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Abstract

Much of the literature on the free energy principle (FEP) has focused on how
organisms maintain homeostasis amidst a constantly changing environment. A fun-
damental feature of the FEP is that biological entities are “hard-wired” towards
self-preservation.

However, contrary to this notion, there do exist organisms that appear to seek out
rather than avoid conditions that pose an elevated risk of serious injury or death,
thereby jeopardizing their physiological integrity. Borrowing a term used in 1990s
popular culture to refer to stunt performers like Evel Knievel, these organisms that
exhibit such behavioural characteristics can be referred to as daredevils.

This paper presents the case of daredevils as a challenge to the FEP’s homeo-
stasis- and optimization-based construal of biological systems. It also introduces
three possible explanatory strategies by which the FEP can account for daredevils.
The broader objective of the paper is to enhance the FEP’s ability to account for a
diverse range of complex behaviour.

Keywords Free energy principle (FEP) - Self-preservation - Dark room problem -
Daredevils - Thrill-seeking

Introduction

The free energy principle (FEP) is a wide-ranging theory of life whose scope includes
brain function and evolution (Colombo and Wright 2018; Friston 2009; Hohwy 2015;
Ramstead et al. 2019). It has been described as a “theoretical framework for address-
ing the self-organization in biological systems, focusing on the interdependency of
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brain, body, and local environment” (Kirchhoff 2018, 2524). One of its central claims
is that the deep structure of brain function reflects a causal structure fundamental to
biological systems from the molecular to the organism level of organization (Friston
2009, 2010; Hesp et al. 2019; Ramstead et al. 2019). This causal structure, referred
to as free energy minimization (to be defined and discussed in more detail in the next
section), can be operationalized into the notion that biological entities self-organize
their components in order to maintain homeostasis or physiological stability. Mini-
mizing free energy can also be described as a biological entity’s means of main-
taining its internal order (see Schreiber and Gimbel 2010). Importantly, this notion
is presented as a universal claim: free energy minimization has been posited as a
“necessary, if not sufficient biological characteristic” (Friston et al. 2006, 74) and
even a “biological imperative” (Friston et al. 2006; Friston and Stephan 2007). FEP
theorists also hold that “the defining characteristic of biological systems is that they
maintain their states and form in the face of a constantly changing environment,”
such that “biological agents, like animals or [brains] resist a natural tendency to dis-
order” (Friston 2010, 127). This notion that biological entities minimize free energy
in order to maintain their physiological integrity and avoid decay is a claim about the
causal organization biological entities evolved to exhibit, which in turn distinguishes
biological from non-biological entities (Friston 2010; Varela et al. 1974).

These features of the FEP thus entail that living organisms are characterized by
the tendency towards self-preservation (Kirchhoff 2018), in order to avoid decay or
physiological destabilization (Colombo and Wright 2018; Hesp et al. 2019). Indeed,
the biological imperative has been articulated as “avoid surprises and you will last
longer” (Friston et al. 2012, 2). One self-preservation strategy is selective exposure,
or limiting exposure to environmental conditions that are familiar and beneficial or
at least not harmful to the organism. By keeping itself within familiar conditions, the
organism can anticipate future outcomes with greater accuracy—i.e., it is less likely
to encounter surprise—and thus is more likely to respond to them more optimally
than would have been the case in unfamiliar conditions. Conversely, unfamiliar con-
ditions are more likely to be surprising, and thus pose a higher risk of being deleteri-
ous to the organism.

Although it is one of the FEP’s fundamental claims, the biological imperative
to “avoid surprises” renders the theory vulnerable to counterexamples. Particularly,
organisms do exist that actively and deliberately expose themselves to deleterious
environmental conditions, thereby risking injury or death. For a subset of these
organisms, this is a result of species-specific stereotypic behaviour. For instance,
some male praying mantises and spiders go on to mate with females despite the risk
of being cannibalized as part of the mating process (Lelito and Brown 2006; Prokop
and Vaclav 2005). In some species of exploding ants, “during territorial combat,
workers...sacrifice themselves by rupturing their gaster and releasing sticky and irri-
tant contents of their...mandibular gland reservoirs to kill or repel rivals” (Laciny et
al. 2018, 1-2). In other cases, organisms injure themselves in order to avoid poten-
tially greater future danger, such as trapped deer chewing off an ensnared leg (Rams-
den and Wilson 2014). Perhaps the most famous example of self-injurious behaviour
is that of lemmings, whose rushes off cliffs into the sea have long been misinter-
preted as suicide, but which scientific investigations have subsequently revealed to
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be mass emigrations out of an overpopulated and resource-depleted habitat into a less
crowded one (Chitty 1996).

However, this paper is more interested in cases wherein self-exposure to potentially
deleterious conditions initially appears to have no immediate biological benefits and
is not typical of the species. In particular, I have in mind humans who engage in acts
that are well-known to be risky and dangerous, such as eating laundry detergent pods,
holding a glass around one’s mouth and sucking the air out to create a vacuum with
the goal of making one’s lips swell, dousing oneself in flammable liquid and setting
oneself alight, or rapidly ingesting a spoonful of ground cinnamon. If these behav-
iours sound familiar, it is because they are all examples of “challenges” gone viral
on social media. Individuals who perform these acts will be referred to as daredevils.

