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Abstract

Recently, the relationship between evolutionary ecology and perceptual science has
received renewed attention under perception-mediated selection, a mode of natural
selection linking perceptual saliency, rather than veridicality, to fitness. The Inter-
face Theory of Perception (ITP) has been especially prominent in claiming that an
organism’s perceptual interface is populated by icons, which arise as a function of
evolved, species-specific perceptual interfaces that produce approximations of or-
ganisms’ environments through fitness-tuned perceptions. According to perception-
mediated selection, perception and behavior calibrate one another as organisms’
capacities to experience and know the objects and properties of their environments
lead to responses highlighting certain environmental features selected for survival.
We argue this occurs via the Umwelt/Umgebung distinction in ethology, demonstrat-
ing that organisms interact with their external environments (Umgebung) through
constructed perceptual schema (Umwelt) that produce constrained representations
of environmental objects and their properties. Following Peircean semiotics, we
claim that ITP’s focus on icons as saliency-simplified markers corresponds to biose-
miotics’ understanding of perceptual representations, which manifest as iconic (re-
sembling objects), indexical (referring), or symbolic (arbitrary) modalities, which
provide for organisms’ semiotic scaffolding. We argue that ITP provides the compu-
tational evidence for biosemiotics’ notion of iconicity, while biosemiotics provides
explanation within ITP for how iconicity can build up into indices and symbols.
The common contention of these separate frameworks that the process of percep-
tion tracks saliency rather than veridicality suggests that digital/dyadic perceptual
strategies will be outcompeted by their semiotic/triadic counterparts. This carries
implications for evolutionary theory as well as theories of cognition.
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1 Introduction

Perception and behavior are interlinked because an organism’s capacity to experi-
ence and know environmental objects and their properties leads to responses reflect-
ing features salient for survival (Brown, 1992). Historically, some researchers (e.g.,
Boring, 1936; Palmer, 1999; Wilson, 2001) have claimed that accurate perceptual
representations depend on an isomorphic relationship between object representation
and the perceived object, characterized by a bijection that preserves structure and
operations (Rupnow, 2021). Hoffman et al’s (2015) Interface Theory of Perception
(ITP) disputes these claims, proposing instead that an organism’s perceived reality
(Umwelt) is a functional approximation of its external reality (Umgebung) (Hoffman,
2016; Prakash et al., 2020a, b). Function serves immediate aims, and accounts for
the pragmatic, salient pressures of evolution outstripping the efficacy of exhaustively
knowing and responding to all possible facts of objects in their complexity. Saliency is
paramount to facilitating action, rejecting one-to-one Umwelt/Umgebung congruent
structures as neither possible nor preferable. This suggests, however, that representa-
tional functionality requires the existence of the organism-plus-environment unit to
provide meaningful context. According to this pragmatic saliency model, perceptual
veridicality — a perceiver-perceived dyad — would be evolutionarily uncompetitive
compared to perceptual nonveridicality because the excess effort spent understanding
and acting on unproductive facts would be debilitating.

We propose that the nonveridical Interface Theory of Perception affirms a triadic
perceptual relationship involving the perceiving organism, perceived object, and the
subjectively perceived representation of the object, mirroring Peircean semiotics
(e.g., Sebeok, 1980; Sharov, 1992; Deely, 2001a). By extension, we agree with Hoff-
man et al. (2015) that all currently living organisms construct reality nonveridically.
The ITP shares many other features with the phenomenology-informed theoretical
biology of Jacob von Uexkiill (Barbieri, 2020). In our view, organisms construct their
Umwelten by way of species-specific, fitness-tuned perceptual interfaces they have
been gifted through evolutionary processes which simplify external complexity for
survivability. Significance in biosemiotics, and saliency for the ITP, point at similar
perceptual selection functions. We hold that the ITP contributes to biosemiotics by
providing computational evidence that iconic representations manifest from fitness-
tuned contact between an organism’s sense perceptions and the external environment.
Biosemiotics likewise contributes to the ITP through explaining how these iconic
representations contextualize (scaffold into) indices and symbols, together forming
the three fundamental modalities of perceptual representation (Favareau, 2015).

2 Objects of perception
Perception requires that an organism experience environmental objects and their
properties through sense-data (Brier, 2008). Various perceptual theories assume per-

