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ABSTRACT

This study, the eleventh in a program of research into information

transfer through electrocutaneous methods, investigat,!d two-way in'(orma-

tion transfer through electrocutaneous techniques. After brief training in

reception and transmission of a simple vocabulary through electrocutane-

ous means and after orientation to the electrocutaneous tra.-sduc•,on equip-

ment, three two-man teams employed the vocabulary and the equipment t

communicate with one another while jointly Ierforming an experimental

task. Two levels of time stress and three levels of attention sharing were

imposed. Communication performance was scored, as well as perform-

ance on a collateral visual monitoring task. The results indicated thet:

(1) reasonably precise two-way electrocutaneous information transfer had

taken place, (2) electrocutanezus communication performance was not de-

graded by the conditions of stress and attention-sharing, but (3) collatt-al

task performance was degraded by stress and possibly by attention-sharing.

It was concluded that the feasibility of the cutaneous sensory channel for

supporting two-way information transfer in a limited vocabulary setting had

been at least partially demonstrated. Some possible applications are dis-

cu~scd.
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CHAPTER I

INTRODUCTION

This report describes the eleventh study in a series of investiga-

tions performed by Applied Psychological Services, for the U. S. Army

Electronics Command, into the information transfer potential of the human

integument. The intention of these investigations has been to examine, in

a programmatic manner, the feasibility of applying, as a method of pre-

senting informatior, low intensity electrical signals directly to the skin.

Initial studies in the program examined the acceptability of this presenta-

tion medium to the human system; subsequent studies examined various

aspects of the quality of the information transfer attending electrocutane-

ous stimulation. In all of these studies the information transfer had been

unidirectional, i. e., the subjects received programed information and

were required to take some action based upon this information. The pres-

ent study was conceived as an attempt at extending the body of knowledge

on electrocutaneous information transfer by investigating its applicability

for two-way communication

Program Results im Review

Early studies in the program were directed toward determining the

acceptability of electrocutaneous stimulation to the human system, both

physiologically and affectively. No difference in such physiological reflectors
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of reaction as heart rate, galvanic skin response, respiration rate or res-

piration amplitude, could be detected between electrocutaneous stimulation

and presentation of comparable auditory stimuli (Macpherson and Siegel,

1964a). Then Lanterman, Macpherson, and Siegel (1964) investigated the

affective qualities of electrocutaneous stimulation by means of a hedonic

checklist and determined that the quality of the electrocutaneous signal em-

ployed was also acceptable from the affective point of view. In view of these

indications of physiological acceptability and no psychological or affective

aversive properties, attention was then turned to exploration of the use of

this sensory channel for the transmission of intelligent information.

A rudimentary form of information transfer is associated with de-

tection of the presence or absence of a signal, and detectability may be

measured in terms of the time required to respond to the signal. Barcik,

Lanterman, arnd Siegel (1964) conducted a comparative investigation of the

detectability of electrocutaneous and visual signals. They measured sim-

ple and disjunctive reaction time in the performance of both cognitive and

perceptual-motor tasks. Their data indicated no difference between the

visual and the cutaneous channels in time to respond. These results were

interpreted as being favorable to the use of electrocutaneous transduction,

at leaot for rudimentary information transfer processes. Two other studies

in this program, conducted by Macpherson and Siegel (1964b) and Lanterman

and Siegel (1964), also explored the use of electrocutaneous transduction in

rudimentary transfer processes; these studies investigated the applicability



of electrocutaneous signaling to a vigilance context, in which missed s.g-

nals, as well as response latency, were the dependent variables. ThrT,'-

old intensity (Macpherson and Siegel) and suprathreshoid intensity(Lanter.

man and Siegel) signals were applied at low signal frequency rates through

visual, auditory, cutaneous, and combined sensory channels. For single

sensory channel monitoring, these studies indicated electrocutaneous rnoni-

toring to be reliably superior to visual monitoring, and probably superior

to auditory monitoring, both with regard to latency and number of missed

signals. The best monitoring/vigilance perfnrmance in these studies oc-

curred, as might be expected, under conditions involving the redundant

presentation of signals to two or more sensory channels. However, the re-

dundant presentation of visual and auditory signal.. resulted in performance

that was reliably inferior to performance under any of the combinations in-

volving electrocutaneous stimulation. That is, both the Macpherson and

Siegel (1964b) and the Lanterman and Siegel (1964) studies indicated that

effective monitoring performance was less a function of redundancy per se

and more a function of the particulai serszorv channels involved in the re-

dundancy, with highest quality performance occurring when one of the sen-

sory channels was the cutaneous.

