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Abstract

I . Preparing Institution : Un i versity of Louisville - Department of Psychology

2. Title of Report; “Commun i cation by Electrica l Stimulation of the Skin ”

3. Pr i ncipa l Inves ti ga tor: Eme rson Fou lke , Ph.D.

— 

14 • Sixty- two pages ; ten fi yures ; ten tables - May, 1964

5. Grant Number: DA - MD - 149~ 193~62 - G49

6. Supported by: U. S. Army Med i ca l Research and Development Command
Department of the Army
Washington 25, D. C.

‘
~For the past two years , a project has been underwa y to construct an electro—

cutaneous code , to teach this code to a group of subjects , and to evaluate its
usefulness . A code was constructed in which stimuli were varied in three stimulus
d mension s . There were ten loc i , the ten fingerti ps , two stimulus durations , and
two stimu lus intensities. Each signa l in the code was characterized by one of the
ten loc i , one of the two durations , and one of the two intensities . This arrange-
ment resulted in the stimulus alphabet of 40 signals . Twenty—six of these signals
were pa i red with the 26 letters of the alphabet. The remaining signals were pa i red
with punctuations and with frequentl y recurring letter groups such as “ing ”, “er”,
and “and ”.

Subjects have rece i ved training in the reception of this code for over a year.
On the reception of unfamiliar prose , a few subjects have shown word ra tes as h i gh
as 20 words per minute . Three of these better subjects were each given fifteen
random permutations of the code si gnals , and their performance was summarized in
a stimulus — response matrix .ç The information ana l ysis performed on this matrix
y ielded an Il

~ 
of 4.8061.

Work was also begun on another electro—cutaneous code in wh i ch si gnals were
formed from patterns of simultan eousl y app lied dc pulses . Although this work is
still in the pilot stage , preliminary results suggest si gnals formed in this way
may be much better than those formed by combining stimulus dimensions with respect
to reaction time . Reaction times to si gnals in the locus pattern code appea r to
be two or three times as short as the reaction time s to si gnals in the tr i— d imen —
siona l code.

Note: Cop ies of this report are filed with the Armed Services
Tech ni ca l Informa ti on Age ncy , Arlington Hall Station ,
Ar l i ngton 12 , V i rg inia , and may be obta ined from that
age ncy by qualified investi gators working under Govern-
ment contract.
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I
Con~nun i cation by Electrical Stimulation

I of the Skin

Report of Progress for the Period November 1 , 1962 — Octobe r 31 , 1 963

In the research , the account of which follow s, a sinusoida l electric

I current at 200 cps Is applied to the skin of the subj ect. The l ocus ,

frequency, intensity and duration of this stimulus are under the contro l

of the experimenter. Sequences of electrica l stimu l i , specified with respect

to these dimensions , can be delivered manually, or automatica ll y at p re-

dete rmined rates . For a description of the apparatus by means of wh i ch

this is accomp lished , the reader is referred to the report of progress on

this p roject covering the period November 1 , 1961 to October 31 , 1 962.

Small stainless stee l discs are used as electrodes . Electrode

diameter is approximately 16 m i llimete rs . These electrodes were cut from
I 

N icor print paddles. A small stub was left protruding from the back side

of each disc for the purpose of making electrica l connection . Five elec-

trodes were secured to each of two boards , one boa rd for each hand . The

I electrodes are so located that when the hand is laid flat upon the board

palm down , the fingertips rest on the electrodes while the palm of the hand

I makes contact with the stainless steel passive electrode , approximatel y

1 ~~ centimeters on a side. The position of each finger electrode is

sufficiently adjustable to mee t individual requirements. Electrode paste

L has not been used . The experience of Gibson and others at Carnegie Institute

of Technology, (Personal Co~miun lcation) suggests that when non—corrosive

electrodes such as those described here are used , little or no advantage is

I ga i ned by the use of electrode paste . It was judged that in the present

case, its use could safely be dispensed with .

I In add it ion, some research has been undertake n in wh i ch a d.c. pu l se

1’ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _,j -_•__---- --a — - ~~~~~~~~ —
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is used as the st imulus.  A descript ion of the appara tu s by means of whi ch

this Is accomplished w i l l  be given at the appr opr iate point In the narrat ive.

I 
The Code

The major activity during this reporting period has been the training of

I subjects to rece i ve electro—cutaneous three—dimensional code that requires

the subject to make absolute i dentifications of ten loci , two durations , and

two intensities .

Duration: The two stimulus durations employed in this code are 20

1 mi lliseconds and 150 milliseconds. Choice of these duration s introduces

I
an additional basis for discrimination. 0\~~r most of the stimulus duration

range , the quality of the experienced sensatL~n does not depend upon the

I 
duration of the stimu l us . However , when stimulus duration is short enough ,

the qua lity of sensation changes from that of an electric shock to a sort of

I tapping sensation. When the stimulus is very brief , say 1 m ill i seco nd , the

I 
stimulus does not feel like an electric shock at al l . The 20 millisecond

stimulus used as the shorte r of the two stimuli in the p roject is brief

I 
enough so that it is experienced more as a tap than as a shock. Use of a

stimulus of still shorte r duraticn would have made this difference in sen—

I sation more apparent , but with shorter durations there is also a shift

I 
upward in the absolute th reshold for intensity , and intensity is one of the

d imensions used in the code . The 20 millisecond duration was chosen as a

I result of informal exploration , it appeared to be a reasonable compromise - -

a f fording the advantage of the change in sensation that comes wi th briefe r

I stimulatio n , without too radical a shif t  in the stimulus intensity th reshold.

Since that time , there has been a more carefu l determination of the relation

I between st imulus duration and the absolute th reshold for st imulus intensity .

I 
-—- ---- :-••- - ._ _ ._  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .
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I The curve in Fi gure 1 describes this relationship. The values used in

plotting this curve are averag.s of values obtained from three subjects.

310 ’
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I STIMULUS DURATION IN MSEC

Fig. 1. Electro—Cutaneous Absolute Thresholds as a Function of Stimulus Duration

I
It is apparent that at stimulus durations of 20 milliseconds there has

already been a considerable elevation of the absolute intensity th reshold.

This means that in the present code the intensities of the 20 millisecond

I 
stimuli  would have to be increased considerab l y in order for them to be

perce i ved as equal in intensity to the 150 millisecond stimuli. Since

t~
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I st imu li  we re not adjusted for equa l apparent intensity at the two durations

I 
employed , differences In apparent Intens ity probab l y also Influenced

subjects ’ abso lute identif icat ion of stimulus durations.

Int ens ity :  Ini t ially an effort was made to adjust the two signa l

intens ities so that each was a given percent of the subject ’s absolute

I threshold. Howeve r, the subjec t ’ s th reshold varied enough from day to day

I
SO that it was necessary to make a new dete rmination of threshold at the

beg inning of each training session . Also , subj ects reported that a diff—

I erence between two intensities wh i ch was clearl y perceptible one day , was

not clear ly pe rceptible the next. The solution of these prob lems for the

I present has been to allow each subject to adjust the two intensi ties for

I 
himself so that they are eas i ly  discrim inable and so that the stronger of

the two is not uncomfortable. The explanation of the var iability just

I men tioned may be due in part to s l i ght dif fe rences in electrode placement

and in the resistance at the j unction of electrode and skin. In this

I proj ect , no e lectrode paste has been used and electrode s i tes  have been

given no special preparation . Of course , the subject himself contributes

I to thIs variability . The problem of va r iab i l i t y  is currentl y unde r in-

I vest igat ion by Mr. James Sheridan , a graduate student at the Unive rs ity of

Louisvi l le , and there w i l l  be more to report on this matter later.

I Locus: The loci chosen for application of signals in a code of this

sort may depend upon factors relevant to the particular s ituat ions in wh ich

I the code is to be used. in some situations it may be necessary or desi rable

to keep the hands free to perform essential tasks. In this case, other

areas of the body , such as the chest or back , migh t be used . In other

1 situations , it mig ht be desirable to i mbed electrodes in the controls of

apparatus that operators manipulate. In this case, the fingertips mi ght be

I
— — - -a-- —~~~~ ——.~~~-. ,-.- _
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I 
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reasonable loci . Other factors that must be conside red in choosing loc i

are the minimum separation between loci necessary for rel i able discrimina-

tion and the diffe rence between absolute and pain th resholds of stimuli.

These values vary as a function of the area of skin stimulated , (Gibson ,

1962). In this project the ten fingertips serve as loc i because of their

accessibility and because the difference between the absolute threshold

and pain threshold is greatest at these loci. Strictl y speaking, it is

probably not proper to regard l ocus as a dimension of stimulus variation

in the sense that frequency and intensity are . However , it is conven i ent

to do so. The number of absolute i dentifications that can be obtained

within the “locus dimension ” is not known , but it is relatively large .

The present code requires the subject to make ten absolute i dentifications;

undoubtedl y many more could be made .

Frequency: As mentioned in the previous report , it is planned to

test a code that 1s like the one now under test except that frequency is

substituted for intensity as a code dimens ion . In such a code, intensity

could be held constant at a l evel that was clearl y perceptible , yet well

below the pain threshold. The modification in code sending apparatus re—

quired to send such a code has been completed . However, before this test

can be conducted , it will be necessary to determine the relationship be—

tween frequency discrimination and stimulus duration. Plans for this

research are now underway.

Q~~~ 
Construct ion: The use of ten loc i , two durations , and two inten-

sities should result in a code containing 40 characters. The code used in

this project actually contains 39 characters , since one of the rel ays ordered

for construction of the apparatus was not delive red .

Twenty—six of the 39 signals have been assi gned to the 26 letters of

the alphabet . A reasonable approach would be to assign the least confusing

F - 1  
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or mos t eas i ly learned signals to the most frequentl y occu rr ing letters.

I 
However , very little evidence was available to mediate such decisions . It

was decided instead to make arbitrary assignments of si gnals to letters m l —

I tia ll y. When subjects have rece i ved considerable training on the present

code, their confusion matrices can be analyzed and any consistencies re—

I garding confusions that are revealed can be used in a mo re rational assign—

I 
ment of si gnals to characters.

The remaining si gnals have been used for punctuation marks and for fre—

quently recurring letter groups such as: I er~ , ‘ing ” , “for” . One of the

si gnals has been used for a number si gn. When th i s si gnal is presented

the subject interprets all subsequent signals as numbers until there is

an empty interval of the sort used to indicate separation betv~een words .

