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ABSTRACT

When compared to other kinds of perception, haptic peroptas
several special aspects. This paper presents a proposdéfier
nitions of haptic perception and tactile interaction. Tehegfini-
tions are designed to support the process of developingairttee
systems with haptic perception and tactile interfaces. Ve gn
impression of the complexity of needed guidance, the diffyonf
coding tactile information is further illustrated by exaep

Tactile communication can be classified into three levelEkwhre
suggested as a useful structure of guidance for develofers o
teractive systems with tactile components. Some proposed g
eral guidelines on designing tactile output should be thsisbaf
further discussion on what guidance seems to be possibleeat t
present stage of knowledge and what further investigatimulsl

be done. The summary contains an appeal to use systemeatient
approaches. The aim of this paper is to give input for furthisf
cussion.

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentatior]: User Interfaces—
standardization
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1. INTRODUCTION

Human-system interaction is based on human activities axa m
ture of multimodal perception, cognitive and intuitive rtedrpro-
cesses, and motor actions.

Human capabilities to interact with systems are a resultasid
resources, learning, and environmental influences. Desidrde-
velopment of interactive systems is based on well defindahizc
logically and economically oriented knowledge and on eagoic
knowledge mostly presented as guidelines. Guidelinesdeeldp-
ing computer supported systems have been concentrate@pin-gr
ical user interfaces for a long time [8, 9, 10, 11, 12, 13].
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With the growing impact of information technology in dailijel
there are at present good reasons for adding some guidance fo
other types of user interfaces, especially for those coimgitac-

tile interactions. Although haptic perception is a veryibdsiman
sense some serious reasons exist that the knowledge anodoleth
ogy for describing tactile interactions is more complickitecom-
parison to visually dominated interactions. The most ingutrea-
sons for this are:

e the haptic perception system is not concentrated on two or-
gans like eyes or ears but are distributed — simply spoken
— over the whole body,

e the transfer of thermal and mechanical energy from the envi-
ronment into the human body has to be described not only in
one dominating measure (e.g., radiation in the case ofryisio
pressure in the case of hearing), but in a multidimensional
manner (i.e., force, pressure, distance, velocity, acatbe,
strain, etc.), and

e thereis practically no writing system, like grapheme- compéme-
based systems, to describe haptic patterns.

The complexity of tactile interaction can be found in hanuks
containing commonly accepted traditional knowledge orcger
tion and human performance [1].

Guidelines are needed for tactile/haptic interactions.

Guidelines are needed for documenting and describing tetiaptic
patterns.

2. HAPTIC PERCEPTION AND TACTILE
INTERACTION

For human-system interaction it seems to be helpful tordisish
clearly between “tactile” and “haptic”. Although some défons
exist for these terms, e.g. [18, p. 204, 228, 229] the foltmrpoint
of view (new contextual definition) has some advantages:

e The term “haptic” should be used in cases of passive per-
ception only. Passive perception means that no motor ac-
tions with the purpose of getting the haptic information are
involved.

e The term “tactile” should be used in cases of human activ-
ities (interactions), based on haptic perception, in combi
tion with purpose oriented (goal driven) motor actions.

Flux of mechanical and/or thermal energy is involved in hzthes.
That is the beginning of a very difficult matter: How can you de
scribe, in terms and measures of energy flux, the haptic pgoce
and the resulting haptic or (more complicated) tactilegrattecog-
nition.



For some special conditions, well known methods exist fis th
problem. For example, at a very basic level, the interaabidkey
stroking can be described as a functior= f(F,t,c;), whereh

is distance (height)F is force,t is time, andc; are other parame-
ters, describing technological influences of interactidammonly,
some special characteristics of this function are used@stigs for
representing the whole functigh

Other functions, describing the transmission of signadsavisys-
tem, are concentrated on dependencies of the interactiongig-
nal parameters like frequency, nonlinearities, noise dhdranea-
sures of system-signal-theory. This way of describingleaatiter-
action is applied in biomechanics frequently. The corresipty
biomechanical knowledge can be useful for defining peakeglu
of forces and other mechanical measures (e.g., level of amécdl
vibrations) but it is not directly usable for guidance onigeig
tactile interactivity.

Guidance is needed in the definitions of common terms (e.gph
tic, tactile).

Guidelines are needed for documenting and describing patte
recognition of tactile/haptic patterns.

