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Abstract: Unlike ecosystem engineering by other living things, which brings a relatively limited
range of sensations that are connected to a few enduring survival preferences, human ecosystem
engineering brings an increasing variety and frequency of novel sensations. Many of these novel
sensations can quickly become preferences as they indicate that human life will be less strenuous
and more stimulating. Furthermore, they can soon become addictive. By contrast, unwanted
surprise from these novel sensations may become apparent decades later. This recognition can
come after the survival of millions of humans and other species has been undermined. In this
paper, it is explained that, while multiscale free energy provides a useful hypothesis for framing
human ecosystem engineering, disconnects between preferences and survival from human ecosystem
engineering limit the application of current assumptions that underlie continuous state-space and
discrete state-space modelling of active inference.

Keywords: active inference; free energy principle; human ecosystem engineering; multiscale free
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1. Introduction

The free-energy principle (FEP) formalizes embodied cognition of the autopoietic
organization of living things. In particular, formalizes that active systems must occupy a
limited repertoire of internal states through minimizing the long-term average of unwanted
surprise from external states. For example, a flying fish minimizes unwanted surprise
through a limited repertoire of internal states. These include being out of water when that
best facilitates survival by avoiding underwater predators, and being in water at other
times when that best facilitates survival. Evolving a limited repertoire of internal states
through iterations of minimizing unwanted surprise can lead to reduction in information
entropy arising from external states. In other words, iterations of minimizing unwanted
surprise leads to low uncertainty about what sensory inputs will come from external states.

In particular, within FEP, living things have models of what sensory inputs to expect
from external states. These are generative models that generate predictions about what
will happen. Predictive generative models do not need to involve conscious thought and
psychological surprise. Rather, generative models are embodied models that involve body-
wide neurology and encompass autonomic behavior. Whether or not generative models
involve conscious thought, unwanted surprise arises from a living thing’s generative model
of what sensory inputs are preferred to come from external states. Specifically, unwanted
surprise arises when what is preferred to happen does not happen. For example, within
FEP, flying fish prefer to fly out of dangerous water into safe air and then descend into safe
water. Flying fish do not prefer to fly out of water onto the deck of a fishing boat. Rather,
flying fish need to minimize long-term average unwanted surprise that can be caused by
flying into danger that threatens survival [1–3].

FEP posits that whatever the living thing, minimizing unwanted surprise will cause
the effect of surviving within preferred internal non-equilibrium steady-state (NESS).
Multiscale FEP is a hypothesis that there is an interdependent necessity for life at every
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scale, for example from sub-cellular to sociocultural, to minimize surprise that threatens
survival [4,5]. However, FEP and its corollary active inference theory (AIT) are based on
living things that have evolved through many millennia to survive within a few types
of natural environments that change little from one generation to the next. Although
human embodied cognition also evolved through many millennia surviving in similar
environments by avoiding a relatively limited range of unwanted surprises [6], we are now
trying to survive in unnatural environments brought by human ecosystem engineering that
can change many times within one generation [7]. Notably, unlike ecosystem engineering
by other species, which brings a relatively limited range of sensations that are connected
to a few enduring survival objectives, human ecosystem engineering brings an increasing
variety and frequency of novel sensations [8]. Crucially, many of these novel sensations can
quickly become preferences because they indicate that human life will be less strenuous
and more stimulating. Furthermore, they can soon become addictive [9]. By contrast,
unwanted surprise from these novel sensations may become apparent decades later. This
recognition can come after the survival of millions of humans and other species has been
undermined [10–15].

The purpose of this paper is relate this human disconnect between preferences and
survival to multiscale FEP and to different models of active inference. In order to fulfil
this purpose, the remainder of the paper proceeds in three further sections. In Section 2,
disconnects between preferences and survival are explained through reference to practical
examples. In Section 3, they are related to multiscale FEP, continuous state-space models
(CSSM), and discrete state-space models (DSSM) of active inference. In the concluding
Section 4, principal contributions are stated and directions for future research are proposed.

