EFFECTS OF SPEED AND LOAD ON THE
PSYCHOMOTOR PERFORMANCE OF
SIGNAL OPERATORS.
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Tn any tvpe of skilled performance,  one will  dind o dobeotely  gradud

pattern of movement, excented in responde G S sigmala for action. 16 enerally

bolieved that a well trained operator, proficient in the exereise ol his aldll, ooght

to be able to keep up hiz efficicney, even under atreds, proviced the amot of stresd to which

hie is exposed does not exesed  the limits  of tolerance,  Blrose or na skress, his  clficiancy

would depend on two factors:—

1. Degree of Stability - This is indicated by the extent to whieh the oporator
iz ahle to carey out some standard sequence ol nction at s steady, unlluctoating,

speed, without runuing ashead or lagzing brehiined,

2 Level of Accuracy - This would he at its peak il the operator execules everf

specific movement or sction correctly, thereby mecomplishing the preeclivnlar

purpose served by the skill. It will be necessary Lo cnsure that. ner gt of
the aotion sermence i left undone and that its progress is not marved by

CEFCH

Stahility and accuracy, then are the two busiv components of elfivieney o skillerld pertormmne

pEen in silustions iy exposs the operalor 1o sbress

Stresses.
Two types of st penally encountered by skithsl  operators: Fate il

afresuss #ch odz U {izonmiart  deficient ventilation  and  illumination, gl

noisy or distracting surrvundings and the ke,  share the character of action on sl

abpi=asd e, Ho b Fak A froril wibkin, that, i!"

opoeator from the enviromwent.  faferea!
[rom the internal order of details which make np o the  work,  Sdmetimes, hi slress s
in certain hodily or mental clects experenced as the outeome. of  the sl

ils roots
Cronond ws unuplm.lrll'

sipeumistances in which the operator is placed az a redult of Lis worl
1

internal stresses arp propriveeptive stresses, illusions, smlden nod abmormal  clanges 1

or prolonged sl unloresesn inorenaeg in Wi peessace of ot S0
1

b P ol work

rerpomHi bl e,

Internal Stresses.
The s ver oflvels i internnl atresacy hove a0 way ol Hli“g "

Gpurator INLILY _I||II.|I|.|"'II-|.:'.' withe  np 6

often unawares, at s ropel e [he
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readive  that they  are  assuming wlarming proportions.  Even where this is not Ao
i may happen, oz it oflen does  in everdav life, that one finds  onesslf  “hard
prersed” for time, or driven to “eateh up” on steadily mounting srreacs of work.  Ciroum.
staneas sueh as these carry with them the keeds of skill impairment,  The enmulative effoats
of internal stresses nee in w way more devastating than ave the efects of atresass acting from
the omtaide.  Indecd, deficient control over the phase sequuentces of action,  incompetent
management, slipshod planning, bad organmation or poor co-ordination of action with jls
resmltond awkwardoess and waste of offort lic al U oot of intornal atrossed which woder
mine the cultivated axeellonce of many o rare skill.  Technical development and seiealific
resenrell  borve dome el to tone down the rpours of environmental stresses ;o bul the stk
readitien of internal stressen still prosent o patnfal pretare. This will b evident wll the more
when if is realized that milituey vperations, almost without exception, are undertalen in
U'J.'Lli‘.!l' (£} f]l".‘L! 'l.l'i”l t'l]ll‘l'HL‘IJt'jl!F. .'inh r-.IH'h theus ~|!:-r.-]'-:h'['.l.l[]_'~ i.l:'l:].lujl_' il Hcrl.'iur: []:’:r_qunnnl &
condidorahle varioty of internal stresses. A close study of some of these stresses and thair
effeeta o the akilled aperator. therafors, merits sttention, To this puper, “Speed” and
MTaad” are singled out for congideration. sinee they sre without douht, two potent souroes

of internnl slress in neardy every sonesivable tvpe of pedce tine opsration,

Stress of “Speed” and “Load™,

By *Bpeed” is mneant the rate at  which signals for  aebion oecur in a
display. to each of which the operator s required  to esceule o specific  respomse
“Lewl™  depends  on the puwmber and  arrangement of distinguishable signals  or
slimal sources: which have to be dealt with simultaneously or in suceession. Becent pEy
cholugical research on the nature of <kills emiployed in military operations, e, the performanes
of aireraft pilots, transport drivers, mmmers, has brought out the significance of the time
interval hetwesn completion of responise to o osigoel sod the occurrenes of the next
signal.  This time interval, ealled recovers™ or “chamre over”  time has an important
bearing on the smovthuess and regularity of the sctivn chain in a skill.  When it is inercased
or derreased beyond certain limits, it has been observed that the efficieney of the skill tends
to sufter. 1t has been fonnd, also. that some individuals are more intolerant to cxcessive
slowing down down than tn excessive speoding up of acrim. althongh the reasons for this
are etill obscure.  These and other findings rerarding Spead and Load Stress have improved
our widerstunding of the conditivns leading to impairment of skill.

