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I. l NTRODUCTIOll 

With present wage levels already high, and "1th organized l abor 

demanding still higher wages for the future, it is necessary tor management 

to secure higher productivity from l bor in the future t han has been secured 

in the a.s t. In some cases organized l abor ha.a demanded t hat future ·wage 

increases be granted. with the understanding t hat such 1ncreaHs will .not be 

:folloii.ted by com ensa.ting price increases. Wage increases without compen .... 

sating priee inorea.aee can be satief a.ctoril.7 granted onl.7 if the wage in-

creases are accompanied by increa.ted labor -product1Tit7. At the preeent time, 
I 

euch increa.eed producUTU1' cannot be obtained b7 epeeding up the operator 

to an unreasonable pace. Labor ~ill not tolerate such practice1. The in-

creased l abor roductivity necesaa17 to compensate for wage incre sea must, 

therefore, be obtained bT the use of more efficient production methods. In 

some ca.au , increa.i!ed product1Y1ty is eecured by the installation of more 

efficient machine17 and equi ment. ln other c see, narticularly ith as-

eembly oper ations, rearrangement of the s tock bins, the installation ot 

simple jigs and fixtures, and the revision of work methods to elim1n te un-

necessary motiona and to increa se the etficien07 of perfonning t he remaining 

motions ~ cause considerable 1ncrea1es in labor productivity without un-

reasonable speed up. This l atter method of increasing efficiency is known 

by various names, some of the more common of ·hich a.re motion s tudy, method1 

engi neeri ng , and ork simplification. 

The average person usually visualizes modern production a s beinc 

performed almost exclusively by large numbers of orkers ,.,ho constantly repeat 

the same operation for long periods of time. Doctor R l ph ~~ B nes , on 
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359 of · otion .'1td imB Stu.dy (l), oinh out t t u.ch lo . -run ro-

u.ction i. n t t h ·typic 1 dt tlon ven in l r r l Ah. On the other 

d, .Doctor · ue t t mot oper.to:r.s or on relatiTely shoJ't-

otion it 

pr o u cti vHy of 

fre ue t •or • ny etbod of. inorea.d ·g the 

ort-ru roduct1on. ould , tli. re£o~e • b • ;pryl e 'ble to 

i de r of indu tr al ~ffort. 

fa t1on tudy liter t u.r recogni ·ea the 1 c' U1at. ot r thi.D«B 

ei ' r so tend to p rfor · n o er ti on t s t er if the . rk .h 

so t h t 1 t c 'b ·~ rfor _d. l:iy etr1c l ot1on th r a t her 

than if 1 i e:riorin~r by a nonsymmetri l motion , . th. S "ll ~ tJbl.7 

«>l"k i a u lly :Jerf o d &yJJ.Unetric lly 'by the . ) cu.~n.t ot rr nir.tne th 

o t . t e ch hand bu.ilds A ~ompl te a & e1 bl7 dnru.lt neou tr Uh 

th& Ot,ll d. 

ht d oU n. th 1 · s i d to b ymr,; -'ltric 1 '""hen 1 t ~et two 

r u ir l'1r t, A.t ry oi t in th cycle t rieht nd left hand.• 

- e ·.l dist ces to , he r1 ·ht , nd left re peotiYely of th e nt r line 

o'f th 'body; to fulfill th.ls requir nt, comµon$nh of motion to the rl.r:;bt 

a n l ft of t e n ter lin ot' t he body st he· f! r forti d by th nds 

stmul t eou. 1¥'. in o sit dlr otion • :tid tor 1 di ta.nee • 

s co ly, t .. n.v 01 t i th c cl the right l~:f t; ban. re 1 l dis-

t -~ 10 :t 1 front of t h. bodJ"• t o fulfill ·t is re uir n\, eompon nte ot 

· ti n t - r d or t . 'body mll t be J) l\'fe>rmed by t he h nda moving 

. i ni.lt.·n ou- ly, in d for 1 d1 t _noes • 

..,v r 1 r ~o, ·•hile t e t hor u. i ,mplo7 d mot on t~ 
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operations • hich led him to believe that consid.erabl7 l reer til\e B$.v1nga 

