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TACITLE COMMUNICATION _
* GLENN R. HAWKES, FH. D.

wupoﬁ:tedwtinhistalk,andbachdufwith
experimental data, that although the human
skin is seldom used for communication pur-

it can be — and usefully so. Subjects

poses, /
trained for short period of time
(mmmMm
g (letters of the alphabet) with stimu-
ndechanical vibrators

be noted in Fig. 1 that only
assi to 2 particular locus, that frequently
letters were assigned to brief durations to
Increase of transmission, and that some
stimulus-combinations were assigned no mean-
ing fi:r oyler to increase the'system’s adaptabil-
i
lgs than ideal system, one subject could receive
messages at a rate of 38 words per minute, con-
siderably faster than is usual with Morse Code.

uses. Even with thi: somewhat -

The question may legitamately be asked,
w] 'teommu);:ie:gomen eers and

others concerned with special
as how to communicate Pe'f‘f'i!::iently wi

th
el in high noise areas adjacent to jet
personn gh ) LL

input chanr:<"? The writer
believes that the answer lies in the complexity

ems — such

many ‘
identify mechanical cutancous vibrations produced by
(see Cault!), but with a notable llc{
writer knows of only cne who has been con-
sistently able to identify such vibrations: Helen Keller.
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permission of the author).

one avoided the use of mechanical vibrators,
which are bulky and require considerable
, and instead used electrical current as
source ‘of stimulation. It has been sug-
gulr:'d by the writer* and by Gilmer* ‘that either
or alternating’ current would be suitable

for communication; purposes. Electrodes are
easily mounted on the body surfage, and have
less bulk and a lower power reqyirement than
g:lchaniul vibrt:;.ors. dSensitiv lfi‘:: mechan-
vibration is dependent upon skin tempera-
ture, whercas the E::ount ofP:lnechical ctmt
uired to reach absolute threshold apparently

is independent of surface temperature.’ /Fur-
ther, mechanical vibratory sensitivity falls off
rapidly as locus is changed from bony to fatty
areas of the body™ sensitivity for electrical
current is dependent mostly upon the nerve

- supply rather than the thickness of the

epidermis,

Code described
to each of 8 Vibrators, with 3 In
Stimulus-Combinations (data from Howell®, by
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Gelderd® The Groupin
o tensity-Levels uﬂ%

The communication system described by
Geldard utilized several intensities, durations,

- and loci, based on studies of the number of
variatigns along these dimensions which people
could readily identify. Electrical current ap-
plied to the skin may elicit sensations of pres-
sure, pain, warmth or cold, under suitable
conditions. Alternating current at weak in-
tensity levéls, however, usually produces a
.“tingling” 'sensation which typically is indis-
tinguishable from mechanical cutaneous vibra-
tion.” An increase in the amount of current
will elicit mild pain analogous to that felt
when a needle just penetrates the $kin; mild
pain of this nature is tolerated by human sub-
jects without emotional or other disturbances."
The ability to tolerate mild pain with equa-
nimity may be very useful for communication

purposes.

g



H a subject is asked to identify a number of

~ electrical cutaneous intensity-levels within a
range producing tingling (or vibratory) sen-
sations but not pain, then two levels can be
identified without error, Maxtaum transmis-
sion of information is possible when using three
intensity-levels Extension of the stimulus
range to include intensity-levels producing mild
Fain permits efficient “identification of four
evels,” as shown in Fig, 2. The addition of
knowledge of results did not produce a statis-
tically significant gain in information transmit-
ted over that w:l.ﬁ the extended range alone,
Performance when identifyirg intensity levels
of alternating current applied to the skin, there-
fore, is about the same as with mechanical
cutaneous vibration: at least three intensities

durations of electrical cutaneous stimulation
can be identified efficiently’, again comparable
to the three stimulus durations used in the
mechanical vibratory communication system of
Geldard.” As was the situation when identify-
ing electrical intensity-levels, the data shown in
Fig. 3 indicate that extension of the physical
range of durations permits efficient identifica-
tion of more than three stimulus-durations.® An
additional complication, however, is apparent
ﬁ'fo:r:i the results showndsin F;g. 3: efficiency
of identification de at least partl

the stimulus intensigl-?evel used, Eun{erl.lpt%:
dependence of performance efficiency on stim-
ulus intensity is particularly important if the
subject is in ced in the task. A similar
consideration, the interaction (or confusion) of

can be identified efficient(liv._ u and intensity of stimulation, pre-
Similar results are found when identifying a  clu eﬁnzo use of stimulus frequency as a cue
number of stimulus-durations. About three -~ in the mechanical vibratory system described
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RO. OF STIMULUS DURATIONS

