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Figure 1: An early prototype of the Tenome subproject, showcasing one of hand-based interaction methods available.

ABSTRACT

In this short paper, the PhD candidate Mikel Salazar presents
his research project aimed towards the construction of a Human-
Computer Interaction (HCI) paradigm that takes advantage of the
Augmented Reality (AR) capabilities of current mobile devices to
create a Three-dimensional User Interfaces (3DUIs) integrated in
the real world.

The document discusses the evolution and limitations of the
present HCI paradigms while analysing the new research directions.
Later, the author describes his current research, stating the main hy-
pothesis, objectives and completion planning, while also detailing
the methodology and the subprojects currently in development.

Index Terms:
H.5.1 [Information Interfaces and Presentation]: Multimedia Infor-
mation Systems—Artificial, augmented, and virtual realities;
H.5.2 [Information Interfaces and Presentation]: User Interfaces—
Interaction styles;
H.1.2 [Models and Principles]: User/Machine Systems—Human
Factors;
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1 INTRODUCTION

In recent years, there have been many changes in the ways of in-
teraction with computer systems. The new advancements in multi-
touch, movement and light sensors have open a new range of possi-
bilities for Human-Computer Interaction (HCI) and many applica-
tions have taken advantage of this input data to create more immer-
sive and natural user experiences. However, the potential of many
of those technologies have been vastly underused (to the point of
almost being considered mere “gimmicks”). Regrettably, that is the
case of the most promising of them all, Augmented Reality (AR).

Against this background, the PhD candidate Mikel Salazar
presents a novel research work that aims to construct a complete
HCI Paradigm for Augmented Reality Systems. A novel set of in-
teraction methods that will not only provide a framework for devel-
oping Three-dimensional User Interfaces (3DUIs) seamlessly inte-
grated into the real world, but also be capable of sustaining the en-
tire user interaction of an Operating System (including the creation
of new applications for it).

The rest of this short paper is structured as follows: Section
2 provides an insight into the HCI research field, explaining the
evolution, limitations and new directions of the current paradigms.
Section 3 exposes the research in progress, including its main
hypothesis, objectives, methodology, current subprojects and the
plans for its completion. Section 4 sums up the direction of the re-
seach and explores the venues for future work. Finally Annex A
presents a small glimpse at the PhD candidate’s previous works and
motivations.



2 HUMAN-COMPUTER INTERACTION

This scientific branch, more commonly referred by its acronym
HCI, studies the communication between human beings (users) and
the computer systems in order to create a channel (User Interface)
that provides the users with an easy access to the computing re-
sources. A complex task that has become even harder in the last
decades due to the exponential increase in features and diversity in
computer platforms.

To achieve their goal, HCI researchers establish interaction mod-
els that relay on input/output devices and software frameworks to
create a holistic paradigm that application developers can build
upon. In this way, the resulting user interfaces have a high level
of internal and external (inter-application) coherence, making them
easier to learn for first-time users.

2.1 Punctuated Evolution

As stated by Andries van Dam [1], the evolution of HCI paradigms
is not a gradual process but one based on the notion of punc-
tuated equilibrium (long periods of stability interrupted by rapid
changes). This is due to the fact that a very strong synergy between
input/output hardware devices and interaction software systems has
to be achieved before a valid paradigm can really be adopted (e.g.
several pointing devices were introduced during the late 1960s but
they were only used once the Graphical User Interfaces were popu-
larized more than a decade later).

Thus, by taking a closer look at the input/output devices, we
can easily identify five separate generations, each with a different
interaction style:

1. Batch processing (late 1940s-early 1960s): The very first
electronic general-purpose computers didn’t have any kind of
dedicated hardware for interaction purposes. At most, highly-
trained operators could manipulate certain switches and lights
to extract debug information. All the instructions were carried
away using a batch processing system that relied on punched-
cards for both input and output (although, in later stages, line
printers were also used as output devices).

2. Command-line (late 1960s-early 1980s): The introduction
of keyboards and alphanumeric displays allowed basic inter-
action models with the computer (time-sharing mainframes)
via command lines with parameters. A very difficult to learn
but powerful interaction paradigm that is still preferred by
many sysadmins and expert users.

3. Window Systems (late 1970s-today): Used in almost all
desktop computers nowadays, this type of Graphical User In-
terfaces (GUIs) have become the main interaction paradigm
for professional applications. The combination of a keyboard
and mouse for input and –at least– one screen for output pro-
vide the users with precise and immediate control over their
actions.

4. Menu Systems (late 1970s-today): Sometimes forgotten due
to their low visibility, this interaction systems are present
in many electronic appliances and allow an easy navigation
through the different options, either via embedded button pan-
els or by using remote controls.

5. Multi-touch systems (late 2000s-today): Although many
multi-touch user interfaces were created before, the introduc-
tion of the iPhone in 2007 popularized the interaction methods
based on multi-touch gestures. Since then, the paradigm has
been successfully integrated in many mobile hardware plat-
forms.