ception is veridical (e.g., Marr, 1982; Palmer, 1999; Pizlo et al., 2014), a dyadic
perceiver/perceived object relation given the logical operation: F is veridical iff Fp
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entails p, or simply, Fp — p! (Giannakidou, 1998). Dyadic perceptions, as proposed,
function similarly to Saussurean signifier-signified sign relationships whereby the
smallest units of psycholinguistic meaning spawn from dyadic sign relations (de Sau-
ssure, 2004). Dyadic perceptual strategies reinforce direct realism (naive or common-
sense realism), the view that perception entails 1:1 correspondence between what is
experienced and known (epistemology) and what is (ontology). Consequently, mean-
ing-making only requires: (1) a perceiver and, (2) the directly perceived object. We
are sympathetic to realism?, however, we reject dyadic perception because it lacks an
ontic referent (Hoffmeyer, 1993; Sharov, 2010; Cobley, 2016). Dyadic perceptions
decay into extreme reductionism evident in forms of realism, and extreme subjectiv-
ism evident in forms of idealism due to the lack of an ontic referent (Hoffman et al.,
2015). In place we suggest a Peircean triad, composed of signifier-signified-object
sign relations (Sebeok, 2001). Peircean perception retains realism, while necessitat-
ing that meaning-making is contingent, occurring indirectly (representational real-
ism) requiring: (1) a perceiver, (2) an external object that is perceived indirectly
and, (3) a subjective representation that is perceived directly (Brown, 1992). Per-
ception influences behavior — an organism’s actions toward its Umwelt, seeking to
adapt to the conditions of the Umgebung while only being aware of a small part of
it (von Uexkiill, 1926; Piaget, 1979). Behaviorally, a Peircean model describes the
organism-plus-environment unit as a relational unit where organisms as active agents
shape and are shaped by their environments. Perception maximizes the organism’s
life history requirements within its environmental niche, the conditions and resources
required for organisms to live, grow, mature, and reproduce (Figueredo et al., 2006).

3 Realism and veridicality: dyadic or triadic?

Indirect realism entails that knowledge of the world arises from access only to a per-
ceptual copy of its properties and features as bounded by the senses (Deely, 2001b).?
Knowledge develops from cumulative experiences of environmental objects and their
properties (Brown, 1992). If we designate the experiencing organism as the interpre-
tant, the ontic referent as the Peircean object, and the subjective representation of the
ontic referent as the representamen (features of the object imputed as relevant and
available for the interpretant) (Hoffmeyer, 1993), an ethological description of the
Umwelt/Umgebung emerges. Interpretants perceive (Umwelten) because they experi-
ence features of their Umgebung nonveridicality through a differentiation of object
representations and the objects themselves. Direct, veridical perceptual strategies do
not make this differentiation. Thus direct, veridical perception cannot be true because
sense-data as interpretive schema are always bounded by physiological and psycho-

! Not all scholars agree with this definition of veridicality. For counter examples, see Campbell (2008)
and Fish (2013).

2 The epistemological notion that the truth value of an event or statement rests on its correspondence with
external reality (Norman, 1980).

3 Pared-back selective realism is another position one could take; however, we hold that it is functionally
akin to indirect realism given all such organisms would simplify their perceptions creating Umwelten that
operate as species-specific (or any other taxonomic category) partial copies of their Umgebung.
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logical limiting factors (e.g., Gottlieb, 2002; Gorea, 2011; Li et al., 2023), mean-
ing object representations never fully capture their ontic referents. Interpretation, in
addition to the filtering constraints of sense-perceptions, always mediates between
the subjective representations and the Peircean object/referents. Insofar as what is
perceived is not illusory, direct perception makes little to no reference to contingent
hermeneutics because interpretation presents a divide where what is perceived need
not correspond to external reality (Brown, 1992).* If what is perceived is contingent
on the perceiving organism’s sensory filters, how can the organism be confident its
perceptions reflect aspects of reality rather than presenting mere fabrications?

Direct realists (e.g., Putnam, 1999; Searle, 2015; Beaton, 2016) argue that only
what is dyadically perceived is real, because subjective representations must maintain
structural uniformity (operationalized as an isomorph) with their referents (Boring,
1936). It is claimed such uniformity puts living organisms in a better position to act
in the physical world. On this view, nonveridicality, and by extension indirect real-
ism, is susceptible to illusory representations that are perceptually mistaken and evo-
lutionarily deleterious (Hoffman et al., 2015; Hoffman, 2019; Prakash et al., 2020a,
b). The illusory argument maintains that perceptions which do not dyadically match
the external world may be false, leading to faulty, misleading associations (Brown,
1992). Faulty associations sow discord between behavior and environment. How-
ever, if perceptual function discerns the intrinsic properties of objects in the physical
world, then the illusory argument fails for two reasons. Firstly, there is no demand
that an object manifests itself at first glance; secondly, physical objects regularly do
not possess the intrinsic properties they appear to have (e.g., looking into a mirror or
still lake) (Brown, 1992). As a result, veridicality is suspect on its own merits. Addi-
tionally, veridicality postulates the same undifferentiated object-representation rela-
tions as direct realism, a category error seemingly inherent in dyadic metalanguages
because it confuses the sign vehicle, the particular medium a signifier takes, for the
ontic object being represented. As it does not follow that perceptual contingency is
necessarily deleterious, illusory rebuttals do not dissuade nonveridicality as a viable
perceptual candidate. While we may accept veridicality’s logical operation as Fp —
p, a perceiver/perceived relationship tells us little to nothing about the nature of the
presupposed objects/referents, other than, perhaps, affirming their ontic status. Direct
realism has inspired brilliant works of visual perception (e.g., Gibson, 1986), and
speech perception (e.g., Fowler, 1986), among others; however, does it possess the
explanatory power to account for perception broadly? Unlikely.