I With this arrangement , it is possible to use si gnal s that normally stand

for letters or contractions as numbers . This achieves a needed symbol econ-

omy. Appendix A shows the code characters and describes the si gnal asso-

I ciated with each character.

In addition to the con tractions , many abb reviations of common ~ords
5

have been employed. These abbreviations are the ones that have been

- standardized in the braille code. In most cases the abbreviations st~.nd

for most frequently occurring words . (see Appendix. B for a list of abbre-

I
I Learning the Code

Before commenci ng t raining proper, subjects are allowed to experience

the elec tr i cal s t imu lus and are pe rmi tted to manip u late the control tha t

I 
regulates its intensity . In most cases , this procedure has sufficed to

calm their apprehension about recei ving pa in f u l shocks .

A t the beg inni ng of each session , the intensities of stimul i are

adjusted so that they are of equal apparent intensi ty  at a l l  ten f inger t ips . 

-
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This is accomp l i shed by means of variable resistance in the lead to each

I electrode . Then , the l evel of the stronger of the two stimulus intensities

g and the difference between stimulus intensities is set. These adjustments

are made by the experimente r at the direction of the subject.

— I in the case of the f i r s t  few people who rece i ved training, each subject

was acquainted with the signals standing for the first eight letters of

I the alphabet. He was then given learning trials composed of these signals.

I 
When a si gnal was presented , the subject responded by pronouncing the letter

that he believed to be appropriate. The experimenter then provided know-

I led ge of results by pronouncing the correct letter. The time elapsing

between trials was no greater than the time elapsing between si gnals within

a trial. With this arrangement , subjects cannot structure the learning

I 
task according to trials , and hence cannot use the knowled ge of letters

that have alread y been used in a trial to alter their estimation of proba—

I b il ities of si gnal occu rences in the remainder of the trial. The order

of signals in each trial was a random permutation of eight.

I The subject was brought to a criterion of nea r - perfect performance.

I 
Then , he was introduced to the signals standing for the nex t ei gh t letters

and was brought to a similar criterion of performance . In this manner , the

26 letters and 13 remaining symbols were lea rned. Review of previousl y

learned associations was interspersed th roughout. When more than one

I gro up of letters had been mas tered , rev iew trials were composed of all

letters that had been learned. The length of these review trials depended

upon the number of letters learned and , near the end of this phase , they

I consisted of all 39 characters .

Subjects learned eight character trials so easily that it was decided

to i ncrease tr~a 1 leng th and , thereaf ter , the 39 code si gnals were d iv i ded

into three groups of th irteen si gna ls per group. This modification has

- ~~~~~_ L - . a t ..s.a.. - - - -
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achieved the desired expedition of the acquisition phase.

Measures ~f Learn in:~ Two measures of learning have been taken ;

errors per trial , and reaction time , or the time elapsing between the

presentation of the signal and subjects ’ response to it. Reaction time

has been dete rmined in the following manner: pressing any key on the

manual code sending keyboard also closes a microswitc h connected in the

clutch circuit of a Standard Time r, Type S— l . Thus , when the experimenter

presses the comb i nation of keys required for any code si gnal , the time r is

started. The experimenter holds the keys down until he hears the subject ’s

response. Rel ease of the keys opens the microsw itch and stops the timer.

Reaction time , measured in this way , includes the associative reaction time

of the subject and the simple auditory reaction time of the experimenter.

The simple auditory reaction times of the two people who have served as

I experimenters were determ i ned , and were found to be .14 seconds and .15

I 
seconds. (F~or the tabled observations of these reaction time s, see Appen-

dix C.) One mi ght conside r correc t ing subjects ’ measured reaction times

to signals by subtracting from them the experimenter ’s simp le audito ry

reaction time . However, because of the apparatus used to deliver si gnals ,

I there is an appreciable lag between the operation of the keyboard used to

I 
send signals and the actual occurance of a si gnal. Although this lag has

not been measured precise l y, it should cancel to a considerable extent the

I influence of the experimenter ’s simple reaction time upon the subject ’s

measured reaction time . The reaction times that are presented in later

I pages are, therefore , the reaction times read directl y from the face of the

Standard Timer.

I 
Results

The primary aim in this project has been to teach subjects an electro—

cutaneous code. Since there has been little previous relevant experience in 

~~~~~~~~
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1
I codes of th is sort , there has been cons iderable f l ex i b i l i t y  regard ing

training procedures. Modifications in procedure have been made re—

I peatedl y as indicated by experience . Since it has been necessary to

invo l ve subjects in the project for long periods of time , we have had to

I contend with occasional loss of subjects. Other subjects have had to

I rearrange their schedule of sessions from time to time . Consequently,

the subjects in training at any given time cover a wide range of code

proficiency . Because much of what has been done could not be carried

out in accordance with the forma l requirements of an experiment , it is

not possible to make the comparisons or draw the conclusions that such

experiments permit. Many of the relationships to be suggested are based

upon the impressions conveyed by curves without the confirmation of

I statistical tes ts  of significance . Many curves are presented that de-

scribe the performance of single subjects . In most cases it has not

t seemed advisable to develop generalized curves by averaging the per-

formance of several subjects , since subjects often diffe red considerabl y

with respect to the kind and amount of training experiences afforded

I them . Al so ma ny cu rves descri b ing the performa nce of i nd ivi dua ls have

been presented in orde r to convey a notion of the between subject and

I within subject variability that has been characteristic th roughout the

I 
course of training.

~~~ 
Learn inn ~~ Manifes ted ~~ Errors ; When correct responses

I per t r ia l  are taken as the measure of learning, it appears that learning

took place fairly rapidl y. However , there was considerable variability

I between subjects and within the performance of individual subjects from

I 
trial to trial. Figure 2 shows the relation ship between number of trials

and percent of ~-...~ponses that were correct per trial for four subjects .

I
, 

I
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Fi g. 2. 3ri~~ nal Acquisition of ‘A’’ t h r o ug h ‘ M ’ ’  or Four Su~~ o :s.

F
- The i tems in these trials were the letters ‘A throug i ‘

~~~~~~ . Thi s

vari ed i l ity is coubt less attributable to a variety of ~.ources . Ono

j source that deserves special mention has to do wit h .~~~,.  ~..nner in ..hich

subjects approached the task, In introducing subjects t~ the ta~ k, the

experimenter avoided any mention of the principles according to ~hich

I 
the code w e s  constructed. It was hoped that this caution woul d p romote

s ...~~t izaticn by discouraging an analytical set toward the learning task

ar~. ~y encourag ing a more i mmediate association of signals and their

I 
le t te rs . In other words , the hope was that the subjects would learn

to i dentify a g iven si gna l as , for instance , “A” , because it felt like

i “A” , and not beca use “A” was the short strong signal  appl ied to the

1 
forefinger of the r ight hand. Howeve r, the precaution was not adequate.

I
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Some subjects grasped the rationale for the construction of the code

during the first session and proceeded to anal yze the composition of

s igna ls  w i th  respect to the three s t imulus dimensions employed. The

concept of subitization was explained to a few of the subjects and they

we re encouraged to s t r ive  for the kind of unmediated S — R assoc ia t ion

desi red.  Howeve r, they showed l i t t l e  success in their efforts to

abandon an anal y t i ca l  approach . The inabi l i t y  to achieve sub i t i za t ion

has been a pers is tant  prob lem and more w i l l  be sa id  about it later.

An impress ion of the v a r i a b i l i t y  f rom t r ia l  to t r i a l  may be gained

from the grap hs shown in Figure 3, ( fo l low ng z~ o pe~ es ) .  Each of these

graphs is a plot of the data f rom o d i f fe rent subject .  The th ree cu rves

express the relation between trials and percentage of responses that

were correct , and refer respectively to tri 0l s composed of the letters

“A” through “M” , “N” through “2”, and the pun ctuetiors and contractions.

Al though the genera l trend of these curves upward , their di rect ion

is reversed in many instances. it is also c ear uhe~ :n many cases ,

even after errorless performance has been ac~ ievcd , there has been

J considerable subsequent v a r i a b i l i t y  and decrement in performance .

Another outcome shown in these graphs s du r i n~ of ~.unticr.. I n

three of the four cases shown in Figure 3, :h~ ~e~ Lers “A” thrc~~h M”

and ‘~~~“ thro ugh “Z” were learned more rapidl y than our.. the p~ nctua tions

and contractions. This is p robably because letters con~ t~ tcte a much

mo re familiar response language for the subject than do the punctuations

and contractions. The contractions have rema i ned troublesome for the

I subjects th roughout the course of training . This prob l em will  be re-

ferred to again unde r subsequent headings. 
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When a subject has learned the th ree groups of characters separately,

they are combined to form trials with 39 i tems . These trials are then

admin iste red to subjects for several session s unti l  a dependably hig h

percent of signa l ident i f i ca t ion  is ach ieved. At th is point , subjects

begin to rece ive pract ice on the recept io.~ of words and then prose.

- The reception of prose passages w i l l  receive spec i f i c  attent ion later.

When subj ects have reached the point in t ra in ing at wh ich they are re-

ceiv ing prose , they commence each t ra in ing session w i t h  a sing le 39 i tem

t r i a l .  These t r ia ls  were prov ided in order to make a continuing check

upon the e l imination of errors and decrease in react ion time . Such a

check is not poss ib le when prose is sent , because subjects do not re—

1 spond to individual letters , but only to whole words.

I Th i rty-nine i tem trials have been administered once per session

• until subjects have rece i ved a good deal of practice in the reception

I of prose. However , the ir adminis t rat ion consumes a large amount of

I 
training time . in order to make mo re time avail abl e for practice in

receiving prose , the da ily administ rat ion of 39 item t r i a l s  has been

I discont inued. At the present time , a s ing le 39 i tem t r ia l  is adminis-

tered at the beginn ing of every fourth t ra in ing session to those subjects

whose practice cons is ts  pr imar i ly  in the recep ti on of prose.

Performance on these t r i a l s  indicates an i n i t i a l  rap id imp rovement ,

I fol lowed by a number of t r i a l s  in wh ich performance appears f a i r l y  level.

in Figure 4, cu rves are presented for fou r s~ bj~ cLs whose performance

was charac ter is t i c .  These cu rves show correct respon ses ~~~ ..ria l as a

function of t r i a l s .  Since large f luctuat ions in perfor man ce f rom day to

day have continued to be typ ica l  of subjects , runn ing ave rages have been

I used in order to make trends in performance mo re apparent. Therefore , the

points in terms of which a subj ect ’ s curve is p lot ted is  an average.