Frcunz 3, lnhmﬂnnTmmmdﬂaAbwhuldmﬁhuondwCum:Stﬁn-

ius-Diusation with stimuli presented
voced; Gioug & w24 Najve (data from

by Geldard" Much additional work resmains to
be done on selection of the most efficient stim-
ulus parameters for cutaneous communication,
on the problems of training with an electrical
cutaneous system, and on comparisons of elec-
trical to mechanical vibratory cutaneous com-
munications. c{ :
Cutaneous sighaling efficlency in vigilance
tasks has'been eompagred to pecr¥omane§dn\:iﬂt
auditory stimuli, Jn situations where subjects
mded to the presence of infrequently pre-
sented, electrical cutaneous, mechanical vibra-
tory, or auditory signals of a weak intensity-
level, response 'latency and signal detection
were poorer for the cutanéous stimuli™ ™.
Efficiency of cutaneous signal detection 'rel-
ative tu that with auditory stimuli was well-
maintained, however, in another study where a
moderate (rather than weak) stimulus intensi
level was used." In the latter study, efficien
of rsponding to the presence of the signa
-remain high even when the intersignal intecval
was as long as 600 seconds.
Nevertheless, performance deteriorates with
time-on-task for moderate intensity cutaneous

~ different", Subjects bave no diffi

at 2 Intensity-Levels. Group 1 Experi-
Hawku‘}.ty‘ P

stimuli if the subjects are req-:ii=d to discrimin-
ate among stimuli as opposed to responding
to its mere presence. When cutaneous or audi-
tory stimuli are presented under alerted condi-
tions, jud ts of stimulus-duration for these
two ldmg of stimuli are not significantly .
ty in dis-
tinguishing between 0.5 and 1.0 second dura-
tions-with either kind of stimulation, However,
if the subject is required to d to infre-
uent 1.0 second stimuli but not to ly
every 2.0 seconds) presented stimuli of 0.5
second. duration, then rmance deteriorates
with time-on-task for cutaneous signals but not
for auditory ones." If the cutaneous and audi-
signals are intermixed in the same session
(but not presented simultaneously), then detec-
tion _fgrobability deteriorates for cutaneous but
not for auditory signals, When thé two kinds
of signals are presented simultaneously, detec-
tion probability is about the same as’ that for
auditory signals alone. '
Cutaneous vs. auditory signaling at present
may be evaluated on these ciiterfa; (1) train-
ing time required, (2) speed of reception, and
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(3) vigilance berformance. On the basis .oﬁ-‘-
RPN

. eport’, cutaneous communication ap-
- parently compares favorably to Morse Code on
fl) and (2), but reception speed probably is
severely limited when compared to that for
speech. It may be seen from the above that
vigilance for cutaneous stimuli also is consider-
ably poorer than performance with auditory
signals, -
It seems worthwhile at this point to consider
- a matter of relevance to cutaneous systems and
also to all other forms of communication: what
meaning should he assigned to the stimuli em-
loyed? In Morse Code, two signal durations
fp' us gauses) are used to form groupings which
stand for letters of the alphabet. It is gener-
ally recognized, however, that Morse Code is
gro:l{ inefficient when compared to the rate
of information reception from speech (up to
about 250 words per minute) or from reading
(500 or more WPM). Quite a large number
of symbols would have to be available if each
symbol were to refer to different word.
Coded symbol sets, such as used in the Gre
shorthand system, could %reatly reduce the

number of signals required for rapid communi-
cation; at least some 31 to 50 signals would still
have to be available® Alluisi' has offered yet
another suggestion: signals could be used to
stand for the sounds or “phonemes” of speech.
Japanese schoo are now trained with a
system (termed ) of 51 characters, each
representing a sound, so that there is
direct co, between what is read

and what is heard. Perhaps it'is possible with-
.out too much training to have, for example, the
three “dots” signal-gfoup of Morse Code, or a
locus-intensity-duration combination in Geld,

ard’s cutaneous communication system, stand
for a speech sound ‘or shorthand symbol} rather
than a letter of the alphabet. If so, message
rate on coded communication systems

mi;t be greatly accelerated. .
Although a number of uses for cutaneous
communications may be envisioned, such as in

high-noise areas or for the blind and deaf-

blind, it may be seen from the above that much
additignal work is n before a cutaneous
communication system such as that described
by Geldard is readily available for use, Never-
theless, there is a va<t array of situations in
which cutaneous signaling can be utilized im-

mediately, Possible immediate uses of stimuli
applied to the skin are for (1) emergency warn-
ing or alerting purposes, and (2) providing
limited information such as is needed for gui
ance or direction-giving purposes.

