Slide 0

Workshop on Games Accessibility University of Linz, Austria
title: Advanced Interaction Design: Principles and Techniques for People with Disabilities

public lecture, by 
Grigori Evreinov

Department of Computer Sciences
University of Tampere, Finland

Slide 1

Title: Brief outline of the main questions to be discussed (an order is optional).

Modality. Amodal, that is modal-nonspecific, signals and patterns.

Multi-modal interaction - challenge and fiction.

From physical signal to feedback cues (information coding, prior knowledge).

Sensory substitution (cross-modal transformations).

Space for interaction, perceptive processes (sensorial filtering - competition, masking, integration & fusion).

“Inter action”: augmentative and alternative techniques.

From convenient interaction to the natural interface. 

The information visualization in extreme conditions.
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Title: Perceptual system and sensory modality.

Modality refers to 

- any of the various types of sensation, such as vision or hearing 

link: 
http://www.thefreedictionary.com/modality 

- the particular way in which the information is to be encoded for presentation to humans

link:  http://en.wikipedia.org/wiki/Modality_(semiotics) 

A sensory modality is an input channel from the receptive field. 

A perceptual system performs the functional processing and control (adjustments) of the periphery – brain interaction [Gibson, 1972]. 
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Title: Perceptual system (PS) and sensory modality.

For a sensory modality stimulus can only consist of the separate local excitations of specific receptors; 

A PS contains components of receptors, receptive surfaces, and adjustable organs which exist in a relation of subordination and superordination [Gibson, 1972, Humphreys and Forde, 2001]. 

For a PS there is no stimulus and there are no separate or adjacent stimuli, but instead there is an array of the parameters encoded of both external and internal neural activity.

The PS has to provide an efficient and active filtering of the signals (input stream) which can overlap, interfere, be diffuse, hidden in noise, or lost at all. 

Slide 4

Title: Perceptual system (PS) and sensory modality.

An illustration to show that visual system (optical tract and brain part of visual analyzer) has close connections with other brain structures to process (recognition) visual image.

Links: http://www.yorku.ca/eye/thejoy.htm and

http://www.benbest.com/science/anatmind/anatmd6.html 
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Title: Perceptual system (PS) and sensory modality.

Eyes always moving, stabilized image disappears [Pritchard, 1961].
Almost 1/2 of cerebral cortex is involved into the processing of visual information and this is not only optical tract.

Pupil is managed with the sphincter and dilator muscles +6 extraocular muscles surround the eye and provide synergic control its movements and rotations (inward and outward), reticulo-spinal neurons participating in the control of synergic eye and head movements.
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Title: Perceptual system (PS) and sensory modality.

Both psychologists Katz (1925) and Gibson (1966) argued that movement is being necessary for active touch.

"The full richness of the palpable world is opened up to the touch only through movement" [Krueger, 1982], cited on Lorimer, link: http://www.braille.org/papers/lorimer/chap7.html 
Due to a particular integration of the different filtering mechanisms PS has a highest level of plasticity and reliability.
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Title: Perceptual system (PS) and sensory modality.

Haptic (tactual-kinesthetic) perceptual field is consistently smaller than the visual field, and therefore large exploratory movements are needed to perceive external objects, and therefore the perceptual functioning of the hands is closely associated with the motor function [Y. Hatwell].
Picture 1: tactile two-point thresholds measured throughout the human body surface
Picture 2: a conditional projection of the body parts into sensory-motor brain cortex.
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Title: Sensory modalities and filtering of input signals.

Human perceptual systems can be classified functionally into five modes of overt attention (looking, listening, feeling, smelling, and tasting) and orienting via the superordinate system [Gibson, 1972].
Filtering of the modal-specific signals (tonal burst, flashlight, a pulse of pressure) and patterns is occurred in a lower level of processing (discrimination).

E.g., the auditory system can be described as a bandpass filterbank, consisting of strongly overlapping bandpass filters (~26 critical bands) with bandwidths ~100 Hz for signals below 500 Hz and up to 5000 Hz at high frequencies.

Link: http://www.umiacs.umd.edu/~desin/Speech1/node9.html 
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Title: Sensory modalities and filtering of input signals.

Information can be presented as conflicting, competitive and ambiguous.

Any active and adaptive filter has a limited dynamic range where it can be functioning. 

A perceptual threshold can be considered as a border of the filter’s dynamic range in signal power domain when smooth processing  (signal discrimination) is interrupted or impossible.