2.2 Current Limitations
Even after many years of constant renovations and improvements,
the flaws of the aforementioned HCI paradigms have become more
apparent each day. For example, the window systems were origi-
nally designed to allow several resizable user interfaces on screen
at once. However, as the user interfaces grew in complexity (with
spatial subdivisions of their own), this model has become practi-
cally obsolete. Nowadays, almost all professional applications pro-
vide a full-screen user interface (and, in many cases, even disregard
the window title bar). A paradigm shift that has forced many expert
users to acquire a second –or a third– monitor in order to adequately
perform multitask activities.

Meanwhile, user interfaces based on multi-touch systems have to
deal with an endemic problem; that the fingers are not –completely–
transparent. Many control gizmos have been implemented and
some devices even include a second touch-pad to try to address this
issue. Yet, the low level of precision of this input mechanism makes
it unfit for many professional applications.

Another important issue that all HCI paradigms are facing is how
to allow users to access new contents: from updated data fields to
entire multimedia applications. While this function was tradition-
ally assigned to the operating system itself, current web-app models
have proved that it is possible to create inter-related user interfaces
without the need of complex installation procedures (at least, in
the client side). This idea is slowly being integrated into differ-
ent digital-distribution platforms (such as the Apple App Store or
Google Play) but it is still difficult for the users to access the right
content without being redirected from other applications, knowing
the exact name or browsing through crammed category menus.

The current transition towards convergence between window and
multi-touch systems that many Operating Systems are experiment-
ing makes these limitations even more evident and many experts[2]
have expressed concerns about how the resulting user interfaces can
damage the accessibility and intuitiveness of the entire system.

2.3 New Research Directions
In recent years, new input/output technologies have reinvigorated
the HCI research field. The main contributions have been made in
the following categories:

• Immersive input devices: Since the introduction of the Nin-
tendo Wii Remote in 2005, much technological advancement
has been made towards the creation of input devices for more
immersive user experiences. One of the most successful de-
velopments in this area has been the Microsoft Kinect; a low-
cost three dimensional scanner that is capable of recognizing
human movement and that extends the model of Natural User
Interfaces (NUI)[3].

• Three-dimensional User Interfaces: With the progressive
popularization of screens with three-dimensional capabilities
and the renewed interest on head-mounted stereoscopic dis-
plays, many new and old interaction methods are being re-
searched in order to take advantage of this “lost” dimension.

• Mobile Augmented Reality: Many cell phones and tablets
nowadays have an embedded camera and specialized graphic
hardware, making them an interesting platform for Aug-
mented Reality application development. However, the ab-
sence of a common framework for this purpose makes the
development of such applications a difficult task and the re-
sulting user interfaces are so different from one application to
another that the users have to learn the underlying interaction
methods each time.



3 CURRENT RESEARCH

The research project presented in this document can be summed up
into the following hypothesis (Figure 2)

“It is possible to construct and validate a
complete Human-Computer Interaction Paradigm

for Augmented Reality Systems based on
integrated Three-dimensional User Interfaces.”

Figure 2: The main hypothesis of the research project.

This hypothesis reflects the holistic nature of the research work,
in which the final result is more than the sum of its parts:

• A valid and complete HCI Paradigm: A paradigm is a set of
basic rules that can be used to perform later experimentation.
That is why paradigms are not just “created” as much as they
are “constructed” and it’s also the reason why they need to
be thoroughly validated and as complete as possible (without
limiting further enhancement or personalization processes).

• Augmented Reality Systems: The proposed platform for the
new paradigm will be mobile devices with AR capabilities, al-
lowing the real-time analysis of the user’s environment. There
are no formal requirements for these platforms apart from
having –at least– one video capturing device and enough com-
putational capabilities to process the continuous image flow.
However, a basic input device (such as a touch-pad or a set of
buttons) and an ergonomic design is recommended to main-
tain sustained user interactions.

• Integrated three-dimensional User Interfaces: With the
aim of obtaining the most immersive user experience possible,
the elements of the interface must be three-dimensional and
seamlessly integrated within the real world (having a physi-
cal presence by interacting with the surrounding objects and
forces such as gravity, wind or the movement of the user’s
body).

3.1 Objectives
The main objective of this research is to prove the validity of an HCI
paradigm based on three-dimensional interfaces in Augmented Re-
ality platforms. In order to achieve this goal, the following objec-
tives (each of one corresponding to a different phase of the research
work) have been defined:

1. Design of the Interaction Methods: The design phase of any
paradigm requires special attention. Once decided on a basic
combination of input/output devices, the different actions that
can be performed with them should be thoroughly identified
and analyzed, using a proper set of software tools.

2. Validation of the Interaction Methods: Each and every in-
teraction mechanism should be tested in a variety of different
environments and with a sufficiently large user base. A dif-
ficult but necessary stage where the different actions will be
tested for accessibility, intuitiveness and degree of recognition
(both by the user and the computer).

