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Abstract

Attention is viewed here as a complex of semiotic processes that leads to animals’
choices and behavioral decisions. Besides the focusing role of attention, many other
processes, such as prioritizing and binding perceptions to coherent reality, have
historically been considered to be parts of attention. Semiotic tools can help to
understand relations between perception and meaning-making and, therefore, to
solve questions of attention’s active or passive nature. Are animals actively shap-
ing it, or is it something that happens to them? This article attempts to synthesize
different theories of attention from the cognitive sciences and Uexkiillian semiotics
into a model that shows how meaning-making can be the basis for future atten-
tion. For this several different theories of attention belonging to different disciplines
have been revisited and synthezised. Here, it is claimed that although it seems that
something in the environment can capture attention without animals’ active par-
ticipation, attention is actually an active process that depends on meaning-making
and interpretation. Attention is also viewed in the context of search behavior and
connected with Jakob von Uexkiill’s terms of ‘search image’ and ‘search tone’, to
which a a new term ‘search schema’ was added. Additionally, it is suggested that
some animals can use qualisigns as category markers for attendance. The process
of prioritizing attention depends on the construction of sense organs, which makes
it species-specific and also from the individual experiences, meanings, and habits of
the organism. Jakob von Uexkiill imagined Umwelt as a “soap bubble” containing
everything an animal can perceive. Attention limits perception in the current mo-
ment even more, being metaphorically speaking, a smaller dynamic bubble inside
a big Umwelt bubble.
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Introduction

Attention is an active process through which animals selectively focus on certain
cues in the environment, therefore being able to make decisions and act in a meaning-
ful way. Several disciplines used to state that attention is more or less belonging only
to human consciousness, but now the growing body of evidence of different species
sentience and cognition, even in non-vertebrates (Bivort & Swinderen, 2016; Klein
& Barron, 2016; Nitayananda & Chittka, 2015), has set the scene and opened oppor-
tunities for more thorough research and discussion in the field of animal attention.
Vertebrates, and at least some invertebrates, such as insects, arachnids, octopuses, and
many others, have been shown to have selective and divided attention. This article
looks at attention within the context of animal’s perception and meaning-making in
the framework of Uexkiillian semiotics. We claim that even seemingly unconscious
attention includes interpretative sign processes, although those may already be habit-
ual and controlled by legisigns, called attention schemas (similarily to the Attention
Schema Theory by Graziano & Kastner, 2011). Those attention schemas can be also
interpreted as habits or rules of attending. Animals have diverse perceptual capacities
and Umwelten, which influence how they attend. The study of attention in animals
has traditionally been based on the limitation of perceptual and neural capacities
(Cherry, 1953; Sperling, 1960), which limits attention either spatially (Wolfe, 1994)
or because of limited action potentials (Zentall & Riley, 2000). Most attention stud-
ies deal either with conditions necessary for noticing incoming information (color,
objects), viewing attention as a limited resource Bottleneck Theory (Broadbent,
1958), measuring animals’ typical attention span, or identifying the neural corre-
lates of the processes (Bivort & Swinderen, 2016:9). Some scientists even argue that
there is no need for the term of ‘attention’ since psychogenesis' is able to cover all
its processes. Psychogenesis begins to seek out structures even before sensing, and
selection does not take place because there is nothing to choose from, as animals only
encounter meaningless structures to which they must give meaning (Koenderink,
2019: 137). We propose that there is still need for the term of “’attention’, and it is
more easily comprehensible by examining it from the semiotic viewpoint. In semiotic
research we see attention as a creative process, which is based on relations of animals
with their environment, highlighting parts of Umwelt relevant at the moment. All
this is based on meanings on the level of species and individual. Refining and tuning
those processes are happening throughout the lifetime of the animal. Attention is also
dependent from the construction of sense organs, which has evolutionary causes.
Through semiotic mechanisms, attention maintains a focus on the most relevant
aspects of the environment for an animal, affecting how animals experience the
world, with the precision that animals need it. Although animal’ ‘s body plan and
structure of sense organs determins a big part of species-specific attention, there are
aspects that are determined by choises animals’ make in everyday living and with
relating to their environment. Attention unites perceptual information from vari-

! Psychogenesis of visual awareness is “controlled hallucination”. The hallucination is intentional, the
control seeks to fit front-end neural activity. The visual front-end appears as a proxy of the Umwelt in
“brain readable form™* (Koenderinck et al. 2015: 302).
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ous senses with meanings, creating an integrated reality based on previous patterns
of experience. Even the process of perception is guided by attention, a complex of
selection processes based on previous knowledge patterns and experiences. As Jakob
von Uexkiill’s Umwelt theory (1982) demonstrates, animals have species-specific
Umwelten, their own subjective world, and, therefore, unique ways of attending to
stimuli and making meanings. As attending to something inhibits the perception of
everything else that is not in the focus at the moment, attention can be metaphorically
seen as a more restrictive smaller bubble inside this large Umwelt bubble.

This work aims to look at attention as a semiotic process that mediates perception
and meaning-making, investigates attention’s role in the agency of animals in shap-
ing their Umwelten, and seeks to answer the question of how the ways that animals
attend to their environment shape the ways they experience it. Here, the complex
relationship between attention and other semiotic processes is discussed, and the
role of attention in animal sensory processing is examined. A model is proposed that
unites meaning-making and attention schema theories, and shows that previously
made meanings are important for attending.