4 The interface theory of perception

Evolutionary and systems biologists routinely use computational models for, among
other things, hypothesis testing (e.g., Banzhaf & Eckman, 1995; Brodland, 2015;
Bartocci & Lio, 2016). Hoffman et al. (2015) do the same to test various perceptual
strategies. Within Bayesian estimation, veridical perception depends on the assump-

4 Of course, this applies principally to sense perception rather than imagination, insofar as the two can be
regarded as wholly discrete.
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tion that evolution has shaped perceptual systems to accurately estimate, based on
sensory information, the true structure of the objective world (Yuille & Biilthoff,
1996). As such, examining perceptual structure requires modelling the probabili-
ties of various perceptions, as well as how those probabilities vary within different
world states (Hoffman et al., 2015). Using measurable spaces — probability spaces for
which probability measures are not yet specified — the original description of the ITP
assesses how different perceptual strategies fare under evolutionary game conditions
(Hoffman et al., 2015). The exposition presents the possible perceptual experiences
of an organism by a measurable space where X is a set of possible experiences and
X a collection of subsets of X called events [X; X] (Hoffman et al., 2015). This ren-
ders the world representable by a measurable space where W is a set of world states
and W is again a collection of subsets called events [W; /] (Hoffman et al., 2015).
Therefore, it is determined that a perceptual strategy (P) occurs if each state w eW
causes at most one perceptual experience x €X in the absence of dispersion, such as
noise (Hoffman et al., 2015). For example, the experience of different wavelengths
of visible light allows one to easily differentiate bright red fruit from the green leafy
background on a tree (in the absence of colorblindness).

Hoffman et al. (2015) list six> possible perceptual strategies that an organism may
rely on to enable meaningful action in the objective world; (1) dispersion free, per-
ceptions associated with singular experiences; (2) omniscient realism, which is the
position that we see the world objectively and in totality for what it truly is; (3) naive
realism, which is synonymous with direct realism; (4) critical realism, which holds
that some perceived properties of the world such as color and taste are not part of
the objective world; (5) hybrid realism, which is an extension of critical realism but
holding that some perceived properties such as shapes and motions are objectively
true; and (6) their proposed nonveridical interface (Hoffman et al., 2015). All but the
last are veridical and dyadic in structure. In order, each strategy bares the following
properties: (1) P: W—X, X=W and P (isomorphic), (2) X ¢ W and P (also isomor-
phic), (3) X need not be a subset of W but P is nevertheless a homomorphism that
preserves all structures on W, (4) XCX satisfies XCW and requires that P is isomor-
phic (e.g., some perceptions like shape are veridical, while others like color are non-
veridical), and (5) P: W—X (without additional constraint and that the probabilities
of perceptions are systematically related to probabilities of events in W) (Hoffman
et al., 2015). The paper then ventures to observe the survival rates of each strategy
relative to all the others using evolutionary game models. Evolutionary games simu-
late frequency-dependent selection where fitness strategies are not fixed but instead
vary with the proportion of individuals in the population that employ each strategy
(Parker, 1984; Hoffman et al., 2015). The underlying assumption is that survivability
takes precedence insofar as individual organisms respond to selection pressures.

Assume an infinite population each with players pursuing a fixed strategy (who are
in this case computer-generated models) randomly selected to interact in the games
(Hoffman et al., 2015). Each player receives a payoff which is interpreted as repro-
ductive success (fitness, functional saliency) leading to natural selection, which is

5 Seven possible perceptual strategies are listed in the original paper. However, one is not assessed given
the patterns found for the other six also hold in its case.
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modeled by a replicator equation and randomized using Monte Carlo simulations. A
replicator equation is a deterministic and non-innovative game dynamic (Hoffman
et al., 2015). The results found that veridical strategies fared poorly against their
nonveridical counterparts where ‘fitness’ (saliency) and ‘truth’ (one-to-one bijection)
were distinguished (Hoffman et al., 2015). The paper then ponders whether organ-
isms dependent on veridical perception would even remain long enough in the gene
pool to propagate their ‘preferred’ perceptual structure. They use genetic algorithms
which mimic biological evolution by solving both constrained and unconstrained
optimization problems in sexually reproductive species (Hoffman et al., 2015). The
algorithm involved a robot who efficiently gathers soda cans that were randomly
distributed on a 10x10 grid of squares (Hoffman et al., 2015). The payoff function
was set up such that the robot got 10 points for each can successfully picked up, lost
one point each time it tried to pick up a can where there was none, and lost five points
each time it tried to walk into a wall (Hoffman et al., 2015). The goal of the algorithm
was to evolve a version of the robot that efficiently gathered the cans despite a lack
of knowledge about the grid structure it was on.

