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ABSTRACT
Virtual reality is a useful tool that continues to be utilized
across many fields. However there are inherent limitations
because of the fact that all experience and interaction are
purely virtual. A single user is immersed within virtual re-
ality to gain experience alone, unable to be observed by an-
other unless they have access to the virtual world as well.
The XIM is a machine that is in mixed reality and there-
fore not bound by these limitations. This medium allows
interaction to one or more users and observation by outside
parties, opening up new possibilities that were not possible
in virtual reality alone.
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1. INTRODUCTION
In 1962 the world saw its first immersive, multi-sensory

system when Morton Heilig presented his prototype of a sen-
sory simulator, the Sensorama. It displayed pre-recorded
footage with other small touches, such as a fan to gener-
ate wind, to simulate a motorcycle ride through New York.
Some years later in the 1970s, these multi-sensory systems
had advanced significantly into true virtual reality systems,
immersive systems that are computer generated, with some
of the more sophisticated ones being that of flight simula-
tors in the military. These flight simulators had computer-
generated graphics in order to create the virtual environment
for a pilot to navigate. By the 1980s, virtual systems had
advanced to the point where a virtual workspace could be
interacted with by a user moving their hand position. By
the 1990s, computational ability had increased while the size
of computers continued to decrease to the point where vir-
tual interaction became widespread for practical means in
areas such as education, medicine, industry, military train-
ing and entertainment. Since the beginning of virtual reality,
with Heilig creating his Sensorama, to now, virtual reality
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has advanced tremendously with modern applications being
widespread and largely beneficial.

One drawback of virtual reality in the modern day is that
it requires immersion of one’s senses within a virtual system,
during which the user can only be observed by an outside
party either in the real world or digital world at any one
time. This also limits the interaction to only a single user per
set of equipment, as any additional users would have to have
a separate means of viewing and interaction. For the use by
multiple parties, or to properly observe the user(s), a system
would have to retain the element of direct interaction while
changing how the virtual world is represented and viewed.
This would dictate that the system must be a mixed reality
system, a “hybrid” of the real world and virtual reality, that
exhibits properties of each. A mixed reality system would
allow for users to have a digitally immersed perception, be
able to be observed in the virtual environment in which they
are immersed in, and still retain ability to interact directly
with the digital world.

Figure 1: This view of the eXperience Induction
Machine (XIM) shows where each component of the
machine resides. The sensors are all shown as the
methods of input whereas the output devices consist
of the microphones, floor tiles, and motion sensors.

As one of the most advanced mixed-reality spaces that
currently exists, the eXperience Induction Machine (XIM)
does just this. The XIM is an immersive room in Barcelona,



Spain equipped with various sensors that was initially con-
structed for psychological experimentation in mixed reality.
The combination of multiple sensors packed into as small a
space as possible creates a unique combination of hand ges-
tures, voice commands, and the tracking of the user’s physi-
cal movement throughout the room itself as a means of user
input with an output given through visualization and soni-
fication. Measurements create a virtual version of the user,
known as an “Avatar”, on the XIM’s server, which mirrors
their measured real position and actions. Users are able to
experience the digital world while still exhibiting observable
behavior in an environment that can be varied in the exact
same real environment. The XIM is 4 meters tall and the
floor of pressure sensors covers an area of 5.5 × 5.5 m2.

In the rest of this paper, we will start by providing back-
ground to build an understanding of the terminology in this
paper. We will discuss some historical precursors and tech-
nology that led up to the XIM to build a better understand-
ing of its context, followed by a description of how the ma-
chine itself works. Some research cases will examine some
possible XIM applications along with potential adaptations
for further implementations.

2. BACKGROUND
This section will discuss concepts that are important to

the ideas in this paper. We will address different levels of
reality as well as other central ideas important to the XIM
and interaction.