At this stage in the program, some potential for electrocutaneous

transduction as a medium for information transfer appeared tu ha-ve been

demonstrated. However, signal deiection and tii.ie to respond are reia-

tively low in a behavioral hierarchy associated with information transsfer.
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Questions still renmained concerning the ameaability of the cutaneous sen-

sory ý.hannel for supporting some higher order transfer processes and be-

haviors. Accordingly, a series of investigations was inaugurated into the

u&e of electrocutaneous stimulation to convey higher order meaning. A

compensatory tracking task was developed in which error signals were

displayed cutaneously by means of a pair of electrodes fixed to the right

and left bides of the lower torso. Performance of this tracking task was

compared with performance of the same tracking task carried out with a

visual display of errors. The tracking performance with electrocutane-

ous feedback was found to be of comparable quality to tracking perform-

ance with visual feedback (Siegel, Lanterman, and Macpherson, 1966).

Then these investigators (Siegel, et al., 1966) examined utilization of

clectre•cutaneous transduction for the receipt of information transmitted

in. Morse code. They found that qualified Morse operators could receive

ele-trucutanetously ai a signal rate of approximately one-third their audi-

tory rate The electrocutaneous charnel was clearly inferior to the audi-

tory for this task; however, substantial meaningful content information

transfer had taken place cutaneously. Finally, in a step from the primari-

ly sensory realn toward the more co3piex rcognitive area of behavior,

suitability of electrocutaneous transduction for supporting probabil'stiL de-

cision-making was investigated (Siegel, et al., 1966). In tnat study, M-.Irse

encoded information was transmitted to subjects who were required to use

the information in developing and exeLuting a game strategy. The quality

-4-



of the subjects' strategies was evaluated against the ideal strategy for the

game, and comparisons were madp between strategies that had theirbases

in auditory receipt of the information and those that had their bases in elec-

trocutaneous receipt of the information. The results indicated no differ-

ence in the quality of the strategy developed, regardless of input sensory

channel, and that all subjects developed strategies which %ell approximated

the ideal strategy.

What had thus been examined in the program were several aspects

of the acceptability to the human system of electrocutaneous stimulation

and a reasonable range of information transfer processes predicated upon

electrocutaneous transduction. Signal detection and reaction time had been

Etudi.ed in a number of contexts, tracking behavior was investigated as was

code reception rate, and some evaluation of suitability for decision-making

was obtained. All of these studies appeared to indicate potential utility of

the cutaneous channel for the transfer of intelligent information. No study

(except possibly those two investigating warning/ intrusion/ attention -com -

manding properties in vigilance contexts) indicated it to be the very best

of all media of information transfer; but, realistic.Lly, panaceas were nei-

ther expected nor intended. All that was intended was a cautious explora-

tior of the faceiE of mnformation transfer that this sensory Channel might

feasibly accommodate. On the basis of the research crnducted, there was

reason to consider that many of the expLctations for the potential of this

sensory channel had been confirmed, at least for situations involving uni-

directiunal information transfer. The two-way transfer of information had

not been examined in the program.

-5-



Thus, the current study sought to extend the scope of the prior in-

vestigations into the area of two-way electrocutaneous information t:'ans-

fer. This study sought to investigate whether, in a limited vocabulary

situation, individuals could communicate with one another and interact

spontaneously when their only channel of communication was electrocu-

taneous. The three specific purposes of the study were to:

1. investigate tiepotential of the electrocutane-
oue channel for supll)orting back and forth spon-
taneous information transfer with sufficient
precision so that intelligent actions could be
based upon the information

2. investigate changes, i.f any, in the quality of
the electrocumaneous information transfer
prc,:ess that might attend placing communi-
cator, under varyi.ng degrees of stress

3. investigate the effects, upon both the primary
electrocutaneous communication task and a
collateral visual task, of requiring operators
to share their attentions across the two sen-
sory channels.

-6-



CHAPTER II

METHOD

The methodology consisted of developing an experimental taskwhich

required two-man subject leams to "converse" electrocutaneously, conduct-

ing preexperimental training in a code which would be the "language" of the

electrocutaneous communication, and then observing team communication

performance over the repeated administration of two conditions of time stress

and three conditinns of attention sharing. In addition, observations were

obtained of team collateral task performance over two conditions of collat-

eral task requirements and two conditions of time stress. Data (error

scores) relative to the two performance measures were analyzed through

a series of nonparametric two-way analyses of variance. The remaining

sections of this chapter describe each of the methodological steps it- detail.