Definition of Attention and its Subprocesses

Attention has many definitions, because several processes are traditionally grouped
under the name of attention. Although attention is sometimes described only as “a
physical process of interacting neurons and electrochemical signals” (Wilterson et
al., 2020: 2) or as “the selective prioritization of the neural representations that are
most relevant to one’s current behavioral goals.” (Buschman & Kastner, 2015), see-
ing it instead as a pattern of semiotic processes that helps select and focus on essential
stimuli, can provide a new layer for understanding these processes.

Eco (2000: 14-15) sees attention as a presemiotic or even a protosemiotic phe-
nomenon, as a primary indexicality, “It is not the primary act of attention that defines
the something, it is the something that arouses the attention, indeed the attention
lying in wait is already part (is evidence) of this something.” (Eco, 2000: 15). He is,
therefore, referring to the phenomenon inherent in attention, that it can be turned to
objects in the environment by an animal, or that some objects seem to draw attention
to them. This article attempts to clarify this phenomenon, so that attention remains
within the range of agency of the individual animals.

Jennings defines the attention following its everyday use: Attention is a process
of “mental selection that is within the control of the subject.” (Jennings, 2012: 536).
Most useful, for the purposes of this article, is a definition given by Tsotsos (2011:
51), who defines attention as a “set of mechanisms that help tune and control the
search processes inherent in perception and cognition.” Defining attention directly
through search processes connects it to Uexkiillian semiotics, especially with the
concepts of ‘search image’ and ‘search tone.” Search behavior is universal to most
animals because they must fulfill their basic survival needs.

Search is an active process with the intention of finding the searchable by certain
signs, which are markers of meaning categories and meaning patterns, where the
searchable belongs to the individual animal. Searchable objects are dynamic objects
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that can have different meanings for the animal, depending on the prevalent search
tone that individual animals have at a precise moment. An individual’s attention is
not uniformly distributed across the perceptual field. Instead, it selectively focuses on
the most promising parts of the environment. This process involves selective atten-
tion, which is the capacity of an animal to select some of the numerous available sen-
sory inputs that are essential at a given moment, and actively ignore irrelevant signs.
The traditional approach shows that novelty, salience, and complexity can influ-
ence attention. Here, we consider instead the semiotic approach through meanings,
which allows us to distinguish between meaning-based salience from salience, which
is caused by the sensitivity of the sense organs and the size of the animal body, both of
which have evolutionary origins. Novel or unexpected stimuli may capture animals’
attention because they stand out from the familiar background, which means that
this is meaning-based salience” because it is raised from the comparison of the know
and unknown and anchored in meaning-making. In nature, novelty is often danger-
ous and, therefore, usually categorized as salient. However, this may not be the case
for individual animals who are novelty seekers, i.e., neophiles. Physically salient
stimuli, such as bright colors or loud sounds, may attract animals’ attention even if
they are irrelevant or not meaningful to a particular animal, but their sensory organs
are sensitive to those signals. There is also the possibility that animal species have
adapted to notice only the relevant colors and other features of the objects, since their
attentional system (together with the perceptual system) is evolutionarily adapted to
prioritize stimuli that are necessary for survival. Therefore, attention is mainly drawn
to the more meaningful stimuli in Umwelten. One factor that influences attention is
also the emotional significance of the signs. Emotionally charged signs, signifying
threatening situations or rewarding outcomes, tend to capture attention more readily
than neutral stimuli. For example, the cry of a bird’s own offspring is usually more
salient for the mother bird than the same communicative signs from other chicks.

Stages and Processes of Attention

Previous researchers have been dividing attention to several sub-processes (such as
focused attention, selective attention, alternative, continuous, diffuse, divided atten-
tion and binding) and also observing different zones of attention, such as the object
in focus, the conscious context, and the diffuse area surrounding it. For example, the
two-stage process of perception proposed by Feature Integration Theory (Treisman
& Gelade, 1980) involves a pre-attentive stage and a focused attention stage. Dur-
ing the pre-attentive stage, basic features are automatically extracted and stored in
separate feature maps, while during the focused attention stage, these features are
combined and used to identify objects. This theory also proposes that color, orienta-
tion, and intensity are features that can be searched for pre-attentively. (Treisman
& Gelade, 1980) However, subsequent models have challenged and modified the
Feature Integration Theory, such as Guided Search Model 2.0, which incorporates
salience and bottom-up and top-down factors in a pre-attentive stage (Wolfe, 1994).

2 The relative salience in the given context.
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Another example is Duncan and Humphreys (1989), who proposed the Attentional
Engagement Theory, emphasizing the role of perceptual organization and similarity
in visual search. This enourmous diversity of theories made it difficult to understand
how attention works. Therefore, we propose a more coherent and simultanecously
working semiotic model (see Fig. 2 in Chap. 7) that combines different stages of
attention into a coherent whole, and allows to see animals as active agents whose
meaningful choises change the way they attend in the future.

Studies conducted on animals had their own challenges. They have mainly dealt
with orienting, anticipation, stimulus discrimination (distinguishing the critical stim-
ulus from the context), maintaining the focus, and parallel information processing
(Bushnell, 1998). Researchers tend to concentrate on only one sense modality, mostly
for practical reasons. Usual The easiest choise is usually the visual sense, which is not
the dominant sense for all animals.

