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Abstract 
Being able to replicate the behavior of living beings through software and hardware starts from the idea of having the ability to abstract 
and understand everything that makes up a living being. One of the approaches that have been used to reproduce bounded intelligent 
behaviors in different contexts is that of a situated activity behavioral design. In other words, a behavior is designed from the knowledge 
of all the characteristics of the behavior of a living organism or physical phenomenon: in order to achieve an abstraction of reality 
(contextual environment) that allows a model to be made in sufficient detail; it is later translated into code. However, although different 
studies have been carried out on the behavior, movement and structure of different living beings, from the point of view of different 
disciplines, including ethology, emotions and artificial consciousness. One of the challenges of artificial life design is to make a 
difference between simulating and emulating. This work addresses the discussions on: consciousness, emotions, the appearance of agents 
and their credibility 
Keywords: artificial consciences, emotions, ethology, interfaces characterization, agents design. 

1. Introduction  

 
Consciousness being a more complex form of cognitive process that implies intelligence; Although the necessary 

behavioral abstraction can be carried out to design the computational model of a living being, which interprets the different 
signals that allow it to perceive and interact with its environment, programming something that allows exhibiting a level of 
intelligence and consciousness is still challenges for designers and programmers. 
 
 A question from which different approaches have been raised involves determining and understanding whether 
living beings have intelligence and consciousness. 
 
 Igor Aleksander [1] proposes a theoretical framework through five axioms that allow establishing the degree of 
consciousness. This document proposes to study the behavior of three different companion animals or pets in order to 
determine if the existence of the phenomenon of consciousness can be defined for them. The organization of this document 
is as follows. In section two, the antecedents involved with the research topic are established: ethology, consciousness, and 
characterization of the interfaces. In section three, we address the theoretical framework that involves the five axioms 
proposed by Aleksander. In section four, the implementation of the theoretical framework is addressed based on the pets 
under study; giving an introduction of its main characteristics. In section five the results of the experiment on the different 
pets are described. Coming to conclusions in section six. 
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2. Background 

2.1 Ethology 
 

For most of the past century science was skeptical of animal intelligence; The idea of attributing emotions and 
intentions to animals was considered naive. During this time, animals were viewed as: 1) stimulus-response machines; 
which involved receiving a reward or avoiding punishment, or 2) genetically programmed robots with survival instincts. 
 
 Fortunately, this vision changed and there are continually findings related to some sophisticated aspect of animal 
cognition. Such as the following examples: 1) crows build tools, 2) octopuses recognize human faces, 3) monkeys learn 
from other people's mistakes, 4) dogs have emotions. Animals have empathy and have friendships, as well as rationality, a 
characteristic that until now was reserved for humans [2, p.20].  
 

According to Wall [2] it is undeniable that human beings are animals; however, it is important to mention that two 
separate categories of intelligence are not compared. What is being compared is a variation within a single category. 
Humans have long been prone to underestimate animal intelligence. We systematically deny them skills that we take for 
granted in ourselves. 
 
Wall [2] wonders what is behind this egomaniacal behavior? And she states that there is a challenge for the human species 
in the air, and it is about knowing at what mental level the other species operate, and thus concludes: 
 
 The real challenge does not reside in the animals themselves, but in us. 
 
 Why believe that our cognition is so special when we compare it for example with that of an octopus that has eight 
arms that move independently creating a distributed cognition. Or a bat that is able to catch a moving prey in mid flight and 
recognizing this by the echoes of their cries. 
 

It has been proven that each animal has a unique consciousness of its environment based on its needs and abilities: 
bacteria, cells, ticks, ants, and much more. [3] 
 
 For all the above, ethology is a science that provides us with a guide on animal behavior and while we cannot 
communicate with them directly or become one of them; we should not assume that we know what they feel and what they 
expect of us. 
 