Overall, this paper demonstrates the potential for FEP to facilitate novel conceptual
analysis [16]. Furthermore, this paper demonstrates the potential of FEP to bring together
phenomena that have hitherto been investigated separately [13]: here, active inference and
technology in society [17,18].

2. Disconnects between Preferences and Survival

Ecosystem engineering by other species brings a relatively limited range of sensations
that are connected to a few enduring survival imperatives. For example, beavers prefer to
observe that there are ponds close-by that can provide them with protection from predators.
If they cannot observe ponds close-by, beavers will undertake ecosystem engineering that
includes building ponds that will provide them with protection from predators [19]. From
the point of view of FEP, connections between preferences, unwanted surprise and survival
have evolved to be straightforward. For example, when a beaver makes an observation
of a predator, such as a lynx, blocking its path to a protective pond, the beaver makes an
observation of an unwanted surprise in the external state that threatens the survival of its
internal NESS.

By contrast, connections between preferences, unwanted surprise and survival are far
more complex for humans in the 21st century. In many cases, human ecosystem engineering
involves human organizations making massive capital investments: the costs of which can
only be covered if there is widespread use. For example, establishing infrastructures for
mass agri-food production, distribution and retailing involves massive capital investment.
In order to encourage use, marketing messages are sent to provide novel sensations that
increase awareness, interest, desire, and involvement [20].

Typically, marketing messages do not involve emphasizing potential threats. More-
over, threats may not even be known until after many decades of use. For example, the
marketing of processed food has highlighted specific attributes to specific market segments
on top of the general convenience of saving energy and time that would otherwise be
spent preparing food [21]. Processed food has not been marketed on the basis of causing
adverse health outcomes, and the unwanted surprise of adverse health outcomes may
not have been known until after decades of convenience food mass consumption had
begun [22]. Meanwhile, rather than seem threatening, processed foods seem consistent
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with the primary evolutionary trend towards survival through least action [23], and can
stimulate the reward system [24,25]. Thus, processed food is an example of new threats to
human survival coming from human ecosystem engineering intended to make human life
less strenuous and more stimulating. Similarly, automotive vehicles and their associated
infrastructure can make human life less strenuous and more stimulating [26]. Moreover,
automotive vehicles replaced horse-drawn vehicles that had caused health threats from
emissions of vast quantities of dung [27]. It was not until after many decades that the far
more difficult to control threat caused by automotive vehicle emissions was recognized [28].

Thus, for humans in the 21st century there are many scenarios where there is not
the natural connection between preferred observation, unwanted surprise, and survival
summarized in Figure 1a. Rather, as summarized in Figure 1b, there can be many scenarios
where FEP is subverted because humans’ preferred observations, for example of less
strenuous and more stimulating life, are not consistent with survival of internal NESS. By
contrast, the eventual unwanted surprise of scientific findings, which indicate that less
strenuous and more stimulating has adverse effects, can support survival.
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Figure 1. Comparison of (a) natural FEP and (b) subverted FEP.

3. Implications
3.1. Multiscale FEP

Multiscale FEP is a hypothesis that there is an interdependent necessity for life at every
scale to minimize surprise that threatens survival. However, as summarized in Figure 1,
human ecosystem engineering introduces disconnects between unwanted surprise and
survival in the form of often alluring and sometimes addictive opportunities for human
life to be less strenuous and more stimulating. These opportunities often to lead to many
decades of humans’ preferred observation, rather than unwanted surprise, being connected
to threats to survival.
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This does not mean that the multiscale FEP hypothesis is incorrect. Rather, the multi-
scale FEP hypothesis is supported by the human trend to eventually identify and address
causes of preferred observations threatening survival. Apropos, cycles of human ecosystem
engineering and humans rectifying consequent threats to survival can be seen as cycles
of biosocio-technical evolution to meet FEP. Furthermore, the threat to human survival
arising from damage done to biodiversity by human ecosystem engineering highlights
interdependencies between different scales of life. In particular, human subversion of FEP
causes chaotic disruptions down to the microbial level and up to the planetary level, which
in turn brings unwanted surprises that threaten human survival [29,30].

