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Gravity prescribes a very specific maxim for the built environment represented by
the horizontal layer cake we are all so familiar with. This is contrasted by designs
such as the International Space Station where no floor is present and every
surface provides some function whether storage, data display and
instrumentation or biological support infrastructure. Because of the homogeneity
of approach to each surface an astronaut requires literal markers to orient
oneself within the vessel. Very seldom within the natural, earth-bound
environment does one find oneself in a situation where "up" is a questionable
vector. What happens when architecture is translated to the virtual. What is the
role of the architect or of his or her architecture in a virtual universe. Would a
virtual architecture itself not become a social engine, its social context being that
of online gaming, crowdfunding and social media? This engine's main role being
the creation of architecturally inspiring gathering spaces for learning, playing
and community building.
Keywords: Spatial Memory, Virtual Reality, Immersive, Quantified Self,
Egocentric, Gaming

GRAVITY
Architecture and even the majority of traditional
gaming environments share a common constraint that is the datum of the horizon. This datum is understood functionally as the surface upon which we
stand, the ﬂoor. Gravity binds us to our singular plane
of existence and only in the virtual world are we free
of its grasp to explore concepts such as inversion,
weightlessness and buoyancy outside of planetary
orbit or a swimming pool.

Gravity prescribes a very speciﬁc maxim for the
built environment represented by the horizontal
layer cake we are all so familiar with. This is contrasted by designs such as the International Space
Station where no ﬂoor is present and every surface
provides some function whether storage, data display and instrumentation or biological support infrastructure. Because of the homogeneity of approach to each surface an astronaut requires literal
markers to orient oneself within the vessel. Very sel-
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dom within the natural, earth-bound environment
does one ﬁnd oneself in a situation where "up" is a
questionable vector. To train for this astronauts practice in a life size replica submerged in a 6.2 million gallon pool at the Neutral Buoyancy Laboratory at the
Johnson Space Center in Houston, Texas.

In the brain, the hippocampus is known to play a critical role in how we navigate and remember space.
With the discovery of place cells and grid cells, there
is a direct relationship between neurons in our hippocampus and a physical location within an environment. The most popular test to study spatial
memory is an experiment known as the Morris Water
Maze. Since its introduction in 1984 the Morris Water Maze has been the gold standard in spatial memory experimentation with rodents. In the experiment
the rodent must ﬁnd a hidden platform in a pool of
opaque water using spatial cues placed around the
pool. Eventually, using a spatial strategy, the animal
is able to ﬁnd the location of the platform regardless
of the start location. This task has been shown to be
highly dependent on the hippocampus.
While an experiment of this simplicity works
quite well to understand the hippocampal response
in rodents applying this to humans is no easy task.
The standard laboratory rodent lives in an extremely
controlled environment and has a limited number of
experiences. Humans, on the other hand, are con-
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stantly being placed into environments and therefore have had many more chances to train their spatial abilities. One medium that constantly taxes our
spatial abilities are video games. Video games do an
exceptional job at introducing a player to a new environment and because of its virtual nature, that environment may be so foreign to the player that it acts
as the water maze does to the rat. Flight simulators
are especially good for this as there is no tether to
the horizontal datum as previously discussed. Of all
the contemporary video games available, few do as
good a job at getting a player lost in a three dimensional void as Warframe: Archwing. In this third person shooter, players control their avatars through the
vastness of space to discover and unlock information
and then defend that information from enemies that
not only come from behind, but above and below as
well.
In addition to negotiating x y z axis and the apparent feature of weightlessness, there is a certain
mental state aﬀorded by a buoyant, low gravity environment. Jumping, a favorite activity of many outside the virtual world is also the basis of many of the
earliest virtual games. Platformers such as the early
Mario Bros. require series of perfectly timed leaps to
navigate a vertical maze ﬁlled with all sorts of things
trying to kill you. Flash forward to any modern ﬁrstperson action game and you will ﬁnd that the obsession with jumping is not lost. As Tom Chatﬁeld
states in his book, Fun, Inc., there's something about
the way we jump in video games that's not quite correct. The jump is a little too eﬀortless and lasts a little
to long. This "right kind of leap" however, must generate a substantial amount of bodies-in-motion pleasure because it appears in nearly every virtual game
available.
At RoTo Lab, we are working on developing a
platform based on the strength of these combined
discoveries to study the hippocampal response humans experience while playing such a game in virtual reality. Our research design focuses on developing a virtual, buoyant and ﬂoorless environment
where participants must ﬁnd a goal location in three-

