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INTRODUCTION

The present experimentel study was concerned wilth
the effect of speed upon bi-manual performance. The pri-
mary object of the research was to determine if a compli-
cation of the task would reflect individual differences,
and if so their magnitude and general profile charscter-
istics. The literature, relative to this area of research,
indicates a need for the analysis of individual performances
in such tasks.l

The study attempted to determine if speed, the
independent varliable, would distingulsh initially between
individuasls in a bi-manual motor task involving a compli-
cation of visual directions, It was assumed that an
increase in speed would bring about some tension or stress
within the individual, leading ultimately to error in
bi-manual response. Error was designated the criterion or
consequent variable, The bi-manual performance test,
consisting of three sub~tasks, was held counstant and
repeated at each of the five speed levels.

Empirical evidaence suggested that individuals differ

in their gbillity to cope initlally with the speed factor,

1. Lazsrus, R.83. and J. Deese and 3.F. Osler, "The
Effeets of Psyochological Stress upon Performance’, in the
Pasychological Bulletin, Vol. 49, No. 4, Part 1, July 1952,
P. 30k, 307
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especially 1n complex response situatlons where integration
and time is of the essence. If these response differences
are real, that 1s, not resulting from chance differences,
then these differences cught to be subject to quantitative
measurement. The present study 1ls not concerned wlth the
causes of these presumed differences bhut merely thelr
presence and measurement under given condlitions.

The study was limited to the responses accomplished
during the edministration of an unfamiliar bil-manual task,
the task requiring approximately one hour for edministra-
tion per subject. The study was not concerned with memory
processes as such, It was not concerned with the establish-
ment of habit patterns. It was not concerned with the
effects of repetition upon learning. It recognized the
de facto presence of these factors and others but was not
attempting to exceed or verify the knowledge already
reported by the many well sstablished researches 1n these
specific fields, The study was interested in obtaining
objective records of inltial performance in a new or un-
familiar motor response situation, in this instance, of one
hour's duration., In substance, the question was: How does
this individual perform in this new and unfamiliar tenslon
provoking situation? It was an experimental attempt to
duplicate tha behavioral situation where the unfamiliarity
of the experlence 1s the crux of the problem for the
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participating individual,

It was theorized that (a) if motor differences in
initlal response were quantifiasble, the differences ought
%o be greatest at the point of first contact with a new
problem, and, (b) that the introduction of some tension or
stress ought to be the means of magnifying these assumed
differences. What might occur wlth later practice was of
no concern. It was observed that the fully accomplished
motor task is e task free of tension or stress. Thus
under the usual experimental learning conditions of X
subjects, involved in adjusting to Y variables over a
period of time, all subjects may eventually perform at Z
capacity level, practice erradicating the initial record-
able performance differences. The criticel point of
learning, proper to this study, is initial learning. The
experimental design followed from the thesis that a given
task is new only once. The principle has its counterpart
ip reality where the individual, momentarily involved in a
near-faetal accident, 1s faced with & one-trial response
task under stress where the criterlon for success is not
to err,

A search of the literature did not reveal & similar
study. It was therefore necessary to design equipment and
materials which would satiafy the demands of the Investi-

gation. These cobjectives having been attained, the final
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test progrem wes eccor illshed and certalin response dats
accunuleted,

The implications of the research, reported in detail
under resulés and conclusions, may be summed up as
fellows: The use of corvlex visusl directions introeduccd a
gelective factor (decision) which was asufficlent to (z) bring
about confusion in response, (b) tempoerarily inberrupt the
pattern of normal motor response, and (c) produce wide
variations in individuel performance. Interview:s with the
sublects confirmed these obascrvations., 1t was conecluded
that the hizher order function (declsion) discriminates nore
effectively than the lower order functlon (rotor) in this
tasl:.. Theorcticael and practical iunplicatlions were bhon
tacltly considered.

Witk the conplcotion of thesc Introductory notes,
the following tasks now follow in order. A statement of
the proble~ 18 glven, irnediately succeeded by & dlscusszion
of definitions 2nd backgrocund aberial A subntenticstion
of certaln aof the introdustory cowment ls noted in the
review of the literature, eancclially those studies clven to
the investigation of motor stress effects which have
appeared freoquently .urins the past $en years under aranis
from the wilitary.

With the information end cautlona of past atudlas

2% hand, the present investigatlion then dlseusses in detail
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the exporimental deal n, the selectlon of subjects. thw
nature of the apparatus, and the procedures c.ployed in
developing and ad ‘nistering the hIl-anuel rerfor-ance toat.
The anslys?s of ren:lts, statlsgticel treot-~ont, Afscussion
and dsrivation of conolusions then eoiclude the hody ~ff the
thes%s. TIn keeping with this outlinc, = stnbteient of the

protlem now follows.



CHAPTER 1
STATEMENT OF THE FROBLEM

The problem was to iInvestigate the effects, 1if any,
of changes in the speed of presentation of complex visual
directions on bi-menual performance.

The phrese, bi-manual motor performance, refers
to the simultaneous use of both hands. For purposes of
control, bi-mannai performance was limited in this study
to the cosrdinated regponse made by the index fingera.

The type of reeponse required was complicated by
the use of’aigns (arrowheads) which served as visual direc-
tions. fhnxintroduotion of speed ﬁiminisﬁed the amount of
time permitted to interpret the sign, adding stress (or
tensi&n) to the responae demands.

The problem involved, therefore. was not only the
abllity to make correct coordinated motor responses but
also the abllity to organlze response continuously under
increasing condltions of complexity It was assumed that

individuals would respond to the test differentislly.l pyug

to what degree, if at all, the study sought to determine
experimentally.

——

1. R.8. Lagarus and C. W, Erickson, "Effects of
Failure 8tress upon 8killed Performance”, in the Journal
of Experimental Psychology, Vol. 43, 1952, p. 1037
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The following definitions are now glven because
they appear necessery for a full understanding of the

problem,

Definitions

Proficiency: Proficiency stands feor what the in-
dividual can do at any momsnt, that 1s, without fur-
ther preparation No reference is made to whether
the response is primarily determined by inherited
endowments or by the experiences of the past. 1In
proficiency we are interested in finding out what
power to respond the individual can manifest at the
moment2,

Capacity: Capacity refers to the highest level
of abllity to be expected from an individual after
sample treining and experience3,

Potentiality: This ability refers to reactions
that the lndividual can learn to make 1f given the
experience or training necessary but that at the
moment he cannot perform. It signifies future promise,
and is primerily, but not exclusively, conditloned
upon inherited endowmentsli,

Discovery: The discovery process consists in
obtaining some sort of information, usually through
perception of stimuli, and the selectlion of the moto
response to be made on the baals of this information’,

2. C. W. Brown and E. E. Ghiselll, Scilentific
Method 1n Psychology. New York, McGraw-H111,1955,p, 316.

3. C. W. Brown and E. E. Ghiselli, Ibid, p.317.
L. ©. W. Brown and E. E. Ghiselli, Ibid, p.317.

5, W. P. Battig, "Transfer from Verbal Pre-training
to Motor Performance as a Function of Motor Task Complexity,"
in the Journal of Experimental Psychology, Vol. 51, No. 6,
1956, p. 376.
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Performance: The perforuance process igvvlves
the actual executlon of the nuotor res;onses®,
Diseriminate: Operatiocnally definsd as the score
poing difference (1.e., differentietion) which dis-
tingulshes the bi-manual rerformance of -ne suvb ect
or group of subjects from another.

Stress: A state of tension.

The distinction between dilscovery and performsnce
is nade by Melton 7, the suthor noting that ary notcor task
in&olves these two ;rocesseas. Thse final terw. stress. was
defined operationally for purposes of this present study.

There was no atte =t made tc analyze the nature
of stress or t -~ differentiste arong thre =many rossible
degrees. Stress was Introduced exmerimertelly to tense
out, if rossitle, the various weys In which different in-
dividuals mizrt initially react to discovery snd perfor-
mance when sub’ected to reascnably 7114 tension The
conceptuallzrtion of gtress hy Selyea 18 neurologicslly
pertinent but not the problem under investiprtion The

review of the litcrsture which proved most useful was that

6. C W. Bathlg, Ibld, p. 376.

7. A, W, Melton, "Learning", in W. 8. “onroe's
Encyelopaedia of Educational Research, Rev. Fd.. New York.
& . aﬂ, [} p- ‘m.

8, H. Selye, 1he Stress of Life, New Yorl:, MoGraw-
Hill, 1956, Chapter VII,
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of Lazerus, Deess end sler 9,
The irmediamte discussion now turns tc¢ the backe

grounc and ocvneeptunlizetion of the rresent atudy.

Packground of the 3Study

The present astudy begen some years ego snd evolved
Irom & routine obaervetion of motor behavior and 1ts tern-
orary disorganization. It wes evident that therse uwere wide
indlvidusl differences 1in this regard The differenrces
appeared tc bLe merked and relatively persiastent. PFurther,
the differences seened to be related to situations of a
tenaion provoking type. Some individuals arposared %o be
more flexiktle than others, capable of maintatning officicnt
regponae aven under incressing atrain A review of the
iiteranture did noi, at that time, clarify sppreciably the
neture of the problen. The studies tondad to repont uren
motor learning or mental lesrning wheprers the vrohlau ap~

peared %o be sasentlally one of the funetionsl relationshio

betweon these factors., GQuite esriy, it wes sssuved. that

9. R. 83, Lazarus, J. Deese end 3. P. ﬂwlar, " he
“ffects of Paychological Stress wpon Perrnvnmno@ , in the
Psychologiecal Bullstin, Vol. 49, No. L July 1952, p 263~
3!@ (Wote: paychelopglst has no sdequaste wey o£
dalining the psychologieal condltion thet corresponds to
the homeostatlc stemdy state. Consequently, the use »f the
teym at must nocessarily be & little loosey then we
would @ 1t to be. When we spesk of tension-systens,
whalt we arw really doing is posﬁulatin@ 8 paycholoplcel
stondy~state 88 8 lack of tension® p 295.)
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any disturbance of the relstionship between motor and
mental functioning would cause some elementary and tewporary
diserganization in the sotel responsze syaten Thus, it was
felg, that a slip-of-the-tomgue wes nelther a motor error
ror a mental error, but rather. a2 sign of temrorary mal-
functioning of thea responss gystem The unintended reverasl
of letters and numbers was considered tc reside in the
same category. Thess were concelved as funetionsl errors,
neithar desired noi intended, Consideration was alac
given to the so-called errors-of-inattention. The 1llus-
tration was notad of the profsssional teachexr at the
blackboard uhé misspells & word and does not recognize the
migspelling. When his attention hasg been drawn feo 1%, he
indicates that hé does not 'see' the error. Again, thisa
type of error 1s quite diffesrent from the ordinary error
whiéh i1s recognized sand immedletely corrected. In this
inatsance, however. the 8rropy persists and the subject 1s
temporarily incepable of rectifying 1t

" The uniqueness of this tyre of behavior. notlce-
ably'obsaréable in normel individuals under tension or
atrisa, directed the axperimenter's ettention to the pos-
81bility of dilserimineting between individuals ab thia
Punectionsl level of behavior. Perhars 1t would serve as &
nore neaningful index %o behavior than would the routine

measurenent of isolated mental oy moter capacities. Thus
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true differences e-ong individusls might be nore equably
reflactad tn tasting for cowplex funstional cepecity.
undeyr streas, than under the limited tradltional nethods
of specirie performances. The Yechnique was allled to the
work of Luritlgi

T Teking upeon ourseives the problew of the study
of She strusture and dypasics of the proceases of
the disorganization of humen behavicr, we should
atand Lismly upon the ground of %he paycholegleoal
experimenters; we abould on the cne heand, preduce
she eentral rrocess of the discegarisation of
beshaviori on the other hand, we should Sry to
reflect this proseas in gome systen scevssible eond
suitable for exscination. fThe ~otor function is
such & ayssematle, objestiveiy reflected. strueture
of the neurody ¢ progesses concealed from
iomedicte exemination. And there lics before us the
use of the motor function a8 & systen of reflected
structure of hidden psycuolegical progeeses,

The theorsitissli concept of the furetionel
relationship betiween motor and mental sctivitiea wes then
subjested %o experimentatisn., The guidizg prinelsles were:
(1) “otor response 1z subject 0 nmeasurement. (2) mchop
rosponss is initially diveotaed by mental aotivity {declsim).
end (3) she fumetiomal relatienship between tha twe is
extrexely. sensitive, The qQuestion wast whoet would occur
if tension was mppiled a% (3)? Specifically, whet would
4% havs upon initial bi-manusl perforzanca?

10, A, R, Luria, Natupe of Buman Conflicus, or,
Z‘, b2 i X ¥ y o ;‘ {' -,‘; rm"ﬁ o
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in two out of three proliminary experiments,
bi-manual performance vas employed by the writer with the
experimental expectancy that bhnvaomplexity of two-handed
response would sensitise the situation and diminish the
possibility of chance offects unduly affecting the
rnaulpa.r{A correct responss reauired spseifie coordinmation
of the hands. In each experiment the speed factor wes
employed as the tension producing agent The experimenta
consisted of (I) a eard sorting task, N-25, (II) a bi-
manual performance paper-and.pencil tesk, H-110 and (III)
2 muslc noke naming task involving nental set, N-220, The
results ‘of the three experiments were similay in e$~
1oct4fygng motor difflculties as the speed fugtor was
incressed. Wide variations in individuel performances vere
obtained. Subjects typiecally referred t o confusion in
ralyoath,'kumPorary bloeking and difficulty with ﬁﬁe task
when they attempted %to hurry response. Objectlve results
were obtuined in experiments YI and III slthough of a
relatively crude form. In general, the experinental
controls wers not s »ipid as desired in this type of
rosearth and $t way 4iffisult to determine the full signifi.
cance of variations in performance PFurther research was
therefore planned,

The experimental approach was shifted from a group
technique to that of individual testing, the presentetlion
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of stimuli and the recording of responses belng mechanically
controlled. Tho~oxpcrimont reported in the present study,
therefore, differs essentlally from the earlisr work, 1t
is of experimental interest to note that the results of the
preliminary Qtudioa are in conformity with the findings of
the present study.

In concluding the comments concerning the baske
ground investigations, & schema of two aveilable research

techniques was conceived as follows:

w

Measurement Mental Motor Total Test
Methed Activity Aetlvity Seore Fopmatb
Individusl .

