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Abstract— For better or worse, technological advancement has 

changed the world to the extent that at a professional level 
demands from the working executive required more hours either 
in the office or on business trips, on a social level the population 
(especially the younger generation) are glued to the computer 
either playing video games or surfing the internet. Traditional 
leisure activities, especially interaction with pets have been 
neglected or forgotten. This paper introduces Metazoa Ludens, a 
new computer mediated gaming system which allows pets to play 
new mixed reality computer games with humans via custom built 
technologies and applications. During the game-play the real pet 
chases after a physical movable bait in the real world within a 
predefined area; infra-red camera tracks the pets’ movements 
and translates them into the virtual world of the system, 
corresponding them to the movement of a virtual pet avatar 
running after a virtual human avatar. The human player plays 
the game by controlling the human avatar’s movements in the 
virtual world, this in turn relates to the movements of the physical 
movable bait in the real world which moves as the human avatar 
does. This unique way of playing computer game would give rise 
to a whole new way of mixed reality interaction between the pet 
owner and her pet thereby bringing technology and its influence 
on leisure and social activities to the next level. 
 

Index Terms— Augmented Reality, Game Design and 
Development, Mixed Reality, Pets Interaction. 
 

I. INTRODUCTION 
In today’s modern world the increasing demands of 
professionalism have been equated to the huge increased in 
working hours as compared to yesteryears [1]. The results: the 
lack of time for simpler pleasures of lives including spending 
time with pets; pets are more than often left alone at home or 
neglected by their busy owners. On the other hand, the 
population (especially the younger generation) has been 
focusing their attention on the computer either surfing the 
Internet or playing computer games [2] such that they have 
neglected their pets in their homes. One of the improvements in 

society that could improve human social activities is human 
interaction with pets, as pets can provide companionship, 
non-judgmental acceptance and love [3] as well as help lower 
the level of stress and social strain experienced by their owners 
[4]. As such what arises is the need to bridge the gap between 
the progressions of our lifestyles and our connection with our 
pets for the balance of our well being.  
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Metazoa Ludens was therefore devised with this philosophy, 
it acknowledges the technological advancement and the 
augmented lifestyle it gives and marries it with human-pet 
interaction in a novel mixed reality manner. Metazoa Ludens 
thus enables playing computer games between humans and 
animals in a technologically controlled environment. In the 
system, the pet’s play (hamster in this case) is triggered by its 
impulses for food and its space is ‘shared’ with their human 
owners whose presence are acquainted in a very similar way to 
experiences of the human presence in the worlds of multiplayer 
online games.  

This is a preliminary paper on the Metazoa Ludens, a more 
intensive user study will be carried out and the findings 
submitted to SIGCHI. The rest of the paper will consist of the 
following parts: Metazoa Ludens is therefore devised to 
address this problem. Section 2 explores the present research 
and relates the system to the other research works related to this 
paper. Section 3 talks about the technical details of the system. 
Section 4 discusses the experiment conducted with Metazoa 
Ludens and finally Section 5 concludes this paper. 

 

II. BACKGROUND 

A. Society and Technology 

Technology advancement has made the life of humanity 
easier, faster and more efficient, not forgetting to mention 
quality of life has been made better to a great extent. 
Nonetheless like all issues there are two sides to a coin. Longer 
working hours are expected in the professional world in order 
to match up with the higher level of efficiency thus produced by 
technology [5]. In addition, globalization as advocated by 
technology has caused an increased in professionals across the 
globe on business trips [6]. Such huge demand on one’s 
professionalism if left unchecked could result in serious social 
issues like psychiatric disorders including major depression 
and alcoholism; health problems like myocardial infarction, 
diabetes mellitus and hypertension [1, 5]. 
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 On a social level, abusive use (be it intentional or accidental) 
of such technologies among the population (especially the 
younger generation) sees a huge addiction to computer games 
and Internet [2]. Such abuse may bring about negative effects 
on the social life and self confidence of such individuals [7] 
resulting in socially isolated individuals with increased 
aggression and decreased self-esteem [8].  