- • J~qi -
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The first point is the mean number of correct responses for the first five

in the series of t r ia ls  on wh ich the curve is based. The second point is

t he mean va l ue of t r i a l s  two through s ix , the th i rd represents t r ia ls th ree

throug h seven , and so on. The irre gularity of these curves even when plotted

in this manner is still striking. One reason for this variability in per-

formance may have been the env i ronment in wh i ch training has been conducted.

The training apparatus was set up in a room that is not soundproof and

conversa tions and movement in the adjacent ha i l can be hea rd clearly. Per-

formance records and subjective reports suggest that distraction is a serious

t prob l em in a task of this sort. For these reasons , it is now planned to

t 
install a soundproof testing room for further training.

In al l of the t r i a l s  composed of randomly ordered si gnals , a comp lete

I record has been kept of the subject ’ s responses . This has made it poss ible

to gauge the kind and amount of confusions that occur. Such information

may be used to provide a rationa l bas is  for the pai r ing of si gnals in the

I stimulus alphabet w ith let ters and other symbols in the response a lp habet.

In such a scheme , seldom confused s igna ls would be pa ired w i th  frequentl y

I occurring let ters , wh ile often confused s igna ls would be pa ired with in-

frequent letters. In certain situations , where onl y a small number of code

I signals are required , it mig ht be desirable to eliminate altogether those

I 
si gna ls mos t frequently involved in confusions , in order to reveal the

patte rn of confus ions that have taken place , e-~ ch subj ect ’ s responses to

the 39 si gnals in the t r ia ls administered at the beg inn ing of each t raining

sessi on have been entered in confusion matr ices.  Each of these matrices

I contains the subject ’ s resp onses f rom as many such t r i a l s  as were avai lab le

at the time the matrices were constructed. The entr ies along the left—hand

ma rg in of each matr ix refe r to si gna ls sent. The row of entr ies at the top

i
i 
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of each r~at ri x refer to si gnals received . The spread of entries in such a ra tr ix

affords a picture of the confusions that have taken p lace . Two such matrices are

shown in Tables 1 and 2, (following two pages). Table I is based upon the per—

forniance of the subject who has shown the f ew e s t  confusions. Table 2 is based

upon the subject who has shown the greatest number of confusions . Matrices for

other subjects can be found in Appendix 0. Table 3, (page 20), is a summary of

the information displayed in ei ght matrices .

As pract ice continues , one may reasonabl y expect to find a decrease in con-

fus i ons , and an increase in the information transferred . Table 4, (page 21),

( is a summary matrix based upon the matrices constructed from the most recent

• fifteen trials of three subjects. Comparison of th i s table with Table 3 reveals

a definite decrease in the number of confus ions.

Subjects are still receiving training, ard their performance continues to

imp rove. A comp lete informat ion ana l ysts w i l l  be made of the ir performance on

( the last few training sessions. However , the amount of information transferred

and the subject ’s present state of proficiency ray also be of interest. To

answe r this question , the confusion matrices sur:ra riz ed in Table 4 have been

anal yzed . The results of this anal ysis are shown in Table 5, (pages 22 — 2 4 .

ini tial Acquisition as ind icated ~~ Reactio n TL~2: In the case of the f rsz

few subjects who rece ived t r a i n i ng ,  p rov is ions  were net yet made for the co li~~c :icn

of react ion times to si gnals. They were well along in training before th is cc~~lc

be accomp l ished . However , some subjects have had their reaction times measured

- 
I 

from the beginning or near beginning of their train ing. it is therefore pos sib i~ 
•

to use reaction times of these subjects as another measure of learning. Fi gure 5,

(page 25) shows the mean reaction time in seconds to all signa l s in a trial as a

function of the number of t r i a l s  for four subjects.  The t r i a l s  upon which th is

f i gure is based are the 39—item t r i a l s  adminis tered to subjects a f ter  they have

I
L~~ _ • ~~— 4 ~~~~.~-- - - -  - . ~~ ~~~~~~~~ -
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f L5I~ .01108 V - - -
C R5LS .01171+ I 1 L - I -

1: 1
Y 1 _ - - W

B L5LS .01171+ C 1 N - - -

I 1
K 1 - - - W

K L5LW .01171+ i.~ - - -
OF I - - N -
NE 1

L~ NW .01171+ 

ED 1 1
B R2LW .01293 S 5 - - - S

1
L5LS .01293 W 1 -

AR 5 B - - -
0 L2LS .01293 H 1 - - B -

S 3 N - - -
• Y R3LW .oi1+~~ C 2 - - - £

J 1 - - B -
K 1

OF L3LW .011+93 I 1+ - - - S
NE I

Z L1LW .Oi56!4. ER 5 - - B S
EN 2 - - - S

I::G L2LW .01720 H 2 - - B S
0 1 - - - S

ED 2
R1LW .01877’ 1 L - B S( Ii: 1+

AR R5LS .01877 1+ L - - -

t - K 1
BIN I

TN L5LW .01990 2 - - - S
W 2 - - B S

AN 2 B - - S
F R5BS .02104 G 2 - - -

X 1 - - L W

t FOR I - 2 - W
ER 2

BlEW .02258 lEG 14 L IL-
1

FOR 1 - 2 - -
V NE 1

K E5LW .02329 Z 1 L 1 --
TH 2
AR 5 - - - S
ED 1 - 4 - -

-— . j 5 . -
~
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Doscription Ni~i;~~t iu ixLeI  1rr :cu~ ncy of
01’ Signal l Is (r )  Ift;po~~ e Confusion of Confusin a

FOR R2BW .0271+5 A 1+ - - - S
B S - - L -
ii 1 L - - C

ING 1 L - L -
LIE R1+BW .0331+7 G j  - 5 - -

J )

I L 1 - - - 2
W 1 L 5 — S

2 L 2- -

L2BW 03749 H

I = 1+.8o6i
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reached crit e r i on on the 13— it em tri al s , (see page 7). Figure 5 should be

compared wit h Fi gure 4, which is based upon performance of the same subjects

and differ s onl y in tha t the number of correct responses has been used as the

- evide nce of learn in g instead of reaction time . Fi gure  4 suggests that there is

l i ttle improvement as a function of prac tice. Fi gure 5, on the other hand ,

suggests a continued improvement wi th practice.

The Reduction of Reaction Times: Reaction times to individua l signals

remained quite long even after considerable amounts of training. When re-

ceiving meanin g ful sentences , subjects get many cues from spelling Conventions

and antici pated sentence meanings that assist them in identif y ing letters and

whole words. When letters are organized into such word s and sentences , the

subject can receive them at a much faster rate than would be suggested by sur~-

ming reac tion times to these same letters when presented sing l y. Nevertheless ,

the reaction time to individual si gnals does p lace a definite upper li m i t  upon

the rate at which meanin g ful communicatio n can proceed . it is therefore de—

sirab le to examine more closel y the reaction times to the various si g n a l s .

Table 6, (page 27),  presents mean reaction times to each of the 39 si g n a l s  f o r

three subjec ts on the last ten trials before the administration of paced d r i l l .

Paced dr i l l  w i l l  be discussed in a moment. The mean reaction times of the

subjects to each of the 39 si gnals have been averaged again to obtain column

five of thi s table. The entry in the next to the last row of each column is

an average of the reaction times for letters in that column . The last row of

each col umn presents average reaction times for punctuations and contractions.

Inspection of this table suggests severa l observations. When the table

is read by rows , the marked var i a b i l i t y  in performance from subject td subject

that has been seen elsewhere is again apparent. Reading the table by co l umns

I
• .— - - ___________ —— ‘. - ~—.——• — 
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-
~~ 
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Table 6

Me~~ * Reaction Times to Each of the Thirty-nine Si~~a1s

Si~~al AB DB KS Mean of 3 Ss

A 1.08 1.92 .26 1.29
B 1.91 1.32 1.11+ 1.46
C 1.17 1.22 1.12 1.17
D 1.38 1.29 1.20 1.29
E 1.32 .98 .91 1.07
F 1.57 2.97 i.6i 1.98
G 1.55 1.75 i.84 1.71
H 1.144 1.62 2.11 1.72
I 1.56 1.12 1.39 1.36
J 2.05 1.97 i.61 1.88
K i.6i 1.63 i.6 1+ 1.63
L 1.59 1.06 1.39 1.35
M 1.143 1.58 1.51 1.51
N 1.148 2.35 1.30 1.71
0 1.39 1.80 1.20 1.46
P 1.66 2.12 i.4i 1.73
Q 1.71 2.146 1.77 1.98
B 1.60 1.31 i.o4 1.32
S i.34 1.49 1.05 1.29
T i.14o 1.81 1.56 1.52

• U 1.75 2.88 l.5~ 1.99
V L81+ 2.10 1.~ 5
W 1.95 1.91+ 1.26
X 1.77 2.52 2.2J 2.1)
Y 2 .~~2 1.52 1.15 1. 65
z 1.~~ i.88 1.66 i .ho
and. 2.17 1.99 2.21 2. 16
ble 2.62 7.17 1.55 5.71
th 1.81 3.85 1.17 2.27
er 2.07 1.89 1.38 1.78

1 -, - .-‘-en 1.~~+ 2.~~
in 1.71 1.86 1.29 1.62
ing 2.99 2.1411. l.41 2.29

7 ~~ ~
- - - - : . - •— 7

J~~~L1Li ~~~.,_ 1-

2.145 6.~ o 1.0 -

ar 1.147 ~~~ 2.1-v
ed 2.25 2.16 . -9 1.97
of 2.07 2.33 I.~~ 2.08
for 2.02 2.52 1.50 1.95

• Average for letters 1.60 1.78 1.140 1.59

Average for punctuation
and. contractions 2.17 3.1]. 1.50 2.26

I
~~ean based on last 10 correet recT)o~ ces ~~O earn
of the signals before admir.istrat~ or. of paced dril l  - •

- I
— — 

~
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I reveals considerable variation in the reaction time to the various si gnals.

I 
Fu r thermore , even the shortest of the reaction times is disturbingl y long.