The defining characteristic of daredevils is that they actively seek out environmen-
tal conditions that present a heightened risk of injury, impairment or death. Actions
that fit this description—such as those enumerated in the previous paragraph—will
be called daredevil behaviour. Furthermore, in contrast to the insects and spiders,
deer, and lemmings mentioned above, daredevil behaviour does not appear to be
the result of evolved, inherited, or species-specific behavioural patterns generaliz-
able to humans. Nevertheless, it has been observed that teenagers or young adults
are more likely to engage in daredevil and other forms of risky behaviour than their
older counterparts (Brodbeck et al. 2012; Caffray and Schneider 2000); however, the
influence of developmental stages on predispositions towards risky behaviour is a
matter that requires independent investigation, beyond what this paper can provide.!
Daredevils pose a challenge to the FEP because they are putative real-world coun-
terexamples to its biological imperative and thus construal of the behaviour of living
organisms, as they deliberately approach rather than avoid potentially deleterious
environmental conditions. In other words, rather than avoid surprises, they appear to
intentionally seek them out.

The FEP extensively accounts for how organisms maintain their homeostasis
amidst a changing environment (Hesp et al. 2019), thus fulfilling a hard requirement
for any theory of life. It has been said that the FEP’s viability hinges on its universal-
ity (Hohwy 2015; Kiverstein 2018). Consequently, in order for it to achieve explana-
tory completeness, it must also account for organisms and behaviour that appear to
contradict its claim about the fundamental nature of living organisms. In light of
these factors, this paper explores the nature of daredevils and the challenge it poses
to the FEP via the biological imperative.

The rest of the paper proceeds as follows. Section “The free energy principle”
provides an exposition of the FEP in Sect. “The free energy principle”. The dark
room problem is presented in Sect. “The dark room problem: from the safe side...”,
and daredevils and the challenge they pose are introduced in Sect. “...to the wild
side: daredevils”. Three potential strategies for resolving the problem of daredevils
are proffered in Sect. “Challenge accepted”. At this point, it must be noted that these
strategies are tentative solutions rather than completed accounts. They are intended

! Age and developmental stages are significant factors that need to be taken into account by theories of
human behaviour. Thus far, however, patterns in adolescent and early adult behaviour (of which risk-
taking is notable) appear to be an area that has received little attention from the FEP.
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as conversation starters to draw attention to risky or maladaptive behaviour, which
thus far have remained a gap in FEP literature, in the hope that more research will
be dedicated to these topics in the future. A brief conclusion in Sect. “Concluding
remarks” closes the paper.

The free energy principle

Free energy is a term used in thermodynamics and statistical physics, albeit with
varying senses (Hesp et al. 2019). While the FEP is concerned with free energy in the
context of statistical physics (Friston 2010), understanding free energy in a thermo-
dynamic context is nevertheless helpful.

Thermodynamic free energy is a measure of useful energy (Schreiber and Gim-
bel 2010), more specifically the “measure of energy available to do useful work”
(Kirchhoff 2018, 2523). When energy is converted from its potential to kinetic form,
it becomes more disordered in the process; thus, entropy, or the amount of disorder,
increases. The more disordered energy becomes, the more difficult it becomes to
“extract it to do work” (Kirchhoff 2018, 2523): as thermodynamic free energy—i.e.,
ordered energy that can be used to do work—decreases, entropy increases. As such,
the efficiency of a system depends on how well it can avoid disorder or entropy in the
process of converting potential energy to kinetic energy.

A conceptual switch is necessary in order to understand free energy in the FEP
context. The free energy in question at this point is variational, rather than ther-
modynamic. The FEP’s proponents define variational free energy—or simply free
energy—as a statistical probability distribution that “bounds surprise, conceived as
the difference between an organism’s predictions about its sensory inputs...and the
sensations it actually encounters (Friston et al. 2012, 1). Free energy is thus a “mea-
sure of the difference between what the organism senses and what it expects to sense”
(Hesp et al. 2019, 196). Within the FEP, free energy is conceptually parallel rather
than contrary to entropy, such that “minimizing free energy amounts to minimizing
entropy” (Kirchhoff 2018, 2523). While this reading identifies free energy as a statis-
tical quantity rather than a physical state, it can be operationalized as a sensory state
experienced by an organism that differs from the sensory conditions it has anticipated
through the use of an internal model of the environment (which will be discussed in
more detail shortly).

Since an organism is more likely to respond sub-optimally to an unanticipated
or surprising sensory state than it is to one that corresponds to the conditions it has
anticipated, surprising states are potentially deleterious. Now, it must be noted that
due to phenotypic diversity, surprising states differ across individuals, even within
the same species. A sub-optimal response to a surprising state increases the likelihood
of injury, impairment, or death, which result in drastic physiological alterations and
must therefore, according to the FEP, be avoided. These changes are often referred to
as phase transitions, as they involve significant modifications to the configuration or
phase of the organism’s components. Thus, the FEP’s imperative to “avoid surprises
and you will last longer” (Friston et al. 2012, 2) is a directive for self-preservation by
keeping away from potentially deleterious conditions as much as possible. The rela-

@ Springer



The argument from Evel (Knievel): daredevils and the free energy... Page 50f 17 44

tionship between free energy and surprise can be summarized as such: “free energy
is a proxy for a quantity called surprise..., which reflects the improbability of finding
an organism in some sensory state (Ramstead et al. 2019, 190). Free energy can be
proximal as well as cumulative. The former pertains to free energy related to surpris-
ing states in the immediate or proximal future. The latter refers to free energy accu-
mulated over the course of the organism’s lifespan: the more an organism finds itself
in surprising states, the more free energy it will accumulate, thereby heightening its
risk of undergoing phase transitions.