2.2 Consciousness 

 
 In the classical method two parts represent consciousness: the level and content of consciousness. The level of 
consciousness refers to the state of cognition, which ranges from coma to alertness. The content of consciousness is related 
to the subjective perception of the environment and of oneself, as well as with the evaluation and control of the mental 
state. For this awareness to work, there are different neural structures that influence each other and are associated with the 
central nucleus, responsible for the management of biological rhythms and alertness. These structures allow sometimes-
complex cognitive abilities, such as attention, learning, memory, emotions and the evaluation of situations. A single 
stimulus can activate several of these structures, but the interaction between them generates explanations and intentions and 
triggers conscious behavior [4, p.20]. 
 
 In 2012, scientists from all scopes of life, including the famous physicist Stephen Hawking, agreed that animals 
are conscious. Thus, in their Cambridge Declaration on Conscience, they noted that:  
 

Humans are not the only ones with the neurological substrates that produce consciousness 
 
 Rodrigues-Dos Santos [5], offers us a fascinating reflection on the behavior and consciousness of the human being 
that leads us to the following conclusions [6], [7].  
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 The atoms constitute the molecule, which is represented in its structure and in its complex organization obeying 
the laws of spontaneous organization. So if life is the product of the complexity of inert matter; consciousness is the product 
of the complexity of life. 
 
 What makes up the consciousness of each living being is represented by an information structure, that is, a 
semantics, which implies a complex organization. 
 
 As long as the atoms enable the information structure and the functions of the vital organs that define the different 
identities; then life must be possible. 
 
 From the previous reflection it is clear that if life is represented by a very complex information structure and all its 
activities involve information processing that allows us to interact with the world around us; the human being turns out to 
be a very complex program. Where matter is hardware and consciousness is software. Its main objective is being survival. 
 
 We can continue our reflection towards the theory that a computer under this definition is a living being (even if it 
is not made up of carbon atoms). Since it has a situated behavior as in the case of any living organism. By knowing the 
behavior and the environment, it is possible to know what attracts him, what repels him, what motivates him and what 
scares him. With the above information it is possible to predict their behavior. So if we can replicate the behavior of a 
living being; and both will have physiological and emotional needs as we can know that one need is real and the other is 
not. 
 They are both alive in different environments [8], [9]. 
 
 We have never felt the needs of a bee (Figure 1), a bat; much less those of a PumaGotchi [8], then because we are 
so sure that they do not feel, how are we able to affirm it? 
 
 If the interfaces that are developed were more similar to us (Figure 2); maybe, just maybe we would think that they 
don't pretend and that they feel. 
 

 
Figure 1. Authentic Bee.  

 

 
Figure 2. Bee-agent.   
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And I want to emphasize the maybe, because there are many people who continue to think about NON-human animals, as if 
they were not capable of having emotions and consciousness. Which is false [3]. 
 

2.3 Relationship between physical resemblances to humans 

 
 According to the theory of Masahiro Mori [10], [11], if the characterization of an agent is similar to the human 
being, the latter will show more empathy towards it, however, there is a threshold, which, if it is crossed, this it is, it turns 
out too similar a rejection occurs; it could be supposed to cause suspicion and fear of the unknown. The brain is 
programmed to keep us alive and safe all the time; so everything he perceives and does not know he takes as a threat, as 
well as what he cannot predict. Developing negative feelings. This theory is known as the uncanny valley theory. 
 
 In the novel of "The Caves of Steel" by the visionary Isaac Asimov [12], the encounters and confusions between 
humans with the partner of detective Lije Baley are narrated; the humanoid robot Daneel Olivaw, who as soon as they knew 
he was a robot they rejected  
 

The interfaces of the future will be impressively similar to us; not only in the presence and physical behavior; but 
in his way of reasoning. We will have among us what we will call virtual humans [13], [14]. 
 
The question will be how we will react to these interfaces; will they confront us - with their questions and their reasoning? 
Will we be able to pay attention to an interface that tells us that we are in danger? In Ramírez-Laureano, et al. [9], an 
interface is proposed that responds to the driver's actions and is aware of the danger, endowing it with feelings of 
vulnerability. In this case, what characterization could we give it? -If the driver must be given a strong call attention, Figure 
3. Wolf-agent angry is proposed; this characterization being that of someone who is in danger and his life depends on the 
irresponsible driver; it's an intimidating interface. Or we can think of designing a friendly interface like the one in Figure 4. 
Car-agent image, representing: expressions of approval or disapproval. 
 