An effort has been made to reduce reaction times by the administrat ion of

I paced trials. The results of the effort wi l l  be presented in a moment. Corn-

parison of reaction times to letters with reaction times to contractions

I indicates that reaction times to contractions are considerabl y longer. Th is

I 
slowness of reaction times to contractions is emphasized by the differences

between the pa i rs of mean reaction times at the foot of each column . H
t
H

tests revea l that the differences between means in each of these co l umns is

significant at the .05 l evel.

( Pursuing this point further , we may examine the course of learning for

letters and for contractions separatel y. Figure 6, (following two pages),

presents two curves for each of two typ ica l subjects. The solid lire curve

shows the means of the reaction times to le t ters  as a function of the number

of trials. The dotted line curve shows the means of the reaction times to

the remaining signals as a function of the number of tr ials. The graph sug-

gests that reaction times to letters are shorter than those to contractions ,

[ and that this difference is appreciab le.

Contractions were used in the code in an effort to increase communication

rate by reducing the number of si gnals required to state those word s in which

( contractions occur. However , this advantage was counteracted to an extent by

the longer reaction times to contractions. If  reaction times to contractions

were enough longer , there wou l d , of cou rse , be no advantage in using them. This

I 
does not appea r to be the case. Reaction times to contract ions are rarel y

twice as long as reaction times to letters , and each contraction replaces at

leas t two and often three or more letters. More evidence will be presented on

this point when the reception of connected prose is discussed .

—— — —-- — —.- — --.
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Forced Pacing : With the kind of pr actic e described so far , reaction

times have remained too long for rap id communication . Therefore , an e f fo r t

has been made to reduce react ion t imes by the forced pacing of subjects.

I 
This  has been accomp l ished by the automat ic operat ion of the code sending

appara tus with a tape reader . A tape is punched so that i t w i l l  send random

I permutation s of the 39 si gnals to the subject. The tape reader is stepped

automaticall y by means of a Hunter Timer. The stepp ing rate is adjusted so

that the subject identifie s many si gnals but ma kes many errors , too. The

subject is presented si gnals at this rate unt il his error score improves . The

I stepp ing rate is then increased slightl y and d r i l l  is continued . Because of

I the manner in which the apparatus is constructed , it has not been possible to

determine reaction times to si gnals during paced d r i l l .  Furthermore , during

paced dr i l l , sub jects ’ responses often lag si gnals b y two or three steps , much

as in the case of h orse Code reception . When the subject is responding in th is

manner , the determination of reaction times to individual si gnals is not poss ible.

I The practice so far has been to interrupt forced pacing d r i l l  from time to

time , approx i matel y once a week or every thir d training session , and to admi~-

I ister a trial manuall y in the manner describe c previousl y, so that reaction time

can be recorded . Each of the curves in Fi gure 7 describes the performance of

one subject .  The f igure shows mean react ion t ime to a l l  39 s gnals as a funct ion

I 
of t he amount of forced pacing. No curve express ing average performance has

been p lotted s ince subjects were not at the same point in their t ra in ing  when

paced dr i ll was commenced , and since subjects were not treated alike during

this d r i l l . That is , the rate at which each subject was paced depended upon

his current pe rformance . Each of the curves c lea r l y suggests that paced dri ll

I 
has been ef fec t ive  in reducing react ion times to si gna ls.

The initial point for each of the curves is the mean reaction time to the

I ~9 si gnals  i n the tr i al admin i s ter ed just before the subjects commenced paced

___________ - • -——- •--
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d r i l l . Thus , a comparison of the ord inete v ol u e for t his point with the

ord ina te  va lue for the f ina l point  t hrou’ h which the curve passes w i l l  g i v e

an idea of the advantage gained by the u;i~oLn t of paced d r i l l  that has taken

I p la c e  so far. Each curve indic ates thot as fc~rced pacing continues , reaction

tHe decreases . For instance , the mean reect ion time for subject “A B” was

1.61 ;r-~ cd iat e 1 y before forced pacing, and 1.30 on the fina l trial shown in

the ficu re .

I lnfor:a l observation of the performance ci subjects suggested that paced

I d r i l l  brc ucht about an improvement in per orarnce during a sing le session. To

test this impress ion , subjcct~ commenced a recent sarsic .n with a trial in which

errors and reaction times for each of the 39 s i gna l s  were determined . Next ,

they were g iven one trial of paced d r i l l  cons ist ing of ei ght random perm utations

of . the 39 s i gnals prese nt~~ at a rate r3ngi n~ from .80 second per si gna l to

I 
1 .50 ~~c•~nd per s i gna l, depending upon the s k i l l  of the suuject .  Fo l l ow ing  th is

th~~, rLuJved another trial in wh i ch reaction time s were recorded . The results

ar~ s’~• in Teble 7. Each column in this t u5i~ presents the data for one

s~~~ ect .  Each row presents the reect ion t i r m s or one si~ n~ l across subjects.

The first entry in e.~ch cell is the pr~ - d r iH  • ct ;er . t : i - m~ ~or a si gnal. The

I 
s~ cond entry in each ce l l  i5 the post -d r i ll re~.ct on t ime for the scm e s gnal .

The row at the bottom of the table contains the meuns ~or column en t r ies .  The

data in this table mi ght have been treated b y ~n anal ysis of vari er ce with pre-

and p as t—drill reaction tim e , subjects , and s ’~nai s as sources of variation.

I However , subjects were not equall y trained in cod e reception at the outset of

I 
the experim ent. Thus , between subjects vari eti on was confounded with variation

a t t r i b u t a b le to d i f fe rences in the er ount of ori g in al training. Therefore , the

data for each subject have been evaluated separatel y with “t” tests. These

results are shown in Table 8.

k ‘ 
_ _ _ _ _ _ _ _ _
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Decrease im Feactiori Time (NT ) as a Consequence of the Paced Drill Administered.

I Dur i r~~ A Siri~1e le:uion

AB 110 VIIi
Pre-Dril3. Post-Drill Pre-Drill Pout-Drill Pre-Drill Pos~ -Lrri1l

_ _ _ _ _ _ _ _ _ _ _  
RT I~T 1~T RT

.85 .87 1.08 .66 .81 .64
I 1.19 . .92 .92  1.20 .98 .~ 8
J C 1.71 i.i14 1.75 1.23 1.00 l .C~3

3 1.38 1.214 1.20 1.14 .95

I •94 .95 .914 .99 .80 1.01
F 1.16 1.16 1.21 1.08 1.28 1.15
C 1. 44 1.30 1 . 45  1 . 27  I .96 1.03
H 1.27 .98 .914 .93 .91 1.03

I I 1.65 1.78 .96 1.28 1.60 2.01
J 1.27 1.37 1.10 1.16 1.69 1.11
K 1.31 1.47 l.~~45 1.18 1.09 .94

1.18 1.18 .95 .96 .67 1.54
1.95 1.11 1.15 1.01 1.23 1.05
1.17 .98 1.23 i.i4 1.10 1.19

I D 1.03 1.07 1.01+ .93 1.03 1.09
P 1.67 1.18 1.30 1.53 1.31 1.01

1.28 1.62 i.08 1.11 1.28 1.37
1.33 1.12 1.98 1.30 1.12 1.31

I I 
1.25 .88 1.27 .~~ 1.00

I 1.52 1.04 1.00 1.12 1.00 .93
V 1.42 2.14 1.12 1.19 1.54 1.54

I V 1.1~O 1.37 1.20 1.12 1.50 1.26
• 1.28 1.15 1.02 1.12 .75 1.23
I :.65 1.28 1.34 1.23 1.56 1.03

1.02 1.22 2.146 1.21 1.29 1.47I z 1.19 1.20 1.22 1.39 1.23 .65
ar.d • 1.~- )  1.50 1.69 i.c6 2.15 1.02
:le 2.50 1.64 1.19 1.22 1.58 1.28

I 1.56 1.90 1.11 .87 1.14 1.53
I 1. 45 1.~ O 1.00 1.00 1.64 1.19

cm 1.20 1.12 .96 1.19 1.05 1.12
1.80 1.35 1.49 1.21 1.20 1.75
1.42 1.12 .96 1.27 1.73 i. .~4
1.51 1.25 1.72 i .44 3.20 1.22
1.76 1.75 2.04 1.45 1.90 1.49
1.73 1.45 i.64 1.75 1.19 1.33
2.70 1.75 1.10 1.06 2.10 1.71

o~ 1.36 i.~ 48 1.35 1.35 1.92 1.75
for 1.37 1.140 .814 1.01 1.60 1.75

Fe act ion
ime 1.44 1.30 1.27 i.i6 1.33 1.23 
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Table 7 (Corit’d)

-~‘reaue im ~eact ion Time (RT) as a Consequence of the Paced Drill Administered
Dur ing A Si n Cle Session

AL
Pre-Drill Post-Drill Pre-Drill Post-Drill

a1 s RT RT

A .70 .66 .;5 .92
3 1.02 .84 .~~~~
C 1.60 1.25 1.4( 1.50
3 1.91.l~ 1.41 1.65 1.12

.89 1.01 2.17 2.27
F 1.49 1.13 1.18 1.04
3 1.04 1.140 .93 1.05
3 3.09 .98 1.43 1.36
I 1.65 1.11 1.57 1.61
J 1.55 i.1I~8 1.20 1.90
K .99 1.00 1.23 1.22

1.18 1.67 1.30 1.25
1.74 1.16 1.83 1.09

:: 1.86 1.37 1.97 1.56
3 1.28 1.07 1.10 .90
p .87 1.32 1.06 1.15
0. 1.50 1.51 1.65 1.86
F 1.35 1.42 1.75 1.07
S 1.70 1.10 2.39 1.90
: 1.80 1.22 1.06 1.11
‘0 1.33 1.33 2.29 1.78
V 1.80 1.50 1.91 1.67

2 .02 1.34 1.27 1.13
1.35 1.05 1.50 1.25

V 1.76 1.51 1.49 1.05
Z 1.24 1.13 1.92 1.34

1.10 1.90 1.07 .91
lIe 1.52 1.57 1. 1+9 1.55

1.35 1.21 1.85 i.i4
er 1.81 1.39 1.73 2.12
cm 1.70 2.07 2.20 1.77

1.81 1.140 1.140 1.52
1.42 1.07 3.06 1.37

, 1.05 1.02 1.214 1.57
1.49 1.73 1.69 1.56

ar 1.88 1.214. 1.47 i.i6
3.03 1.75 1.83 1.60

of .87 1.98 .72 1.00
1.30 1.27 2.30 1.26

- e&. FT 1.52 1.32 1.57 1.38

I I 
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I - Table 8

Comparison of Pre and Post-Drill Mean Reaction Times

I of Five Subjects

I Subjects M 1 M2 — M2 Smd (M~~M2)Smd

I “A B” 1 44 1 30 1497 0175 8 55Lf

“M C” 1 27 1 17 0995 0164 6 070

“M H” 1 .3 3 1.23 .0972 0796 1 .221

I “A L” 1.52 1 .32 .1946 .0469 4.149

“M M” 1 .57 1.38 .2068 .0304 6.808

i i
.05 = 2.021
.01 = 2 .7 01.