Another important aspect of the FEP is the notion that biological organisms pos-
sess a generative model, or internal model of the world that is “implicit in [their]
phenotype” (Friston et al. 2006, 78), and which “[encodes] the statistical structure of
their local environment” (Ramstead et al. 2019, 190). The generative model is con-
structed from bottom-up signals received via the organism’s sensorium, which must
then be “combined” in order to recreate what the world is like as correctly as possible.
That is, the generative model infers or forms hypotheses about how to reconstruct the
causal matrix that is responsible for the structure of the world as it is (Clark 2013). In
doing so, the generative model draws on stored information, known as prior beliefs
(or simply priors), to support its inferences. Priors can either be innate, or encoded in
the organism’s phenotype (Ramstead et al. 2019), or learned through experience over
the course of the organism’s lifespan. As such, the generative model is the organism’s
main source of information about the world.

Another crucial function of the generative model is that it generates predictions
or expectations about future states the organism might experience (Hesp et al. 2019),
based on priors and information presently received via the sensorium. Like ripples
in a pond that radiate away and back to the object that disturbed the water, an organ-
ism’s interactions with the environment result in changes to its external surroundings
and internal sensory states. To a certain extent, the organism is able to predict what
these changes will be like. However, since the environment is in a constant state of
flux, the actual external conditions that arise and the corresponding sensory states the
organism experiences as a consequence of these external states do not always match
the organism’s expectations (Kiverstein 2018). Since the accuracy of the predictions
is inversely proportional to the amount of free energy generated, it is in the best
interests of the organism to bring the model up to a satisfactory level of accuracy that
allows it to effectively minimize free energy.

Optimization of the model and minimization of free energy involves changing
“two quantities on which free energy depends” (Kirchhoff 2018, 2526): the external
environment and the organism’s internal states. The environment is modified through
action, and the internal model through perception (Friston 2010). An organism can
act on its surroundings in order to bring their configuration as close as it can to a state
that generates sensory signals that conform as accurately as possible to its expecta-
tions. Meanwhile, perceptual experiences produce sensory signals that are incorpo-
rated into the internal model, thereby updating it. These signals reinforce or revise
the information stored in the model, depending on whether they conform or diverge
from it.

The FEP takes the generative model a step further. It claims that a biological
organism is an embodied and implicit model of its own existence, such that it “is
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defined by the [physiological] states that it needs to maintain within certain bounds
if it is to continue to exist” (Kiverstein 2018, 563). Because phenotype determines an
organism’s physiology, behavioural patterns, cognitive capacities, and environmental
context, it is likewise instrumental to delimiting the states the organism can and will
experience throughout the course of its life. Phenotype also specifies what constitutes
homeostasis for an organism, as well as the regulatory processes necessary for that
organism to maintain homeostasis (Kiverstein 2018). Importantly, however, pheno-
typic diversity within any given species entails a degree of variation between what
is homeostatic or surprising for the individual. While many homeostasis-maintaining
processes are metabolic, others are behavioural: organisms tend to seek out condi-
tions that are amenable to keeping themselves within homeostasis, a tendency known
as selective exposure. The FEP provides the following example, of “an insect that
‘prefers’ the dark; imagine an insect that evolved to expect the world is dark. It will
therefore move into shadows to ensure it always samples a dark environment” (Fris-
ton et al. 2006, 78), where sampling refers to receiving sensory input consistent with
the dark environment, thus meeting the insect’s expectations.

Since biological entities—especially organisms—are situated within ecological
niches, (Friston et al. 2006; Ramstead et al. 2019), they are more likely to experience
certain environmental conditions than others. This is because the number of elements
within any given niche is finite relative to the broader environment, and as such can
enter into a limited number of configurations. When the organism limits its exposure
to a particular niche—especially a familiar one—the set of possible conditions that it
can expect to experience is significantly narrowed down. For instance, to an octopus
in the wild, the probability of coming face to face with a shark is much higher than
the probability of being sideswiped by a strange man on a motorcycle. Probability
distributions corresponding to the likelihood of experiencing certain ecological con-
ditions more than others are operationalized as the states that the organism “expects
given its phenotype and the eco-niche it lives in” (Kiverstein 2018, 563, italics in
original). These probability distributions are set in place and reinforced through dif-
ferent mechanisms, like exposure to the ecological niche in question, or information
encoded in the phenotype and hereditarily (and possibly epigenetically) transmitted
(Friston et al. 2006, 2012; Hesp et al. 2019). As such, the generative model encodes
the repertoire of physiological states and ecological conditions that the organism can
normally expect to experience throughout its lifetime, based on its phenotypic profile
and individual circumstances (Ramstead et al. 2019). This information then becomes
the source of the system’s “implicit beliefs about the outer world” (Hesp et al. 2019,
196), which in turn are recruited for behaviour control.