3. Implementation of the HCI paradigm: In order to ade-
quately present the new HCI paradigm to the scientific com-
munity, it will be necessary to implement a prototype that
showcases the different interaction methods working both
separately and in conjunction. To this end, the PhD. candi-
date will develop a version of the Android Operating System,
with a new user interface system and several basic applica-
tions (including an editor to create new user interfaces and
applications).

3.2 Methodology
By relying on the Scientific Method as its main foundation, the re-
search work will be adequately validated though experimentation.
However, since the human factors (from basic ergonomics to com-
plex cultural influences) are an important issue in the HCI field of
research, the user studies are designed under the assumption that
there is not just one valid answer for any situation, and the different
metrics reflect that disposition.

As for the user studies themselves, they will be conducted in
laboratory environments and the user data will be gathered through
different evaluation techniques, including controlled experiments,
think-aloud interaction assessments and post-experiment surveys.

Nevertheless, the real value of the HCI paradigms does not come
from their empirical validation in enclosed laboratory conditions,
but through the application of the interaction methods in real en-
vironments. For that reason, during the entire duration of this re-
search work, all concrete advancements will be released to the gen-
eral public as open-source software packages (mainly, in the form
of libraries for third-party development or technological demonstra-
tion applications) and the feedback data collected will be released
in scientific papers for the entire HCI research community to eval-
uate and improve upon.

3.3 Current Subprojects
Following the wise advise “divide and conquer”, the research is be-
ing undertaken by separating the work into smaller, more manage-
able subprojects. At the time of writing this paper, there are several
subprojects currently in development:

1. WebGLUI 1: Although the implementation of WebGL (one
of the main new features of the fifth version of HTML) has
been a complex process in many web browsers, the technol-
ogy has become mature enough to be used by the general
public. The WebGLUI project takes advantage of this real-
ity to create a three-dimensional user interface engine, with
the objective of testing many of the interaction methods that
will conform the new paradigm by conducting large-scale user
studies online.

2. Tenome 2: This project expands on the research undertaken
by Oikonomidis et al.[4], Prisacariu et al.[5] and Lee et al.
[6] regarding the hand pose recognition for markerless Aug-
mented Reality. Indeed, the process of recognizing a complex
and variable object such as a human hand is a complex task.
Still, since the hands are the main method of interaction that
human beings use in their natural environments, it is essential
to create interaction methods based on them in order to create
an immersive user experience. In this regard, the new inter-
action methods are being designed to address one of the main
issues of current Augmented Reality user interfaces, the lack
of tactile feedback.

3. Security Analysis: As part of his final project for the Master
in Information Security, the PhD. candidate Mikel Salazar is
conducting a complete analysis regarding the security mech-
anisms embedded in the user interfaces of current desktop,
mobile and web-based applications. This study is going be-
yond mere considerations of graphical security mechanisms
and explores the many ways that user interfaces can be used to
put the entire computer system at risk (from the basic “shoul-
der surfing” technique to the elaborated masking methods em-
ployed in many phishing schemes). A knowledge that will be
proved invaluable in later stages, when the resulting interac-
tion methods will be required to work in unsafe environments.

1WebGLUI project page: http://www.webglui.com
2Tenome project page: http://www.tenome.org



3.4 Completion Plan

The current candidacy of the PhD. research was proposed and ac-
cepted on July 2012. Figure 3 shows the current completion plan:

Figure 3: The Gantt chart with the current completion plan.

4 CONCLUSIONS AND FUTURE WORK

The PhD. study presented in this short paper represents an impor-
tant research effort towards the advancement of Augmented Reality
as a mature technology. With the proposed HCI paradigm, the PhD.
candidate aims to not only provide a framework for third party de-
velopers to create their own AR applications, but also to create a
new way for human beings to interact with computer systems (and,
through them, to other people and the surrounding environment).

However, as important as it might be, this is just another step
towards the understanding of our relationship with computer and
how it affects us as a species. The repercussions of this project
on society will, without a doubt, an important field of research for
future works.

A PERSONAL BACKGROUND

During his career at DeustoTech Computing, the PhD candidate
has been involved in a wide variety of research projects related
to Human-Computer Interaction and, more specifically, Three-
Dimensional User Interfaces. His works in the field have not only
provided a better way to visualize and manipulate complex data
structures, but also have enabled industrial designers to create high-
quality metal parts[7](even before the casting process) and nano-
material engineers to obtain complete structural analysis of Carbon
Black aggregates with a small set of SEM images[8].

Meanwhile, in his search for a more immersive user experience,
the PhD. candidate has been experimenting with different Aug-
mented Reality techniques. Several of the resulting technological
demos have become part of artistic exhibitions[9](see Figure 4) and
have been used for educational purposes.

Figure 4: The AR experiment for EzMonokromo (Social Sound 2010).

For his research, Mikel Salazar takes inspiration from many
sources, including the Fantasy User Interfaces of Mark Coleran3

(Children of Men, The Island) and Prologue Films4 (Iron Man 2,
Tron Legacy).
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