M 1 = mean of the p r e— d r i l l  reaction times to all 39 si gna l s

I M2 = mean of the p o s t — d r i l l  reaction times to all 39 s igna ls

I
I

‘
I 
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The Reception of Prose: A f ter  subjects have shown su f f i c ien t  mastery of

trials composed of 39 si gnals , they arc given brief experience in the reception

of short familiar words. Shortl y thereafter , they beg in to rece i ve trainin g

in the reception of prose passages. Passages have been chosen from a book

that contains fiction , biograph y, information , etc.

When this training was commenced , the tape equ i pment used for automatic

code sending had not yet been installe d . It was therefore necessary to send

/ si gnals manuall y. With this arrangement , it was not po ssible to determine

I subjects ’ word rate accuratel y, since the word rate of the sender could not

be regulated with precision . Therefore , it was not possible to keep a very

I meaning ful record of improvement during this stage of training.

I 
When the tape reader became operationa l , the experimenter gained good

control over the sendin g rate and this afforded a better assessment of the

receiving rate.

Severa l method s of sending s igna ls  by means of the tape reader have been

I tried . I ni t i a l l y, subjects were presented si gnals at a rate determined by the

setting of the H .-iter Timer associated with the tape reader. However , when the

I tape reader was stepped at a fast enough rate to force-pace the subject , he

I would beg in to miss si gnals. While he stopped to ponder a missed signa l , the

following si gnals continued to be sent. He soon became confused , lost the

I thread of the narrative , and had difficulty in p icking it up again .

An arrangement that permitted self-pacing was also tried . The subject

was g iven two foot pedals to operate. When he pressed the right pedal , the

I 
tape reader was stepped and a si gna l  was p resen ted . Wh en he pressed the lef t

peda l , the last s i gna l sen t was repeated . Thus , t he subject had comp lete control

over the rate at wh i ch si gnals were sen t. Th is approach seemed to y ield pro-

mising results at first. However , as the subjec t who was used to eva l ua te th i s

— —. ____r — ..-..- ~~~~~~~~~ —. . —•J 1*~ ~~~~ 
— - —
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n.Lthod gained p ro f i c i ency , he began to complain that he could not operate the

pedal with enough agility to send si gnals as fast as he could rece i ve them.

In support of this impre ssion , his word rate , which had previous l y shown im—

provement with practice , leve l ed off.

The method now in use is intermediate to the methods just described . The

subject controls the tape reader by means of foot pedals. However) whe n he

presses the ri ght pedal , he does not receive just  one s i gna l. As long as he

holds the pedal down , the tape reader is stepped at a rate determined by the

h 

setting of the associated Hunter Timer. When this pedal is re l eased , the tape

reader is stopped . Pressing the left pedal repeats the last si gna l sent , the

same as before. As the subject shows improvement , the stepp ing rate of the

tape reader is graduall y increased .

Word rates attained by subjects are determ i ned in the following way. The

amount of time required by a subject to receive a ll the words punched into a

part icular tape is measured by means of a Standard Timer that is started when

the subject rece i ves the first si gna l on the tape , and s topp ed when he res ponds

to the l ast si gnal. The number of words on the tape is then divided by the

measured time . The obta i ned quotient is the number of words sent per minute ,

and , if the subject has missed no word s , it is also the number of words re-

ceived per minute. However , in spite of the fact that subjects can repeat

missed s i gna ls , they do miss words and a record of their  misse s is kept by

the experimenter. When a word is missed , the subject is told what it is. The

number of word s received per minute is determined by subtracting words missed

from word s sent , and then dividing as before.

Subje cts began to rece ive t ra in ing  on the reception of prose before the

tape reading equ ipmen t was insta lled . The time requ ired for the t ransmission

of prose passages wa s measured , but , since the code was sent manua lly, and

f s i nce m i ssed word s were repeated , it was not possible to distinguish clearl y

.~~•._ • —~~— - _ -
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~et~ ccn words sant and words received . Neverthe less , curves based upon the

data taken at this time do suggest an improv erlle nt with practice. Fi gure 8

presen ts curves for three subjects. The number of training sessions is shown

en the “X” axis , and words per minute on the “Y” axis. Performance from day

to day v~as again quite variab le . In order to smooth curves somewhat so that

their direction is more apparent , the points through which they pass are run—

n in~ averages. It can be seen that , even when the curves have been based upon

these averages , variability is sti l l  quite apparent. It is also clear that in

general , word rate ihcreases as training proceeds.

Fi gure 9 is based upon data collected since the installation of the tape

reading equipment. This fi gure describes the ;erformance of two typical sub-

jects. The solid line curve refers to words sent. The dotted line curve

refers to words received . It can be sec-n that , although the two curves for

each subject  are rough ly p a r a l l e l , they each show considerab le fluctuation .

The variability in se~ding rate is due to the fact that the subject has control

over this rate. The upper limit on sending is determ i ned by the setting of the

-1e~ter Timer that steps the tape reader automatica ll y when the subject ’s ri ght

Foot pedal is pressed , and it has been the practice to send si gnals fast enough

so that the subject cannot achieve errorless performance . When he approaches

errorless performance , the rate is increased . The actua l sending rate depends

rot on l y upon the rate at which the tape reader is stepped , but also upon the

c~~~unt of time during the sending of a passage that the tape reader is stopped

by the subject for the purpose of repeating m ssed si gnals or th inkin g about

recentl y experienced signals.

T~
-
~e overall impression conveyed by the curve that describes words rece i ved

per r irute is one of improvement with practice , a l tho ugh there are freq uen t

• reversa ls in the d i rec t ion  of the curve.
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Te.H e t) i~h~ws wards sent and word s rec~~i v ~d for sev en subjects . :•

1c~~n pr esents data for a s ing 1~ subject and OUC h row for a sing le ~ess ion .

The fir ~~ entry in each cell of the table rei~~rs to Uerds sent , the second to

\ . -~~~~U5 rece ved . This tab le g ives a good p icture of the ~rcgrcss made h-1 sub—

j c es s  n ~cern ng to rece i ve prose , and the lOst. few rows of the table cen be

~e~nreec es a f a irl y accurate statement of she subjects ’ skill at the present

ozage of t U ; f l f l9.

As in c~ sad earlier in this report , ~he u~ vontage geined by the use of

e C n 5 i U c t i o n s  and abbreviations is not as o~;perent as was hoped . In fact ,

inf erna l observation has suggested that subjects often scorn to perform better

‘-lhen rec eiv ng uncontracted unabbreviat ed pr-e~e. In order to deter m ine the

i n f l u en c e  of contractions and abbrev iatio n s upon the reception of prose , a

pruse sa~ ec:ion was divided into twenty passages of approx i matel y one hundred

~

-.-ercs in length. A passage was tcrmin at d or.iy at the end of a sentence , and

thereTore it contained fewer or more than one hundred words depending upon ths

dI rec t ion of the nearest sentence break from the point in the sentence at which

the one hundredth word fell. AH passages m e e  transcribed onto punched tape.

hSlf of the tcpes contained contractions and abbr evi ations . The rema ining

ta2es were uncontracted . Subjects rec eived t.-io passages per training session

$ for the course of the experiment , one contrscted and one uncontracted . To

control For the effects of fati gue and ~ract ice , the order in which contracted

end uncent rac t e d  passages were encountered w as alternated from session to session .

~-scause of d i fficulties encountered durin g the course of the experiment , sub—

j-ects d i d net a l l receive the same number of tr cls. However , each subject d i d

rece i ve enoug h trials to permit comparison of his performance on the reception

of unc ortracted prose with his perf ormance on the reception of contracted prose.

The results are shown in Table 10. Euch colur •n in this table presents the

data for or.u subject, Each row presents tde dot~ for one session . The f irst

-I 
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T a ble  9

Number of Word s Sc~~t and W u ld s  Rece i ved Per Minute
By Seven SUb JCCL S Us i n c j  a 1~o d i f i ed

Se l f  Pac i r ~j Method

S~ ss cr Sub . ‘AE ” Sulj . ‘~MC 1’ lSubj . ‘ 0 3 ’  Subj . ‘YH” 1Suhj . “AL” 
~I 

Suhj . ~eLj .

1 r :  
~~~~~ R d  Sent R’d Sent R’d Sent R’d Sent. R ’d Sent R d  Sent R~ a

___— 

I 1 I

5 .99 11 .10 l0. 50~ 7.86 7, 142 3.58 3. 09 2 .97 2 . 07~5. 13 14.3 1 1  6 ,~ 3 6.92
2 . e .2 - 5 2 5  9. 60 9, 1 1  10 .29 9,99 4 ,614 3.97 4 ,21 3 ,95 6 .56 5.15 6 ,76 6 .21

:.33 ~.92 8 ,5 1 7.53 9.6 1 9. 25 7, 80 7.149 5. 23 5, 2 3 18 ,140 7.92 - 7.87 7. 60
/ . I I~~~~~~~~~ 7.70 6 .67 8.47 7.57 7 .2 1 ~~~~ 3, 83 3 . l l~ 7.59 6 .Si 6.76 6. 1—

5. - 7. 03 -1 .10 I 8.08 7. 05 10 .87 10, 47 7.34 6. 8’s 5. 1 4 14 .54:6 .5 9 5. 82 6. 19 1.12
6 . 6 • s _  6 . 13 9. 1 14 7.47 9 ,35 8 ,37 7 ,72 7. 09 6,80 6 .57~ 6 .S7 6.~ 6 6 .33 5,6-3
1. 7.~ S 6. 57 I 9 .3 1  7,92 11 .40 1 1 ,04 7. 16 6 .145 7. 80 7 .63~~~7. 26 6 ,39 L. C0 9. 13
S . 

- 
7, -~J 6 ,93 O .eI 7,56 10.3 14 9 ,59 7. 146 7,09 7, 27 7, 00~6.75 6.08 5. 87 5 .35

-. ~I 7 .9 8 a5 7 89 10 25 9 57 7 ~0 6 83 6 24 6 00 0 70 ~ 6 6 79 ~ :1
1C . - 9.1-2 7~~3 

I 6,80 6.0 6 j 13 . 17 13 . 03 7. 143 6.84 7, 23 7.00 ,76 6.314 - 6.:] 6 .15

i i . 8 .60 9 3L. 11,39 11 ,1 0 1 1 1 98 11 ,35 8,17 7,9 1 2 .30 7.66 6 .98 4.~~
12 . 9,~ -3 7,58 10 ,28 9 .99 1 10 ,20 10 ,G~ 3.61 8.52~8,g2 8.57 :7,73 7.57

3 .  ~~~~~~~~ 3 .13 11.00 9.68~ 10 .68 10 .146 1 6 .53 6 .i8~9.145 8 .72 7.63 7.63
1-- . s) / J  2 .j o  11 .10 10 .2 4 - 1 1 4,814 ~~~~ 8,ee n.dC 19.68 9. 17 7.12 7.~~15 . 8 .93 -1,39 1 2.70 1 1 .871 10.69 g.~ 14 - 9. 09 8,97 5,414 7.71

10. -~5 9. 86 12 ,20 11. 1 4 3 1 1 1 .95 1 1 , 6 1  9, 143 6 9 3 :8 84 3,10
I?. - l i .3 1 1 .07 10 .00 8 .8H114.19 13 .9 1  I 

