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PURPOSE. 

N~VTAADEVCEN 1511-1 

FOREWORD 

The purpose of thi tudy was to explore th feasibility of 
using a computer to teach a. psychomotot task, i.e., operation of 
5-key chord keyset for b nary coding. Th other functions studied 
were mode of presenting prompts (visual, tactual) and effects of fe(.d­
back upon perforaance. The automated visual and tactual proapting modes 
were cc.pared with what • ight be considered to be a "traditional" mode, 
in which subjects (Sa) learned the code by referring to a cod sheet. 

RESULTS. 

The results indicated that none of the methods of prompting was 
superior to the others. However, the fact that s could be taught to 
perform a p ychomotor task by means of a computer is a significant 
advance in training procedures. The results also indicated that the 
provision of feedback aided performance for each of th prompting modes. 

IMPLICATIONS FOR TRAINING AND TRAINING RE EARClt. 

Computer-based instruction naturally goes far beyond the ordinsry 
teaching machine in both a quantitative and ualitative manner. The 
n\.lDber of training conditions which can be aried i almost infinite 
and the types of tasks which can be trained include combinations of 
perceptual, motor, and perceptual-motor activities. Thus, the 
flexibility of a computer-based instruction system affords it great 
potential not only as a training device, but as a research tool. 

Computer-baaed instruction makes it possible to provide multiple 
training stations to acca.aodate many individuals simultaneously. 
Paychomotor tasks, such as typing or sending and receiving morse 
code, could be taught in a multiple training situation. In addition, 
if the training sy tea were an adapt i ve one, adjustments in difficulty 
level and types of learning material could be made according to the 
capacities of each individual being taught. Th~ effectiveness of such 
an adaptive systm, in multi-station psychomotor training, is a matter 
to be determined by future research. 
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JOHN L. A DR.FASS!, Ph.D. 
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U.S. Naval Training Device Center 
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GENERAL 

NAVfRAOEVCEN 1517-1 

SECTION I 

INTRODOCTION 

This tudy evolved from engin ering intere tin aupenting human 
intellectual functioning through real-time computer aid. Toward tbi 
end, explorations of the man-computer interface howed a need for sim­
plified mean for communicating between man and machine in a language 
int lligible to both. A one approach to thi , a binary alphanumeric 
code wa developed and 5-key chorded k y t were fabricated for tran -
mitting me ages in thi code from man to computer.* 

Thee efforts to improv man-computer communication converged with 
the interest of engineer and p ychologi t in u in& computer-served 
sy tems to control and monitor p rformance in human learning, especially 
in developing effective techniques for providing continuous, machine­
controlled prompts or cue~ to guide a human learner in the acquisition 
of sensorimotor kills. Of patticular interest was the prospect of 
using tactile stimuli as a means for prompting di crete motor acts and 

equence of acts. (This interest was timulated in large part by work 
in tactile conmunication then under way in the Control Sy tams Labora­
tory at SRI under the direction of Dr. James 811 .) 

If the 5-key keyboard and the binary alphanumeric code were to be­
come a practical, useful communication link between man and coaputer, 
then effective means must be developed for persons to acquire kill in 
transmitting ~he cod. Examining such mean in a emi-autoMted, 
computer- erved training y tem became the focal problem of tL_ study. 

BRIEF REVIEW OF SEU£TED BACKGROUND RESEARCH 

Previou research influencing the planning and conduct of this 
tudy fall in three major categorie: (1) that bearing on the efficacy 

of guiding learning through cueing or promptin& and knowledge-of-result 
feedback; (2) that concerned pacifically with information transmi ion 
on fiv -key keyboards; and (3) that dealing with the receptivity of 
tactile timuli. The following i a partial ummary. 

FBEOOACK AND RESPONSE CUEI?«i. Perhap the bet current summary ot 
re earch on media of in truction generally, including effect on learn­
ing of r pons feedback and prompting technique , 1 that prepared by 
Lumsdaine (1962, 1963).t [Much of th ame m~terial appear in two 

* The 31-item code u ed a a learning problem for the experiment re­
ported in thi report 1 reproduced in App ndix A. lxpanded five-bit 
code are po sible, of cour e, by providing case chan5 • One uch 
code u ed at Stanford Re earch In titute include all letters, 
numeral, and ymbols of a ta dard typ writer keyboard. 

t Reference are 11 ted at th end of th report. 

1 
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eparate urce (1) Th Handbook o earch on T aching, edit d by 
Gage (1963) and (2) Training Re Education, edited by Gla er 
(1962)). -------------

With regard to feedback and kno~ledge of correct r pon , Lumsdaine 
(1962, 1963) ob erv that perfonnanc i almo t alway aided by providing 
the learner with continuou and il'llll~liat knowl dg of r ult s during th 
cour e of instruction. H point ov.t that th d ign of many xp rim nt , 
however, ha often confounded result . by lumping a variety of d gr and 
kinda of feedback under uch blank t terms a "knowledg of re ult, " 
"confirmation," ''reinforcem nt, " and "correction." Although the mech­
anisu by which learner accommodate feedback information and u e it to 
increase learning rate or reduce errors i open to different int rpreta­
tiona, it doe seem clear that lack of knowledge of r ult s will almo t 
universally lead to inferior learning performance. 

Post-response feedback and pr -re ponse cueing or prompting have in 
co111DOn the objective of controlling or reducing error in practice. 
Prompting guide the learner prior to his re pone by providing cues that 
are later reduced or "vanished" so that the learner can be freed from 
reliance on them. A Lum daine ob erve (1962, 1963), "~ t res arch 
to date has concentrated on (1) the value o prompt a uch, in contra t 
to the value of vanishing, and (2) th learning of ·erbal material , in 
contrast to the acquisition of motor kills. 

In verbal learning, the evidence is fairly unequivocal that per on 
trained under condition that provide guidance prior to overt r spon es 
perform better than tho e trained without th aid of prompting. In 
addition, learner upported by promp tend o make more ffectiv trans ­
fer of uch learning ton w, imilar item . 

Studie by Cook and K ndler (1956), Cook (1961), and Cook and 
,pitzer (1960) indicate that paired-a ociate learning u ing prompting 
trial s wa uperior to learning aided by po t-r spon e confi ~ma ion. 
Crion and Brigg (1957) al o report re ult favoring prompting over 
;onfirmation-correctio~. Kop tein and Roshal (1961) f cund imultaneou 
,rompting uperior to " taggered" (i.e., dela ed) promp· ing in paired­
associates learning. 

A aeries of tudies by Angell, Lumsdaine, and others found uperiori y 
for partial prompting over complete prompting. Thi eries, Wllll&rized 
by Angell and Lumsdaine, dealt with learning verbal material. With regard 
to intratrial c eing, they conclude that cueing cannot be too trong, par­
ticularly during early tages of learning, ince the probability that a 
correct re ponse will be elicited i greate t when the amount of cueing 
is also high (Angell and Lumsdaine, 1962). 

PIRP<IUIANCE ON FIVE-FINGER KEYBOARDS. Three studies relevar,t to perfor ­
aance on five-finger keyboards may be cited. 

Kl -er and Mulle (1953) tudied the rate of tran mission of infor­
ution when it wa encoded for presentation in five flasbia& light; 
the operator'• task was to press k y correspondiug to the light patt rn. 
Independent var1able• were ~1) the rate at which timuli were presented 

2 
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and (2) the nwnber of lights in th timulu patt rn. t {S) w r 
highly train d; all~ had mor ix day of practic th t 
began. With highly trained ~ and p rformanc ta k a abov , 
Klammer aad Mull r obtained av rag r pon tim for all S and v r all 
light patterns of approximately 0.4 cond. Thi r pons tim wa ap­
proached by the fifth or ixth day of practi<: {1600 ttmuli w r pr -

ented each day). In truction to S probably influ n od r pon p ed 
to ome extent, for ~ wer told in ad vane which bulb we1·e po ibl 
and what the stimulu cycling rate would be. Kl 1111 rand Mull r do not 
r por rror cores a uch, but re pon accuracy may b inf rr from 
data reporting infonnation tran mi t din b ts per ond. data 
indicate that S b came overload d when he timulu pr ~entation rat 
was in the range of 2 to 3 t muli per econd; beyond thi point, r pone 
accuracy deteriorated rapidly for all!_. 

Operator performance on• chord keyboa in respon e to vi ual light 
stimuli was also tudied by Ratz and Ritchie (1961). Their experiment 
used 31 chord patterns identical to tho e used in thi tudy, although 
no alpbanwneric mean ng was assigned to any of the chords. A in the 
Klammer and Muller study, the performl\nc task involved striking chords 
appropriate to visual stimulus patterns. Re pone time obtained by 
Ratz and R tchie were con iderably longer than those found by Kleaner 
and Muller; t.he median respon e time for all chords was 1.16 econd • 
Although thy do not report the amount of pre-test training their~ 
received, it apparently was not great. Practice was limited to 10 minutes 
per day and little improvement in response time wa observed after the 
second day. Ratz and Ritchie interpret their findings in teras of coding 
theory to estimate the maximum information transmi sion rate through a 
man-machine link that might be achi ved with such a keyboard and a co•-
patible stimulu display. 

Seibel (1961) also turtied discrimination reaction tiae for highly 
trained S re ponding to 31 ct.ord patterns on a 5-key keyboard. The 
problem task was imilar to that et by Ratz and Ritchie. In contra t 
to Ratz and Ritchie, however, Seib l achieved very fast re ponse times--
0.30 to 0.35 second on the av rage by for S for all chords. Seibel 
also found a high correlation (.836) betweenaverage response tiae and 
percent error for the 31 clx>rd. The over- 11 error rate was 9.9 percent. 
One notable feature of Seibel' experiaent was that discri• inatton 
reaction time continued to impr.ove throughout the course of observa­
tion, or up to 11,000 trials. This tand in contrast to Ratz and 
Ritchie' ugge tion that asymptotic performance is approached within 
the first few hundred trial (Ratz and Ritchie, 1961). It also suggests 
that the proficiency limit for discriminate responding is even beyond 
that obtained by Klemmer and Muller {1963). 

RICBPTIVITY OF TACTIU STIIIJLI. !nterest in tactile ti11Uli a a • eans 
for presenting response pro• pt in the keyboard learnin1 problea 1rew 
fro• a earch for manipulable and pa nle s . ti11Uli rather than fro• 
pecial theoretical interest in cutaneous sensibility as uch. Certainly 

it was known that the pal•r side of the finger were pressure-sensitiv 
and bad a narrow two-potnt threshold c011pared to m t other body areas. 
Ob ervation of experi• entation b Bli a in "tactile co-unicatiou" experi­
ment (Bli et al., 1963, 1964) encouraged the i • pre sion that air pre -
sure would provide a practical • eans for directing controlled sti• ulation. 

3 
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Th in r~l literatur on cutan us G ldard (1961), 
for exampl ] offered upport for th notion that t muli ould 
provid di criminable prompt to guid finger re or ported 
pecific in tance a found in which a r pr sur n rnploy n 

quite the maMer envi ioned for thi xp ,rim nt. F nding by Bli sand 
Mas a (1961) ugg ted that accurat di crimination of tactil timuli 
would probably b found d :fficult, p cially in patt rn involvin 
multiple finger not id y eparat d from on another. Bu th vir u 
of air pre urea an a ily controlled, focu able, and nonpainful 
stimulus hat could be differ utially directed to th fing rs ov rrode 
reluctance to u&e uch timuli ba ed on av&ilabl r ports of di iculti 
in timulus discriminati,n. 

4 
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S~IO II 

STATEMEt,'T F THE PROBLEM 

1tudy wa1 to explore the effectivene11 and fea• i-
bility of autoaating 1en1orimotor 1kill training. Fea1ibility wa1 in-

d h u h n xp rm n l udy ncorpor n ut ma promp .. 
. Th n ral hypo h wa tha u oma cally pr n d 

a d th 1 pm n h n orimotor r pon 
k 11 

r a 5-k y chord k y t or ran -
r s nd m.un ral . Throu h pair 

Cat chord pa rn with th ir appro-
r, and (2) to P r orm h mot r r n 
h ch rd p tt rn n h 5-k y k y 

5 
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S~IO ' III 

METHOD 

COORSE OF THE STIJDY 

Th tudy pro r 
a . d vot d h d 

ed n hr 
t 

compr 

o var 
arn r pr 
nal phas . 

d n 
nd 

ph s 

r 
chn qu 
he accumula 

Work 
Plan s 
of 196 . 
di play, 
ma n ri 
a uppl m 

on he proj d on 15 J nuary 1964 , and th Work 
ubm t d ning V C C n •l n F bruary 
D velopin nt and pr 1 m nary 0 ing input-ou pu d vie 
and progrc1m r qu red approx ly 0 lap month . Th 
s of xp rm n took place dur s pt mb r and Oc ob r, and 
ntary r s a carr ed u c mb r. 

SY TEM DEVELOPMENT AND PRELIMI RY TESTS 

Th in n a 1 d d v lop ng (1) appropri t nput-output 
cond -

0 f-
d v c and play, and (2) program or controll ng tra 
tons , or mon toring and r cord n p rforrnanc, nd or 
1 n analy. of pr onnanc r cords. 