ExperimenLal Task

The experimental -ask consisted of a modification of the game of

"battleships. " In this game, participants customarily place marks in

some cells of a row-by-column matrix, ,ach mark representing the de-

ployment of a battleship (or an armored tank, or a squad of troops -- the

particular combat arm represented has no bearing on the conduct of the

game) Each participant's deployment is kept secret from the other. Par-

ticipants alternate in "taking shots" at each other's combat forces, by
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specifying a row and column cell designation. A "hit" is recorded each

time the row and column designation corresponds to that of an occupied

cell; feedback concerning 'chit" or "miss" is given immediately by the op-

ponent. The winner of the game is the first one to destroy the other's

frces or the one who has scored the most hits by the end of a prespecified

time limit.

In order to use this game as a basis for the experimental communi-

cation task, certain modifications were implemented. First, matrices and

the deployment of forces within them were prepared by the experimenters

(rather than the game participants), so as to preclude the occurrence of any

highly unique force deployments. Each mnatrix was a 25 cell square matrix

within which five targets were deployed. Deployment was completely ran-

dom except for the stipulation that, for every target-bearing cell, at least

one of its contiguous neighboring cells would also contain a target. The

reason for the stipulation was to introduce a small element of strategy into

what was otherwise a game of pure chance; subjects were informed of this

factor when t* task was described to them. The second modification of

the basic game was i.,nposed solely for administrative purposes. This was

to timit the duration of each game and to specify the limit in terms of a

number of "shots" rather than an ar'ount of time. Thus, all subjectteams,

wr, ether they played rapidly or slowly, would take no more than the maxi-

rimurn permissible, ten shots per participanvt. Finally, all aspects of intra-

team competition were removed from the psychological context of thegame.



The game was presented to the subject teams as a task requiring cooper-

ative performance. The subjects were told that team scores and not in-

dividual scores were the important data. The word "game" was not em-

ployed in describing the task tc. subjects.

Carrying out the experimental task required participants to com-

municate with one another. Specifically, each team nmember had to: (1)

transmit to his partner the row-ty-column alphanumeric cell designation

of his "shot," (2) receive and understand the feedbacik from h's parti-er

on whether the shot had been a "hit" or a "miss, " (3) acknowledge receipt

of all messages, and (4) (when necessary] request repetition of any ints-

sage he may not have understood. Subjects recorded their transmissions

and receptions on log sheets that were provided. All of the communica-

tion was performed electrocutaneously, employing the signal code de-

scribed below and the apparatus described in a later section of this chap-

ter.

Commumication Code

A 14-character communication code, based on different sequences

of left-side/right-side stimulation, was deviloped as the vehicle for the

electrocutaneous communication. Five different sequences of left-side/

right-side stimulation identified the rows of the matrix, five more iden-

tified the columns, and four more sequences were necessary to construct

a vocabulary of acknowledgment, "say again, " and transitional terms. The

full statement of the code employed appears as Table 1.
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Table 1

Communication Code Developed for Experimental Task

Character Sequence

A LRRR WY means hit
B LLRR XZ " miss
C LLLR YZ " message received
D LLLL WX " repeat last message
E LRLR XY " review in sequence

YX " repeat last coordinates
1 RLLL YY " disregard/I am sending again
2 RRLL
3 RRRL
4 RRRR
5 RLRL

W LRLL
X LLRL
Y LRRL
Z RLLR

L = left
R = right

Apparatus

The apparatus constructed for the two-way electrocutaneous com-

munication afforded the capability of transmitting and receiving signals

electrocutaneously to the individual teams of subjects and monitoring elec-

trocutaneously their own transmissions. Accomplishment of this involved

construction of signal generation equipment, signal gating equipment, and

signal reception equipment. A block diagram of the apparatus is presented

as Figure 1.

- 10-
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The input signal for this two-way communication system was a

2, 000 cycle tone supplied by a Hewlett Packard model 200 A audio oscil-

iator. The tone constituted the input to the primary windings of a UTC

LS-12 impedance matching transformer. In the interest of providing in-

dependent signals to the two subjects, the signal was then tapped from two

different 60, 000 ohm secondary windings of the transformer and led to the

signal gating equipment.