Test X Y X4 Y SBummation
Teshnique

Funectlionsl

Teat X X Y XY Integretion
Technigue

The functional test sechnique (integration) was
auplo#od by the cxpoéimmnttr because 1% proved to be (&)
more sensltive to individusl differences, and (b) obtained
' 1 aatlarnqtavy rnngn of variahility in motor performance.
Exportmchtnlly the functionsl test technique lent ltaelf
roadily to the introduction of the stress factor. The

probeble effects upon ble-manual response were inferred from
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the work of Luria 11 and Selye 12,

The contemporary literature contalns nany studies on
the effects of stress upon mental activity, such as the
reasoning process™ 13 mprequent studies are also reported
on effects of certain factors upon mmotor performance, such
as reported by Cagne and his co-workers"lu, The present
atudy takes a mid-position: what is the effect of speed

(or tension) upon the simultaneous functioning of motor

and mentg&.activitiea? Individuals may perform excel-

lently in\the taska given individually. But how do they
perform when the tasks are attacked simultanecusly?

At this point, having noted certain preliminary
work and given a conecept of functional test technique as

it applies to this study. the llterature 1ls now reviewed.

11, A. R. Luria, Ibid, p. 205.
12. H. Selye, Ibid, p. 32.

13. W. A, Lybrand, "The Effects of Certain Pay-
chological Btress Conditions on Reasoning Performance",
Thesis, University of Maryland, 195k, 119 p.

14. K. E. Baker, R. C. Wylie and R. Gagneé, "The
Effects of an Interfering Task orn the Learning of a
Complex Motor 8kill", in the Journal of Experimental
P!!ehOIOE:!’ VOl. hl, NO. 1. 1951, po 1~§.
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Literature

The literature does not report bi-marual pore.
formance studies, involving the alwultene~us intepration
of motor and mental components under ternsion, sl-ilar tc the
pregent study. The studies are of an elther or character,
smphasizing either the meniel sapect or ths notor aspect
The simultensous functionslization of these Swo comuonents
undey speed has boen gensrally omitted.

Behsvior usuelly requires a composite of astivi-
ties, mental and motor, and it is 44ffieult t~ visuniize
any oonseiocus behavior totally free of both sspects. In
this asudy, the speed Tactor represents sxperimsntally the
bohavioral conditions under which response is freguently
given, that ls, under some forz of routine or moderately
stressful tension. Prowm the expsrimenter s vigupelnt 1t is
diffieult to hold as objectively reasl the stotevent that s
given indlvidual 18 sver without soms degres of tension,
Fyen équilibriusm 18 s form of Balanced tenagions All that
can be granted is fthed the stsble individuel 19 less essily
confusaed by sulftly impinging snd dewanding stl.ull,
sonpared $o the easily confused individusl Fopr puvoses
of this study thess differences in pesvonse : &iterns nve
sasuzed §0 be of constitutional origin,

The literaturs revorted upon was selected bescause

it appeared moest significant Iin its relation to structure
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of the present study. Similar studies cculd not be located,
The only study which makes use of blemanual response in a
manner approximating the present research 1s an early study
reported by Besby"15, The title gives a clue %o the nature
of the investigation. This was a true bi.manual atudy
Both hands were employed, in similar tasks, simultaneously,
Errora were counted. However, the asubjects were blind-
folded and alwsys performed the same task with both hands.
The experimenter made use of two brass squares and two
mebal stiluses, the task being to simultanecusly follew
around the aquares in such a way that the contact between
stilus+-tip and figure was broken as seldom as possible.
Bosh hands moeved in an anti.oleckwise fashion. Each break
eonstituted an error, and was recorded kymographically. A
particularly significant observation las made eoneerning the
importanee of .askilled bl-manusl performance and error in
either handl®,
The total sotlion then tended to 'erystalize out’
around the dominant hand. The other hand simrly
followed. Such an organisation about one constituent

wss always of a temporary nature. and was broken
down by an error in the neglected hand.

15. C. C. Beeby, "An Experimental Investigation
into the Simultaneous Constitutents in an Act of Ski1l",

in thz British Journal of Psychology, Vol. 20, 1930,
P 33‘

16. C. C. Beeby, Ibid, p. 351.
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The author goncludes that when & factor prevents the
formation of non-focaliged consclousness there wlii ne a
resulting loss of efficiency in the performance of the
constituents, Such & factor would be an error ln either
hand. The complexity of this bi-wmanusl task, where the
subject 1s forced to fluctuste attentively between the
simultaneocus asction of the two hands, would be expscted
nornally to lead to certain response difficulties., 1In
general, the difficulties in resvonse might be noted ob-
jectively in terms of bloeking, omissions. time-lag. re-
verssls, and siwply meking wrong responses. The aeccompany~-
ing degree of tension or atress, tyrlcally relsted to roor
performances, would rlso be expected to dif'fer among
individuals. The polar extrerea of the problem would be the
individual whe mskss no error compared to the imdividusl
who errs on every response, Some individuals, vnder ten-
sion, night refuse %~ respond at all The work of Hovland
end Sesrsl? 35 a clessicelly simple experiment affording
insight into this rroblem of variation in motor resvonse.
Working with the vector and f1eld ecncepts »f lewin, the
asuthors developed a very simple yet interesting exveri-

nmental 4schnique to investigate the problem of conflict

i17. ©. I. Hoviand, savd R, R, Sears. "Experiments
on Motor Confllict and thelr Modes of Resolution”, In the
qufnglhot Experimental Psyehelogy, Vol. 23, 1938,
1?- ’7 - C:!B‘
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aituations. In brlefl, thelr prooadure was to eateblish a
altuation of elther direct or selective response to certain
stiaull., Suddenly they presented Lue subject with nelltier
oxgected stimulus, and tnen awaitud the res.laticr of tne
sroblam. 1t w88 ccneluded Lhere ars lour easily ciscernlble
kinds of reaction, bhree of waich can be called resolutions
(or aclutions), and the fourth, c¢o.plete bleeiting  ihe
subjecis, moeting a new and unta-lilsr fask situntlon,
roacted differentially, sone 30lving the problem by not
reacting in eny obaervable motor fashion. As in any
canplex wentgl-zotor task. 1% is interesiing to nolte that
the subject may find a satialactor;y solutlion in si-.le
none~rgaction.

In the bl-manual task, whic. 1s the sublect ~f tuis
thesls, scme subjects almply rafused to be hurried. T .1ia
meant they permitted stlmull to pess unhseded. Ihe In-
2bllity to cope with the tesk 414 not dlaturb them. Upon
inquiry, toe subjocts rapaorted that 1% was the way (lech-
nique) in which they paced themselves and thus kent fr--
baconing exclted cor confused Tnis fors of non«resnonse.
which acts t~ preserve t he balsnce of the response systnn,
is edsirahle in some sltusntions but not ascentakle in
rigorous situations reculring imvedlate response. such na
in sir cowbst where hesitancy in responze mey result in

loas Et 13fe. Other subjects re;orted a guite diffsrent
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problem  They were unsble to resclve & given stlull pasttern
and found their motor respeonses temporarily immobilized,

The resesaren work of Post an and Brunarll bear on this pap-

ticular sapect of motor responase.
The problexn of blocking. in & motor system. appesars
to be extremely complicated when yrelated tc LLe mental

aspect of the task. Thua the authors stetesl?, "on the

most general level, we may say that multiplicity of set or
intention impairs the efficiency of perceptusl selectivity”.
The insbility to respond, temporerily, in a bl-manuel task
may heve particuler rslstion to this finding. individusl
differences, whatever their origin, appear to be invelved.
In sttacking the problem of multipls set experientally.
the suthors were able to conclude thet multirls set. at the
level of recognition, serves strikingly to inhibit the ef-
fectes of practice. In addition they ncted that there ap-
reared to be imporfant individuel differences in perceptusl
Tlexibllity, l.e.. 1n the eb1lity to adept to new par-
ceptual sltuations, The experimenters concluded that

multiple set impairs the efficlency of perce;tusl
selactivisy. In the present thesls, the euployrent of

4

18, 1., Postman and J, 3, Bruner, ™iultiplicity of
Set as a Determimant of Percepiusl Behavior", in the

gggggggjgghgépmramental Tgyehology, Vel, 39, No. 3. 1oho,
pb - *

15, L. Vosgmen end J. 3. Bruner. Ibid. p. 376.
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complex visual directions resulted ln the ssre form

of' response diffilculties. S8ubjectis reported ihey Wers une
able to declde upon the correct response when under severe
tenslon, The subject referred to tension by referring to
the speed of presentation of stiwuli. such as sveed 60, or
speed 75, or speed 70. The speed factor is discussed under
the experimsntal spparatus and its use in the bil-manual
perfor~ance test,

The complexity of mental-motor functioning. re-
flectod In the inltlsel aspect of bl-menusl response under
increesing tenslon (speed), was inferred from the experi-
mentel results of Ausubel and co-workerszo. They found
thet indlviduals classified under high and low anxiety -

groups, were differentlated on the fipst trisl of 2 meze

tesk. The high anxiety group required more itime and made
more errorg.. 1he differences were gignificant. The
eathors conclud021;
It i8 preelsely with respect t- the need for
improvising solutions to new problems that the

individual w ith personallity enxlety experiences
feelings of inadsquacy.

20. D. P. Ausubel, H. M. Schiff and ». Goldman,
"Quelitative Characteristics in the Learning Trocess
Assoclated with Anxiety"”, in the Journal of Abnormal and
3ociel Psychology, Vol. ﬂ&, No. 4" I953. p. 537-GLT.

21, D. P. Auaubel. H. M. Schiff and M. Goldman,
ibid, p. Shh.
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In the present thesis, subjects who tended to have
difficulty with speed increments, reported approximately the
same reactions, They recognized their abllity level as hav-
ing been attained at a given spesed. Knowledge that the task
reqQuired further responses at even higher speed levels,
Inttiated some apprehension and resulbting motor tension.

The subjects discussed the matter quite freely and candidly.
The theorstical aspects of this phase of perlormance is co-
gently summed up by Gregory22 in his report on a speculatie
account of braim function. The author llkens the braln to
an inductlon machine continuselly making decisions, stating
for his first.principle the followlng:

The decislion mechanism is limited in capacity, both
in regard to speed of making reliable decisions and
number of declsions made simultaneously We postulate
a maximun decision rate. Within limits, reliability of
decisions will increase with extra time allowed.

The present thesis would tend to re-express this
concept in termsvof individual differences, said differences
being assumed as constitutional and subject to only limited
modificetion. Stated by Hick?3, the viewpoint is:

Selection of a few out of the vast number of in-
coming chanpels 1s thus one of the functions of the
brain. But it also imposes a code transformation on

the information it does condescend tor ecleve before
passing it on to the musculature,.

, 22. R. L. Gregory, "A Speculative Account of Brain
Punction in Terms of Probability and Induction", wnimeo-

graphed publication of the Psychologicel Laboratory, Medical
Research Council, Cambridge K%Pﬁ718§752), 1852, p. 4.

- 23, W. E. Hick, "why the Human Operator?", mimeo-
graphed publication of the Psychological Laboratory, Medical
Research Councll, Cambridge, iﬂ?ﬁ?IéI?E?L,lggz, Pe 6.
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In & ble-manual task, the mental-motor funection ia
projected over a continuum of time, thebd 15 ts vy, 5% 13 an
svent over time. Daclslion, stated nu the resultrnt ol volune
tary retivity uron the rart of the aukject, invoives a re-
fractory period in sny molor taak. There i3 = ssguential
function involved, The significance of tmis Lime eig-ent is
gucclently expressed by Conradsl

This term, as arplied $o voluntary responses,

wetns the short period, foll¢ﬁ?£§“?ﬁ§yrecelpu of o
aignal to respond, during which anothsr signzl (for
& segond rauponmes cannot take ;lece.

The present thesis, feeling the individuel with & bi-
mamsl task invelving decision end speed. atserpted o get
up such an eXperimental mesponse situstion. At high anseds
some .subleoctps renorted thelr Inablliity to cleaer themselves
of a blockiﬁg stimuli oettern  They reporded that they
could not fres themselves iomedimtely in order %o proceed
with the newly presented stimull. They asid they were conw
scloua of tihe Alfficuity. Twu subjects compared the situae
tlon to 'freesing at the wheel' of an sutomobile. They
new whet they wished Ho dc¢. but could not briny ebout the

necessery responsss, ‘‘hese motoy blocks, if this 1z the

proper berm, aecounted ior paré of the quantificeticn of

-

2, R Conred, " issed Sirnals in a Sersorie
Yokor SK411", mimaogrerhed rub . leetion of the ° gyeholopy
Laborgatory, Medlesl lesesyreh Ccuncll, Cambnridre. 14 47307/
53), 1953, p. 22.
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individual response differences. Individuals also reported
that even when they knew they had made a mlstaeke in inter-
preting the visual stimull, they could not withhold the out-
going motor response, Conred2> gomments on this phencmena
stating:

The emphesis here is another way of looking at

the matter - namely, that a decision, once t aken,
cannot be immediately revcked.

In an initial bi-manuel mental-motor sequence, there
is & logical and necessary order of events. In order to re-
spond successfully to a given stimull the continuum is:
Stimuli-apprehénsion—decision-responae. This continuum can
be temporaril§ disruptedlby stress. The disorganization of
the continuum may occur in any one or a number of the fol-
lowing areas: (1) The stimuli may be apprehended incor-
rectly, 12) in a selective or cholice situation, the wrong
decision may bé made, and (3) even when the proper decision
is reached, the motor response may be erronsous or (lj)
temporarily blocked. The psychologicgl response system is
complex and subjJect to two maln sources of disorganization,
internal and external. In the present thesis, externsal
stress 13 appllied through the use of speed. Differences in
internal stability are presumed, where stability is con-
sidered to bes synonymous with efficient response under

conditions of imcreazling tenaion,

25. R. Comrad, lbid, p. 22.
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Under no.vn8)l resvonss eonditions, thoe voiuntary
direction of resronse is sccepted vs 8 basle tenet. 2 study
by Xatchmsr, Ross and Andrewsaﬁ, however, airects attcntion
to the effscts of stress evenrn upon volition.

The stresses ennloyed In this study may be con-
sidered to have interferred with the voluntery; abll!ity
to shift rapidiy from one aspect of the situation to
anothar,

The authom indicate that even relatively hizh
anxiety does not interfere with performance untll (te sit-
uetlion becomes stressful. In the present®t thesis, tis
finding was eorroborated, subjects reporting thelr ressonse
ability uninterefered with until the apeed factor excecded
their profieiensy level.

In coneluding the review of the litersture. 1t 1s
evident that the present theais owes cirection tc the many
related gtudles. The emphesis of tie present bl-mepnual
study ¢s uron irdividusl differences, ths lroortence of the
approach belng stated by Brown snd Gh18e11127; "Ws ashould
convince ocurselves that the obgervation of 4lffersences is
Just as important as the observatlon cf similarities",

The advance of the study now rsgulrss the stating

of the working hypothesis.

26, L. T, Retchmer, 8. Ross and T. C. Andrcws,
"tffects of 3tress and Anxiety on Perfurmance of & Comolex
Verbal-Ceding wask', Iin the Journsl of Exrerimcntal

Paychology, Vol. 55. No, 6, 1558, p. 562.