Th ir t n d a 
comput r-controll d tact 
a iated th charact r 
Th k y w r d ign rom 
proj t for n rnal us a SRI. 
for th xploratory tudi th n 

qu nt xp rm nt r bu l o 

Th 
subj y 
a cathod ray tub 
from 

ng 
pr w r th 
h o i nitor r cord 

y k y ui abl or pr 
o prompt h orma ion o 
31- cod ( h wn 

lop pr or 
gn as con 
d, nd k y ts us 

d m n ons. 

nd X ). 

pr nt 
d quat 

d n ub-

y o pr h s mul o h 
d lg n r tor to prov d 

c charact r upon command 
rd nated w th th pr mp -

11 stimulu and prompt 
u c n r 1 o a COC 16 compu r, 

p rformanc f ach ubj ct. 

Th ir t xp rim n al v r ion of a tactil -cu k y ti hown n 
pp ndix B, and d cribed th r n d al; prov ded tactil cu 

thr ugh mall air j t mounted adjac n to h ut r nd of ach k y o 
tha a pulsating air flow could bed r ct d to on or mor ing r. A 
valv ng mechani m contr lled air flow up to 120 cps. Valv ng echan ms 
f r t u d for th air-jet cu ng y t m proved unr liabl and inaccurat 
hus nee tating a change n d gn a nd replacem nt of th original 

valv ng quipm nt. A light variat on of th mod entation of th 
tactil cu o th f ng r wa al o t ted ( D cu on, Section V). 

6 
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In th original plan of th udy, nly ac l p mp 
th f ng r w r con id red. A h udy volv d, t app ar 
to compar h ff t of tactil promp •nd vi ual prompt ; th r for, 
technique for pr nting vi ual prompt in a ocia ion w th th alpha­
numeric charact r were incorporated no th trainin y em nd al o 
w re xamined exp rimentally. 

EXPERIMENTATION 0 ANALYSES 

PRELIMINARY EXPERIMENTS. Pr lim nary xp rm nation 1th ngl 
wa b gun dur ng April to (1) xamin h di criminab l ty of h air-j 
cueing pattern and (2) t il'la i th r la V difficulty of forming 
variou chord r pon At hi m , quipm nt and program 1 m nt 
p rmitted op ration 1th only a ingl s at a tim. 

During thi pr training tag, r c i d only tactil cu from 

t 

the air-jet-equipped key t. F nd ng from hi tag ugg ted th n ed 
for y ematic xamination of h xt nt to hich rr r mad n r pon 
to the tac ile {air-jet) timuli r du o {l) probl m n accurat 
di crimination of tactil cu and (2) difficulti in o ming par icular 
chord pattern ( .g., tho r quiring l xion of th third or r ng fing r) 
Accordingly, a y t m for providing v ual cu wa d vied o that r -
sponses to tactil cu could b compared dir tly 1th r pon to 
vi ual cu 

The capacity of th y tem wa 
tion. Two tations could be erved 
the di play ub y t m dev loped for 
cot of expanding th di play ub y 
off et the economi re ulting from 
it wa decided to re trict th y 
modified, th y tem employed thr 
training keyboard while on r t d. 

ad quat for multipl tati n op ra­
imultan u ly and indep nd ntly with 

ngl - tation op ration. Sine h 
m b yond two tation ~ mor than 

ull r utilization of th comput r, 
m o two- tat on op ration. A 

imultan u ly; two worked at 

By following a chedul uch as hat tabulated bl w, it wa po 1-
ble to provide ach of thr S with 32 minut of practic tim in 48 
minut of op rating time. Even with th bri f d lay ncount rd in 
hitting tation v ry 4 minute, ent ring ubject id n ification numb r 

in th r cord tape, tc., it was found po ible to achi 48 minut 
of op rating tim in 1 than 60 minut total time. 

Tim riod tation A Station B Re t 

0-4 l 2 3 
4-8 1 3 2 
8-12 2 3 1 

12-16 2 1 3 
. . . . • • . . . • Etc. . • . • . . • 

PIIDT S'nJDY. The fir t ~es of xperiment wb rein th performanc 
of S trained accordina to different technique could be compared b91an 
in late July and extended into Augu t. All subjects u ed in thee and 
later experiments were female, age 18 or older, hi&h chool 1raduates 
or more, ri1ht-handed, and experienced touch-typi ts. Three S were 

7 
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trained ov r 7 con 
dition: (1) one S r 

ach und 
promp 

r nin c n­
cu ( r-

j t) k y , (2) on 
(light pan 1) k y t, 
but a provided with a cod 
Training and t ting 
During hi period, 
practic aLd t ting 

chedul of 8 minut prac i c 
tion t t for ach w r 

Thi 
into 

Find ng m th pilo 
ri al o provok d om 

ub qu nt xp rim nta 

xpr m n r rpr d 
proc ur 1 chang ha 

on. 

u 1 cu 

c on I . 
ncorpora 

n • 

d 

MAIN SERIES . Th main 
the pilot tudy. Thr 
prompting, automated vi 
pared by training thre 
Th following change in 

ri of xp rim n ollo d h g n ral plan o 

erie: 

diff r nt training condition (automat d act 1 
ual prc-mpt ing , no automated prompting) r com­
gr up of ix ach for five con ecutiv day . 

xp rim ntal condition r mad for thi 

(1) Only tho e ix S who w r o 1 arn th cod through 
m morizati n and drill with th cod he t had ace 

(2) 

to a e h tan th n only during tho p riod 
wen they wer actually pract cing at a key et. (In 
the pilot tudy, _!_ had b n hown th g n ral format 
of th cod and had b n allowed 5 minut to revi w 
the cod prior to th ir practic ach day.) 

A econd actil -prompt k y wa d V lop din which 
th air j t wer m un d dir ·tly in h k y rath r 
than ad ac nt to th k y . P rformanc with thi key-

t a compared t that of th original to if th 
location of th air nozzl would mprov di er mina-
tion of th actil prompting ignal . 

(3) programming modificat on w r mad to mak bo h 
control and th analytical program mor fl xibl . 

To incr a lexibility in control of th training 
condition, h pr gram a mod fied 1 ghtly top rmit 
varying th m d lay b tw nth pr ntation of h 
pr mary timulu ( h alphanum ric charact r) and h 
prompting timulu ( ither a tactile or visual ignal) 
with ach 4-minute es ion. The analy ical program 
wa modified lightly o that ummary prin out howin& 
aggrecated num r and time of corr ct re pone, 
error re pones, and total r pone c uld be obtained 
w1 thout hand-tabulating th timulu -re pon e printout 
matrix. 

Th xp riment with 18 _!_ w re conducted during the period from 
14 S pt mb r through 2 Octob r 1964. R sult from thi seri , including 
compari on of performance und r the thr e different training condit on, 
are hown in Section IV. 

8 
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'JPPLEIIE?ffAL gga1E • A final ound of xp rm nta~ion was carried out 
during h k of 7-11 
ticipat d during hiw p riod. 

r 1 4. T group of thr S ach par­
On group of thr S was tdt'llly un­

familiar 1th th and h qu pm nt; tbi group was comparabl 
ubj ho had participated previ u ly. 

group a , randomly a i1ned to one of thr • 
trainini condition pr viou ly d crib --automated tactile promptina, 
automat13d vi ual prompting, or no promptin1. The main ditfer-

nc from pr viou xp rim nt wa in r uction o a respon e feed-
back ignal o indicat to th S ha r pon he had actually mad to 
each timulu . By comparing th f edback charact r 1th tbe ori1inal 

timulu character,~ could a c rtain 1mm diat ly hether their reapon e 
was correct or incorr t. -rh purpo o th xp rim nt w1 th the• e tbr e 
untrained wa o examine th ff c of immediat reaponae feedback 
upon the acqui ition of chording kill and accuracy. 

The remaining three ~ w r 
the experimental week from 14 S 
were brou1ht back for retraining 
of ski ll from previous training, 
achieved over a longer period of 

on s who had participated durina one of 
pt mber throU&h 2 October. The• S 
to provide e tiraates of (1) retention 
and (2) re pone speed that • t1ht be 
trainin1. 

All ix~ who participated durin1 th December aequonce also were 
teated for discrimination oft vi ual and tactile pro11pta. 

9 
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SECTIO IV 

RESULTS 

The reaulta froa teat• to determine the apeed and accuracy with which 
tactile nd viaual pro.pt• could be di1criainated are pre1ented in Table, 
1-3. The• e finding• include data from diacriaination te1t1 admini1tered 
at different tiaea to nine S1. 

The re1ult1 froa variou1 compari1ona of the three training method• 
exaained, i.e., training with automated tactile pr,,mpting, training with 
autoaated viaual proapting, and training without automated promptin& are 
preaented in Table• 4-10 and Figures 1-5. The data are from the pilot 
atudy carried out with three Sa from 30 July through 7 August and frc. the 
uin aerie• of cc.p rative 1tudles with 18 !!_ carried out from 14 Septmber 
through 2 October, and videnc re arding the effects of feedback on per­
formance 11 dtawn from compariao~• of the performance of three Sa trained 
during the auppl•entary aerie• in Decanber to the perfonunce of 18 S1 
trained in Sept•ber-October. Finally, aoae indications of upper liaita of 
reapon• e apeed are augge• ted by dota froa the three Sa who were retrained 
during the 1uppl•entary aeries in Dec•be ·• Figurel indicate• the 01.aber 
and characteriatica of the Se, and the chronology and type of atudiea conducted. 

I 

PLOT STUDY 
Promptint 

(30 July-
7Auf 1964) 

N•3 

SUI.JECT POOL 

FEMALE, AGE II O,t OLD£9'; 
HIGH SCHOOL G9'A0UATE 011 MOM; 

EXP£RtENCE0 TOUCH TYPIST; 
RIGHT HAN0£D 

N•24 

' 
MAIN SERIES SUPPLEMENT 

Promptino I 
(14 S.pt- - Retrair,in9 - (7 Otc-20ct 1914) 

II Otc 1964) 
N•II N•3 

I 

OtSCRIMINATION TESTS 

- (7 Aut 1964) -- ANO -
(II Otc 1914) 

N•t 

I 

SUPPLEMENT 
JI 

FNdback 
( 7 Dec-

II Dec 1914) 
N•l 

FIG. 1 DIAGRAMMATIC REPRESENTATION OF STUDIES ANO TESTS 

10 
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OISCRDUNATION or TACTILE AND VISUAL PROMPTING STIMULI 

During th d v l pmental tag of th proj t, num 
performed on th air-j t y t ry n1 numb r of tri 
data bear ng on (1) the di rim ty of th ir- j t u 

r of 
l t t 

d f -

fic ul t in makin& th chord r Tb r orm 
r ord d for a many a 4000 tr r pon probl m mply to 
trik th chord corr ponding to th p tt rn of ir-j t t 

Data from th pr liminary tr al ugg t d th t 11 rror rt 
for th fir t 15 c hord patt rn (A through b wn in Ap nd X 

b ymptotic to about th 1.0 r nt l v ! 2000 tr . l . 
For Chord 15 through 31, th rror rt r main 15 per nt or 
mor tor a many a 4000 trial • 

w of data indica that d f cul i r connonly 
ncount red n c hord that involv d th . 1 ttl fing r and/ or h third 

fing r, but no th fourth fin r; ah gh proportion of rror app ared 
to b cau ed by fl xion of th fourth f1ng r wh nit wa not appropriat . 
How v r, inc rank corr lation of chord dif iculty imilar to 
tho r ported 1 ewher (cf. S b 1, 961, Ratz and R tchi , 1961), it 
wa hypoth ized that could d criminat air-j t tact 1 patt rn a 
w 11 a th S di criminated patt rn of light in chord k yboard xp ri­
m nt conduct d by ther • 

Furth r analy i of pr training p riod data uggested, how v r, that 
whil anatomical f actor might r trict both th p ed and accuracy with 
which compl x chord could b truck, r pon e rror might al o b 
accounted for by difficulti in di criminating timuli dir ted imul­
tan u ly to mor than on f ng r--in particular, to adjac nt fing r . 
To d v lop om ti:nat of th proportion of total l" pon error 
attributabl to probl ms o di criminating the tactil timuli and to 
dif iculti n forming compl chord , it appeared d irabl to compar 
vi ual and actil timuli a r pon cu . Accordingly, a visual 
prompt ng y t m wa d v lop to provid a r pon -prompting proc ur 
to comp t w th th tactil timuli. 

n diff r nt S partic pated in t t to d t nnin h r lat v 
di criminability f vi ual v r u actil a r pon prompt . 
Di crimination t t w r admini t red at nd of from on to wo 
w k of training with h cod on h k y t • T bl l through 3 

ummarize h p r ormanc of h nin ubj t on th t t • Tabl C-1 
and C-2 1 n App ndix C h combined p rformanc of all 9 S on 
both tho tactil nd v i imulu di crimination t t . 