It has also been investigated whether animals find what they are looking for faster
if they have an initial idea of it (Zentall 2005), similarly to Uexkiill’s search image.
Uexkiill also uses the concept of ‘search tone’ when there is a known function of
the searchable, but no search image is currently available. An alternative explana-
tion is that there are no search images or internal representations, but animals adjust
their search to the noticeability of what is being sought (Gendron, 1986; Guilford &
Dawkins, 1987); the more noticeable the sign, the quicker it will be found. In this
article, we want to challenge this alternative explanation. We unite Uexkiillian biose-
miotics with some contemporary theories of attention to show the semiotic side of
attentional processes.

The zoosemiotic perspective makes it possible to study the role of attention in
sign processes and communication. Van Heusden sees memory as the basis of sign
processes, which allows recognizing patterns and objects that stand out against the
background of patterns (van Heusden, 2004: 9). However, one can only remember
previously noticed phenomena, which shows that attention is the basis of both mem-
ory and sign processes.

Attention processes involve mediating and uniting processes. Cimatti (2018)
shows that meaning is a relation that emerges through selection and that the whole
semiosis can be creatively directed by attention.

A living relation entails a selection, among all present things, of those that allow
the formation of larger and more articulate assemblages. These things “mean”
that a relation is possible. Natural meaning, then, is nothing but a thing’s capac-
ity to selectively establish links with other things—where selection means the
capacity to pay attention to something rather than something else. Finally, bio-
semiosis means the ability to pay attention, i.e., to “select”. There is no semiosis
without this “control” of attention. (Cimatti, 2018: 83)

Attention can also be viewed as a semiotic process that shifts the focus between signs
(sign processes) and meanings (Tarrikas, 2022). In this article, attention is seen as a
semiotic process of cooperation between an organisms, the various parts (such as the
neural system, senses, internal organs, and hormones), and the environment, during
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which specific types and categories of signs and information received from percep-
tual organs are given priority because of the given situation, ignoring the rest.

We would like to emphasize that, although the brain plays a role in directing atten-
tion, the entire organism, at several levels, plays a role in attention as a whole. Atten-
tion is often studied as a cortical phenomenon, although it is not limited to the brain.
The organism’s states are mediated to their brains by various signs, which are also
used to direct attention together with signs from the Umwelt. Various bodily feelings
arise from cooperation of neural cells, hormones and other mediators. Sometimes
attention can be finetuned even outside the body, for example, spiders can use their
nets as attentional aids, which they can tune to various vibration frequencies, accord-
ing to their needs. In animals, attention processes can work through different parts of
the nervous system than in humans, especially in animals with simpler Umwelten,
whose nervous system structures are differ tremendously from humans.

Attention as a Complex of Semiotic Processes

Attention has been studied in psychology, education, and neuroscience; however,
the semiotics of attention (such as the relationship of attention with signs, percepti-
bility of signs, and what makes a sign an attention-capturing sign) remains mostly
unexplored. Since animals have various perceptual capacities, ecological niches,
and Umwelten, the signs and meanings’ relevant to them differ significantly. Pos-
ner (2016), for example, showed that humans have several neural mechanisms for
attention to work; some are connected with saccadic eye movements. However,
frogs, for example, do not have saccadic eye movements; therefore, their attentional
mechanisms differ from those of mammals. Neural tissues are plastic and adaptive,
and there can be several ways for attentional mechanisms to function. The structure
of animals’ sensory organs significantly affects their attention and sign-recognition
capacity. Also, context and meaning influence animals’ attention. For example, in
the case of emergency, animal’s attention can work differently than in the case of
usual foraging behavior. A famous example is Hess and Frisch’s conflicting results
regarding bee vision: Hess concluded that bees do not have color vision, and Frisch’s
experiments showed that they do. After intense discussion and new experiments, the
results showed that, in the case of feeding, honeybees could discriminate between
colors; however, when fleeing, they did not pay any attention to the colors and moved
in the direction of the brightest light. (Dhein, 2021). Although bees can distinguish
different colors with the same brightness, attention can inhibit this ability in the case
of emergency. So, if there is not enough knowledge about how attention works in
different contexts, it can lead to misinterpretations in science experiments. While
attention determines which signs are perceived and interpreted, semiosis influences
how the meanings of these signs are interpreted.

3 For Uexkiill, organisms have inner structures of representing the outer stimuli (similarily Kant’s
“schema”), through which organism establish which stimuli are meaningful to it and forms its umwelt.
(von Uekiill, 1926: 94). The signs in the Umwelt are forming the mirrorworld or signworld.
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The Umwelt of an organism is a constructed world filtered through their senses
and interpreted through their own specific set of receptors and neural processes. This
perspective allows us to view attention as directed semiosis specific to each species,
guided by its Umwelt. Moreover, attention serves as a crucial set of processes that
not only sustain the Umwelt in the present moment but also actively construct its
future. In this way, attention becomes the interconnected link between an organism’s
past experiences and their present actions, while simultaneously shaping their future.
Hoffmeyer (2008: 10) has shown that “experiences are holistic markers that direct the
brain to focus its (our) attention on a single pathway in the spatiotemporal continuum.
[...] experience is the ultimate, immediate, and unconditional interpreter in the con-
tinuous biosemiosis of the organism at every moment.” (Hoffmeyer, 2008: 10-11).
Hoffmeyer’s work emphasizes that experiences play a pivotal role in serving as pow-
erful guides for attention and essential contributors to the construction of meanings.