2.1 Virtual Reality and Mixed Reality
Virtual reality refers to a simulation of presence in an en-

tirely digital world that may represent actual or artificially
created places. This refers to any technology that aims to
represent a world while using sensory inputs which include
virtual representations of the senses. True virtual reality
aims for the real world to be completely blocked out by be-
ing given stimuli that are purely digital, information that is
directly from the virtual world. The XIM does not exclu-
sively take place in virtual reality, though this idea remains
relevant as it has components of virtual reality.

As the name implies, mixed reality is a combination of the
real and virtual worlds in order to produce a sort of mixture
of realities that exhibits some properties of each. Therefore,
to interact in this medium, there are components of both the
digital and physical worlds. While the line between virtual
and mixed reality is not always well defined, mixed reality
involves the augmentation of, or addition into, the already
existing world as opposed to replacing it entirely, such as
the case is with virtual reality.

2.2 Human-Computer Interaction
The field of research that focuses on design and use of in-

terfaces between people and computers is human-computer
interaction (HCI). The goal of this is to let humans interact
with computers in novel ways, sometimes combining vari-
ous interfaces in order to combine interactions unique to the
technology. It is important that technology strives more to-
ward good human-computer interaction. Human-computer
interaction being better means that technology will be used
more quickly and effectively in addition to providing the user
with a better sense of satisfaction, therefore promoting the
medium of usage. At the heart of HCI is improving the us-
ability of a device by more effectively communicating with

it and interpreting the actions of humans.

2.3 Telepresence
Telepresence can be simply defined as the state of one feel-

ing as if they were present at a place other than their actual
location through the usage of technology. Typical usage of
telepresence is that of information travel through a user’s
voice, movements, or other possible actions being transmit-
ted and duplicated. This allows a user to achieve two-way
communication by also receiving information through cam-
eras and microphones. Some practical usage of telepresence
is for meetings or other personal use.

2.4 Client-Server Model
A model of client-server interaction in computing is a

structure which includes a server, which provides the re-
sources or services in question, and a client, the requester of
these resources or services. A server is specified to the type
of client it will be serve; a web server is for web pages and
can provide this service or function for one or many clients.
This model is used for a server to host a program which can
be accessed and interpreted by the client.

3. PRECURSORS
Before XIM existed in its entirety, several other machines

made important steps in mixed reality interaction. One such
machine, RoBoser, is even a part of the XIM.

3.1 RoBoser and Ada the Intelligent
As an important factor in the design behind XIM, Ro-

Boser is one of the preceding machines that led to the in-
terpretation and sonification [2]. RoBoser can be equipped
with a variety of sensors, including a camera and micro-
phone, and has the ability to generate sonic structures with-
out a need for human intervention. It maps a real-world
system, namely whichever one it is present in, by employ-
ing its sensors, then communicates this information to its
composition engine. This information is processed and used
by its sonic generator to provide sound to reflect its expe-
rience; a lighthearted atmosphere may lead to more upbeat
sound. This is important to the XIM because of the tech-
nology used to interpret signals and communicate through
sonification, both of which XIM also possesses. For most
demonstrations so far, RoBoser has been mobilized so that
it can move around rooms and compose music in real time in
response to its environment. The feature of roaming around
is not required though and in the XIM, the same abilities
take place throughout the entirety of the room.

Ada the Intelligent was an interactive environment that
was built to advance research on conscious machines as well
as to initiate public debate on brain-based technology [2].
Ada was equipped with mechanisms for visual, audio, and
tactile input and was given the capability to learn from ex-
perience. For 6 months, the period during which it was
displayed, it could interact with visitors and had graphics,
light and sound to communicate. Ada’s exhibit was not un-
like that of XIM as a large room that was equipped with
sensors to interact with users.

When Ada the Intelligent was presented to the world, it
was in conjunction with RoBoser. The two machines worked
in harmonious cooperation with each other with Ada provid-
ing the environment while RoBoser provided the interactive
sonification. Together they created an experience that is not



dissimilar from XIM today. The original purpose for each
is even similar with Ada being purposed for stimulating de-
bate on brain-based technology while XIM was purposed for
psychological experimentation.

