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The eomeept of 8.R compatibility as applied to perceptualanotor  aystoms vefors
o the phenomenon thot the rate at which such o systom can process informotion iv 4
funetion, not so much of the characteristion of o particular stimulus or of a particular set
of responscs, Lal rather of the degran to which Lhe scle of stimuali and responses form o son-
pruant mateh™ (G). Under thiz conpept can be subsumed the varions studiss of probloms
af eontrol-display relatione.  Such aspects of the problem like axis of movement of (e
eomtrol and the ling of movement of the display, directions of movements of the displuy
and the eontreol, ete., have haen foond o he important with respest to errors and thne taken
fr performance of the task {1, 9, 10}, lu other wonls, control display relationship that is
maore “nateral” or Yrealistic”, such os, for cxample, both moving in the same direction,
have been found to be advantageous (2). Further, working nnder stress has not only been
foand (o impair psreeptnal-motor performance, hut psyehologists have also folt that under
Blress situations, operators are likely to revert to more “primitive” reaclion patterns  or
to the “old or natoral set”, oo to & situalion havinga higher 8-12 eompatibility (1, 3, 7, ),

The ohject of the present experiment was to determine if stress effects interact
with stimulus-response compatibility in & simple peresptualmotor task. The stimulns-
regponse compatibility had refercnce to the directions of maovements of the display indicatnr
and gontrol knoh in a sne-dimensional vompensatory tracking task. More specifically, it
was hypothesized that —

{) there will be impairment of performance nnder the opposite fie. ineompatible)
directions of movements of the display and the control, and

(b} stress will have more adverse effect on performance under the incompatible,
than the compatible sci-up.

Method

A one-dimensional eontinuous lectronic compensatory apparatus was ussd for the
study. The problem generator consisted of a cam. driven by a vonstant-spesd motor, A
putentiometer aotivated by a cam-follower transiaicd the cam motion inro voltage changes,
which in turn deflected the 85 tracking display indicator from the zera (upright) position.
The wave form of the cam-genersted tracking input combined the frequencies of two sing:
svidal waves: a fundamental of 6 cpm frequenes and the second harmenio of 12 cepm, The
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oquation for this Input was

(0 = 1238in wt + 7.5 0082 wi,
where @ io necdle deflection in degrees, w ois 1L,02485 radianalsee. 16 opm fundumentul),

and 1 s time i seeonds,

The tracking displey was n zero-center voltmeter with a tango of - Sy, The dis.
play was mounted on o rectangular face and had & meximum needle deflection of 90 dee.
of are on the upper portion of the dizplay and o seale length of 3-239/32 in. &y oprra bl
a control knob of 1-in. dismeter for positional ocontrol of the needle exeursion, The axid
of movement of the contral knob was perpendicular to the plane ol the display pomnter
movemant.,

Two eontrol-display relationships wore employed in this study.  For treatment 1,
e, the enmpatible 8.1 condition, the display nesdle would move closkwise when the
knob was turned clockwise and converscly. For the incompatible 5-10 condition, treat
ment IT, when the knob was turned clockwise, the display would move counterelockwing
and conversely

A gecondary task wos used in certain trials for experimentally indueing stress. A
brm'fi din. high from the teble top, was construoted which had a row of five togale switches,
2 in. apart and serially sumberad 1 to 5. During the | min. trial period, § would be pressing
the switches at the rate of one in every 5 see. A random sequence of numbers 1 through
5 were recorded on & phonograph and plaved back to Hz over a pair of esrphones at the
rate of ene every 5 svcs. S were roquired to operate the appropriatc one of the switches
whenever they heand one of these numbers. The switshes were connceted with w set of
five lightz at £'s station =0 that E oeould record the errors.  The errors in this have heen so
= infrequent that the data have been ignored,

- The tracking apparatus was placed on the table ab an eye distance of about 12
iches. The board vontaining the switches was placed on 8's left. adjsecnt to the tracking
apparatus, ﬁ operated 1t by bis Teft hand while performing the trmcking task with the
right. The E Wi tuhl hefore each trial started if he was to do one or two tasks. The
ipstructivns for the _?E_mmriar'g' task were to press Lhe appropriste switch as soon as the
mumher was heard. A ready signal 2 sec. before the trial started was given,

Thirty underrraduats [rﬂ'ehnincfv stidents at the Ohio Stute University volunteerad
82 subjects for the experiment. All were 'Fis.rhf handed, Hall of the group served under
eich of the two conditions. The primacy and '-'>E‘LL'I'I]dD.I'} tasks were combined under the
two experimental conditions as below:— \

-~

Trials Trials N

I-3. 7-8, 13-15, 19-21 4=, 10=12, 1614

Treatment. T . Trackiw Tracking and Bwiteh
{eompatible) Preszing 15
Treatment [1 Tracking Tracking and Switoh 15