The signal gating equipment, installed between the signal genera-

tor/transformer and the subjects' reception equipment, constituted of a re-

lay box and two pairs of standard Signal Corps telegraph keys. The relays

were employed to present signals to the reception equipment of both subjects

simultaneously. One subject required it as his primary signal; the other re-

quired it as his feedback signal. The apparatus was so constructed that a

signal would appear either 4t the left side or the right side of the subjects'

reception equipme:i., but a given signal could not occur simultaneously at

both sides. In order to assure sharp signal onset and offset, mecury wetteo

relays were employed. Actuation af the gating relays was accomplshed by

depression of the telegraph keys. These keys were mouaited side-by-side

in front of each subject. The distance between the centers of the operating

buttons of each pair of keys at a subject station was 1. 5 inches; the keys

were adjusted so as to minimize any auditory cues generated by their de-

p, -ession.
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Signal reception for each subject was provided by means of a pair

of 0. 4 inch diameter, 60% lead - 40% tin, electrodes, flexibly mounted

0. 75 inch apart on opposite sides of a small, smooth slat. These slats

were mounted in a vertical orientation on the left side of the subjects'

work stations, such that each subject was able to grasp the electrodes be-

tween his left thumb and forefinger. In addition to the lead-tin electrodes,

a gold-plated indifferent electrode was fastened to each subject's left fore-

arm. One subject reported some discomfort from this indifferent elec-

trode Accordingiy, for that subject, a three-inch band of aluminum foil

encircling the forearm was substituted ior the gold-plated indifferent elec-

trode. In view of the possibility that changes in skin resistance might oc-

cur and might alter the subjective signal intensity, an 18, 000 ohm resistor

was placed in series with each of the active electrodes. Finallx,, each .,ub-

ject was provided whi individual intensity controls so that any difference in

subjective signal strength between his two electrodes could be controlled.

This was accomplished by means of two 100 K potentiometers at each s.ub-

ject station, each potentiometer affording control of the intensity ot a :-ight

side or a left side signal.

13



Collateral Task

Since the operator attention sharing was an independent variable irl

this study, a collateral task was developed to be attention shared with the

primary, communication task. The collateral task required the subjects

to monitor a visual display and to detect and log signal deflections as they

appeared. In one level of the attention sharing, signals occurred every

30 (+5) seconds; in another, they occurred every 90 (+5) seconds. Signal

deflection was to one of the five, 0. 5 inch separated positions above the

horizontal centerline of the cathode ray tube of an EICO oscilloscope. The

signal itself was a one inch horizontal line which was displayed at the CRT

centerline when not deflected and, when deflected, remained at its new po--

siilon for 4.5 seconds. The oscilloscope was draped so that only its CRT

was visible. A placard, which labeled the signal positions, was placed

over the tube fa,%e such tnat the signal appeared through a "window. " rhis

display was placed centrally between, and tnr, feet ri front of, the two sub-

ject work stations.

"The apparatus constructed for the collateral task consisted of a

Gerbrand Timer programed to advance a stepping switch which drove the

signal from the CRT centerline to one of the signal positions and then back

to the centerline. The pal ticular sequence of programed signal positions

was c3tablished by a randcm pocedure, as was deflection onset time with-

in the boundaries of plus and minus five seconds.

- 14 -
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Subjects and Preexperimental Training

The subjects for this study were six male college undergraduates

who participated on a paid, voluntary basis. Following a brief orientation

to the study, they were provided with a statement of the communication

code (Table 1) and instructed to return twc days later with the code com-

mitted to memory. There then followed two hours of training in receipt

of the code with signals presented visually by means of a pair of indicator

lights. All subjects attained a criterion of 72 consecutive perfect charac-

ters by the end of this visual training session. On the following day, sub-

jects were given practice in receiving the code electrocutaneously. By the

end of a two-hour session, all again attained the 72 character proficiency

criterion. The next day, two-man teams were established on the basis of

similarity in schedules of availability, and teams were given two hours of

supervised practice in sending and receiving the code electrocutaneously.