Study of Signal Operators,

The study of Sigunl Operators deseribed in this paper was carried out as
b osnquel to an catlier study of Jet Fighter Pilots. The ohjeet of the presett,
sidy wos to mensure the respactive offcets of “Speed” and “Toad” on  the responsey of
the operators; aod  also to note special adjustments, i anv. which individualy mode to
worying sogounts of thess internal stresses,  The pevehomotor test situation wus (ound
tanvenient and approprinte for this purpose Fpeed’ atress was experimentally produned
by presenting signale at difforent [requencies.  Frve levels of mental complexily in the
nerampement. of signals reprreaeiled experimental varintions in the “Load™ of the tdaak,




Problem.

The problem investymted in this study ntay b atated oo sienpdilicd form in the
fullowing way It ks Dson etstommey Do suppose that 1F mther spresd o Jood s clings
1'."' e ks proportionate amonnt the other ought tooohange in bl ogprosile ilireerian,
el I'HI\"|1'IE“'..'II'.I| researeh on akills cinploved fn military oporationg  urecdl Lhial thig
i ol steietly woe. 16 owas, therefore, of interest to Hind ont how fur this  relationship
Debwieen specd and load s or 11 hnt evident in the roaponaes  of  Signal  Opeeilors, Tha
prrpise of this paper is to desoribe this stidy of Sicanl Operators and toodisenss tho implieas

tiome of tha Gndipess ol Lhis study

Signal Operators Tested,

this stuwdy o szmple of  chieky Sleaal Qpueators deawn feom
the Mo N Teloprinter und  the Trafie Seotinn: of the TAF Siguals Cantre
was avuilable, Work at  this Siesuls Coentes s areanized oo o VFour Woalah"
system o the duration of each “Watch” varying betwesn tour arl s howes,  Wporatorn

wore tested before and after the “Watch™. During the first threa weels, ey wers

teated hefore and wfler the forend Wateh™, Fow the last three weels, ot worss

adminztered onoa

Psychomotor Operation.

Different sigmals f{or action were presented tu the  operators in the form of
warkings on A sirip of paper mounted ona revolvine dowrmn, These appeared,  oie bla
(ime. through a =Hf in & serven in front of the drum. The vperatar was reguired o
move 4 stplns npo or down, =« pding. to instructions, 0 responss to the sfznals
The inovement of the stvlus was recorded in the form of markings on o strip of moving papen s

wire presentad at frequencies ranging between 20 and 20H) strnals per munnta,
Fivelevelz of mental compl - ware ineovporated o the test designe—

Sami Automatic Action [ATITCH :‘ﬁ:iﬂlk' areow  Trarks, '|:'I':]iT'IT.i.Il"_ﬁ clowi-
warde, appeored in the display. The operator had o wateh oul for theses

stomalz and move the stylus down as soon ws Lhey appearsd,

Rapid Discrimination (DISCRIM]  Arrow marks. some poinling up anil.
zome lown, were erted i random order,  The operator il G watil
ant Tor wrrow  pointing downwards:end e move the steins only L bhosed

slrTials.

i z . - ” 2 4 n
Simple Choice (! O Single dots, somo appeanng 1o the Iipiu.rr.ml.d
come in the Tower half of the display wire presented in random oeder. Thl
aperator lad to move the stylus up or b, |lq:1]-_-|||||l|g an the alireehion i

which the dul wppeored.

Cuick Counting (COUNT)  Lines of dots appeared above and helow il
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horirontal cenlee line m the li:-"lrhj.'. The vpeeator haed to move  the abylus

i the direction 1 which the dots wene seen.

| 5. Numerical Calculation (ADD)  Sinwle digit numbers were  presented
sirmultageously’ from two signal sources - visual aned anditory.  The operator
| had 1o add the two numbers, and move the stylus up for odd aml down for

el 1!|.JIII1.JI'T"‘.

