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Preface

It has been proposed that ergonomics and human factors (EHF) can be advanced
by moving beyond old methodologies, by strengthening theoretical basis, and by
making more use of artificial intelligence. Here, with the example of human remote
operation of robots, i.e., teleoperation, it is argued that progress towards realising
proposals for advancing EHF can be made by increasing reference to ecophysics.
That is by increasing reference to science concerned with interactions between
ecological systems and physical laws. In this document, human stress associated
with remote operations work is situated in the broader context of extreme work
environments. Those being environments that many people experience every
workday, such as typical factories and offices, which are far from the natural
environments in which humans evolved. With reference to ecological fitness,
morphological fitness, and tripartite entropy, it is explained how application of
ecophysics in EHF has potential to reduce human work stress.
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1 Introduction

Ecophysics is concerned with interactions between ecological systems and physical
laws [1,2,3]. In this paper it is argued that building on ecophysics can contribute to
realising proposals to advance ergonomics and human factors (EHF) [4]. In
particular, contribute to moving beyond old methodologies, strengthening
theoretical basis, and making more use of artificial intelligence [4]. Focusing on the
established EHF topic of improving the performance of human remote operation of
robots [5], i.e., improving teleoperation [6], examples of how these proposals can
be realised by building on ecophysics are explained in the remaining four sections
of this document. In the next section, an example is provided of moving beyond old
methodologies to new methodologies that can facilitate the development of new
solutions. This example is moving beyond socio-technical systems to biosocial-
technical systems [7]. In the third section, an example is provided of strengthening
theoretical basis. This example is based on interactions between ecological fithess
[8] and psychological entropy [9] in learned helplessness that can arise from work
stress [10]. In the fourth section, an example is provided of how artificial intelligence
can be harnessed in hybrid intelligence systems [11]. This example is design for
safe automation [12] based on latent and manifest [13] tripartite entropy [14] in
morphological fitness [15]. All the examples relate workplace stress to extreme
environments. Those being typical modern work environments, such as typical
factories and offices, which are far from the natural environments in which humans
evolved [16,17,18,19]. In conclusion, principal contributions are stated, future
research directions are proposed, and practical implications are discussed. The
overall contribution is to argue that increased reference to ecophysics has potential
to advance EHF for remote operations specifically and to advance EHF generally.



2 Moving beyond old methodologies

It has been argued that EHF is stuck in the past [4]. An example is locked-in [20]
path dependent [21] fixation [22] on socio-technical systems thinking that began in
the middle of the last century [23]. For example, in 2025 it has been argued that
socio-technical systems (STS) can be leveraged to tackle grand challenges
including human-robot teams [24]. However, STS is a limiting framing because it
does not encompass individual people’s biology in psychophysiological
psychomotor functioning when interacting with robotics [25]. This is one example of
why it is necessary to move beyond STS to biosocial-technical systems (BSTS)
[7,26,27,28].

An example of not integrating BSTS in EHF is the introduction of automated
monitoring of people [29] such as people who perform remote operation of robotics
[30]. This is done despite remote operation work already being stressful [31,32] and
automated monitoring increasing stress [33,34]. Rather than persist with this
negative course of action, BSTS opens potential to refer to ecophysics to develop
new solutions that directly address sources of stress in remote operation of robots.
In doing so, reference can be made to the ecophysics of biological fithess at the
ecological level [8] and at the morphological level [15].

Ecological fitness refers to the fit of species with the environments in which they
seek to survive [8]. As summarized by the phrase, survival of the fittest [35], if
ecological fitness increases, then there can be increased potential for survival.
Hence, species evolve ecological fithess functions to be able to solve survival
problems in environments [36,37]. However, ecological fitness functions evolved
over millennia may suddenly stop solving survival problems when human
ecosystem engineering [38] leads to human-induced rapid environmental change
[39]. For example, the ecological fitness of people who have survived for millennia
throughout the world by doing work that required gross motor strength is radically
reduced by industrial automation that is concentrated in just a few countries [40].

Even if office buildings are available as an alternative environment in which to try
to do work to survive, office work can entail such negative effects on functions
evolved in natural environments that some people can become incapable of doing
any work [18]. Furthermore, in addition to tangible physical changes to the
environment, such as the construction of factories and offices, there can be more
intangible changes such as competition in many types of work changing from being



local to being global [19]. Human work that is already stressful in typical modern
work settings can be even more stressful when people’s work involves remotely
operating work being done by robots in other environments [31,32]. Tangible
ecological pressures and intangible ecological pressures can contribute to humans
suffering from learned helplessness [41,42,43]. Learned helplessness involves
unlearning that it can be possible to have some control over environmental stressors
[44] and is associated with a wide range of negative effects [45,46]. Yet, despite its
significance, learned helplessness has received little consideration within EHF.
Rather, EHF continues to be more focused on traditional EHF topics such as
musculoskeletal disorders [47,48].

Hitherto, there has been limited consideration of ecology in EHF. For example,
there has been some consideration of the ecological affordances in the workplace
[49], and interface design that is focused upon workplace equipment and
environments, rather than focused on users, has been called ecological interface
design [50]. Although there has been little consideration of ecology in EHF, fit is a
fundamental construct in EHF: for example, fitting work tasks to people and fitting
people to workplaces [51,52]. Yet, there has been little consideration of ecological
fitness [8] and related constructs such as ecological traps [53] and sensory
ecologies [54] in EHF. An initial step towards addressing lack of consideration of
ecological fitness in EHF is explained in the third section of this document.

Furthermore, although the word morphology has been in used in EHF in relation
to body morphology [55,56], there has been little, if any, consideration of
morphological ecology and fitness [15,57,58] in EHF. Morphological ecology
encompasses how form and function evolve through adaptation in an environment
to increase ecological fitness in that environment [57,58]. When there is complete
morphological fithess there will be no information uncertainty about how to do the
work needed to survive in an environment, because form and function have adapted
to completely fit the work to be done. When there is complete morphological fithess
work can be done correctly first time and there are minimal actions to be performed.
By contrast, the lower the fit between the work to be done and form/function, the
higher will be the average number of attempts that will be needed to complete work.
The higher the average number of attempts, the higher will be the tripartite entropy
of information uncertainty leading to physical disorder that entails energy loss (i.e.,
information-theoretic entropy leading to statistical physics entropy that entails
thermodynamic entropy) [14,59]. The more complete the morphological fitness of
robots, the less need there will be for stressful remote operation of robots by people.
This because where there is complete robot morphological fitness, there can be full
automation of robot operations. Accordingly, as explained in the fourth section of
this document, an alternative to increasing the work stress of human remote
operators by continual monitoring [33,34] is to develop solutions that reduce the
tripartite entropy involved in the work being done by robots.