The final two-hour training session took place the following day. During

this session, the established teams performed the full eXperimental task

for no fewer than three trials, including one trial with the collateral task

Independent Variables

The indepenident variables in this study were: (1) two lev'-ls of

time stress, and (2) three levels of operator attention-sharing. Time

stress was imposed by instructing subjects to complete th? experimental

task in Less time than it had taken them previously (either the mean of all

15-



of their previous times, or thceir immediately prior time, for subsequent

trials within a day), and by placing a large Gralab universal timer directly

in front of the subjects at a distance of 12 feet. The levels of time stress

were: (1) no stress, and (2) stress imposed as described above. Attention-

sharing was effected by means of the collateral tank, and the levels of this

variable were: (1) no collateral task requirement, (2) performance of the

collateral task in detecting visual signals deflecting with moderate frequency

(once each 90 seconds), and (3) performance of the collateral task in detect-

ing visual signals deflecting with higher frequency (once each 30 seconds)

Experimental Trials

The experimental trials took place in a quiet research room in which

no one, other than the two subjects, was present. The subjects were seated

on either side of a partition which obscured their view of each other. Their

conformance to instructions prohibiting movement from the work station anid

prohibicing conversation was monitored by the experimenter through a one-

way vision screen and a microphone connected to a speaker ovuside of the

room'. The setting for the experimental trials is presented pictorially in Fig-

ure 2.

The six conbinations of the independent variables were administered

within a repeated measurements design. With the exception that all teams

were administered the ro stress -by-no coilater:•l task requirement condition

first, the sequence of administration was rand. m. Two e>•periien.4,! tasks

- 16-
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were performed under each combinatior of levels. Two level combinations

per team were administered each day. All data, including the repeated

measurement of three teams over two levels of time stress and three levels

of attention sharing, were collected within a ten-day period following train-

ing.

Data Analysis

"The dependent variable data of this study were communication errors

and visual monitoring errors. A communication error was defined as any

reception which did not correspond exactly to the antecedent transmission;

this included both incorrect receptions and requests for repetition. A visual

monitoring error was defin,-d as any failure to detect the incidence or proper

magnitude of programed signal deflectior-s. The ratio of the total number of

communication errors to the total number of communication attempts was

calculated over the two experimental tasks performed by each team under

each combination of experimental conditions. In completely parallel fashion,

the ratio of the total number of visual monitoring errors to the number of

programed signal deflections was also calculated for each team under those

combinations of conditions requiring visual monitoring. These yielded two

three-dimensional matrices of stress -by-attention sharing -by -teams, each

containing one value pez cell. The first matr-ix, communication performa.nce,

was 2 x 3 x 3 the sec.,nd, of visual monitoring performance, was 2 x 2 x 3

inasmucn an no visual monitoring data were obtained under the condition in

which no attention sharing wa- requ~red.

- 18-
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In view of the Poisson curve of probability encountered with error

scores, the nonparametric approach to data analybis was selected as bt-Ang

the most direct. Accordingly, the data were analyzed thr')ugh nonpara-

metric methods. Each of the two three-dimensional matrices was divided

into three two-dimensional matrices,. The two-dimensional matrices were

then successively subjected to statistical test by the analysis of variance by

ranks. In addition to the analysis of variance tests, results of postexperi -

mental interviews with subjects, and over-all task performance were subject-

ed to qualitative examination.
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U

CHAPTER III

RESULTS

'Lhe experimental task was performed without untoward incident

by all subject teams under all experimental conditions. In all cases, the

team8 completed their 10 shot games within less than 30 minutes. The

shortest game time was leFs than 11 minutes. In addition, six games

were terminat.,,d after fewer than the full 10 shots because five Aits had

been made. All subjects reported he experience to I.e pleasant and found

neither the novel communication medium, nor any of the stressing agents,

to impose any hardship upon them.

The distribution of comm-unication errors per communication at-

tempts, caiculated over both team uiemnbers for both games played under

each experimental condition, is shown ir, Table 2. Table 2 indicates that

the two-way communication performance was rea'sonably error-free. The

rrmodal error rate was between seven and eight per cent; this value was also

the median of the distribution. What is not indicated by Table 2, which is

based on communication attempts, is that of the 36 individual games played,

four wer,7 played with pe,'fect communications (i. e. , no errors) and six

more games were played with error rates of only two and three per cent.