After running many simulations with 200-odd competing robots and successive
generations, the authors concluded that veridical strategies were regularly outcom-
peted by nonveridical strategies and competitive evolutionary dynamics (Hoffman
et al., 2015). The paper further speculates that a veridical strategy with no selection
pressures in its favor is very unlikely to appear in any generation to begin with, given
a startling lack of fitness (Hoffman et al., 2015). To make sense of these results,
the authors observe what they believe to be a latent anthropocentrism lingering in
the work of many researchers interested in perception who regard human percep-
tion alone as veridical, but not that of ‘simpler’ organisms (Hoffman et al., 2015).
Marr (1982), for example, argues that veridical perception is advantageous for human
beings but would not be so for organisms such as insects and amphibians. To illus-
trate this hypothesis, Marr (1982) states that flies’ visual systems serve the needs
of their owners by providing very little objective information, unlike human visual
systems. Assuming this is a fair characterization of Marr and others sharing similar
viewpoints, it is implausible given every organism’s biological constitution limits
its possible range of sense perceptions, making such steadfast divisions between
humans and other organisms untenable (Deely, 2001b; Hoffman et al., 2015; Hen-
dlin, 2019a, b, 2020, among others). It is also unlikely that the perceptual systems
of some organisms are a fallible heuristic, while those of others (namely H. sapiens)
alone are an accurate guide.

5 Nonveridical but notillusory?

Having prima facie established via computer simulation that nonveridical perception
is evolutionarily more competitive, ITP proposes an interface perceptual strategy to
replace ‘standard theories of perception’ (Hoffman et al., 2015:1489). According to
the ITP, perception occurs via an evolved, species-specific user interface that sim-
plifies an organism’s representations of environmental objects and their properties,
entities that are necessarily more complex in their totality than as depicted by any
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given organism’s senses (Hoffman et al., 2015). We retain focus on species-speci-
ficity because that is the taxonomic category most ecologically salient (Ulanowicz,
2001). Our human species, for example, cannot perceive ultraviolet light without the
aid of technology (which is translated into interfaces which match our native percep-
tual capabilities). Our native inability to perceive is not because UV does not exist,
but because we have not evolved the capacity or ordinary evolutionary need to detect
certain wavelengths of light with our naked eyes. We live life somewhat blind to its
existence, until someone gets sunburned. Similarly, dogs (Canis familiaris) cannot
see the same range of visible light as humans and thus cannot experience the same
colors that we can. This is not because those wavelengths of light do not exist, but
rather because dogs have two cone receptors while humans possess three. Perception
is not abstract and wholly cognitive, but embodied (Bridgeman and Tseng, 2011).
The complexity of objects relative to their perceptual representations, which map
one-to-one onto reality, would also be (potentially infinitely) costly to attempt to
perceive in totality, leading organisms to expend energy remaining aware of incon-
sequential truths that do not contribute to fitness (Hoffman et al., 2015; Hoffman,
2016; Prakash et al., 2020b). Simplification, as it turns out, also has evolutionary
advantages. Perceptual simplification through contingency is a survival mechanism.
While not complete representations of external reality, perceptions are not necessar-
ily illusory.

Take the example of a gun. A gun is a complex object that can be observed from
many different levels of analysis. However, if one is pointed at you the threat of
harm is real despite your simplified perceptions of this complex object. How locking
mechanisms work, the physics of gunpower in a constrained chamber, etcetera, is
ancillary to the practicality of acting in such a situation. Simplified perceptions and
background cultural knowledge are enough to alert you to the gravity and actions the
circumstances call for. Accordingly, you would be better served taking the threat seri-
ously as an immediate relational event rather than processing the physical or chemi-
cal complexity of the object itself. Rather than being overwhelmed by fine-grained
perception or expensive metabolic processes to understanding the sum-totality of
sensory stimuli, nonveridical perception selects for saliency.

Indeed, all decision-making, for humans and other organisms rests on processes
which shed all perceptual input nonessential to the immediate task at hand (which is
not to say that such heuristics are immune to misfire, misselecting for saliency based
on habit incorrectly for novel situations) (Rosenberg & McShea, 2007). Accordingly,
the ITP proposes that the relationship between an organism’s perceptions and reality
is analogous to a desktop (space-time) and user icons (properties of objects within
space-time) (Hoffman et al., 2015). A desktop or dashboard interface is by definition
user friendly, facilitating meaningful interaction with icons which allow for simple
navigation, but also mask the true structure of the computer’s processing, the soft-
ware which codes in 1°s and 0’s, let alone the underlying hardware made up of tran-
sistors, circuits, voltages, magnetic fields and firmware (Hoffman et al., 2015).

Hiding the true complexity of the computer enables meaningful action, such as
writing a journal article or playing an online game, because interfaces simplify the
world through functions that direct a user’s effort away from truths of no immedi-
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ate relevance to accomplishing valuable proximate goals (Hoffman et al., 2015).°
Necessarily, access to the truth in its totality as concerns the state of external reality
would be paralyzing (assuming such a feat could ever be perceptually possible or
exhaustible). Partly, because such perception would be updating in real time over
so vast information fronts, it would always be delayed in acting appropriate upon
them. Such ‘latency’ challenges a best-of-both-worlds optimization with full fidelity
to truth. Fidelity and latency become inversely proportional, when survival is based
on not overthinking or -analyzing — where one has mere milliseconds to jump out
of the way before a predator pounces. ITP thus diverges from traditional theories
which insist that perceptions attune to elucidating the true situation in the objective
universe, or that such knowledge would necessarily aid rather than possibly inhibit
fitness. ITP instead posits that meaningful action is based on organisms’ immediate
needs to sustain them optimally through space and time without excess perceptual
or computational demands (Hoffman et al., 2015; Hoffman, 2016). It weds percep-
tion to pragmatism. Once an organism capable of perception exists, its evolutionary
trajectory and perceptions become inextricably linked in a process Heying and Wein-
stein (2021) call perception-mediated selection. Perception-mediated selection is a
mode of natural selection recognizing perception’s causal power in the evolutionary
landscape.