3 Strengthening theoretical basis

Figure 1 below provides a summary of a preliminary theoretical framework of
decreasing ecological fitness [8] and increasing learned helplessness [10], which
can be referred to when assessing potential for psychological entropy in workplaces
[9]. The preliminary framework is explained in the following paragraphs.

i
niche -
i
construction . iii.
ecological

insidious
trap

externally

decreasing generated iv.

sensory precipitating V.

. ecology experience stress i

fitness response insidious

s”?‘e’“. internally

recallbration ]
sensory
ecology

ecological

increasing
learned
helplessness

Figure 1. Decreasing ecological fitness and increasing learned helplessness

Human niche construction (i) involves human modification of environment that is
both material and social [60]. For example, a company can modify environments by
constructing comfortable work buildings that have comfortable work equipment and
a comfortable work culture. However, this can lead to ecological traps (ii) [53] in
which people prefer habitats where their ecological fitness is lower than in other
available options. This can happen after historically reliable relationships between
environmental cues and environment quality have been changed by human-induced
rapid environmental change [39]. For example, doing physically light work while
sitting on a comfortable chair inside a comfortable air-conditioned building can entail
more immediately pleasing environmental cues than those experienced when
hunting and gathering outside in all weathers. However, human fitness functions
evolved for hunting and gathering, and hunter-gatherer populations are remarkable
for their excellent health [61].



Sensory ecology (iii) involves seeking to optimise the acquisition of information
from the environment in which survival is intended. In particular, optimising the
trade-off between costs of making wrong choices due to lack of relevant information
versus the energy/time/risk costs involved in acquiring relevant information [54].
When historically reliable relationships between environmental cues and
environment quality have been changed by human-induced rapid environmental
change [39], the optimal sensory ecology trade-off can be distorted. For example,
distorted by multiple environmental cues of comfort belying the potential for stress
from sitting in a comfortable chair when doing physically light work inside a
comfortable building [62]. The sensory ecology in such situations can be described
as an insidious externally generated sensory ecology because environmental cues
are generated by the world rather than by the person [63], and their harmfulness is
not apparent in the short-term within an ecological trap in which life is relatively
comfortable but nonetheless can entail increasing stress [64,65]. Thus, extreme
work environments can encompass work environments that are extremely
comfortable.

Stress can predispose people to functional disorders [66,67]. Then, functional
disorders may be precipitated by a minor experience [68]. Precipitating experiences
(iv) can include events from which a quick recovery would be expected, such as a
migraine or a minor physical injury. However, rather than a quick recovery,
symptoms can be perpetuated, for example, by anxiety [69]. Anxiety can increase if
a person becomes hypervigilant to their environment and narrows attention to
stimuli associated with threat [70]. This can be more likely if there is recalibration of
the stress response system (v) as people try to survive in changed circumstances
[71]. For example, subsequent to a precipitating experience, people’s attention can
be directed towards potential triggers of their ongoing functional disorders [72].

This can contribute to sensory ecology shifting from being less externally
generated to being more internally generated (vi). This can happen through what is
described as predictive processing [73], and expectations of pain leading to
experiences of pain [74]. Such sensory ecologies can be described as insidious
internally generated sensory ecologies because their harmfulness is not apparent
in the short-term. However, from an ecological perspective, they could lead to
perceptual traps (vii) within which people avoid high quality habitats [75]. For
example, people can seek to avoid any environment in which physical activity will
be needed [76].

Accordingly, people may engage in maladaptive niche construction (viii) by
modifying their environment to minimize the extent to which they need to move [77].
Maladaptive niche construction can be considered to be an attempt to reduce
psychological entropy [9,78]. This can involve attempting to reduce anxiety arising
from increased uncertainty by managing opportunities for action in the environment,
i.e., by managing affordances [9]. However, although maladaptive niche
construction could reduce helplessness in a small part of the environment, for
example adapting a room in a home to reduce the amount of movement needed,
this could inadvertently increase learned helplessness by leading to reduced



ecological fitness with all other environments outside of the small part of the
environment within the scope of the maladaptive niche construction.

Development of interventions to reduce learned helplessness is an ongoing field
of research [79,80]. Meanwhile, there is some evidence that fostering growth
mindsets and psychological flexibility could be beneficial [81,82]. From the
perspective of strengthening theoretical basis of EHF, the preliminary framework
summarized in Figure 1 could provide a starting point for development of a
classification structure to inform assessment of which types of EHF actions can be
most effective at which stages to address decreasing ecological fitness. It is
important to note that many existing work environments that have been carefully
designed using established EHF methods may be ecological traps. For example,
work environments that have been carefully designed for human remote operators
of robots can be ecological traps within which work stress [31,32] can be increased
by automated monitoring of human remote operators [33,34]. Thus, human remote
operators could already be at Figure 1iv or Figure 1v on the way to learned
helplessness. Hence, rather expanding automated monitoring of people who do
remote operation work, it is important to develop new solutions that directly address
sources of stress in remote operation of robots. An example of how this can be done
is provided in the next section.



4 Harnessing artificial intelligence

It has been argued that EHF needs to make more use of artificial intelligence (Al),
and there should be use of Al for design [4]. Accordingly, the example provided here
for harnessing artificial intelligence is design for safe automation. This example is
also aligned with another requirement for advancing EHF: to focus more on real-
world necessity [4]. With regard to Al there is real-world necessity to address the
inaccuracy of outputs from Generative Al (GenAl) [83,84,85]. Moreover, there is
real-world necessity to address the increasing unsustainability of GenAl as they
entail vast energy expenditure and enormous water consumption [86,87,88].