Arrongement of Signals for Action,
A compromisn etween ' Speed’” Bigoad Tesquency) wil “Load™ ¢ Mental aoni-
1 | 1 :
plexity) wos mnde  for the purpose ol this expermment by caeeving out praliminary

teata on posmnll sample of signal  operntors, Detafls of sandard  sieonl Dequencies el

| laveds of tental complexity are shown in the following table:—
level o Clode Lisplay Sinncdard
] Cnmmplesity Nunw Pattern Froqueney Opreralion
| AUTO L m f i H!:L-'tliri o be moved

L il as soor ue

L = ATTOW AT

' 1 DISCRIM " Stvlns to b moved

! 4 [ x ) down only: when
i ATTOW polnbiny
down appuearss

'I 111 CHOLCE G Stylus Lo be moved
up ot down follow-
g Lhe position of

' the dat

Iy COUNT 15 Stylus to be moved
= it cirection

- m 2 ol Lhe larger
||

nuher ot dote.

ADD? a0 Stylus to he moved

| up it total 18 odd

| T i

| _3___@7 - mired chown iF Bvent
i be

sd simmltpueousiy froon two signal

Iy eomdilion ¥, single digit numbers were preseit
spitrecs and the nperalor wis required to add the two numbers before making the respost,

TABLE 1 - Signals fur Action

Analysis of Test Records.
ot rocerds-were analysed inorder to take count of error i the responses ol

tho operators, and Lo measurs the timing of the peychomaotor opuravion, which  wia

broken down into three phases.
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Receptor Phase.  The interval botween  the appearonce of Lhe sigoal eod
the start of Yhe response  movement,  This provides o measure ol Lhe bime

taken by the pervous sysleom w foemulete Lhe meponse,

Effector Phase The interval hietween the eommonoomont, ancd  eom plotion
of the movement, Lo this instence, the ael consisted of o simple movement

of the lmml, with o chotos betwess bwo allerntives,
o

Recovery Phase.  The turgin of time between the ond of - solion in ceaponse

tor one Anrnal and the appearanoe of the next signal,

Termporal Characters of the Psychomotor Operation

v an earfier study, & gronp of Jer Frehoee Probs owers: piven similse leals L v
and after forty five minnte aperational aorcies avery day, for a perind of five weaka, Thi
data obtained in the present study of Signal Operators tedted betora and afber difforent
Uwakehes” are shown side by oside with the dota of the prev lous atady

Complesity Signal Opwerilors Jdet Fighter Pilota

ol Lask Froewateh Prostwateh Preflizht st tlipght

IO f 7

Table [ - Mean Time Values of the Receptor Phase,

The differences in mesn Ume values (o milliseconds) before and after work in both coses are
ol signifieant,  There iz, however, a close similarity hetween the values vhisined Ffor pilo

aml signallers for the three tvpes of tasks,

Receptor FPhase.

The distribntion of wmeen rime values in milliseconds, tor  the receptur phase
aver the four watehes of the day does not reveal sny significant  differenees.  The  yalues
fryr the evenime and aight watehes do, however, wead Lo be slightly higher: as will b evident

{ram the following tuble:

Tasks AUTO DISCRIM CHOIE COUNRT AT
Forenoon  wateh +N) UM 342 476 At
Aliernoon  wateh i i L hly Al ik
Evening wateh it £ 1 2 ddn 444 hinl
Night walch s L] 334 v ) 643
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Tahle 11T - Beveplor Phasa
Effector Phase. '
Virinbioos iy the timing of  the effeclor phase appear,  on the  whole, ko
vorrerponid with what  is evident for the receptor  phase. Moan  time vidues  {in

milliennonds) are shown in the  following tahle;—

rl"a_l,ﬁk_ ATITOD [TJHr‘I';-'I".'I CHOICE CouxtT AT
_l!:umnl;.un watoh 200 240 _ _‘_!f'lT 55l dsi
Albernoon wateh ““‘.::__ 248 239 __;;1:_ 1
B i wy a2 o s an
a2 w5 ms a4

Table 1V - Lffector 'hase.
Recovery Phase.

Sinee it was not possible o obtain o direct measure of ‘recovery’  time. the lenglh
of the time marein intervening hetween the einl of the responss o one sirnn]  cand  the
sppearance of the next sigral had o be considersd in relotion to the  naumber of
ineorract responses which ocourved in the varions test runs.  This = shown in Fig, | whieah

rapresents the error rates [ur dilferent tvypes of tasks arainet dumlion of the time interval
¥

o THOIE
3 —-—ﬂ—"i ; 1:15*:51!!

0 ?.ﬂﬁ 4“'*@ m ‘000 =
b5 45 F i [ENGTHIOF TIME mﬁnwcg. et E
SEAIRAR msmseccuns; L




HE

[n the subsequent tests, the rates ot which mgnils appesred were varied ahbove

below cach of these spesds, The detailsd picture of bl results 0 ghown in Figuee 3

I
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Fig 3 8irnal Frequency and Error lates

Effect of Increase in “Speed”,

When mignals appeared at specds higher than the comfortable apeeds [of
the varions tasks, there was a marked tendeney for error rules 1o rime  sharply. The
operator felt hot and bothered, and some of them gave up hefore eampleling
the test run, compluining that they wers unable to cope with signuls appearing at high speed.
Under increasing spevds, performance wad spreded up to some extenl.