On the other hand, for better or worse, the society has now 
become heavily dependent on advanced technology, there is no 
way one can retract the use of such technology nor boycott it 
completely at a professional level. Computer games and 
Internet use on a social level have integrated into the society as 
activities taking place in cultural niches, giving rise to complex 
interaction amongst the computers, the web, gaming cultures 
and the gamers [9]. It has also matured over the years such that 
it is no longer an adolescent’s plaything (the majority of 
computer game clientele is very much an adult profile [10]) and 
positions computer games as serious leisure activities [8]. 

While acknowledging advanced technology’s negative 
effects one cannot deny its fitful integration into the society. 
The assessment of such a situation would lead to a conclusion: 
to embrace and celebrate technology since there is no way to 
make it go away; yet in an attempt to make the world a better 
place, leisure technologies thus devised should address and 
mend (or minimize) the growing gaps within the society caused 
by isolation deprived from advanced technology. 

The next section digs into human-pet interaction and 
examines the possibility of mending the gaps (as mentioned in 
previous paragraph) with human-pet interaction in 
technological devices. 

B. Human-Pet Interaction 

Animals have been part of the human’s life since eons ago, 
we made use of animals to work for us like those that pulled the 
carts or ploughed the fields. Currently animals in urban life are 
being kept as domesticated household pets for companionship 
and unconditioned love and attention. Similarly like human 
beings, pets have a sense of belonging, experience pain and 
need love [11]; once adopted they are mostly dependent on 
their human owners for their livelihood, sense of well being, 
protection and love. In the increasing pace of life in the modern 
world as brought forth by advancement in technology, such 
responsibility are generally neglected and taken for granted by 
the pets’ owners [12]. 

Unbeknownst to most such negligence of pets may be more 
of a losing end to the owners than the pets. As discussed in the 
previous section, there are ill effects of technology on the 
society. On the other hand pets are capable of satisfying human 
being’s need to nurture, providing social support and 
unconditioned attention and love to their human owners [11], 
suggesting that they might be (to a certain degree) able to 
counteract the negative aspects of technological advancement.  

Children’s self-esteem scores have been reported to have 
increased significantly over a period of time of keeping pets in 
their school classroom [13]. Parents do admit as well that pets 
proved to be extremely useful in educating children about life 

events [14]. In addition pets do provide companionship and 
help reduce level of loneliness among their owners who interact 
frequently with them [15] while another study shows that 
interaction with pets help reduce stress and anxiety level among 
their owners [16]. 

On a physiological health level, human-pet interactions 
(dogs in this case) are able to help reduce the level of blood 
pressure of the owners thereby reducing the risk of 
hypertension [17]. In addition, interaction with pets (termed 
“pet effect” in this case) is found out to be beneficial to the 
cardiovascular conditions of the pets’ owners [18] and bring 
about a significant reduction in minor health problems for their 
owners [19].   

All in all one negative aspect of technological advancements 
is the negligence of pet owners with respect to their interaction 
with their pets [12], yet with this simple inattentiveness a great 
number of positive consequences (as depicted above) are 
foregone. Without compromising on the actualities of 
technological sophistication, Metazoa Ludens is developed (to 
be added on to the ranks of leisure technology): by 
incorporating human-pet interaction it not only aims to evolve 
the ties and bonds humans share with animals it also aims to 
bring leisure technology to the next level which has positive 
effects on the users and is capable of the betterment of the 
quality of life.   

The next section moves into the various pre-existing works 
on interactive systems (human-pet interaction as well as remote 
interaction) and attempts to position Metazoa Ludens amongst 
them. 

C. Human-Pet Interactive System and Mixed Reality 
Interactive System 

Current human-pet interaction between pet owners and their 
pets mostly involved simple games to the likes of fetch, toying 
with a ball of yarn or chasing squeaky rubber toys; a more 
established tool-based interaction used for training dogs known 
as clicker training [20] uses a click sound made just before a 
treat is given. This is used to condition dogs into understanding 
that whenever a click sound is heard a treat would not be far 
away. This is subsequently used to encourage desirable 
behaviors from the pet dogs by clicking whenever wanted 
behaviors are performed. Nonetheless all these game plays with 
pets are simple and do not utilize the enriching experience that 
sophisticated high-tech de-vices like video game systems 
(Xbox, Playstation) are capable of giving.  
Alternatively sophisticated works done on human-pet 
interaction mostly involve non-living electronic/virtual pets 
like AIBO [21], Tamagotchis [22] and Furby [23] which have 
been created to augment the human-pet interaction process by 
making use of technological devices to give a more enriching 
experience. Other uses of such robotic pets have been 
developed like Sekiguchi [24] who introduced a robotic teddy 
bear for interpersonal communication and Druin [25] who 
proposed a robot animal that is capable of telling stories to 
children. 