~~~~~~~~~~~~ 12 .76 8. 114 7.78
- 1 .17 1 1. 22 10 .04 8,7 0 1 11 ,33 10 .~ u - 10 ,07 10 .36 I

~~ 14 80 14 2 u 1 l 2  15 12 9 ~~ i 12 
~~~ I

~~ 

i1 .9.-~ 10 .76 12 .10 10 .70~ 1 1 .2 9 10 .3 1 114 .014 13.60~
2 - i . 1 - ~.’.9 11.114 1 10.05 9,25 1 10 .79 10,14 ;13. b l l3.20~
22 . i1 .-Th 2 .33 10.33 9.67 1 0.97 10.37 11 .61 1 1.1 5

• 3. S.--3  2 .37 11 ,24 10.53 1 1 .2 1  1 1 .10 114.44 l4.28~
2 14. 9.7 6 2 .46 12 ,50 1 1,57 12 .07 1 1 .55 :

- 10 .9-1 10 .21 15,00 14.30 114.63 114 .31
12 .91 114.40 13,60 11 .72 10.97

17. S.914 -3 .31 16 .73 14,96 1 1 .06 10 .13 -

2-3 . 0 .62 9.67 12 .20 10 .37 11 ,93 1 1 .29
29. 

- 

1 1 .9L. 13 ,77 1 1. 83 11 .33 I I
~~ 

0.05 2,36 12 .69 12.29 I
.95 10 .98 12.77 1 2.65

32 , - 0.144 ~.99 8.98 7.50 I
33. 1 1 .00 10.00 10.65 10.37

~~ 
1 .10 13 .96 9.26 8.96

35 .  - 12 .144 12 .12 I 15,31 15. 00 1 I

30 . 
- 

12 .49 t .l rS • 10 .21 10 .20 
I -

~7. 9.99 6 .4 5 1 1 .57 10 .87 I

36 . 5.149 2.35 12 .57 11.89
35. I2 .39 1 1 ,214 9.96 8,66 I

140. .1 1 3 . 20 12 .31 1 1 ,42 1 0.39

_ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ v-~
------~~



- L~~..

Table 9 (Cont ’d)

Se~ s cr Siihj . ‘‘AD ’’ Subj . ‘‘MC ’ Subj . ‘‘03 ’ ’  Subj . ‘‘ MH’’ Subj . ‘‘AL’’ Subj . ‘ ‘MM’’ Subj .

Oc 3 s : :  S~-n t R’d Sent R’d Sent R d  Sent R’d Sent R’d I Sent R d  Sent R’ d

~ 1 . 12 .314 1 1 .77 1 13.77 13, 014
12. 53 11 .4- 9 :  114 .58 114,17

4 3 •  1 1 .10 1 0 . 1 1 :  13. 89 13. 148
-~ - . 12 .40 11 .40: 12.147 1 1 .77
-~5. 10 ,20 9.03 : 13 .7 1  13 , 14

16 .1 1 1 5 . 11
13. 23 12.53

-.4. 16,27 15.90
13.99 1 2,77

52. 15.53 114,76
51 . 12 .79 11 .114
52 . 

I 
114.31 114.16

53.  I 15,28 114.70
13.01 12 .17

55. 15.32 114.814
I 11 .99 11.1 5
I 114,86 13 ,96

~S. 15.08 14.79
59. 17, 98 17. 145
60. 22 .70 21. 99
61 . 15. 60 114.87
62 . 114.09 13. 08
63 .  15 ,72 14 .31

I I 16. 45 15.97
65. - 15.99 15,32
66. 17.69 17.53
67. 13. 1 3 1 1 ,63
33-. 13.57 1 2,57
6g. I 12 .149 11, 15
70 .  16.27 15.42
7 1 . I 13.149 1 2.314
72 , 18.93 18.04
73. 114.87 14.23

I
I

___  
________ ~~~~~~~~ -.- — - -----
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Table 10

\ -e ds Per Minute for Contracted vs .  Uncon t racted Prose

Subject ‘‘A B’’ Subject ‘ ‘D ~ SJu- ~~cct ‘‘M C’ ’ Subject  ‘‘M H’’

Unc ont rectad Contracted Uncon ’d Con ’d Uncon ’d Cont ’d Uncon ’d Cont d

1 
- 

14.~ 6 5.80 10.87 5 ,35 7 . 10  7. 43 6 ,53 6 ,03
I 5~97 6,30 11,40 10 .314 6.65 7. 85 3,149 6 ,oO

7. 13 6 .32 13 , 1 7  10 ,15 6 ,143 7. 24 8.92 7 ,5 1
14 : 8,52 6.77 1 1 ,98 10 ,20 - 8 ,73 8,35 10 ,96 9.57

I 5. 13 5.16 14,814 10,66 5,85 9.07 11 .59 12 ,00
I 4 .97 5,65 10 ,68 11,99 6 ,5 1 6 ,83

7 : 6 .20 5.62 11 .33 14.19 7.99 9.10
6 7.13 6 .01 12 ,15 11 ,29 I
5- - 5, 142 6 ,gS I

5. 69 6.78 -

6,12 6,14 12 .05 11 .014 7. 04 7,98 9. 22 9 . 11

I

- I

~~~~~~~~~~~~~~~~~~ _ _ ___~~~~~~~~~~~~~ — a -~~
-- 
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entry in ouch cell is the receivin g rate in words- per minute for uncontracted

pCs~~C~~es , and the second entry in o~ ch cell is the corresponding fi gure for

c cn t ra c te d  pass ages.  The row at the bottom of the tab le  g ives the means for

encontr acted words and for contracted words. Since there were large differences

in the amount of t r a i n i n g  rece i ved by each of the subjects at the onset of the

experim ent , no test was made for between - subjects variance . “t” tests show

that the difference between the means for subjects are not significant at the

.0 5 level .

A Locus Code

The investi gation of another approach to electro-cutaneou s communication

is now in progress . This is a code in which subjects are required to identif y

patterns of simultaneousl y appl i ed d .c. pulses. The patterns are analogous to

those form- ed from dots in the B r a i l l e  code , E r a i l l e  is by far the most succes-

ful means of cutaneous co mmunicat ion that has been t r i ed . B r a i l l e  reading

ra tes  of over 100 words per minute are common , end rates up to 200 words per

m in ute are possible . The reading of Brail l e  requires the reader to recognize

patte rns of dots. Each of these patterns is formed in a cell in which six dot

positions are avai lab le. Any number of dots from one to six may be used , and

for any g iven nur ser of dots , a l l  poss ib le comb inations of positions can be used .

Therefore , the total number of possible dot arrer.gerre rts is 26 = 64. One of

these arran gements i5 that of no dots. This leaves 63 dot patterns for use in

the ~r 0 i i l e  code.

Ab solute tactu al identification of all 63 patt erns is a relative l y easy

task for humans. Since this is true , it may also be the case that similar

p a t te r n s  formed from electro—cuta ncous s t i m u l i  can be identified easil y.

f- : r r r r e t Ij :

~~ 

To explore this pos s ib i lit y, two p ieces of apparatus have been

deve l oped . Each can deliver a combination of from one to six d.c. pulses to the

skin.