 
Figure 3. Wolf-agent.  

 

 
Figure 4. Car-agent.  



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 12, December 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

322 
 

 
What can have the most visual effect on us? : 1) a representative image of a Tamgotchi (PumaGotchi), like the one in 
Figure 5, [8], or the Figure of a Tamagotchi more similar to us like the one in Figure 6. 

 
Figure 5. Pumagotchi-agent. Source: elaboration Arturo Rodríguez-García cited in [8]. 

 
 

 
Figure 6. Human-agent.  

  
Therefore, if we design a system and include emotions, it is absurd to say that they do not feel [9]. We would not say that 
the flight of the plane is not authentic just because it does not present the same physical behavior as a flying animal. 
 
 In the same sense, we cannot affirm -that the emotions and the concern that a person may feel for a system that 
presents a behavior that includes emotions are not authentic [8], [15], [16]. 
 
Hence, in order to give more light on this issue, it is necessary to define, one of the most important questions, how do we 
define a living organism? 
 
 And in this case we emphasize that neither the computer nor the living organism can have the same intelligence as 
human, however, that does not imply that computers at some point can develop it and surpass humans, in which case they 
will develop the emotions and they will become conscious. 
 
 The artificial devices that are created are emulating living organisms. That is, an agent not only has a physical 
resemblance to the living organism, but also has software that allows it to reason according to its domain. If we only 
simulate we would be thinking of an agent without reason. For what I consider that part of the problem as several 
researchers have pointed out there is a great legal vacuum to be able to live with these virtual humans [12], [13], [17].  
 

2.4 The correlation between physical structure and consciousness 

 
 How consciousness is defined? -below are two definitions given by the royal academy of the Spanish language 
[18]:  
 

1) Consciousness is the ability of the human being to recognize the surrounding reality and to relate to it. 
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2) It is the immediate or spontaneous knowledge that the subject has of itself, of its actions and reflections. Being a 
more general definition, it can be applied to different forms of life [3]. 

 
 Consciousness is associated with the concept of intelligence and its complexity. Starting from the premise that 
animal intelligence exists, although it is considered different from human intelligence, it can be considered in the same way 
that animals are possessors of their own consciousness. 
 

However, when we try to understand the consciousness and intelligence of other living beings, we can fall into a 
precision error; Igor Aleksander in his book The World in my Mind, My Mind in the World [1], in the chapter The Missing 
Gorilla, mentions that we believe that our sensory perception of the world, which includes other living beings, is quite 
accurate; but we must remember that it is our brain that, after translating the different signals it receives from our sensory 
apparatus, fills in the gaps with our own experience, perceptions and ideas. 
  

It is in the chapter Chalmers´ Two Minds, Aleksander [1]; refers to the criticisms that the mathematician, computer 
scientist and philosopher David Chalmers makes about consciousness and its mechanism. According to Chalmers, there is a 
correlation between the functioning of the brain and conscious experience, but it marks the difference between these two as 
a great abyss. Its central argument is based on the fact that consciousness is not logically supervening on physical factors on 
the brain, so that no "brain" science can point to factors on being conscious. 
 
 This does not imply that there is no physical bases of consciousness, but rather that it deals with the difficulty of 
linking the physical structure to consciousness. Consider that there is no logical way to compare the experience of two 
identical organisms in the same state. Depending on each organism, a difference can be found between their experiences, 
because each one can be aware of different things. By not being able to make a comparison between these organisms, the 
possibility is opened for different organisms; it traces the possibility that different organisms may have a different type of 
consciousness. 
 

Aleksander [1], for his part, carries out his analysis starting from a different point; he begins with his introspective 
experience and later relates it to the physical structures that allow experiencing the different states. For him, there is 
coherence between the conscious experiences that different organisms experience with the mechanisms that allow 
experimentation. By having other living beings similar or equivalent structures, the possibility that they have their own 
consciousness opens again. 

