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Abstract. Now that virtual reality has finally become a customer ready product,
museums can use this new mean to enhance their exhibitions. The main problem
however is that such a tool was not thought for casual users, and to adapt this
new technology to short experiences such as the ones museums could provide, it
is necessary to reduce the adaptation time to the new mean. In this paper, we
discuss how removing physical controllers in favour of visually-tracked virtual
hands could significantly reduce the time needed by casual users to adapt to new
experiences, underlying the current technological limitations both in terms of
technology and design.
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1 Introduction

After many decades of incubation, fully immersive virtual reality (VR) has finally
become a customer-ready technology. It is not so hard to imagine how such a new way
of living surrounding spaces could be used to enhance interaction and fruition of virtual
worlds, and many different fields, such as Industrial manufacturing, medicine and
entertainment, are adopting these new technologies to improve their products. Despite
some initial hesitation, museology and humanities disciplines in general are catching up
with this major technological breakthrough, developing dedicated soft-ware to enhance
the way in which the public interacts with cultural heritage.

As it often happens with new technologies, in these early stages VR is still far from
expressing its full potential. Amongst the remaining problems, the lack of natural
interaction within the simulated environments is one of the hardest to solve. Major
selling companies ship their head mounted displays (HMDs) with fully tracked con-
trollers, but gameplay interaction is still based on button clicking. This situation is not
ideal for casual users such as the ones that museums have, and the time needed by these
people to learn new interaction metaphors with controllers could significantly affect
their overall enjoyment. Different contexts have different needs, and the inter-action
metaphors must be designed in order to produce the best compromise between inter-
action, presence, enjoyment, learning and fatigue.

Building full hands tracking in VR would be an important breakthrough: natural
interaction would speed up the adaptation process for casual users while increasing the
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overall perceived immersion. Unfortunately there is still a conceptual, rather than
technological, problem we need to solve. What is keeping real hands out of VR,
regardless of the technical implementation, is that virtual and real hands belong to
different systems that have different constrains, and an action can be both possible an
impossible at the same time when translated from a system to the other. For in-stance,
the surrounding space can be perceived as empty in one system but can also be blocked
in the other, and when an action performed in the free space is translated to the other
world it creates a logical conflict to the scene where the action was not allowed in the
first place, resulting in a loss of presence. When the empty space is the simulation, the
risk is to hit objects in the real world, and when the empty space is reality, simulated
hands can interpenetrate objects in the simulated world, causing non-realistic
behaviours.

In this paper we will discuss how to build natural interaction in mono-user
immersive controller-free experiences for cultural heritage applications, introducing a
test case scenario currently under development. After a summary of the theoretical
back-ground in Sect. 2, in Sect. 3 the current state of the art technologies for natural
interaction in VR will be explored and current limitations will be exposed. In Sect. 4 an
experiment currently under development to test hands free interaction will be presented
together with some expected results, before to draw conclusions in Sect. 5.

2 Theoretical Background

2.1 Human Computer Interaction

As human beings, the decisions we take are based on what our senses perceive from the
environment. It is therefore important to find a way to feed our sensory apparatus as
much as possible in VR, so that our actions can still be based on our perceptions. This
is why, when the first home computers came out decades ago, it was important to study
users’ abilities to interact with these new machines in the smoothest possible way.

The first studies in the so called human-computer interaction (HCI) field, a name
that was popularized by Stuart Card in 1983 [1], are dated back to 1976 [2]. During its
infancy, HCI research focused on simple interactions such as moving the cursor around
the screen: early studies used Fitts’ law to measure accuracy with different hardware
such as the mouse, trackball, joystick, touchpad, helmet-mounted sight, and eye tracker
[3]. With time, HCI evolved from being an engineering problem to an interdisciplinary
field [4], benefitting from studies in Psychology [5], cognitive studies [6], and even
memory studies [7].

As pointed out by many researches, HCI benefits by a nature-driven approach [8, 9].
Being these interactions always artificial to a certain degree, it was necessary to create
some metaphors to mimic a real behaviour in a three-dimensional space [10], the so
called interaction metaphors. Through these interactions, it is easier for the public to
interact with new environments without any domain specific knowledge or acclimati-
zation programme, by translating their previous knowledge to the new situation.
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2.2 Virtual Reality and Hand-Pose Recognition

Historically speaking, in the early stages of virtual reality definitions tended to be
strictly related to hardware constrains, categorizing VR based on the different hardware
types in use [11]. What those definitions lacked, according to Steuer, was a more
human-focussed approach, he therefore proposed a new definition based on the key
concepts of presence and telepresence [12], allowing desktop applications to be con-
sidered virtual reality even without dedicated hardware. According to Slater, the def-
inition of presence was still too broad and somehow confusing, proposing to categorize
VR based on immersion, meant as objective level of sensory fidelity, and presence,
which refers to a subjective psychological response [13–15].