In terms of sensory ecology, GenAl is very far from optimising the trade-off
between the costs of making wrong choices in an environment due to lack of
relevant information about the environment versus the energy/time/risk costs
involved in acquiring relevant information about the environment [54]. On one side
of the trade-off, it is widely reported that use of GenAl can facilitate making wrong
choices [83,84,85]. On the other side of the trade-off there is vast energy
expenditure [86,87,88] and risks arising from inherent characteristics of Al models
such as drift and degradation [89,90,91]. As a consequence of inaccuracy risks, any
initial reductions in time brought by GenAl can be off-set by the time that people
have to spend checking GenAl outputs. Alternatively, if people do not spend time
carefully checking GenAl outputs, then there can be time to be spent later in
addressing negative consequence from not carefully checking GenAl outputs earlier
[83,84,85].

In stark contrast to the operation of GenAl, survival is facilitated by productively
expending the minimum amount of energy possible in advance to prevent
unproductive energy expenditure in the future that can arise from information
uncertainty that entails physical disorder. An everyday example is expending a little
energy in advance by fixing a key rack to a wall close to a door to prevent not
knowing where door keys are in the future, and so prevent future physical disorder
and unproductive energy expenditure that would be involved in looking for lost door
keys. Fixing a key rack to a wall is an example of expending the minimum amount
of energy in advance to be able to locally resist the universal tendency towards
maximum entropy [92,93]. The better the fit with an environment, the less energy
needs to be expended in advance to resist entropy in the future. This is because
the higher the fit with an environment, the lower is the information uncertainty,



physical disorder and energy loss (i.e., tripartite entropy) in work done to survive in
that environment. When there is complete fitness, there can be minimum redundant
variation and least action in doing work needed to survive. By contrast, GenAl are
very far from alignment with the fundamentals of ecophysics upon which depends
survival in changing environments. In particular, GenAl are far from dimensional
reduction [94,95] and far from the principal of least action [96,97]. Rather, GenAl
can have billions of parameters and expend vast amounts of energy in computations
[86,87,88], which can lead to people having to do more work themselves [83,84,85].
Thus, what is revolutionary about GenAl is that they work in opposition to the
fundamentals of ecophysics upon which survival depends as they generate
inaccurate information [83,84,85] while they expend vast amounts of energy and
consume enormous amounts of water [86,87,88].

Accordingly, rather than applying GenAl, EHF should seek to harness Al by
making targeted selective frugal use [98], i.e., thrifty use [99], of artificial intelligence
that can be developed in congruence with the fundamentals of ecophysics upon
which survival depends. Here, physics-informed machine learning has some
relevance [100]. However, machine learning models that are intended to incorporate
physics [101] are not consistent with the fundamentals of ecophysics if they are
large models that are not consistent with nature being thrifty in all its actions [102]
through evolution towards dimensional reduction [94,95] and least action [96,97].
Accordingly, there is need and opportunity to address another requirement for
advancing EHF: to engage in serious innovation [4].

Figures 2 to 5 below summarize an example of applying the ecophysics of
morphological fitness to the human remote operation of a semi-autonomous robot
(SAR) that is designed to be used to change components inside a nuclear fusion
reactor [103]. This is an example of design for safe automation of robotics, which is
intended to minimise latent tripartite entropy that could become manifest tripartite
entropy during the changing of components. This example is aligned with safety
science based on “improving safety in a complex system can be seen as a fight to
reduce entropy” [104]. In Figure 2, an overview of a remote operation task is shown.
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Figure 2. Remote operation task. (a) robot and component. (b) sources of entropy.
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In Figure 2a, a semi-autonomous robot and a component to be changed by the
semi-autonomous robot (SAR) are shown. In Figure 2b, three sources of entropy
are shown. The first source is that interface features of the SAR and the component
are not matched geometrically. The second source is that both the SAR and the
component can suffer from instantaneous deflection when moved. The third source
is that the tolerance chain for the movement of the SAR is not graduated for
alignment of the interface. In other words, there is a breadth of tolerance that is
appropriate for the SAR moving close to the component, but that breadth of
tolerance is too wide for connecting the SAR to the component to be changed.
These three sources of entropy arise from a lack of critical morphological fitness
between the semi-autonomous robot and the component to be changed.

Critical morphological fitness refers to morphological fitness that is critical to
successful performance of work that needs to be done to survive. Consider, for
example, if a field robot that needs to descend a slippery icy hill has smooth outward
morphology and internally the field robot morphology does not include a
transmission system that has a hill descent gear, then the field robot will not be able
to descend the hill safely. Rather, the field robot may crash and not be able to
perform work. By contrast, if a field robot that needs to descend a slippery icy hill
has non-slip outward morphology and internally the field robot morphology includes
a transmission system that has a hill descent gear, then the field robot can descend
the slippery icy hill safely with least action at the first attempt. There may be many
other features of the field robot’s outward morphology and internal morphology but
none of them are critical to safely descending the slippery icy hill.

Returning to the example summarized in Figure 2, Figure 3 below provides an
example of calculations of latent entropy arising from the three sources, which are
labelled as latent entropy marker (LEM) 1, LEM 2, and LEM 3.

average

unequal discrete probability information number of
distribution of number of -theoretic attempts to
attempts to complete tasks entropy complete task
Latent Entropy Markers (LEM)
LEM 1: interface feature mismatch 0.4, 04, 0.2 1.52 2.87
LEM 2: instantaneous deflection 0.6, 0.2, 0.2 1.37 2.58
LEM 2: instantaneous deflection 0.6, 0.2, 0.2 1.37 2.58
LEM 3: ungradated tolerance chain (0.3, 0.3, 0.3, 0.1) 1.90 3.73

Latent Entropy Signature (LES) (2.87 +2.58 + 2.58 + 3.73) =11.76

Figure 3. Calculation of a latent entropy signature
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Detailed explanation for the calculations is provided in [59]. In Figure 3, it is
shown that only because of the interface feature mismatch, LEM 1, the average
number of attempts needed for the SAR to connect to the component would be 2.87.
This average number of attempts is calculated by first defining the number of
different ways that the SAR could connect to the component. If there was complete
morphological fitness, then there would be only one way that the SAR could connect
to the component in what would be a perfect fit that would be completed correctly
every time. However, just for LEM 1 there can be three different ways that the SAR
could connect to the component. In every ten attempts, the probable distribution of
how the SAR would connect to the component would be for LEM 1.1 four attempts
(i.e., 0.4), for LEM 1.2 four attempts (i.e., 0.4) and for LEM 1.3. two attempts (i.e.,
0.2). This unequal discrete probability distribution of number of attempts to complete
the task (0.4,0.4,0.2) can be expressed as an information-theoretic entropy of 1.52,
which corresponds to an average number of attempts to connect the SAR to the
component of 2.87. In Figure 3, the average number of attempts related to each
source (i.e., to each LEM) is calculated separately and then added together to
provide a latent entropy signature (LES) of 11.76 for the operation of the SAR
connecting to the component.