At the same time, attention is needed as a mediating and guiding process in per-
ception as “the brain’s size in terms of memory, processing speed, and the number
of processors is too small for the combinatorial nature of extracting and then appro-
priately reuniting the elements present in the input that human sense organs receive”
(Tsotsos, 2011: 51). This is most likely also the case for other animals. The quantity
of perceived information about the world, which comes from all senses, is enormous,
and there is a need for selection and simplification that allows to act quickly and deci-
sively. Attention is composed of semiotic mechanisms that select, change, and main-
tain focus on the information most meaningful and relevant to a behavior. Therefore,
attention is a simplifying or filtering process that mediates and guides perception and
meaning-making®.

Attentional Processes and Perception (Binding)

Many neuroscience and psychology studies have focused on the information acquired
through the visual sense, which is usually divided into spatial and feature-based
attention (Davis & Palmer, 2004; Lindsay, 2019). Attention unites the perceptual
information from senses with meanings and creates their reality, binding the sig-
nals from several senses into a single representation. It filters out information and
determines which features (colors, shapes) should be bound together to represent the
object. This means that without focused attention, there is no object identity avail-
able for the observer. (Tsotsos, 2011) When looking at attention from the viewpoint
of Uexkiillian semiotics, we see that objects (or their signs) belonging to some func-
tional cycles® may be more noticeable or important than others, and sometimes ani-
mals have habits of noticing the cues of different functional cycles through different

4 Jakob von Uexkiill defines meaning as the subjective interpretation of sensory perceptions within an
animal’s umwelt, shaped by its relations with its living environment.

5 In any action, the subject and object are linked by a closed chain of cause and effect. This chain starts
from the objects’ perceptual sign carriers, in the form of one or more stimuli that affect the animal’s
receptors. In the animal, the latter are connected in the perceptive network and then have an effect on the
operative one. The operative network transmits to the effector organs a certain motor modality, which
becomes part of the operative carriers of the object. The perceptive sign carriers are connected to the
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senses. For example, von Uexkiill (1926: 142) writes, “Among the Crustacea, the
indications of prey-cycle seem to be of a purely chemical nature, while those from
the enemy-cycle are optical.” Therefore, we can consider the functional tone® as a
category that unites objects that potentially have the same functional meaning for the
animal, and for noticing purposes, animals are more sensitive to a concrete feature
or combination of features that for them are indexical signs pointing to that category.

Perception is also an active process that needs attention. Dominating functional
cycles and meanings in the Umwelten can change attention and, therefore, percep-
tion. Perception, learning, decision-making, and action require constant adjustment
of the attentional systems. Brain studies in primates have shown that visual objects
are encoded by their properties (DeYoe & van Essen, 1988). This theory is also sup-
ported by studies on pigeon pecking behavior, which have been studied using touch-
screen technology, and showed that pigeons learn to track individual features that
allow them to successfully solve complex categorization tasks (Wasserman & Castro,
2021). It is theorized that attending in a feature-based manner is older and more
universal mechanism than attending iconic or indexical signs. We interpret those
findings differently, considering that the features can only be signs’ or markers that
animals use to facilitate their attentional processes. Animals may assign a qualisign®
as an indexical marker to a specific category for search purposes.

In visual search, orientation in landscape can play an important role for animals.
Here, not only the objects but also the patterns are important. Koenderink also shows
that the only detectable phenomena are patterns present across different scales of
space and time and in a specific context (Koenderink, 2019: 173). This shows that, to
interact with the environment, it is important to have a quick first impression of the
surroundings. It is formed quickly, probably automatically, and unconsciously and is
also thought to be feature-based. The elements in the environment need to be com-
pared to concepts already in memory to aid in processing visual cues. According to
Gibson (1979), grips of perception refer to patterns of activity in perceptual systems
that are triggered by features of the environment, such as the texture or motion of an
object. These grips guide attention as organisms explore and interact with their sur-
roundings. This theory also supports our view that certain features can be markers of
certain categories for animal, similarily to words in human language.

Perception, therefore, requires attention that binds reality to a coherent Umwelt.
This may not be an easy task, because all those many ways of sensing require atten-
tional processes that bind everything together for a coherent reality that allows ani-
mals to make decisions and act in the world in a species-specific and efficient way.

operative carriers by the counter-structure. This is how the cycle I defined as a ‘functional cycle’ is
closed. (Uexkiill 1921: 46)

% Functional tone for Uexkiill is a new meaning that supplements the receptor image with the effector
image of animals own actions (using the object about which animal has receptor image) (von Uexkiill,
2010)

7 From Peirce’s system of signs.

8 According to Peirce (EP 2:294) ,,a Qualisign is any quality in so far as it is a sign. Since a quality is what-
ever it is positively in itself, a quality can only denote an object by virtue of some common ingredient or
similarity; so that a Qualisign is necessarily an Icon. Further, since a quality is a mere logical possibility,
it can only be interpreted as a sign of essence, that is, as a Rheme.*.
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From Image Schemas to Search Images and Search Schemas

von Uexkiill (1926: 94) showed that Kant compared the image schema of objects with
stamps in the mind, which is necessary to unite signs from the senses into images.
He concluded that this process is primarily unconscious. Kant said, “The imagination
is a necessary ingredient of perception itself” (Kant [1781]1998: 120), claiming that
imagination is involved in forming sense perceptions, helping us form representa-
tions of objects as images. Johnson (2017: 127), on the contrary, claims that the
“image schema” is generated by body experiences, not by imagination. And Grady
(2005: 44) sees image schemas as “mental representations of fundamental units of
sensory experience.” Rohrer (2005: 166) sees the image schema as “shared activation
contours across perceptual modalities” that are “recurrent patterns of bodily experi-
ences” in “image-like forms” (Rohrer, 2005: 173). Although differently expressed,
each of those definitions can take us closer to the understanding of image schemas in
animal cognition.