A hown in Tabl 1, w r highly variabl in performance on th 
tactil t.imulu t t . ubj t varied particularly in th ability to 
di criminat th timulu patt rns accurat ly; accuracy cores rans fro• 
23 .1 percent correct to 90 .o p re nt corr t. Th rank corr lat ion b -
tw n ~• over-all re poo p ed and accuracy on the tactile-atiaulu 
di crimination te t wa actually n gativ (rho = -.3>0), although th 
magnitude of thi relationship i not atati tically i1nificant.• Two 
of th nin a counted for mot of hi lack of relation hip betw en 

peed and a curacy. Subject 23 ranked 9th in peed and lat in accurac ; 
Subj ct 13 ranked 2nd in p ed and 8th in accuracy. 

* S C-3 in Appendix C for int rcorr lation a• on1 !! on variou 
core. 

11 
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T bl 1 

DI RIMI TIO OF T CT I LE ROMPTI G STI LI 

ubj 
T al 

Pr umb r 
R p ns 

1 1 

) 13 7 

23 

0 Gr Pb 

V ual 2 
r mp 

75 
(l h ' ) 

Wl 3 

11 

7 

M upb 

M an for 11 

n rd D via . n or 11 
11b 

a 
E ght-minut d on 
7 ugu t 19 ur-m nu 
13, 21, 22 , and 23 con uc 

b 
Un hted m an . 

P re n 

o.o 
70. 

57.0 

52.0 

.o 

. 3 

23 .1 

61. 

73 .1 

52.5 

59 . 2 

1 .25 

12 

1.2 

3. 

2.11 

1.79 

1. 

1.99 

1.24 

.58 

o r ~ 1, 
na ion 

c mb r 

1. 2 1.11 

3. 

1. ~ .12 

2 .02 1.63 

1. 7 1. 

1.7 

2 . 1.63 

1.9 

1.31 1.2 

1.3 1.59 

1.56 1. 59 

1. 1.7 

0.337 0 . 73 

nd 3 condu t on 
o r _ · 11, 1 , 
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t bl 2 

DI CRIMINATION OF VI UAL PROMPT! G TIIIIL1 8 

ubj ct ' To r e n M 
Subj c t 

Pr V OU 
Numb r 

r rr c t 
Training R •· pon R n 

R 

T til 1 216 96.3 0.73 
Prompt 

13 105 9 .2 .77 
( ir j t ) 

23 91 93.4 1.16 

M an !or Groupb 95.3 .89 

Vi ual 2 216 98.1 0.7 
Pr mpt 

12 99 97. 0.77 
( light ) 

22 97 .o 0.9 

Me n for Groupb 98.0 0.79 

Without 3 184 95.1 0.90 
Prompt 

11 101 95.0 0.86 
(cod 

h t ) 21 114 93.9 0.71 

M an !or Groupb 94.7 0.82 

M n !or 11 ubj c t b 96. 0.83 

nd rd D vi ion or All 
Subj c t 1.7 0 .137 

Eight-m nut di crim nation t t tor S 1, 2, 
7 Augu t 1964. Four-mi nut d e r min t on t 
21, 22, and 23 conduc t d on 11 0 c;. mb r 1964. 

b Un w i gh t d m an • 

13 

0.59 

0.8 

1.30 

o. 

l. 7 

1.20 

0.79 

0.74 

0.90 

0.77 

0.80 

0.83 

0.337 

nd 3 
f r 

0.73 

0.77 

1.15 

0.88 

0.71 

.7 

.89 

0.79 

0.90 

0.85 

0.71 

0.82 

.83 

0.133 

nduct n 
11, 12, 13, 
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T bl 3 

SUMMARY STATISTIC ANO CORRELATION 
FOR PROMPTING STIYUWS OISCRIMI TIO TESTS 8 

Man 
R pon 

d 

pons 
ccuracy 

) 

( correct) 

R nk Corr lation 
Between Speed and 
Accuracy 

T c til 
Sti1nuli 

X :: 1,7 

:: .514 

X :: 57.3 

o = 21 .59 

p :: 

p 

.844 

,001 

V 
St 

X :: 

0 :: 

X = 

0 = 

= 

p 

u l 
muli 

.81 

.155 

96.2 

3 .41 

.343 

.10 

R 
B 

p 

p 

p 

= 

23 

l 

.27 2 

.1 

8 
Ota from 9 S combined; N = 31 for th 
numb r of different chord patt rn ). S 
f o r ranking of chord . 

tati tic (1 .. , th 
T ble C-1 and C-2 

There app ar to b a c lear r lation hip b tw n chord compl xity 
and both re po n . peed and accuracy--a mor finger ar call d upon 
tor pond, b th the accuracy and th of r pon d e r a 
Table 3 how th rank corr at on b pe d and chord 

accuracy !or all ubject on th tac t timulu di e r minat on t t 
(.844). Th d ta l d abulation ho ing th di fi culty of the variou 
chord i g v n in Tabl e C-1 of App nd x C. ] 

P rformanc on th vi ual- t mulu di crimination t t wa much 
1 ariabl than t at for th tact 1 timulu , a hown in Table 2. 
(P~rformanc for the 9 S combined app ar in Tabl C-2 of App ndix C.) 
No ubjact fail d to xc eed 93 pre nt accuracy; accuracy co r s ranged 
from 93.4 percent to 99.0 p r cent. imilarly, p ed co r w r 
c lo ly grouped on the vi ual- timulu di c rimination te t , in contra t 
to h pread in peed co re for th tactil timuli. Correlation 
amo ng !_ on variou di c rimination t t co r are hown n Table -3 
o f Appendix C. The rank correlat n b twe n 'over-all re pone peed 
and accuracy wa s po itive (rho = .217), but a with th tac til timulu 
d e r minati n te t, th magnitud of the relation hip did not r ach 
tat tical ignificance. 

The over-all high a ccuracy of re ponse to vi ual stimuli ugge ts 
that the variance in re pone accurac y and re pone speed in the vi ual­
timulu di c rimination t t i du almo t wholly to motor di!ficultie 

rath r han t failure top r ceive the chord re pone demand d by the 
t mulu pattern. Support for thi view i provided by the low rank 

14 
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and accuracy fo r all n (rh 
n h t (T bl 3) • l th ugh 

h n ch rd nc r 
n c mpl x t y and 

accu rac y f r 
up n t r nd, th v r-all 

cho rd 

C mpar n 
1 

r t o 
r 
r, and 1 

o- , hr - f r- , and v - f ng r 

n ndi v dual chord nth 
rd 21 ( t h 1 t r "u" ) c all r 
f n r. On t h ac til timulu 

e r m nat n h prov t b th ngl mo t diffi cult ch rd 
o mak accura ly. 

ch rd pa rn n h 
I n 
V 

con 
ual d 

PERFORMANCE U IER DIFFERENT TRAINit«i CONDITIONS 

t o thi 

GENERAL. Thre cyc l of pr m n w r conduc t d to xplo r th f­
f c o f varia n n train ng c nd t ~ n upon th acqui itio n of kill 

n tran m tt ng cod d alphanum r c charac t r with th 5-k y k y t. 
Th p l l o t udy, n h ch thr par i c ipated, xt nded v r 
con c ut v w r kd y dur ng h prod from 30 July through 7 Augu t. 
Thi p riod rv d a a hak down fo r th y t m and procedure and pro­
due d th ir t comparat v p rformanc data g n rated under operational 

n n thi proj c t. 

Th main xp r m nt ri wa carried out between 14 eptemb rand 
2 Oc t ob r. x diff r n S partic ipat d each w k, or 18 S in all. 
Our ng th fir k, ~ w r trained without automated prompting. 
V ual prompt r u ed during the c ond we k, and th third w ek wa 

p nt ra n n th th ai o f tactil prompt . 

Th xp rim ntal cyc l , b tw n 7 and 11 Dec mb r, 
nvolv d wh w r n t o th xp rim nt and thr who had 

part c pa ma n r i.. In th uppl m ntary xp riment , two 
qu t on r xamined: (1) th ff c t of a r pon t edback ignal 
upon p r f r·manc , nd (2) th profic i ncy lim t that might b achieved 

th nd d training wh r in ch w p rmitted to modify practic 
cond n wlthin c rtain lim t . 

RESULTS FROM THE PilDI' TUDY. Two c hang made th experimenta l setup 
om whst d ff r nt tor thi ri than fo r th pretra ining trial: 

(1) t ind p nd nt k y et tation w r operated simultaneou ly, thu 
p rmi ting b tt r utilization of th computer, and (2) a visual promp ing 
k y t wa con tructed. 

Thr t male unfamili a r with th xp riment were recruited from 
among xp rienced typi t at SRI. Subj c t were as igned r andomly to 
diff. rent traininc condition --on to the tactile pro11ptin1 key et, one 
to the vi ual prompting keyset, and th "no-prompt" subject to ~!ther 
k y t, with the prompting mechani m di conn cted but with a code beet 
availab e for reference. The training hour was broken into either 3- or 
4-minut block, each! followed a ch dule tha t provided 3- or 4-ainut 
re t period after each 6 or 8 minute of practi time at the ke, et. 

15 
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h p r o 
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( n num ric 
ual) 

accumul m nu 
n h ur h nd con-
d conclud d d y ' 

m ch n m c nn c 
n d. 

nc by day r all hr . Cumu-
pp ar n Tabl C-4, C-5 , and C-

RE PO E SPEED D CCURACY RES roR UBJECTS 
TRAINED FROM 30 JULY THROUGH 7 UGUST 1 

Day 
Typ of Tac 11 

co r b 

a 

b 

1 

2 

3 

4 

7 

Sp 

Accura y 

d 

Sp d 

Sp d 
ccuracy 

Run 

2.87 

C 

C 

C 

C 

2.46 
81.0 

C 

,. 

1.03 
95 .2 i 

.77 
96.4 

per rk n ng cond on. M r d t a 1 d nd v dual r ord 
for h p r od may b ound n Tabl C-4 through C-6 in 

r 
p 

and 
corr ct 

numb r tr al , r pon tim , and r pon accuracy not 
ava for all run on th i x h day (6 Augu t 1964) and for prac-
t c run on th v nth da (7 Augu t 1964). 

16 
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d m n 
By h 

d--

Tabl 4 indica , all thr S 
throughout h 7-day trainin& per i od. 
fir t day in hich at t a conduc 
mast ry of the cod, and two of th thr 

r t d 
nd of 
ubj 

nc r a 
he 

ncy 

r pon pe d1 within th 0.8-
with th vi ual promptina m 
throu1hout the p riod; her r ord 

had 
rain 

r o rm r 
compar d 
ra o to he oth r t !_, h r r lip on 

i mprov m nt aft r h fir t day a 
ile promptina procedur . In h 

h h ac ­
v n h day, h 

a th fas p rform r and h 
rain d ithout automated p mptin 

th traini p riod, bu nev r achi 
!iciency tha he o ther t o S d~d . 

Th 1ap in th data on th i 
day r ul ed when a new analyti cal 

h 
pro 

failed o extract an accurat r co r d . 
Table 4, however , it uld ap ar a 
performance for thi• p riod , 

Ou:l'in1 the la t half of h v 
in prompting- timulu di crimination 

h am 

p r!orm r. Th 
g in hrou hou 

l o f ov r-all p 

y and h fir par of h 
ram, in roduced on h 1 h 
Fr h ord rly gain hon 
o int rpolat for 

ach ubjec 
a d c ribed 

timat 

partic pat 
arli r. 

RESULTS FROM THE MAI SERIE . Th thr - k ri of xp rim n 
commencing 14 S p 

tablished in th 
mb rand nding 2 Octob r followed th 
July-Augu t pilot tudy. 

g n ral gn 

Bi&bteen female!_ were r ruited from ou id SRI to partici at n 
the experiment for one fixed hour (4-5 pm or 5-6 pm) throu1h one we k; 
three Sa pu·ticipated ach hour. All S were 18 year old or more, high 
school sraduate or mor, exp rienced touch-typi t , and right-banded, 
Six S w re randomly a igned to ach of h ollowina training group 

(1) No automated prompting (W k 1). Subject referred to 
code heet during prac i c p riod at the keyboard. 
Code heet w r~ r moved during t t run . 

(2) Automated vi ual prompting (Week 2). Subject r eived 
vi ual prompt from a pan l of !iv li&ht who arran1 -
ment corre ponded to th k y po ition of the k y t. 
Vi ual prompt w r pr nt din conjunct on with th 
appearance on th CRT of the alphanumeric ymbol 
of th 31-item cod • light panel wa di connected 
during te t trial • 

(3) Automated tactile promptin& (W 3). ubj t r ived 
only tactile prompt from air j affixed to the five 
k y po ition. Tactil prompt r pre ented to S in 
conjunction with the app arance on the CRT of the alpha­
numeric code character. Th air-jet mechani•• wa• di•­
connected durina te t p riod . 

The followin1 modification 
incorporated in this three-~eek 
July-Au&U•t pilot atudy: 

17 
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(1) C ndition r not mix d dur ng ny on 
ion within a k. 11 in ach 

nt. 

(2) 0 xplana ion o th C 

tudy of h cod h 
ncluding th ini ial no-p mp 

k or any 
r up r c v d 

or 

r al 

on, 
k 1) 

a th only cod h t, x-
p ur w r r C 0 ho h n ac ually 
prac iced at k y 

(3) On n tactil rue n 
hich air j t w r h k y ra h r 

than b i1g mounted ou n 0 h r 
tip . Th in h ac (W k 3) 

rotted through bo h r a ility 
o di criminat rompt could b com-

par d ( S ction V). 