At the same time, biosemiotics does not assign meaning-making (or significance)
as reductive to fitness or reproduction. Meaning-making as the basis of semiosis
provides many auxiliary, and from the perspective of sheer Darwinian evolution-
ary theory (specifically the modern synthesis), extravagant, sensations/experiences/
foci/goals that afford organisms goal directedness that may sometimes not concord
with fitness (e.g., Sebeok, 2001; De Loof, 2015; Noble, 2021). Regarding humanity,
while self-regulating mechanisms for nonveridicality ordinarily do not allow (for
long, anyhow) organisms to take as knowledge things that are not true’ our capac-
ity for symbolism has permitted us the ‘unique method of mimicking the signs that
trigger evolutionarily programmed instincts of [our] own species in order to manipu-
late them’ (Hendlin, 2019a, b), producing unique challenges. Symbol manipulation
takes pragmatism outside of sensory perception, instead placing intelligibility in
abstraction, which places another layer of heuristics to deal with that have no physi-
cal object. If this is the case, the relevant question then becomes: what aspects of
reality are organisms selecting for to best meet their needs, both on short-term and
individual but also on intergenerational and holobiont-interspecies levels?

% One could say that in this way nonveridicality is a bit like Heidegger’s hammer, which only is revealed
qua separate object rather than tool when it stops working as one. The 1’s and 0’s of the computer only
matter when they are not behaving as expected.

7 See Berlinski (1988), for an interesting discussion that anticipates some of these issues.
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6 Iconicity, indexicality, and symbolism

As established, both the ITP and biosemiotics: (1) assume nonveridicality, (2) are
based upon a triadic relationship between a perceiver (interpretant), the indirectly
perceived object, and directly perceived representation (representamen). To elabo-
rate, an example from animal studies would be an animal (interpretant) perceiving
via mental representations (representamen) something of nutritional value (object).?
These behaviors occur because the animal constructs an experienced reality (Umwelf)
that filters the objects and properties of the external environment (Umgebung) for
saliency (what Tennessen, 2018, following Uexkiill, terms a search image). In other
words, the organism’s Umwelt is occupied by iconic representations (computer icon
analogy in the ITP) which are functional approximations of its Umgebung (desktop
as space-time analogy in the ITP). These ‘icons’ in biosemiotic language, represent
the minimal units of meaning-making and simultaneously the beginnings of percep-
tion based on the primal experience of quality or qualia pre-association, analysis,
or comparison (Favareau, 2015). Iconic representations occur from the first contact
between an organism’s perceptual interface and the objective world (Deely, 2001b).
Peircean firstness, composed of primal sensations including shape, color, size, and
texture among others correspond to the salient aspects of the things they represent
(Hoffmeyer, 1993; Kockelman, 2005; Hoffman et al., 2015). Icons as fitness-tuned
perceptual representations where awareness of, for example, different colors is evo-
lutionarily advantageous build towards meaningful action through context whereby
an organism learns to associate different primal sensations. This is the process of
semiotic scaffolding (Favareau, 2015).

Where deterministic control mechanisms operate through an in-built anticipa-
tory capacity, can be thought of as ‘semiotic causation,” after Hoffmeyer (1993). For
example, a large black (sink) hole in the ground is a falling-off place in which one
should not step. Soft, white, cold fluff (snow) signifies that it is time to find warmth
and shelter. These updated context-dependent relations produce indexical repre-
sentations that are based on spatiotemporal and/or causal contiguity, arising when
iconic representations assemble into categories that link quality and object manifes-
tation (Hoffmeyer, 1993). Indexically grouping icons into agent-relevant categories
(Peircean secondness) produces indexicalized icons which carve up external reality
into discrete things and states, with indexes proper maintaining the particular rela-
tions that hold between those things and states (Kockelman, 2005; Favareau, 2015).
Indexical representations constitute the beginning of an organism’s ‘understanding’
of the world (Kockelman, 2005; Favareau, 2015). For example, primate gestural
sequences are indexes given that the gestures point to something. Similarly, a fever
is also an index given it points to an illness or virus that the body confronts (Kockel-
man, 2005). Indices can further be associated, leading to ideation (Peircean thirdness)
where indexical representations scaffolded into symbolic relations (Favareau, 2015;