In such a case, there are phenomena which illustrate the particular features of perceptual filtering mechanisms.

Sound sample:

“We play the target sequence alone, and then add masking tones. However, this time the masker tones are presented in synchrony with FLANKING tones above and below them. The evenly spaced tones of the target sequence are now more audible within the camouflaging sequence, even though the maskers have become louder. The demonstration is presented twice.”
link: http://www.psych.mcgill.ca/labs/auditory/demo22.html 
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Title: Sensory modalities and filtering of input signals.

Simultaneous masking is a low level signal (maskee) can be almost inaudible when masker (stronger signal) and maskee are close enough to each other in frequency.

The temporal masking effects occur before and after a masking signal has been switched on or off.

The duration when pre-masking can be observed is less than one tenth of the post-masking, which is occurred within of 50-200 ms. 
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Title: Sensory modalities and filtering of input signals.

A significance of masking (intra-modal suppression) is to increase the attentional demands of target processing, leaving little attention available for targets in background. 

We have to take into account such phenomena when sound feedbacks are being used for visually impaired users.

As attentional switching takes some time.
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Title: Multi-modal interaction.

How many samples of unimodal interface do you know?

– Telephone speech-based dialog system.

– Braille interface - ? - Tactile-kinaesthetic integration.

Intensity judgments would be based on unimodal activity.

However, many (associative) neurons are involved in integration and can be influenced by more than one sensory modality.

Unconsciously user always acts multimodally and intuitively when interface provides robustness, structuredness and simplicity of interaction.

Small Picture to remind (slide 4) and emphasize that 
visual cortex has interrelationships with other brain parts.
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Title: Multi-modal interaction.

The user action is accompanied with primary kinaesthetic and proprioceptive feedback, next tactile or/and visual cues can partly reduce (spatial) disambuguity of input techniques and next secondary feedbacks: sound, visual, haptic etc. might complete an action.

To remove input disambiguation the system should receive information without additional demands to the user actions or/and the interface structure. 

Picture from the link: http://www.lfe.mw.tum.de/~marstaller/links.html 

- joke: a user boxes (fisticuffs) of the keyboard  - a good sample in context of the multimodal interaction (haptics, sound…).
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Title: Multi-modal interaction.

Parameters-candidates that could be measured or added when user employs a pen as input device.

E.g., pen input: X, Y, Z(pressure), microphone, built-in camera, finger temperature, SGR, plethysmography (HR) 

Output: sound, visual (LCD or LED), vibration, electrical stimulation, force-feedback

Pictures:

Pen Cat pro Link: http://www.cbdp.qc.ca/pencatpro_eng.html
Smartquill, design of British Telecom, Link: http://oud.refdag.nl/weet/981013weetfo07.html
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Title: Multi-modal interaction.

“Cyber-SIGN analyzes the shape, speed, stroke order, off-tablet motion, pen pressure and timing information captured during the act of signing.”

Illustration from Link: http://www.cybersign.com 
Multimodal signature recognition uses X, Y and Pressure
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Title: Multi-modal interaction.

Other samples of the pen with embedded video camera [ANOTO pen Link: http://www.anoto.com and Pen Camera http://www.spygadgets.com and vibro-tactile transducer [Sharmin et al, 2005].
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Title: Multi-modal interaction - challenge and fiction. 
Intuitively the user prefers to interact with a minimum set of interface components and tasks, and personal preferences are too conservative. 

User never acts multimodally when: 


Integration of the information presented is unnatural or contradicts to the habitual cognitive experience or perceptual interrelationships are being ignored.

           Cognitive load increases or/and an action/task can be divided and performed by parts (sequentially).
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Title: Multi-modal interaction // information coding, prior knowledge.

3 pictures to briefly discuss “a straw like user interface”

which simulates a drinking sensation of different substances (virtual food-taste sensation)

http://magno.hi.mce.uec.ac.jp/~inamilab/en/projects/SUI/ 
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Title: Multi-modal interaction - challenge and fiction. 
When tactile or sound feedback is being perceived as non-informative cues a user will never use additional modes.

From the research of Sharon Oviatt [1999] it is known that users can operate multimodally (to express the commands) of about 20% of the total interaction.

The relationship between visual attention and working memory implies a potential competition among visual attention and other cognitive tasks for limited working memory capacity [Lideman et al, 2003].
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Title: Cross-modal interaction.

Cross-modal interactions are not the simple combinations of the modal-specific signals that currently are presented in most of the studies classified as multimodal approaches.