Two s WO!'k imultan ou ly a parat , nd p nd nt k y 
third r ted. Each had con cutiv 4-m nu practic or 
ion .followed by a 4-minut r riod . Th rk-r patt 

varied daily t c balanc th po ton a igrun nt of ach at th 
of a day' run . 

ubj ct r , in tructed to k both peed and accuracy in pr-
.formance. Commencina on th econd day o.f each w k, !_ w r privat ly 

hown printouts o.f their own previou day' per.formanc . N int rgroup 
or intra1roup compari on w r provi d; S wer imply told that thy 
were 11doin1 pretty well--ju t about a we-xp cted." Subj ct w r 
encoura1ed to do heir best, but care wa taken to prevent overt indi­
vidual or croup competition. 

For the visual-prompt group (W ek 2) and the tactile-prompt group 
(Week 3), the .followin1 chedul wa maintained in the time delay bet een 
the presentation of the alphanumeric character and the prompting timulu•: 

Day l: Both primary and prompting timuli wer pre nted 
imul taneou ly. 

Day 2: The prompting timulu followed th primary timulu 
by O .5 cond. 

Day 3-5: Th prompting timulu ollow d th primary t mulu 
by 0.8 cond. 

Prompt w r not pre nt d during t trial . 

By th conclu ion of ach 5-day training p riod, !_ in each group 
had pent the following amount o.f tim at a k yboard: 

18 
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No-pr mpt group 
Vi ual-prompt group 
Tactile-p ompt group 

C mulativ T m 
(minut 

Prac ic Te t 

124 
la> 
128 

20 
24 
24 

at K y 
) 

Total 

144 
144 
152 

An ov r-all Wllllary of pr ormanc tor all und r both practic 
and t condition 1 hown in Tabl 5. A th data ind cat, th 
p rtormanc th thr gr up app a o dift r nt, particularly 
und r practic condition, al hough man p rtormanc und rt condi-
tion how n id rabl imilari y • 

Tabl 5 

R.ISPON E SPEED AND ACCURACY SCORE FOR SUBJ~S TRAINED 
WRING THB PERIOD 14 SIPTBMBER nlROUGH 2 OC'roBIR 1964a 

Training Conditions 

Day 
Typ of 
Scoreb 

Tactile Prompt No Prompt 

Practice 
Run 

1 
Speed 
Accuracy 

3.33 
71.1 

2 
Speed 
Accuracy 

2.46 
83.6 

3 
Speed 
Accuracy 

l.82 
86 .8 

4 
Speed 
Accuracy 

1.38 
90 .5 

5 
Speed 
Accuracy 

1.10 
90.9 

T t Practice 
Run Run 

1.36 
91 .2 

1.07 

1.55 
78.9 

Runa 

1.88 
61.2 

88.4 

Practice T t 
Runa 

2.61 
87.8 

1.76 

Runs 

1.42 
84.0 

a Six S per tra inina condition. Training tor each 1roup l aated one 
week. 

b Speed core expre sed a mean number of seconds tor combined error 
re pones and cor ·ect re ponses. Accuracy score• expre••ed aa per­
cent corr ct re ponaes. 

Te t p rformance for all 18 S on the final day are shown in 
Table C-7 of Appendix C. To examine the extent to which dift erenc • 
w re t ati tically ignificant, various te t were perforaed. Firat, 
mea n differences between group in both peed and ~ccuracy on ~be 
8-minute test on th fifth day were tested a nd o~ne of the • ean dif­
f rence were tati tically ignificant. Diff~rencea between group• 
in vari ability on final-d ay te t perfor• ance were aloo teated. Tb ae 
re ult , bown in Table 6, indica te that the~ of the t actile- proapt 
group wer le vari able in their response speed• than were Sa in the 
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Tabl 

ARIABILITIES O PEED D CCU 
-MI TE TE T END OF TRAI ING 

(P ,10 ) p 

0 .0485 5.64 = = 0 .0086 

(P < .10) (P 

y co s 

(P .10) 

= 7. 

(P .05) 

Prompt 0. 1949 22.66 24.3 246.07 
1.5 = = V . 0.0086 

Tac 1 Promp 
(P < .01) (P < .01) 

a Var anc c alcul ated from tandard d vi ation 
accor in to t'n r lat ion hip 2 = ( / - l) cr2 • 
or - t ail d t t . 

(P 

r por d n 
11 probab 

.50) 

= 

C-7 
ar 

o h r 
Sped 

how d 

in particular, thy r mor homogen us in r pon 
ual-promp grou. I n contrast , h t ac 1 -prompt roup 

greate t di per i on n accuracy co r 

Thr analy i -of-varianc t st w r p r Jonned following th mod 1 
ugg ed by McNemar (1955 , pp. 332-335 ) for a p udo thr -way c la ifi-

ci ion (subj ct by m thod by day). Th f ir t analy i , ummariz n 
Tabl 7, xamin d r pon p und r prac ic co dit ion ov r th iv -
da p riod for th thr . Th data upport th impr ion, gained 
from h ummary data 5, of diff r nc b tw n group, diff r-
rc ov r tim , and r nt rat of chang ov r tim thin group . 

Tabl 7 

ANALYSI OF VARIANCE FOR RESPONSE SPEED 
IN PRACTICE CONDITIONS• 

Sour c of Variation Sum of Squar 

Individual 4 .48 15 0 .299 
Training M thod (M) 10.47 2 5,235 
Day (D) 17.56 4 4 .390 

M X 0 8.~ 1.032 
21.39 60 0,356 

Total 62.16 89 

• Ba d on p rformance UJJ1Dari~ed n Table 5 . 

F 

17. 51 
12,33 

2,90 

p 

< .001 
.001 
.01 
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Th of varianc 

during ach roup a 
b ub an ially imilar o 
condi ion. Th only varianc 

a ha for "day . " 

u r 
no 

Th hird analy i 
pon -accur cy 
n fican var anc 

of v r anc 
cor und r 

ra o 

Tabl 

h 
) . 

h r 
pp chi 

for 
n 

ALY I OF VARI C R RE PO SE SPEED 
I TEST CO DITIO S 

0 Variation Sum .. an Squa r 

Individual 0.195 
Training M hod (M) 2 0.125 
Days (D) 1.36 2 o. 80 

on: M X D • 31 4 0.078 
9.01 30 .300 

Total 13.85 53 

a Ba ed on per ormanc ummar zed n Tabl 5. 

T.bl 9 

ANALYSI S OF VARIANCE FOR RESR>NSE ACCURACY 
IN TEST CONDITION a 

0 Varia ion Sum of df M 

Individual 15 222.38 
Training M thod (M) 2 4 .60 
Day (D) 753. 4 2 37 .82 
In i on: M X D 145.31 4 36.33 
R 277 .0 2 

T .47 53 

a 
B d z d n Tabl 5, on p r or nc ur 

RESULT FROM THE UPPLEMENTAL ERIES 

dback on n. Follo 
0 r 0 xp 
provid ignal ng 
f bac program dir ct c charac r 
chord r P n r tly b lo 

Th 0.5 cond, a 

nc 
C 1 

ng 

a 
hr 

F 

0. 4 
2 .27 
o . 

F 

0.1 
1.36 

.13 

h 

appl 
r up 

p 

s 
< . 

p 

N 
NS 

n 

Th 
h 

char-

h f back c hara r 
t ngu h charact r with h primary imu-
lu 0 th r th c hord form n r pon h pr mary 

a appr priat . 
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To x~nin th f o con inuou 
back upon 1 amin& rat , thr n S 
training for a iv -day p riod. Th 

and IMl at r pon , 
r crui ed o und rtak 

r comparabl in g n ral 
back1ro1nd o tho pr viou ly . Training condi ion r 

main ri xc pt that th 
plot udy a follo • S r 

y-imilar to tho follo ed durin 
t rotation ch ul u din th 

randomly a i&ned to a trainin& 
1th f edback, aut omat visual 

ma ed promptin& (i.e., code h 

condition--automated tac 11 prompting 
prompt na 1th f dback, or no auto-
t m rizat on) but 1th f edback . 

Tabl C-8 pr nt , a combin 
5-day period. Individual r 
Tabl C-9 throu&h C-11 in 
id ntical in both re pon p 

d or th thr 
hr S a 

hr 

e ion on h f fth day--by hat po nt, ov r-all 
w r b n 0.75 cond and 0.78 cond, and 
b tw n 96.7 p rcent and 9.1 pre n for th 

s OV r he 
ho n in 

ntially 
4-minut t 

r pon ti • 
accuracy cores 

o tati t cal t t omparing 
appropriat nor, for that mat r, n 
to contra t th p rform nc of th 

hr on anoth r 
aningful, how 

thr 
of th ra 

pon f dback. F 
h S trained 1th 

d continuou r -
n d und r imilar 

2 compa r 
ithou a 

t 

pon f edback i th th p rfo. anc 
prompting condition but ithout r 
the mean t performanc for both 
re pon feedback ignal. Mor a ta 
in Table C-8 and C-12 of App ndix c . 
each trainina 1roup.) 

led • wnmari 
(S Tabl 5 th 

group 
r ord 

app ar 
f 

Table C-8 and C-12 h w rather clearly that th thr fe dback­
trained Ss compared favorably with the mot proficient of th 18 S 
trained without feedback. Diff rence b tween th two group avor th 
feedback-trained 1roup at mot point of po ibl compari on. 

A tati tical t t of diff r nc tw en th f dback-tra ned 
group and the nonteedback-trained group a p rformed for t rnn'.nal 
performance on the fifth or f nal day of trainin&. To increa o th 
reliability of the performanc m a ur for th f back-train d g 
the two 4-minute teat admini t red on th fifth day 

t 

tati tical test apply, th r for, top rformanc t 
duration administered to both group at th nd of 
amount oft tal training tim. Th ummary tati 
mean differ nee are pre nt din Tabl 10. 

t of 8 minu 
ntially d nt cal 

and h t of 

Th very mall ize of th f edback-trained group ugg t r traint 
in int rpretin& the tati tical i&nificanc of h f dback group' 
uperiority in re pone accuracy. The differenc 1 in th xp t d 

direction, however, and th ma&nitud of th t-rat op vid pr ua iv 
upport for the conclusion that continuou and immediat r pon fed­

back does, facilitate paycboaotor learnin1. 
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75 

MEAN FOR~ 
TRAINED HOUT 
FEEDBACK (Nel l ) 

50 MEAN FOR h 
TRAINED WITH 
FEEOIACK (N•3) 

25 

0 

2.0 

MEAN FOR }1 
TRAINED WITHOUT 
FEEDBACK (N:18) 

1.5 MEAN FOR S1 
TRAINED WifH 
FEEDBACK (N•3) 

1.0 

0.5 

0.0 --------------------------
2 3 

DAYS 
4 

u . • ,. • . , 

FIG. 2 MEAN TEST PERFORMANCE OF SUBJECTS TRAINED WITH 
ANO WITHOUT FEEDBACK 
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Tabl 10 

MEAN DIFFERENCES I SPEED AND CCURACY 
ON EIGHT-MINUTE TERMI AL TE TS OF PERFOR CE 

BY FEEDBACK-TRAINE ANO ONFEEOOACK-TP.AINED GROUPS 

Mean Total 
R pon 
Time { ec) 

St andard 
Deviation 

M an 
01:f:ferenc 

Percent 

Standard 
Deviation 

Mean 
01 

ta 

a 

t = 
~ - X 2 

Train d 
(N = l ) 

1.0 

0.3 7 

88.65 

10.98 

2 

I : 2 

h r 

·~ ck 

I ;~ai~e 
( = 3, 

0 • 

0.0 5 

0 .2 

1.021 (P .10) 

98.53 

0 .695 

.. . 88 

36 .296 (P < .001) 

2 
Ex1 

2 
Ex

2 

2 
- 2 

and 
2 ! [ x2 - X)2] X = 

24 
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The r Ul' 

ccuracy. To cc 
d o udy h c 

ork o 
h 

rd m x 

r 1 rn 
n 

ssions d sired . 
20 minut 

ccuracy 
o 10 k 

R 

sin , ch o 
achi ved by the hr 

ach o h s S cov r n bo h 
( s e Tabl s C-13 throu h C-15). 

ar 

C 

h 

c-

n-

r cord o r 
n pp ndix C 

On th - ubj c p l o tudy n July-
u st, w r 

asonabl 
ould 

on 
or 

run 
h 
ua 

a r 
k y 
0 .50 

Th 

r 

o 0 ,60 

nd d ov r a 7-day prod, it had app ar d 
r spon t of 0 .50 cond o r 

h S r training xp r -

n and tht1 
V r 

he final daJo of 

iv pr or nc o h 
our dur ng th ir rs 
k o r train n --1 hown 

a 
ing 

r u n xp rim n 
cond for all chord. 