The dark room problem: from the safe side...

The FEP’s biological imperative has previously been challenged, in a prominent
thought experiment known as the dark room problem (Friston et al. 2012). The dark
room problem runs as follows: if it is true that biological entities are characterized by
the imperative for self-preservation via free energy minimization, operationalized as
avoiding surprising states, why do living organisms not stay in dark rooms all their
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lives? In contrast to any given “normal” environment, which is in a constant state of
flux, nothing can generate conditions as uniform and unsurprising as a room that is
dark at all times. Nevertheless, actual living organisms do not confine themselves
to dark rooms, but move around in the world, surprises and all. The fact that living
organisms “do not seem to avoid surprises” (Friston et al. 2012, 1) appears to directly
contradict the FEP’s claim that biological entities are hard wired to minimize free
energy and thus avoid unanticipated and hence potentially deleterious states.

FEP theorists respond that unless the organism in question is one whose natural
environmental niche is a consistently dark room, staying in one all its life is actually
maladaptive and deleterious (Friston et al. 2006, 2012). The canonical FEP explana-
tion is that “a dark room will afford low levels of surprise if, and only if, the agent
has been optimized by evolution (or neurodevelopment) to predict and inhabit it”
(Friston et al. 2012, 3). On the other hand, an organism that is not endemic to a dark
room will embody a model of an environment that is rich in sensory stimuli. For this
organism, a dark room will not be part of its repertoire of expected states, and will
thus prove surprising were the organism to find itself in such conditions. In order to
minimize free energy, the organism “will leave at the earliest opportunity” (Friston et
al. 2012, 3), to seek out a more stimulating environment that is in line with its expec-
tations. Thus, FEP theorists’ resolution of the dark room problem demonstrates that
immersion in an environment devoid of sensory stimuli does not necessarily equate
to minimizing free energy. Rather, the states that are surprising and unsurprising to
an organism depend on the kind of model of the world it has.

I have discussed the dark room problem here largely for historical reasons, but also
because like daredevils, the dark room problem illustrates how real-world observ-
able behaviour of living organisms differs from the FEP’s construal of the nature of
biological systems. Moreover, the dark room problem and daredevils demonstrate
the extreme opposite ends of the spectrum of free energy-minimizing behaviour. As
such, they can be thought of as counterweights to one another: the counterfactual
organisms posited in the dark room problem exhibit what is putatively extreme sur-
prise avoidance, while daredevils are characterized by what appears to be extreme
surprise seeking. Thus, the dark room problem attempts to refute the FEP’s exhorta-
tion to avoid surprises, whereas daredevils challenge its self-preservation imperative.
The discussion now proceeds to examining what can be called the daredevil chal-
lenge in more detail.

...to the wild side: daredevils

The daredevil challenge is shorthand for the following problem: If biological entities
are hard-wired for self-preservation, in so doing avoiding conditions that jeopardize
their homeostasis, then why do some organisms—i.e., daredevils—deliberately place
themselves in potentially deleterious situations? Taking inspiration from professional
stunt performers such as Evel Knievel—who is famous for his motorcycle jumps
over several rows of cars, buses, wild animals, or even a canyon (The Editors of
Encyclopaedia Britannica, 2020)—daredevils are individuals (in this case certain
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humans) who perform extremely risky actions, i.e., daredevil behaviour, contrary to
those associated with self-preservation.

The daredevils of present interest are known for their thrill-seeking, risk-taking
behaviour—sometimes designated in the literature as T behaviour (Morehouse et al.
1990; Sarshar et al. 2019; Self et al. 2007). Modern psychology sometimes refers to
individuals prone to such behaviour as having a Type T personality (Morehouse et
al. 1990), whose common manifestations are engaging in extreme sports (Self et al.
2007), anti-social behaviour, unsafe sexual practices, or recklessness in everyday
activities. Important features of daredevil behaviour are that (1) it is not prompted
by biological requirements (e.g., a desperate need for food) or threatening environ-
mental conditions (e.g., to escape predators, responses to territorial conflict); (2) are
not part of the phenotypically encoded “normal” behavioural repertoire (e.g., mating
behaviour) of the species as a whole but exhibited only by certain individuals; (3)
pose an extremely elevated risk of injury or death; (4) and do not appear to have bio-
logical benefits. Instead, it appears that “motivation for much risk-taking and engage-
ment with uncertainty is simply the thrill of it” (Sarshar et al. 2019, 1). With social
media in full flower, it is not difficult to come across daredevils: one need only log
on to social media and do a cursory search to find videos of individuals engaged in
dangerous activities such as ingesting laundry detergent capsules, setting oneself on
fire as a prank, or practicing yoga or acrobatics on the balcony railing of a high-rise
apartment or even a cliff edge.

Significantly, unlike Knievel and other professional stunt performers who are
highly trained, the daredevils I have in mind are not practiced hands at the daredevil
behaviour in question (in the case of “extreme yoga,” proficiency in yoga is quite dif-
ferent from practicing it on precarious surfaces). Evidence for the surprising nature
of daredevil behaviour comes from the daredevils’ own admissions to not having
previously tried doing the actions in question (which they often admit in the videos
concerned), their astonished, shocked, or downright terrified reactions to the immedi-
ate consequences of their actions, and at times the mere fact that they are still alive
and uninjured and thus able to engage in the daredevil behaviour concerned in the
first place. Thus, another important characteristic of daredevil behaviour is that 5) it
is novel.