[Link: http://icmi05.itc.it, Oviatt 1999 and 2002, Schomaker et al 1995]

Picture is a Table from [Vernier & Nigay, 2000] shows
5 combination (anachronism, sequence, concomitance, coincidence and parallelism in columns) schemes to 4 combination aspects (rows) temporal, spatial, syntactic and semantic

in crossing cells we observe by columns: separation, difference, concurrency;

adjacency, completion, complementary; intersection, divergence, complementary or redundancy; overlaid, extension, partial redundancy; collocation, twin, total redundancy.
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Title: Cross-modal interaction.

Paired stimuli of the same modality never produce supra-additive enhancement but may produce modality-specific suppression (e.g., perceptual inhibition in vision), in which the response to a stimulus of one modality is diminished by another stimulus of the same modality (word meaning can interfere with the processing of the word color).

Cross-modal enhancement might occur when the neural response to a stimulus of one modality is augmented by another stimulus of a different modality [Patton and Anastasio, 2003, Biocca, 2002].

Several pictures of visual illusions

Link: http://web.mit.edu/persci/gaz/gaz-teaching/flash/koffka-movie.swf 
Link: www.michaelbach.de
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Title: Cross-modal interaction (visually simulated haptics).
Visually augmented kinaesthetic perception.
Visual processing can influence on a tactile sense and modulate kinaesthetic component.

This technique enables to induce a mental image of the topography of the macroscopic textures. 

Two demo and pictures from

Link: http://www.irisa.fr/tactiles/index-eng.html http://www.koert.com/work/activecursor/ 
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Title: Cross-modal interaction.

The empirical evidence reveals that multimodal signals often do not co-occur temporally at all during human-computer or natural H-H communication [von Stein et al, 1999, Sharon, 2002].

Still, the direction of cross-modal interactions depends on the dominant at the moment a type of stimulus and the level of attentional processing.

An attentional selection in touch influences of other modalities (vision and audition); the influence of auditory cues on visual perception has been demonstrated in a number of studies [Shams, 2002; Slater, 1999].
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Title: Multi-modal interaction - challenge and fiction. 

Cross-modal interactions are the rule and not the exception in perception.

Users almost always express commands multimodally when describing spatial information about the location, number, size, orientation, or shape of an object - because these properties have an amodal nature.

Amodal information is prior and ultimate aim of the cognitive preprocessing; it has an essential impact on development of perceptual systems.
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Title: Amodal (modal-nonspecific) signals and patterns.

In contrary to periphery, at the higher level of mental processing the information is being transformed into integrated signals – percepts which lost their original modal-specific value.

Amodal information is not specific to a particular sense or modality but is redundant or invariant across two or more senses.

Detection of amodal invariants precedes and guides learning of object–sound relations by directing visual attention [Slater et al , 1999, Shams, 2002]. 
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Title: Amodal (modal-nonspecific) signals and patterns.

Aristotle postulated a sensus communis - an amodal or common sense - which he thought was responsible for perceiving the qualities of stimulation that were general and not specific to single senses (common sensibles) [cited on Bahrick and Lickliter, 2002].
E.g. across the visual-tactile-gustatory modalities shape, texture and substance are amodal and specifiable in either modality.
It is well known that learning arbitrary intermodal relations is facilitated when there is accompanying amodal information. 

Slide 27

Title: Amodal (modal-nonspecific) signals and patterns.

Table: The amodal parameters, which can be used at designing the amodal interface.

Two columns

The first is modalities: visual, auditive, tactile, kinaesthetic, proprioceptive, vestibular, olfactory, gustatory

The second column is amodal parameters: signals and factors:

row 1: intensity, direction (left, right, up, down, forward, backward), step/grade, slope and gradient

row 2: temporal factors: period, rhythm, pauses (burst pauses), synchrony, tempo of action

row 3: spatial factors: shape, texture, density, collocation, symmetry

row 4: movement: relative speed/acceleration co-regulated / intercoordinated actions 

mechanical moments, turn-taking patterns

row 5: color, sharpness; co-sensation: smell <> -object -event –action

Next the samples of amodal parameters and how they could be employed for interaction
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Title: Amodal signals and patterns (interface).
Korg KAOSS Pad: Dynamic Effect Control Pad Link: http://www.korg.co.uk//kaoss.htm 

It allows generating more than 60 built-in music effects through touch or tapping the X-Y pad in any direction (there is the embossed directional lines for tactile navigation). 
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Title: Amodal signals and patterns as external memory aid (shape-texture-direction-motion).