25 

111 b r c alled, had 
ond dur ng t run 

rformanc 
ho r ceiv 

b tw n th 
a 
mprovement in r 
not as gr at a 

S ov r all th ir t 

n v r 
cond 
f 
c ap 

pon 
had 

k o tra n ng and 10 during 
F g . 3 , 4, an 5. Flue -

ought ugg ha 
m cod on uch 5-k y 

probably all in th rang from 
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V 

IO 

DI RI TIO OF PROMPTI STIMULI 

( 

b 

r 
udy, 
pr mp n l . r-

n he 
d r 
ra n 

ccuracy nd r p 

r 

Tabl 2) . 

m l h k u din h udy 
lik b 

h 
da 

h d f icul y 0 th 31 chord pa rn 
ly r P rt by h n chord d ff -

r pon udy and 
ar no h n c hord d fin d n 

0 r n 

Th v ual imulu e r on t ( Tabl 2 , 3, and C-2) 
de da ha c an b w th find ng r ported by Rat z and 

(19 1), and by 1). Ratz nd Ritc hi tudi d p ra or 
on a c h rd k ybo ard n r pon o vi ual pre ntation of th 

rd p tt rn; th r apparatu wa comparabl to tha u d at RI , 
di f r d n many r p ct . Furth r, th p rformanc probl m 
o ubj ct appar ntly r mbled tha t po ed to ubj t n th 

udy. Ratz and R tchi r ported a median re pon tim for all 
chord o 1.1 chi ub tantially greater than 0.78 ond 
( m an r p n tim for 16th ranked chord) found in th SRI tudy. 
Th ir rankin of c ho rd dif iculty according to r pon tim corr pond 

ly o ha d v l o ped hr; th rank corr latio n b tw nth Ratz 
chi fi nding and th r pon time ranking of th RI tudy i .928. 

l al o ud d p rformanc on a 5-k y chord k yboard in a t t-
n in imilar to that u by Ratz and R t cbi . ib l t ake i ue 
i and R tchi ' r garding a ymptotic p rformance aft r 

a a day' ra ning, and how r pon tim improving ven up 
r al . In contra to Ratz and R tchi , S ibel r port "d i -

c rim na on r action tim " b tw n O ,30 and O ,35 econd tor the a verag of 
all 31 chord -- om thr im fat a Ratz and R tchi, and twice a 
fa a h SRI tudy. N verth , Sibel' rankina of chord difficulty 
d t rmin by m an react ion tim of to'!•' highly trained ubject corre­
lated .896 with Ratz a nd Ritchi 's r a nkina a nd .889 with the SRI r a nkin1. 

Th re pon times reported by Ra tz and Ritchie and by Seibel a re le s 
variabl than tho obtained in thi SRI tudy. Response time va ri ability 

29 
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7 

mum n m x mum r -
ollo s : 

0 .7 
1.11 1. 

11 r 
nd 

rro r 
n o 

Th 
(. 36) 

ior. im nd error 

cat corr lation 
h v ual timulu di er 

rank corr lation b t n 
accuracy ranking reported hr 
h di fr nt relat on hip 
p d and accuracy. On 

doubt dly l n iffe• nc 
S ib l r port an ov r- 11 rror r 
3.8 pre n in th pr nt udy ( 
rror cor in thi tudy would 

T bl 3 nd -
n curacy on 

a on y .343. Th 
accuracy ranking o cho rd nd th 
only .263, a might b xp ct rom 

n h two tud b tw 
h e di er pant un-
th o o n rror cor 
o 9. pre nt n con rat o 
Tabl 3). Th narrow r ran 

b tw n r pon accuracy and r pon 
nuat om what any corr lat on 

p ed. 

Da a from th pr nt tudy, wh n compared, n particular, to tho 
ib 1, ugg t hat r pon accurac y and r pon p d ar not only 
ti v o amoun of pract c but al o to th " r pon· t " induced 

by th n t ruction prior to h t run. S ibel' S appar ntly 
cone n rated on p ed of r pon ugg ted by th fairly high ov r-all 
rror rat {9.9 pre nt) among~ th consid rabl c . In 

th pr nt tudy, ~ d k p d 
accuracy--a r pon nt 1th t t 
for xampl, th all amil ar. 
o hyp th iz tha S n n tudy uld h 

p rforman~ had h y b n c cally in tructed to r pon 
tim and to di cunt rror. Giv n uch in truction n uld antici-
pat (1) an rror rat om what gr at r han h 3.8 pre nt obtained in 
th vi ual mulu di crim nat on t t, and (2) an v r-all r pon 

in om what a t r han that d mon rated. 

o data dir ctly comparabl to th r ult of th ac 11 imulu 
di er m na on t t hav b n found n other ourc Compari on of 

h tactil stimulu di crimination t to the vi ual timulu dis-
er minat on t t, bow v r, ugg t an approach o the probl m of ort­
ing out r pone rror and d crem nt in re pone peed that are due to 
l ack of motor kill in contra t to tho e due to difficulties in perceivinc 
th timu i. 
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crim nation e (Tabl 

curacy cor on h tac 
ho v r, h r la ionship 
tog hr, he corr la 
criminat d chord pat rn 
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1 517-

ccur cy r 
h 

on 
ly d 

ccur cy 

pp r h n c rr 
on t ar com-
ho n in T bl 

obtained b t n 
n h 1 t mulu 

vidual ov p and ac-
corr la 

C n id r 
ly d -

and (2) th b t tra or an 1 
to, 

h 
accuracy i h hich n e r m nat 1 or h 

p ed of re pon Al S adopt trat o xt nt, and 
some adopted it to a r adical d gr ; th corr lation n S on p ed 
cor son both di c mination te t wa .450. Th corr lation b tw en 

ranking of chord speed on both te t , however, wa ub tantially high r 
than thi, at .823 ( ee Table 3) thu indicating that a chord' rela-
t ve poi ion in a peed-of-re pone cal ov r many Ss rema _ned fairly 
s able regardles of h te t-t ak ing r pon tyle adopted by th 
ubj c . 

EFFmTS OF KEY ET DESIG O DI3CRIMIN TIO OF CUES 

A r ul 
v r bal ' r por 

During h 
train wi h th 

o th 
s 
1 

of 
aid of 

ach on betw n th 
n w k t with th in 

2 
ac 
old 

rnal 
ix S rformed 1 ghtly fa 

mb r 

h 

31 

don 7 Augu tad 
re ving actil 
con tructed. In thi 

y rah r than out id 
modification would reduc 

r pre v nc th air 
o a r through ach k y­
vibra ion in ach k y. 

hrou h 2 Octob r , X S who w r 
ng chn qu al during 
h h xt rnal a r j and th 

Tabl C-16 in pp ndix C). All 
ld k y , although h practi al 
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diff r nc in d r v ry l h by 
practi c . ht r " ouch" on 
ribut o h r nc . Thi 

rv ob cur om hat any 
in cu criminability. It 

t a no an i mprov in 
accurat h nu ing th n ~ k 
accuracy a trivial, ugg 
the oth r. 

GENERAL LIMITATIONS OF HE DATA 

h urth or 
old k y 

n 

ur 
pr c ic 

h r k y up 

y­
r 

Thr in t ance of difficul y d n h o 
da a. The fir t occurred durin th h n an ly 
te ted analytical program a nd rror , and da a 
28 minut o f practice run and ~ run o r thr 
were omi~ted rom the cumula iv r cord . cond di cul y an 
experimenter error tha t occurred on th fir t day of th main 
and resulted in the lo of 8 minut o prac ic data or on Th 
third occurred during th econd day of th third w ek of h main ri 
when a paper tape tailed t o feed prop rly and 12 minut of prac c data 
tor two S were lot. 

A que tion remain r gard n h xt nt to h 
di crimination ot tactil timuli and on r pons 
bound. These finding are vuln rabl t o th n lu nc 
One mi1ht suppose that keysets with omewhat d f rent 
arranaementa would have been ea ier for all S to operate, thu l 
perhaps, to om what different erro rate and re pons tim A 
1love-like contrivance, for instanc , might have permitted better 
1etin1" of the airjets. Since no chanaes were mad in the ba ic 
of the keysets used by all ~ during the experiment, how ver, th 
tive performance ot the different training groups probably can b 
aidered as table findings. 

d 

and 
ad ing, 

" tar-
ign 

rela-
con-

The deg~ee to which di crimination of tactil prompt wa influ nc 
by the particular equipnent u ed al o limit om what th gen ral zat on 
of conclusion reaar~ing the utility of tacti l prompt • R call ha 
the 1roup trained with the aid of tactile prompting a ignificantly 
less variable in res pon peed than t he group trained by th vi ual 
prompting method. It i tempting t o ignor, fo r purpo o p ulation, 
the physical character! t c of the tactile prompt and to con d r them 
a• a special case of what mi1ht be called "proximal" prompt --that i, 
prompts directed toward and received by the musculature r quir d t x -
cute a motor act. (Thus, proximal prompt for a finger r pon on 
a 5-key keyaet could be any appropriat e ignal directed to th fing r -­
a mechanical linkaae, a mild shock, a vibration, pr ur, etc.}. C n­
ceivably, techniques for providing proximal prompts could b d v lop d 
that are leaa aabillJOU• and more easily discriminated than wer the 
tactile air-jet si1nala used in this study. If difficulties in di -
cri• ination could be at least partly overcome, then the usefulnes of 
proxi• al prompti111 in learnin1 certain ensorimotor kill might be 
markedly increaaed. Thia would be particula ly true t the decrease in 
intrqroup variability proved to be reproducible for other S and for 
other type• of aenaorillotor skill learnina. 
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r l of xp ri nc b ac til prompting t hniqu 
proved to b a ff th quickly and 
mor u v r ally d cu . C n id r-
ing only tho S who criminat h 
actil prompt , th t bn qu l 

l arning at l a t a v p rhap 
mor ff tiv ) han tha ho n in rminal t p r-
formanc by trained und r diff r nt conditions. 

r ally aided by 
ignal o indicat 
during practic 

und r condi t on 
accurat ly 

han S train d withou h r pon f back. 
Thi r ult obta ned r gardle of other charact ri tic 
of th training ituat on, uch a h pr nc o r 
ab nee of automa ed r pon prompt • 

One 
p 

tional practic . 
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raining y m i 
c umulativ pr ormanc 
p ychologically d f n 
guid h dap iv chang 
c ally o th d v lopm n 

ppropr at o th m hould b 

r 
h r normal 

, or h n unu ual 
kind 1 k ly 

ar unava 1 
t muli ar 

o b 
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an op ra onal 
ignal , th n v 

b t op on a 

Fr xampl, a 
o b r gg r 

timul probably al o 
-prompt ng timul . 

I 
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I 
ut 

prompt or mo or ac t hav ut y, uch 

o m 
mu b 
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lik ly t b gr at for qu nc 
n wh ch (1) th pr ord r of ac t 

and (2) ach ucc iv act do not 
nt cu o unamb guou ly pr mpt h 
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n 
yp o. con r 
h u 11 y 

and pr bably 

variabl 
p d than 1 

ing th 
thi 

due d rent 
of p ompts, and djf 

or o c r n 
an ar a h r 

- v d n 
n. 

acqui ition o compon nt 
of a perceptual-motor act ( . g., pr ent tudy, 
in learning the a ociations b tween alphanumeric 
symbols and chord pattern ) . 
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App nd . 

BI ARY LP MERIC DE 

Cho rd 1 1 

2 3 
Cho r d B 2 

4 
Cho rd 3 C 1 2 

Chord 4 D 3 

Cho r d 5 E 1 3 

Cho rd 6 F 2 3 

Cho rd 7 G 1 2 3 

Cho rd 8 H 4 

Chord 9 I 1 4 

Chord 10 J 2 4 

Chord 11 K 1 2 4 

Chord 12 L 3 4 

Chord 13 M l 3 4 

Chord 14 N 2 3 4 

Chord 15 0 1 2 3 4 

Chord 16 p 5 

Chord 17 Q 1 5 

Chord 18 R 2 5 

Chord 19 s 1 2 5 

Chord 20 T .. 5 

Chord 21 U 1 3 5 

Chord 22 V 2 3 5 

Chord 23 w 1 2 3 5 

Chord 24 X 4 5 

Chord 25 Y 1 4 5 
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4 5 

3 4 5 

3 4 5 

2 3 4 5 

l 2 3 4 5 
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to Or. Bliss. The air-jet olenoid valve are hown on th 
bottom of the keyset board in Fig. B-7. A large plastic 
air-supply tube comes into the end of the valve housing, 
and mall plastic air tubes convey the valved output air 
from each jet. Tlw air will be on for TPU period of 
l / 120th second, off for TPO periods of 1/ 120 econd, then 
back to on. TPU (Time Pulse is Up) and TPO (Time Pule 
is Down) are two integer parameter changeable by the 
operator. (See Sec. 4, Operating Procedures.) The keyset 
in Fig. B-7(b) has jets located 1n the keys . The keyset 
in Fig. B-7(a) has jets that can be freely po itioned 
(by means of flexible brass tubing) to trike the bottoms 
of the fingers. Transistor driver for the prompting­
stimulus devices are coupled directly to the buffer out­
put by mean of the driver electronics seen on th near 
end of the chassis at the left in Fig. 8-6. There i 
one transistor for each of the ten output sigaals--five 
signals to each station--each signal controlling either 
a light or an air jet, depending upon which is plugged in. 