Separate calculation of each LEM can inform design for safe automation by
informing design refinement of specific design features individually. For example,
redesign to reduce LEM 2, i.e., to reduce deflection. However, in practice, the
different sources would not have independent effects, and their joint effects can be
calculated in terms of joint entropy. Calculation of joint entropy will reveal that the
combination of LEMs will lead to a much higher LES. Calculation of joint entropy
can highlight that redesign is imperative to reduce the stress that can be
experienced by a human remote operator who is expected to perform operations
correctly at the first attempt but who has to work with a design that entails that there
are many different ways in which there can be interaction between the SAR and the
component. Details of how different types of entropy, including joint entropy, can be
calculated in relation to different types of work are provided in [105].

The calculation of entropy from probability distributions is straightforward when
using free-of-charge online entropy calculators and need not involve application of
artificial intelligence. By contrast, the definition of how many different ways an
operation could be done and the probability distribution across the different ways
could be improved through thrifty application of Al. This can be done through
application of established computational simulation and analysis methods that are
already used in three-dimensional (3D) digital design modelling, such as clash
detection [106], collision detection [107], gravity analysis [108], interference
detection [109], path planning [110], position and orientation best-fitting [111], and
assessment of maintainability [112]. Organisations that offer design simulation and
analysis tools gradually introduce Al into their offerings if doing so can improve their
performance [113,114]. Figure 4 below provides an illustration of how LES for tasks
can be added together to provide a latent entropy topography (LET) for a sequence
of tasks.
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Figure 4. A latent entropy topography

In this example, the tasks are positioning the SAR, aligning the SAR, the SAR
picking up the component, and the SAR retracting the component. As illustrated in
Figure 4 and Figure 5, the increasing entropy from the accumulation of LES in the
LET can be related to the potential for human remote operators experiencing stress
with typical traffic light colours: green, amber, red.

Figure 5 below provides a summary of morphological adaptation to increase the
morphological fitness of remote operations work. The diagram in Figure 5a shows
a summary of a remote operator stress management method based on
morphological adaption to increase morphological fithess. Figure 5b shows the
planned LET, the actual manifest entropy topology (MET), and the updated LET
based on feedback during the remote operation of the SAR. Detailed explanation of
interplay between latent entropy and manifest entropy is provided in [13,14]. The
radar chart within Figure 5a can be used by the remote operator to get a real-time
visual summary of the SAR’s movements.

With the method summarized in Figure 3 to 5, there is morphological adaption to
increase morphological fitness during the design phase through iterations of design
and entropy measurement. Then, there is further morphological adaption based on
feedback from actual remote operations that include measurement of MET and
further redesign to update LET. With regard to artificial intelligence, such practice is
consistent with human-in-the-loop Al techniques such as machine teaching [115].
This ecophysics-based approach is opposite to established approaches that do not
directly address sources of stress in the work to be done, but instead can increase
the amount of stress that is experienced in doing work [33,34].
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5 Conclusions

In 1995, there was a call for EHF to address the coming global problems of the
twenty-first century [116]. Three decades later, rather than EHF having made
important contributions to addressing global problems, it has been argued that EHF
is fading away [4]. In this paper, with the established EHF topic of human remote
operation of robots, i.e., teleoperation, three interrelated examples have been
provided to illustrate how proposals to improve EHF [4] can be fulfilled through
reference to ecophysics. These examples have encompassed moving beyond old
methodologies; strengthening theoretical basis; and harnessing artificial
intelligence. Together, the three interrelated examples illustrate that increased
reference to ecophysics has potential to advance EHF research and practice.

Reference to ecophysics can yield many potential directions for future EHF
research. One potential direction is to reassess working environments that have
been developed with established EHF in order to determine to what extent, if any,
they are ecological traps. This could include reassessing working practices that
have been developed with established EHF in order to determine to what extent, if
any, they entail an insidious externally generated sensory ecologies. Subsequently,
reference to ecophysics could inform the development of new knowledge to guide
redesign of working environments and working practices in order to reduce sources
of work stress that could predispose people to becoming vulnerable to functional
disorders and learned helplessness.

Reference to ecophysics can also provide many potential directions for improving
EHF practice. One major practical direction can be increasing the personalisation
of solutions that are informed by EHF. For example, the relating of LET and MET to
green-amber-red shown in Figure 5 can be personalised for each person by each
person relating LET and MET to the extent of the stress that they experience
personally. Overall, EHF can contribute to personalisation of working practices by
moving beyond the socio-technical systems perspective, which is focused on
interactions between social groups and technologies, to biosocial-technical systems
perspectives that encompass the psychophysiological psychomotor biology of
individuals. In doing so, it is important to recognise that many everyday working
environments can be extreme environments for us because they are far from the
natural environments in which we evolved ecological fitness.

15



References

10.

1.

12.

13.

14.

Wesley, J.P. 1974. Ecophysics—The Application of Physics to Ecology;
Thomas: Springfield, IL, USA.

Sertorio, L. 1991. Thermodynamics of complex systems: an introduction to
ecophysics (Vol. 4) World Scientific Publishing Co. Pte. Ltd., Singapore.
Gouveia, S.F., Rubalcaba, J.G., Soukhovolsky, V., Tarasova, O., Barbosa,
A.M. & Real, R. 2020. Ecophysics reload—exploring applications of theoretical
physics in macroecology. Ecological Modelling, 424, 109032.

de Winter, J.C.F. & Eisma, Y.B. 2025. Ergonomics and human factors: still
fading—and why we need to embrace the Al revolution. Ergonomics, 1-7.
Chauhan, P., Shrivastava, A. & Dwivedy, S.K. 2025. Investigation of outdoor
environmental and human factors of ROV operation for novice user: a survey.
Ergonomics, 1-18.

Chen, J.Y. 2010. UAV-guided navigation for ground robot tele-operation in a
military reconnaissance environment. Ergonomics, 53(8), 940-950.

Fox, S., Griffy-Brown, C. & Dabic, M. 2020. From socio-technical systems to
biosocial technical systems: New themes and new guidance for the field of
technology in society. Technology in Society, 62: 101291.