could be ~de by tbe a 1lica tion of symtne~rieal motion paths to shor t-l"lln 

product ion, t han could be m~d.e on l ong-run roduct i on ·here the orker 

changed ('P era tions i nfrequently.. It a. ~ eared that less ractice .t s re-

q,uired to a tta in · g iven l evel of skill if the ;not10Xl :pa.th were symmetrical 

t h.an i f it were non ~mmetri ca.l. Since , a s ha lrea<IT been point~d out, 

short-run producti on r epr esents a very l arge pr oportion of l:l industr1~1 

effort , i t a.pp a.r ed pr ofitable to ma.k a stud;r to det ermine 1f the p 11-

ca.tion of symme trical motion paths ould · ct lly y i eld crea t er aavinga on 

short-run production than on long-run :p1·oduct1on; fl.fl$ methods • roducing 

time savi llJ?s on short-run production 1ould have a 1 ide field of p B 1ble &P-

l ications. 

It s t he urpo e of this s t ud.¥ to deter mine i f the i m r essiona 

mentioned in t he r eceding par~ra h could or could not be Terifi ed. An 

o-oere..t ion vas ranged 10 t t it could be per f ormed by ei ther a s71Jll1le trical 

or a. nonsymmetrica l motion pat h. S ve:ra.l oFer a. tor s performed snort 25-cycle 

runs of t he o ration by one motion a th a.nd t hen shi fted to the al tern.9. te 

motion p t h a t t he nd of e oh 25- cycle run. This procedur e :1e.s continued 

until 29 runs b~ e eh mot ion path had been con l et ed by ea ch opera t or. Such 

a procedur e produc d t he ff P.et of th 0 1 er a.tors 10rk ing on ~hort-run nroduo-

tion wi th fre uent cha.DGes of o er a t i on. All oper a ting times er e recorded. 

A com:>a.r i on of t h time r ecords for t he t o motLon pat hs ge..ve a.n i.nd$-:t of 

t heir r l a tiv ef fi ciency. Such com a.r i non did indicat e t ,. t gr eat er time 

savings could be ected .f om the . 'Oliea t i on of sy.mmetrical motiC'n a ths to 

short- ru.n pr oduction . than by application to l ong- r un oduet i on. 
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11. llVlE OF 1l'liE LITEllATUR.E 

Althou.r,h a l a rge niass of litera ture has been published o the sub-

ject of motion and time study , little of ii a pear& to a 11' directl7 to the 

problem inves tigated in th1.s study. Fran ~ B. and Lillian M. Gilbreth, eon-

su.1 ting industrial engineer s , publi hed a set of sixteen rul es for m tion 

economy in 1923 (2). I ncluded 1n this li s t of rul es· wa one vhich st ted in 

substance t hat vo:tk can be performed lilore ef fi ciently by the us e of t . o-

hand d s ixnult neous .sytmnetric.e.l motion a t hs . The Gilbreths 1 em.phasts , ho ·-

eTer, was u on t he f a.ct t · t, in most c~ ses , if sylilllletrical motion .the 

were not used , t he AeJl.ds would perforn entirel7 d.iffeI"ent motions at the 

same time, and, a a r sult, t he dis t r i ut i on Of the ork between the t o 

hands · ould be unbal anced; one hand would then lose time while it ~aited 

f or the other to eom~ lete 1 t s gr e ter work loa d. With a imlll taneous 

t:;ymme.trical motion path, the hands · ·111 lv~s be performing idfl'!ntiea l 

motions simul. t aneous with ~ eri .ct time ba l ance r sul ting. In t his present 

study" it should be noted. tb~ t by either mot ion a th the hand., a l rays er ... 

f ormed identica l motions simu.l t aneously 1th a perfectly l» l anced ork load; 

the onl.7 dif ference s in t he symmet ri ca l or non ymmetrie 1 pa.t h t ollo ed 

by the ha.nds i n erfol'ming thet .r motions. 