Animal cognition can most likely also be seen to work through images and image
schemas, which arise from their bodily experiences and connect the mind, body, and
the environment. However, another nuance is that an image schema is “simply a
concise combination of its most important parts, and with a precision appropriate to
the particular animal” (von Uexkiill, 1926: 149). The schemas, therefore, are depen-
dent on the animals’ subjective experiences. Perceived features from several sense
modalities can be organized into meaningful patterns through the use of image sche-
mas. Here, we look at image schemas as being important for recognizing objects and
cues, but attention schemas as necessary mediating factors for the noticing stage of
attention.

Uexkiill claims about the vision that “Qualities and schemata together compose
the things of the outer world, as we see them displayed for us.” (von Uexkiill, 1926:
97), showing that the qualities of features are sometimes united to schemata, but can
also be perceived separately. Uexkiill stresses that “we do not by any means always
search for a certain object with a unique perception image” (von Uexkiill, 2010: 117).
Far more often, we search “for an object that corresponds to a certain effect image”
(von Uexkiill, 2010: 117), which is related to the function objects may have, accord-
ing to their functional tone.

Visual attention in search is also species-specific. For example, bumblebees are
more easily distracted during their search behavior than honeybees. The search
mechanism of honeybees is serial and, therefore, fast and inaccurate; bumblebees,
on the contrary, have a parallel search mechanism and make decisions slowly but
correctly. (Morawetz & Spaethe, 2012) In visual search, different species also have
different strategies for attending the entire landscape; some prefer to attend to the big-
ger picture, and some start with finer details. Turner (1910:277) concluded that bees
learn landmarks in the form of “memory pictures” when performing circling orienta-
tion flights above an object. Later, it was shown that honeybees first examine a wider
scene using spatial configurations and relational rules, and only after that attend to a
more detailed image of the scene, but the researchers also showed that this strategy
could be changed with training, which shows their attentional plasticity. (Avargués-
Weber et al., 2015)

@ Springer



496 S. Tarrikas

To be able to capture and hold attention, the visual, auditory, olfactory, or tactile
signs should have a noticeable intensity, be novel or unexpected, and be meaningful
or relevant to an animal. The context in which these signs appear is important in cap-
turing and holding attention. Perceptual salience, which is the degree to which a sign
stands out or captures attention compared to others in an environment, is a measure
of how easily it can be detected and distinguished. Usually, feelings of hunger and
thirst act as salient signs in Umwelten. This prioritization aligns with Maslow’s pyra-
mid, which emphasizes the fulfillment of basic needs before pursuing other goals.
Therefore, search images emerging from the basic needs of animals can override
attention and ensure survival when necessary. von Uexkiill (1926: 142) points out
that “it is not at all necessary that the indications of an animal should reach the same
height in each of its function-cycles. As a rule, in the enemy-cycle a mere movement
will serve, whereas in the prey-cycle even the outlines may have this value.” We see
the movement and outlines of the enemy as the features that work as signs attached
to certain categories (such as ‘enemies’ or ‘prey’) to facilitate attending it; therefore,
those signs can also be parts of the attention schemas - the rules for prioritizing cer-
tain abstractions or features over other perceptions.

Two types of perceptual salience, that are important for attention, can be dis-
tinguished. First, salience is caused by a strong sense stimulus, which is usually a
feature of the object, such as loud noise for horses or dogs or the smell of the earth-
worm to the mole, which makes the object noticeable among others. Those features
themselves could be noticed pre-attentively, but as shown later, only when they have
established meanings as attention schemas can they be prioritized over other per-
ceptions. On the other hand, meaning-based salience depends only on the meanings
in the animals’ Umwelten and individuals’ subjective experiences. Salience can be
influenced by various factors, including the physical characteristics of the stimulus
(such as brightness, contrast, or color), novelty, personal relevance or interest, and
the goals or needs of the animal, as well as contextual factors such as the background
against which the stimulus is presented. For example, for a dog, a strong smell of
food may be more salient and, therefore, capture more attention than other objects in
the room. However, when dogs are in the woods, the smell of the food may be less
salient than that of another animal.

As shown in Fig. 1, although something may capture attention because of its high
perceptual salience, attention will move on if this object or sign does not have enough
meaning-based salience.

In Uexkiill’s sense, the search image of an animal is a mental representation of the
searchable object. If an animal does not have clear knowledge of the appearance of
what it is searching for, it applies a search tone, the idea about the practical function
of an object the animal is attempting to find (Tennessen, 2018).