27. C. W. Brown, usnd i, E. Ghiselli, Ioid, p. 19,
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Working Hypothesis

Based upon the emplrlical observation of varlations
in behavior resulting frou tension, the sxperinental
expectancy of individual bi-manual verforrance under speed,
was as follows:28 29

(1) The motor task would not discriminate

(2) The decision task would discriminate and

individuals would 'fail' at different
levels of speed (tension)

It wes predicted that a small percentege of
response errors would tend to bs of the followlng types:
reversals, omissions, and extra or unre¢uired responses30,
It was salso predicted that individual performance profiles
would bs variegated. The types or classification of pro-
files could not be predicted, slthough the theoretical
and practical value of bsing able to predict individual

performances in noted In the literatureBl,

28. J. C. Townsend, Introduction to Fxperimental
Method, New York, McCraw-Hill, 1953, p. 45-51.

29, C. W. Brown and E, E. Gniselli, Ibid, p. 16l4.

30, T, M. Fltts and R. E. Jcnes, "Aralysis of
Factors Contributing to 460 'Pilot-Error!' Experiences”,
photo-duplicaticn copy, Aero Medical Laboratory, Wright Alr
Develop-~Center, Ohio, July 1947, p. l-32. (Note: Reversal
Errors, Confusion Errors, Adjustment Errors, Forgetting
Errors, Unintentional Activation Errors, p. 10-18.)

31, R, 8. Lazarus, J. Deese and 3. F, Oslecr,
Ibid, p. 307.
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With the completlion of the statewent of the problen,
the review of the literature and the working hypothesls, the
Immediets :task 1s a presantation and discussion of the ex-
perimental design.

The vopic, experimental design, now follows,



CHAFTER TI
DESIGN CF THF EXPhLRIMENT

In the present 1nvestigetion the term speed is
asgociated with the general concept of stress or tension
as ;eported in the litersture. The nature of 3tress or
tension, however, is not under dlscussion. The experi-
nentel means of increasing stress or tension waa implemented
in the present bil-manual response task, through a demand
for greater speed in response to complex visual atimull.
In & bi.mamial task, where coordination is a prerequisite,

the speed fector is of consequence.

Experimental Dealpn

Pigure 1. - Research effort waas directed towards
the construction of a teat instrument which would involve
some Torm of increasing stress, but styeas that would be
applied intermittently rather than persistently. The
streas situations in reasl life are usually 1lntermittent,
vhare temporary surcease is obtalned by one technique or
anothey, dapendihg on the needs of the situation and the
adjuatment capacities of the individual., The test wes
purposefully construeted such thet atress could bhe ap-
plied, then diminished, with the expectation that
individusls might recover psychological poise during this
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period of lessened tension. When stress was again eoplied,
the individual would be, at least thecretlically. in an
improved response situation., The experimental procsdure,
therefore, introduced a recovery or recrganization period
following sach sppllcation of stress. The oversll atte-pt
wag to tease out the hest effory or highest proficioncy

level for each individuall. There was no direct interest
in forecing an individual into erromeous responses, Fxperl-
mental interest was directed towards the sttairment of
the highest proficiency lsvel of which this individuel was
capable under these conditions.

The general design of the present investigation,
suggested by the design used by Lybranda, is now presented
in Teble I, following.

1. E. Eretschmer, A Textbook of Medlcal Pay.
cholo translated by E. E. Strauss, London, Hogarth Press,
Iﬁ;ﬁ?ﬂ%f %8~57 (Payehomotility: "We must emphasize the
fact (..,) that with regard to the type of psychomotor
predigposition in normal persons 1t has not yet been pos-
sible to establish with any certainty what perts of the
whole psychomotor system are reaponsible for idicaynoratic
peculierities (...) Rormal paychomotor patterns demand not
only intsetness of each separate psrticlpating elewent of
the motor system, but, above all, smcoth Integrated
functioning (...) p.

2., W. A. Lybrand, "The Effects of Certain Tsycho=
logical Stress Conditions on Ressoning Performance”, Thesis,
University of ¥aryland, 1954. p. 30, ——
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Table I, « General Design of the Investigation
to Determine the Relatlve Proficleney of Bi-manual Rew-
sponse to Three Differentlated Subetasks Exposed Visually

at Flve Different Speed Levels

Bl-manual Bpead 3

Test 30 45 &0 78 20
Repetition (1) (1) (1) (1) (1)
Tesk

Liobor (2) (2) () (2) (2)
Task

Degision - (3) (3) (3) (3) (3)
Task

) . 1e SRA Aceslerator Gpeed Settings,
repeated at each spesd level,

Sequence l-3,
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The bi-manusl performance taeast required the subject
to ressond quickly to visually presentsed stimull by
simultaneously depressing two keya, one with elther hand,
on a special recording device, The exposure speeds, re-
lative to the five spesed levels, are glven in the following
scction, psge 25, the footnote.

The sequential relatlonship of the thres sub-tasks,
ranging from ths least difficult to the most diffliculs,
was significent in the design of the bl-manual performance
test. The three sub-tasks of the test were presented in
an ascending order of difficulty. The order was:

Repetition Task
Motor Task
'Decision Task

The repetition task, Task R, was the simplest of
the tasks. The motor task, Task M, was relatively complex,
The decision task, Task D, was the most difficult and
discriminating of the three sub-tasks,

The length of the bl-manusl test, approximately
1 hour, was sdjudged sufficlent to permit the individual

3. Refer Appendix‘l.
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to overcomy any initlal nervrousnass uhlcll ai bt heve ine
hibiicd motor response. The practlsae pariod was ewploysd
for the direet purpese of peraiiting Individuals to caln
down. Dur:ng the practlce pericd, usually lastlin: bebween
five and ten mimutes, the requirements of the test wore
expiuined. 1he subject J4aa then glven use of the recording
apparabus, practicing untll he had attained aufiiclent
a.i:iy; to ade closrly crintcd prospunsss. oLecause oi the
extreme 8in.ileity of the practice task, depressing two
ko, 8, i wire pequircd was usuelly upe ov two minutss,
-he tecinique esvlioyed In thls sbtudy wae in
sontrast Lo the use of feise nerus, advinistyative pres-
sure, reporting of erronecus scores and siailar deviess.
The subject wes slweys swers of his prograss. he wWas
evare of the speed lactor, The gemsral farox of o
tesling siiuvetion wasz infursal and no stie: i wed aade Lo
grobl onailae the subjert. (he subject wawy ol.erad vorbal
encoursgecent wnen it apreared nscesaary, otherwise the
$eating wenbt on routinei;. The test challeng=d V.o
sub jeot, attanﬁlon and interest bdecomlng increasin:-iy

avident wlt!. the continual inoresse of spsed,
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Apparasus ~nd Procedure

The apparatus conslsted of two standard mechanical
devices., The devices were the 3iA Reading AcceleretorLr and
the common Stenograrh Machineg. The Accelerator was used as
& timing and exposure device. The 3Stenograph wes used for
purposcs of per.anently recordin” bi-rianual respcnses In

suunary {orm che experimental apparatus was the fo.lowlng:

TxXposure Apparaius Recording Apparatus

SRA Reading Aceelerator 3tenograph
Covaering 8h1e1d6 Keya9

811 t-Y1ndow’l A Paper TaveslC
Stimulus Shee ta®

Speeds 30, hS, 60’ 75990

i. SRA Reading Accelerstor, Model 1341, Chicago.
5. Stenogranhiec Machines, Inc., Chicago,

6. Opague paper, firm. 6-7/16 x 11 inches,
attached to lower aedge of Accelorator 30 uLi:r Bapr whon
retracted.

7. Slit-Windows 1-5/B inches in length, 3/16
inches in widbth, located in Coverin: 3hield, 1 1nch from
top, centered and lying horizontally

8, 8timull Sheets, Appendix 1.

9, Keyst O and U, front row, overeted by the index
fingers, left and right hand respectively,

10, Paper Tapes: one atandard filler asccommodated
3 subjects for five response levels,
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The only modification made to the Accelerator was
the addition of the opaque shicld which served to ccver the
stimulus sheets when lald upon the inclined surface (i.e.,
Reading Stand). The Covering Shield was attachked tc the
lower odge of the shutter ber when retracted. 1his nrcce-
dure porultted the subject to view the stiruli through the
slowly moving slit-window. The slit-window, actually an
opening just large enough to accor..odate typed stinu]ill,
was 1-5/8 inches in length and 3/16 inches in uidth. “The
slit-window was located 1n the Covering shield, 1 inch from
the top and centered, providing a horizontal exposure.

The Stenograrh wes urmodified other than for the
addition of white tape on the two response keys. The tapes
served to ldentify the keys. In some instances this was
an lmportant preceaution, especially when a subject inad-
vertently removed his fingers from the keys and hsd %o
guickly return tc the response position. The only two
keys employed on the 3tenograrh are found on the frint row
and are marked O and U, being essily operated wit! vut inter-
ference from adjacent keys. No difficulties were encounter-

ed in respect %o this aspect of bil-msnusl response,

11. Appendix 1, The exposure speed ner line,
measured in seeonds, was approximately: Speed 0, 3.5"
per line; speed 45, 2,3" per line; speed 60, 1.7" per
line; speed 75, 1.3" per line; and speed 90, 1.1" per line.
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The two machines, the Accelerator and the Steno-
graph, were placed before the subject on a table 37 inches
in height. The Accelsrator was to the right, the 3teno-
graph to the left, the subject being permitted %o poslition
the machines slightly for his own convenience. The movement
of the machines was no more than one or two inches, the sub-
Jects re-positioning the devices on the bases of vizion and
the facillty of motor response.

The subjects remalned standing. hands resting light-
ly on the stenograph keys. The asubjects expreased a prefer-
ence for the standing positien, stating that 1t psrmitted
greater flexibility in adjusting to the task. A second,
and preferred experimental factor, was the ablllity of the
subject to free himself of some tension by simply moving
away from the maehines during the few seconds it required
to change the stlmulus sheet and put the Accelerator in
the "ready" position.

All the subjects were tested 1n a room set aside
for this purpose. The subjects were tested at one hour
intervals, testing beginning at 1PM. The light was good,
daylight ceiling lights flooding the roomla, No subject
reported visual difficulty. A Gtotal of three subjects

12, Testing Period: It was necessary to scheduls
the tests in the afternocon due to class schedules.



APPARATUS AND PROCEDURE 3

were tested daily, all tests belng carrisd out by the
experimenter. The testing sessions were held only on weekw
days. The testing sessions contimued for spproximetely one
month. The subjects were cautioned not to discuss the
specifie nature of the test with others. Observation of the
subjects who had not yet btaken the test indlcated that the
earlier subjects were cooperating effectively Subjects
Were not aware of what was expected of them in terms of
significant detaills.

In regard to the mechanical apparatus, a further
discussion of the use of the Aecelerator and the Stenograph
is given in Chapter III, I% is of interest to note that
the need for these particular machines wea dletated by the
task itself. The complieated bi-manual task required thess
devices for satisfactory exposure and recording purposes,
Actually, the desired inatrumentation is not availablel3,
The present coordinated apparatus makes use of a step~
interval speed technique, represented by the Accelerator
at speeds 30, 45, 60, 75, and 90. A more subtle recording,
1t is proposed, would be obtained if the speed technigue

was of a stepless-veriable type. BSuch exposure-recording

13. W. Grings, Lsboratory Instrumentation in
Pgychology, California, Falo Alto, National Press, 1954,
pl .
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apparatus 1s pow under experimental investigation.lu 15
Attentlon now turns towards the subjects and their

selection. Having completed & presentation of the experi-

menta)l design, apparatus and procedure, the logical task

is to enquire into the nature of the test group,

SubJects

The subjects were fifty male college students.
The average age was 21,7 years, All subjects were white
with the exceptioﬁ*af one negro. The subjecta were ob-
tained with the understanding that they would be available
for two and one-~half hours of testing. The time was dis-
tributed as follows: 1 hour for the bi-manual performance
test, 1 hour for paper and pencil tests, and 1/2 hour for
the discussion of individual results. The three phases of
the 1nvestightion"uere given at different times., The total
commitment for all Lifty subjfects was approximately 80

hours.

. G. Auth, Director, Mechanical Engineering
Division, Villanova Univeralty. (Note: An original,
mechanical stepless-interval exposurs-recording device is
now being subjected to exploratory investigation.)

15, J. Hicks, Assiatant Professor, Electrical
Enginsering Division, Villanova Universlty. (Note: .An
eslectronic approzeh hes been instituted, the principal
elements of the exposure-rcoording device consiating of
& thyratron controlled D. ¢, motor with bl-menual responses
o be eleoctrically recorded on paper tape.)



The total college group, M-50, was divided into
three sub-groups. The sub-grou.s, ldertifsing symhols., the
criteria for selection, and the relsted N'g sare river in
Teable II.

The sub-groups were purrosefully Instituted on the
assumption that, when bi-manual performances wers comnared,
the differences would tend to be as followsléz

Group N Average performance would be superior
to Group V and Group 8

Group V Average performence would fall bstween
that of Group N and Group S

Group S Average performance would be inferior
~ to Group N and Group V

The performance of Group N was expected to excell
because these subjects, Naval Reserve Officer Training
Corps candidates, were pre-selected mentally and physically
and generally superior individuals.

The performance of Group 3, was expected to be
poor. With the increase of tension in the bi-manual task,
1t was presumed that errors in response would increase.
These subjects (neurotic miid) were selected by the experi-

menbter on the basis of observed behavior.

16, C. V, Good, and D E. Scates, Methods of
Research; Educationel, Psychological, Sociological, New
York; Appleton, 195, p. 289. (Note: "The cholce bpetween
extensive and intensive study wugt be made (...) on
careful conslderatlion of the kind of knowledge one wishes
to obtain".)




SUBJCTS

Table II, - Subjects

Sub=groups Bases for Selection N
College (W) NROTC 10
College (V) Voluntoer 30
College (8S) Selected 10

TOTAL 50

N - Navy Reserve Officer Training Corps
V - Volunteer
S -~ 8elected (Neurotic, .11d)(Observed behavior)
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The volunteer group, N - 30, wes obtained by asking
for volunteers in class,

Two peper-and-pencil tests were glven to each of
the fifty subjects. The first test waes an intelligence

testl7. The second btest was a manifest anxiety scalela.

The relationship of intelligence and of anxiety, as
measured by these devices, was judged to be of value in
an analysis of results obtained from the tension provoking
bl-manual performance test.

With the selection of subjects completed, the
introduction of the subjects tc the bi-manusl performance
test followed as a matter of logical procedure.

The succeeding chapter, Chapter III, describes
the bi-manual test in detall,

17. A. S. 0tis, Otis Quick-Scoring Maental Ability
Gamma Test: Form D, New York, World Book Company,

Tests,
8. J. A, Taylor, "A Personalliy Scale of “anifest
Anxietg in the Journal of Abnormal and Social Psychology,

Vol. 48, ¥o. 1853, p. 285-250.