In addition even though it was found out that robotic pets 
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like AIBO are capable of providing the elderly with   
physiological, emotional and cognitive relief, the 
companionship is still not the same as that shared by human and 
real pets [26]. 

 
Fig.1. Poultry.Internet: a remote human-pet haptic interactive system. See Color 

Plate 16. 
 

All in all it can be seen that despite robotic/virtual pets are 
able to reach a certain level of likeness to real pets they are still 
not capable of totally replacing a real live pet companion. The 
complex interaction between live pets and human owners go far 
beyond what can be achieved by programming bits and bytes. 
Hence there is a need to create a breakthrough system such as 
Metazoa Ludens that is capable of greatly enhancing the 
interactivity between pet and their human owners. 

As mentioned previously the advancement of the modern 
world has brought pet owners away from their homes, spending 
hours at work either in office or overseas business trips away 
from their pets. This uncovered the need to incorporate mixed 
reality interactivity into the human-pet interaction system. 
Related mixed reality interaction systems include Human 
Pacman [27] and Can You See Me Now [28] which using 
mixed reality techniques provides a pervasive gaming 
environment linking players over distances. Sports over 
Distance [29] were developed as extension to tangible user 
interface called exertion interface and was used for remote 
physical interaction and communication through sports play. 
Such systems describe a bidirectional way for remote 
interaction and pervasive game-play; nonetheless these systems 
only take human-human interactions into consideration without 
consideration of human-pet inter-actions. 

Poultry.Internet [12] on the other hand is developed for 
remote human-pet (chicken in this case) interactions through 
the Internet (see Fig. 1.). Pet owners can pat their pet chicken 
while away in office or business trips through the Internet via a 
pet jacket which the pet chicken is wearing. This is the first ever 
known remote haptic human-pet interaction ever done. 
Building upon Poultry.Internet, Metazoa Ludens extends and 
augments this by allowing pet owners to interact with their pets 
via playing computer games (either locally or remotely) with 
them. 

Hence it can be seen that Metazoa Ludens filled in the niche 
which has been lacking, to provide a way to interact with our 
live pets, locally or remotely, by playing games with them 
while making use of high-technological advancements to create 
a computer gaming environment so as to augment and enhance 
such interactivity. 

Having explored the current technical situation related to 
Metazoa Ludens the next section moves on to explore and 
understand the situation from a pet’s perspective so as to create 
an environment most suitable for the pets’ well being. 

D.  Pets behaviour 

Metazoa Ludens was conceived with an aim of evolving the 
ties and bonds humans share with pets; by incorporating latest 
technological advancement Metazoa Ludens aims to pave way 
for a revolutionary manner for human-pet interaction in the 
name of leisure technology. Hence in addition to innovative use 
of technology pets’ behaviour must be understood to prevent a 
situation whereby instead of empowering the pets they get 
caught up in a compromised situation. 

Pets need love and care from their owners [11] as well as a 
good dose of exercise with suitable diet to ensure healthy living 
[30]. Metazoa Ludens by providing a way to interact with pets 
locally or remotely is capable of allowing owners to shower 
their pets with attention; in addition the element of exercise 
may be incorporated into the system to add yet another 
beneficial feature for the pets. 

In exploring the use of exercise for the pets, the pets may not 
be motivated to exercise or even understand the need to for it. 
Positive reinforcement onto the pets upon them performing a 
desirable action (better known as operant condition [31]) may 
be used. Due to the powers of operant conditioning it forms the 
basis for multimillion dollars based business for training 
animals for movies and shows [32]. It has also been used to 
identify what animals “like” and what they “do not like” [33]. 

Conclusively besides being a system which allows humans 
to interact with their pets in an innovative way, Metazoa 
Ludens should incorporate beneficial aspects (such as exercises) 
to the pets with a built-in method of positive reinforcement, to 
motivate the pets into performing positive behaviors. 

 

III. METAZOA LUDENS 

A. System Overview 

The overall system is discussed first to give a clear overview 
before diving into the intimate details which make up the 
system. 