- 20 -



Table 2

Distribution of Communication ErrorL per Communication Attempts
(proportions based upoK, 114-155 attempts)

Proportion of Errors Frequency

0.00 0
0.01 0
0.02 2
0.03 1
0.04 2
0.05 0
0.06 1
0.07 3
0.08 3
0.09 2
0.10 1
0. 11 0
0.12 1
0.13 1
0.14 0
0.15 0
0.16 0
0.17 0
0.lU 0
0.19 1
0. ?0 0

Table 3 presents the re ults of the nonp-rametric analy ies of vari-

ance of the communication scores. In view of t le exLloratory nature of

this research and the smas'l number of degrees of freedom, Type II error

(failure t- reject P- false rndh hypothesis) wati considered to be the more

serious, an,- the criterion le%,-l of statistical significance was set relative-

ly low (. .. 20) so as t:) minimize tt e probability of a Type II error. This

procedure is ctasiItent with statistical 'hypothesis testing procedures as de-

scribed by %arious wriers. Foy example Lindquist (1953, p. 67-68) points

-21



out that ".... it is not always desirable to set a very high level for the test

of significance... other things being equal, the higher the level of signifi-

cance of the test, the greater is the danger of retaining a false hypothesis";

and Winer states that "The frequent use of the . 05 and . 01 levels of signifi-

cance is a matter of convention having little scientific or logical basis. [Un-

der certain conditions] the . 30 and . 20 levels of significance may be more ap-

propriate than the . 05 and . 01 levels" (Winer, 1962, p. 13). With regard to

the established significance criterion of p . 20, the data of Table 3 indi-

cate that the two-way electrocutaneous information transfer process appears

to be resistant to: (1) varying degrees of operator stress and (2) varying de-

grees of operator attention-sharing requirements.

Table 3

Results of Nonparametric Analyses of Variance
of Team Communication Performance*

Analysis . df

Stress by Team 0.33 1 >. 20
Attention Sharing by Team 2.00 2 '>. 20
Attention Sharing by Stress 1. 00 2 >. 20

* Number of communications errors per communication attempts.

The data of Table 3 presented results of analyses of communication

performance. Recognizing that, in an attention-sharing setting, perform-

ance on the collateral task also constitutes an indicator of the utility of the

primary information transfer channel, comparable analyses were conducted

of visual monitoring performance.
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Table 4 presents the distribution of visual monitoring errorts per

the number of programed signal deflections again calculated over both

team members for both tasks performed under each experimental condi-

tion that required visual monitoring. This table shows that, in central

tendency, visual monitoring performance was essentially comparable to

communication performance (modal error rate between 6 and 10%6). It

should be noted that although a 19%6 error rate was the worst communi-

cation score (Table 2), one-third of the visual monitoring data exceed thi"

error rate.

Table 4

Distribution of Visual Monitoring Errors per Number
of Programed Signal Deflections

(proportions based upon 30-66 and 126-204 deflections)

Proportion of Errors Frequency

0.00 - 0.05 0
0.06 - 0.10 4
0. 1 -0.15 3
0.16 -0.20 1
0.21 -•.25 2
0.26 0.30 1
0.31 -0.35 0
0.36 -0.40 0
0,41 -0.45 0
0.46 -0.50
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Table 5 presents results of the analyses of variance conducted upon

the visual monitoring scores. If one accepts the same statistical signifi-

cance criterion established for eva.iuation of communication performance

(p : . 20), it may be s9cen in Table 5 that differences in collateral task per-

formance as a function of operator stress appear reiibly greater than

chance expectancy. Table 5 also shows that differences in collateral task

performance attriuutable to attention-sharing are not reliably greater tlan

chance when tested against interteam differences, but when results are

pooled across teams and the variances are tested across the four condition,!-

the hypothesis of no difference must be rejected.

Table 5

Results of Nonparametric Analyses of Variance
of Team Collateral Task Performance*

Analysis j df

Stress by Team 3.00 1 >. 05 <. 10
Attention Sharing by Team 0.33 1 >. 20
Attention Sharing by Stress 2.00 1 > 10 <. 20

* Number of collate,'al task errors per number -f orograrned signals.
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CHAPTER IV

DISCUSSION

The purpose of this investigation was to extend the scope of prior

investigations of electrocutaneous information transduction into the area

of two-way electrocutaneous communication. Specifically, the present

study sought to investigate, first, the potential, if any, of the cutaneous

sensory channel as a medium fur supporting back and forth "conversation,

and, second, degradation in the quality of the information transfer when

operators were stressed and/or required to share their attentions between

cutaneous and visual sensory channels.