Clock input--The clock input is a 120-cps sourc derived 
from the power line. The electronics for this are located 
on the chassis at the left ir. Fig. B-6, between the power 
transfonner and the output-driver boards. The clock input 
drives the Interrupt 40 input (one of the two int rrupt 
inputs on the COC 160A). 

DATA PROCESSING ANO PORTRAYAL 

Two different summary printouts are available: the tabular stimulus­
response-time record, and the summary trial record. 

For each of the 31 different stimulus characters that can be pre­
sented recurrently during the run, the tabular record lists the different 
response given during the run, how many times each response was given 
for that stimulus, and the accumulated response time. An example of the 
data tape is shown in Fig. B-8, atop a sheet of teletype printout of the 
analysis. The sunmary stimulus-responser cord is shown at the top (for 
Subject 0033), and the tabular stimulus-response-time record takes up 
the rest of the page. The circled numbers in the second column of the 
tabular record represent erroneous responses to the associated stimulus. 
The stimulus response patterns are represented by a decimal number--
31 patterns in all--a3 shown on the code sheet of Appendix A. 

The summary trial record shows the~ 10 number, the nu~ber of 
correct responses and the accumulated response time in tenths of a second, 
the numb r of error responses and accumulated time, and the total number 
of responses and corresponding accumulated time. 

Data aN accumulated for the two~. as matrices in core, during 
the experimen al run. At any time the operator can stop the exp riment 
and can ask for type-out or punch-out (for later typing on the Flexowritor) 
of the tabular stimulus- · sponse-time record. The operator controls the 
period of accumulation of this record be being able to clear the matrice 
for either s. Accumulation is automatic during the experiment. 
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FIG. B-8 PRINTOUT DATA SHEET AND SEGMENT OF PUNCHED PAPER TAPE 
(Circled Numbers Denote Errors)
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A separate program, for use independently of the experimentatton 
program, processes the r,aper-tape reco1d made during the exper ments. 
The operator specifies the ID of the! whose records are to be proce sed, 
and the computer scans the tapes and extracts the timulus, re pons, 
and time data for that~ for each stimulus-response trial, accumulat i ng 
this in matrices in the computer memory. The operator can un h out a 
summary at the enct of any block of data on paper tape {each block corre­
spond to one rur. du ing the experiment and has trial rec~rds for both 
~). The operato~ may also clear the accumulation matrices at the end 
of any block, and may designate. that either or both types of summary are 
to be punched out for later typing {this process makes paper tape that 
prints on the tape-reading teletypewriter). 

OPERATING PROCEDURE 

To begin the experimental run, the operator follows the procedure 
given: He connects and turns on all equipment, and depresses the taster 
Clear switch on the COC 160A computer. He then places the progran tape 
in the reader and loads it into Bank O, beginning at location 0000. 
After the program has been loaded, th operator depresses the Master 
Clear .witch momentarily, and then rais . the Run switch. The program 
will immediately halt with 0000 in the A-register and 0112 in the 
P-register. This is the initial ID pecification halt for SA. 

The 1D number is used during the continuous punchout in order to dis­
tinguish between different Ss and experiments. To give an ID to! A, 
place any value in the lower six bits of the A-register, and hit Run to 
continue. The program will once again halt with 0000 in the A-register 
and 0123 in the P-register. Set the ID number for S B in the same way, 
and again hit Run. 

The program will halt with a ONE in the A-register and 0130 in the 
P-register. This is the stimulus initialization for both Ss . This may 
be changed to any nonzero 10-bi t patte1·n to start the cycle at some point 
in the 992-character cycle length , 

Once the Run switch is again hit, the program should be running in 
the normal experimental mode. To change any specifications, or to call 
for output or change modes, the operator uses the parameter-change pro­
cedure or the input-output specification. Unless changed by the operator, 
the parameters of the experiment are as given bel w with the parameter 
descrip~ions: 

TOA The primary stimulus will automatically be str-rted to 
SA 0.1 TDA (octal) seco1ds after the last response. 
The initial value of TOA is 0005. 

SD The cueing stimulus will automaticall be delay o 
0.1 A { c ) econd after the primary stimuius 

is given. The initial value of SDA is 0010. 

TSA The cueing stimulus to SA will automatically be turned 
off after 0.1 TSA (octal) seconds unless TSA is zero 
{then it is turned off only after the keyset has been 
depressed and raised). The initial value of TSA is 0000. 
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TDB Same as for TOA, except for S B. 

SOB SP.me as for SDA, except for SB. 

TSB Same as for TSA, except for S B. 

TPU The cueing stimulus will be on part of the time and 
off part of the time. TPU is the time (octal) that 
the cueing stimulus will be on in l / 120ths of a 
second. The initial value of TPU is 0001. 

TPD TPD is the time (octal) that the cueing stimulus will 
be off, in l/120ths of a second. The initial value 
of TPD is 0003. 

ETL ETL is the experiment time limit.. The initial value 
of ETL is 4 minutes. 

At any time during the running of the experiment, the operator can 
examine or change certain specifications. He does this by turning on 
Selective Jump Switch l on the computer console. As soon as both!_! 
have completed their latest responses, the coq>uter will eAa<:ute the 
Specification Stop Routine. Halt Pl, described in detail below, is 
the first of a series of halts. At any of these halts, the operator may 
turn off Selective Jump Switch 1, and the computer will resume opera­
tions where it left off. 

The fir ~t halt will show a value in the P-register (Pl) and a value 
in the A-register (Al). A long as the switch is on, each restartina 
of the computer will re ult in a new halt, next at P2 with A2, then at 
P3 with A3, and eventually back to Pl with Al to repeat the cycle. 

For ea h halt except the first and sixth, the present value of the 
specified v ·iable can be changed by manually clearing the A-register 
and entering into it the desired value (or it can be left at the present 
value). What number is held in the A-regi ter at the next restart 
establishes the alues of the corr ponding variable during the subse­
quent experimental rttn . If a continuou punch-out has been requested 
for either subject, the new set of pecifications resulting from the 
entry of the new variable is automatically punched on paper tape when 
the operator initiates the experimental run after a Specification stop 
procedure. 

The possible halts are as follows: 

P-register A-register 

Pl 1563 Al 

Meaning of the value in the A-register 

The stimulus pattem just applied f SA. Also 
for this halt, and until Halt P5 with A5, the 
BER-register contains the associated response 
pattern and the BXll-register contains the asso­
ciated response time (octal) in l/120tha of a 
second. 
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P-register A-register 

P2 1572 

P3 1615 

P4 1634 

PS 1657 

P6 1712 

P7 1721 

P8 1745 

P9 1765 

PlO 2010 

Pll 2032 

Pl2 a>47 

Pl3 2064 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AlO 

All 

Al2 

Al3 

NAVTRADEVCEN 1517-1 

Meaning of the value in the A-regi s t e r 

The octal value of TSA in tenths of a second. 

Distinguishes betwee SRP Modes l or 2 for S A. 
For SRP mcde 1 (au omatic s timulus ), et the 
A-regi ster to 0000. For SRP Mode 2 ( sampling 
switch used to s ignal ~ s ponse ) et the 
A-regi ster to 0001. 

The octal value of TOA in t enths of a econd. 

The octal value of SDA in t enth of a econd. 

The same as for Al, except fo r ~ B. BER and 
BXR will continue to hold their given valu 
until Halt Pl with Al i s again r eached, or 
until Selective Jump Switch 1 i s turned off 
and the Run switch hit. 

The octal value of TSB in tenths of a second. 

The same as for A3, except for~ B. 

The octal value of TDB in ten hs of a econd. 

The octal value of SOB in tenths of a second. 

The octal value of TPU in l / 120ths of a second. 

The octal value of TPD in l / 120ths of a s econd. 

The octal value of ETL in minutes. 

At any time during the ruMing of the experiment, the operator can 
also perfonn certain input-output operations. He does this by turning on 
Selective Jump Switch 2 on the console. As soon as both Ss have com­
pleted their latest responses, the computer will start executing the 
I/Stop Routine. In addition, if the time limit ETL has been reached, 
the program will branch to the I/area. However, the program will halt 
at a P-register value of 2174 in order for the ope~ator to turn on 
Selective Jump Switch 2. The program will not continue until this 
action is performed. 

The I/Stop Routine is described as follows: 

P-register A-register 

Pl 2a>l Al 

Meaning of the value in the A-register 

Indicates whether a continuously punched record 
should be maintained for SA. For continuous 
p·"'nch, set the A-register to 0001. To bypas, 
the continuous punch, s et the A-register o 0000. 
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P2 2220 

P3 22 1 

P 22 3 

P5 2257 

P6 2273 

P7 2213 

PS 2235 

P9 2337 

Pl0 2352 

A2 

A3 

4 

5 

A6 

7 

8 

A9 

10 
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-reg ster 

Designat utput of curr ntly accumulat d matrices 
fr A. Fr no punch or printout, et the 
-r gi ter o For on-line typ writer 

tabulat d outpu , s t the -regi ster to 0001. Fr 
imm diat punch for Fl xowrit r tabulat d listing, 
·et th -r o 0002. When 2 1 1th r 

0001 or 0 2 , s p cified op rati n ill b pr-
formed 1mm diat ly, and then control will continu 
in qu nc . 

D ignat wh thcr SA hould be r start d or 
re um d. I hould b re tarted, set th 
. -regist r to 001; oth rwi e , tit to 0000 to 
resum I Ai to tart ov r, the program 
will halt at P with and at P5 with 5 ; oth r-

i e , tho e halts will b bypass d , 

imulu r s tart value for Thi may u 
changed to any nonzero l0-b1t patt rn. 

D signat s the present ID number for A. 

Same output information as for 1, . xcept for S B. 

ame output in ormation a for 2 , exc pt for SB . 

Sam r s tart / r sume a for 
Halt s at P9 and at Pl0 1th 
if the -r gist rs tting i 

3, exc pt for B. 
10 will b bypa 
0000. 

Same timulus restart information as for A4, 
except ~ B. 

d 

Same ID number information as for A5, except SB. 
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Appendix C 

TABLBS OP EXPERIIIINTAL RESULTS AND CORRELATIONS 

Table C-1 Combined Performance ot Nine Subjects on Tactile Stimulus 
Discrimination Test 

Table C-2 Combined Performance ot Nine Subjects on Visual Stimulus 
Discr mination Test 

Table C-3 Correlations Among Subjects on Various Stimulus Discrimina­
tion Test Scores 

Table C-4 Cumulative Record for Subject Trained with Automated Tactile 
Prompting but Without Feedback Signal 

Table C-5 Cumulative Record for Subject Trained with Automated Visual 
Prompting but Without Feedback Signal 

Table C-6 Cumulative Record for Subject Trained Without Automated 
Prompting and Without Feed~ack Signal 

Table C-7 Performance in 8-Minute Test at End ot Training tor Subjects 
Trained During Main Series 

Table C-8 Cumulative Combined Record tor Subjects Trained with Feedback 
Signal 

Table C-9 Cumulative Record for Subject Trained with Automated Tactile 
Prompting and with Feedback Signal 

Table C-1O Cumulative Record for Subject Trained with Automated Visual 
Prompting and with Feedback Signal 

Table C-11 Cumulative Record for Subject Trained Without Automated 
Prompting but with Feedback Signal 

Table C-12 Cumulative Combined Record for Subjects Trained Without 
Feedback Signal 

Table C-13 Cumulative Record for Subject Trained and Retrained Without 
Automated Prompting 

Table C-14 Cumulative Record for Subject Trained and Retrained with 
Automated Visual Prompting 

Table C-15 Cumulative Record for Subject Trained and Retrained with 
Automated Tactile Prompting 

Table C-16 Speed and Accuracy Scores of Six Subjects on Two Different 
Tactile Stimulus Keysets During Practice Session• 

59 



NAVTRADEVCEN 1517-1 

Tabl C-l 

COtillINED PERFORMANCE OF NINE SUBJEX:I' 
ON TACTILE STIKJLUS DISCRIMINATION TE T 

M an P r e nt 
Chord Patt e rn umb r of Accuracy Respons"' Sp d Corr c t 

R spon es R Ranking Time R nking pone 
( s c ) 

l 22 100.0 1 0,80 l 
2 21 95.2 2 l ,02 J 

J 30 86.7 4 l.40 lO 
4 29 86 .2 5 l.04 

5 30 93.3 J 0,85 2 

l-Fing r Chord 132 91.7 -- l.03 --
l 2 40 70.0 8 1.12 5 

2 3 29 69.0 10 1.32 8 
3 4 l7 58.8 14 1.20 6 

4 5 30 70,0 8 l.25 7 

l 3 21 66 .7 11 l.61 11 
2 4 26 53.8 16.5 l.72 13 

3 5 31 41.9 22 2.16 21 

l 4 25 80,0 6 l.65 12 
2 5 28 60.7 13 1.78 15 

l 5 30 70.0 8 l.35 9 

2-Fing r Chords 118 64.3 -- 1.51 --
l 2 3 32 53.l 18 l.76 14 

2 3 4 35 57.l 15 l.89 17 
3 4 5 22 45.5 20 2.29 27 

l 3 4 22 27 .3 29 2.09 19 
2 4 5 34 41.2 23 2,21 24 

1 2 4 33 42.4 21 2.17 22 
2 3 5 24 37.5 26 2.16 20 

1 4 5 31 48.4 19 2.51 29 
1 2 5 24 33.3 28 2.04 18 

1 3 5 26 23 .1 31 2.23 25 

3-Fin1er Chords 283 42.0 -- 2.13 --
1 2 3 4 27 63.0 12 l.81 16 

2 3 4 5 26 53.8 16.5 2.25 26 

1 3 4 5 26 26.9 JO 2,:,5 30 
1 2 4 5 29 34.5 27 2.32 28 
1 2 3 5 28 39.3 25 2.20 23 

4-Fin1er Chords 136 43.4 -- 2.22 --
1 2 3 4 5 15• 40.0 24 2.62 31 

5-Fin1er Chord 15 40,0 -- 2.62 --
All Chords 843 57.3 -- l.78 --
a Onl~ 3 of the 9 ubjecta received the 5-tinser pattern in the 

timulua dtacrimination teat. 
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NAVTRADEVCEN 1517-1 