8 Note that for biosemiotics, representations need not be mental (and certainly the field is not constrained
to typical philosophy of mind-style representational constraints). Semiosis pushes against our notions
of causation and mentation such that representing the world is understood as functional (as has been
described), not veridical.
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Parmentier, 2016). Symbols occurs when contextual linkages are themselves associ-
ated into conventions and or norms’ (Deacon, 1997; Kockelman, 2005). Symbols
abstractly stand-in for things they do not necessarily resemble (Deacon, 2011); there-
fore, iconic, indexical, and symbolic representations rely on modes of inference to be
transformed into useful knowledge and/or information (Favareau, 2008).'°

7 Abduction, induction, and deduction

The field of ecology relies on various information models to determine material and
energy flows. These include eco-exergy models which assess the amount of work
done within an ecosystem (e.g., Jorgensen & Nielsen, 2014), Fisher information
which is a mathematic function of information retention inversely correlated with
systems disorder (e.g., Equihua et al., 2020), and Shannon indexes which deter-
mine aspects of biodiversity including species abundance and coverage (Ulanowicz,
2001). These models accept syntactic elaborations of information, which while pow-
erful, do not capture information’s bivalent nature within cognitive and ecological
systems (Abel & Stepp, 2003) as a state change where an organism’s experiences and
knowledge-base expand (Brier, 2008; Asvoll, 2014; Maran & Kull, 2014). Herme-
neutic approaches which emphasize the contextual/pragmatic dimensions of infor-
mation explicate that ‘in-formation” always exists for someone, rather than existing
or doing work without an interpreter (Casagrande, 1999). Living organisms approach
information not only as an independent property but as the process of becoming ‘in-
formed’ about the objects and properties of their environments. For living organisms,
information does not exist in a vacuum — it is always information for an interpreter or
agent, made meaningful against a preexisting informational background. Kant made
a similar distinction in his description of phenomena and noumena (Loughlin, 1987).
To be ‘in-formed’, a constructive process, requires abduction, basal logical infer-
ence permitting an organism to draw conclusions about its environment from the
simplest observations signaled by sense-data, including primal sensations (icons),
context linkages (indices), and linkage abstractions (symbols). Abduction operates
when an organism adopts ‘hypotheses’ that cannot be justified prior to interrogation
(Abe, 2003; Barbieri, 2020), given this method of reasoning does not require a prior
knowledge base to produce sign relations (Asvoll, 2014).

For example, imagine a gang of meerkats (Suricata suricatta) in the wild. If one
meerkat detects a rustling in the grass and observes other members of the group react-

® Kockelman (2005) prefers ‘norms’ to ‘conventions’ at this stage of semiosis as he reasons that norms
require imitation and the ability to sanction non-normative behavior whereas conventions tend to be more
rationalistic, taking the form of a social contract.

10 There is an active debate in biosemiotics regarding the final or best schema for classifying Peirce’s sign
types, as they continually evolved and in some cases could be seen to imply contradictory elements over
the course of his career. This is pertinent insofar as symbols are relegated to humans only, to humans plus
‘animals like us’, or whether forms of symbolic thinking in other forms, in their varieties as qualisigns,
sinsigns, legisigns or dicisigns, are far more replete in experience throughout the organismal world. We do
not maintain that complex sign use is the ambit of humans only. For an overview of some of these debates,
see Stjernfelt (2014), Schilhab et al. (2012), and Peterson et al. (2018).
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ing with alertness and moving away, the meerkat might abductively reason that there
is a potential threat such as a predator nearby. In this case, the meerkat is making an
inference based on observed behaviors and contextual cues, forming a hypothesis
about the presence of danger. The meerkat uses its triadic perceptual interface to infer
an appropriate behavioral response from socio-ecological cues. In other words, the
meerkat as an interpretant perceives rustling grass (ecological feature of the meer-
kats” Umgebung) in conjunction with group alertness and precaution (social feature
of the meerkats” Umgebung) as constituting a representamen/subjective representa-
tion which probabilistically signals that a predator (socio-ecological object/referent)
is likely present. In this way, abduction is the first step in the simultaneous generation
and expansion of perceptual knowledge which consists of semiotics necessary for
‘in-formation’ (Abe, 2003). The likely presence of the predator/referent diminishes
both individual and group fitness. Within the meerkat’s Umwelt these relations are
quickly constructed, and survival is prioritized, relegating all other potential activities
as less urgent until the threat is resolved. Green, rustling grass plus stationary gang
(group of meerkats) as iconic representations link into the agent-relevant categories
of probabilistic danger, calibrating the interpretant meerkat’s behavioral responses to
maximize fitness. The dynamics of kin selection then kick in.