With respect to the question of whether two-way electrocutaneous

information transfer took place, the results quite clearly indicate that it

did. In this limited vocabulary situation, subjects carried out two-way

electrocutaneous "conversations" with sufiicient precision that t1hey were

able tc complete ail of the games played ard were able to base intelligent

planning actions upon the information transmitted between them. Within

the restrictions imposed by the expezimental ta-,k where, with the excep-

tion of acknowledgments and requests ior repetition, messages were pri-

marily of a two-digit alphanumeric type, subjects were able to interact

spontaneously with one another utilizing electrocutaneous transduction as

their sole intercommunication medium. The evidence for infer'iring that

the two-way transfer process took place is restricted not only to the facts

that: (1) all games were completed, (2) the games were counpleted in rea-

sonable time, and (3) some were even completed in fewer than tern shots,
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but also the error rate data indicate that the information transfer process

was of fairly good quality. Particular note is taken of the games played

with perfect communications and of those played with only two or three er-

rors per every 100 transmissions. Even the modal error rate of seven to

eight errors per every 100 transmissions can be considered acceptable in

view of the very abbreviated training "Iat was provided to the experimental

subjects.

The data regarding the influence of stress and attention-sharing upon

operator performance are more di, 'icult to -valuate. It is obvious that nei-

ther of these variables effected any change in the quality of communications

performance (Table 3). Thi finding could be interpreted as indicative of

the resistance of electrocutaneous transduction to various kinds of operator

loading. That is, if electro -utaneous transduction were a marginal commu-

nication medium, one miht expect communications to "fall apart" with the

introduction of load6 upon the communicators. As Table 3 shows, commu-

nications did nut degrade. However, for the conditions which required oper-

ators to monitor a visual display in addition to communicating, although

their communication performance did not suffer, their visual monitoring per-

formance did. The quality of the visual monitorirg performance "fell off"

as a function of the stress imposed, a,,,' it m-, hav fallen off as a function

of increased collateral task requirem.'-,ts. Thus, depending upon which cri-

terion measure onz invokes (communic, :cn performance or collateral task

performance), he has evidence to support either of two incompatible infer-

ences
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In the authors' opinion, there is a reconciliation of these apparently

incompatible results. The study was presented to the subjects as a com-

munication study. The largest portion of the training time was devoted to

communications: the code, the experimental task, practice receiving and

practice transmitting. To the subjects, the primary task wa's communica-

tic):, and playing tke game of "battleships. " The secondary task was morn-

toring the visual display. It therefore seems reasonable that, giver a cFoice

point in an attention-sharing context, a subject would sacrifice what he be-

lieves to be of secondary importance in favor of what he believes to be pr. -

mary. In the present study, with the psychological set described above,

this means that subjects attended primarily to the quality of the communi-

cations. If time/ opportunity permitted, they accommodated the collateral

task. It would thus follow that aly performance decrement that was goi'.g

to occur would manifest itself in the secondary task--and this is e-actly

what a comparison of Tables 3 and 5 shows.

What does this information mean to the practical decision -maker"

First, the apparent paradox in the data examining the influence of certain

other factors upon electrocutaneous tran.•Juction in ,,a attention-sharing

setting should not detract from the principal. finding of this study; namc.y,

that the cutaneous sensory channel was capable of supporting limited two-

way communication. Second, for the decision-maker who is i'ter,:ted in

ihe quality of the communication process and only the cammnuai-ation pro-

cess, no evidence of communication degradation was obv-ined over any of
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the conditions of this study. For the decision-maker who is interested in

how well the cutaneous sensory channel lends itself to attentlon-sharing

with the visual channel, tl-e only data available concern the case where

the cutaneous channel was apparently considered to be the more important.

Here, cutaneous performance r-,mained relatively unchanged, while visual

performance was degraded by stressing the operators. In the absence of

a direct comparison with other channels (e. g., auditory), it is not known

whether these effects would have been greater, lesser, or the same for

other channeis. Third, it is completely possible that, if the communica-

tion task had been considered of secondary importance to the visual task,

stress and increasing collateral task demands would have degraded the

electrocutaneous ccmmunications. However, (1) degradation under stress

and the requirements of a competing task is not unique to the cutaneous

sensory channel, and (2) if an estimate of the extent of secondary task de-

gradation can be gleaned from the data of Table 4, we see that degradation

to zero did not occur (i. e , in the worst case, at least half of the program-

ed signal deflections were properly detected) and that the r-odal secondary

ta3k error rate was something less than ten pcr :ent.

Potential Applications of Elettrocutaneous Transxtuc.ion

The research in this program has indicated potential applicability

of eleý.trocutaneous t,-anEduction to a number of contexts. Be-aus*e of the

obtrusive properi-s of the electrocutaneous signal, 't may be singularly
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qualified for alerting purposes. Whether it succeeds itt c')mranding at-

tention because of a novelty effect or because of inherent cbannei charac-

teristics will require longer range resea.ch to determine; however, td..is

method of information transfer would seem to possess some very desirable

attributes for alerting personnel. Unlike the visual channel which is high'y

directionally oriented (i. e., an operator with his back to an instrument pau,.l

will not see an alerting light on that panel), the cutaneous channel is o.:di

reetional and inescapable onct the operator is tied into the loop. Thin attri-

bute can be of value in alerting an operator to significant visual or au,•iteey

signals about to be transmitted to him.