Table C-2 

COMBINED PERFORMANCE OF NINE SUBJF.CTS 
ON VISUAL STIMULUS DISCRIMINATION TEST 

P rcent Mean 

Chor Pattern 
Number of 

Correct 
Accuracy R pons 

Re pon e 
Re 

Ranking Time pon es 
( ec) 

1 37 94.6 23 0,603 
2 53 98.1 7 0,598 

3 44 97.7 10 0,591 
4 33 100.0 3.5 0,612 

5 47 95.7 20 0,600 
1-Finger Chords 215 97.2 -- 0,600 

1 2 41 97.6 11.5 0.680 
2 3 39 97.4 15.5 0,687 

3 4 38 100,0 3.5 0,703 
4 5 39 97.4 15.5 0,679 

1 3 39 97.4 15.5 0,777 
2 4 32 93.8 24.5 0,747 

3 5 46 93,5 26 0,839 

1 4 31 96.8 19 0.768 
2 5 34 97.l 18 0.785 

1 5 33 100,0 3.5 0,703 
2-Finger Chords 372 97.0 -- 0,738 

1 2 3 41 92.7 27 0,759 
2 3 4 50 98,0 8 0,738 

3 4 5 32 93,8 34,5 0.794 

1 3 4 41 97.6 11.5 0,883 
2 4 5 49 98.0 9 1.133 

1 2 4 40 97.5 13 0,970 
2 3 5 47 91.5 28 0.994 

1 4 5 44 95.5 21.5 0.895 
l 2 5 30 86.7 31 0,870 

1 3 5 40 100.0 3.5 0,972 
3-Finger Chord• 414 95.4 -- 0.906 

1 2 3 4 43 100.0 3.5 o.8a 
2 3 4 5 44 95.5 21.5 0,861 

1 3 4 5 39 97.4 15.5 1.151 
1 2 4 5 39 89.7 29 1.018 
l 2 3 5 38 89.5 30 1.0~ 
4-Finger Chord• 203 94.6 -- 0.977 

1 2 3 4 5 19• 100,0 3,5 0.732 
5-rtnaer Chord 19 100.0 - 0,732 

All Chord• 1223 96.2 - 0.810 

Sp 
Ranking 

4 
2 
1 
5 
3 

--
7 
8 
9 
6 

16 
13 
20 

15 
17 

10 
--
14 
12 
18 

23 
30 

25 
27 

24 
22 

• -
19 
21 

31 
28 
29 

--
11 -
--

a 
Only 3 of the 9 • ubject• received the 5-fincer pattern in the • tlaulu• 
di•criaination teat. 
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NAVTRADIVCEN 1517-1 

Tabl C-3 

CORRElATIONS All>NG SUBJECTS 
ON VARIOUS STIMULUS DISCRIMINATION TEST CORE a 

M an 
Tot l R pons R R 

T m : 
Total 

R 

Total Numb r .,aso 
R 

b 

C 

<! 

f 

.410b ,950f .333 -.~o 

.233 - .267 

.783 -.400 .4 3 

.217 .288 .a>o -.417 

corr lation (rho); N = 9. (l) Correlations between visual di -
criminatlon and tactll di criminatlon core a·anks shown on th diagonal. 
(2) C rr lation between core rank in the tactile diacri• ination t st 
hown abov th dia1onal. (3) Correlations between score rank in the 

vi ual disc rimination t t hown below the dia1onal. 

.25 p .178 

.12 p ,076 

.076 > p .044 

,022 p .0082 

p < .002 

Not on probabilitie All probabilities are for two-tailed test of 
i1nificance, P > ,25 for all correlations not footnoted, 
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NAVTRADIVC&H 1517-1 

Table C-4 

CUIIULATlVI RICORD IOI SUBJICT TIAlKID WITH AU'NlllAftD 
TACTILE PROMPTING lllTI' WlTll>lrl' PIIDMCK SIQIW. 

Ti• e Practice Coadltiou Te• t Coadi tiona 
at Cu•. Cu•. IIMD 

Key- Ti• e NWlber Nuaber Percent leapoue Percent 
Date of board tbni Trial • Trial• Correct Tl•- Correct 
Traininc for Period for tbni leapon•• (sec) leapoaaea 

Period (• in) Period Period 
(• in) 

7-30-64 24 24 377 377 84,6 2.17 --
7-31-64 32 56 586 963 88.4 l.lO --
8-3-64 24 80 742 1705 91.2 1.09 --

24 104 876 2581 92 .4 0 .11 --8-4-64 
6 ll0 235 2816 -- -- 11.~ 

24 134 1018 3834 95 .9 0.70 --8-5-64 
4 138 176 4010 -- -- 14 .1 

8-6-64 
24 162 1000 5010 a • --

4 166 180 5190± • 
4 170 180 5370 a • I 8-7-64 
6 176 283 5650± -- -- 17 . 2 

a Records of nullbera of trials, response ti-•, and rNponae accuracy not 
available tor all trial on 8-6-64 and for practice trials on 1-7-64; 
cuailative nu• ber of trial• eati• ated fro• 8-5-64 throu1b 1-7-64 . 
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lleaa 
leaponae 
Ti• 
(HC) 

-
--
--
--

0.71 

--
0 .11 

--
a 

0 .51 



NAVTRADEVCEN 1517-1 

Tabl C-5 

CUIIJLATIVE REOORD R>R SUBJEx:T TRAINED WITH Alln>MATED 
VISUAL Pll>MPTING OUT WintOUT FEEDBACK SIGNAL 

T1, Pract C Conditions T t Condit ions 
at Cun1 . Cum . Man M 

Key- Time Number 
n 

Nun1ber Pre R P re nt R spon 
Date of board hru Trial Trial 

nt pon 

Trainin1 for Per i od tor thru 
Corr t T m Corr t Tin1 

Period (min) P riod Period 
R pon ( ) R pons ( ) 

(min) 

7-:.l-64 24 24 732 732 98 . 4 1.05 -- --
7-31-64 32 56 864 1596 94 .3 0 .98 -- --
8-3-64 24 80 870 2466 98 .0 0 .84 -- --

24 104 955 3421 98 .8 0.72 -- --8-4-64 
6 llO 248 3669 -- -- 99 .6 0 .68 

24 134 1035 4704 97 . 4 0 .64 -- --
8-5-64 

4 138 181 4885 -- -- 96 .7 0 .59 

24 62 1000:t 5885 a a -- --8-6-64 
4 166 180± 6065:f:: -- -- a a 

8-7-64 
4 170 180 6245 a a -- --
6 176 274 6520± -- -- 98 .5 0 .60 

a Record• of number- of trial•, responae tiaes, and reaponae accuracy not 
svailabl• for all trial• on 8-6-64 and for prac tic~ t._als on 8-7-64; 
cuaulative nullber of trial• estimated fro• 8-5-54 throu1~ 8-7-64 . 

64 



NAV11\ADEVCIN 1517-1 

Tabl C- 6 

CUIIUL.4TlVE RECORD FOR SUBJECT TnAI ED WITHOl!f AIJfOMATED P~IIPTING 
AND WITHOtJI' FEEDBACK SIGNAL 

Tim Pr ctice Conditions Test Condit ivns 
at Cum. umb r 

Cum, 
II an Mean 

Date of 
Key- Ti111e Trials 

Number p rent 
R 

P rcent 
R 

board thru Trial Corr ct 
pon e 

Corr t 
pon t 

Trainin& 
for P riod 

fo r 
thru R 

Time 
R 

Till 
Peri od 

pon ,s 
( ) 

ponses 
( c) 

Period ( 11in) P riod 
(• in) 

7-30- 64 24 24 422 422 81.0 2.46 -- --
7-31-64 32 56 631 1053 94.l 1.65 -- --
8-3-64 24 L 80 648 1701 94,0 1.36 -- --

~ 

24 104 727 2428 96. l 1.10 -- --8-4-64 
6 110 189 2617 -- -- 95.2 1.03 

24 134 777 3394 92.4 1.01 -- --8-5-64 
4 138 129 3523 -- -- 95.3 0.97 

24 162 80 4323± a a -- --8-6-64 
4 166 130± 4450± -- -- a a 

4 170 140± 4595 a a -- --8-7-64 
6 176 220 4815± -- -- 96.4 0.11 

a R cords of numb r of trials, r pon ti• , and r pon acc uracy not 
availabl for all trial on 8-6-64 and for practic trial on 8-7-64; 
cuaulativ numb r of trial ti111&t d fro• 8-5-64 throuch 8-7-64. 
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NAV'IRADEVCEN 1517-1 

Tabl C-7 

PERFORMANCE IN 8-MINlffE TEST AT END OF TRAINING 
FOR SUBJECTS TRAI ED DURI G MAI SERIES 

IUnut 
Trainin Practic Subj ct o . R 
Condition Pri or to Prior 

T t 

A 3374 1.19 l.08 1.09 93.7 
8 3U8 1.44 l.25 l.28 82.9 

136 
C 3632 0.81 0.78 o. 7 96.5 

N 
D 2959 l.35 0.88 0 .93 90.0 uto-
E 2288 2.61 l.13 1.39 82.4 mat d 
F 3564 8 0.68 0.69 0.69 88.0 Prompts 

1.35 0.97 l.03 8.9 
453,55 0.627 0.201 0 .253 5 .18 

Group Man 3155.8 1.4 5 0.95 1.00 89,3 

G 3503 4.41 l.90 2,30 4.2 
H 2855 2.54 l.31 l.70 68.1 

Vi u l 
136 

I 4073 0.99 0.80 0 .83 2.3 
Prompt J 3345 o.oo l.13 1.13 100 .0 

K 3326 l.13 0.93 0.93 98.9 
L 4186 0.73 0 .68 0.68 96.6 

1.63 l.12 l.26 88.4 
454.02 l.454 0.403 0.566 11.39 

Group Mean 3548.0 2.11 l.01 1.12 90.1 

M 2758 l. 20 1.02 1.02 99.2 
N 3199 1.36 0.98 1.14 57. 0 

Tactile 
144 

0 3837 0 .96 0.84 0 .85 95 .3 
Pr·o111pt p 3539 0.99 l.02 l.02 94.2 

Q 3721b 1.23 0.88 0.91 92.3 
R 4197b 0.97 0.79 0 .80 94.l 

Av r g of Man 1.12 0.92 0.96 88.7 
Std . viation 460.36 0 .151 0.085 0.115 14.32 
Group Mean 3541.8 l.24 0.91 0.95 89.4 

0v 3415.2 l.37 l.00 l.08 88.7 
0v 493.44 0 .910 0.299 0 .387 10 .98 

urab r r in fir t -m nut pr ct p ri t imat d du to 
rror in r- ng. 

b umb r r in 12 of 32 m nut during th ond pon pra 
Off V pr ·ti da mat d du t d mag d r ord t ap . 
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Dat o f 
Train in& 

12-7-64 

12-8-64 

12-9-64 

12-10-64 

12-11-64 

NAVTRADIVCEN 1517-1 

T bl C-8 

CUMULATIVE COMBINED RECORD 
FOR SUBJECTS TRAINED Wint FEEDBACK SIGNAL8 

Tim 
Cum. Prsc t i ce 

at 
Time 

Ave. Av Condit ion 
Key- Numb r 

. 
thru Numb r 

board 
Period 

Trials 
Trial Pere nt 

Mean 
t or t or R sponae 

Period 
(min) 

Periodb 
thru Corr t 

Ti• e 
(min) 

P riodb R s pon • (sec ) 

24 24 443 443 79 , 9 l.83 

28 52 559 1002 89.1 1.71 

4 56 106 1108 -- --
28 84 t:36 1744 94.3 1.29 

4 88 126 1870 -- --
28 116 722 2592 97.0 1.03 

4 120 141 2733 -- --
8 128 222 2955 97 . 6 0.88 

4 132 110 3065 -- --
8 140 230 3295 97. 0 0.82 

4 144 119 3414 -- --

T It 
Condition• 

Pere nt 
II an 

Reapon e 
Correct 

Ti• 
Re1pon1 • ( ec) 

-- --
-- --

51.7 1.49 

-- --
82.8 1.07 

-- --
91.3 0.91 

-- --
99.1 0.91 

-- --
98.0 0.77 

a = 3; App ndix C for cumulat ivf1 r ord f ach of th Subjects 
individually . 

b II n v lu f or numb r of tria 1 r ound d t o the nearest whole nuab r. 
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Date of 
Tra nin1 

12-7-64 

12-8-64 

12-9-64 

12-10- 4 

12-11-64 

NAvmADBt'CIN 1517-1 

Table C-9 

CUIIULA TIVE REOORD FOR SUBJ I!CT 
TRAINED WITH AU'IOIIATED TACTILE PM>MPTING 

AJIID WITH FEEI&\CK SIGNAL 

Ti• e Practice Condition• 
at Cua. 