{incom patible) Pressing,
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Euch teind wsted Tor 1 min,  Detween trials, S5 wore given 1 oo, rest, and bet-
ween Trinls 12 and 13, 2 min. resl was introduced, The performanee seore [or cach Crind
wita the whanlute intugrated ereor which represented the devintion of the display indieator
from the null point ax a vesultant of the problem input and 8« oontrol  manipulations,
The problem voltage and S' response signed were fed into a set of thees camputar amplifiors
thi: third ona giving the i1;;{7[;r.|111i abrolute error score. The crror score wos in tormes  of
vrﬂtsth‘ ome volt representing 9 dow. of nesdly deflection, snd wos rend out by the expori
menter from o voltmeter,

Itesults

The Losie dotn consisted of G0 error seores (30 =ubjecta for 21 trialy l':lu'h}. The
mean ereor seores Tor each {rial for the two experimontal grovps arn summarnzed helow in
Fig, 1. Figure 2 represcots the difference n performoance for the two groups expressed as
i poreentage of seore for the compatible group.
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In order 1o determine whether the diraction of movement hetwecn comtrol arl dis-
play was affecting performance, and also whether effeet of the experimentally indnoed
streas vatied with this relationship. the dats wers anaiysod by means of an analysis of
variance. The analysis of varianes design, togsther with the mean error seores in each coll,
is given in Table 1.

Table

Mesn Error Seore per Tral (in $volts) Under Two Conditions of Cinrepiod s
bility, Two Conditions of Stress and Three levels of Practios.

Control Practice 1 Practiee 1T Froctive TILL
Display Na No Ko
[telation B Strous Stress Struss Slreas B ey
Triala 1-3 44 1315 16-18
Conrpurtible 7.8 3.4 20.7 2.7 5.4 HA
Incomputible 0.8 BY, 4 20.8 d4.56 5.4 43,1
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The resulis of the analysis is given in Table 2. It will be noted that F values lor
elfeets of control-displuy relation, stress condition and practioe offects are all sipnificant
ot the p<.01 level, The only interaction effect that is signiticant is belweon prictios and
tontral-display  relation,

TaslLk 2.

Anslynis of Variance of Error Soores ander Two Conditions of Conkrol-
Display Movement Relations, Two Conditiona of Stress. and Three Conditions
of ['rantico.

MNote: ¥ was errorterm for 1, 5 for 3 and 4, 8 for & and 7, and 11 for & & 10.

Somreas of Varianece o df Mean Square F Nig.
I S0 Compatibility (C) 1 THIG6 6 $0.7 0.41
2, Subjocts (SL1) 28 2544850 - —
4. Strese (8L) 1 (50158 01 s1.01 ]|
4, (S, x C) ] 340.88 0.4 NB
B, (5 x Su) 24 S02.60 - —
i, Proctice Periods (P) a 797 .53 40,14 .01
7. [BxC) 2 5760.52 8.39 0,01
A (P x Hu) i) 887.79 — —
O (P =Bt 2 67151 (1. 64 bt
Wy (Pt % fad 4l 0,632 NS
I (T x Bt x 8n) Al L4133 —- —

Discussion

The reanlt of the analysis of varianee indicates that performance under the reversed
diraction of motion relation was sisnificantly worse than under the direct relation, as pre-
dicted, Tt also appears that practice effeet iz smaller nnder the compatible than nnder
the incompatible sondition, This is supported by the significant inleraction between
practice periods and the two compatibility conditions. It s not possibic to predict from
the present stndy if difference in error measurcs between the two B-B conditions will hald
up after prolonged. training although Fiw. 2 does indieste n decrease in performaonce diff-
erence under the two conditions. However, reference can be made to & study reported by
Filte and Hecger {6), wherein o 32 day practice period under sthree different 88 compati-
bility tonditions was nob enough bo remove differences in measures like reaction Loe, move-
ment time, snd frequeney of errors.

The sddition of the secondary (stressmy) task had a simificant offect on perfor-
matoe under hoth 3-B conditions. Tracking was poorer.  Interms of absolute error units,
deterioration was greater in the ineompatible groups than in the compatible moup, Bul
relitive deteriorition of the two groups is abont the same.  This s seen in Fig. 2 where
sfter trial 9 differences hetween compatible and ineompatible gronps expreszed as a per-

ventage of the compatible grimp score do not show systematie variation for trials with and

without the secondary tash.
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It s telt that the elleet of induced stress on more complea taske performed undi
compatible and incom patible 8-R vonditions should ba examined, 1I interaction is not seer
pe 18 the case hore ut least the reasons for ite absense moyv be Letter undoratood,

Summary

Porforpmnce in & one-dimaptionn) o pensebory traaking tark  under Lwo sondi
tions ol control sl display relation of movenents wus atudied under gormal and ORI
mentally induced atress conditions, Lt was found thut perfiemanes in {erms of error vidue
wis consistently  superior when the movement of the eontrol knob displuced the dinpslns
wdicator in the same direction than when the two moved in oppugiby dircetions,  Additiorn
of the secondary task lud to w signilicant deterioration in performance under bath 8.1 candit.
ions, However, there was no significant  differentinl eltoot of the stremsing tasl on Lhe
compatible and incompatible groups,
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