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16.1 Introduction 
An interface is a hardware or software component that allows a human being to interact with a 

computer, a Virtual Environment (VE), or other electronic information system. The overall set of 
characteristics provided by an interface is often referred to as the user interface (and, for computers – 
at least, in more academic discussions – the Human-Computer Interaction or HCI).  

Traditional interface devices (keyboard and mouse, primarily) are a makeshift bridge between 
the ideas of human beings and the world of information. These interface devices are clumsy and 
simply cannot keep pace with the speed of thought and actions of which the human brain and body is 
capable. For example: a person with an idea who wishes to communicate that idea to others must 
translate that idea into words, then break those words into individual letters, then direct his fingers to 
punch physical buttons (the keyboard) corresponding to each of those letters, all in the correct 
sequence. Not surprisingly, typing speed becomes a major limiting factor: most people can only type 
around sixty words per minute. Yet the spoken word approaches 300 words per minute, and the speed 
of "thought" is obviously many times faster than that. 

Therefore, we need accurate studies of how people can interact with computers and to what 
extent computers are or are not developed for successful interaction with human beings considering 
several factors. One important HCI factor to consider is that different users form different conceptions 
or mental models about their interactions and have different ways of learning and keeping knowledge 
and skills (different “cognitive styles”). In addition, cultural and national differences play a part. 
Another consideration in studying or designing HCI is that user interface technology changes rapidly, 
offering new interaction possibilities to which previous research findings may not apply. Finally, user 
preferences change as they gradually master new interfaces. 

All these factors produce a huge difference between human way of acting and computer input 
interfaces. The need to eliminate this gap between human thought and computer responsiveness is an 
obvious one, and a number of universities and companies are working hard on technologies that 
promise to fill the gap and a long list of conferences is available for HCI ([1], [2], [3]). 

We can subdivide HCI in two main classes: Hardware and Software Interfaces. In this document 
we will concentrate on hardware devices. These are named "Tangible Interfaces". Tangible Interfaces 
are a fairly new form of HCI which focuses on the physicality of the interface [27]. They go beyond 
the current dominant model of Graphical User Interface (GUI) bound to a flat rectangular screen, 
windows, mouse, and keyboard. Tangible interfaces take advantage of natural physical settings to 
achieve a legibility and seamlessness of interaction not achievable with traditional GUIs. 
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A Tangible Interface provides users with a solid object to take advantage of the shape, size and 
position of this one to increase functionality and decrease complexity. It also means that the potential 
persistence of attachment of a device to a function can be increased. By using physical objects, we not 
only allow users to employ a larger expressive range of gestures and grasping behaviours but also to 
leverage off of a user's innate spatial reasoning skills and everyday knowledge of object 
manipulations.  

In INSCAPE we are interested in the use of tangible interfaces for Storytelling. As already said 
before, human beings has developed sophisticated skills for sensing and manipulating physical 
environment. Most of these skills are not employed by traditional GUIs (Graphical User Interfaces). 
When we interact with a story using a keyboard or mouse, we focus on the screen and the scale of the 
screen, often losing sight of the architecture and environment around us. In contrast, tangible 
interfaces and transformational environments are rooted in our physical surroundings. They employ 
physical objects, surfaces and spaces as tangible embodiments of digital information, thus coupling the 
dual worlds of bits and atoms. As such, they can afford natural physical interactions with digital 
stories.  

Although, the same problems of filling the gap between human and machine still remain in the 
narrower field of storytelling: both for authoring and experiencing, only two international conferences 
are devoted to this problematic and one of them is specific for interaction with music.  

In effect, many groups already work to find suitable devices for authoring and experiencing 
music. The most famous conference is NIME (The International Conference on New Interfaces for 
Musical Expression) [4]. Since 2001 researchers have submitted very interesting ideas both to fill the 
gap between human creativity and high-tech. In the same year started a now well known conference, 
Virtual Storytelling [5]. Many attempts to introduce a suitable tangible interface for storytelling have 
been tried. We will in the next paragraphs give a short description of the most wellknown ones. 
However, up till today it has not been produced a suitable interface for authoring interactive virtual 
stories. Moreover, we are aware that devices for experiencing stories are different from authoring. 
Usually, those interfaces are application/scenario oriented. Conscious of this characteristic, in 
INSCAPE we will help developers to include Multi-Modal devices easily to the framework using an 
I/O Manager based on Gadgeteer [6] and VRPN [7].  