3.2. Continuous State-Space Modeling (CSSM)

CSSM of active inference involves modelling autopoietic organization as continuously
evolving random dynamical system for minimizing surprise. This involves conditional
dependencies between internal states and external states, within which internal states have
generative models about external states. In particular, the internal state parameterizes a
probability distribution over the external states, which maps the causes of sensory inputs
from external states. Hence, generative models can be considered as a joint probability
distribution over internal states and external states [31,32]. However, formulating joint
probability distribution over internal states and external states may not be possible when
there is lack of consensus about what is going on in external states.

For example, automotive vehicles can make human life less strenuous and more
stimulating but perhaps threaten survival by contributing to climate change. However,
they are not the only contributor, and agreeing the relative contribution of different factors
in different cases may be almost impossible [33]. Moreover, climate change is not consistent
over time and/or at locations. For example, nations that have high levels of greenhouse
gas emissions may experience little climate change, while nations that have low levels of
greenhouse gas emissions may experience much climate change. At the same time, some
who gain local advantages may regard climate change as not being a threat to survival [34].

Thus, for humans in the 21st century, formulating joint probability distribution over
internal states and external states for CSSM is not necessarily possible. Especially, when
rather than there being agreement about threats to survival, there can be on-going cam-
paigns between competing narratives that are rooted in the underlying perspectives of
different sociocultural groups [35]. This can involve one side arguing that a type of ecosys-
tem engineering is essential to survival [36], while the other side argues that it is a threat to
survival [37]. Thus, instead of formulating joint probability distribution based on scientific
evidence about threats to survival, individuals can align with probability distribution
preferred by the sociocultural group within which they prefer to attempt to survive in, even
if that does not support survival of humanity as a whole. In other words, CSSM should
not be predicated on assumptions that generative models, which are a joint probability
distribution over internal states and external states, will support survival. This is because
they can be based on human preconceptions about the world rather than what is happening
in the world. Moreover, these preconceptions can be highly resistant to updating even if
there are many incoming sensory signals that are not in accordance with preconceptions. In
particular, rather than minimizing unwanted surprise by updating generative models or by
changing actions, unwanted surprise is minimized through reinforcing preconceptions, for
example, via common phenomena such as wishful seeing and motivated cognition [38,39].

3.3. Discrete State-Space Modelling (DSSM)

DSSM of active inference involves modelling autopoietic organization as selection
from discrete preferences for minimizing surprise. For example, beavers could have the
following preference distribution for sensory inputs: +10 (protective pond); 0 (woodland);
−10 (hungry predator). Such a natural preference distribution would evolve through
many millennia to facilitate survive within a few types of natural environments that
change little from one generation to the next. Within FEP, it can be argued that long-term
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survival depends upon generative models for preferences having enough time to adapt to
environmental changes. For example, within FEP, following human water pollution [40]
beavers could develop a new generative model with new preference distribution for
sensory inputs: +10 (protective pond in clear water); +2 (protective pond in polluted water);
0 (woodland); −10 (hungry predator).

For humans, eventually after decades of scientific research, there can be consensus
information about discrete alternatives for preferred observations to support survival.
However, the existence of consensus information does not necessarily lead to humans’
preferred observations being those that would support survival. This is because preferred
observations for supporting survival can involve resisting strong temptations to make
life less strenuous and more stimulating. Moreover, selecting preferred observations
for supporting survival can involve overcoming addictions, which are tangled up with
variables that cannot easily be changed, including personality type [41–44].