CHAPTER III
BI-MANUAL PERFORMANCE TEST

The Tesb

B e a2l

An experimental investigation of the (2) offect of
changes (b) in the speed of presentation (c) of complex
visual direetions (d) on bi-manual performance reguired &
speeific type of performance test, It was necesssry that
the best contain certaln characteristics relative %o both
motor and mental components. It was essentlal thet the
test represent s functional test approach, that 1s to say,
both motor and mental e lements fregquoently occurring
concomitantly., A dlacussion of this matter has already
baen given in Chapter I, background of the study.

A search of the test literature did not indicate
the avallability of the required bi-manual test.l

‘The esvecial needs of the test, characterized by
initial simplicity (repetition), increasing motor
complexity (motor task), and finally the super-impositioning
of a mental compeonent (decision) upon the metor task,
distinpuished this Hl-manual performance test from those

reported in the literature. The test format ls discussed

1, 0, Buros, Fourih Mental Measurenrents Ysarbook,
New Jersey, Gryphon, 1953, xxiv-1163 p.
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in outline form in Chapter II, under experimental design. A
graphic coneeptualization is given in Figure 1.

The problem of instituting complex visusl changes,
while not disturbing the composition of the motor task. was
asccomplished by the introduction of arrowheadsz, The direc-
tion of the arrowhead gave particular significence to the
stimulid, The reversal of the arrows, the use of double-
headed arrows, and even the omission of arrowheads. proved
sufficient to complicate the task at the level of decision
(Tesk D). When the arrowhesads became a part of the total
bi-manual response task, the stimull then had to be inter-
preted {decision) and could no longer be responded %o in
terms of direct vislon (motor task). Thus Tesk M (Motor
task) was quite different from Tesk D {(decision task).

The super-impositioning of Task D (decision) upeon
task ¥ (motor) was sccomplished in terms of a favorable
experimental technique., Task D was an exact copy of °
Task M. The decision task differed from the motor task
only in the addition of the arrowheads. A review of the
bi-manual performance test, Appendix 1, indicates that
pages 2 and 3 are comparable to pages lj and 5, the pate
terns of stimull bhelng simllar. The differences in the

2., Appendix 1, p. L4, 5.

4. Appendix 2, p, 3, L.
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taaks lile in the introduction of the arrowhesds. .f a sub-
Jeet could perfor: well on Yask I, the motor tosi, snd jet
found great dlificulty with Tesk b, 1t wes Inforred that
the declsion component was of gignificance in totol
regponse.

The problem of spced was worked out on the basla of
sxploratory fin.inrg. Variocus fer:s of visusl presentetion
were attenpted. Various forms of stl -ull were ¢onsldered,
The outcome favored & very simnle, essily percelved visual
stimulus. The experimental effort was to locete stinulil of
sufficient difficuliy to dlascriminate among individusls, if
possible, wulle not yet belng so difficult as to vonfuse
the subject, The usse of typed astimull proved satisfsctory.

The bl-manual tost wes Lesically developed from the
uge af the gingle letter O, A referral to the actual Bi-
menual Perforaance lest, Aprendix 1, indicates the use ~f
the symbol O in warious econfigurations, when introdueing
incrensed apsed, tha syabol paiterns remsined perceptively
intact, and $he aubjscts did not report sany difficulsy in
this area, At no time did the subjlects incicate, in any
sanney, that they were having difficuity in perceiving tne
pattern of stimuil., This held true, reszardless of the
speed of presentation and the neceassry Iintroduction of
the arrows in Taak D (deslsion). 3ul'ects [requently

orted difficuity iv interpreiln. (e crroug, especislly
rep ¥ K
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under increased speeds of 75 and 90, but did not report
visual difficultles. The subjects were carefully queried
on this matter.

The actual bi-manual performance teat was, there-
fore, an organized dual response, made by the index fingers

to variations in the following basic stinuli patterns:

0 0

Left Hand 00 00 Right Hand
0 00
00 0

The inltial response was always slimultaneous. Both
index fingers always depressed the respective recording
keys (Stenograph Machine) at one and the same moment. In
those Instances where elither the left hand or right hand
had to make an additional response. suech as under condi-
tions 0--00, snd 00--0, the initial phase of the total
response was s8till accomplished simulteneously. Under high
speed, 75 or 90, this becams an absolute prerequisite. The
exposure time was so limited that the subject was forced to
meke simultaneous responses merely to kesp pace with the
machine. TIf responses were not made slmultanecusly., errors
were counted., The permanent records, obtalned from the
Stenograph, 1ndicated whether or not the subject was

conforming to this demand,
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The Dle-namigl test, sub-divided into thoe thpne gube
tagks, repotitlon (Tas: 1), otor tse: {Tesk '.), ond dow
cision task (Task D}, is atructured in terma of the 4ifw-

forent use of the basic stiruli. Huse

Task R Tuak 1 Tenir O

0 G LV J— 0 <wn 0
Q v} 00 wee O 00 waw ©
C ¢ O e 00 0 <ur>» QO
G G 00 meme OO OC swenw 0

In the actual test, Teak R congisted of 32 lines
of repetitlous bi-mamunl response patterns. The paiterns
appeared in proups of four lines each.

Tesk 4 consfgted of & lines of randomired stinulil
pattorna. 48 In the preceding tasi. tho patterns spposred
in groups of four lines sach,

Task D conalsted of 6 lineg of stimull pstterns
similar to the motor task, Differventintion and comnlexity
had been vddisd by the use of arrows whilch =odifled the
meaning of the symbels.

The btotal number of cocrdinsted pesnponses, made by
eagh subject in compl-tinr the enmtire test % nll flve
spoed levels, is glven in the sugceoding table, lable (11,

The total mumbsr of hi--a'ue. sesponses swde by all

£ifsy subjects wam LU, 000, t.is sur ropresenting all
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Table III, « Total iniumber of Bi-manual Responses
Made by the Subject on the Bi-manual Performance Test

Task Response Speed Bi-manual
Patterns Levels Responses

Repatition 32 X 5 160

Mo tor 64 X 5 320

Decision 64 b 4 5 320

TO TAL 800
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responses to the three sub-tasksh, The comparative data for
the individual profiles obtained from a study of Teask M and
Task D, involved 32,000 bi-manual reSponsass, The dif-
ferences, 8,000 was accounted for by Task R, the repetition
or recovery task, The task of repetition was so simple as
to provide no meaningful differences at any speed level and,
in some instances, was an easily memorlzed motor task, The
purpose of this task, Task R, is stressed in the design of
the experiment, Chapter II.
A brief description of the three bi-manual sub-
tasks and the related patterns of stimulil 1s now given:
Task R (Repetition) Employed inlitlally to check
on the possibility of bi-
manual motor dlfficulty.

This task represented the

0 0

0 0 bagie qualifying task for

o 0

0 0 all subjects. The principal
00 00 use of this task, however,
00 00

00 00 was $o provide a period of
00 00

recovery from the effects

of tension.

lj. The sum total of individual movements made by
the two index fingers of each subject was 2,410; for all
fifty subjects, 120,000 flexlons,

5. Refer Table IV, Analysis of Errors.
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4 relatively dilfficul’ ble
naruel motor task involving

the eooprdineteod ume ol Loll
hands. The stimuil was vari-
ghle snd requlred the si~ultan«
ecus depregsing of & mechaniesl
key upnder the control of sach
index finger. The stinull
were presented visually and

in randon order, repeated at

aech of five apeod levels,

A duplicztion of rask D,
compliceted by the use of
arrovs which nedify the neanw
ing of the stlmull. Depende
ing upon the direction of the
greows or 8 line the subject
mugt scco modate the bi-manual
response accord 'nely. Thils
tasi involves the motor ag-
posts of Task M plus the added
faotor of immediate deoision
under inoreasing speed.
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The complete Bl-manual Performance [est, as pre-
viously noted, 1s located iIn Appendix 1. A brief survey of
the actual test indicates the relationshp of the three sub-
tagks and the use of arrowheads to distinguish the decision
task, The question now arises as to the details related to
the administration of the test,

A discussion of test administration, in this par-
ticular teat situation, encompasses a discussion of the
relationship hetween the three correlated units. The test
units are: (a) +the exposure epparatus (Accelerator),

(b) the recording apparatus {Stencgraph), and (c) the Bi-

manual Performance Tesat 1tself.

Tagt Administration

The bl-menual Performance Test was administered in
8 sequence of six steps:

a. The subject was glven Instructions for the opera-
tion of the Recordlng Apparatus.

b. The Bi~-manual Performance Test was explained.

¢c. The Exposure Apparatus and 1ts use with the Bi-
manual Test was indicated.

d. The role of the Expsrimenter was noted.
e. The test wes begun at Accelerator speed 30,

f. The Bl-manual Test was repeated at speed levels
45, 60, 75 and 90. (Testing time: 1 hour)
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The tecelepstor was leced on the teosbine tulle,
811-¢ly to the pi;ht of o sublect®. 1n adrustin: the
nogltlioning of % ¢ Accelerstor, the subleet woa arabled t-
irein the optimum visusl distanee {or socupste parschtion
of the stimull,

The apaed of tie Accelerator. roverned by =evin-
the veortlcal marker, wea set for the {irat spsed level at
goeed 3C. The bl-manual test beogan &t this Initisl s-aed,
The entire test, »apss one $o L ive, wes expored bafors the
zarker was chon-ed te snesd 45, The fuil test wra then
glven st thils new ex saure svoed, Trhe avie rrocodure wes
repested for all Tive spead levels, =C, IS, &0. [T and 90,

The Sterc ra h {recording nectine) 11ve the /ceele-
rator, wea fres and capebls of boing oved Ly the subject
untll a comfoptable cosition had beer atés'ned “n penersi,
the machineg were raughly perallel, althrayd ozt subisots
praferrved to -laga the Accelerntor ob & 8il 2% sngle %o the
recording maching. Onee the actusl tent bopan., few Bil-
Jecta changped the roslition of elther e Ine The orizinel

sogitioninge of the welines gy reered o Le astlalfnetrpy,

6. <allibrstion: Treceding ssch adainistration of
the teat, the Accolerator waas er lived to aoperste and
chaciwed oy purning speed, If required. standaprd caile
bpatlon proocedure was cerrisd oulb as sugrested in the 3ha
Roading fceelerator Yarmual of "nabructlions,
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The subject was introduced to the Recording Machine
and given lnstructions and time to acquaint himself with its
Operation.7 The experimenter checked that the recording
tape (paper tape 2-3/8" wids) was sufficient for the com-
plete recording of the task, It was eritical that the
recording machine was properly checked in this regard. 'fhe
bi-manual response task could not be interrupted.

The two keys used for response, O and U were at the
front of the machine. The subjects never changed from these
two keys. The left index finger operatoed the key to the
left, marked 0. The right index finger operated the key to
the right, marked U. The subjects tended to hold theilr
hands posltioned z2bove the keys, apparently obtelning a
greater sense of confidence with this procedure than under
a procedure suggested by the experimenter. It was original-
ly suggested that the hands might be supported by resting
the unused fingers on the metal framework of the machine,
the index fingers thereby being free to make the responses
accurately and without error. Only one or two of the fifty
subjects made use of this technique. The ‘remaining sub-
jects reported a desire to keep the hands free and so more
mobile., JSome subjects reported that when the hands were
aupported on the framework of the machine, tension

developed and a eramped fesling resulted Subjects were

7. Appendix 2, Test Instructlons
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permitted to attack this problem in the ms&nner moat sultable
to thelr own needs. Subjects accomplished thls bi-manual
response task efficiently, dlsplaying no dilfficulties in
this motor phase of response,

It was necessary for the experimenter to assume a
participating role during the testing procedure, certaln
mechanical limitatlons of the machines makings this pro-
cedure mandatory. The experimenter clearly explained his
position to the subject just before the actual testing
began, simply stating: "It is necessary to move this paper
tape forward. It has no effect whatever upon your re-
sponse. It is done only for scoring convenience." A check
upon the bi-manual performance test, Appendlx 1, indicates
the necesslty of this proecedure. The stimuli are always
grouped in series of four lines, followed by a brief open-
ing. By manually drawlng the tape forward a guarber of an
inch upon the completlon of each group of stimuli, the
relationship between the presentation of the stlmull and
the recording of the responses was maintained.8 Without
this procedure, scoring of tests would be impossible.

There would be no way of ascertalning the relationship

between specific stimuli and the required responses,

8. Appendix 3, Scoring Keys
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Expressed graphically, the technique displays the relation-
ship betwsen the grouped stimull and similarily grouped

responses:

Stimull Response
0 0 0 0

0 00 0 00
00 0 00 0
00 00 00 00
00 00 00 00
00 00 00 00
00 0 00 0

0 0 0 0

In actual practice, after some five hours of
testing, the task for the experimenter became so hsbitusl
as to be almost meaningless. Simply listening to the
responses on the Recording Machine was sufficient clue
for the forward movement of the tape. The paper tape was
held lightly between the thumb and forefinger at the point
of 1ssue from the Recording Machine roll. When the se-
guence of four linss of stimuli had passed from view in
the 8lit-window, the tape was gently tugged forward. There
wag no sound in thils operation., The subjects stated that
they were not disturbed by the experimenter!s presence.
The subject was intently peering at the Accelerator and
quite likely unawasre of the continuing role played by the
experimenter. However undesirable this teechnique may be

from an experimental point-of-view, it was necessary and
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had to be carried out for purposes of scoring9, The
experimenter remalned standing at the left side of the
testing table, completely removed from the subject who
stood facing the machines. The relative position of the

machines, the subject and the experimenter were:

Table Top E - kxperimenter
E R « Recorder
R A A - Accelsrator
S - Subject
S

The experimenter remained in the background as
much as possible. The requlred work was accomplished
efficiently and unobtrusively, and in an extremely rou-
tine manner.

The opportunity for close visual scrutiny of the
subject's bi-manual responses was excellent. Thus the
temporary disruption in motor rcsponse was clearly svident
in some subjects. The omission of responses was noted
8light hesitancy, such as a momentary time-lag, was fre-
quently apparent especlally under the decision task. The
qualitative differences 1n motor performance, especially

between contrasting subjects, was most evlident. In this

9, Apparatus: Chapter II, footnotes 1L and 15,
It is expected that certaln new machines, now being
considered, may obvlate thils difficulty,.
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sense, th@ required participation of the experimenter in the
tasg was experimentally valuable. As would be expected, the
constant observation of fifty subjects, for a full fifty
hours, was clinlcally rewarding. Certaln of the derived
observations are discussed In Chapter IV, under Results and
Discussion.