3.2 CAVE
The Cave Automatic Virtual Environment (CAVE) is a

3D immersive virtual, cube-shaped room in which visualiza-
tion is projected on three to six of its interior walls. The user
must wear 3D glasses when in the room for a proper view
of the graphics, but doing so allows for visualization of sim-
ulated virtual objects in complete 3D. The CAVE also has
motion sensors to track user movement and multiple speak-
ers to provide a sense of 3D sound. The motion sensors are
mainly used to track the user and readjust the location of
the graphics so that the user may continue viewing them as
intended. Some modern applications that CAVE provides
are for academic use and machine part prototyping. En-
gineering companies use CAVE in order to examine how a
single part may behave or as much as simulating a factory
layout in order to develop interfaces. The virtual represen-
tation of physical elements is helpful in having a simulation
before creating the actual physical component [5].

CAVE is similar to XIM in that it is an environment in
which the user is able to be detected and have that input
directly affect the virtual environment. However whereas the
CAVE does so mainly to update graphics, the XIM allows
for much more diversity of interactions. Despite being more
limited in most ways however, CAVE was an important step
in interaction with mixed reality and therefore a precursor to
the various subsequent environments that have come after.

4. XIM INFRASTRUCTURE
This section details the infrastructure of the XIM with

regards to physical components and the organizational as-
pects of the system itself. The equipment mainly consists
of devices that allow the taking in of input and projection
of output in the form of displaying the virtual environment.
These are done by various parts of the system communicat-
ing back and forth in order to work in real time.

4.1 Equipment
The XIM is made up of various pieces of equipment in-

cluding the sensors and displays as shown in Figure 1. The
input consists of pressure sensors on the floor to detect lo-
cation, motion sensors to detect gestures, microphones to
detect sound, and other various cameras and sensors to de-
tect appearance and other motions. The output includes
video projectors which display images on multiple screens
and speakers to project sound. Together, this equipment
creates a fully immersive experience which allows all mo-
tion, movement, and sound to be detected in tandem with
reacting to these inputs to affect and modify the visuals and
sound for whatever program may be running.

4.2 VR Server and Avatars
The virtual reality server is a part of the system architec-

ture that embodies inputs through interactions and creates
the virtual counterparts. This server is the actual implemen-
tation of the virtual world which includes users and even a
virtual version of the physical floor, full of interactive floor
sensors. A user will have information about their position
and identity sent to the VR server by the multimodal track-

ing system. Outside users are also able to connect to the
XIM VR server remotely, which returns a virtual represen-
tation of the user via an“Avatar” in the virtual environment.
This Avatar is created regardless of the user’s method of con-
nection but stores more information in the case of actually
present users, mainly what the sensors are picking up. This
visitor information is sent to the database VisitorDB, which
stores it also regardless of whether the user is connected re-
motely or is immediately present on the local server. The
VR clients are connected to two video projectors within the
physical machine and render different viewing angles to dis-
play these user Avatars in the virtual environment [2].

5. METHODS
To illustrate some of the more practical applications of

the XIM, this section will cover some studies that have been
done with it. The original purposing of it was for scien-
tific investigation of mental processes and behavior, but the
system has the potential for other applications.

5.1 Spatial Learning
One such experiment in which mental processes were em-

pirically investigated was a spatial learning study, conducted
by using the XIM [3]. The goal of the study was to assess
how guided versus free movement navigation affects spatial
memory, or memory pertaining to one’s environment. The
XIM is a suitable means for which this type of experiment
can be done as it can replicate environments in which a sub-
ject may interact with a chosen setting.

10 subjects participated in the experiment and split up
into 2 equal groups, 1 group to use guided navigation and
the other to use free movement. There were 4 simple rooms,
labeled A, B, C and D, belonging to a single house as the
space to be navigated through. Each room had various de-
tails including lamps, tables, chairs, and other various house-
hold items as well as a unique wallpaper. These are what the
subject would be tested on, remembering them once navi-
gating through the virtual house shown in Figure 2. The 4
rooms are all connected in a square with a blue light on a
single tile below where each door would be, stepping on this
illuminated tile triggers the door and consequently changes
the scenery to the corresponding room. For free navigation,
the subject may roam freely within the room and traverse to
another virtual room by triggering the door tile. For guided
navigation, the subject is automatically guided through each
room, beginning in room A and ending in room D, without
any choice by the room itself changing to the next after a
set amount of time. Each option lasted for 400 seconds with
guided navigation taking place for 90 seconds in each room
with 10 second transitions after each. After the experiment,
each subject is given a printed 2D map of the house and sep-
arate printed 2D versions of each of the features contained
within the house. The subject was then asked to place these
features on the map in the correct places.