Indeed, selecting preferred observations for supporting survival can be extremely
difficult even when there is immediate physical evidence of the threats to survival from
not doing so. Consider, for example, the immediate physical evidence of obesity, diabetes,
and associated amputations that is prevalent in some Pacific Islands, which is linked to
abandoning traditional diets in favor of imported processed food. It has been argued that
traditional foods cannot compete with the glamour and flashiness of imported foods: even
though the dire health consequences of calorie-rich and nutrient-poor imported foods are
clearly visible. Ignoring information about preferred observations for survival can start
young. For example, schools teach good nutrition but sell junk food in the school canteen
because they need to make a profit [45–47]. This example illustrates that DSSM should not
be automatically predicated on assumptions that humans have preferences that support
survival. For example, a preference distribution could be +10 (imported food); +2 (local
food); −10 (no food): even though consumption of imported food is clearly not compatible
with survival.

4. Conclusions

The principal contribution of this paper is to relate FEP to human ecosystem engi-
neering that brings disconnects between preferences and survival. Implications from these
disconnects have been described for multiscale FEP, continuous state-space (CSSM) and
discrete state-space (DSSM) models of active inference. These introduce several directions
for further research. From the point of view of practice [48], FEP can be related to the
process of human ecosystem engineering. In particular, a major design principle for hu-
man ecosystem engineering can be design for preferences that support survival. Rather
than design for life that is less strenuous and more stimulating but undermines survival.
Additionally, the potential for CSSM and DSSM to support human ecosystem engineering
can be investigated. However, first theoretical developments are needed to enable AIT to
encompass disconnects between preferred observations, unwanted surprise, and survival.

Funding: This research was funded by VTT GG BA2D Ressu 2021.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Friston, K. The free-energy principle: A unified brain theory? Nat. Rev. Neurosci. 2010, 11, 127–138. [CrossRef] [PubMed]
2. Davenport, J. How and why do flying fish fly? Rev. Fish. Biol. Fish. 1994, 4, 184–214. [CrossRef]
3. Goldstein, D.S.; Kopin, I.J. Homeostatic systems, biocybernetics, and autonomic neuroscience. Auton. Neurosci. 2017, 208,

15–28. [CrossRef]
4. Ramstead, M.J.D.; Badcock, P.B.; Friston, K.J. Answering Schrödinger’s question: A free-energy formulation. Phys. Life Rev. 2018,

24, 1–16. [CrossRef]
5. Da Costa, L.; Parr, T.; Sajid, N.; Veselic, S.; Neacsu, V.; Friston, K. Active inference on discrete state-spaces: A synthesis. J. Math.

Psychol. 2020, 99, 102447. [CrossRef]
6. Nairne, J.S.; Pandeirada, J.N.; Gregory, K.J.; Van Arsdall, J.E. Adaptive memory: Fitness relevance and the hunter-gatherer mind.

Psychol. Sci. 2009, 20, 740–746. [CrossRef]

http://doi.org/10.1038/nrn2787
http://www.ncbi.nlm.nih.gov/pubmed/20068583
http://doi.org/10.1007/BF00044128
http://doi.org/10.1016/j.autneu.2017.09.001
http://doi.org/10.1016/j.plrev.2017.09.001
http://doi.org/10.1016/j.jmp.2020.102447
http://doi.org/10.1111/j.1467-9280.2009.02356.x


Entropy 2021, 23, 396 6 of 7

7. Smith, B.D. The Ultimate Ecosystem Engineers. Science 2007, 315, 1797–1798. [CrossRef]
8. Hetherington, K. (Ed.) Infrastructure, Environment, and Life in the Anthropocene; Duke University Press: Durham, NC, USA, 2018.
9. Reith, G. Addictive Consumption: Capitalism, Modernity and Excess; Routledge: Abingdon, UK, 2018.
10. Diamond, J.M. The worst mistake in the history of the human race. Discover 1987, 8, 64–66.
11. Cregan-Reid, V. Primate Change: How the World We Made Is Remaking Us; Hachette: London, UK, 2018.
12. Bhupathiraju, S.N.; Hu, F.B. Epidemiology of obesity and diabetes and their cardiovascular complications. Circ. Res. 2016, 118,

1723–1735. [CrossRef] [PubMed]
13. Dudgeon, D. Multiple threats imperil freshwater biodiversity in the Anthropocene. Curr. Biol. 2019, 29, R960–R967.