Dupring the administration of the bl-manual test the
responses were being continuously recorded on the response
tapes. For each page of the bl-manual test, a response tape
was obtainad, Immedigtely upon completion of a given page
of the test, the tape was ldentifled with the following
data: subject's name, the task, R, M, or D, and the speed
level, 30, 45, 60, 75 or 90. The test consisted of 5 pages,
The nwaber of speed levels was also five. Therefore, for
each subject there were 25 raéponse tapes. For all fifty
subjects there was a total of 1,250 response tapes,

The technigue for the scoring of the tapes, or poerm=

anent records, is now presented.

Scoring of Tegst Records

‘ The tapes or response records were corrected in-
dividually. Corrections were made in reference to the
following types of error: (a) a wrong response, (b) a
reveraed response, (c) an omitted response, and (d) an

extra response.
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An error was an incorrect responss, 1In contradise
tinction %o an erroneocus response, a correct res;onse was
bi-manually correct, that is, the total paltern was correct,

A pattern of stimuli conaisted of any group of
stimuli which appeared in the slit-window at a given moment.
A study of the bi-manual test indicates four possibilities:
0 «~~ 0, 00 === 00, O =~- 00, and 00 --- 0, The total num-
ber of patterns of stimuli, as previously reported, was £00
for each subject for the entire test. (Task R - 160, Task
M - 320, Task D - 320).

Illustrations of the various types of response

error are now presented:

Bi-manual Test Response Errors Scoring
0 0 v] Wrong
00 0 0 0 Wrong,
0 00 00 0 Reversed
00 00 Omitted
0 0 00 00 Extra

The mechanical operatlion of the Recorder permits
the keys to be depressed simultaneously. The keys, i1f not
depressed simultaneocusly, print the responses at different
and distingulshable levels on the tape. The norm was:

Simultaneous bi-manual response, If the keys were not

activated simultaneously, an error was recorded. T is type
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of crror, although occurring very Infrequently, appeared In

this form on the tape:

Bi-manual Teat Regponse Tepe Scorigg
Q 0 0
0 rong
0 0 o] ¢ Correct
4, ¢] 00 Co
Y Yrong

The requirewent for individual corvection of all
1,250 tepes was due o the sensitivity of the recording
process via the RBecoprder. If the subject depresssd the
keys svenly, the respchnses were printed overly anaced.
However, when the subject became exciied cor stte pled %o
hurry response, %the printed responses (although correct)
tended to creowd together. In virtue of this differential
in the printed response, it was necsssary to carelfvlly cheel
eech group of atirull Individuelly. The coriion stencil
techinique could not be used. An illustraticn of the pro-
blem as it pertains to the use of o stenell, is cle:ply
noted vhen responses are correct bub erratioc The sibject
was not responding eacslily and sbescily ubt lesltantly
~nd then hurriedly, Ure »ccrrdsd resnonces fallin~ ot

irrocvloap intervals on the tape, Thus:
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Dle-marmal Tast Hganonae 749 Se0rine
g 0 o] G
¢ .
0 C g @ ( T
1Y) ¢
bt
0 G L-‘—at'u.’i”ﬁiﬁ}
O ¢ 8 8
0 C
0 o & 8

The Stencogran:: was seleoctod as a (ecording evice
baceuze 1t was capable of perfor:i:xn three dlstinet opole
st uney (i) record resconwe, (2) acoor: .odate b -vanusl
regponses sivultaneously, end (2) indlcete varfatlions In
individusl notor resonsos.

“he flexibility of recording provided B.o sxnorle
menter wit: a further oprortoniiy of classliyin notm row
gponses unaor three genersl teed nns.  Based w oon vimiel
inspection, the regponse taves wore oveiusbed and rolod
under ohe of the fello:'n Lotdon a3 constent (rorular
spacing ), irregular {(asuds variatlon), cnd erralic (sevore
snd unususl veriation)if,

;o eoneluwaing 1llustratlion of Lhw relationghlo Lo

tuoan the stimmil rre.sonied on Lhe Ao ruosor une Lho

10, Agggndix %: It is ssswsed that the verietions
way provide ¢ cal clusg to the proficlency lave. of
peyioresnce in later studies.
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correct resgonses as rnysically recorded on the sctual

recording machine tape, is now given:

Bl .manual Response Scoring
Test Tape Koy
0 0 0 0 0O O
00 00 0] 0 0 0
0 0 0 ©
0 00 0 0 0 ©
0 0
00 0 0 0 0 0
0 0

The scoring key, made on the Recorder, corresponded
to the actual or obtained response tapes taken from the
same machine. Correction procedures were thus facllitated.

Total errors were noted at the bottom of each tape,
the total error score for the subject belng sccounted for
in terms of summing up scores for all 25 of the response
tapes. All tapes for & gilven subject, which had been care-
fully identified during the administration of the bi-manual
performance test, were filed in a separate packet.

The error count was 1 rolnt for each erroneous

patternll.

11, Error: The sum total of errors could only
equal the number of stimull patterns contained in the Bi-
manual Performance test. The penalty for an error was
never greater than 1, however compounded the errors might
be in the bi-manual pattern. The pattern was consldered
to be a psychological response unit. accomplished correctly
or incorrectly.
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Hitl e teals scored, the Individusl verf r-onena
ragorded and cestaln profiles develo ed, the procossin of
the results wes carvied to a coneluaion,

In the concludimg chantey, Chapter V. e rosulls

and discussion are presented.
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RL3ULTH AND DISCUS3ION

Group Data

A discussion of the experimental data is now given,
initial attention centering upen an analysis of group data,
Individual deta is then diseuaaedl.

in Figure 2, where a compsrison of the ovewsll per-
formances for both the decision task and the motor sask
are reported, the divergence of the two curves is evidens.
The curvea, identifled as Taak D and Teak ¥, are c¢cssentinle
iy different in configuration.

Teak . - The motor task spproximates & hori{zontel.
line curve. The greatest variation ccours bastween the error
scores at apeeds 30 and 60 ({.e,, 5B.18}), & differential
of forty points. Based on an ¥ of £ifty, this represents
an error per subjeot of less then one. A comperison of
errors &t specds 30 end 90 indicates a difference of omly
twelve points, emphesising the lack of relationship be-

tween speed and error in this bi-wamial task,

1., R. 8. Lagerus, J, Deeso and 8. P, Oaler, "The

Iffeets of Paychological 3tress wupon Performance”, in i
?&7ﬁ}7&ﬁi:'al Bullefin, Vol, 49, No, k. 1952 . 310 {Note:

ad theoretlcal icture sbout bhe effects of
ukraaa upan pevioranance qusk bake nccount of individusl
differensen, the finding of lmpalrmient ns wall as improves
nent of perfeymance, the influemce of &1fferent situations,
and ¥he affests of éiffnvmmﬂ kinds end swount of sbpess®,




ERRORS

OMISSIONS

780
685
$00

378

180
120
90

GROUP DATA

Task M

\"4———"" .

30 45 60 76 90
SPEED

Figure 2, Total Erroral

N.—__‘_—-———"\.,

30 485 60 76 90
SPEED

Pigare 4. Total Omissions

3

EXTRA RESPONSES
B

Q »

57

Task D

Task M
\ (,—- ‘

30 46 60 76 9606
SPEED

Pigure 8, Total Reversals

Task D

/\/\

N Task M

30 45 60 78 90
SPEED

Figure 5, Total Extra Re-
sponses

l, Totals refer to errors of all fifty subjects
at each of the five speed levels in the figures 2 to 8
inelusive, D - Decision Task, M - Motor Task,
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The subject was capsble of respondin- to tie ciacllense of
speed and, essentlally, was improving in his ability to
respond bi-nanually to thls complicated tasli. The maximum
score for the motor task on any single trial was 58 errors,
the minimum 18, the range 0, with an averare error score
of 36 points per trial or speed level. On theoretical
grounds, thils curve was expected to disnlay continuing
increments of error with each increase 1in speed. 1In con-
tradistinction to the expected curve, the ~roup error

totals occurred at the five speed levels as follows:

Speed 30 45 60 75 90
Error 56 30 18 . 29 46

Summary: Task ¥ [(motor) did not discriminate
anong individuals nor did 1t reflect an expected assocla-
tion between error snd acceleration, This held true for
the total group, ¥-50, as well as for eacl of the sub-
groups, Group N (N-10), Group V (¥-30) and CGroun S (N-10).

Task D, - The declsion task, unlike the relzated
motor curve, generally followed the predicted pattern, an
éasociation belng evident between error and acceleration.
With the exception of the first trial, speed 30, the

average error for each succeedling speed was quantitatively



GROUP DATA 59

higher. The error scores for each speed trilal indicate the

character of the curve:

Speed 30 45 60 75 90
Error 419 280 338 457 678

Unlike the motor curve, the decliasion task requiring
a split-decision (or interpretation of the continually chang-
ing stimuli) by the subject, caused great difficulty for
some individuals while being accomplished with only limited
error by superior subjects. The range of difficulty on
the decision task 1s observed ln a study of individual per-
formances, the least proficient subject scoring 17l errors
and the most proficient subject scoring O errors. fThe
entire distribution of scores is noted in Appendix }.

Summary. - Task D (decision) discriminated among
individuals as well as among the various sub-groups identi-
fied as the NROTC Group, the Volunteer Group and the
Selected Group. The maximum group score for the decision
task on any single trisl was 678 srrors, the minimum 280,
the range 398, with an average score of L3l errors per
trial (speed level). In terms of group results, no in-
versions occurred between Task M and Tesk D. The minimum

point difference between the two curves was 250, this error
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score diffevence ceccur n; et 8 ged 5 The ve neat ; Lint
Jiscrerene,; ocourred i acrsed ¢0, the ervor geure boln 632
Cexy,~oveyr effects, i av,y, foveored Tash '

“oble IV, - In table Tour & quentitatlve onalysis
of errors is vresonted. &4 cowarlisin iz rnotud between the
maximum errors ressible snd tho obislned error scores. In
every case an errcr rafers to e urcne bil-anucl response
patterrn, hence., sach subject was tl.eoretleslly connsble of
making 640 errors in these couparsd tasks (i.e. responding,
incorrectly te every bi-manuml pattern for Tagk ** snd Tosgk
'+ 8% all spoed levels.) For the entire fifty subjects, the
total bil-mamisl resronses a<scunted to 32,000 patterns. The
diatribution of errors. exprossed in ver cent, shows the
motor ¥asx aceounting for 1.1% of t-e errors and the
decision taslr sccounting for 13.04. ' n Taak ., 26/ i %he
subjecta coqpleted the taslk witioubt erver. ~n Zunrk D, only
1% of the subjlects comvleted Lho ask wltiml srror. A
Lonerizor of obtoined errors for Task © snd ‘esk o, at srl
five speed levels, indlicateos a wide dlua ariiy in tagk dif~
ficulty. :rrors were 171 lor thu 1wotor tesl rnd 2,1/2 for
the deciaion task,

Buriary. - fhe differences In erfortanc-g bhel mun
the notor teg. tnd Lhe drelalen tagl wie spenlstive and

bazed w.on & comparison nf 32,000 YWie oru L ocearoioes s
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Table .V, = A “uantitative Analysis of Errors
for the Motor Task mnd the Deeision Task for Fifty
Sub jects Based on the Maxluum Krrors Possible and the
Obteined Errors

6l

Task Possible Error o, of Ss idade range Total
Per Pep o Some of ont,
Sublect Growp - Drrox Error  Srror Erver

¥ 320 16,000 1% 37 D 1 181
b %20 16,000 1 49 D=174 2,172

H - "fotor Task
i - Deelsion Tesk
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total grous of subleets, K50, and toe thrse sule; r-u's
(N, V, and 8,), disnlasy %8 some trend.

Table V. « In table five an ingudry wns ande inho the
kinds of error wfileh eonstlitubed the total error score L -
fore the hi-anusl tasi wasg ad~inlstered, tre fullowin
prohobilities were conaldered: (1) The curve of erroncous
rosponses would contimually rise wib. the inorease in
speed. (2) The rrentest mumber of errors would undeoubitedly
occur at the ~ighest speed levels because of poasible son-
fusion, (3) Subjfecis would not moke recordslile ovrors ob
slow speeds, the zlowest sarecd »f exhosure ~cr~itiing the
subject t0 correct tentatlvely erronesous rogponsss. () e
nally, the scevt rossiblilit was ontertclnod that an ine
ererginsly awaller mesbaey of seprors vould be made on epch
trial {f.6., speed} besmuse of fa~ilieriration wiin the
tngk, the curve of crrors constartl; Jdiminishin- elthourh
speed eomgtandly incrensed,

The presults indleste the 2I0flenlts of 1o -leslly
pradicting behavior in # couplex bl-wimusl Yash:. 1Ir tho
precise sense, none o) th pro~-ilcotions wore corrced A
gtudy of Table V verifles t,.1s slgorveticon Sddlsloned
discnzsion of this tnrie 18 (resented —rnler Tralviluml

Data,
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Table 7, - Comparative urror !
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Summary, - Tesk M and lask D contimued to he dif-
ferentisted at all speed levels in terms of three i nes of
srror, namely, rsversals, cmlissiona and extra regronses
There were no inversions between the wotor task and the
decision task. The error curves for the three types -f
error were quantitatively ard qualitatively diffarantz, In
all instances, the decislion tasit accounted for the rreatest
response differentiasl. Subjects, whlle periorwminr the bi-
ranual molor task proficlently, dlsplesyed once araln wide
individual differences wnen res onding under conditions
of the declsion tazk. Ths mental component, declsion,
initially had been predicted es the differentiastine com-
vonent in this conclex wobor-visual blemanuel task, A
visual inspection of the distribution of Individual errors,
Appendix lj, perteins to the precediny discussion,

Takle VI, - A comparlson of the total error scores,
for each of the three types of error, reverssls, omisaions,
and extra responscs i3z glven In table six., e error btrends
are irrezul:sr. (n the motor task level the quantlity of
errors is limited with fifty subjects conirpibuiin: only a

total rf 17 omisslons, 11 extra responscs and 5 reversalss,

2., Refer: PFlgure 3, Pilzure li, and Firure 5.

3. Reversals: The slesents of the resnonse pat-
tern are correct bubt reversed. JIti nli GO Of learonse O 00,
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Table VI, « Cumulative Error Scores for Total
Reversals, Omissions and Extra Lesponses for Filty
Subjects on Task M and Task D

Tasks Extra Responses Omissions Reversals
lotor 11 17 5
Decision 59 372 221

D M 5:1 221 44:1
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In contrast, the decision bask, Task D, produced 372 omlis-
sions, 59 extra responses, and 221 reversals. The omlssions
can be accounted for in terms of speed, the omnission curve,
Figure Y, rising sharply at speed 90. The extra responses
were lower than expected. The curve for the exbtra responses,
Figure 5, was completely unpredicted. The assuaption was
that extra response would arise from the confusion engen-
dered by the stress of acceler-tion. Actually, extra
responses were extrenely faw in number and followed a hori-
zontal-line curve. For the moment, the extra resvonses
serve the ~urvose of nsgative evidence, that is. informing
the experimenter that this type of error is not expected to
loom large in thils special type of bi-manual response.