3. PHENOMENOLOGY (CLASSIFICATION)
OF TACTILE COMMUNICATION

To distinguish between tactile interaction and tactile oamica-
tion it can be helpful to define the purpose and context of anuie
for tactile human-system interaction.

Tactile interactioncan be defined as a transfer of haptically per-
ceivable signals in a technological sense.

Tactile communicatiocan be defined as tactile interaction includ-
ing mental processes of understanding coded messagesile Tact
communication can be classified into three levels:

Basic level

Tactile communication at a basic level uses exchange of amch
cal and / or thermal energy only.

Examples are: grasping a hammer, touching an object in the da
ness, reading Braille text.

Advanced level

Tactile communication at an advanced level includes feddio&
additional perception channels (like visual or auditorycegtion)
to basic level tactile communication.

Examples are: using pointing devices for positioning thesauat
a computer screen, using a gun, reducing the loudness ofaa rad

Complex level

Tactile communication at a complex level includes body leaye
(like gesture and mimic) and emotionally controlled motati@ns
to transfer messages which cannot be expressed alphacattyeri
Examples are: dancing, hand shaking, playing piano

The existing knowledge of all kinds of tactile communicatiis
very limited in comparison to the human capabilities. Neweless
this knowledge should be more and more encapsulated intb gui
ance on designing tactile human-system interaction. Toere
need exists to systematically summarize existing knovéeiddp
categories of artefacts to be designed for tactile inputtantile
output (e.g., designing input devices for graphics [19, B8]l

effective text input devices [23], or touch screen intezfafl7]).

Guidance is needed in the definition of the differences begne
tactile interaction and tactile communication.

Guidelines are needed to organize and summarize existingwh
edge of input/output device design.

4. EMPIRICAL KNOWLEDGE AND THE
NEED OF GUIDANCE

Guidance on designing tactile human-system interactionlshhe
established as much as possible on commonly accepted neodkls
empirically formulated functions. Some of these would apEb-
vious, for example, the human movements required of tatiée-
action would suggest the need to consider guidance refigtim
Law of Practice which, simply put, states that practice iovps
performance [7]. Others are not as clear. For instancenscie
tific publications in human-system interaction often refeFitts’
Law [5] and Card and Moran’s Keystroke-Level Model [2], bahc
traditional models fit into tactile interaction? How theseduals
can fit into a purely tactile domain and what other models migh
also be appropriate need to be determined.

To fill the gap between existing models and the challengeseof d
signing a specific tactile interaction process, additianstiance
on how to proceed is necessary. Even to develop such guidamce
efficient methodology has to be defined. This may require aginod
specific to tactile interaction. The question remains, howrtcap-
sulate this experience and knowledge into some guidancdeoy a
guidelines.

Guidance is needed regarding how to apply commonly accepted
human-system interaction models and empirically formutat func-
tions in the tactile/haptic interaction domain.

Guidelines are needed to describe how to identify and resgjaps
between existing interaction models and the tactile/haptiterac-
tion process.

5. CODING OF TACTILE INFORMATION

As mentioned in Section 3, tactile communication needs unde
standing of coded messages. To draw some attention on the cha
lenge behind this statement, consider the following brxefeple:

A blind student is dealing with modelling in bioinformaticSyp-
ically such modelling needs some experimental investbgatiin
this case some electrophoretic measurements. The rekafjarose
gel electrophoresis is usually presented as a grey-le\ajénisee
Figure 1). The question is: How to design a tactile reprexsimt
providing the equivalent information in the sense of webtenh
accessibility guidelines such as WCAG [4].

Guidance relating this this problem has been historicabking.
ISO/TS 16071 [14] provides guidance on software acceggibil
but lacks guidance on haptic access [3]. Specific guidarmgrre
ing haptic equivalents to information has been added to I2419
171 [15], however no guidance on how to map abstract vistad-in
mation into a tactile medium is provided. Much knowledgesti
about designing tactile information if the referent is &gafe.g.,
city maps) or is based on a hierarchical sequence (e.q, ttrae
tables), but higher levels of abstraction need higher seg€buid-
ance (and education).



appropriate for the casual user. The possibility of surgey
the potential liability in case of damage to the neuromuacul
system further removes this approach as an attractiveatter
tive method of tactile/haptic interaction.

Haptic interfaces usingeat stimulation also exist. Thermal stim-
ulation of the skin can be provided using radiation (IR and mi
crowave), convection (air and liquid), conduction (theratectric
heat pumps), or some combination of these. There is ongeing r
search into the question of which temperature ranges dféebést
resolution [16].