— —-- - — - — —.7- -
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L
~~~

O OC\1 I~~~L. I J keS e~~c of a 5C~~uiu1C 07 vo l t  I I L L e r ’ /  f i r  each c. ~n-~ s i x

~:c -ss i b l¼ - ~ t I I 5 U l i . Battery current is s w i L c h e d  on üi,d oil from a key board cor:—

p cs.9 c~ ~ ix m ic r o s w i t c h e s .  S t i m u l u s  puke length is d et e r m i n e d  by a Hurte r

T ime r con: ated in the Common Iced , To he p a i n le s s , d .c. s t i m u la t ion  ~ust se

C ( :~~~f . \1:. i  t he  ti mer used , i t has been p o s s i b i e  to for m p u l s e s  of app roxi 1~: e /

s - -c r~~ecs . i n duration. A variable re siata r ce is connected in each o2 the six

ekcs rcda ieCdS so that the six d.c . pulses can be adjusted for com fort er- d for

~~aa1 app ,~renz int~u i s i t y .

Tne ethe r dev i ce  m~ kas use of the pu ls e  that is developed when a c i r c u i t

is  s rc ~~en in wh ah an iI~Juc~~anc~ is conr.ect~~d , For eac h of the s i x  5t i r :~ l i

sna re  I s  a a ,~~ vo lt f i lam en t  t rans tor ;su r . A l .o vo l t  b~ t te ry  is conn ect -eu ac r o s s

t he 6 .2 vo l t  w i n d I ng .  The sub jec t  s COI f lC C 5O.~ a c r o s s  the 1 17 vo l t  w i n d i n g .

14 : : ic ro sw it ch  is connected , in i t s  n o r r a l l y c 1o~ ed mod , in se r i es  I
~.. J 1 t h  she

m a s t e r y .  non .his sw i t ch  is open , a p u l s e  i s  0 ne ra ted , er. 3 t h i s  pu lse  5cr - /a s

;~~ the s t i m u l u s .  A v a r i a b l e , l i m i t i n g  r e s i s t a n c e  is a lso  connect ed in s e r i e s

bat t e r y .  The pulse generated in th i s  ma’~ has a du ra t i on  of ~ppre.9r:es~~1 y

o r e - n a l r  r rsec .  W : t n o u t  l i m i t i n g  r e s i s ta n c e , it  r i s e s  to a peak os epprox ma:e l y

l ,suu v o l t s ,  ~
-. p c tu re  of i t s  o s c i l l o s c o p e  tr~ ce us taken ens is s rtc - .-,n fl

F i s - ~.re 1-2 . Th~ ‘X ’  axis in this f i g u r e  is sc~ Ld ri m icroseco nds , and the ‘ 14 ’ ’

cx i ,, is s c a led  in vol ts .

c av ic e :  can be operated ma nu a ll y from a key boa rd or ~utom . e t i c a 1 l ,  sy

me r.c of t he t~ p~ reader ,

S~ b -: t i:. 0~ far , onl y the p r i n c i p a l inv ~ a t i 5a1or and an aS sist a n t he~-e

se rved as subjects. The p r i n c i pa l i n v e s t i gator is an exper ienced B r a i l l e  r ade r

and in therefore quite famil kr w ith the patterns u s d  in the code, For ihr ,

Lam ing th~ COde thould be primaril y a rsattcr of substitut in g patterns of d .c.

puke s  for patterns of dots.  Thi s should make poss ibl e a f a irl y rap id evaluation

_ _ _ _  - — . - - —  
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of the f e a s i b i l i t y  of such a code . Plans are now being made for forma l cx-

~oniIre nts in which both exper ienc ed B r a i l l e  readers and na ive subjects w i l l

partici pate .

Pr ul i rnin)rv Re sult s:

The Choice of Stimuli

The .5 msec . stimu l i produced by the inductive stimulator described above

appear to be more satisfactory. They are experienced as li ght taps on the

surface of the skin and there is no stin g associated with them . The stimuli

produced by the direct application of battery current to the skin do occasionall y

re~~ lt in a stin g ing sensation. This proble m could be avoided by using shor er

sti m u l us durations. However , this is not possible with the timers to which we

have access. The inductive stimulator requires no timing device.

Locus

So far , two sets of loc i have been tried . One set inc l udes the foreflnger,

middle fin ger and ring finger on each hand . Starting with the forefinger , the

fingers on the left hand correspond to posit ions I , 2, and 3 in the Braille

ce l l , wh i le the fingers on the ri ght hand correspond to positions 4, 5 and 6.

These fingers are the ones used to activate the keys on a Braille writer . There

- 

‘ 
a r e  six keys on a Braille writer and each key, when pressed , produces one of the

six dots in the Braille cel l . Thus , for one experienced in the use of a Braille

~

.- r ito r , there is alread y a learned correspondence between these six fingers and

the six pos it ions in the Braille cell .

The six loc i in the other set that has been evaluated so far are the wrists ,

elbOWS and shoulders. Starting with the wrist , th e loc i on the left side of the

bod y correspond to Braille cell positions 1 , 2 end 3, wh ile the loc i on the right

s ide of the bod y correspond to pos itions 4, 5 and 6. Informa l and limited ex-

per ience with these two sets of loc i does not indicate any clear cut advantage

for one set ove r the other. Th is  matter wi ll be explored more careful l y and , in

-
- 5 -

a -~~ 
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Cueltio n , otne r s e t s  of loc i w i l l  be tested in the futu re .

Reaction T i m e

dna pr e limin a r y finding that may prove to be of considerable importance

has so do w ith reaction time . The reaction tim es to si gnals composed of patterns

cf si nu kancousl y applied sti m uli appear to he running much shorter than the

rea cti on times to the tn — d imensional sti m uli used in the other code. The prin-

c i pa l inv e sti gator ’ s reaction times to all 63 signals in the locus code were

ce:erin r.~ d . At the time of t h i s  de te r m ina t i on , he had had p r a c t i c a l l y no exper—

ence with this code. The mean of these reaction times was one second . The mean

af the same subject ’s reaction times to the 39 si gnals in the tn —dimens iona l

code , after many training sessions , was three seconds,

Thoug h the finding regardin g reaction t imes is based upon insufficient data ,

it suggests a difference in favor of the locus code that may turn out to be cru—

d c l . An exper iment is now in progress in which groups of subjects are taught

three simple codes that are the same in all respects excep t for the number of

st im ulu s dimensions invo l ved . One code uses onl y locus cues. The second code

uses either locus and duration cues or locus and inten sity cues . The third code

uses locus , duration and intensity cues. The results of this experiment will be

presented in a subsequent report.

Accurac y of Identification

So far , the one subject who has rece i ved locus code training, has been

adninktered 40 trials. Each trial consists of a sing le presentation of each of

the 63 st imulus combinations available in this code. There have been from two

to ei ght erro rs per trial . The same subject , on the 39 element tn —d i mensiona l

code , had a much hi gher error score at the same stage in trainin g.

A short passage of unfamiliar prose was sent to the subject by means of the

locus code. Without prior experience in receiving connected prose presented in

- ~~~~

-
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tnis manner , he achieved a word rate of 11 .5 3 wpm. Th is fi gure should be com-

pared w i t h  7. 64 wprn , the best word rate achieved by this subject on the t n —

di m ensional code after 16 tr aining sessions.

A t the w rit ng of this report , on l y the p i lo t  work on the locus code that

s prel im in a ry to the conduct of more forma l research has been accomplished .

Nm- 1-evcr , enough has now been learned to permit the p lanning of several experiments .

The results of these experiments w i l l  be presented in subsequent reports. The

p ilot work  accomp lished so far suggests that , as fan as the stimulus al phabet is

conc erned , a code based on locus cues alone may be perceptuall y superior to a

code in wh i ch the subject is required to make an absolute identification in each

of three dimensions for every si gnal.
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- Appendix A

In the chart below , each symbol is fol lowed by a group of characters that

I describe the st imulus associated w i th  that symbol . The first character in the

~inoup desi gnates the hand to wh i ch the stimulus is appl ied . Ranig ht . L left.
The second character speci f ies the finger to wh ich the stimulus is applied.
The fingers are numbered 1 through 5, start ing w i th  the thumb . The th ird

J character in the g roup speci f ies the duration of the st imu lus , S short ,
L = long. The fourth character speci f ies the intensity of the stimu lus , W

I weak , S = strong.

Numbers

I
A R2SS U = L4SS 1 = L5L S

B = R2LW V = L5SW 2 a L. L+LS

C = R3LS W L5SS 3 = L3L S

0 — L3LS X = R5LW 4 a L2LS

I E — R 1 L S  Y R3LW

F = R 5 S S  Z = LI LW 6= R I L S

I = R5SW Th = L5LW 7 a R2LS

H a L2SS ing — L2 LW 8 a R3LS
- 

I — L3 SS en L1LS 9 a R4LS

J R3S 1 in R1SS 0 — R5LS

K L3LW of = L3SW

L a R4SS en LISS 
-

L5LS and R1SW

N R3SS for a R2SW

f O L2LS

P L I +LW ar— R 5 LS

Q R4SW ea (&. comma)—R1LW

I R R4LS ? LZSW

I S — R2LS ble(&# sign) aRLiSW

I 1—1.41.5

— ,J Ii~ C ~~
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A P P E N D I X  B

CHART OF SHORT WORD FORMS

- about chn - childre n mch — much

abv - above concv - conce i ve mst - must

- according concvg — conceiving my f — myself

ca r - across d - do n — not
- after dcl - declare nec - necessary

a fn  — afternoon dclg — declaring nei — neither

afw - afterward dcv — dece i ve o ’ c - o ’clock

.sg - again dcvg — deceiv ing onef - oneself

cgs t — against e — eve ry ourvs — ourselves

— also ei — either p — peop le

e lm  — almost f — from pd — p aid

a i r  — alread y fr - friend percy — perce i ve

alt — altogether fst — f i r s t  pcrcvg — perceiving

a i t h  — al tho ug h g — go p~ rh — perh aps

aiw - always gd - good q - quite

b - but grt — great qk — quick

bec - because h — have r - rather

bef - before herf — herself roy — receive

beh - ~~h in d  hm — h im rcvg — r e c e i v i n g

b el — aelOw hmf — h imself  rjc — rejoice

ben - beneath imm - i mmediate rjcg - rejoicing

- -‘ bes - beside immly - i mmedia te l y  $ - so
bet — be tween j — just sch — such

b~.y — beyond k — knowledge sd - said

bI - blind 1 — like shd — should

br l — b rai l le  H — little t — that

c - can lr — letter td — today

• 
- —- —5-—-—- ‘~
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APPEND IX B(cont ’d)

ad — could m — more tgr — together

th — th is

themvs - themselves

thyf — thyse l f

tm — tomorrow

tn  — t o n i g h t

u — us - -

v - very

w - w i l l

wd - would

x - i t

xf  — itself

xs — its

y - you

y r — your

yr f  — yo u rs el f

yrvs — yourselves

z - a s

i i
H ’  