Daredevils come in three types. First, there are those individuals who follow trends
or others’ behaviour that they have seen, usually on social media, for the very first
time. The second type are those who engage in daredevil behaviour without being
prompted to. Finally, the third type refers to those who engage in progressively risky
behaviour; in this case, danger is not necessarily due to the kind of behaviour per se,
but the elimination of safety precautions that normally accompany it. The challenge
to the FEP posed by the first two types of daredevils pertains to action selection,
i.e., why agents would seek out highly surprising and potentially deleterious states,
whereas the third type raises the question of why agents persist in this type of action
selection.

The FEP claims to be a universal theory about the fundamental structure of
biological entities, applicable at all levels (Friston 2009; Hohwy 2015; Kiverstein
2018; Limanowski and Blankenburg 2013). It has been written of the FEP it must
be accepted in its entirety or not at all, the reason being that what the FEP makes are
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overarching claims about the fundamental nature of all biological entities (Hohwy
2015). To make this point, Hohwy (2015) compares the FEP to evolutionary theory.
He argues that for it to have genuine explanatory value, a theory of evolution must be
applicable to all species since its purpose is to identify a unifying, general principle
that holds true regardless of the extent of biological diversity. In the same vein, for
the FEP to fulfil its goal of accounting for all biological phenomena using the same
explanatory toolkit, its claims must be universally true. As such, the FEP must also
be capable of accounting for behaviour that appears to be contradictory to its self-
preservation mandate.

Furthermore, the fact that daredevils and Type T personalities are recognized as
a category implies that they are a subclass of humans rather than isolated or anoma-
lous occurrences (which the FEP would nevertheless also have to account for). Thus,
daredevils and daredevil behaviour need to be firmly ensconced within the FEP’s
explanatory framework, instead of standing out as counterexamples or special cases.
That is to say, the FEP must have a principled account of why daredevil behaviour
occurs: without it, the FEP’s explanatory force and scope would be jeopardized.

The five characteristics of daredevil behaviour enumerated above seem to be
in disharmony with the FEP’s directive to avoid potentially deleterious surprising
states. That daredevil behaviour is not typical of humans as a species further implies
that it may be due to “atypical” neural or psychological features, and thus warrant
closer investigation. Since daredevil behaviour is not due to strict biological or eco-
logical requirements, poses an increased likelihood of phase transitions, and is highly
surprising, it can be safely described as suboptimal. As such, daredevils and dare-
devil behaviour embody the following question, which challenges the FEP’s standard
characterization of living organisms: “If the brain is built to make optimal decisions,
then why does it make so many suboptimal ones?” (Rahnev and Denison 2018, 17).
Daredevils thus pose a potential threat to theories that place considerable emphasis
on optimality, such as the FEP.

It is in light of this need to account for daredevil behaviour—i.e., to address the
daredevil challenge—that this paper proffers a number of solutions that can be devel-
oped further in future FEP research. These solutions will be discussed in the following
section. There are two caveats that must be kept in mind regarding the succeeding dis-
cussions. First, the starting points for the solutions are extant claims and explanatory
strategies in the FEP corpus, particularly regarding prior beliefs, epistemic behaviour,
the generative model, and the role of dopamine. Consequently, the arguments below
are reflective of the state and lines of reasoning of the FEP literature. Second, the
broad objective of presenting these solutions—and this paper, for that matter—is, so
to speak, to get the discussion ball rolling on risky and maladaptive behaviour in light
of the FEP. Thus, they serve as conversation starters rather than completed accounts
(which a single paper would be hard put to provide). Consequently, the solutions
presented here can be developed further in future FEP research.?

2 Or replaced in favour of more viable accounts when the time comes.
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Challenge accepted

As mentioned above, the first two types of daredevils raise issues about initial action
selection, while the third is concerned with persistent action selection. In the same
vein, the first two solutions focus on why daredevil action policies are selected, while
the third accounts for progressively risky behaviour. The three solutions have differ-
ent aspects of daredevil behaviour and the FEP as their starting points, and thus vary
in their explanatory strategies. They are, however, complementary to one another,
and can be recruited or integrated by future research into a comprehensive account
of daredevil behaviour.

Faulty priors

The first solution involves daredevils having “faulty” priors that provide unreliable
information about the consequences or riskiness of the daredevil behaviour in ques-
tion. To begin with, the FEP maintains that agents need to believe that their actions
minimize free energy (Friston et al. 2015); this can be operationalized as the agent
believing (with varying degrees of consciousness or awareness about the belief) that
their actions will bring them biological, psychological, or social benefits. Following
the FEP’s line of reasoning, action selection is influenced by the belief that perform-
ing the action in question will be the most effective at minimizing free energy (Fris-
ton et al. 2015), i.e., generating benefits or avoiding harms and other negative states.
Conversely, action policies or sequences of actions “that do not minimize expected
free energy are a priori surprising and will be avoided” (Friston et al. 2015, 195).
However, daredevils do what appears to be exactly the opposite: the action policies
they select are highly surprising, and thus increase rather than minimize free energy
and inflate the likelihood of undergoing the very phase transitions they are meant to
avoid.