After completing this experiment, it was found that sub-
jects who underwent the guided navigation received a higher
spatial score. The guided navigation testing had a mean
score only slightly higher than the mean score of the free
navigation testing. Although this shows that guided navi-
gation seems to be the favorable condition for spatial mem-
ory, the results were found to not be statistically significant
overall. This suggests that despite guided navigation seem-
ing preferable, the type of navigation does not significantly



affect spatial memory.

Figure 2: A view of the house from above in vir-
tual reality. In real life, only one of these rooms is
portrayed in its entirety at a given time.

5.2 Data Representation
There has been some experimentation done with the XIM

as a means to represent complicated or large sets of data
such as those of neural networks. In one such experiment,
it was compared to a more standard software to provide
visualization of large amounts of neural networks [4].

The experiment was conducted on 20 graduate students
to test the XIM against a state of the art software, the Con-
nectome Viewer. This software is capable of multi-scale neu-
roimaging and provides network datasets to develop a bet-
ter understanding of neural maps. All students participating
were selected due to successfully passing the course“Systems
Design, Integration and Control” from which they gained
first-hand experience in manipulating neural networks. Par-
ticipants were divided into 2 groups of 10, one for the XIM
and one for the Connectome Viewer, and were asked to ex-
plore the human cortex dataset provided. Structural under-
standing of the dataset presented by each of the two methods
was subsequently tested via administration of a question-
naire as well as the subjects’ visual memory of the dataset
by drawing the structure. The questionnaire consisted of 6
questions with the scoring being 1 point scored for a correct
answer and 0 points scored for an incorrect answer.

For the structural understanding portion, the participants
who used the Connectome Viewer had a mean score of 2.80
± 1.62 standard deviation while the XIM had a mean score
of 4.30 ± 0.95 as shown in Figure 3. The p-value for this data
is 0.024 which means that we can reject the null hypothesis.
A null hypothesis in general refers to a general statement in
which there is no relationship between the two sets of data.
If a p-value is less than 0.05, or a 5% significance level,
it suggests that the observed data are inconsistent with the
assumption that the null hypothesis is true. This hypothesis
must therefore be rejected and we know that the difference
between the data is more extreme, or a significant difference.

The visual understanding test, in which the subjects were
asked to duplicate the structure via drawing, was scored by
giving participants a score from 1 to 5 based on sketching
the structure they saw with as much detail and information
as they could remember. The visual test concluded with
participants using the Connectome Viewer scoring a mean
of 1.5 ± 0.97 standard deviation while the participants using
the XIM scored a mean of 2.5 ± 0.7 standard deviation. The
results of this conclusively favored the XIM system as it
allowed for users to have a 3D representation of the data. In
addition, the XIM also made interaction and manipulation
of the presented data much more manageable and intuitive
for the user, as shown in Figure 4.

Figure 3: This bar chart represents the difference in
structural score between the XIM system and the
Connectome Viewer Toolkit. The p-value for this
chart is 0.024, rejecting the null hypothesis to show
the difference is statistically significant.

5.3 Presence and Experience
As a part of virtual and mixed reality environments, there

is the question of user experience and their sense of presence.
An experiment [1] attempted to break ground on these con-
cepts with regards to the XIM to gain insight on how to
quantify presence in a virtual system, as is the general goal
of telepresence research. The researchers’ goal was to de-
termine whether employing more objective measures would
allow them to externalize their internal states, thereby giv-
ing a better idea of presence within the XIM.