Figure 1
Translation of 2D
Morris maze for rats
to 3D Morris maze
for Humans.

dimensional (x-,y-,z-) space. Without the constraint
of gravity for perceptual feedback, participants must
rely heavily on both allocentric spatial cues to orient
themselves in space, in terms of position and rotation
values, and in relation to surrounding environmental features. We are interested in using eye tracking
methodologies to assess navigational attention and
explore the most salient spatial cues. In the next several pages we oﬀer the following categories as a point
of departure to speculate the future nexus of architecture, neuroscience and gaming for the purpose of
building better futures for humanity.

ENRICHED ENVIRONMENTS
An enriched environment is a simple manipulation
where rodents are placed in a larger and more stimulating environment than the standard caging conditions. Interestingly, this simple exposure leads to
robust increases in neuroplasticity in the hippocampus and hippocampus dependent behavior. These
changes in neuroplasticity are correlated to spatial
activity in environments that present some challenge
to its inhabitant. This concept has drastic implications in the ﬁeld of architecture as a thorough understanding of neuroplasticity in relation to its spatial context may mean that architecture itself has the
ability to make more intelligent, more mindful occupants.
Creating a brain-aware architecture is not a new
idea. In fact, it has be done for centuries. When considering an architecture for brain health ample light,
a connection to nature and enough detail to provide
a sense of position and orientation although not so
much as to become chaotic are all that is required.
To push architecture to a point of positively aﬀecting its occupants at a neurological level takes these
environments beyond that which a non-virtual architecture can supply. To do this we must look towards
the hybridization of the virtual and the non-virtual
through responsive design, continuing the augmentation of the non-virtual environment and the architecturalization of the virtual.
This goal is at the very core of RoTo Lab's de-

sign principles -- seeking to create enchanted spaces
through appropriation of game and brain mechanics
and technology. These enchanted spaces are based
on hybrid reality environments (enchanted spaces
are both virtual and non-virtual), character driven infrastructure and egocentric, body/mind-aware feedback loops.

Hybrid Realities
In the current tech space there is a lot of speculation
surrounding the role of virtual and augmented reality technologies as the next, greatest technological
achievement. What we have yet to see outside of an
exposition at CES or SIGGRAPH is a non-virtual environment that responds to the virtual environment
at an architectural scale. In these hybrid realities elements of augmented and virtual reality mix within
a non-virtual space speciﬁcally tailored to blur the
virtual and the visceral. Supporting cognitive development through incremental, games-based learning, these realities serve as levels allowing the user to
"level up" across a horizontal playing ﬁeld. This may
be done either alone or in teams through correctly
navigating their bodies through space both virtual
and non-virtually using motion capture and avateering technologies to simultaneously juxtapose matter
and light.
Until this happens the virtual environment is
largely dictated by the two-dimensional plane. At
that point however we will begin seeing an architecturalization of the virtual through the transfer of
knowledge from our shared experience of evolution
through a three-dimensional world. We will begin
building virtual worlds that observe both the importance of spatial integrity and mental health through
the introduction of virtual adventures that are good
for the brain by strengthening the hippocampus and
decreasing dependence on repetition and memorization.
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Character Driven Infrastructures
In order to complete a task in the majority of online
role-playing games today, a speciﬁc cast of characters must be enlisted. In the vast majority of cases
this cast can be categorized by the Bartle System of
killers, achievers, explorers and socializers. While Bartle's system only lists four personality types, combinations of these are known to make up the onehundred and twelve heroes in Defense of the Ancients
2 (DOTA 2). This is one of the key elements in an enriched environment. The character as agent system
for the controlling of computational hordes leads
to very speciﬁc spatial relationships, both between
players and other players and players and the world
or map upon which they compete.
Take, for example the role of "carry" in a
Multiplayer-Online-Battle-Arena or MOBA games
such as DOTA 2 or League of Legends. The carry is
called such because if it is able to survive into later
part of the match, farming kills to build experience
points and leveling up, it will be able to "carry" its
team to victory in the late game. But there are numerous types of carry characters. Carries vary, some
more passive or more aggressive than others and
each occupying a very diﬀerent position and strategy
on the map. It is in this speciﬁc genre of game design
that we see a dedicated character role to space relationship that is seldom found in the games universe.
In the mid to late game one will often observe the
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carry player entering the battle with his or her teammates only to leave the battle once its main ability
is used. This allows the carry to let its main ability
recharge while still earning points for his or her team
by farming kills between skirmishes.
Another character type, the "support" hero may
take any number of forms from healer to disabler
(healing its teammates or disabling its opponents).
Prior to every match a team, or Guild, must ensure
it has the correct support classes to match its carry
classes for the choreography that will follow. Every
match is much like a dance between heroes with support classes protecting carry classes until they gain
their strength then carry classes defending support
classes until victory. Guild members must predict
movement, synchronize attacks and balance the personalities of every player's character throughout the
game.
These games based character structures are already ﬁnding their way into business development
and operations. As literary motifs, they surely
have potential to stimulate social and emotional responses; however as motifs of enriched spatial environments, characterization begs aﬀordances of gesture and movement, In other words, characterization
calls for complex spatial requirements that determine
types of interactions in the non-virtual realm. At Roto
Lab, we are investigating both the neural and architectural basis of spatial action in virtual spaces and
non-virtual spaces.