With the exponential growth of desktop VR, a wide range of hardware technologies
has been released to support and enhance virtual experiences. Among these, head
mounted displays (HMD) and non-invasive cameras have attracted a lot of attention,
especially in the academic field. In regards of HMD, they have been used for a wide
range of topics, including phobias treatment [16], anxiety [17], and education [18],
while controller free interaction has been used in scenarios such as Stroke rehab [18],
Sign Language recognition [20, 21], surgery [22] and data visualization [23]. Even
though these two technologies are widely used in research, only a few experiments
have been carried out with active combinations of them [24], and even less seem to
address the problem of physically accurate interaction [25]. In one case, given the high
efficiency of native controllers shipped with VR, natural interaction has even been
defined as “obsolete” [26].

2.3 On Gesture Recognition and Interaction

When discussing hands interaction in virtual worlds, there are two different topics that
must be taken into account: pose recognition and interaction. Despite being not
mutually exclusive, it is important not to consider them as synonyms, as the first topic
studies how to identify the current hands’ position in real world and the second topic is
interested in understanding how acquired hands can be used to interact with a digital
scene [27].

As regards hands position recognition in a three-dimensional space, the two main
devices that can perform reliable recognition without haptic interfaces are the Leap
Motion and Microsoft Kinect. Leap Motion software return a pre-rigged fully animated
mesh of both hands, with advanced API to use the acquired information in custom
environments applications. Despite being tested periodically [28, 29], its tracking
software is updated almost on monthly basis, and accuracy tests are outperformed most
of the times. Also, as proved by Marin [31, 32], Leap Motion results can be further
improved by using machine learning algorithms. On the other side, Microsoft Kinect is
way more extensible and programmable but it does not provide any hands identification
tool. Nevertheless, it has successfully been used to do perform hand gesture recognition
[33, 34].
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2.4 Museums and Technology

While it is commonly believed that museums are still reticent when it comes to apply
technology to exhibitions [30], this tendency has been proven false in recent years [35].
The first milestone in this direction was the creation of the International conference on
hypermedia and Interactivity in Museums in 1991 (ICHIM), followed by Museums and
the Web established in 1997.

In that period the idea of museums as static exhibitions of art and history was
drifting towards the idea of interactive places where people were not passive to their
surroundings, but could enhance their experience through new interactive tools [36].
The role of the museum itself was questioned, arguing that museums should not be
passive to information, but have an active role in promoting culture and research like
other media [37, 38].

As regards user experiences in the so called “Virtual Museums”, defined by the
International Council of Museums (ICOM) as “A non-profit, permanent institution in
the service of society and its development, open to the public, which acquires, con-
serves, researches, communicates and exhibits the tangible and intangible heritage of
humanity and its environment for the purposes of education, study and enjoyment.”
(ICOM, 2007), it has been proven that the usage of virtual tools to enhance exhibitions
does not affect users’ enjoyment nor the learning experience in any way [39]. As a
matter of fact, it is quite the opposite. Studies have shown that using technology to
customize the way guests explore a museum could improve the overall level of
satisfaction [40, 41].

3 Background Material

When designing a virtual application for cultural heritage, it is important to keep two
elements in mind: the maximum number of simultaneous users and their technological
background.

Talking about big audiences, museums want to have as many people as possible to
try to enjoy the virtual experience. This leads to an important consequence: unless the
application allows many users to control the application simultaneously, all the inter-
action will be performed by one user at a time with all the other being spectators.

The interaction mean has therefore to be designed to be interactive for one user
only, while it has to display data to many. While this is the common case for tools such
as CAVE and interactive kiosks, fully immersive VR represents a harder challenge for
museums. Given the more immersive nature of the technology, headset users expect a
higher degree of interaction with the environment. By default, this interaction is per-
formed through standard controllers in two ways: they can have either have one single
action to be performed with a button, which is easy to understand and perform, or a
rather complex system of interaction that would require users to learn in advance. For
this reason, building a controller free interaction could benefit both immersion and
presence, increasing the degree of interactivity while removing the needs of previous
knowledge, and speed up the usage time by a significant factor.
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While Microsoft Kinect is a valid option for hands tracking acquisition in con-
trolled environments, in a more unsupervised space it could be better to use a shorter-
range tool like the Leap Motion. Given the high accuracy that can be reached with it,
the consequent step is to blend its data with a fully immersive world. Leap Motion pose
data has been used to perform gesture recognition – meant as the interpretation of
human gesture – but this data has rarely been used to perform real time interaction with
a fully immersive virtual reality system. The main reason for this is realism. Both
worlds have physical constraints, but while real world laws cannot be changed, virtual
environments’ simplified physics interactions are not capable of handling each possible
scenario, and when real actions are translated it often happens that the result falls
outside the simulated physical model. Something simple like grabbing a glass bottle
proves to be a challenge in virtual reality, as physical engines are extremely sensible to
mesh interpenetration and are not capable of handling events that, in their own envi-
ronment would not be allowed, such as having a hand narrow a rigid body.