[CrossRef] [PubMed]
14. Pievani, T. The sixth mass extinction: Anthropocene and the human impact on biodiversity. Rend. Lincei 2014, 25, 85–93. [CrossRef]
15. World Commission on Environment and Development. Our Common Future; Oxford University Press: Oxford, UK, 1987.
16. Andrews, M. The Math Is Not the Territory: Navigating the Free Energy Principle (Preprint) PhilSci-Archive 2020. Available

online: http://philsci-archive.pitt.edu/18315/ (accessed on 20 January 2021).
17. Fox, S. The innovation big picture: Including effectiveness dependencies, efficiency dependencies, and potential negative effects

within the framing of new technologies. Technol. Soc. 2013, 35, 306–314. [CrossRef]
18. Fox, S.; Griffy-Brown, C.; Dabic, M. From socio-technical systems to biosocial technical systems: New themes and new guidance

for the field of technology in society. Technol. Soc. 2020, 62, 101291. [CrossRef]
19. Korth, W.W. Comments on the systematics and classification of the beavers (Rodentia, Castoridae). J. Mamm. Evol. 2002, 8,

279–296. [CrossRef]
20. Martin, C. Relationship marketing: A high involvement product attribute approach. J. Prod. Brand. Manag. 1998, 7,

6–26. [CrossRef]
21. Schor, J.B.; Ford, M. From tastes great to cool: Children’s food marketing and the rise of the symbolic. JLME 2007, 35,

10–21. [CrossRef]
22. Lawrence, M.A.; Baker, P.I. Ultra-processed food and adverse health outcomes. BMJ 2019, 365, l2289. [CrossRef]
23. Kaila, V.R.; Annila, A. Natural selection for least action. Proc. R. Soc. A Math. Phys. Eng. Sci. 2008, 464, 3055–3070. [CrossRef]
24. Schultz, W. Neuronal reward and decision signals: From theories to data. Physiol. Rev. 2015, 95, 853–951. [CrossRef]
25. Volkow, N.D.; Wang, G.J.; Baler, R.D. Reward, dopamine and the control of food intake: Implications for obesity. Trends. Cogn. Sci.

2011, 15, 37–46. [CrossRef]
26. Gossling, S. The Psychology of the Car: Automobile Admiration, Attachment, and Addiction; Elsevier: Amsterdam, The Netherlands, 2017.
27. Tarr, J.; McShane, C. The Centrality of the Horse to the Nineteenth-Century American City; Mohl, R., Ed.; The Making of Urban

America, SR Publishers: New York, NY, USA, 1997; pp. 105–130.
28. Edwards, M.R.; Klemun, M.M.; Kim, H.C.; Wallington, T.J.; Winkler, S.L.; Tamor, M.A.; Trancik, J.E. Vehicle emissions of

short-lived and long-lived climate forcers: Trends and tradeoffs. Faraday Discuss. 2017, 200, 453–474. [CrossRef]
29. Wu, X.; Lu, Y.; Zhou, S.; Chen, L.; Xu, B. Impact of climate change on human infectious diseases: Empirical evidence and human

adaptation. Environ. Int. 2016, 86, 14–23. [CrossRef]
30. Chowdhury, F.R.; Ibrahim, Q.S.U.; Bari, M.S.; Alam, M.J.; Dunachie, S.J.; Rodriguez-Morales, A.J.; Patwary, M.I. The association

between temperature, rainfall and humidity with common climate-sensitive infectious diseases in Bangladesh. PLoS ONE 2018,
13, e0199579. [CrossRef] [PubMed]

31. Friston, K. A Free Energy Principle for a Particular Physics. arXiv 1906, arXiv:1906.10184. Available online: https://arxiv.org/
abs/1906.10184 (accessed on 23 March 2021).

32. Calvo, P.; Friston, K. Predicting green: Really radical (plant) predictive processing. J. R. Soc. Interface 2017, 14, 20170096. [CrossRef]
33. Satterthwaite, D. The implications of population growth and urbanization for climate change. Environ. Urban 2009, 21,

545–567. [CrossRef]
34. Dono, G.; Cortignani, R.; Dell’Unto, D.; Deligios, P.; Doro, L.; Lacetera, N.; Roggero, P.P. Winners and losers from climate change.