Now, most other humans know a priori that the outcomes of daredevil behaviour
are likely to be deleterious, and thus avoid it. The FEP’s claim that the agent selects
the action policy that is the most effective at minimizing free energy implies that the
daredevil believes and subsequently predicts that the outcomes of daredevil behav-
iour in question will be (1) beneficial and (2) may not be exceedingly risky (Caf-
fray and Schneider 2000). Daredevil behaviour may be motivated by beliefs that it
will enhance positive affective states (e.g., enjoyment, excitement, or thrill), reduce
negative affective states (e.g., depression, stress, or boredom), or bring about social
rewards (e.g., higher status in the community, acceptance into a peer group, asserting
one’s identity) (Brodbeck et al. 2012; Caffray and Schneider 2000). At this point, it
must be noted that the perceived benefit differs according to the type of behaviour
in question. Importantly, such beliefs about the benefits of daredevil behaviour can
influence other judgments about the nature and dangerousness of the action: it has
been found that “specific cognitions may influence initiation into risky behaviours
and that further involvement may thus result in subsequent changes in cognition”
(Caffray and Schneider 2000, 547). A common consequence of what these authors
refer to as “cognitive distortion” is that a person—especially a risk-prone one—may
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underestimate the riskiness of daredevil behaviour, and thus become “overly optimis-
tic about the consequences of their behaviour” (Caffray and Schneider 2000, 547).

When these factors are taken together with the fact that what is surprising differs
significantly across individuals, a reasonable hypothesis is that daredevils have prior
beliefs about the nature and consequences of daredevil behaviour that differ from
those of their non-daredevil peers. In particular, a daredevil’s risk assessment may
be unreliable and hence faulty (Caffray and Schneider 2000; Rahnev and Denison
2018), such that they are overly optimistic or erroneously evaluate the hazards and
potential danger of daredevil behaviour. As such, their predictions about the out-
comes of daredevil behaviour are likely to be inaccurate when compared to those of
their non-daredevil peers who may have a more accurate appraisal of the situation.
In the same vein, daredevils’ generative models may be flawed in reconstructing the
causal matrix of the world, thus resulting in incorrect beliefs about the cause-and-
effect relationships related to daredevil behaviour.

Another aspect to consider is the modality of experience of daredevil behaviour.
Signals of different modalities provide dissimilar estimates of the phenomenon in
question (Rahnev and Denison 2018). For this reason, the more multimodal the infor-
mation accessed by the generative model, the more accurately it can formulate beliefs
and predictions. In contrast, much of daredevil behaviour is copied off what one sees,
often on social media; this is particularly true in the case of the first type of daredevil.
Moreover, there is evidence that perceiving one’s peers engaging in risky behaviour
is a stronger predictor that one will follow suit than having previous first-hand experi-
ence of risky behaviour is (Caffray and Schneider 2000). Consequently, beliefs about
the nature, experience, and consequences of the daredevil behaviour in question are
formed predominantly on the basis of exteroceptive input. This information is largely
visual, but also auditory. However, because the daredevil behaviour is at this point
completely novel, stored and real-time interoceptive signals about it—which would
have provided information about internal states related to danger perception such
as increased heart rate, heightened blood pressure, or pain—may be conspicuously
sparse. Significantly, interoceptive information is vital to maintaining homeosta-
sis by “informing other neural systems about the internal state of the body” (Gu
and FitzGerald 2014, 1), which in turn has extensive influence on decision-making.
The sparseness of interoceptive signals that could have provided information about
negative physiological states accompanying daredevil behaviour may likewise skew
beliefs and consequent predictions to the effect that daredevil behaviour appears
more pleasurable and less noxious or risky than it actually is, thereby contributing
to inaccurate risk assessment. Furthermore, the “avoidance of atypical events” such
as daredevil behaviour “seems more intuitive for physiological states (as reflected in
interoception) than for environmental states (as signalled by exteroception)” (Seth
2014, 271). Thus, without robust interoceptive information, the daredevil’s genera-
tive model registers daredevil behaviour as far less deleterious than it truly is, and is
likelier to select an action policy in its favour (Friston et al. 2014, 2).

Another factor to consider is that emotional states are known to affect perceptual
judgements (Rahnev and Denison 2018). It is known that emotional displays “[elicit]
behavioural responses from others, the detection of which could serve to confirm pre-
dictions of interoceptive condition” (Seth 2013, 568), thereby reinforcing decisions
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to engage in daredevil behaviour. A commonality between the videos of daredevil
trends on social media is that the participants are usually in a high state of arousal
(e.g., thrill, excitement, or giddiness) while performing the action. Moreover, in many
videos, the individuals actually executing daredevil behaviour are surrounded by an
“audience” egging them on, thereby intensifying emotional arousal. Taken together
with the sparseness of interoceptive information that could have signalled negative
sensations associated with risky actions, these emotional displays can reinforce the
daredevil’s existing beliefs and consequent predictions that the daredevil behaviour
to be copied will be exciting or enjoyable, beneficial, and do not pose that high a
threat of serious injury or even death.