16.2 Bringing interactivity to a virtual storytelle r 
Human storytellers do not always tell the story the 

same way. They observe their “audience” and adapt the 
way they are telling the story to better respond to their 
reactions. With such an interface one can bring interactivity 
to a virtual storyteller by allowing users to influence the 
story. The storyteller could be an avatar that uses voice, 
gestures and facial expressions to convey the story content 
to be told. The character’s behaviour and the way the story 
is narrated, is influenced by the user’s input. Such input is 
done by a tangible interface (a kind of mail box) where 
users put the cards they want in order to influence what will 
happen in the story being told, the user just needs to insert 
cards (which are tagged with bar codes). Inside the box, 
these cards are identified and their meaning is sent to the 
Input Interface module for processing [8]. Inside the box, 
two laser scanners are installed opposite each other, which 
capture the barcode on the postcard regardless of the 
postcard’s orientation. The laser scanners are offset from 
each other, so that they do not interfere with each other’s 
readings [9].  
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16.3 Moving Pictures 
This device is a robust, tangible, multi-user system that invites users to create, explore, 

manipulate and share video content with others. It enables a meaningful, spontaneous and 
collaborative approach to video creation, selection and sequencing. It is an interesting device in the 
domain of video editing and for constructionist learning with the implementation of participatory 
design sessions. This system has been studied with 10-12 years old children from Sweden and Ireland 
playing with the system. In the figure below is showed The Tangible Media Tokens: blue tokens 
represent videos, yellow represent sound [10].  

 

 

16.4 Tents and flashlights as interfaces to virtual  worlds 
This interface is made of a projection screen in the 

shape of a tent that provides users (in this case children) with 
a shared immersive experience of a virtual world based on 
the metaphor of camping. It represents an example of a 
traversable interface that provides the illusion of crossing 
into and out of a virtual world. Radio Frequency 
Identification (RFID) aerials at its entrances sense tagged 
children and objects as they enter and leave. Video tracking 
allows multiple flashlights to be used as pointing devices. 
This interface is designed for deployment in public spaces 
such as museums, galleries and classrooms [11].  
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16.5 Stories and Toy 
Pervasive Computing can bring high levels of 

interactivity, as already available in computer games, to 
traditional toys. With this kind of interface a storytelling 
environment is presented consisting of an audio replay 
engine and a tactile user interface based on a sensor 
network. The implemented user interface has the form of a 
farm made out of cloth with stuffed animals as actors. 
Around the farm and inside the animals are wireless sensor 
pods that transmit the manipulations of the characters to the 
replay engine. Several stories and games with differing 
levels of complexity can be created. This simple application 
demonstrated that with audio feedback alone one can 
already offer an equally enjoyable level of interactivity as 
provided by computer and console games. It also showed that with a ’roadmap’ of complexity, the 
same platform can grow with the child [12].  

Another Interface based on the same principle of the precedent one is the SenToy [13]. Authors 
hypothesized that players would manipulate the toy to express emotions using a particular set of 
gestures. The hardware of SenToy was designed with a set of sensors connected to a micro controller. 
The doll has to have a structure that allows parallel acquisition of external stimulus through the 
analysis of the values of a set of sensors placed inside 
it, and at the same time, transmit the results though a 
wireless communication to the computer. The system 
consists of a central unit with a micro controller 
(Microchip 16F877). For the transmission of messages 
between the computer and the doll they use radio 
communication. The sensors used include two 
magnetic switches to detect the movement, to detect 
walk, Piezoelectric Force Sensing Resistors are used in 
the legs together with a plastic structure that allows for 
detecting a bending movement with the legs, to detect 
all movements with the torso of the doll, they used 
accelerometers. 