There were 18 subjects that took part in the experiment,
6 females and 12 males of mean age 30 ± 5 standard devi-
ation. This experiment employed the use of Autodemo - a
virtual, educational tour guide within the XIM that explains
the components and properties of the XIM. The Autodemo
is 9min 30s and consists of four stages: “sleep”, “welcome”,
“inside story”and“outside story”. An Avatar acts as the vir-
tual guide and leads participants through the story by giv-
ing factual information about the XIM with a pre-recorded



voice. The process begins with subjects entering during the
“sleep” step during which the floor displays a blue wave ani-
mation, the walls of the XIM are black, and there is a sleep
composition being played. Once a subject enters, this ends
and the “welcome” stage initiates with a brief welcome cer-
emony. The virtual guide then appears, marking the start
of the “inside story” step and points to every instrument in
the space, explaining each one and what it does while they
are respectively illuminated. Then a brief game is played
called “Energy” in which the movement speed of the sub-
jects is rewarded with a corresponding level of sound and
light compositions. The point of this game is to encour-
age interaction within the space. Next comes the “outside
story”; the walls light up and each user is represented in the
virtual space by an avatar. The whole space moves through
the virtual world to suggest a sense of space and depth to
the subjects. The end is signaled by the users playing “soc-
cer” which is almost identical to one of the earliest arcade
video games, “pong”. The position of the ball and paddles
are represented by floor panels lighting up with a paddle
being controlled by an individual standing on a panel.

Tests were administered afterwards for user experience
and Autodemo recall. User experience was assessed using
a questionnaire that measured the sense of physical space,
engagement, ecological validity, and negative effects. This
questionnaire was given as 44 statements that each subject
was asked to respond to with a 5-point Likert scale, 1 be-
ing “strongly disagree” and 5 being “strongly agree”. The
Autodemo recall test was administered in the form of 10
questions with 3 choices, 2 quantitative open questions from
the “inside story” stage, a question on how they perceived
the emotional state of the avatar guide, a question asking the
guessed duration of the Autodemo, and a request to draw
the position of each XIM instrument within a cube. The
subjects scored a mean of 6 ± 2 out of 11 factual questions
correct with one participant’s results being excluded after
he got only 1 question right and was assumed to not have
actively participated in the experiment. The mean ratings
for the user experience test were as follows: 2.8 for physical
space, 3.3 for engagement, 2.3 for ecological validity, and
1.7 for negative effects. These results for user experience
were compared to the results taken from other media expe-
rience experiments that employed the same test and it was
found that the sense of physical space was similar to that of
IMAX 2D and computer game environments but less than
IMAX 3D [6]. It was also found that there was a positive
correlation between presence engagement and factual recall.

6. RESULTS
This section discusses how the results to these experiments

gives us both hard evidence of what the XIM can do as well
as an idea of how users interact with it.

6.1 Spatial Learning
Despite the lack of statistical significance between free and

guided navigation in this experiment, there is still much to
be observed. The XIM provides a customizable setting that
researchers can modify to their specific needs. It would be
possible to conduct this same study in a real house but it
would be much less convenient and the nature of setting
less volatile. This opens up many new possibilities for re-
search and experimental opportunities that would otherwise
be much less convenient, or even not possible. The sheer

amount of equipment opens up the possibility of an immer-
sive environment which is ideal for the immersion and ex-
amination of a test subject.

Figure 4: This illustration shows a subject in the
XIM, manipulating neural data. Screens on each
side give a 3D visualization of the selected dataset
while hand gestures allow for interaction.

6.2 Data Representation
The data representation experiment shows promise for the

XIM to be used for other applications including academic
or for research. This is an example of how it can be used
academically to develop a general understanding of vast or
complicated sets of data. The usability and comprehension
of presented data is strong and applied in a way that is gen-
erally convenient. If it is the case that the XIM is a stronger
system for human usage than state of the art software in
some fields, it definitely has foreseeable application. It also
has distinct advantages as it does immerse the user to sup-
ply a much better perspective of information that is more
sophisticated in visual display. If the 3D visualization of
neural maps is better than that of a PC, it follows that it
could also give a better display of other digital objects.