As shown in Fig. 2, in the real world within the tank of the 
system, the pet (hamster in this case) chases after a physical 
movable bait on a moldable surface area. The movement of the 
hamster is then translated into the movement of a pet avatar in 
the virtual gaming space which is shared by the pet owner. The 
pet owner controls the movement of a human avatar in the 
virtual gaming world, which is actually controlling the 
movement of the physical bait in the real world. Thus, this loop 
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enables the merging of two realities, both pet owner’s reality 
and the pet’s reality, either locally or remotely via Metazoa 
Ludens system. 

The physical structure itself has an area of 0.8m by 0.8m and 
is 1.5m in height. Inside the structure an infra-red camera is 
placed at the top for tracking of the pets’ movements above a 
mechanical driven arm that makes up the movable bait. The 
surface which the pets scamper upon is a highly moldable latex 
sheet molded by sixteen actuators (electric motor driven) 
placed directly beneath them.   

 
Fig. 2.  Overview of Metazoa Ludens. 

 

 
Fig.3.  Infrared camera tracking system. See Color Plate 17. 

 

B.  System  

The game-play for the pets occurs within a tank in the 
structure of the system. As the pet moves on the surface its 
movements are tracked using infra-red camera tracking system 

(see Fig. 3) and translated into virtual reality coordinates for the 
pet avatar. This allows a real-time update of the pet avatar’s 
movement in the virtual game world in correspondence to the 
actual movements of the pet. 

 
Fig.4. Moldable surface which corresponds to the changing terrain in the virtual 

world. 
 

 
Fig.5.  Mechanical actuators below the moldable surface. 

 
The moldable surface in which the pets run upon 

corresponds to the changing terrain in the virtual world (see Fig. 
4). This is achieved using a highly elastic latex surface 
stretched over mechanical actuators driven by electric motors 
(see Fig. 5). Data from the system are sent to the motor 
controllers through wireless Bluetooth technology which then 
cause movements of the individual actuators under various 
points of the latex surface. This same data is simultaneous used 
by the system to update the terrain within the virtual world in 
order to create a corresponding landscape for the game-play. 
The pet owner controls a human avatar within the virtual world, 
flying across the changing terrain and escaping from the pet 
avatar (see Fig. 6). The system will take this input from the pet 
owner to not only update the human avatar in the virtual world 
in real-time but update the position of the real movable bait in 
the tank (see Fig. 7). This input is transmitted from the system 
wirelessly using Bluetooth technology to the motor controller 
of the mechanical sliders for the movable bait. The movable 
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bait will then move accordingly as controlled. 

 
Fig. 6.  Human avatar escaping from pet avatar. See Color Plate 18. 

 

 
Fig. 7.  Movable bait in the tank, corresponding to the human avatar movement 

in virtual world. See Color Plate 19. 
 

IV. FUTURE WORK 
A pilot test could be conducted to test the system and the use 

of pets with the system in order to identify any requirements for 
modifications and adjustments to the system. The well being of 
hamsters may be measured using a body condition score (BCS) 
[30]. This will allow the analysis of the system with respect to 
the hamsters’ welfare and com-fort level with regards to using 
the game. In addition user survey may be carried out to evaluate 
Metazoa Ludens sys-tem as a game by breaking down the 
system using features as described by Game Flow model [34] 
(which in turn is based on Csikszentmihalyi’s FLOW theory). 
This will allow evaluation of the pet owners’ enjoyment in the 
game.  

Other possible computer games with pets may be made 
possible, like Jellyfish Trone whereby the movements of the 
jellyfish may correspond to that of the worm/snake in the 
Trone-like game environment and Chicken Pacman whereby 
movements of real chicken walking in a real maze corresponds 
to the movements of the ghost in the virtual world chasing after 
the pacman controlled by a human player. This would allow 

varied human-pet interactions with different types of pets 
enhanced by technology. 

 

V. CONCLUSIONS 
The apparent implication for this work would be a novel way 

for pet owners to interact with their pets through com-puter 
game-play. It is expected that the work of this project shall kick 
start an entire new field for both pets and humans within the 
realms of gaming, media and leisure technology. There are no 
other examples with computer games being created for play 
between pet owners and their pets. Thereby, this project would 
create a whole new area for exploration for human-pet 
interaction and leisure technology.  
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