Peacock, K.A. 2011. The three faces of ecological fitness. Studies in History
and Philosophy of Science Part C: Studies in History and Philosophy of
Biological and Biomedical Sciences, 42(1), 99-105.

Hirsh, J.B., Mar, R.A. & Peterson, J.B. 2012. Psychological entropy: a
framework for understanding uncertainty-related anxiety. Psychological
Review, 119(2), 304-320.

Tayfur, O. 2012. The antecedents and consequences of learned helplessness
in work life. Information Management and Business Review, 4(7), 417-427.
Hemmer, P., Schemmer, M., Vossing, M. & Kihl, N. 2021. Human-Al
complementarity in hybrid intelligence systems: A structured literature review.
PACIS, 78: 118.

Palanque, P. 2026. Automation design and engineering in the age of Al. In
Ardito, C. et al. Human-Computer Interaction — INTERACT 2025. Lecture
Notes in Computer Science. Vol 16111, pp. 26-31, Springer, Cham,
Switzerland.

Fox, S., Heikkila, T., Halbach, E. & Soutukorva S. 2023. Bio-inspired intelligent
systems: Negotiations between minimum manifest task entropy and maximum
latent system entropy in changing environments. Entropy, 25(11): 1541.

Fox, S. 2024. Minimizing entropy and complexity in creative production from
emergent pragmatics to action semantics. Entropy, 26(5): 364.

16



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kingsolver, J.G. & Huey, R.B. 2003. Introduction: the evolution of morphology,
performance, and fitness. Integrative and Comparative Biology, 43(3), 361-
366.

Diamond, J.M. 1987. The worst mistake in the history of the human race.
Discover, 8, 64—66.

Cregan-Reid, V. 2018. Primate Change: How the World We Made Is
Remaking Us; Cassell: London, UK.

Kolu, P., Kari, J.T., Raitanen, J., Sievanen, H., Tokola, K., Havas, E., ... &
Vasankari, T. 2022. Economic burden of low physical activity and high
sedentary behaviour in Finland. Journal of Epidemiology Community Health,
76(7), 677-684.

Caruana, A. & Chircop, S. 2002. The dark side of globalization: Helplessness,
alienation and ethnocentrism among small businesses owners and managers.
Journal of Nonprofit & Public Sector Marketing, 9(4), 63-74.

Arthur, W.B. 1989. Competing technologies, increasing returns, and lock-in by
historical events. The Economic Journal, 99: 116—-131.

Dobusch, L. & Schifler, E. 2013. Theorizing path dependence: A review of
positive feedback mechanisms in technology markets, regional clusters, and
organizations. Industrial and Corporate Change, 22: 617-647.

Purcell, T.A. & Gero, J.S. 1996. Design and other types of fixation. Design
Studies. 17: 363-383.

Trist, E.L. & Bamford, KW. 1951. Some social and psychological
consequences of the longwall method of coal-getting. An examination of the
psychological situation and defences of a work group in relation to the social
structure and technological content of the work system. Human Relations,

4(1), 3-38.
Davis, M.C., Hughes, H.P.N., Robinson, M.A., Scales, J., Sankaran, S., Liu,
D., ... Gritt, E. 2025. Leveraging socio-technical systems to tackle grand

challenges: Reflections on human-robot teams, hybrid workplaces, med-tech,
and digital transformation. Ergonomics, 1-16.

Fox, S., Kotelba, A., Marstio, I. & Montonen, J. 2020. Aligning human
psychomotor characteristics with robots, exoskeletons and augmented reality.
Robotics and Computer-Integrated Manufacturing, 63: 101922.

De Campos, A.S., Feltrin, R.B., Pamplona da Costa, J.O., Dos Santos, P.X.,
Carvalho, G., de Medeiros, M.B. & Chagnon, P. 2024. Biosocial technical
systems: an emerging approach to analyse responses to novel diseases. In
The COVID-19 Aftermath: Volume II: Lessons Learned, pp. 303-313.
Osarenkhoe, A., Fjellstrom, D., Chowdhury, E.H. & Khodabandeh, A. 2025.
The synergy of digital transformation and sustainability in bio-social-technical
transitions. In Business in a Turbulent Era, Vol II: Technology, Society, and
Policy, Springer Nature, Cham, Switzerland, pp. 261-289.

Fox, S., Edzard, C., Omar, K. & Huelsmann, T. 2025. Logistics 5.0: Biosocial—
technical interactions in logistics. International Journal of Logistics
Management, 36(7), 308—329.

Borisov, V., Kasneci, E. & Kasneci, G. 2021. Robust cognitive load detection
from wrist-band sensors. Computers in Human Behavior Reports, 4: 100116.
Xue, Q., Vodolazskii, D., Wu, H., Song, Y. & Nando, M. 2025. Real-time
cognitive load monitoring of remote fusion maintenance system operators by
electroencephalogram. Fusion Engineering and Design, 215: 114920.

Tam, K., Hopcraft, R., Crichton, T. & Jones, K. 2021. The potential mental
health effects of remote control in an autonomous maritime world. Journal of

17



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

International Maritime Safety, Environmental Affairs, and Shipping, 5(2), 40-
55.

Phillips, A., Sherwood, D., Greenberg, N. & Jones, N. 2019. Occupational
stress in remotely piloted aircraft system operators. Occupational Medicine,
69(4), 244-250.

Rieder, A., Vuckic, S., Schache, K. & Jung, R. 2020. Technostress from
persuasion: Wearable users’ stressors, strains and coping. In ICIS 2020
Proceedings of Forty-First International Conference on Information Systems,
India.

Glavin, P., Bierman, A. & Schieman, S. 2024. Private eyes. they see your
every move: Workplace surveillance and worker well-being. Social Currents,
11(4), 327-345.

Spencer, H. 1864. Principles of Biology, Volume 1. Williams and Norgate,
London. p. 444,

Cuthill, I. 2005. The study of function in behavioural ecology. Animal Biology,
55(4), 399-417.

Kapheim, K.M. 2019. Synthesis of Tinbergen’s four questions and the future
of sociogenomics. Behavioral Ecology and Sociobiology, 73: 186.

Smith, B.D. 2007. The ultimate ecosystem engineers. Science, 315, 1797—
1798.

Sih, A., Ferrari, M.C. & Harris, D.J. 2011. Evolution and behavioural responses
to human-induced rapid environmental change. Evolutionary Applications,
4(2), 367-387.