In June 2017, Leap Motion released an API to tackle this problem. This new
software puts himself between the hand poses obtained by the Leap Motion and the 3D
engine physics simulation, disabling any collision calculation when the hands are
performing a physically inaccurate action. While this approach works from a physical
point of view – by preventing the engine from carrying out wrong calculations – it still
breaks the perception of reality within the simulation, as it allows the hands to inter-
penetrate the scene objects without any response. Some applications prefer to limit the
degree of visual feedback in the simulation by always showing a physical response to
the users, but this creates a mismatch between the perceived hand position and the
visual hand. Given the purpose of this project to investigate real hands interaction in
VR, the idea of having a mismatch between perception and visualization was dis-
carded, and the compromise offered by Leap Motion accepted and noted.

4 The Experiment

As already discussed, hands free interaction in VR is a rather unexplored field. We
designed an experiment to understand how different interactions can be perceived as
natural by a variegated audience, hoping to find a preliminary way to categorize single-
handed actions. The ideal outcome would be to find common features among gestures
that could potentially be used in future natural interaction metaphors design.

To test the previous assertions, we’re currently developing a game-like test case
scenario application in immersive VR, where users will be required to perform a series
of actions on a console in order to unlock a new room with a piece of art in it. The
sequence of actions, at the current state of the application, is as follows: in the first
instance, users must grab and hold a key, which they must put in a lock. Once inserted,
the key must be rotated in order to unlock the case. When unlocked, users will be
required to pull it up to access a control panel hidden below. At this point, once a series
of switches is activated and the panel powered, a secret box opens and a card is found.
The card must be grabbed like the key and slided through a rail. Once the card arrives
at the end, the door unlocks and the prize is revealed. Before the simulation starts, the
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operator will be able to choose whether if he wants to activate a pre-recorded speech
that guides the users over the different challenges, or to keep it quiet and leave them to
the task (Figs. 1 and 2).

Fig. 1. The closed hatch.

Fig. 2. The virtual hand interacting with the environment. Materials are temporary.
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There will be two evaluation metrics for this challenge: time and accuracy. The
demo will be monitoring both the overall time needed to access the room and the time
needed to complete each single task. If a user takes a significantly longer time but just
one attempt to perform a subtask, it means that he was not able to understand what he
was required to do in the first place, and the metaphor was not clear. On the other side,
if he attempts many times and fail, it could mean that the manipulations were not easy
enough to be executed in VR rather than in reality, bringing up further discussion on
both technology and design.

A control group has also been created in order to compare how the usage of
controllers instead of hands could affect performances. While receiving the same
instructions and the same support throughout the tests, the control group will use a
single button to interact with the scene instead of touching, grabbing and pulling with
his hands.

4.1 Expectations

There are some results that we are expecting, given the discussion above. First and
most important, interaction metaphors deriving from different physical interactions will
have different degrees of success. In real life, it is almost impossible to insert a key
without scratching around the hole, and even though the application gives users some
margin, by allowing the key to fit even if not perfectly positioned, they won’t be aware
of this facilitation and will try to achieve a perfect result.

In addition, the overall time needed to complete each single subtask must be
crosschecked with the number of attempts to perform an action. For instance, we might
have a small number of users who try to turn the switches on and off in order to repeat
the animation. If that is the case, the overall completion time data will be less relevant
than in other cases. This behaviour must be noted during the data analysis phase, and
data-wise, noisy experiences must be ignored if possible.

Another crucial factor to consider is the size of the objects people will interact with.
Every object should have a significant size in order to be physical accurate, and while
there is no precise measurement on what the minimum suggested size could b, it has
been noticed that small objects such as a key could be subject to problems if too small.
For this reason, all graspable objects in the scene are bigger than their real life matches.
While it may not seem a significant factor in achieving the desired interaction, as the
scale is not so significantly different, further investigations should be made in order to
exclude possible score contamination by the scale difference.

Generally speaking, we expect the overall interaction time not to be significantly
different among participants. We do however expect some people to take a longer
period to adapt, meaning that they will spend more time than others completing the first
challenge. As regards the control group, we expect them to score less mistakes in
grabbing challenges, while we expect them to take longer rotating the key and clicking
the switches. Moreover, current state of the art applications for VR provide vibration as
force feedback during interactions. We decided not to provide any, to keep the two
interaction means as equal as possible.
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5 Conclusions

The experiment we are currently setting up only concerns simple interactions, and
purposely avoid complex gestures like throwing, pulling, squeezing or any two hands
interaction. While the problem of hands interaction is easy to define, we are far from
even scratching the surface of how to handle such complexity.

Now that the quality of virtual reality has reached such a high level of interactivity,
it is time to start thinking about immersive virtual experiences as a whole and not as a
cluster of problems that can be solved individually. The collision of real and simulated
worlds is far too complex, and without an accurate evaluation of colliding aspects, it
will be impossible to reach the level of interaction that is expected in a realistic
simulation.

Museums could and should be part of this challenge. Given their extremely wide
audience, specific interactions must be designed to create immersive controller-free in
VR, and general guidelines will not be exhaustive enough to be borrowed and applied
to cultural heritage application. Hands interaction among exhibitions could make the
difference between being passive to history and actively be part of it.
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