The phenomena of the reversals 1s of direct sig-
nificance to the experiment. The reversals mean, in the
plainest of terms, that the left hand has carried out the
work of the right hand; further, the right hand has success-
fully carried out the work of the left hand. In brief, the
response pattern is correct but the elerents of the pattern
have been mis-placcd., An inspection of the reversal curve,
Figure 3, presents a crude "V" curve which is quite dif-
ferent, qualitatively and gquantitatively, from sither the
curve of omissions, Firure li, or the curve of extra re-

sponse, Firure 5. There appears to be a chansin~ relation
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between speed and response. The reversals are compara-
tively high at both the beginning of the decision task and
at its completion. & point of efficlency is attained mid-
way throuch the taak, speed level 60 accounting for the
ninimun of reversals. Of particular interest was the fact
that subjects reported making the reversals even when
conscious of the impending error. The comment was to the
effect that even the knowledge of the impending errvor did
not permit correction procedures to be immediately applied.
It 1s the experimenter's oplinlon that the complex resvonse
mechanism, whatever 1ts neurologlical construct may be, once
fully sctivated seeks completion and 1s not, under these
conditions, subject to voluntary withdrawal. The involved
subjects were probed carefully concerning this matter. The
position taken was that once the actlon began it could not
be withdrawn. The reaction, in this limited area, has some-
thing of the character of compulslve behavior and is to be
the subject of futurs research by the experimenter. The
individual differences 1n this task, 2t the declsion level,
Task D, ranged from O reversals to 32 reversals with
various subjeets obtalning scores within these 1limits.

The data is reported in Appendix L.
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Summary.’ -« The experimentally obtained curves for
extra responses, omlssions and reversals were qualitatively
and quantitatively diffebent. The higher error scores
occurred,‘withou% inversiona, at the declision level, Ex-
pressed In terms of 'a ratio, the relationship between the
decision scores and motor scores, D ' M, were: Extra
Responses, 5: 1, Omissions, 22: 1, and Reversals, Lb: 1,
respectively. ’

The discussion 18 now directed towards an analysis

of individual results, the preceding group results pro-

viding a geners) basis for further analysis,

Individual Data

The general Impression that error is directly
assocloted with speed in s bi-manual tesk involving com-
plex vlsual directions, 1s fairly well substentiated if
the analysis 1s held to group results.

An inspection of the total error curve, Figure 2,
appears to validate the observetion. A careful consider-
ation of the reversel curve, Fipgure 3, and the omissions
cdrve, Pigure i, does not seem to warrant the necessity
of establishing an oppoaing hypothesis. The horizontal-

line curve for extra reaponses can be loglcally dismissed
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on the basie of extremely limited number of errors so re-
cqrded. It was in this general frame of mind that the
experimenter routinely began the construction of fifty
individual profiles, constructing individual curves for
both the motor task and the decision task for each of the
subjects, It wes felt that in this way a set of compara-
tive performances for sach subject might be obtained, the
aubject!s performance on Task M belng compared to the sub-
Ject's performance on Task D.

Flgure 6. - Although variations in bi-manual per-
Tformance had been predicted, nothing of the diversity of
individual profiles actually obtalned had been expected.

The initial problem wes to obtaln scores for all
speeds, 30, 45, 60, 75, and 90, for both the motor task and
the decision task, With these scores obtained for all
subjects, the profiles were then placed on 5 x 7 cards and
initisl clagsification attempted., The profiles fell intoc
eortain crude categories from the outset although over-
lapping was present, It was necessaary, therefore, to
establish a set of directions for the Inclusion or re-
jection of & given profile within the accepted sub-classifi-
cations. Pollowing a study of the similarities and dis-
simllarities hoted in certain tentative grouplngs, an

arbitrary set of selective directlons were formulated,
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(1)

30 45 60 T8 90
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(1II)
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30 48 60 T6 90
SPEED

(I11)

SO 46 60 76 90
SPEED

ERROR

ERROR

ERROR
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15
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(IV)

30 46 60 78 90
SPEED

(V)

30 485 60 75 90
SPEED

AN

(vI)

30 46 60 756 90
SPEED

Pigure 6, A Classification of Fifty Individual
Error Curves into 8ix Sub-groups, Based on the Average

Error Seores Obtained from the Deédision Task Performances
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Table VII., « The directions established for the
classification of the profiles is given 1n Table VII, The
problem appears technically difficult in terms of verbal
procedures while, in actual practice, the individual profiles
were classified rather readily. As in all experimentsal
work, overlapping always presents a problem. In the pre-
sent 1lnstance, with fifty subjects, 1t did not appear
feasible to proceed into further ramifications., The per~
centage of subjects for each of the slx sub-classifications
was as follows: (I) U Curve, 10%; (II) Horizontal Line
Curve, 6%; (III) Rising Curve, 22%; (IV) Descending Curve,
8%; (V) Irregular Curve, LO%; (VI) End-drop Curve, 14%.
With the limited number of subjects per classification, the
diversity of individual performances was considered to be
of especial experimental interest. In terms of prob-
abilities, it seewed likely that such variations might
occur with a very large number of subjects and randomilzed
sampling present. It seemed unlikely, however, that such
variations would appear unless the bl-manual test was
relatively sensitive and the subjects had been approprlately
selected to tease out the phenomena of individual dif-

ferences. In view of the fact that the typlecal bl-manual
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Table Vi, ~ Criteria for the Classification of
Fifty bExperimentally Obtained Individual Error Curves
into Six Sub-Groups for the Decision Task

Sub=Group

DJerignation

Characteristics
and Lim tations

1T

Iv

=1
AN G VA

Horizontal
Liue curve

Rising Curve

Descendlag
Surve

Irregular
Curve

Bnd-Drop
Curve

Jefinlte ™IV ¢oafigura-
tion, Difference between
U pesazs five olals or
less, speeds 3C and 90,

Variation plus or minus
one point ouly, all
sneeds,

Clcarly resemblin-, a
continually risiag,
smooth curve, General-
ly r.isingc >v each speed
level,

From high to low, curv-
ing up at speed 90,
Point different.al at
peaks 30 and 90 wore
than five points,

A generally rising curve
of irregular confligura-
tion, Limited form when
the point rise between
gpeeds 75 and 90 not 1in
excess of four points,
Unlimited form when the
point rigse between speeds
75 and 90 flve points

and above,

vurve drons ut end,
Polnt drop bebween speect
75 and 90, oo limit,

72
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testing time for each subject wes approximately one hour,
involving some 800 related bi-manual patterns, the varia-
tions among the fifty subjects was considered %o be

sensibly real, With an extremely large N, 1t was hypo-
thetically posited, there might be an "X" number of yet
undetermined individual bl-manual profiles, each witr 1ts
own particular eonfigural qualities. Only further research
can answer %hls question, At the moment, the obtained ocurves
were considered clinically valuable and containing within
themselves implicatlons for further study.

Summary. - The original prediction for individual
differences in hi-menual performance falled to antlcipate
fully the experimentally obtalned results. On the basis
of f1fty profilea, constructed from the motor task and
the decision task error scores at all five speed levsls,

a 8ix-fold classificatlion resulted. Task D, the decision,
task, proved to be the differentiating component. The
motor curves, Task M, were generslly non-discriminating.
The profiles were considered to bhe of possible clinical
value, representing the meost Informative outcome of the
thesis., Purther research would appear to be worthwhile

in this aresa,
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The final conslideration of the experimental data
was accomplished in terms of the evaluation of three sub-
groups. The sub-groups were the following: Group H

(NROTC), Group V (Volunteer), and Group 3 (Selected).

Sub-Groups

It was predicted that in a bl-manual %ask, invol-
ving changes in the speed of presentation of complex visual
directions, differences in individual performances would
occur, if any, in the decision taask, Task D,

It was further predicted that with the total group,
N - 50, broken down into three sub-groups, designated N,

V, and 3, the following relationshilps would more than
likely take plaeeh:

Group N: Average performance would be superior
to the other two groups.

Group 3: Average performance would be inferior
to the remalnling two groups.

Group V: Average performance would lie between
the attained performances of Group N
and Group S.

j. Refer: Chapter II, sub-groups.
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Table VIII. - The attalned relationship between
the sub-groups evolved as predicted.

The limited number of subjects, however, in
Group N and in Group S, tended to diminish undue experi-
mental expectation. The number of subjects In sach group
was ten, representing only 10 hours of bi.manual testing.
It may be recalled that these subjects were expscted to
resct quite differently to the task. Group N was expected
to do well because they were in effect pre-selected mental-
ly and physically and assumed to be psychologically stable
individualss. In contradlistinction to this group, the
group deslgnated as Group S repressnted, In terms of be-
havioral observatlion by the experimenter, individuals not
likely to perform too successfully on thls type of stress
task, The subjecta appeared to lack stable personality
organization, being easily disturbed or unduly emotionalized
undef'the ordinary stress of everydey activities,

The volunteer group, designated as Grow V, rep-
resented a group free of purposeful selection on the part
of the experimentsr. The thought was that if this bi-

manuel task dld distinguish in terms of average scores,

5. NROTC: Naval Reserve Officer Training Corps.
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Table vIiII, ~ Averare _rrors Jdeeurring on the
Decision Task at Easch of Filve Speed Levels for the
Three Sube-Groups Designated as Group ¥, Group V and
Group O

e
Spee dl
Sub=groups 80 45 60 75 90
Group N 0.7 0.8 1,2 Led .0
Group V 0ed 4,9 6.6 3,0 14,0

1, SDA Acecelsrabtor Opeed (eltbtings

76
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between two selected groups representing the theoretical
extremes, than this volunteer group ought to be subject to
the stresses of the task bubt, on the average, better able
to adjust to it than the 'inferior' group and yet not cap-
able of adjusting to it as well as the 'superior' group.

The average error scores, based on fifty hours of
perfarmahne on this bl-manuel taak, followed the patterns
expected of the sub-groups.

Flgure 7. -~ It was expected that Group N would per-
form mosat efficlently, that 1s, display the lowest error
score., It wasalso indicated thet Group S, the poorest of
the groupa, would perform inefficiently and reflect in-
efficiency in ecomparsatively high error ssores. PFlnally,
1t was expected that Group V, the volunteer group, would
tend to fall somewhere betwesn these two score differ-
entiated groups. Experlimental results confirmed these
observations, the three curves falling at different levels
in terms of sverage error scores. The question of whether
or not these scores were due to chence was then consldered,
the anslysis concerning ltself with score frequenciles
rather than averages,

The ehl-square test was applied to the total error

acores obtained by each of the three sub-groups st all five
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21,0

18.0
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Gp N

30 45 60 75 20
SPEED

Pigure 7. A Composite Graph of the Aversage
Error Curves for the Total Group and the Sub-groups
Designated as Group N, Group V and Group S at each
of Five Speed Levels on the Decision Task
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Speedrlave136; The degrees of freedom were four, Each
sub-group was treated separately. The question was to
what degree, 1f at all, did the observed frequencies (f_)
differ from the expected frequencles (f )., 1In all three
sub-groups the P value was .01, indicating that the ob-
tained scores could have occurred by chance in one instance
out of one-hundred. The hypothesis that the obtained
scores were due to chance was rejected, the P value of .0l
serving as the criteria 1in each instance.

The present thesls, considered statisticaelly, did
not materialize as expected. It was planned originally to
concentrate upon a comparison of mean performances at the
various speed levels, comparing the obtained mean error
scores of Task M (motor) and Task D (decision). The
averag; or mean scores on Task M were so minimal as to meke
comparisons with the mean score of Task D appear to be with-

out purpose. The mean error score on Task D, for all fifty

6. Technique: Where five grades, A,B,C,D,E,
might be used, here five speeds were employed, namely, 30,
45, 60, 75, and 90, Where there might be 9 A's, 13 B's,
_atc., here errors were used,hence, 7 errors at speed 30,
13 errors at speed 45, ete.



WRLOGROTPS &y
md jects at 2all five sneed lovels were as follows:

Speeds: 30 L5 4] 75 Ty

ﬁaan

Lrrors,

Tas: fr 1,16 0.60 0,3 0,58 ¢.op

The rolatlse —aucity of orror under iasl: ' 1 ncted
when & comparison i3 onde wiio the tubtee of 1o, V00U e
manua. Jasl I’ responses asctuelly accoupllsted b, the {1ty
subjects’, ° can copartioons wutueen lask D and lagi .. uore
therefore omitted and attention dlrecied towsrds an enguiry
into the posalble corre.ctlon of peprfor.ances on as. D
(decia on) and two serles of tssl acoras wWileh wora avelle
able for all sublucts. "o teats in guestlon were, Liooe
retlioaily, reslated to (he questlion of purformance under
stress. The two Leats were congerned wlt.: venial sbillity
and maniiest anxiciy., "ne tent ves dealgmed lfor sxparie
LenbhRa purposes and tﬂe svoond Jor the derlsmitlion o an
Intelll, ance o etiant 9.

Dw relstlonsblp betwson olbal sulllity amd Lie

manua) performuance was rol oin octed o be k., Tig CUOSe

7. ‘fefer: Iable IV; Plgures 2 te I, nelusiva.

8, O%is, A. 8., ﬁhis &%ick»ﬁacgiﬂ&,*anﬁ&l Ahilit
Tegts, Camma Teat: Form D, New Lork, wWorld Fook Commang,) 6@ ',
Y. d. A, mylor, A Poraonality Scale of T anifasy

Anziatg » in the %auynal of Abnormel and Spolal sye clo-y,
?eln 24 g‘ﬂt 2 1 ot v e "-‘401
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tion of degree, however, was of experimental interest, The
relationshlp between bi.manuasl performance and the degree
of anxiety as measured by the test of manifest anxiety, was
an unknown quantity. In the bl-manual task 1t waes reasoned
that the degree of anxiety was not the significant factor
but, rather, the degree to whiech the anxiety ecould be con-
trolled and directed by the given individual. It was infer
red that en enxisety score was not as Important as that
factor which might give insight into the level of mastery
of anxiety. In 2 bile-manual task, under speed stress, the
anxiety score might or might not correlate with actual
performancd levels, In some instances anxiety would prove
destructive to performance; in other instances, anxiety
would be directed effectively and contributed to high
levels of performance. %The problem appeared to be one of

individual differences, therefore, and net one legically
10

related to test scores of this nature
The produet-moment correlation technique was not

used because of the small number of subjects involved.