The sample how to minimize tactile matrixes using collocation of the fingers.
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Title: Amodal signals and patterns as external memory aid (shape-texture-direction-motion).

The sample how to minimize tactile matrixes using collocation of the fingers.

A peripheral-like vision, a texture can give an integral sense of the field; tactile markers (signs) provide a local sense (fovea).
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Title: Amodal signals and patterns as external memory aid (shape-texture-direction-motion).

The matrixes (Pictures) which have been performed and explored within the tactile project.
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Title: Amodal signals and patterns (shape-texture in communication).

standard tactile symbol list: time, events, places, people, emotions 

objects, food, actions, miscellaneous words, gym symbols 

The samples (pictures) were taken from 

Texas School for the Blind and Visually Impaired Functional Academics and Basic Skills Department Link: http://www.tsbvi.edu/Education/vmi/tactile_symbols.htm
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Title: Amodal signals and patterns // interface.
Amodal phenomena (textures, color, density) might be simulated and used as external memory aid both in games, interface design and technology

Several pictures and scheme to explain the idea how to employ density or color to differ the layers of information imaging or to separate the objects which have similar attributes.
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Title: Amodal signals and patterns // interface.
direction-slope, acceleration, intercoordinated actions
TiltType: Accelerometer-Supported Text Entry, Link:  http://portolano.cs.washington.edu/projects/tilttype/ 
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Title: Amodal signals and patterns // interface.
direction-slope, acceleration, intercoordinated actions
Gummi device and bending interaction, Link: 

http://www.so-net.ro/Fun/SonyDesign/2003/Gummi/experience.html 
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Title: Amodal signals and patterns // tempo of action.

direction-location and motion acceleration
Software demo for text entry when a character selection 
depends on a motion speed and direction of the stylus/finger (touchscreen).
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Title: Amodal signals and patterns // direction, time

The sample of blind touchscreen interaction: directional text entry from [Yfantidis et al, 2004]
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Title: Amodal signals and patterns (visual-tactile typeface).

26 pseudo-graphic tokens were mapped in 8 directions.

spatial resolution factors: 8 directions, dead-zone, 

90º- a minimum separation, heat transfer (therm. capacity)

wire-finger / wire-substrate

from [Špakov et al, 2003]
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Title: Amodal signals and patterns (tactile, textured and sound grids)

The pictures and animation to explain the principles of designing and optimization.

Collocation & symmetry provides an external memory aid and decreases cognitive load.
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Title: Amodal signals and patterns (tactile, textured and sound grids)

Math puzzle (game): 

5 full equations have been used, which means that the matrix can be filled so that all of the rows have one working equation [Jokinen, 2005] 

The grid 5 by 5 have been used.
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Title: Amodal signals and patterns (tactile, textured and sound grids)

Math puzzle (game): 

Still it could be optimized to the grid 3 by 3.
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Title: Amodal signals and patterns (directional cues and temporal mapping).

Tic-Tac-Toe bind game (demo).
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Title: Multi-modal interaction.

General consideration about human-computer communication:

User, information transfer and problems of query and reply in both directions (input-output).

The question: how to remove disambiguation?  By filtering or redundancy.
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Title: Multi-modal interaction (again) – challenge and fiction.

The illustration of the HCI time-line

eVolution of human-computer communication

[Graphics was adapted from different web-sources] 
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Title: Multi-modal interaction – challenge and fiction.

The Table: the index of keyword occurrences throughout WWW-space 
statistics on 10.11.2005 

by rows:

multimodal /“multimodal interface”- 

3,310,000
44700

bimodal / “bimodal interface”- 

1,460,000
51

unimodal /“unimodal interface” -

452,000
76

non-modal / “non-modal interface” - 
124,000
749

monomodal / “monomodal interface” - 
43,400

23

amodal / “amodal interface” -

49,800

8

supramodal / “supramodal interface” -
12800

2
co-modal / “co-modal interface” - 

3,290

2

poly-modal / “poly-modal interface” - 
854

5
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Title: Amodal signals and patterns // within a system.
Finally, Kai Richter and Marita Enge [2003] have considered creating an amodal interface from the system’s viewpoint and a systems’ integration.

Many authors believe that the information presentation on different devices in different modalities requires a higher level of abstraction that might support convergence between the different platforms [Heuten and Klante, 2005].