A performance is always an action with a purpose; action without purpose does
not reveal the function. /.../ Usable objects exist only for those who know their
use. This clearly reveals how the mode of existence of objects depend on the
observing subject./.../ Only when the parts and the properties of an object are
clearly perceived as parts of a function, does the mixture of parts become a
meaningful whole. (von Uexkiill, 2010: 112).
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Fig. 1 Perceptual salience and meaning

Therefore, animals can start their search behavior when they have a search image,
searchtone, or search schema. Search schema can be defined as “an iconic legisign’
or image schema of the searchable. Such schema includes several features of the
searchable, but gives an animal the possibility of choice since there could be several
different objects which have such combination of features.” (Tarrikas, 2023: 86). It
is also different from Jakob von Uexkiill’s search tone because only the searchable
function is known in the case of the search tone. Animals act when they have internal
needs (hunger, pain, thirst, need for sleep or security, need to be at a comfortable
temperature, etc.). In a search, the animal first notices or attends to the need with the
help of bodily feelings as signs that help the animal find a meaningful search tone,
search schema, or search image from memory, and then attention helps to focus the
senses on finding objects, which can be associated with the search image, schema, or

9 /./ Iconic Legisign is any general law or type, in so far as it requires each instance of it to embody a
definite quality which renders it fit to call up in the mind the idea of a like Object. (EP2:294)
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tone by some features. It may be suggested that at first, certain features are looked for
as especially noticeable (easily attended) markers, and when a feature is found, atten-
tion will concentrate on this object, compare other features and meanings with it, and
repeat those actions until the search is complete. Here, attention can be the process
that connects those meaningful function features to the search tone and allows the
focused search according to those meanings.

Jakob von Uexkiill believes that the Umwelt of any mammal is species-specific,
although sharing common mammalian traits. Here, we see that this also applies to
attention. If two species share a territory, their views on the same things will have
species-specific tones or shades for them, which also determines salience in terms of
attention. Their search images will be different. Attention will be drawn in different
ways and with different intensities to objects in their Umwelten, because of the dif-
ferent meanings attached to those objects by different species. Also, they have their
own distractions and preferences in the environment. For horses, a new wheelbarrow
can be a major distraction; however, for dogs, this is usually a neutral object. On the
other hand, dogs can be distracted by a cat’s smell, which is a neutral sign for horses.

Search images are simple mental representations of objects; therefore, we should
presume that some category is already prespecified or primed, suitable representation
is activated, and meaning is bound to it. Therefore, we can assume that the search
images and meanings are construction stones for the attention schemas. Search
images link the core Umwelt and mediated Umwelt (Tennessen, 2018), assisting
actual perception through expected or desired perceptual images.

Search images are important because image-based cognition is the most probable
way in which animals can interact with the world. Kant (1998[1781]) observed that
pictural cognition works through imagined images and image schemas. Therefore, we
can distinguish between an image that is constructed at the time it is perceived, and
the simpler abstract image of this perception image, which is called image schema.
Neurosciences have shown, that the same parts of the brain work when we see some-
thing and when we imagine it, which supports Kant’s theory. Kant’s image schemas
are, therefore, mental abstractions that lack finer details. Uexkiill’s search image is
probably an image schema, in Kant’s terms.

In animals’ Umwelten, attention is the process of capturing and maintaining mean-
ingful signals from the environment and comparing them with earlier sign patterns
in memory; therefore, a meaningful relationship with the environment is possible.
Bodily feelings are also signs for animals and usually very salient signs.

Attention Schemas and the Model of Attention

Attention Schema Theory (Graziano & Kastner, 2011) proposes that different brain
regions work together to form a schematic metamodel of attention, or set of rules that
guides its work. This representation, or the internal model, is the attention schema.
We develop this theory further, showing that not only the brain, but also the organ-
ism as a whole is important in constructing attention schemas, and also stress that
although some animals have differently constructed neural systems, they enable their
attention to work with the precision that a specific animal needs. In constructing the
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attention schema, the brain is not working alone but in relation to all parts of the ner-
vous system and in meaningful relations with the environmental context where the
animal is situated. Animals’ attention can be seen as a directed agency of an animal,
based on signs and their relations occurring in the context and environment. The
attention schemas can be seen as habits of attending to certain patterns.

Figure 2 shows the manner in which attention can work. Attention has a noticing
part and a meaning-making part. The meaning-making part combines the sensory sig-
nals into coherent images or reality, simplifies those images into image schemas and
signs, and gives them meanings. It can recognize patterns and meanings by compar-
ing new ones with those stored in memory. If anything is recognized as meaningful,
then attention is maintained to it for longer. Meaningful signs can initiate functional
cycles. Feedback is sent to the memory, especially to the attention schema, which is
a set of rules on how attention will work.

An attention schema is, therefore, an internal representation or model of atten-
tional rules which each organism constructs attention after receiving feedback from
interaction with the environment, and it could also be partly inherited and species-
specific. Attention mediates and guides perception and meaning-making, synthesizes
perceptions, and binds different sensory modalities together. The meaning-making
ability of animals helps them assess the environment, recognize whether there is
anything new or even dangerous, and be creative, if necessary. Attention schemas
maintain species-specific attention and, therefore, species-specific immediate reality,
or Umwelt. Therefore, attention is a uniting factor that makes subjective phenomena
possible and is the basis of the mechanisms for adaptive decision-making in natural
environments. (In animals with simpler Umwelten, attention can work in much sim-
pler ways.)

PRIORMIZING FOLLOWING 7

THE ATTENTION SCHEMA

RESTRICTING
SELECTING

A FOCUSING SIMPLIFING, CATEGORIZING|

GIVING MEANING;,
MAINTAINING FOCUS

ATTENTION

% SENDING |
SIGNSTO
EMORY,

COMPARING NEW MEANINGS
TO MEMORY PATTERNS

MEMORY

FUNCTONAL EYEL

ATTENTIONISCHEMA

Fig. 2 Model of attention
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As shown in Fig. 2, attention is a complex process involving several stages. The
first part of the attentional process involves noticing. It starts with grabbing or draw-
ing attention, which is the process of noticing something in the environment. It can
work with salient features (as qualisigns of categories) and is guided by a previously
developed attention schema that can work through indexical legisigns. Animals can
use noticeable features as markers or signs of important objects, other animals, or
something else in the environment.