-

H
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APPEND IX C

S I M P L E  AUDITORY REACT I ON T I ;~E OF E X P E R I M E N T E R S

Exper imenter: MM lIE

.14

.20 .1 1-i

.13

.12 .15

.15 .12

. 1 6  .72

.12
Simp l e
Reaction .12 .15
Times

~~~~

.148 . ! ,7

S. 0. .0273 .0157

- I :
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-
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Si gnals Received Conf ,s ion Matrix No ~

A B C S  E F G H  I J K L N N O P Q R S T U V W X Y Z 6 . 8LE TN ER EN IN ING , 1 A R ~~0O F FoR r5p crt

.2 ~1a ~ti _ _ _ _ _  _ _ _ _ _  _____ -____  ____  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _
t-7 C-.

q.fl I I
______ ______ ____ ______ ______ _____ c _____ ______ ______ 

___
~1~1.~ ._ _ _ _  ____ — 

1 -~~
I lf

~’

_ _ _ _ _  _ _ _ _  ___  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _~l3t~
L ~~

. 3 5~.1L-
-
~~ 

,
,~7

-~ 
2, ~L3~./

_______ ______ ______ ______ ______ ______ ______ ______ ______ ______ _____4~~Q
I
(S ~~_)_ -~

-

______ ______ ______ 
h17 

______ ______ _____ 
-

— ______

~1
- - 

~L7T
3 i~~i

______ ______ ______ ______ ______ ______ ______ ______ ______ 
_s&LW

k i - I  I ~ - SUF
5~
) 

~ 
~~

—

- ç ~ _______

I 3
-~~ -~~~~

U I ~2.~_3
_ _ _ _  _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  7 _ _ _ _  _ _ _ _  _ _ _ _

I : . — t + ~, 3

1 i ’ .~~&c / 1 31.1
_ _ _  _ _ _  

-f 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  ~~~~~~ _ _ _

~1’ 7 ~~~
‘1i~ed_

‘C 1 ?
h1t~

. ‘j 3 3~4vL
O a B C 0 E F G ‘4 I J K C. ‘4 N 0 P Q R S I U V V B Y Z 1. 811 TM ER EN I N  I N G • 7 AR ED OF FOR no

S. bj ect  A . 8 . based Ofl ~4 ? tr iaI ~ 
rsp

‘~~~~‘~~~~~~~~

5 - --- -- _1 __________ 

- _ _ _  -
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Signals Received Confusion 14.trix ,~~

A 
~ C 0 E F S H I J K 1 ‘4 N 0 P Q R S I U V U B V Z 6. 8&. E TH ER EN lb INS • ? AR ED OF FOR rs p cr t

I I / A

~ )I ‘ ‘ B

~ ________ ________ ________ ________ ________ 
/ 

— ________ ________ ________ ~~~~~~~~~~~ 
C

I /~ °

E I I
F I IC F

I; i i _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ____ j / G

‘7 i
I I 

~~ ~~~‘
-
/ / / .~ - 7 J

_ _ _ _ _  _ _ _ _  
C) 

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
/ 9 K

~~A1 ~‘
.~ ‘V 1 1/ N

_______ _______ ______ 
It  

______ ______ ______ _______ _______ _______ 
/ / O

r
4 I I I.e 3 ~~~ R

____________ __________ __________ ___________ 
II 

__________ __________ ___________ ___________ ___________ 
II S

r -I / / 1

CL I f U

/ II

‘4/ _ _ _  _ _ _  _ _ _  _ _ _  
I c 1  

_ _ _  
I 

— _ _ _  _ _ _

.~ 1/ J % x
q. .- c i / ~~~

2- /C J~l Z

IL v-,t. ________ _________ ________ ________ ________ I I  _________ _________ _________ II AND

q ~~~~BLE

i i  I/ IN

~~ 9 /  / ~~~ ER

_ _ _ _ _  I _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ Q E N

‘ 
~ ‘ I N

S4~ I -
~~ ~

‘ IN G

, 9 J (,
~~~~~

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  / 4  ~ _ _ _ _  _ _ _

Its. // AR

I //~/ ~ q O F

$~ 
-
.
~-
. I ~~‘ ~~~~FOR

A B C D E F C H I .1 K I II N 0 P Q R S I U V U B V Z 8. BLE 1K ER EN IN INS • I AR ED OF FOR

Subject 8.. F . - based on II t r i a l s

I
I

1’B1S PAO1E TJ !1~? ~UAL~TY FRA OTI~ &WL~I

I
~1
ti-. 

______ 
_____________________________________________— 

- 
. ~~~~~~~~~~~~~~ - -

_ _______________  __- __-— _ _
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Si gnals Received Confusion Matri x no

A B C 0 E F 0 H I J K C. N N 0 P Q K S I U V U B V Z & BLE TH ER EN IN INC • 1 AR ED OF FOR rip crt
- b u  ‘ (f ~

I~ ~
( t~‘I ___ ___ ___ ___ ___ ___ ___ ___ ___ 5’ (-~

- 
‘1

r ‘/ (
, F

___ ci ___ ___ ___ ___ ___ ___ ___ ___ _____

Ii t7 q I~C, (I I
-~~ ~-1 t/ ~~

________ 7 ________ ________ ________ ________ ________ ________ ________ 
(j

1-/ 9 
L_

‘/ V
____ ___ ___ - ~I ___ ___ ___ ___ ___ ___ _____

I ‘I
/ -

________ ______ _______ _______ ______ _______ _______ _______ _______ _______ 
C] S

.7 q r
I, I Ii ~
V c,~ V

____ 5- — / 
~~ ____ ____ ____ ____ ~~~

A 1/

/ (
9

_ )
‘I l i z ..

i7 
- 

.1 ______ 7 C~~.(~ 1 ~‘/ -? t3Z.
x -  ‘I  (I ~~

IL1 
~l .c-~

‘ - -  I 4 .
-

5 •

____ ____ ____ ____ ____ ____ ____ 
(I’ ____ -~

—

~~~ ~~~q

LA B C F  S I J K C. ‘4 0 P Q K 5 1 U V V B V 2 & BLE TN ER EN IN INC • 1 A R ED OF
Subject K . H. - based on 9 tr i a l s

iBIS PAG! IS f~T.:YI QUkI~~Ti I L ~TIO.LBLZ

~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Si gn als Received Confusion M atrIx no

A B C D  E F C H I J K I M N O P Q R S T U V U X Y Z 6 . B L E IH ER EI4I N IIIG . ? A R E0 OF FO rsp cr t

~ ~~~~ 
.71:1.9

-~~ ~I _ _ _ _  ____ ____ ____ ____ ____ ____ ____ ____ _____

F ~~~ .

____ — _____ _____ _____ _____ _____ _____

14 ‘It .71.
L

/ .~~‘
-,-

i-v
;;; i2 ___ ___ ___ ___ ___ ___ ___ I ___ ____

.~~~~

a 1 /
S _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

I •4- ~~7 / 7 1
.).t

;

~

j I
iv _____ _____ _____ ——  

.).~~t _____ _____ _____ _____ .Le- W1

X it. .1.
- -

L a
_____ _____ _____ _____ _____ _____ .,~ _____ _____ _____ ______

i_-ti- / I- i /7.~.-~*--
ti .1.24.

~~~

- .)~
)_

______ ______ ______ ______ ______ -I I .  ______ ______ _______

I— -  
— 

.,. 
IC, /1 I~V~-

£.
~ I —.~~ / .1.-

I I~i -ia— ‘9
___ ___ ___ ___ ___ ___ ___ ___ ___ I

4. 17 17~L
.i / I c

I /~ 
j I/? /,~...A B C 0 £ F S H I J K I N N 0 P Q K S I 1 r v V  B 7 6 18. IN ER EN IN INO5- , ? AR ED OF ~O no

Subject A .L  .—ba sed on 22 t r i a l s rip

.. _
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si gnals rece i ved Con fusion M a t r i x

A B C D E F C H I J K I N N 0 P Q K S 1 L V V U V Z & 81.8. 1K ER EN IN INS ‘ AR ED OF FOR rsp crt

A ‘~ ~ -#

a +
_
~Ci I~~~ _____  _____  _____  _____  I 

_____  _____  ____  
L i)...

0 
— — 

O I ~13 ~~I3

F 1*
______ ______ ______ ______ ______ ______ ______ ______ ______ ______ 

;J,I

r I). I I~~— ’i
-3- H-

13 I
M

- - It, 1+
- _____ _____ _____ F~ I _____ _____ _____ _____ _____ _____

- - P  I C1 3
-~~~~ 131 :i3

I 
- I 13

• ______ ______ ______ —~~~~~~~~~~ ‘~~~~— ——— ______ ______ ______ ______ s _ -I-
r I~- Ti+

I I 3

V ~~~~~w _____ —5-- _____ _____ _____ _____ _____ _____ _____ _____

X /4

I ) y 1 4

/23 i_ li
______ ______ ______ ______ ______ ______ 14 ______ ______ ______ ______

• ii ~~

I tL I
1 ~I. I, .;1. I  Ki ll

______ ______ ______ ______ ______ ______ 
/ / ______ ______ ______

/ ,vJ-’

3. J )/
4L11.

A B C D E F G H  I J K L M N O P Q R S T U V W X Y Z 8 . B L E TM ER EN IN IN C . ? A R E0 0F F0R

J Subject H. N . — ba sed on 14 t r i a l s

I
- -

- 1
I

- - - 5 -  - - - - — —— --—- 5-- — _——.-—— ..— — — ~~~~~~~~~~~~~ — - 

-7’

r—~ 16~~7~
4 

w
~~~ x 

~~~P,~~Wi~L~~~ fri ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
—
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Signals Received Confus ion Matrix no H
A B C 0 8. F C H I J K I N N 0 P Q R S I U V V B Y Z & BLE TN ER EN IN INC • I AR ED OF FOR rip cr7 .

.4 :’ ~~~ , A

P
— - C. -k’) ________ ________ I ________ 

I 
________ ________ ________ -~ 1 .~

.

L 
~~~~~~~~~~

F I .&~
‘ F

& I~~~I 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  ~II

II a I I / ~~~ II
L .37 5 ~7

-~~ I -~~ ~.3J
____ ___ / .3 ___ ___ ___ ___ ___ ___ ___ /4 i<

3

I I  I 3 .~~~~ -V

I 3~ I ~~I I 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _ _

(~J .?.~ L

6’ ~1. ~.la a
I 

________ ________ ________ 
_;I 

________ _________ _________ ________ _________ 
3~ —-r /~~I ~ i ~

I-(- a .3D 3O~~~ L
V .~c v

_______ ______ ______ ______ ______ ______ ______ ______ ______ ~U__ B’
1. a. .2~ X

1~ •~‘
~~~~~~~~ ______ ______ ______ .).g _______ 3 ______ t .zf •~~~ _

I 17 I
4- 1 1  1 3 3
~ t. 1 4  ~~

-

_______ _____ —— ______ _____ _____ ______ 3 _____ _____ 
3L e.I.e-

• I ”— ~~~3.I I
a ~ /

~

—-— ____ ____ ____ ____ ____ -~~ ____ ~~~ 1 -

‘/1 3
.) I S ~2 €L

At I 4 i i .~s —(
3 ~~~~A B C 0 E F C H I .1 K I. K N 0 P Q K S I U V V B V 2 & BLE IN ER EN IN INC , I AR ED OF FOis no
Subjec t D. P. - 32 t r i a l s rip
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