Agric. Syst. 2016, 147, 65–75. [CrossRef]
35. Fox, S. Amplification of cultural beliefs through information and communication design during campaigns between competing

narratives. Organ. Dyn. 2019, 48, 50–55. [CrossRef]
36. McKie, R. Genetically modified crops are the key to human survival, says UK’s chief scientist. OBS 2011, 1, 23.
37. Mather, R. The Threats from Genetically Modified Foods; Mother Earth News: Topeka, KS, USA, 2012.
38. Dunning, D.; Balcetis, E. Wishful seeing: How preferences shape visual perception. Curr. Dir. Psychol. Sci. 2013, 22,

33–37. [CrossRef]
39. Nurse, M.S.; Grant, W.J. I’ll see it when I believe it: Motivated numeracy in perceptions of climate change risk. Environ. Commun.

2020, 14, 184–201. [CrossRef]
40. Peterson, E.K.; Schulte, B.A. Impacts of pollutants on beavers and otters with implications for ecosystem ramifications. J. Contemp.

Water Res. Educ. 2016, 157, 33–45. [CrossRef]
41. Kale, D.; Stautz, K.; Cooper, A. Impulsivity related personality traits and cigarette smoking in adults: A meta-analysis using the

UPPS-P model of impulsivity and reward sensitivity. Drug Alcohol Depend. 2018, 185, 149–167. [CrossRef] [PubMed]
42. Tomassini, A.; Struglia, F.; Spaziani, D.; Pacifico, R.; Stratta, P.; Rossi, A. Decision making, impulsivity, and personality traits in

alcohol-dependent subjects. Am. J. Addict. 2012, 21, 263–267. [CrossRef]

http://doi.org/10.1126/science.1137740
http://doi.org/10.1161/CIRCRESAHA.115.306825
http://www.ncbi.nlm.nih.gov/pubmed/27230638
http://doi.org/10.1016/j.cub.2019.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31593677
http://doi.org/10.1007/s12210-013-0258-9
http://philsci-archive.pitt.edu/18315/
http://doi.org/10.1016/j.techsoc.2013.08.001
http://doi.org/10.1016/j.techsoc.2020.101291
http://doi.org/10.1023/A:1014468732231
http://doi.org/10.1108/10610429810209700
http://doi.org/10.1111/j.1748-720X.2007.00110.x
http://doi.org/10.1136/bmj.l2289
http://doi.org/10.1098/rspa.2008.0178
http://doi.org/10.1152/physrev.00023.2014
http://doi.org/10.1016/j.tics.2010.11.001
http://doi.org/10.1039/C7FD00063D
http://doi.org/10.1016/j.envint.2015.09.007
http://doi.org/10.1371/journal.pone.0199579
http://www.ncbi.nlm.nih.gov/pubmed/29928056
https://arxiv.org/abs/1906.10184
https://arxiv.org/abs/1906.10184
http://doi.org/10.1098/rsif.2017.0096
http://doi.org/10.1177/0956247809344361
http://doi.org/10.1016/j.agsy.2016.05.013
http://doi.org/10.1016/j.orgdyn.2018.05.002
http://doi.org/10.1177/0963721412463693
http://doi.org/10.1080/17524032.2019.1618364
http://doi.org/10.1111/j.1936-704X.2016.03212.x
http://doi.org/10.1016/j.drugalcdep.2018.01.003
http://www.ncbi.nlm.nih.gov/pubmed/29453142
http://doi.org/10.1111/j.1521-0391.2012.00225.x


Entropy 2021, 23, 396 7 of 7

43. Murphy, C.M.; Stojek, M.K.; MacKillop, J. Interrelationships among impulsive personality traits, food addiction, and body mass
index. Appetite 2014, 73, 45–50. [CrossRef]
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