Figure 2
Character Driven
Program
Explorations

Figure 3
"Second Studio"
brings a
brain-aware virtual
reality design
environment to the
classroom.

Body / Mind-Aware Feedback Loops
One of the arenas where we see the intersection of
neuroscience and architecture is in the realm of designing for neurogaming with implications the Quantiﬁed Self (QS). Neurogaming, a new approach to the
games for health industry is poised to take advantage of digital health technology as it relies on the input of body/mind metrics to control virtual environments. While the use of technology is currently being
dominated by the clinical rather than the entertainment industries the number of possible applications
is immense. Consider for a moment the opportunity
for a games-inspired, virtual workﬂow platform connected with QS metrics to understand attention level
and mitigate stamina exactly as it would in a ﬁrstperson action game? Enchanting spaces through QS
and a body/mind-aware feedback loop allows for the
creation of enriched environments that not only mitigates existing psychological conditions but actually
improve the body/brain health of its occupants.
Figure 4
Hybrid-Reality,
virtual and
non-virtual overlap.
Credit: SCI-Arc
Robot House and
Brennen Huller

THIRD SKIN
Liquid Architecture, a term coined by architect Marcos
Novak, refers to an architecture that is animistic, animated and metamorphic. Animism, the belief that
all things have a spirit guiding them, is the important theme here. This spirit embodies all of what
has been previously discussed. An architecture, that
is our third skin, that is enchanted with elements of
game mechanics and technologies and an extreme
attention to the operations of the brain and brain
health cannot help but be a hybrid reality, enriched

environment. This is a virtual architecture, operating
in real-time in which the occupants, not the surfaces
of the structure itself are the interface.

The Social Engine
Architecture is an inherently social enterprise. Everything from the design and construction to the use
and inhabitation of architecture relies on an established social model. While the process of architecture
is social the product is rarely so. Building is increasingly about keeping people out rather than bringing people together. What then happens when architecture is translated to the virtual. What is the
role of the architect or of his or her architecture in
a virtual universe. Would a virtual architecture itself
not become a social engine, its social context being
that of online gaming, crowdfunding and social media. This engine's main role being the creation of architecturally inspiring gathering spaces for learning,
playing and community building. Enchanted spaces
designed to increase intelligence and improve brain
health. What then of the virtual architect? Would
he or she not be as agents of their non-virtual counterparts -- taking on the role of one character or another based on his or her needs and skills? And how
would these agents interface with their non-virtual
partners? Surely a model built upon the quantiﬁed
self framework allowing the agents to learn from and
imitate their hosts until developing a personal understanding of their work and thus beginning to act of
their own free will. Their's is a buoyant memory, a
virtual memory inﬂuenced by but not constrained to
our dependency on the physical. They are thereby
free to inform the physical in turn.
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