16.6 The Magic Carpet 
This is a tangible interface that uses pressure mats 

and video-tracked and bar-coded physical props to 
navigate a story in KidPad. The KidPad is a shared 2D 
drawing tool that allows children to bring their stories to 
life by zooming between drawing elements [14]. The 
‘magic carpet’ [15] comprises a number of pressure 
sensors placed under a carpet. These kinds of sensors are 
commonly used to control automatic doors and are cheap 
and widely available. Standing on a sensor affects a 
control input to move the observer’s viewpoint around 
the KidPad environment. Eight or more sensors are 
located around the carpet to give to it navigational 
capability and to enable more children to work together. Standing on either of the sensors at the front 
of the carpet (facing the projection screen) would cause the viewpoint to zoom in to the drawing. 
Standing on those at the back would zoom out and on those at the sides would pan the viewpoint left 
and right. Multiple sensors could be triggered at a time, either by several children or by one child 
using several limbs. In this case the sensor inputs are summed to determine the resulting action. 
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16.7 StoryBeads 
This interface has the shape of a necklace but it is 

made of small computer “beads” capable of storing, 
transmitting, or displaying images. These wearable 
computers are used for constructing stories by allowing 
users to sequence and trade story pieces combining image 
and text. The beads communicate by infrared light, 
allowing the trading of digital images from bead to bead. 
The network consists of a chain of beads connected 
wirelessly, where individual beads communicate with 
their two nearest neighbours. Each necklace is a database 
of images distributed across a network of communicating 
beads. Inter-necklace communication allows a community of users to share stories digitally by 
beaming them from necklace to necklace or by exchanging physical beads between necklaces. As 
images travel between users, new image descriptions are added, providing historical context [16]. 

16.8 Magic Story Cube 
In [17] the authors present two tangible interactive 

entertainment interfaces using physical cubes. In the first 
paradigm, Magic Story Cube, they use a foldable cube for 
tangible and interactive storytelling. In the second 
paradigm physical dices are used to directly manipulate 
and control the process Jumanji board game. In both of 
those systems, they embedded both the concept of 
augmented reality (AR) and the concept of tangible 
interaction. More importantly, multiple modalities 
including speech, 3D audio, 3D graphics, and touch are 
used to provide the user with multi-modal experiences. 
Those devices explore the uses of tangible objects, more 
specifically, the uses of physical cubes in interactive entertainment systems. 

16.9 Multi-Display 
Software Interfaces does not help user 

partition the digital worlds effectively. The use 
of multiple monitors examines how people with a 
lot of display space arrange information. Second 
monitors are generally used for secondary 
activities related to principal tasks, for peripheral 
awareness of information that is not the main 
focus, and for easy access to resources. A second 
monitor improves efficiency in ways that are 
difficult to measure yet can have substantial 
subjective benefit [18]. 

Recent studies have suggested clear 
benefits of having information appear on more 
than one display, in terms of reducing cognitive load for managing multiple and/or complex tasks. The 
authors of such system propose to explore interfaces consisting of an arrangement of multiple displays 
to help users in the authoring and experiencing of complex non-linear stories and to allow a group of 
users to share the experience where a different view on the story is presented on each of the interlinked 
displays [19].  
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16.10 DiamondTouch 
DiamondTouch is a technology for creating touch-sensitive input devices which allow multiple, 

simultaneous users to interact in an intuitive fashion. Touch location information is determined 
independently for each user, allowing each touch on a common surface to be associated with a 
particular user. The surface generates location dependent, modulated electric fields which are 
capacitively coupled through the users to receivers installed in the work environment [20]. 

 

16.11 Organizing Information Using a Grid 
The Senseboard [21] has been designed for 

information organisation, such as scheduling. These 
tasks are commonly performed using spatial 
placement and manipulation of physical tokens or 
representations, for example, in scheduling, moving 
paper tokens representing events on a timetable. 
Senseboard was designed to support this physical 
approach to information organisation and enhance it 
with automation. Senseboard consists of a vertical 
surface augmented with digital projection. On the 
surface, the user can place rectangular, magnetised 
pucks containing RF tags that enable Senseboard to 
track their ID and location as well as augment their 
appearance. Some of the pucks serve as ‘‘data 
objects,’’ representing a component of the information being organised, while others are 
‘‘commands’’ representing an action that can be executed on data objects [22]. 

16.12 Force feedback  
Haptic interfaces should allow people to interact with the ambient 

experience through the sense of touch, and also to feel virtual objects 
the way they appear in non-virtual environments. 