 
3. The Five Axioms of Igor Aleksander 
 
 Aleksander [1] addresses the concept of consciousness in different living beings, providing different examples that 
include human experiences and results of observation of other animal species. Based on them, he proposes the definition of 
consciousness through five axioms: 
 
Table 1. Alexander’s Axioms [1]. Source: own elaboration. 

 
Axiom  Description 

Perception I feel that I am part, but separate from the 
world that is out there. 

Memory I feel that my perception of the world is 
mixed with feelings from my past 
experiences. 

Attention My experience of the world is selective and 
purposeful. 

Planning I think ahead all the time; trying to decide 
what to do next. 

Emotion I have feelings, emotions, and mood 
tendencies that determine what I will do. 
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 Each of these axioms is taken as the basis for discussing the existence of consciousness in different living beings; 
without being raised as definitive criteria. 

For the purposes of this research, they are taken as a theoretical framework; same that allows us to apply them to 
different physical structures. The above in order to understand how different organisms perceive, and in this way have 
criteria that allow us to determine the degree of their consciousness. 

 
4. Implementation 
 

 For the development of this document, an experiment to observe the behavior of three domestic or companion 
animals of different species was proposed. From different interactions of the animals with the environment and their 
caregivers, it was sought to describe the behaviors, activities or signs that allow determining, from the five axioms, the 
consciousness in each one of them. The particular characteristics of each of the companion animals in this document are 
presented below. Three senses of each of them are described, since it is from these that they perceive and interact with the 
world and form their own perception. 
 

4.1 Ariel 
 

Ariel is a yellow-eared tortoise (Trachemys scripta scripta) [19], [20], [21], [22], [23]. It is a freshwater turtle 
native to the United States and an invasive exotic species in Mexico. It lives in a fish tank with water, although it has access 
to a land surface and places where it can sunbathe (Figure 7). 
 
 Sight. They only have rods in their eye region, so they do not perceive color, but they do perceive luminosity. It is 
the cornea that gets the focus in the water, allowing turtles a two-dimensional perception of moving objects of acceptable 
clarity, to perceive prey and predators. 
 
 Hearing. It is limited to the detection of low sounds in the sound spectrum out of water. In water, their eardrums 
accurately recognize sound vibrations. They have accurate long-distance hearing. Due to the location on both sides of the 
head of your ears, they have stereophonic hearing, which allows them to accurately determine the direction and distance of 
the sound source. 
 

Smell. They can perceive up to 700 olfactory nuances under water. 
 

 
Figure 7. The turtle, called Ariel.  

4.2 Xóchitl 

 
Xóchitl is a bird that belongs to the species (House Sparrow Passer domesticus) [24], [25], [26], [27]. This species 

are mostly found in urban areas. It was found as a chick and was raised and domesticated. It lives in a cage (Figure 8). 
 
 Sight. The vision of birds allows them to perceive ultraviolet rays. This gives them a better ability to distinguish 
the leaves of the trees. 
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 Hearing. Although structurally the hearing system of birds is similar to that of humans, they have a more sensitive 
sense of hearing. 
 
 Smell. Birds breathe through nostrils located at the base of the beak that allow them to perceive odors. Some birds 
have a small olfactory bulb, which is the part of the brain that processes odors. Unlike humans, through smell, birds can 
orient themselves geographically, recognize their relatives, and find a mate and food. 
 

 
Figure 8. The bird, called Xóchitl.  

4.3 Pinto 
 

Pinto is a small breed mongrel dog (Canis familiaris) [28], [29], [30]. Dogs are one of the oldest domesticated 
species in human history. He was adopted at 2 months of age and lives inside the house (Figure 9). 
 
 Sight. They have retinas populated mostly by rods, which allows good vision in the dark. They perceive two ranges 
of colors, blue-violet and yellow, with shades of gray. Dogs' eyes are at a 20-degree angle, which increases their visual field 
relative to peripheral vision. 
 