1. When action did not reguire any thinkmg out, bul merely watching vul for
zignals, operators were able to cope satisfactorily wilh signals at an optinun
rate of 120 per minute.

Whin o little discriminstion had to be exercised they were able to cope salis s
factorily with signals Aowing ob a rate not axopeding 100 per minnte,

When responses appropriate to the signal had to be made, the optivoum skood
at 80 signals per minnte.

Bignal frequencies in exeass of tlivse spoeds led to sharp ineccages in error rates nad
in some operators o sudden hreakdown in the performance.

Discussion

“Speed’  and | Losd” stress temd to st up faotora  which combine  t
make up a viciows cirele, Increased load gives rise to need for more time befim
action iz initiated but since the oxigencies of the gilustion do  nob, as o e
allow incroases of the time available, the remedy nsually sought is puthinyg  cu nons

speed.  Inoresed ”Sputd" entajls prester  ncidenos of ervor, thereby lowering thl\‘:é
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ofliciensy of the skill. Henee the operator tends  to be caught betwean the urge to work
fuster and the rigk of commitling more errors, If he sacrifices speed for acenray, hix
lood of workk mounts up.  If e prosses on at high speed discegueding his migtakes it muy

nol be long bofors his errors resct against him

Control of Internal Stress.

The performance of individual operators was closaly wutched in order to ohserve
the behaviour tendencies of those who were sucoessful in keeping control over the
adverse offccts of internal  stress resulting  from  inoreases in “Speed” and “Load”
Tt wis noticed that  within  limitd, expert operators had no difficully  in  main-
taining & steady flow of correet responses when the signels exoesded the comfortable speeds
under diffarent levels of mental complexity,  Those who maintained their eompasnre, keeping
o ¢cloge watch on the signal streams, and foenssing their undivided attention on what they
were doing managed to deal with rapidly ocourring sequences of signals adequately. On
the other, hand operstors who gave way to the awkward fesling of tenseness heoame aadily
Qistractol, committed one areor after another and ended up in confusion. Expert operators
were alile to deal with signals requiring semi-automatie responses. for instance, at apaads af
190 and even 140 signals per minute.  The performancs of expart operators fully bore out
the trath of the elaim that the vizilant operator hes “all the time in the world to do what

F winnta'’,

Practical Signiffcance of this Study.

The findings of this studv have several remote practical implications, but
the main point of immedinte practical eonsequence is stated here hriefly. The  actusl
wirk of signalling, done from hour to hour by Signal operators working at  the
Moree Key, Teleprinter and Traffic Sections of the Signals Centre showed than the load of
signals traffic to be cleared tends to be quite high during cortain parfs of the day.
Thers are three possible ways of dealing with this problem of losd:—

1. Use of Automatic Signal Equipment. The advantage of this would he
that & heavior load of traffie should be cleared in a shorter time; with less
ohancer of error thay is possible in the case of the humsu operator.  During
the period of this study, one of the channels was mechanized.

3 Use of Expert Operators. It would naturaliy follow from this that o few
mwien who are expert st the jub can  clear & econsiderably heavier load  of
traffic a8 camparsd with a larpe number of men who are of avernge or Delow
average proficiency. The only difficulty about this i= that in auy sample

of Signal Operators, the expert is one in 8 handred or even less,

3. Distribution of the Traffic Load. Tt is known that heavy lads of  work
tI1LI.vIJ:'!E'II] in shart !'H'_'!‘iﬂl"tﬂ of ttme cause greator averall L_\ﬂ'.ﬂT'T- than  the swow
amounts of work dispersed over w comparatively  longer perind of time.




Conclusion,

In this study of Signnl Operatars working at the Indian Air Foren Signal ek il
was found that Speed Stress adversaly alfceted the ancuracy ol Lhe pavehomotor  peifar
mance whereas *Lond Stress! adversely affeeted timing, Uncep experimental conditions which
simulated fiva lovels of load, it was found that n time interval varying bistween o quarbie
and  Judf wosssond  iuteevened hotween the appesaranea ol gicta] and the  initialion of he

coesponse. Tt was fowed wlao that export operators could sope with Atgrads ot neaely doubils

the speeds which avernge operators could deanl with, this bring due to greater vigiluoes,