Other pertinent forms of animal inference include induction and deduction (Abe,
2003). Once an organism’s knowledge base is in-formed following the abductive pro-
cess, inductive inferences search for tendencies among revealed sign relations, gener-
ating probabilistic rules, finding more examples, and add to background knowledge
(Abe, 2003). Inductive knowledge can then be manipulated and updated through
deductive inferences as well in the process of becoming ‘in-formed’.!! Regarding
deduction, the most contentious of the three modes of reasoning, there remains aca-
demic debate as to whether nonhuman animals possess such capacities. Some affirm
animal deduction, and others contest (Kravchenko, 2006; Duffrene et al., 2022).
According to Peirce, these three methods of reasoning have no hierarchy, and abduc-
tion more specifically, is both the fundament and the zenith of reasoning because it
is constantly integrating (like calculus) rather simply engaging in a linear or progres-
sive mathematics (Short, 2007). In other words, abduction is recursive and multiva-
lent, as it includes multiple levels of semiosis simultaneously rather than just solving
for a single, isolated aim or equation. All of this suggests that information is a facet of
something that can be picked up by an interpretant via specific representations which
favor or privilege those aspects in favor of others. This process goes wrong when, via
faulty inference, we create patterns from selected information which reinforce our
own errors or biases (Hoffmeyer & Stjernfelt, 2016).

' Some literature argues that deduction requires reasoning to draw logical conclusions, a faculty usu-
ally correlated with higher cognitive function and the ability to think abstractly. By contrast, abduction
and induction do not. For further discussion on the connection between abduction and generalization see
Rivera and Becker (2007). For a discussion on abduction as incomplete parameter estimation see Kamiura
(2011). For a critique of some of these ideas see Rivera (2008).
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8 Why are some inferences incorrect?

Abduction, induction, and deduction facilitate ‘hypothesis testing’ because knowl-
edge, whether cultural or not, becomes false or deleterious when type one and type
two errors occur. Hypothesis errors corrupt an organism’s knowledge base when:
(1) a true null hypothesis is rejected or, (2) one fails to reject a false null hypothesis
(Bernard, 2017). An example of a type one error: imagine a group of honeybees (i.e.,
Apis cerana) is foraging for nectar. One of the bees, while performing the waggle
dance, which is a communication signal used to convey information about the loca-
tion of food sources (Biesmeijer & Seeley, 2005), accidentally performs the dance
with incorrect information due to a navigational error or confusion (perhaps due to
pesticide poisoning). The other bees in the hive interpret this as indicating a rich
nectar source in a particular direction and distance from the hive, resulting in a type
one error and a significant portion of the foraging workforce following the mislead-
ing information provided by the bee’s dance and flying in search of the nonexistent
food source. Alternatively, an example of a type two error: imagine a scenario where
a chimpanzee (Pan troglodytes) displays a submissive gesture towards another chim-
panzee, such as crouching and presenting its back. This submissive behavior is typi-
cally a signal intended to appease or avoid conflict with the other individual (Roberts
& Roberts, 2015). If the recipient chimpanzee misinterprets the submissive gesture
as a sign of weakness or vulnerability rather than a gesture of submission, a type
two error has occurred.!? The indexical representations which compose the recipient
primate’s knowledge base do not concord with the socio-ecological cues/referents,
leading to inaccurate inferences.

Symbols differ slightly because of their abstract nature. In sociocultural anthropol-
ogy, E.B. Tyler (1867) coined the term vestiges to describe cultural practices that may
have once possessed functionality which since has ceased, as the society changed
over time. Culture is a repository of symbolic relations forming a knowledge base
(Khumalo, 2023; Parmentier, 2016); as such, we reason that symbolic representa-
tions become vestiges and obsolete when the environment, whether political, social,
or ecological detaches from the knowledge base. Detachment occurs once a sym-
bol is no longer tethered to the indexes it presupposes, or philosophically when the
objects and properties of external reality (ontology, Umgebung) no longer concord
with their description (epistemology, Umwelt) as in-formation modalities (icons,
indices, symbols) become incongruent. Vestiges are faulty symbolic inferences that
no longer correspond with reality. These nonveridical semiotic relations depend on
a corresponding relationship between what is, and representations of what is. Sym-
bols become vestiges when they lose their sociological and biological value, becom-
ing less salient due to emergent epistemic/ontic mismatches. As abstract modalities
(Kockelman, 2005), symbols do not necessarily resemble the contextual linkages
from which they derive; however, this only means that the form a symbol takes is
flexible, rather than the sign relations undergirding it. A green traffic light signifies
‘continue driving’ in most of the world due to international law; however, in Japan

12 There is growing literature critical of null-hypothesis significance testing as a means of generating
accurate knowledge. See Harlow et al. (2016).
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the bluest shade of green (which often just looks blue) is used. We can see that this
color convention is arbitrary because it varies between contexts, but beyond that
any other color could have been chosen to convey these messages such as purple,
white, or pink. However, this normative/conventional reality while flexible in form is
tethered to the underlying indexical scaffolds where the accepted symbol denotes the
underlying reality that when driving a car one should heed those walking or driving
in public, as well as the shared rules encouraging safe and (theoretically) efficient
traffic flow. The congruency existing between the light color as a symbol, and the
underlying social reality it signals is arbitrary, but importantly, shared.