Daredevil behaviour as epistemic behaviour

Still addressing the issue of action selection, let us take as an example a daredevil we
will call Evel. Evel is riding his trusty motorcycle through unfamiliar territory, and
sees a canyon for the very first time. After having admired the canyon’s magnificent
breadth and depth, he decides to jump across to the other side on his motorcycle, even
though doing so poses an elevated risk of falling to his death—the ultimate phase
transition the FEP cautions against.

This second explanation for daredevil behaviour understands it as a type of epis-
temic behaviour. Epistemic behaviour is a means of gaining new information about
the world via action, in the process updating the generative model (Friston et al.
2017). Preface to the account at hand is the FEP’s construal of agents as being “cou-
pled to the environment through observation (sampled from the generative process)
and actions (sampled from its posterior beliefs,” and that “[to] couple the agent to
its environment, we have to specify how its expectations depend upon observations
and how its action depends upon expectations” (Friston et al. 2014, 3). Thus, when
encountering a novel environment, the agent observes its features and subsequently
formulates hypotheses about them. Some of these hypotheses would pertain to the
roles the features observed play in the environment, as well as the possibilities for
action that they afford. These hypotheses in turn form the bases of expectations or
predictions about the states that the agent can encounter in the given environment.
Since the environment is as yet novel, these hypotheses will not have been tested,
and so pose considerable uncertainty. Likewise, expectations about the environment
will not have been assigned statistical weightings corresponding to their plausibility.

Since the environment is novel and thus still highly surprising, and the FEP man-
dates that an agent must minimize uncertainty about its hypotheses by active sampling
(Friston et al. 2017), Evel must select an action policy that will minimize uncertainty
about the hypotheses the generative model is currently trying to test. The hypothesis,
in this case, is whether Ze, Evel, can jump across the canyon on Ais motorcycle.
The salient point in this hypothesis, i.e., the information that needs to be gained, is
whether Evel-—and not another person, or a theoretical possibility—can make the
jump on his trusty motorcycle, which in virtue of frequent usage has become deeply
encoded into his model of the world. Thus, information about whether a motorcycle
jump of that length is possible for him and his motorcycle is an important way of
refining Evel’s model of the world. In addition to reducing the “first level of uncer-
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tainty [which] is about the cause of sensory outcomes under a particular policy”
(Friston et al. 2017, 2636), this daredevil behaviour would also be a means to gauge
whether his actual skills at motorcycle riding are in line with his expectations, the
accuracy of his distance and depth perception, and the reliability of his risk assess-
ment based on perceptual judgements. As such, by making the motorcycle jump, Evel
will be able to reduce uncertainty in various aspects within this novel environment.

Somewhat contrary to the FEP’s self-preservation imperative, actually making the
motorcycle jump—i.e., daredevil behaviour—is the most effective policy when it
comes to testing the hypothesis of whether Evel can make a motorcycle jump across
the canyon. Similarly, active inference holds that agents “resolve uncertainty through
active sampling of the world” (Friston et al. 2017, 2639). It is of course possible to
formulate safer speculative answers to the question of whether it is possible to leap
across a canyon on a motorcycle. For instance, a physicist could make the necessary
calculations, or a crash test lab could run simulations. However, they do not necessar-
ily prove that Evel can make the jump on his motorcycle: they may leave out factors
that are difficult to control for or that can go wrong, such as Evel faltering at some
point, miscalculating his momentum and starting speed, or other forms of human
error. Moreover, these solutions would lack a detailed interoceptive component for
Evel, and thus may not be as convincing to him as going through with the jump.
Thus, although informative, theoretical solutions would have less epistemic value
than actually making the jump, which consequently proves to be the policy with
the greatest epistemic value for the hypothesis Evel is trying to test and is therefore
selected (Friston et al. 2017).

Dopamine deficit

The third solution to the daredevil challenge focuses on why daredevils persist in
daredevil behaviour, and has as its starting point the effects of phenotypic diversity
on free energy minimization (Friston 2010). According to the FEP canon, an organ-
ism’s phenotype determines not only the repertoire of ecological conditions it can
expect to occupy (Ramstead et al. 2019), but also the various regulatory processes
necessary for it to maintain homeostasis (Kiverstein 2018). However, while conspe-
cifics may have numerous traits in common, there is considerable variation at the
individual level; consequently, what counts as surprising or stimulating differs from
person to person, as will be illustrated below. One such variation can be found in the
dopaminergic system, which may be caused by genetic (Nasiriavanaki et al. 2015) as
well as developmental factors such as adolescence or experiences during infancy or
early childhood (Steinberg 2008). Daredevil behaviour, especially of the third type
(which is characterized by progressively risky behaviour) may be due to a deficiency
in dopamine, which is “traditionally thought to report novelty, particularly in relation
to action and expected value in the same setting” (Friston et al. 2014, 9).

Of particular prominence among the neurobiological features implicated in thrill-
seeking and risk-taking in humans is the dopaminergic system, which plays a vital
role in the regulation of affective and motivational processes (Sarshar et al. 2019;
Steinberg 2008). It has been discovered that decreased functioning of the dopaminer-
gic system can lead to an increase in sensation-seeking (Steinberg 2008), one of the

@ Springer



44 Page 14 of 17 S. Carls-Diamante

main components of thrill-seeking and risk-taking (Sarshar et al. 2019); this may be
the case in daredevil behaviour. Diminished levels of dopamine have been linked to a
decrease in the experience of typically rewarding stimuli as rewarding, often leading
the individual to seek out novel or intense stimulation—such as those associated with
street drugs or dangerous activities—that can provide a sufficient level of satisfaction
(Steinberg 2008).