10. J. A. Taylor, Ibid., p. 289. (Note: "The
anxiety scaie was developed for, and has been used
exclusively as, & device for selecting experimental sub-
jects, without regard to the relatlonship of the scores
¥o more common clinieal definitions".)
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The rank-dlifference correlations were low and of
limited predictive value, ‘“he correlation values ocbtained
between Task D and the anxiety scores were in the order of
«1j. The values obtained between lask Dreand tne mental
ability scores were somewhat higher, the rho values belng
,61, .36, and .27, for Groupa N, V, and S, respectively.
The oritiecal ratios and P values were determined. From
these data it followed that orediction of individusl per-
formances on the bi-manual tasks was, for all practical
purpeses, nil.

In the present status of the research, 1t is not yet
known just what festor or group of factors mey correlate
with bi-manual performanee under stress. Insofar ss bi-
manual responsse, in this experimental situmtion, requires

the integrated funstioning of the mind (deciaion) end the

pervous system (motor system) under stress (emotion), the
prediction of such factors or combinetion of factors is
considered temporarily keyend recognition. The thesis holds
%0 the genersl assumption that these performance differences
are of o constitutionel origin but has in no way demon-
streated this to be & faect.

The speeific and limited objective of tnis thesls
was Bo determine if bl.manusl performance undcr siress

would reault in differentiation of response scores at the
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level of declision. The score differences were reported
upon in terms of individual differences and sub-group
differences, the analysis of bil-manual response being

accomplished in terms of objective performance records.

Summary

The experimental results partially confirmed the
working hypothesis, the motor task proving to be non-
discriminatory and the decision task indicating wide
individual differences. For the £fifty subjects the re-
sultas were:

(a) Task M, -~ The motor task proved to be non-
discriminatory, individuals performing preficlently a%
all speed levela, An observed finding, however, was that
errors were quantitatively limited and did not increase
proportionately with an lnercase in speed. This oubtcome
did not conform to experimental expectations., The bi-
manual task, on the average, was expected to show a com-
mesurate incresse 1n error as the btask was accelsrated.
The working hypothesis for Task M was, therefore, only
partially fulfilled. ZErrors did not lncrease proportion-
ately with speed although the tasgk dld prove to be none-
diascriminating as predicted.

83
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{(b) Task D, - Individuals encountered difficulty in
response with an increese in speed. Errors rose markedly as
the decision tesk was accelerated., With the exception of the
initial trial, the remaining four trials (speeds) displayed a
sequences of inereasing error with inereasing speed. The work-
ing hypothesis for Task D was fulfilled. The task did dis-
eriminate and individuals did !'fail' at different apeed
levels.

{e) Errors. - On the basis of observation, it was
assumed that errors would fall into certain categories, de-
fined as reversala, oniesions and extra or unrequired re-
sponses. These errors did occur. Reversals and omiszions
fell into the expeetsd patterns, increasing with increasing
speed. Ixtra responses, however, tended to be limited in
quantity and te fall into a horizontal-line curve, not
increasing with increases in speed., This outcome had not
been anticipated., 1In terms of error prediction, the pre-
dietion wes partially fulfilled.

(d) Profiles. - Individual differences were ox-
treme., The resulting profiles, constructed on the basis of
error scores obtained on Task D at all flve speed levels,
involved varlatlions which were totally unexpected. Indi-
vidual profiles ranged from a horlzontal-line curve, indi-

cating a constancy of error score despite speed incremesnts,
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to a descending curve, lndicating a general lessening in
errors as speed was lncreased. Other proflle curves were
just the reverse, error scores generally increasing with
the acceleration of response. The overall outcome had not
been anticipated, The original considerations were fer too
eonservative. Variations had been expected, but not of
@hiﬁ order,

(e) Group and Sub-Croup Results, - The group and
the sub-group results tended to confirm expected bi-manual
performance cur;es, with the exceptions noted above., The
significant and experimentally revealing factor was the
undesired cancelling out of the individual differences when
the data waa treated In terms of averages. This 1s not to
deny the need and usefulness of the averages but, rather,
to indicate the needed caution in their experimental
exploitation. The three sub-groups, Group N, Group V, and
Group S, established generally similar performance curves
but at different levels of proficiency as had been pre-
dicted.

At this point the review of the problem and summary

of results is concluded,

A statement of the general conclusions now follows,
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The experimental conclusions, expressed 1in terms
of the objective data, ware:

(1) The motor task error was not a function of
speed., The motor task, Task ¥, did not differentiate
between either individuals or groups in terms of error
scores,

(2) The decision task error score was a function
o# speed, the task differentiatlng between Individuals and
sub-groups.

(3) On the decision task, Task D, involving an
interpretation of stimuli, the predlicted types of error
materialized, nsmely, reversed responses, omitited responses
and extra or unrequired responses.

(4) 1Individual differences on the decision task
were marked, the differences heing both qualitative and
guantitative.

(5) Sub-group differences were esvident on the de-
cision task. Average error sccres, as predicted, differ-
entliated between the performances of groups desipnated

superior, average and inferior.
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It was concluded that for this group of subjects and
under the specific experimental conditions outlined, the
higher order function (decision) differentiated effectively
while the lower order function (mobtor) appeared to be
negative in this particular respect for both individuals
end sub-groups.

The Implications of the study su;spest that certaln
stress differences between individuals might be effectively
and validly measured by properly applied functional motor
tests involving decision and integrated response under
speed. PFrom a theoretical viewpolnt it may be assumed that
each indlvidual is measgureable in terms of a given stress
level, capable of only & glven latitude of behavioral
motility, and thus 'failing in adjustment! when subjected
to pressures beyond his potential. The selection of indi-
viduals by this means for stress-provoking occupatlions 1is
therefore evident. The rich ressarch area, however, would
appear to lie in the clinical field where psycho-motor dif-
ficultles are frequently correlated with an individual's
inability to adapt to the roubtlne tension of everyday
activities. A valld stress-level score would thus serve

as a veluable adjunct to other psychological Indices.
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A clinical investigation of bil-manual performance
stress-level scores and the possible correlation with hrain
damage, deterioration and personality disorders should

prove useful.
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The experiment was concerned with an analysis of
performances of high and low anxlety groups on two teats,
one, a mirror drawing test and, two, a blindfold stylus
maze test, Results indlicated that high snxiety individuals
tend to respond poorly on the first trial of the masze
8aid trial being related to the concept of a new probiem.
However, after ten trials, the high anxlety group were as
proficient as the low anxiety group on the maze, The
mirror drawing task displayed no siznificant differences
between the two groups, The groups consisted of 50 8s esach,
the two groups belng comprised of subjects selected on the
basls of Rorschach anxiety scores, Subjects were taken
from the upper and lower quintiles, Aspects of the problem
included a discusslion of the relations of anxiety to ime-
provising ability, practice effects, preparation, and
level of aspiration, The research was postulated on the
concept of personelity (neurotic) enxiety as the phobic
overreaction of an individual with impaired selfl esteem
to the threat antieipated in adjustive situations., The
authors conclude: "It 1s precisely with respect to the
need for improvising solutions to pew problems that the
individual with personality anxiety experiences feelings
of inadequacy"”,

Beeby, C.E,, "An Experimental Investigation into
the Simultaneous Constitutents in an Act of Skill", in the
British Journal of Psychology, Vel. 20, 1930, p. 336~353

This is & study concerned with the effect of simul-
taneous units of learning upon bi-manueal response, The
distinetion is made between verbal learning which is unitary,
namely, one unit of learning after another, and the muscular
process which can be split into simultaneous as well as
successive constitutents, The experimental procedure re-
quires the subject to make response with both hands at one
snd the same time, forelng a split in the_.attentlion factor,
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The value of the study lies in the derivation of duta cone
coming the relationship of two stages of leaming, The
suthor indicates there are two stages of lewming in the
progess of asquiring sicill: one, the learning stage
~haracterized by fooality and flustuation of consclousness
and two, the expert stsge whigh 18 eharagterized by none
fogality of conselousness, The experiment made use of two
brass squares snd two motal stiluses, the tesk being to
almultanecusly follow around ths squares in gush & manney
that the osontact hetween the stilus tip and figurs was
broken as seldom es possible, Lach D:esk eomstituted an
error and was regorded kysographically, 8Subjects were
blindfoldld.

Conrady, Re, "Wissed Signels in & SensorieMotor
, mimeogrephed publication of Psycholosy
Jsseargh Coungil, Camdridge, (APU/1GT

The experiswnt sought to determine why speed ine
ereasss in the demand rate of work in s gsensoriemotor skill
led to s disproportionate deterioration in performance, AaAn
exanination of performance indleated that omissions scourred
slose to ithe nesrest regponges more often than would de
expoected by change, aad as likely to ogeur Just before the
response as just after, JFurthermore, the probabllity that
a signal wuld be omitted when it osourred within a constant
time intsrval from a response insreased linearly with mean
speed, The apparatus consisted of a Algplay of four peinters
saeh moving &% slightly different speeda around four diels,
e dlals were marked &t six squidistant points, The sube
Just was required %o respond by tapping a morse key whenever
¢ polnter coincided with & perimeter mark, . he subject's
respouse did nct affect the movement of the pointers, but
both the moment of pointer wmdzédama end the aubjﬂe;;:'a
BoOrse key respanae, wareé rogor on moving peper, "
skill otytho subject lay in the Aiffisulty of determining
which wes the next marker to merit attention in order to
make an accurate response, FPossible reamons for omitted
responses wers suggested: (a) attantilonel lapses at slow

ds, (b) bloaks at fast spmeds, and (o) nkrrowing of
agtmtlonul span at high speeds, The sxparimenter cone
eludess "The results are eclsucr, The further away in time
s signal is from the nesrsst resporise, the less likely is

it to be miased,”

Skill"
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and Motor 2kills “eses-ch Lahborato Human Ngsourcss hew
searsh Cenieyr, Laokland Alr Forge base, “an Antonio, Texsaa,

June 1952, pp. 15

The experiment was designed to simdy three questicns:
(a) Are stress-effectz induced by ordinary psyshometric pro=-
cedures?, (b) INoes fallure-stress result in differsnt effects
when Introduged early in learning as oppesed to being intro-
duged late in lesrning?, (e) What are the personulity corre-
lates of the effectc of atress upon performence? Four finde
ings are listed below,

The apparatus waz the SAY liotary Pupsult Tent iith
Viviced Attentlon, Some two-hundred snd eighty Air Force
onlistees asted us subjects, Ths conirol group, H-40, conw
sisted of 1ndlviduels not subleet to siress by the threet
of fallure, PFour experimental groups were employoed all unuer
the mtross implilcations that fajilure in the teat might
terminate thelr preasent uilitary tasks, Certaln personality
neagures werée obtainod for all subjects with the uxeeption
of the aontrol group, The authors list four findings: {1)
ordinary tesating procedures in whleh subjects sre highly
mo tivated may produce an impalrment in performange, (2)
there is apt to bo a rapid acaptation on the part of sube-
Jeots to the effects of certain siressful situations on per-
formance, (3) stress introdueed early in lesrning is herme
ful te performance while stress introduced late in lesrning
sppsers to have 2 facillitating effect, and (4) no signifleant
relationships were found botween performmce undsr z2ireéss
and gertain personality verisbles gueh as ratln:s of dlisiurb-
enss und Rorzeghack meagures,

Hovlend, G.I, and R,R, fears, "Experiments on
“ntor Conflict and thelr odeg of legzolution”, in the
Journal of Bxperimental Peychology, Vol, 83, 1938, pe 477~
493 '

#orking with the veetor and rield coneepts of Lowln,
the authors developed 2 very simple yet interesting experi-
monbal tecmicque to investigaie the provlems ol confllict
situations, [n brief, their prosedure was to establish &
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situation of either clircct or selectlive res onse bu Gcurs
tain stimull, Sudden+ly they presented the subject with
neither expected stimull, and then awelted the resolubion
(or solving of the problem) that might teke place, < men=
ual response technique was employed, The experimenters
concluded that there are four easlly identifiable kiads

of reastion, three of which can clcosrly be called resol-
utions, and the fourth, comnlete blocking, The importance
of the study was in the use of the totel situation where
the subject was both consciously 21d attitudinally involved,
In a certaln limited sense, the subject was forced at times
with the breaking of, or the modifying of, a given mental
set, The experimentsl procedure simply involved the use

of a plane surface, two colored lights, &nd Lhs drawing of
a pencilled line from a starting poiat %o one ol she lights,
Doatine proecedure was to flech on onc or the other light,
“hen both lights were flashed on, the subject faced a
cholce situation: to malke no response, to draw a line to
one of the lights, or to attempi to solwe the problem by
drawing & 1lins to both lightas., <Solutions to the cunfllet
situation were varied, somec refusing to ruspond overtily,.

Kacchmar, L,T,, S. PRoss, snd T,0. Andrews, "Effects
of Stress and ﬁnxiety'on Peprformance of & Co..:lex Verbal-
Coding Tesk", in the Journal of Ixperimental Psychology,
vol, 55, No., 6, June 1858, p., obL-5564

As indicated by the authors, the study deals with
the effects of sgo-involwmont, falsified imowledge of re-
sults, and manifest anxiety on the floxibllity of perlor=
manece on a complaex verbal-coding task., Iun tvhis gtndy the

borm flexibllity rei.rs to the cbility of the & .o ghift
performance 1n virtue of the changling requireuents of the
situation., Selection of the subjects wag oa the basls of
scores obtalned on o modlified Taylor Anxlety Cfcele, high

and low anxzlety groups baing selected, IJome 36 mule and

18 {emale cubjects were thus obtalned, Performances were
noted in terms of timec, error and frequency of blocking,
ngores were telzen during the go-callcd pre-stress perlod

and the post-siress period, and these seores them compared.
puring pre-stress triels, the two groups were not found

to be significantly different in time required for the

task, In post-stress triasls the low enxiety group showed

a cecrease in timo while the high anxiety uroup showed an
inereage in time, Ine differences wepre explalned on the

basip of snxiety as & function of stress producing situations,
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KDRC Projeot S0m70, Ni«146, Beas Raten I'leld, i loride, 1945,
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_An at tempt was made to measure the effect of artificlale
1y induged stress on performence, The task conslsted Iin véw
porting upon 2 series of cireles, which rassmblad the typlcal
oscllloseope roreon, in terms of the gontents to he noted
within the fisld, Certain symbols were employed to ropree
sent plsnes, ships end lmnd areas, The subject waz requived
te diecriminate and gount the varloue symools, reporting
the resulte quentitatively, Iftress wis Indused by interr.pte
ing the task and so indiesting bte the subjoot that & gten-
dard of performonge was not belng mst, “ho Initlel perlorpie
sncu rate wor get by the subjeot without inteurference fr.ou
the examiner, 7% wes shated thut the test wre ver:y liapor-
tant, One-~hundred and nintyegix rader opcrator triolnees
gerved ag the zubjects., The experimsnter l.a icates thol
under gpeod strepss the group at.empled moro proble.s, roke
ing more orrors snd displaying grester variabllity in pore
fomence, ‘he general result was 8 ruductl... in ellil oney.
individuals reacted differently to stress, .he aajor iy
speeding up performanse in gpive of an lnercare in error,
gone ‘ndividuals, however, e ntinued L. react at the zame
pace, and did unt show an inerease it @Ior,