This interesting area of HCI technology is being explored by 
companies like Immersion Corporation [23], which offers tactile 
feedback hardware that allows users to “feel” the Virtual Environment. 
For example, CyberGlove can track and translate detailed hand and 
finger movements. CyberTouch will generate a tiny force feedback on 
the glove and it delivers the sensation of touch or vibration to fingers. 
With proper tracking systems, these technologies give users the ability 
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to manipulate virtual objects using their hands. It is an intuitive way to manipulate objects in virtual 
space, since nearly all humans have the natural ability to perform complex hand movements with 
practically no training whatsoever.  

Another company exploring the world of tactile feedback technologies is SensAble 
Technologies [24]. Their PHANTOM devices allow users to construct and “feel” three-dimensional 
objects in virtual space. Their consumer-level products include a utility for gamers that translate 
computer game events into tactile feedback (vibrations, hitting objects, gun recoil, etc.). Clickable 
icons, for example, feel like “bumps” as the mouse over them. The edges of windows can also deliver 
subtle feedback.  

Summarizing, tactile feedback has a potential for making HCI more 
intuitive and efficient, even if today's tactile technologies are clunky first 
attempts. The more senses we can directly involve in our control of 
computers, the broader the bandwidth of information and intention between 
human beings and machines. 

16.13 Control Action Table 
The study of the characteristics of the large-displays allows 

us to propose a set of recommendations for interaction with the 
Virtual Environment. From these recommendations a new input 
device is proposed: the CAT (Control Action Table) [25].  

The CAT is a 6 Degrees of Freedom device mixing 
isotonic and isometric resistance modes. It consists of a 
freestanding sensitive top, which can be orientated in space. The 
manipulation of this top allows the performance of 3D tasks 
(manipulation, navigation). A tablet, fixed on the top, allows the 
performance of 2D tasks (selection, system control). The CAT 
design favours a non-constraining, quick and efficient interaction 
even for novice users. 

A user study has shown that the CAT is more efficient than 
a standard 6 DOF rate controller for 3D manipulation tasks, and 
that the user preferences are in its favour. The CAT has been used 
for city modelling and navigation. This new input device favours 
the users using VE visualized on large-displays. 

16.14 Sonic Banana 
In this paragraph we give one tangible interface used in music. Such devices could be used for 

particular scenarios within INSCAPE. The Sonic Banana [26] consists of four bend sensors in a row, 
running the length of a rubber tube, with a push button switch at the end. An application converts this 
data into musical functions, turning the Sonic Banana into a versatile performance 
instrument: 
·  Arpeggiator: The bend sensors are used to play an arpeggiation algorithm. The 
sensors control several parameters of the algorithm, including chord selection, 
tempo, note duration, tempo and volume. 

·  Harmonica: Flexing the Banana simulates blowing a harmonica. Flexing in one 
direction plays one chord, while reversing direction plays another. The button is 
used to change chord pairs. The Max patch uses physics formula to simulate air 
flow, creating a pumping effect.  
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16.15 Conclusion 
Like any sort of HCI, Tangible User Interfaces (TUIs) strive to improve human productivity by 

making the full power of automation accessible to users. We maintain that TUIs achieve this 
accessibility by tailoring the physical form of the interface to users’ tasks, exploiting humans’ innate 
spatial skills.  

The fundamental quality of a TUI is determined by the coupling between the TUI and the task it 
is designed to support. Moreover, tangible interfaces give us: a natural, free-form way to perform 
storytelling; rapid, fluid, full-body manipulation, including the ability to grab and move a handful of 
items at once (in contrast to mouse interaction); an interface that easily extends to collaboration 
(unlike the conventional HCIs).  

The main drawback is the resulting specialisation. Tailoring of the physical interface to tasks to 
the extent we advocate implies poor tool generality, which contrasts dramatically with the extreme 
generality of current computers and their interfaces, however the use an I/O Manager in INSCAPE 
will enable authors to consider easily any kind of interfaces. 

The few heuristics suggested and the examples reviewed in this Chapter are merely signposts 
that we believe will guide our TUI design for the Alpha version through their vast design space to a 
successful and useful result. They are certainly neither exhaustive nor infallible. 
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