Grabowski, R. 2017. Premature deindustrialization and inequality.
International Journal of Social Economics, 44(2), 154-168.

Lennerlof, L. 1991. Learned helplessness at work. In The Psychosocial Work
Environment, Routledge, pp. 73-88.

Bjgrnstad, R. 2006. Learned helplessness, discouraged workers, and multiple
unemployment equilibria. The Journal of Socio-Economics, 35(3), 458-475.
Rizvi, Y.S. & Sikand, R. 2020. Learned helplessness at the workplace and its
impact on work involvement: An empirical analysis. Global Business Review,
0972150920976693.

Maier, S.F. & Seligman, M.E. 2016. Learned helplessness at fifty: Insights from
neuroscience. Psychological Review, 123 (4): 349-367.

Boddez, Y., Van Dessel, P. & De Houwer, J. 2022. Learned helplessness and
its relevance for psychological suffering: a new perspective illustrated with
attachment problems, burn-out, and fatigue complaints. Cognition and
Emotion, 36(6), 1027-1036.

Moyano, S., Scolnik, M., Vergara, F., Garcia, M.V., Sabelli, M.R., Rosa, J.E.,
... & Soriano, E.R. 2019. Evaluation of learned helplessness, perceived self-
efficacy, and functional capacity in patients with fibromyalgia and rheumatoid
arthritis. JCR: Journal of Clinical Rheumatology, 25(2), 65-68.

Ranney, D., Wells, R. & Moore, A. 1995. Upper limb musculoskeletal disorders
in highly repetitive industries: precise anatomical physical findings.
Ergonomics, 38(7), 1408—-1423.

Benyahia, D., Sekkay, F., Imbeau, D. & Bourgault, M. 2026. Prevalence and
risk factors of musculoskeletal disorders among paramedics in Quebec,
Canada. Ergonomics, 1-17.

Gielo-Perczak, K. & Karwowski, W. 2003. Ecological models of human
performance based on affordance, emotion and intuition. Ergonomics, 46(1—
3), 310-326.

18



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

606.

67.

68.

69.

Bennett, K. B. & Flach, J. 2019. Ecological interface design: Thirty-plus years
of refinement, progress, and potential. Human factors, 61(4), 513-525.
Grandjean, E. & Kroemer, K.H. 1997. Fitting the task to the human: a textbook
of occupational ergonomics. Taylor & Francis Ltd, London, UK.

Miles, AK. & Perrewé, P.L. 2011. The relationship between person—
environment fit, control, and strain: The role of ergonomic work design and
training. Journal of Applied Social Psychology, 41(4), 729-772.

Hale, R. & Swearer, S.E. 2016. Ecological traps: current evidence and future
directions. Proceedings of the Royal Society B: Biological Sciences,
283(1824), 20152647.

Schneeberger, K. & Taborsky, M. 2020. The role of sensory ecology and
cognition in social decisions: Costs of acquiring information matter. Functional
Ecololgy, 34:302-309.

Dai, Y., Li, J., Cui, W. & Li., J. 2025. The effects of shoulder morphology on
the distribution of shoulder pressure during load carriage. Ergonomics, 68(9),
1351-1370.

Hawes, M.R. & Sovak, D. 1994. Quantitative morphology of the human foot in
a North American population. Ergonomics, 37(7), 1213-1226.

Wainwright, P.C. & Reilly, S.M. 1994. Ecological Morphology: Integrative
Organismal Biology, University of Chicago Press, Chicago, IL.

Wright, K.A. 2017. Ecological Morphology. The International Encylopedia of
Primatology,

Fox, S. & Kotelba, A. 2019. Variational Principle of Least Psychomotor Action:
Modelling effects on action from disturbances in psychomotor work involving
human, cyborg, and robot workers. Entropy, 21(6): 543.

Kendal, J., Tehrani, J.J. & Odling-Smee, J. 2011. Human niche construction
in interdisciplinary focus. Philosophical Transactions of the Royal Society B:
Biological Sciences, 366(1566), 785-792.

Pontzer, H., Wood, B.M. & Raichlen, D.A. 2018. Hunter-gatherers as models
in public health. Obesity Reviews 19: 24-35.

Panahi S, Tremblay A. 2018. Sedentariness and health: Is sedentary behavior
more than just physical inactivity? Frontiers in Public Health, 10(6), 258.
Friston, K. J., Parr, T. & de Vries, B. 2017. The graphical brain: Belief
propagation and active inference. Network Neuroscience, 1(4), 381-414.
Dewa, C. S,, Lin, E., Kooehoorn, M. & Goldner, E. 2007. Association of chronic
work stress, psychiatric disorders, and chronic physical conditions with
disability among workers. Psychiatric Services, 58(5), 652-658.

McEwen, B.S. 2012. Brain on stress: how the social environment gets under
the skin. Proceedings of the National Academy of Sciences, 109 (S2), 17180-
17185.

Lucini, D. & Pagani, M. 2012. From stress to functional syndromes: An
internist's point of view. European Journal of Internal Medicine, 23(4), 295-
301.

Pennington, C., Newson, M., Hayre, A. & Coulthard, E. 2015. Functional
cognitive disorder: what is it and what to do about it? Practical Neurology,
15(6), 436-444.

Pareés, I., Kojovic, M., Pires, C., Rubio-Agusti, |., Saifee, T.A., Sadnicka, A.,
... & Edwards, M.J. 2014. Physical precipitating factors in functional movement
disorders. Journal of the Neurological Sciences, 338(1-2), 174-177.

Cabreira, V., McWhirter, L., Stone, J. & Carson, A. 2025. Precipitating factors
for functional cognitive disorder. European Journal of Neurology, 32(3),
e70082.

19



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Richards, H.J., Benson, V., Donnelly, N. & Hadwin, J. A. 2014. Exploring the
function of selective attention and hypervigilance for threat in anxiety. Clinical
Psychology Review, 34(1), 1-13.

Del Giudice, M., Ellis, B.J. & Shirtcliff, E.A. 2011. The adaptive calibration
model of stress responsivity. Neuroscience & Biobehavioral Reviews, 35(7),
1562-1592.

Geroin, C., Stone, J., Camozzi, S., Demartini, B., Gandolfi, M. & Tinazzi, M.
2022. Triggers in functional motor disorder: a clinical feature distinct from
precipitating factors. Journal of Neurology, 269(7), 3892-3898.