An individual with a dopaminergic system that does not produce enough levels
of the neurotransmitter—i.e., a dopamine deficit—may be driven towards daredevil
behaviour. This is due to needing stimulation more intense or novel than someone
with normal dopamine levels in order to experience an activity as rewarding. In order
to get their fix, the individual might then engage in daredevil behaviour, which is
perceived to be much more thrilling than other activities that those with sufficient
dopamine levels may find exciting enough. Once again let us take for instance Evel
(who survived the motorcycle jump to figure in another example), a dopamine-defi-
cient daredevil, and his friend Norm, who has a properly functioning dopaminergic
system. Evel and Norm go to the amusement park and see a triple-loop roller coaster.
While Norm is hesitant to get on the ride because he feels it is too scary, Evel cannot
wait to try it out because he finds anything less terrifying bland and boring. Evel’s
increased dopamine level requirement thus influences selection of the action to go
and ride the roller coaster with withs stomach churning-loops and steep drops.

After their initial roller coaster ride, Norm (who was scared out of his wits) has
had enough of it for good, but Evel wants to relive the thrill. He thus decides to have
another go...and yet another. Again, dopamine may have influenced this decision: it
has been hypothesized that dopamine “could be in a position to promote (reinforce)
the reselection (repetition) of recently selected actions or movements” (Redgrave and
Gurney 2006, 971), particularly if the outcomes were “non-noxious (that is, novel or
previously associated with reward” (Redgrave and Gurney 2006, 971). In this case,
the roller coaster ride proved both novel and rewarding for Evel, fitting the aforesaid
criteria for behaviour that is likely to be reselected.

After having ridden the roller coaster several times, Evel begins to find it boring.
In fact, Evel realizes that none of his subsequent roller coaster rides were as exhilarat-
ing as the first one. He thus decides to up the ante of his daredevil behaviour, at first
going on roller coasters with more loops or with steeper drops, moving on to riding
them without the safety harness on (for now, let us pretend that this is possible).
Evel’s progressively risky behaviour is due to the fact that an activity that was once
thrilling can eventually become dull through repetition as the daredevil habituates to
the level of stimulation it affords. In order to achieve a comparable thrill, the dare-
devil may increase the riskiness of the action, since “[dopaminergic] responses to
the predicted reward gradually diminish” (Redgrave and Gurney 2006, 967), where
predicted reward pertains to the exhilaration caused by the action.

Upon trying the daredevil behaviour for the first time, the generative model
encodes it as pleasurable, increasing the chances of its reselection. As such, a belief
that the daredevil behaviour in question is enjoyable or thrilling is likewise encoded.
Thus, when the daredevil action policy is reselected, a prediction is generated that
it will result in exhilaration or other positive affective states. However, because the
dopaminergic system has habituated, it fails to produce a response as intense as it
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had in earlier instantiations of the daredevil behaviour in question. Consequently,
prediction error or free energy to the effect of the daredevil behaviour failing to be
as pleasurable as expected is generated, and must be quashed. Following the FEP’s
line of reasoning, there are two possibilities that may arise to quash the error signal.
First, the generative model updates its beliefs and consequent predictions to now
encode the daredevil behaviour as no longer exciting or enjoyable. Consequently,
the daredevil action policy is less likely to be selected in the future, and the daredevil
behaviour is abandoned (temporarily or permanently).

The second possibility—which accounts for persistent and intensifying daredevil
behaviour—is that the generative model maintains its beliefs that that zype of dare-
devil behaviour is exciting and enjoyable. Although this is inconsistent with the dare-
devil’s actual experience that it is now less so, the relevant beliefs are not updated,
and instead the daredevil takes measures to make the daredevil behaviour more stim-
ulating. In other words, the daredevil engages in sensory-seeking behaviour. This
can thus drive the daredevil to increase the riskiness of the behaviour, for instance by
disregarding safety protocols. As such, while the type of daredevil behaviour remains
fundamentally unchanged (e.g., driving too fast in the wrong direction, doing acro-
batics on a balcony railing, swallowing copious amounts of desiccated cinnamon),
certain details about it are altered to make the behaviour riskier and therefore more
stimulating. The result is that subsequent instances (or fokens) of the type of dare-
devil behaviour concerned are more dangerous than previous ones.

Concluding remarks

The FEP places a heavy emphasis on homeostasis, optimization, surprisal avoidance,
and self-preservation. However, contrary to its characterizations of biological sys-
tems, organisms do exist that exhibit actual behaviour that appear to seek out the very
types of states that the FEP prescribes avoidance of. I have presented one such class
of organisms: humans I refer to as daredevils. In order to account for their behaviour
within a FEP framework, I have proffered three solutions, based on the current state
of FEP literature. I intend these solutions to be conversation starters to be developed
further in future FEP research, rather than finished products.

The purpose of this paper is to draw attention to daredevils in order to motivate the
FEP to look more closely at organisms that do not, at first glance, appear to be in line
with its explanatory framework. Doing so would enhance the FEP’s ability to account
for the diversity of behavioural characteristics of living organisms.
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