6.3 Presence and Experience
After the administration of various tests and measuring

the results, there is some conclusive evidence on user expe-
rience and sense of telepresence within the XIM. The mean
score of answering factual questions about the XIM being
6 out of 11 indicates that the presumably new experience
was not too distracting for retention of information, perhaps
maybe even the opposite [1]. The user experience score aver-
aged 2.8 for physical space, similar to that of IMAX 2D and
computer game environments, but the engagement score also
averaged similar to that of a computer game environment
[6]. We can conclude from this data that users are capable
of feeling ample simulation, while not feeling as telepresent
as for the IMAX 3D, but also feel engaged similar to a video
game and retain information.

7. POTENTIAL ADAPTATIONS
This section discusses the XIM’s potential for forward mo-

tion in application. There has been more recent experimen-



tation done in order to use it for its intended design, psy-
chological investigation of human behavior. However, the
future holds more in store with a framework that gives a
better ability to perform investigation.

7.1 XIM-Engine Framework
Being able to develop multimodal interpretation of human-

machine interaction will become increasingly important with
further exploration into the realm of mixed reality. The
XIM-Engine is a software framework that has been devel-
oped as a result of this as it allows for the capturing and
interpreting of human behavior for the XIM [7]. This was
done by using the theory of Distributed Adaptive Control
(DAC) cognitive architecture as the design foundation. DAC
defines the inputs and outputs of a system to regulate de-
cisions and infer unconscious process from signatures of im-
plicit signals. A loop of communication is created in which
the XIM tries to accelerate achieving the user’s goal based
on these signals. Some of the methods used include an eye
tracker, sensing shirt, sensing glove, and depth sensor which
take a variety of measurements such as pupil size, fixation,
heart rate, and gestures.

This is a significant component for the future of the XIM
because it allows for the furthering of human interaction
with mixed reality. Modern day analysis of complex datasets
is becoming increasingly complicated as the volume of data
increases which make a framework like this important to
supplement it. As we are human, the nature of our own
interaction should be an integral part of the design. With
the XIM-Engine, we can use vast amounts of collected data
which is then interpreted and integrated into the behavior
of the XIM. Because this is a software framework, this also
means that it opens up possibilities for new experimentation
and research to be done in this field.

8. CONCLUSIONS
Examining the eXperience Induction Machine in its en-

tirety reveals what it excels at and what it perhaps does
not. As a mixed reality machine it has the capability to
allow users to directly interact with the virtual world by
performing physical actions. Although not complete virtual
reality, XIM existing as a mixed reality machine is more
practical for applications that are not possible through vir-
tual immersion. Interaction can be achieved more easily, as
it requires no additional hardware peripherals, and is more
intuitive, as the controls requires less training.

As one of the original design purposes was to study hu-
man beings in an environment, various studies have been
conducted since. The environment may lack physical com-
ponents outside of the machine itself, but this can be used
as an advantage since it gives researchers complete control
to change the nature of the environment with the XIM. In
psychological research, the XIM is an invaluable tool be-
cause of this; a subject can be observed in a customizable
environment. In addition, the physical subject can then be
observed in physical reality by all present parties despite
being in a virtual setting, giving observers or researchers a
much better perspective of the whole picture. This allows
for easier testing of variables as well; the experiment takes
place in a world that is subject to change through the simple
manipulation of a computer peripheral.

Other experimentation and discussion suggests that the
XIM may not be limited to its usefulness to research. Show-

ing that visualization, usability, and comprehension of 3D
objects is superior to alternative methods opens up many
new possibilities. It also brings us back to concepts from
human-computer interaction; the XIM is intuitive to use,
versatile, and promotes better comprehension. The sensors
that the machine has pick up simple hand motions, move-
ments, and sound permit a high degree of interaction. This
suggests that in addition to research, the interface design
holds merit on its own. If this mixed reality environment
is explicitly preferable to the traditional desktop computer
for some applications, it could mean a paradigm shift for
information technology.
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