Walsh, K.S., McGovern, D.P., Clark, A. & O'Connell, R.G. 2020. Evaluating
the neurophysiological evidence for predictive processing as a model of
perception. Annals of the New York Academy of Sciences, 1464(1), 242-268.
Atlas, L.Y. & Wager, T.D. 2012. How expectations shape pain. Neuroscience
Letters, 520(2), 140-148.

Patten, M.A. & Kelly, J.F. 2010. Habitat selection and the perceptual trap.
Ecological Applications, 20(8), 2148-2156.

Nijs, J., Roussel, N., Van Oosterwijck, J., De Kooning, M., Ickmans, K., Struyf,
F., ... & Lundberg, M. 2013. Fear of movement and avoidance behaviour
toward physical activity in chronic-fatigue syndrome and fibromyalgia: state of
the art and implications for clinical practice. Clinical Rheumatology, 32(8),
1121-1129.

Coninx, S. 2023. The dark side of niche construction. Philosophical Studies,
180(10), 3003-3030.

Sedek, G. & Kofta, M. 1990. When cognitive exertion does not yield cognitive
gain: toward an informational explanation of learned helplessness. Journal of
Personality and Social Psychology, 58(4), 729-743.

Baratta, M.V., Seligman, M.E. & Maier, S.F. 2023. From helplessness to
controllability: toward a neuroscience of resilience. Frontiers in Psychiatry, 14,
1170417.

Tafet, G.E. & Ortiz Alonso, T. 2025. Learned helplessness and learned
controllability: from neurobiology to cognitive, emotional and behavioral
neurosciences. Frontiers in Psychiatry, 16, 1600165.

Zheng, Q. & Wang, W. 2024. The relationship between the digital divide and
the well-being of older adults: The mediating role of learned helplessness and
the moderating role of growth mindset. Current Psychology, 43(25), 21547-
21556.

Trindade, I.A., Mendes, A.L. & Ferreira, N.B. 2020. The moderating effect of
psychological flexibility on the link between learned helplessness and
depression symptomatology: A preliminary study. Journal of Contextual
Behavioral Science, 15, 68-72.

Latif, Y.A. 2025. Hallucinations in large language models and their influence
on legal reasoning: Examining the risks of Al-generated factual inaccuracies
in judicial processes. Journal of Computational Intelligence, Machine
Reasoning, and Decision-Making, 10(2), 10-20.

Freedman, L. 2025. Lawyers continue to get in hot water for citing Al
hallucinated cases. The National Law Review, Volume XVI, Number 22.
Available online: https://natlawreview.com/article/lawyers-continue-get-hot-
water-citing-ai-hallucinated-cases (accessed 22nd January 2026).

Warren, G. 2025. GenAl hallucinations are still pervasive in legal filings, but
better lawyering is the cure. Thomson Reuters 18" August. Available online:
https://www.thomsonreuters.com/en-us/posts/technology/genai-
hallucinations/ (accessed 22" January 2026).

20


https://natlawreview.com/article/lawyers-continue-get-hot-water-citing-ai-hallucinated-cases
https://natlawreview.com/article/lawyers-continue-get-hot-water-citing-ai-hallucinated-cases
https://www.thomsonreuters.com/en-us/posts/technology/genai-hallucinations/
https://www.thomsonreuters.com/en-us/posts/technology/genai-hallucinations/

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.
104.

Crawford, K. 2024. Generative Al's environmental costs are soaring—And
mostly secret. Nature 2024, 626, 693.

Berthelot, A., Caron, E., Jay, M. & Lefévre, L. 2024. Estimating the
environmental impact of Generative-Al services using an LCA-based
methodology. Procedia CIRP, 122, 707-712.

Zewe, A. Explained: Generative Al's environmental impact. MIT News. 17
January 2025. Available online: https:/news.mit.edu/2025/explained-
generative-ai-environmental-impact-0117 (accessed 29th January 2026).
Manias, D. M., Chouman, A. & Shami, A. 2023. Model drift in dynamic
networks. IEEE Communications Magazine, 61(10), 78-84.

Vela, D., Sharp, A., Zhang, R., Nguyen, T., Hoang, A. & Pianykh, O.S. 2022.
Temporal quality degradation in Al models. Scientific Reports, 12(1), 11654.
Hashmani, M.A., Jameel, S.M., Alhussain, H., Rehman, M. & Budiman, A.
2019. Accuracy performance degradation in image classification models due
to concept drift. International Journal of Advanced Computer Science and
Applications, 10(5), 422-425.

Grandy Jr., W.T. 1980. Principal of maximum entropy and irreversible
processes. Physics Reports, 62(3),175-266.

Cofre, R., Herzog, R., Corcoran, D. & Rosas, F.E. 2019. A comparison of the
maximum entropy principal across biological spatial scales. Entropy, 21(10):
10009.

Sato, T.U., Kaneko, K. 2020. Evolutionary dimension reduction in phenotypic
space. Physical Review Research, 2(1): 013197.

Eckmann, J.P. & Tlusty, T. 2021. Dimensional reduction in complex living
systems: Where, why, and how. BioEssays, 43, 2100062.

Coopersmith, J. 2017. The Lazy Universe: An Introduction to the Principle of
Least Action; Oxford University Press: Oxford, UK, 2017.

Kaila, V.R. & Annila, A. 2008. Natural selection for least action. Proceedings
of the Royal Society A: Mathematical, Physical and Engineering Sciences,
464(2099): 3055-3070.

Peixoto, E., Torres, D., Carneiro, D., Silva, B. & Novais, P. 2024. Efficient
MLOps: Meta-learning meets Frugal Al. In Advances in Artificial Intelligence in
Manufacturing II; Alexopoulos, K., Makris, S., Stavropoulos, P., Eds.; ESAIM
2024; Lecture Notes in Mechanical Engineering; Springer: Cham, Switzerland.
Fox, S. & Fortes Rey, V. 2025. Thrifty world models for applying machine
learning in the design of complex biosocial-technical systems. Machine
Learning & Knowledge Extraction, 7(3), 83.

Karniadakis, G E., Kevrekidis, I.G., Lu, L., Perdikaris, P., Wang, S. & Yang, L.
2021. Physics-informed machine learning. Nature Reviews Physics, 3(6), 422-
440.