Nuaber 
Cua. Mean 

Key- Time 
Trial s 

Numb r Percent 
Response 

board thru 
!or 

Trial Correct 
Time 

for P ri.od 
Period 

thru Responses ( sec) 
Period (min) Period 
( • in) 

24 24 3i4 384 65.1 2.37 

28 52 496 880 77.0 2.05 

4 56 105 985 -- --
28 84 612 1597 94,3 1.30 

4 88 133 1730 -- --
28 116 723 2453 97,6 0,99 

4 120 145 2598 -- --
8 128 232 2830 99,1 0,75 

4 132 118 2948 -- --
8 140 224 3172 98, 7 0 ,88 

4 144 122 3294 -- --

68 

Test Condition 

Mean 
Percent 

Response 
Correct 

Time 
Re s po n es 

( ) 

-- --
-- --

67.6 1.50 

-- --
92.5 o. 7 

-- --
97.9 0 .83 

-- --
97.4 o. 79 

-- --
98.4 o. 75 



NAV1RADEVCEN 1517-1 

T bl C-10 

C UIIULA TI VE REC(JRD FOR S llBJ EL"I' 
TRAJ ED Wint Alll'OIIATED VI UAL PROIIPTI G 

AMO WITH FEEOOACK SIGNAL 

Till Pr 
at 

Cua. CWII. 
K y-

Ti • 
Nu• b r 

Dat f board Tri 1 
Tr in i ng t or thru 

f r 
P ri od 

P rid ( • in) 
P ri 

(11in) 

12-7-64 24 24 530 530 82.6 1.13 

12-8-64 
28 52 621 11 51 95 . 5 1.35 

4 5 1259 56. 5 1. 37 

12-9-64 
28 63 1922 93. 5 1.13 

4 88 130 2052 81.5 .95 

12-10-64 
28 116 723 2775 5 . 0.98 

4 120 140 2915 8.G .91 

8 128 213 3128 8.1 0 .93 

4 132 104 3232 100 . • 8 
12-11-64 

8 14 0 227 3459 9 • 9 0 .80 

4 144 ll 5 3574 99.l .78 
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NAVTRADEVCEN 1517-1 

T bl - 11 

UMULATIV RE RD OR SUBJF.cT 
TRAI ED Wl'nf UT Al!I'OMATED P MPTI G Blff WITH EDBA K SIG AL 

Ti m 
UII. 

Dat t Tim 

Tr ning 
thru 

for P r iod 
P riod ( • in) 

p r 

(11in) 

12-7-64 24 24 414 414 90,l 2.23 

12-8-64 
28 52 560 74 92.7 1. l 

4 56 104 1078 30 . 

12- -64 
28 84 632 171 0 95.1 1.46 

4 88 116 1 26 73.3 1.33 

12-10-64 
28 116 720 2546 97.4 1.12 

120 138 2684 97,l 1.00 

8 12 22 95. 5 o. 6 
12-11-64 

4 132 107 3011 100. 0 0 ,99 

8 140 238 3249 95.4 0 .11 

4 144 121 3370 96.7 .78 
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T bl -1 2 

MBJ D R ORO f 
ITHOlTI' OB 

1.09 
2,37 

24 5 ,86 

2 0,84 
3 , 7 l.76 
32 3,68 

2 
0 28 .8 l.16 
l.3 61.2 1.88 
4 100 , 0 2.72 

24 0 ,86 
l.50 

3 
2,80 

43,2 o. 79 
5 , 3 79.5 l.47 
8 1 .o 3.31 

16 317 0 ,77 
18,7 513. 1.27 

4 
24 863 2, 13 

8 112 137 1752 50 . 5 0 .76 
8 114. 7 226,4 2 88.4 84.0 1.25 
8 120 305 3240 9,5 2.22 

24 536 2288 79,3 0 ,72 
24 3438,2 92,4 1. 12 

5 
2 4197 99,3 1.81 

8 1 2481 57 .0 0 .68 
8 1 88.6 1.08 

152 100,0 2,30 

11 tr in d b tw n 9-14-64 nd 10-2-64 (N • 18). 

b tt tr d nd uxi • u• v lu I 

s ; und r gur d n r r 11 

Onl "vi u l pr lllp t II gr U ( 6) t t d n 0a 2. 
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T blP -l3 
UMULATIV ' ORD FOR SUBJE ,T 

TRA I D D THOUT AUTOMATED PROMPTIN 

Dot ' of 
Tr 1ni n 

P •n d 
(min) 

1.95 

1. 5 

l. 17 

5 .2 ,95 

l 2 .7 

8 4.4 0 .82 

24 l J 2 , 3 

l 4 257 , 5 0 ,78 

152 172 .. 4.2 l • 0 

12-7- 4 4 15 8 415 89,8 1.27 

8 l .. 2 17 37 1. 7 l. 3 

4 l . 5 0 ,9 

12 4. 

12-8- 4 l 4 l 2 4 72 . 5 ,73 

12 72 5344 J ,3 ,7 

2 123 5 l.l ,8 

12 212 37 5 l. 2 

12- - 9 
1 21 12 5 72 . 9 . 8 

12 22 3 1. 7 

232 

1 2 244 

24 137 7078 7 , .62 

12 2 7482 81L . 4 

2 , l o. 3 

12- 11- ,1 4 27 138 075 8,4 

8 21M 272 8347 88. o. 2 

7 8534 

p - 1 t hrough 
1 n t r nd . i I. bl 

>f I r n l n l n • , 
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T m 
a 

Ky-
Oat of IJ rd 
Tr in ng for 

p riod 
(m n) 

9-21- 4 24 

9-22-64 28 
4 

28 9-23-64 
4 

16 
9-24-64 

8 

4 
-25-64 8 

8 
4 12-7-64 
8 
4 

12 
4 

12-8-64 
12 

12 
4 

12-9-64 
12 

4 

12 
4 12-10-64 

12 
4 

8 
4 12-11-64 8 
4 

NAV'fflADEVCEN 1517-l 

T bl C- 14 

CUIIIJ~TIVE RtxX>RD !OR ue.nx:r TRAINED AND RETRAI ED 
Wlnt AU'IOIIATED VI UAL Pll:>IFTlNGa 

Cum . Pr et.ie C nditlon T t C 

T m NuJ11b r Cl.Ill . 
t Trial Trial M :\ 

Ky- for thru p rent R pon P re nt 
board p riod P riod Corr t T Ill Corr t 

thru R pon ( ) l pon , 
p riod 
(min) 

24 528 528 83 .5 l.37 --
52 658 1186 93 .6 l.14 --
56 83 1269 -- -- 53 .0 

84 76 19 5 93 .8 l.21 --
88 93 2038 -- -- 87 . l 

104 37 2410 96 .0 l.23 --
112 186 259'3 -- -- 93 .0 

136 730 3326 94 .7 1.01 -
144 80 3606 -- -- 98 .9 

152 178 3784 4 .9 l.27 --
156 78 3862 -- -- 80 .8 
164 182 4044 93 .4 l.21 --
l 8 97 141 -- -- 99 .0 

180 315 4456 95 0 .95 --
184 114 4570 -- -- 97 . 4 
196 3 7 4897 96 .9 0 .91 --
?.00 113 5010 -- -- 97 .3 

212 329 5339 96 .7 .90 --
216 114 5453 -- -- 99 . l 
228 371 58 4 9 .8 0 .83 --
23 151 5975 -- -- 94 . 7 

244 348 6323 98 .6 0 .81 --
248 123 6446 -- -. 100 .0 
260 369 681S 98 .1 0 .73 --
64 161 6976 -- -- 96 . 3 

272 239 7215 93 .7 0 .78 --
276 121 7336 -- -- 93 .4 
284 283 7619 96 .8 0 .73 --
288 161 7780 -- -- 91.3 

ndit on 

Man 
R pon 

Ti 
( ec) 

--
--

l.64 

--
l.35 

--
l.33 

--
0 .93 

--
l.68 
--

l.09 

--
0 .82 
--

0 .86 

--
0 .83 
--

0 .75 

--
0 .74 
--

0 .73 

--
0 .78 
--

0 .71 
a 

Nor pon f edbaek i1nal durin& p rl d 9-2 throu1h 9-25-64 . R pons 
f edbaek i1nal introdue 12-7-64 nd avall bl throu1hout th bal nee of 
trainilll . 
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NAVTRADEV EN 1517-1 

T bl -15 

CUMULATIV RF.cORD FO UBJ T 
TRAINED AND Rrl'RAINED WITH Al1I'OIIATED TACTILE . PROMPT! G 

Ti 
at 

Date of Key­
board 

Traininc for 
P riod 
(ain) 

9-28-64 

9-29-64 

9-30-64 

10-1-64 

10-2-64 

12-7-64 

12-8-64 

12- - 4 

12- 0-6 

12-ll- 4 

N r 
r 
r 

24 

32 

24 

8 

24 

8 

24 

8 

8 

4 

8 

• 4 

12 

4 

12 

4 

12 

4 

12 

12 

4 

12 

4 

8 

4 

8 

4 

I 

Cua, 
Ti 

uab r Cua. 
Trial Trial 
for thru 

thru 
Period P riod 

P riod 
(• in) 

24 

56 

80 

88 

112 

120 

144 

152 

160 

164 

172 

176 

188 

192 

204 

208 

220 

224 

23 

240 

252 

25 

2 8 

272 

28 

284 

292 

2 

560 

728 

530 

249 

667 

255 

848 

301 

154 

7 

176 

102 

291 

111 

32 

123 

05 

166 

2 0 

128 

251 

173 

l 

2 7 

2734 

29 9 

3837 

4138 

292 

4379 

4555 

5059 

5 87 

58 

7 3 

7529 

7 7 

l 8 

8321 

90,7 

93,5 

93,5 

4,2 

5 .4 

5 .2 

• 1 

. 5 

94.4 

db k gn 1 dur ng prod 
intr du · d 12-7- 4 nd 

74 

L. 7 

L.86 

1.9 

1.42 

0,97 

L.83 

L.49 

1.22 

• l 

o. 

0.7 

0.7 

,7 

-2 thr 
i lab l 

h l 
ugh 

67,5 

92,2 

95,3 

81. 

2.2 

• l 

4. l 

8. 

9 .4 

1.1 

1.20 

,85 

1.53 

L. t 7 

o. 

l. 2 

o. 

.7 

.7 

• 70 



NAV11lADEVCEN 1517-l 

T bl C-16 

SPEED AND A URACY SOORE OF S IX SUBJFCTS 
0 TWO DIFFERENT TACTILE STUIULU KEYSETS DURING PRA TICE SESSIONS 

Subj c t et 

A 6,41 3.53 2,58 1. 54 1.07 2 .17 72. 3.. 90. 3 95,7 96.1 98,0 94,5 
II 

B 5,62 3,84 3,32 1.58 1.09 2 . 59 92.0 89.4 98.3 97,8 9 .6 95.3 

N 
A 1.91 2.17 2.22 1.97 1.86 2.03 45. 1 67,376.9 79,2 85.7 69.3 
B 2,16 2,27 2. 0 2.32 l. 79 2. 08 51 . 0 62.7 66.0 79,l 76,2 67.4 

0 
A 1.62 1.74 1.73 1.39 o. 1. 6 33,8 6 .7 75.7 90. 
B 2.03 1.98 2,23 1.48 o. 1.65 37.6 58 . 3 82.9 90 .9 

p A 3,14 1.88 1.41 1.11 0 . 95 1.43 95.0 4,1 91.4 4.1 
B 2,72 2,20 1.47 1, 1.09 1. 56 95.9 92.9 7,7 95,7 

Q 
A 4.04 2,43 1.36 1.14 0,87 1.63 89,398.6 92,4 9 , 3 84, 5 90, l 
B 4,43 3,49 1. 54 1.13 o. 5 1.64 84.1 93,l 90.~ 79,7 82 ,4 8 .7 

R 
A 2.90 2.12 1,09 0 ,89 0 .81 1. 28 72.7 87,1 86,9 95.4 95,2 89.9 
B 4,19 2.00 1.29 1. .82 1.41 81. l 98,8 95.5 96.7 95,6 95,4 

Av A 3. 7 2. 31 1. 73 1.34 1.09 1.67 68 ,0 84,0 86,5 91.0 92,l 85.2 
g B 3,52 2,63 1.98 1.44 1.12 1.8:2 73.6 82.5 88,4 90,0 90,3 85,8 

K t A: Air j t mount d th k 

K t B: Ai.r J t i.n tall 

b 
P r 

y. th nuab r 
nd 
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	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
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