 They better perceive objects that are at close distances; also, due to the number of rods in their eyes, they better 
distinguish moving objects. 
 
 Hearing. The average auditory spectrum that dogs can perceive is 10 to 50 KHz. They have 17 muscles in each 
ear, allowing them to focus more precisely on the source of sounds. 
 
 Smell. They have between 200 and 300 million olfactory receptors. Since they have spiral-shaped bony structures, 
which are called turbinates, covered by a mucosa with many folds, the surface of their olfactory mucosa increases and 
enhances the canine sense of smell. 
 

 
Figure 9. The dog, called Pinto.  
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5. Results 
 
 When observing the companion animals in their different environments, comparing the different actions with the 
description of each axiom, evidence is presented that each of the axioms was verified in the three objects of study. 
 
 The results obtained from the three pets are presented below, organized by axiom. 
 
5.1 Axiom 1: Perception 
 
I feel that I am part, but separate from the world that is out there. 
 
The first axiom speaks of the ability to identify as an individual located in an environment. 
 
 Using her senses, Ariel can recognize objects inside her tank, as well as various objects and people outside of it. 
She also has the ability to perceive a change in the behavior of her caregivers, as well as when they pay more attention to 
her, which causes modifications in her behavior (Figure 10). 
 
 Xóchitl moves in two main environments, inside and outside his cage. When is locked up, you know in a safe 
environment. The moment it leaves its cage, it perceives a change and enters into an alert state, reacting to different stimuli 
such as loud sounds or falling objects. In addition, it lives with other birds and is recognized as another. You can fly to the 
cage of other birds and know that they are inside. 
 
 Pinto learned to differentiate the name that was assigned to him and to differentiate it from the others. It lives with 
three other dogs, and identifies when it is spoken to and when to others. Identifies in its environment where its food and 
water area is, at the same time it differentiates places where it can rest and where to relieve itself. 
 

 
Figure 10. Ariel recognizing her food container outside the 

fish tank. 
. 

 
 5.2 Axiom 2: Memory 
 

I feel that my perception of the world is mixed with feelings from my past experiences. 
 
 Pets have the ability to remember different elements that allow them to function better in their daily life. 
 
 For Ariel, the clearest example of her ability to remember is with her food. Remember that it is in a cylindrical 
container, and when someone shakes a similar container, begins to approach. The moment the container is uncovered and 
you can smell the aroma of your food, you recognize that it is the container with your food. 
 
 Xóchitl was adopted when he was very young, however, he recognized humans as a danger, and tended to try to 
flee towards sources of light. Later, as he adapted to domestic life, the fear of his caregivers disappeared and he was able to 
stay in places close to his caregivers (Figure 11). 
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In the case of Pinto, the most developed senses are smell and hearing, so he remembers the aroma and the sound of the 
voice of family members; allowing him to recognize them in a crowd. These same characteristics allow him to perform well 
in the “Search” game, by remembering the instruction “Where is <name>?”. It allows him to start the search, supported by 
his memories of the most frequent sites where the people and his sense of smell to perceive the intensity of the aroma, 
which allows him to determine whether or not the person is nearby. 
 
 

 
Figure 11. Xóchitl lying on his caretaker's 

sweatshirt, it is a safe place.  
5.3 Axiom 3: Attention 
 
My experience of the world is selective and purposeful. 
 
 They have the ability to use their senses to focus on a phenomenon of interest and thus collect more information 
about it: 
 
 Ariel had a particular fixation with cylindrical containers, since its food was stored in a container with that shape. 
At the moment when her food was being emptied into the lid of the container, it was observed that she was not paying 
attention to anything else, since her goal at that moment was to eat. 
 
 When Xóchitl was a chick they fed it directly in its beak, and the food container was placed near a certain location. 
Later, as it developed, it flew and positioned itself close to where its food container was placed, distinguishing it from what 
was around. Later, he acquired the ability to feed on his own; going to his food container. 
 