Of course, not all signaling errors are grave. If one misreads traffic light signals
there is a high probability of injury or death; however, many signaling errors are
more benign. Pareidolia, the psychological phenomenon where mammal brains per-
ceive familiar patterns, shapes, or meaning from nebulous stimuli (Zhou & Meng,
2020) like seeing faces in clouds is a generally harmless mismatch between a per-
ceptual representation and the external reality. Seeing faces in clouds, on its own, is
unlikely to lead to injury or death. Critics of the Interface Theory of Perception (ITP)
(e.g., Charan et al., 2021) have argued that in situations of dramatic environmental
change, interface perceiving organisms rapidly become uncompetitive. When heuris-
tics become fixed and routinized, then they are less flexible to revision and change
when major aspects of reality suddenly are altered.

Our evolutionary psychology and physiology may be nonveridical, but this might
mean in very quickly changing environments that veridicality will be more adap-
tive. In these limit cases of disturbed Umwelten in which habits veer increasingly
further from saliently mapping onto the Umgebung, more direct forms of realism
would be more advantageous, despite Hoffman’s (i.e., 2016) challenges. We agree
with the critique, but view such situations evince the disunity between ontology and
epistemology perceptually. Some (currently anthropogenic) environmental or social
changes are too rapid for an organism to update its interface when based on long-
honed instinct rather than norms. There may also be issues with Hoffman et al’s
definitions of ‘truth’ and ‘real’ (Fields et al., 2021). A contingent representation is
not necessarily unreal, but may simplify reality too much. Representations must still
concord with aspects of the referents they represent; just not in totality. For most
cases, such representations are true enough, a hallmark of pragmatism. We accept,
however, that both considerations exist metaphysically, contending only that knowl-
edge and experiences are relative (while still being tethered to reality) in what Fields
et al. (2021) call ‘minimal physicalism’. Simultaneously, we are unwilling to say that
we are physicalists, a topic for another paper, because following Goethe we believe
perceptual representations result from relations between interpreting agents such as
organisms and objects/referents in the physical universe (Vendler, 1995)." Lastly,
while our synthesis may be read as postmodern given its appreciation for interpre-
tation, relativity, and contingency (Hicks, 2019), we are diametrically opposed to
thick constructivism given we maintain realism (the existence of truth statements
and metanarratives) and, in principle, our ideas should produce testable hypotheses.

13 This can be read as a criticism of Newtonian metaphysics for cognition and ecology. See Ulanowicz
(2009).
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9 Conclusions

If veridicality is indeed an unsuccessful evolutionary strategy in comparison to its
nonveridical counterpart in most cases, corresponding notions of truth as a dyadic
relationship are supported neither by ITP nor biosemiotics. Direct realism poses
genuine concerns about the implications for knowledge production. Nonetheless,
direct realism provides an unsatisfactory account of perception, and by extension,
knowledge production, and human and nonhuman animal behavior. Because of its
isomorphism, direct realism assumes that veridicality is preferable for survivability.
However, the ITP not only brings that assumption into question, but also organisms’
inherit sense-perceptions from their biological lineage that introduce interpretation
(and consequently triadic meaning-making) into perception. Because of the limits of
any one species to exhaustively one-to-one sense the world in its totality (or even the
total facets or qualities of a given object), perception is better conceived according
to a triadic relational model between perceiving organisms, perceived objects, and
the subjectively perceived representation of the object (salient available features).'*
Dyadic perceptual structures attuned to truth — here defined as complex and undif-
ferentiated by value functions — appear game-theoretically weaker compared to tri-
adic perceptual strategies tuned to fitness, defined as truth simplified according to
saliency (survivability). This is pragmatically argued according to the limited band-
width, computational power, attentional awareness, and/or the necessity to reduce
reality rather than exhaust all aspects of a situation and or thing. To decide means to
cut ambiguities and choose from an array of options. Human and nonhuman animals
alike interact with the physical world through evolved, species-specific perceptual
interfaces that simplify the complexity of external reality allowing for effective and
decisive action (Kull et al., 2011). Whatever reality is, it must be more complex than
any organism’s sense perceptions reveal, since every species apprehends a different
Umwelt that partially but never fully overlaps with other species. Therefore, simpli-
fied mental representations of physical objects, or ‘icons,’ filter the external world so
that it is not paralyzing. Icons scaffold together for all animal life into indexes, the
associations between icons. Elaborated in human beings (especially but not exclu-
sively) is the scaffolding of indexes into symbols, the abstract association between an
‘image’ and external object. This is the basis of culture (Cobley, 2016), which appears
to be present in one form or another amongst different animals (Whiten, 2021). Given
finite knowledge and the bodily correlates of mind to make sense of the world, human
and nonhuman life engage in abduction, seeking knowledge discovery, seeking pat-
terns, and generating hypotheses. This helps human and nonhuman animals accrue
pertinent knowledge from properties and qualities of the physical world to weed out
delirious or destructive ‘beliefs.” This tending, however, does not suggest veridical-
ity, but instead a logic of perceptual sufficiency (Princen, 2005), and suggests there
are serious trade-offs between the ability to act and the ability to know (Stepp, 1999).

14 Note: subjective here does not mean relativistic. Subjective representations must pass the intersubjec-
tivity test amongst others or such subjective knowledge turns out to not be ultimately useful. See Appiah
(20006).
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