Unlike both the visual and the auditory channels, the cutaneous chan-

nel is relatively underloadeJ in today's military systems. Personnel re-

ceive voluminous inputs from visual display panels frequently while they

are also receiving inputs via radio/ interphcne. Adding additional visual

indicators to already satu'rated display panels, or adding additional over-

rich circuits to the auditory assembly, may be adding as much noise as sig-

nal to the information flow. Utilization of the cutaneous channel, either for

primary input or redundancy, may afford an opportunity to unburden the vis-

ual and auditory channels.

The ý_utaneous ci.annel is priate. The atter>.ion of one operator in

a multioperator room can be summoned without disturbing the others from

their tasks. Information of relevance to one position in a multiposition sta-

tion can be transmitted to that position only with no interference to other po-

sitions.
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For tactical military situations, electrocutaneous transduction would

permit transmitting instructions to personnel with marke~dly reduced ris,-k of

disclosing positions. The signal is silent. It affords the enemy no visual

infeication either of movemer.t (as a runner might), of color and brightness

contrast (as smoke, flares, or flashing lights might). The current study

has expanded the pofcntial realm of applicability of eiectrocutaneous trans-

ductiorn for tactical. f7ituations. Whi~e the prior research suggested tactical

potential for transmitting instructione, to deployed personnel, the present

research indicates some possibility that such personnel may be able to re-

port. back through electrocutan.?oxs means. Thus, the possibility is open

that scoutina and/or -infiltration patrols might utilize electrocu~aneous ý,rarls-

duction to maintain continuous contact with their commiand, post, to provide

field commanders with critical inelligenc&: information immediately, to

send planning information about other tactical targets, and 'ý-o receive im.-

medilately and in secrecy the results of decisions whether to divert to those

targets.

It is thus possible, based upon the various studies of -this program,

+hat wireless, transistorized,* electrocui~aneous transduction equipmient may

eventually provide the increased flexibility without incr~eased vulnerability

that can be of assistance in lkactical settings, and "hard mnount" electrocu-

taneous transduction equipment may possibly be of assistance in the display

monitoring, man -machine interfaces, of other military settrings.
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CHAPTER V

SUMMARY AND CONCLUSIONS

This study investigated two-way information transfer through elec-

trocutaneous transduction. The purpose was to determine, on an introduc-

tory and exploratory level, the feasibility, in a !imited vocabulary situation,

of spontaneous back and forth information f lcw oetween two operators when

their only input sensory channel was cutaneous. Ancillary purposes were:

(1) to assess changes in the quality of the transfer process that might attend

vhen communicators are placed under varying degrees of time stress, and

•2) tu examine the effects, upon both communication performance and per-

forniance of a collateral visual task, of' requiring operators to share their

attentions across the two sensory channels.

An experimental task was developed which required two-man sub-

j c.t teams to cornmunicae electrocutaneously, and a code was developed

to be the language of 'the communications. Three two-man subject teams

were trained in the code and then ohderved in repeated performance of the

task over two levels of tii.e sty id three levels of attention sharing.

The dependent var.able measures were communication errors and visual

monitoring errors. The data were analyzed by nonparametric analyses of

variance.
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The results indicated that all subject teams performed the two-way

communication task "xIthout difficulty and with low error rates. Concern-

ing differential effects relative to 'he communications performance criter-

ion, no evidence was obtained of any degradation in quality as a function

either of stress or of increasing collateral task requirements. Relative

to the visual monitoring performance criterion, statistically reliable deg-

radation was observed as a function of stresý, and as a function of collater-

al task requirements.

On the basis of this investigation of two-way information transfer by

electrocutaneous traneduction, the following conclusions seem warranted:

1. two-way information transfer by elcztro-
cutaneous transduction cart tak. place, at
least in limited vocabulary conte:r's

2. two-way electrocutanecus comir anication
flow seems resistant to at least mocierate
amounts of operator stress a J attention-
sharing requirements

3. further study of channel potet~ial and xrmen-
ability to attention-shiaring with other sen-
sory channels may be indicated.
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