Richter and Enge have proposed the framework which distributes user amodal interface-descriptions to different modality-specific presentation components and, on the other hand, integrates input from several input components.
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Title: Amodal signals and patterns // within a system.
The current efforts are concentrated on integration of mobile and stationary terminals (public information kiosks) to facilitate user interaction, in particular the users with special needs.

For those purposes an amodal and platform independent user interface description languages have been designed.

The future devices supporting amodal input-output will use amodal signals both at the system and at the user’s level, thus providing a new grade of integration of the device and the user.
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Title: Synaesthesia (cross-modal information transfer) or an amodal perception “as is” ?
Visual perception can be manipulated by other sensory modality

Vision and audition has an impact onto attentional selection in touch.

The influence of auditory cues on visual perception (intensity, direction…) has been demonstrated in a number of studies 
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Title: Synaesthesia (cross-modal transformations) 

Visual images can be realistically encoded into musical forms
Sample from Link (2001): http://www.smartsight.co.uk/
Demo: Musical (MIDI) mapping
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Title: Synaesthesia (cross-modal transformations?) 

The results of the study an approach to the problem of objective recording of subjective sound image. Sonification of the same graphic objects was based on amplitude panning method through three different sound mappings. Visualization of auditory localization strategies was carried out through SMI EyeLink Gaze Tracking system. The evaluation showed that the virtual sound sources grasp attention with a smaller strength than subjective mental images based on cognitive experience. They can control by eye behavior in absence of visual stimuli. Therefore, we suggest that eye tracking cannot directly be used as a criterion of sound mapping efficiency.

Demo: VideoSound, MonoGraph, Spotty
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Title: Synaesthesia (cross-modal transformations?) 

Smooth sound tracks are more difficult for integration

Demo: VideoSound, MonoGraph, Spotty
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Title: Synaesthesia (cross-modal transformations?) 

Demo: VideoSound, MonoGraph, Spotty
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Title: Synaesthesia (cross-modal transformations?) 

Magnetic imaging system [Evreinov, 2000].

If the force feedback could take place at finger manipulations without surface contact through a mechanical linkage it could greatly facilitate a perception of emulated environment qualities, such as elasticity, density, viscosity, pressure or texture and theirs spatial gradient. It has been shown that magnetic imaging system (remote force feedback) can enhance user’s awareness during navigation at manual performance of typical tasks such as targeting, selecting, and positioning.

Pictures from the paper.
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Title: Synaesthesia (cross-modal transformations?) 

Unfortunately, ten years of experimentation with auditory displays did not lead to an essential progress in manipulating graphic images especially for blind or visually impaired people.

Other techniques making use of electro- or vibro-tactile imaging have a longer history.

Nevertheless, up to now only a simulation of simple geometrical shapes can evoke sensations similar to their visual prototypes because these graphical primitives (shapes) have an amodal nature.
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Title: Synaesthesia (cross-modal transformations?) 

Illustrations for electro-tactile feedback and different application of electro-tactile imaging are presented. Bach-y-Rita, eyePlus2.com (Kajimoto) and others suitable.
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Title: From physical signal to feedback cues
Scheme

amodal physical parameter (e.g., intensity)

addressee/user (has input)
adding spatial-temporal content to amodal physical parameter

still amodal physical signal (step/grade, gradient, periodicity, direction… 
)
input: preliminary processing: detection of local extremes, continuity interruptions …

result to: modal-specific and non-specific filtering (e.g., color, sharpness, comfort, irritation, spatial location, direction, slope…
)
encoding & integration, shaping a supramodal concept/object Gestalt representation  

(e.g., shape, texture, image, rhythm, tempo, synchrony, collocation, symmetry… 
)

based on cognitive experience and prior knowledge

primary feedback follows input  

secondary feedback should 
 finalize action of input signal
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Title: From convenient interaction to the natural interface.
Haptic devices are currently intended to complete visual experience because they are still based on “pointwise” mapping (“vollpunktadressierbares”) and quasi static features’ imaging.