Guidelines need to provide coverage over the full human stima
sensory range.

Guidelines are needed to categorize input/output devicgsdm-
munication style (as per Section 3) and/or method of stims/i{as
per Section 6).

7. BASIC GUIDANCE ON DESIGNING TAC-

TILE OUTPUT
Independent of the existing detailed knowledge of hapticee
tion, like haptic thresholds and other characteristics, the theo-
retical questions of proprioception [22, p. A84], some @gmick on
a more general level seems to be helpful for developers efant
Guidance is needed on how to map abstract visual information tive Systems with tactile components especially with tadiutput.
into tactile patterns.

Figure 1: Example of a grey-level image as a result of elec-
trophoretic measurements to be transformed into an equivaint
with tactile components for blind users.

The following subsections contain example draft guideline

6. METHODS FOR TACTILE OUTPUT .
Devices specifically designed for tactle/haptic outputrassl the 7'1_ Clearly_ docume_n_t tactile patterns ]
somatic senses of the human operator. As such, they shomid co Provide e!ectronlctext explaining the pattern used fatif@output
cern more than just touch. Somatic senses, the “sensessiittie presentation.

include the sense of pressure, cold, warmth, touch, andtigior[6].
In addition, two more senses, both related to the proprincspare
the “sense of position” and the “sense of force” [6].

NOTE In contrast to visual and acoustic output for tactilépationly a
few sets of symbols are standardised (e.g., Braille-codeveral versions).

EXAMPLE 1 Bursts of tactile vibrations are verbally desedbas acting

Proprioceptors are sensory receptors found in musclegpmsn in analogy to a ringing bell.

joints, and the inner ear that detect the motion or positibthe

body or a limb. They measure the activity of muscles, thessing EXAMPLE 2 The vibration pattern of a pointing device with titcfeed-

of tendons, and the angle position of joints. This sense afno- back is explained according to the functionality of the siglé object.

ception, the ability to feel movements of the limbs and baslg/so

called kinesthesis [20]. EXAMPLE 3 The adjusted maximum level of pressure output afrae
feedback system is presented as an alphanumerical valwewsaal dis-

. . I . . lay.
Guidance on haptic and tactile interaction needs to proviner- pay

age across all tactle/haptic output methods availablesadi® so-

matic senses. Shimoga categorizes these devices by stif@l 7.2 Do notrely on tactile output alone _
The system should provide an alternative modality (desorip for tactile

. . N . L . . output signals.
Pneumatic stimulation involves using air jets, air pockets, or air putsig

rings. Pneumatic devices tend to have low bandwidth. Users EXAMPLE An end user with a haptic disability can understamel tactile

may eventually experience muscular fatigue reducing their presented message if this message can be presented addiscamverbal-
ability to sense. ized message.

Vibrotactile stimulation involves using blunt pins, voice coils, or
piezoelectric crystals to generate vibration. Vibrotaatie- 7.3 Do not cause injury

vices can be very small and have a high bandwidth. They are The system should enable users to adjust tactile outputryzdeas to avoid

often the best way to address the user’'s somatic senses. injury or pain.
Electrotactile stimulation involves using electrical impulses pro-

vided via small electrodes attached to the user’s fingers. EXAMPLE A user with reduced haptic perception can indivitiuadjust
Functional neuromuscular stimulation involves stimulation pro- ~ an upper limit for the tactile output of a force feedback egst

vided directly to the neuromuscular system of the user. Al-
though this approach has been used to activate paralysesllim 8.  SUMMARY

it has not caught the imagination of most tactile/haptieint  There is a need to summarize the knowledge on haptic antetattrac-
action researchers. This approach is highly invasive amd no tion, beginning with defining a clear vocabulary and endirithguidance



on developing and using interactive systems with tactilmponents. This
guidance should be structured analogously to the purposksamtext sce-
narios of the systems in question. For this task a systeem®d approach
should be used. The dominating part of such guidance shopiolost the
process of designing dialogues based on haptic perceftminjects and of
tactilely usable functionality.

Such guidance (and the included guidelines and conformprazedures)
should not strongly distinguish between those concentratesoftware and
those concentrated on hardware. The reason for this denmanescfrom
the high complexity of tactile communication — the fact ttia most im-
portant part of tactile interaction of the human being is e¢letirly divided
into hard- and soft- ware.
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