The second stage involves uniting information from all the senses and forming
an actual perception image of the object that has been noticed. This stage ends by
focusing on a particular object, event, or situation and ignoring other stimuli that are
not relevant.

The third stage combines perceptual signs with emerging bodily feelings. This
stage involves comparing and integrating these feelings with the mental representa-
tion of the object or event, discovering the meanings of those new sensations (it also
needs comparing meanings with meanings in memory systems). In this meaning-
making stage, it is also determined how long attention will be maintained and when
it is time to move on. In this stage, the relevant behaviors are chosen, and decisions
are made about how and when to act. The functional cycles will be initiated, and the
attentional processes will be cleared for new information.

All of these stages require the help of the attention schema, which will improve
constantly because the objects in the environment and the animal’s relations with the
objects are dynamic. Attention is dynamic, therefore some processes can also work
simultaneously.

As certain attention prioritization strategies are found to be efficient, they may
become habitual, and this pattern of attention may turn into a habit (schema). Ani-
mals may have both innate species-specific attention schemas (or a tendency to
acquire certain attentional habits) and prioritization rules acquired through learning.
Therefore, attention schemas can be the basis of meaning-making, guiding atten-
tion through previously learned meanings and signs and helping an animal make
predictions.

From the researcher’s perspective, this model of attention helps to show the impor-
tance of meanings for attention and aids in understanding some of the rules underly-
ing the attention of the species and the meanings that those are based on. This model
can also help predict the attentional priorities and behaviors of animals. This model is
a synthesis of previously existing ideas and theories meant to explicate how attention
is closely interrelated with meaning-making and perception.

Animals develop their species-specific Umwelten through their own agency and
attentional processes. Attentional processes, on the other hand, can change their
Umwelt and initiate innovations, which are vital for the species. Lower-level semi-
otic processes affect higher-level semiosis and change the organism, its Umwelt,
and its behavior. In addition, the environment can be a starting point for changes in
Umwelt. All of these processes require mediation through attention.

Differently from Treisman’s & Gelade’s (1980) preattention stage that binds
together different components (such as color, shape, and orientation) of represen-
tation, which have been maintained as separate units at the initial stages of object
perception, we propose that it works with the help of attention schemas that allow
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corporate meanings in this process. It can be a simultaneous process with other
attentional processes, giving access to previous experiences and meanings through
attention schemas. This shows that attention is caused by the agency of animals,
and there is no need to divide it into top-down and bottom-up processes, or even
into exogenous (reflexive) and endogenous (voluntary) attention (Weichselgartner &
Sperling, 1987) because they are intertwined. Even seemingly unconscious attention
is an interpretative sign process, although it is already habitual and controlled by
legisigns called attention schemas.

Kant and Uexkiill have schemas similar to those of Graziano. Kant (1998) talks
about schema as something that mediates the world and internal mental structures,
which alters experiences and itself gets changed by subjective experiences. Uexkiill
went a different way from the researchers who connected Kant’s concept of an image
schema with embodied cognition. von Uexkiill and Kriszat (1956: 84) state that a
schema organizes and synthesizes perceptual signs from different senses into a uni-
fied and identified perception image. The schema is not a passive receptacle for sen-
sory input but an active system that structures and interprets sensory information
in a meaningful and relevant way to the organism’s Umwelt. Schema is constantly
updated and refined based on an organism’s experiences and interactions with its
environment. Repeated exposure to particular stimuli causes an organism’s schema
to be more finely tuned and sensitive to relevant information, allowing it to respond
more efficiently and effectively to the environment. Uexkiill’s concept of schema
highlights the active and dynamic nature of perception, and the importance of pre-
existing cognitive structures in organizing and synthesizing sensory information into
a coherent and meaningful perception of the world.

The Attention Schema Theory (Graziano & Kastner, 2011; Wilterson & Graziano,
2021) has some problems from a semiotic perspective. The brain is not a control
center separate from the body, which is why we propose in this work that atten-
tion management can take place through various cooperation and interaction mecha-
nisms. At the lowest level, there is cooperation between neurons, and at the highest
level, between the environment and organism. In Attention Schema Theory (Wilter-
son & Graziano 2021), attention schema or metamodel of attention, works through
image schemas We look here from the viewpoint of semiotics and see attention work-
ing through legisigns. Therefore, the habits of noticing and directing attention form
through the cooperation of internal signs received from the body, sense organs, are
based on experiences and species-specific traits.

In different animals, different parts of the nervous system are responsible for semi-
otic processes related to attention, and apparently, there are also different mechanisms
through which attention is directed, that is, different attention schemas (to use Gra-
ziano’s term). There are also differences among members of the same animal species;
some have more plastic neural systems than others. The strength of neural network
connections determines the level of plasticity of the nervous system, and therefore,
its readiness to change (Branchi, 2022:3). Attention is turned to new aspects of the
environment more efficiently when connections are less rigid. Behavioral changes
are not always beneficial but are sometimes inevitable in changing environments.

In addition to being the basis of meaning-making, guiding attention through previ-
ously learned meanings and signs, learning, teaching, and innovation in the popula-
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tion also occurs with the help of attention. Agency'’, through attention, is as important
as the building plan for animals to construct and maintain their Umwelten. Through
it, adaptation to new situations and environmental changes takes place.