Picture 
Phantom Omni

Link: http://www.sensable.com/products/phantom_ghost/phantom-omni.asp 
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Title: From convenient interaction to the natural interface
Pictures to illustrate a natural interaction through harness

Harness’ force feedback is dynamical and flexible channel 
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Title: From convenient interaction to the natural interface.
Pictures of haptics realized with wires (marionettes) and magnets (magnetic pendulum and tic-tac-toe - toys)
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Title: From convenient interaction to the natural interface.
Pictures to discuss “spider-net” metaphor

Work of Williams (1998) – wrench-reflection (cable-suspended) feedback 

Links: Spidar http://sklab-www.pi.titech.ac.jp/~somsak/spidar8.html 
 And

http://sklab-www.pi.titech.ac.jp/detail/spidar/recent-e.html 
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Title: Information visualization.
Using the previously discussed “cable-suspended” feedback, adapted to touch-sensitive input device (touch tablet, touchscreen) 

Pulley + DC motor + sensor of thread’s tension
When one of two pulleys is active a reverse mode of DC motor can provide force-moments in both directions
Slide 62

Title: Information visualization.

Work in progress: Evaluating Virtual Length of the Chart Columns Augmented with Wrench and Sound Feedback.

We designed mock-up of the wrench cable-suspended haptic interface and match game-like software to investigate the perception features of the force feedback provided in the task of blind inspection and comparison of virtual length of the chart columns augmented with wrench and sound feedback. The performance of the eight blindfolded subjects was evaluated in terms of the number of repetitions to detect twin chart columns with similar length, and the task completion time required to perform chart inspection. Implemented cable-suspended interface could be used by blindfolded player to make comparison of linear dimensions of virtual objects at its exploration and to develop educational pre-calculus tools for blind students. 
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Title: “Inter action”

Scheme of the human-computer interaction

movement start    (mouse-down)

movement in progress
movement completion  (mouse-up, btn release)
user pre-thinking cognitive experience
user post-thinking
user thinking (continuously
)

system processing (continuously
)

movement direction (2D, 3D), acceleration, tempo of action, pattern, intercoordinated
this is also involved 

system pre-processing pre-history
system post-processing

user takes up perception (continuously
)

he receives

primary feedback
 and secondary feedback
as well he takes up strategy
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Title: Inter action // some demands for interaction techniques.
We have to provide Unambiguous mapping for interaction space to present the state and features of the interaction environment, e.g., a number of objects and their general description (name), (dis-) appearance or modification of the object(s) and their relationships.

Exhaustive navigational cues to present coordinates and referent positions should employ grids and matrixes as external memory aid and be augmented with additive feedbacks such as beacons, landmarks soundmarks, earcons and attentional (predictive / warning) signals e.g., signaled varying degrees of action through natural (verbal and non-verbal vocal segregates /paralanguage) and conditional signals and codes /symbols which could be perceived unconsciously.
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Title: “Inter action”

Figure from the paper Sribunruangrit
, 2003

The Braille Box is an assistive device developed for helping blind people access graphic information by tactile perception. The authors used the Braille Box to explore and recognize geometric forms on a computer screen. The main problem which limits the recognition performance was that when exploring geometric forms in space, blind people need reference points or axis to let them access spatial information. Therefore, the authors used reference points indicated with a sound, together with the Braille Box. 
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Title: “Inter action” // directional-predictive sound signals

There is a challenge to support non-visual inspection and active interaction with graphs by using sonification of stylus movements accompanied with kinesthetic feedback. The problem is how to minimize the number of sounds and to increase the information they contain. Stylus movements were sonified with three sound signals taking into account the concept of capture radius. The performance of the subjects was evaluated in terms of the stylus deviation concerning the graphs, the length of the scanpaths and the task completion time under two sonification conditions. DPS signals regarding the movements towards the graph, backwards or crossing, near the capture radius, can optimize scanpath and decrease completion time in the task of the blind inspection of the graphic images. 

The game Hidden graphs will be presented in Demo session

Slide
 67

Title: Conclusion 
To build user-friendly interface there is a need to carefully balance between performance of interaction and perceptive and cognitive abilities of the person.

Multimodal devices supporting a work in parallel with different input-output modes is by no means a progress in human-computer communication.

It is reasonable to assume that advanced interface design might rely on a higher level of cognitive preprocessing and natural way of perceptual cooperation and integration.

Amodal information, signals and components will have a significant impact on designing advanced user interfaces in the near future.
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Title: Conclusion 
Detection of the amodal relationships guides selective attention at exploration of objects and a performance of any actions. 

We believe that amodal information channel might revolutionize all the communication technology. 

Thus, there is a great challenge to develop novel interaction techniques when visual modality would not be used at all or employed as additional/optional system’s output. 

Such a way could bring the benefits for both people with sensory impairments and ordinary users. 
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