DISCUSSION

Cutaneous stimuli could be used to give any
kind of warning or alerting signal. The follow-
ing examples were chosen in an attempt to
illustrate the sorts of advantages possible with
use of signals applied to the skin rather than,
or in addition to, the eyes ur the ears. In air-
craft operation, pilots or other control
nel are now wamed in emergency situations by
an intermittent light or loud sound. These sig-
nals often are ieffective because the visual
and auditory input channels are receiving a
continuous stream of information from instru-
ments and earphones, a condition termed “chan-
nelthoave:llload". A somewhat similar situation,
in that the eyes and ears for practical
are not avagble, may occur when thg pB:::‘ is
threatened by anoxia. Mild anoxia may inter-
fere with detection and response to auditory
and visual signals. An electrical or mechanical
tactile signal could alert the pilot to the lack of
oxygen, particularly if the signals were intense
enough to evoke some pain; it was mentioned
eatlier that subjects tolerate mild cutaneouns
pain without emotional or other disturbances.®

Another possible application of cutaneous sig-
naling i in the earlier mentioned high-noise
area. Near jet aircraft and in many industrial
areas of operation, noise levels are such that
communication by lou bells, sirens,
te;c., is difficult if not impossible. :dn most of

ese situations, a person is occupied visually
by the normal requirements of his task. Rapid
J;rtin of personnel in the advent of danger

could be dccomplished by tri g an electri-

- cal or mechanical signat to the skin of personnel

in the area,

Additional ways in which cutaneous signnlin
can offm:'advan’t;gu may be illustrated in aﬁ
examplée in the area of Civil Defehse, The
principles, however, afnply equally well to many
situations. Personnel responsible for alerting
and controlling pe;i:le within a particular area

need to be informed with minimal delay of the
imminence of enemy attack or other impending
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disaster without necessary dependence upon
normal telephone, radio, or television communi-
~cation. The Civil Defense Headguarters could
- simultaneously alert 2ll of its key onnel
- within the area of responsibility by transmitting
- & radlo signal to activate devices wom by the
personnel, receipt of a cutaneous signal permit-
ting these personnel rapidly to execute plans of
action. Large numbers of key personnel could
be alerted simultaneously, whether or not they
ha;;fened to be watching television or listening
to the radio at any given moment,
*Auditory or visual signals must compete with
many ot&?r s of Elj;mlar nature, P\efte.;y lit-
tle information, however, is derived from the
skin, thus offering the possibility of ease of
interpretation of cutaneous warning si , It
is neither being suggested nor implied that cu-
taneous signaling d replace more tradi-
- tional forms of communication. The addition

of another senst‘?r input chanmel to the auditory
- and 'visual should increase the probability of
detection and response to signals in many sit-
" uations. Further, where for some reason the
eye and th:h ear are not available ;he il?}n may
represent the onl om'orh:m‘ or effective
communication. 'l";:e o owhgt);s offered as an
illustration of other situations requiring trans-
mission of limited information where cutaneous
signals could prove to be a valuable supplement
to lights and sounds,

Information necessary for guiding an aircraft

on an appropriate path for landing is now
furnished by both light and 'sound. Addition

i

- of another sensoliy channel, the cutaneous,

should be relatively easy and would increase
the likelihood of efficient communication. Fur-
ther, Howell”, among others, has shown that
tracking performance with only cutaneous sig-
nals is possible, thus demonstrating the possi-
bility of receiving such information when other
sensory channels are not available. It is rela-
tively easy to conceive of other uses for cuta-
neous communication systems offering choices
among limited signal possibilities. For ex-
ample, it might be desirable to have several
d.ifferent kinds of emergency waming signals
available in a single system. The equipment
and training problems of a cutaneous communi-
cation system designed for limited information
transmission should be only slightly more dif-
ficult than that necessary for cutaneous wamn-

ing or alerting purposes.
CONCLUSIONS

It may be concluded that cutaneous signal-
ing could be useful for any form of communica-
tion. Transmission of complete messages with
such a system, however, will require consider-
able additional investigation even though feasi-
bility has been demonstrated by Geldard, The
best immediate applications o{ cutaneous sig-
nalingareinthenreasofwamingoralerﬁng,
and for direction-giving among sets of limited
possibilities as in guidance systems. Cutaneous
communications will not replace the eye or the
ear, but in many situations, “tickle talk® can
be useful,
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