Postman, L. and J,%, PBruner, "Multiplielly of Det
as 2 Determinent of Pereepbual Zehavior®, in ths Journal

of %égartmsntul Payshology, Vol. 39, No. 3, Juao T4,
De OU2=

'n attaeking the problem of multiple sot oxperli-
mentally, the suthors were able to conslude that nultiple
set, at %he lovel of racognition, serves sitrikingly to
inhibit the offects of practice, In additilion Liwy noted
that there appeered to be important indiviiual differences
in pereeptual flexiblility, i.e., in the ablllity to avapt
t~ new pereeptusl situetions, “he pertieul r va.iue of
this study woe the faet that it was concorned diraeetly
with -mltiple set posited on the tasis of conflict &nd ine
hibition, ~he exporimentersg concluded thabt multipl. set
impairs efficleney of poresptusl selectlvibty, The results
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were cerived from a gouparatlvy study .. TeBpO.Ls. Wiuur

e pingle set sories snd a multiple sot zurles, ‘he eXe
perinental proeedure was &a follows: ' 8l .xle set aseries
of paired words, easgh containing a eolor wir. zuc & neutral
word, were presente. to the rubject une at o tiwes, "he
subject's tasic was to recognize the color word - :ueh
peir as goon &8 possible, .1 Ehe multiple z3. wer. oy
another group of ol ht wurd Jlirs, wieh o wraining o ool
word, was used, “or thiaz tasgk the subjec: Wz to reascenise
aithear the fool word or the golor word in «ooh putlr, Yooe
centation was b~ .isens of < DOd Ge 8o a8 UCHLILULOOPU,



96

APPENDIX 1

A Bi-Menual Performaence Test Designed
to Determine Relatlve Response Proficiency
to Three Differentiated Sub-tasks when the 8ub-
taks are Exposed Vizually at Five Different
Speed Levels



THE BI-MANUAL PERFORMANCE TeST

Page
Task R (Repetition) 1
Task M (Metor) 2 & 3
Task D (Decision) 4 & 5

27



Bi=Menual Test
PAGE 1

OO0 QOOoOC

OO0 O0O00

o8



Bi-ﬁanual iést
PAGE 2

8 8880 ooo% 8808

o 8 Q0O
OO0 COQQO 000

0088 0808

STOP
STOP

99



Bi-Manual ?ast
PAGE 3§

co8o 008c 0880 3808 8808 ©88c 8080 8080

we= 00
wm= Q0
wma 00
.- 0

manva QO

- o v 0

wee 00
——— O

waw 0

100



BileManzeal Test

PAGE 4

101

IR UIRI R R IR I A

8°88 8°°° °8gg gooc ©geg geeg goge ggoo



Bi-Nanual Test

PAGE B

08 -

-
-

mmmﬁw WW«UQ mmaﬁw n.unvnwm mmmw nwomﬂ mcmm Qaem .

L HHEE HO0E R VR Y s g g

Omom Qmow me@ momm WOW% Qmwﬁ ﬂ%ﬂﬁ Gmﬂﬁ

ToP

f m«fﬁ)



AfPowl v B

Iastpuotions for the Diedunual Ferw
forance Teat Lesigned to Letermine Helative
Res.onse Pyafioleney to Three Differentlated
Subetosks when the Jubstaske are Kxposed Vie~
ually at Five Lifferent Spoed Levels
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Bi-Manual Test
Page (1)

TEST INSTRUCTIONS 104

The test administrator points to the RECORDLR,

and says:
This is a very easy task, You are required
to press only two keys on the machine, You
always press the same two keys, Here they are:

e white koys,

The administrator demonstrates,
Use only the Index fingers, Put your left finger
on the left key, Put your right finge. on the
right key, Allow the fingers to rest lightly
on the keys,
Have subject place fingers on the keys, Say:
Always begin sach response by pressing the keys

simul taneously. Press the keys gently but firmly,
I ry to go too fast, You can check your work

by looking at the paper tape., Try to print evenly
and clearly,
Answer questions which may be asked, Offer in-
structions as required, Put the subject at ease, Do
not hurry thls phase of the test, Say:

low, go ahead and practice using the machine,
Take your time,

When the subject has demonstrated his ability to
use the RECORDER, then .resent the first practice sheset,

(This practice sheet 1s Page (2) in the Instructions,)

(over)



Biedanual Test
Page (2)

IEST INBTRUCTIONE 106

Practice Sheet

a8, Practice this exercise,
be Press keys flrmly and evenly,

¢, Move both fingers at the same tine,

0 0
0 O
0 0
0 0
op 00
00 00
00 00
00 00
0 00
0 00
0 0o
0 00
00 0
00 0
00 0
00 0

Te test aduninistmator will eheck for error,

(over)
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Page (3)
TEST INSTRUCTIONS 106
The test adminlstrator reads aloud the rules for
the use of signs, The rules are:
Depending on the direction of the arrow or the

appearance of a line, which are called SIGNS,
you are requlred to -

modify the LEFT symbol O «--~ O
modify the RIGHY symbol 0 --» 00
modify BOTH symbols O €-» 0
NQ modification 0 ==~ 0

To modify a symbol, ALWAYS RuLSPOND WITH AN
OPPOSITE RESPONSE, If O, make 2 responses, If
00, meke 1 response, (When the line appsars,
make no change, Thus, on¢ symbol, one response,
Two symbols, two responses.)

EXAMPLE: Correct responseg are indicated in the
brackets.

——w 0
-— {00)
<=~ 0

-0

(00)

-== 00
<~ 00 (0)
=
L= 0

o0
CO0O0 OOO0OO0

(0)
(00)

Answer all questions, Be certain all rules are
clearly understood, Do not rush the subject, Do not begin
the test until the subject can mske correct bi-manual re-
sponses to the following practice exerclse, page 4.

(over)
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Page (4)

TEST INSTHUCTIMNS 107

Practice Sheet

a, Practles thds exercise,
b, Ubgerve the use of SIGNS,

¢c. Vork slowly and accurately,

0 L2 1 J
00 ==»
00 <=~

O wmm

00 €=
0 R o
D0 w=w

8008 0800

o
1
3

(over)



Bi-Manual Test
Page (5)

TS INSTHUCTL NS 108

Place the Practice Sheet, page 4, on the readied
ACCELERATOR, Indlcate the ugse of the slit-wiidow, actually
drawing the shutter down the Inclined tracis., Say:

The symbols will be shown on this machine, You
will see them eppear in the window, like this,
As soon &s you see tham, begin to prosc the keys.

Yollowing the derionztration, asks:

Are there any guestions ? (If not, then say:) We
will now boegin the test,

-

Place page 1 of the Bi-Manual Test on the
ACCELERATOR, Check that the entire stimulus sheest 1is

covered, Begin the test at speed 30,

When the subject has reswnnded to the complete
test, pages 1 to § inclusive, re ,eat the test at the
next higher speed level, namely, speed 45. Repeat this
test procedure at speeds 60, 75, and 90, The test 1s

then completed,

CA-TION: (a) Allow et lesast one full hour for
the testing of each sub ject, (b) Perfunctory comsents
are perultted but do not offer comwent unless required
to do so by the subject's inquiry. (c) 1 the subject
is obviously having great difflioculty with the taask, words
of eneccuragement may be offered, Co.uients are only per-
mitted wuring the bricl perlods when the subleet is not
operating the RECORD.R, (d) Identify each tupe as it 18
renoved fron the RECORDER, placing the subject's initiale
uponn 1t, fumber the tapes consecublively from 1 to 25,
(e) The subject must not see the Bi-isnual Test except
when 1t 1s exposed on the ACCLLERATOR during the test,
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APPenDIX 3

Scoring Keys for the BielManual Test
Designed to Determine Relative Responsc Pro-
ficienocy to Three Dilferentlated Subetasks
when the Sub-tasks are Exposed Vi.sually at
Five Different Spesd Levcls
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Page B

Task D (Decision)

(Decision)

SCORING KEYS: BIl-MANUAL PERFOWIA CE TuST
Page 4

Task D
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Sunmary of Individual Data for Fifty
Sub jects Obtained during an Experlimenbtal Ine
vestigation of the Effect of Changes in the
Speed of Presentation of Complex Visual ./iwe
rections on Bi-manual Performance
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SUMMARY OF INDITIDUAL DATA 114
FOR ALL FIFTY SUBJECTS
O A BY-MANITAT, Tmoe

Subjest  BleManual Performance  lMotoy Obis 1lor
Tash Rosords  Tost ‘
SR TEEINN TR
R ’»3 ig ’ & » ::r
1 v 5 16 3 2 0 X o~ - 1 4
2 v 3 24 4 & O - % - 113 9
3 & 5 5 0 1 1 - - x 1335 16
PR o s2 1 7 1 - - x 106 15
5 X 4 48 9 6 ¢ X = - 1g6 20
6 X 1 8 0.0 0 - = x 135 19
7 v g 31 %5 3 © - x - 126 10
8 i o 1.0 u o - x - 181 19
9 & '8 100 1 3 - - % 135 13
10 ¥ 2 &7 3 2 ¥ X = - 113
11 v o 13 1 3 0 - - X 129
12 ¥ 1 2 0 0 0 - X - 133 9
B X oioooo “ = X 186 18
1¢ N 2 810 0 - x - 130 g8
15 N 2 11 ¢ o w = x 133 8
16 v 0 63 v © O - - X 128 18
17 v 4 22 2 2 1 - x =« 126 13
‘ v 8 10 0 0 i w = X 134 1L

8
s D
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FOR ALL FIPIY SUBJRCIS
i A BI-HANUAL {67

E 8 2 882 Y88 NRBEBERBREE B

“ g

™

Bi<¥anual rerformeneo ¥otor Wtle Taylor

Jest Regords  leopy _Jest.
SERN TR B
o

RER e °
1l ‘5’.5 T 1 4 - = X 118 24
7T 27T & 2 ¢ X - - 128 1lg
g 138 11 5 X = - 108 9
1 2 3 2 1 - - X 117 14
4 102 10 12 10 % - - 82 15
0O 22 8 8 ¢ X = - 120 13
8 P2 b 24 0 - X - p B & 13
8 61 918 2 x - o 125 25
8 186 1 6 © - X o ile 1w
8 76 7 5 4 2 - = 1 18
1 3 410 0O “ X = 107 o
o B85 2 6 1 - - x 17 18
12 160 32 18 4 X = = 111 L3
43 & 1 1 - - o= 133 20

& 99 638 O - - 17 16
14 38 +£ 6 0O - = 14 o
i 8 2 4 1 - = X ee &
8 53 81m g X « = 10 8



SUMMARY OF INDIVIDUAL DATA 116
FOR ALL FIFTY SUDRJECTS
ON A BI-lIANUAL TEST

Subjectl Bi~-Manual Performan092 E»'lotor:‘5 Ot-is4 Taylor5
Test Recor ds Tast Test
=
£ 5 cSiFs s8R dg
)
37 Vv 3 108 13 33 O X = - 104 9
38 Vv 2 25 4 1 o - = X 133 25
39 \' () 17 0O 0 3 - - X 117 22
40 V 3 82 716 2 X = - 104 25
41 v 0 39 5 0 O - X - 126 15
42 v o p R 2 0] - - X 128 7
43 v 0 5 0 2 0 - - b4 132 5
44 ) 0 72 714 2 X = - 120 24
45 V 2 18 1 0 O - X - 120 25
46 8 12 174 14 52 4 X = = 117 22
47 v 0 22 0 1 1 - =~ X 101 14
48 V 9 66 883 1 X = = 112 6
49 5 2 53 611 0 X =- - 119 5
50 S 6 84 514 2 - - X 122 13

1, Number ~ Number assigned subject. Sub=Groups:
Naval Reserve Officer Training Corps (N), Selected Group (S),
and Volunteer Group (V).

2, M Score ~ Motor Task, D Score - Decision Task,

3, Permanent records obtained on the Recorder,

4, A,S, Otis, Otlg Quick-Scoring Mental Abllity Tests,
Gamma Test: Form D, New ¥York, World Book Com:any, 1939

5, J.A, Taylor, "A Personality Scale of Manifest An-
xiety", in the Journal of Abnormal and Social Psyehology ,
Vol 48, Ho. 2, P. 285-200
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ABSTRACT

An Experimental Investigation of the
Effect of Changes in the Spced of Presentation
of Complex Visual Directions on Ble-manual Performance



ABSTRACT

An Experimental Investigation of the
Effect of Changes in the Speed of Presentation
of Complex Visual Directions on Bleillanual Performance

The problem was to investigate the effects, 1if
any, of changes in the specd of presentation of complex
visual directions on bil-manual performance,

It was predicted that of two types of bil-manusl
tasks, (1) a motor task based uvon direct perception,
and (2) a decision task requiring interpretation of the
stimll, only the latter would effectively differentiate
among individusls and groups,

The study attempted to determine if speed, the
independent variable, would distinguish initlally between
sub jects in a bi-manual motor task involving a complication
of visual directions, It was assumed that an increase in
speed would bring about some tension (stress) within the
sub ject, leading ultimately to error in response, Error
was designated the consequent variable, The bi-manual
test, consisting of three sub-tasks, was held constant and
repeated at each of five different speed levels,

A total of 1,250 objective records of bi-manual
response were obtalned, resulting from the responses of
£ifty subjects who had each completed 800 blemanual re-
gsponses involving 5 different speed levels, The stimuli,

typed stimuli, were presented on a mechanlical accelerator
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via a slit window, Responsses were recordcd oa taps, the

sub ject simultaneoasly pressing two keys on the recorder

for each stimuli pattern., Teat ti-ie per subject averaged
60 minutes, Subjects were 50 male collers students.

The results confirmed the general »nredictions, the
motor task proving to be non«differentiatine- recardless of
speed, whereas the decision task differentiated between in-
dividuals and designated subegroups in terms of srror scores,
The variations in individual performancec, noted in a study
of individual profileg, was srcater chan anticipated,

Tt was concluded Th:t fov the subjocts tested and
under the experiuental conditions outlined, the higher
order function (decision) diffsrentiated effectively while
the lower order fuuction (motor) was nojative in this re-
gpect for both individuals anc sub-groups,

The implicatioas of the study suggested that stress
differences between individuals uiight be effectively and
validly :ieasured by properly applied functlional motor tests
involving decision and integrated resvonse under speed, The
gelection of individuals by this means lor stresseprovoking
ocecupations was noted, The cliniecal Investigation of bi-
manual perlormence stress-level scorcs and the possible
correlation with brain damage, deterioration and personality

disordsrs was proposed,



