2015). Emotion Review, 8(3), 274-275.
Wood, A., Martin, J., & Niedenthal, P. (2017). Towards a social functional account of laughter:

Acoustic features convey reward, affiliation, and dominance. PloS one, 12(8), e0183811.


https://doi.org/10.1017/ehs.2022.12
https://doi.org/10.1017/ehs.2022.12
https://doi.org/10.1177/1077546320930144
https://doi.org/10.1177/1077546320930144
https://doi.org/10.1177/1077546320930144
https://doi.org/10.1186/1742-4682-7-6
https://doi.org/10.1186/1742-4682-7-6
https://doi.org/10.1186/1742-4682-7-6
https://doi.org/10.1037/1528-3542.7.3.628
https://doi.org/10.1037/1528-3542.7.3.628

	Abstract
	Beyond nature versus nurture: The emergence of emotion
	Distinct emotions are emergent states
	An example: The emergence of fear
	Evolution and emergence: Two sides of the same coin
	A modern affective science

	Conflict of interest statement
	References