Species-specific Notability of Signs and Meanings

It is unclear how the mechanism of prioritizing attention varies across species and
what factors contribute to this variation. The earliest forms of attending were prob-
ably automatic responses to environment, such as those observed in single-celled
organisms. As organisms become more complex, attention has become more flexible
and goal-directed. Krauzlis et al. (2018) have shown that although selective atten-
tion in mammals is associated with information processing in the neocortex, other
animals, such as birds, reptiles, amphibians, and fishes, also possess the ability of
selective attention. Although majority of animal species lack a neocortex, the other
parts of their brains are responsible for the same functions. The presence of selective
attention has been demonstrated in birds (Sridharan et al., 2014; Mysore et al., 2011),
reptiles (Fleishman, 1986), and amphibians (Ewert, 1970). In frogs, the relationship
between visual cues and behavior depends on novelty and motivation. When sens-
ing the scent of earthworms, frogs snap at larger objects, which they ordinarily tend
to avoid (Ewert, 1970), since the scent is an indexical sign of their presence, as it
is possible to presume. When faced with a choice between two prey animals, toads
usually choose the closest one, but their reaction time increases when they see both
prey animals simultaneously (Ingle, 1973). Insect species also have different abilities
to focus; for example, dragonflies can focus on only one fly within a swarm of flies
(Wiederman & O’Carroll, 2013); honeybees can be more easily distracted from their
search than bumblebees (Morawetz & Spaethe, 2012). Spiders are good at maintain-
ing focus on salient objects such as prey animals (Bruce et al., 2021), and they can
also use their webs as external attending aids. Jays (Cyanocitta cristata) do not notice
peripheral objects (such as predators) when selectively attending to complicated cen-
tral task (Dukas & Kamil, 2000).

The understanding of attention in non-mammalian species remains limited, and
more research is needed to explore the nature of cognitive processes in animals with
simpler Umwelten, such as earthworms or molluscs.

Meaning-making and Sustained Attention

There is a relationship between selective attention and meaning-making. Some
objects are selected by attention and are found to be more useful by certain animals.
Therefore, they acquire meanings in their Umwelten, and together with meaning-
making, an appropriate attention schema is developed. Meanings are imprinted on
previously meaningless objects when they are perceived and used by animals and

10 Agency is the capacity of individual animals to engage in voluntary, self-generated, and goal-directed
behavior that they are motivated to perform (Wemelsfelder, 1997).
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are thereby transformed into subject-related meaning-carriers in their Umwelten
(von Uexkiill 1982[1940]). Sustained attention is a state in which attention is main-
tained on some things for some time, and this can be directly influenced by meanings
because meaningful objects stay in focus longer. Sustained attention is important for
learning. Maintaining attention long enough to learn some behavior so well that it
turns into a habit can benefit neophilia, and therefore, innovation and adaption. When
more behaviors are turned into habits, animals can free more neural capacity to attend
to the novelty. It can also be assumed that animals whose environments are more
stable and secure can be more neophilic. Which objects automatically attract an ani-
mal’s attention is also connected to the meanings those objects have in the animals’
Umwelten and also to the overall context or situation.

Habituation is an excellent example of attention and meaning making working
together. von Uexkiill (1928: 110) emphasizes the active role of living beings in
searching for what captivates their interest in their surroundings and adjusting the
existing conditions to suit their needs. The animal is, therefore, able to filter out irrel-
evant stimuli and learn to ignore previously relevant ones, leading to adaptation to the
environment. Habituation occurs when the signal or action is repetitive, the response
to novelty decreases, and an animal gives new meaning to this cue (considering it
at least not dangerous) and learns to ignore it. This is the opposite of the attending
process. However, when animals categorize repetitive signals as important ones, they
will continue to attend to and respond to them. As we can see, feelings and reactions
can only follow meaning-making. Attention is important for adaptation because nov-
elty seeking and creativity are following something that captures attention, and that
leads to adaptation.

Conclusion

Attention is essential for building and shaping animals’ Umwelten and almost every
aspect of their lives. In this article the concept of attention was viewed from the semi-
otic perspective in the context of the animal’s perceptual experiences, and argued
that attention is creatively shaped by the interpretive processes of the individual. We
showed that attention is an umbrella term for several subprocesses, that has been here,
after synthezising several previous theories, united for a model of attention, which
helps visualize the different stages of attention and their relations. Proposed model
unites Attention Schema Theory with Uexkiillian semiotics and meaning-making and
shows how animals are actively constructing the rules of attending through their pre-
vious meaning-making, and that meanings (result of previously happened semiosis)
are shaping rules for attention to work in the future through feedback mechanisms.
Noticing is considered here to be one part of attentional processes and therefore not
equal to the term 'attention'. We showed that the interpretative sign processes may
turn to habits which are controlled by attention schemas, which are continuously
tuned by feedback mechanisms, and act as rules of attending in the future. There are
rules of attention that are species-specific, but also those which have shaped in rela-
tion to the individual Umwelt. Attention, therefore, functions as a mediating mecha-
nism in perception and meaning-making, and contributes to the dynamic process of
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interpretation and meaning-making in an animal’s interaction with its environment.
We also analyzed how attention influences the interpretation and prioritization of
environmental stimuli in different animal species and how the construction of ani-
mals’ sense organs and acquired experiences shape their attention allocation.
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