 Pinto has the ability to focus his attention on objects of interest; depending on where the stimulus comes from, it 
uses its ears to locate the origin of a sound. In addition, can sniff to try to identify who or what is the source of the stimulus 
(Figure 12). 
 
 From your experience, if the sound source is some heavy vehicle or something that scares you, you can move away 
from the source to a place that you consider safe. 

 
Figure 12. Pinto raising his ears and focusing on a 

sound that caught his attention.  
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5.4 Axioma 4: Planeación 
 
I think ahead all the time; trying to decide what to do next. 
 
 For this axiom, the behavior of pets was observed in different situations in which they carried out a series of 
"steps" to achieve a specific objective: 
 

With Ariel, was possible to appreciate the planning when wants to get food. Initially, identifies the food canister 
and that the keeper is approaching to the tank. Stands up on two legs to reach for food, and performs movements with one 
of its legs to attract attention. Once the food is placed in its tank, it feeds and searches for any debris that might be in its 
tank. If wants more food, again call attention to let it were known that has not been satisfied (Figure 13). 
 

Xóchitl, look for places where feels safe outside the cage. Observes the surroundings, and according to its 
experience, moves to known places. As it flies around, plan its movements. On the other hand, if is hungry, he flies to the 
ground to look for food. All this entails planning movements according to those who are in its environment. 

 
 In the case of Pinto, in case that another dog catches his attention, he first locates it. Depending on where he is, 
plan how to move around, as he usually likes to climb on chairs or furniture. Measure if he can jump down or if he should 
do it more carefully. Once on the ground, observe and decide what form he will use to approach, as well as his body 
language; positions his ears and tail so that it is understood that he is in non-violent mode. Finally, he walks over and starts 
some kind of interaction. 
 

 
Figure 13. Ariel is making movements to request 

food.  
 
 
5.5 Axiom 5: Emotion 
 
I have feelings, emotions and mood tendencies that determine what I will do. 
 
 Each of the pets has its way of expressing emotions and acting based on them. 
 
 Ariel showed different emotions; which can be related to her movements and position. When presented with food, 
it makes quick movements and approaches its keeper; when trying to reach the food, it can fall on its shell, exposing its 
belly. In these situations, a series of rapid movements can be appreciated because she is restless, which translates into her 
feeling desperation. When she is helped to sit up, she returns to a calm state. 
 
 Xóchitl expresses its emotions through actions with its beak and by changing places. Among the emotions that 
were identified are joy and anger. When Xóchitl is happy, he is calm or begins to sing. On the other hand, in situations 
where he is irritated, he shows his discomfort by itching. He gets to change places if he is not comfortable, or he 
accommodates himself in places where he is calm. 
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 Pinto uses his ears, tail and eyes to inform others of his emotional state. In situations where he is happy or in a 
good mood, it is possible to observe that his tail wags from one side to the other. When angry or irritated, the tail remains 
still and may growl as a warning. When he is scared, he fixes his gaze on the source of what is causing him fear and seeks 
to physically move away from that source (Figure 14). 
 

 
Figure 14. Pinto reacting with fear, to mechanical 

games. 
6. Conclusions: final reflections 
 From the study of the behavior of three different companion animals, ethology is used to apply the theoretical 
framework of consciousness proposed by Aleksander [1]; from various experiments and observations, results were obtained 
that allow determining that they definitely have an intelligence that allows them to access the phenomenon of 
consciousness. 
 
 The observation of the three companion animals and the analysis of their behaviors based on Alexander’s five 
axioms [1] allowed, in the three cases, to determine that they are conscious beings. For the three study subjects, it was 
possible to appreciate behaviors that allowed validating each of the axioms, without interfering with this the species, the 
environment in which they have developed or the fact that their language is not shared. 
 

In later works, the behavior of companion animals of different species can be observed, in order to understand a little 
better their relationship with their environment. Similarly, with a greater number of them in observation and interaction, it 
is possible to analyze how their actions change when perceived among equals, comparing the different social structures of 
each species. This allows the collection of data alone and together, which can be used for the development of computational 
models that replicate their behavior. 
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