Agarwal, N., Ali, A., Bala, M., Balaji, Y., Barker, E., Cai, T., Chattopadhyay, P.,
Chen, Y., Cui, Y., Ding, Y. et al. Cosmos world foundation model platform for
physical Al. arXiv 2025, arXiv:2501.03575.

de Maupertuis, P.L.M. 1746. Les loix du mouvement et du repos déduites d’un
principe métaphysique. In Histoire de ’Academie Royale des Sciences et des
Belles—L ettres da Berlin; Haude: Berlin, Germany, p. 286.

Dunlap, R.A. 2021. Energy from Nuclear Fusion. IOP Science, Bristol, UK.
Swuste, P., Groeneweg, J., Van Gulik, C., Zwaard, W., Lemkowitz, S. &
Oostendorp, Y. 2020. The future of safety science. Safety Science, 125:
104593.

21


https://news.mit.edu/2025/explained-generative-ai-environmental-impact-0117
https://news.mit.edu/2025/explained-generative-ai-environmental-impact-0117

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Fox, S., Kotelba, A. & Niskanen, I. 2018. Cognitive Factories: Modeling
situated entropy in physical work carried out by humans and robots. Entropy
20(9): 659.

Shaheer Zubairi, M., Robinson, T.T., Armstrong, C.G. & Soban, D.S. 2014. A
sensitivity approach for eliminating clashes from computer aided design model
assemblies. Journal of Computing and Information Science in Engineering,
14(3), 031002.

Wu, C., Zhao, P., Wang, Q., Ye, G,, Liu, Z. & Pan, R. 2025. A two-stage
collision detection method of a multi-axis CNC machine tool based on
bounding box and basic primitive. Precision Engineering, 93, 177-191.

Zhou, W. & Zheng, J.R. 2010. A novel approach to assembly modular partition
for a mechanical product based on the theory of universal gravity. In 2010
International Conference on Mechanic Automation and Control Engineering,
26-28 June, Wuhan, China, pp. 159-163.

Tomiyama, T. & d’Amelio, V. 2007. Toward design interference detection to
deal with complex design problems. In The Future of Product Development:
Proceedings of the 17th CIRP Design Conference, Berlin, Heidelberg:
Springer Berlin Heidelberg, pp. 473-482.

Pei, M., An, H., Liu, B. & Wang, C. 2021. An improved dyna-q algorithm for
mobile robot path planning in unknown dynamic environment. IEEE
Transactions on Systems, Man, and Cybernetics: Systems, 52(7), 4415-4425.
Chen, Z., Du, F. & Tang, X. 2018. Position and orientation best-fitting based
on deterministic theory during large scale assembly. Journal of Intelligent
Manufacturing, 29(4), 827-837.

Nepal, B., Monplaisir, L. & Singh, N. 2007. A framework to integrate design for
reliability and maintainability in modular product design. International Journal
of Product Development, 4(5), 459-484.

Simmons, M. K. 1984. Atrtificial intelligence for engineering design. Computer-
Aided Engineering Journal, 1(3), 75-83.

Yiksel, N., Borkli, H.R., Sezer, H.K. & Canyurt, O.E. 2023. Review of artificial
intelligence applications in engineering design perspective. Engineering
Applications of Atrtificial Intelligence, 118, 105697.

Mosqueira-Rey, E., Hernandez-Pereira, E., Alonso-Rios, D., Bobes-Bascaran,
J. & Fernandez-Leal, A. 2023. Human-in-the-loop machine learning: a state of
the art. Artificial Intelligence Review, 56(4), 3005-3054.

Moray, N. 1995. Ergonomics and the global problems of the twenty-first
century. Ergonomics, 38(8), 1691-1707.

22



Series title and number

VTT Technology 445
Title Extreme fitness: Applying ecophysics to reduce
human stress in everyday extreme environments
Author(s) Stephen Fox, Janne Lyytinen, Hannu Saarinen
Abstract It has been proposed that ergonomics and human factors (EHF) can be

advanced by moving beyond old methodologies, by strengthening theoretical
basis, and by making more use of artificial intelligence. Here, with the example of
human remote operation of robots, i.e., teleoperation, it is argued that progress
towards realising proposals for advancing EHF can be made by increasing
reference to ecophysics. That is by increasing reference to science concerned
with interactions between ecological systems and physical laws. In this
document, human stress associated with remote operations work is situated in
the broader context of extreme work environments. Those being environments
that many people experience every workday, such as typical factories and
offices, which are far from the natural environments in which humans evolved.
With reference to ecological fithess, morphological fitness, and tripartite entropy,
it is explained how application of ecophysics in EHF has potential to reduce
human work stress.

ISBN, ISSN, URN

ISBN 978-951-38-8809-1

ISSN-L 2242-1211

ISSN 2242-122X (Online)

DOI: 10.32040/2242-122X.2026.T445

Date February 2026
Language English
Pages 22 p. + app. 0 p.

Name of the project

Commissioned by

Keywords biosocial-technical systems, critical morphological fitness, ecological
fitness, ecophysics, ergonomics and human factors (EHF), remote
operations, stress, teleoperation

Publisher VTT Technical Research Centre of Finland Ltd

P.O. Box 1000, FI-02044 VTT, Finland, Tel. 020 722 111,
https://www.vttresearch.com



https://www.vttresearch.com

Extreme fitness: Applying ecophysics
to reduce human stress in everyday
extreme environments

It has been proposed that ergonomics and human factors (EHF)
can be advanced by moving beyond old methodologies, by
strengthening theoretical basis, and by making more use of artificial
intelligence. Here, with the example of human remote operation of
robots, i.e., teleoperation, it is argued that progress towards
realising proposals for advancing EHF can be made by increasing
reference to ecophysics.That is by increasing reference to science
concerned with interactions between ecological systems and
physical laws. In this document, human stress associated with
remote operations work is situated in the broader context of
extreme work environments. Those being environments that many
people experience every workday, such as typical factories and
offices, which are far from the natural environments in which
humans evolved. With reference to ecological fitness,
morphological fitness, and tripartite entropy, it is explained how
application of ecophysics in EHF has potential to reduce human
work stress.

ISBN 978-951-38-8809-1
ISSN-L 2242-1211

ISSN 2242-122X (Online)

DOI: 10.32040/2242-122X.2026.7445

m beyond the obvious