The .,,bov · 10 ,ntioned r ul e of the Gil'brethe is tr uently uo t ed. or 

resta ted i n slightly differ ent "'ords by l a r ge nu.mber of writers on motion 

study subjects. Among the u thors who have referred to t hi Gilbreth r ule 

a re Allan H. Mog~,n on (J) , Wal t er G. Hol mes (4 ), Harold 13. fa,Yna.r and G. :e. 
Ste :~mer ten (5), and George W . . Chane (6 ) . These authors d ly s t a te the 

rul e without adding i gn i f ioant comments. 
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In his Wgrk ethode M.qnUal (7) Doctor lia l h M. :Ba.mes sta tes the 

Gilbreth rule and in addi tiQn comment s u on the f ct t het the symmetrical 

motion pa.th t ends to reduce bo<4' ti isti.ne, to m in ta.in defini tei balance be-

t een body mer.·bers. d to eliminate t he hock uroduoed by un'b -.1 need, move-

ments . Doctor :B rnes ·points out tha t t hese t ndencies re ult in reduced 

f tigue and in reduced time con umption. 

Herbert c. 5,,. ter. in M.oUon Study (8 ), sta tes the Gilbre·ths' rule 

nd t hen roceeds to e . 1 in that a per son can e perienae the difference be-

t e n s;ymm~trical and nonsymmetrical motion b7 ovirig the· h~nds in a7t1-

mctrical and nonsymmetrical atha in f~ont of the bod1'. The x. erim~nter 

will theu be ble to obserTe the bodl' t ·1st d the unb la.need :forces i:iro-

duo e<l b1 the non&fDlllletrica l motion, as compared to the smooth b lRnced move-

ment s of the symmetrical motion. 

Ste -a.rd l . Lo -q. Harold :e. IYJlaTd, and. G. M. Ste eY. rten (9) 

chance the ·ord.1ng of the Gil breths' rule slightly but r e ... in the genere,l 

meaning. The7 st te t a t, hen symmetrical motion pa.ths are used, rhythm 

and utomatic1t7 deTelon mo s t naturally. 'fhe7 discuss the f ot that,. when 

one halld follO'NS a pa th diss i milar from t he pat h of the other hand, there 

is a t endency for the o .. er a.tor to wor fir t with one hand nd then 1th 

the other. This t endency-, of course, resu.l t s in time losses. 

Doctor Barnes ba a conducted a con ider ble amount of fundamental 

re.search i n the fi el d of motion s tudy. Most of the r sult s of h is e :in eri-
' 

ments have b<>en r ported in va rious Univer ity of ~ow .,.,,n ineerin_e :Bulletins. 

I University of Io a :Engineer ng :Bulletin 17 (10 ), Doctor :e~xn and Doctor 

·<>rvin E. Mundel r eport t he r sults of c r t a i n "tudi es regar ding simu t :lneous 



8 

symmetrical hand moti ons l1ich the7 conducted. The~ inveetig t ed the ef£eot 

roduced on op ra tion time by o~ing the angle at which th& hR.nds moTed 

rel tiv to the l>od.1' •hen performing oper a tions by a s7Jm1letriea l motion > th. 
/ 

ention is made of the f act tha,t time s :vings can frequ entl.Jr be made by the 

use of symmetrica l motion paths. No direct oompar.1son is m~de, ho\rever , be-

t een symmetrical d uo11s;rmmetrical mo ti on pa tht;. 

Doctor .Barnes , Doctor Mundel, and John M. MacKende, in Univerdt1 

of Iowa EAAineerim;; Mletin 21 (11), describe some 1nTestiga t1ons into the 

diff erence o! time required to perform cert . in operations b7 one- handed and 

by t wo-handed simu.l t a.neous symmetrica l motions. Al though they compare the 

s;ymme trieal t o-handed motion a th v i t h one-~.nded ork, they m ke no oom-

ar ison bet een symmetrical nd nonsymmetrica.l t wo-handed motion a.tbs. 

'l'his rP,view of the litera ture r Te s t hat the writers on t he ub-

ject of motion d time stud-7 r eco nize t hat o er a ti one c be erf ormed 

more r ·· idly- by symmetrica l motion p ths. a does not reveal , h ·ever, tha t 

~ inv tigat i on has been m de s to hether or not roportion t el.y grea t er 

time savill(l; s may be ex ected by Plica tion of- symmetrical mot ion a ths to 

short-run t han t o long-run roduet ion. 
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Ill. TD INVESTIGATION 

OBJ CT OF '11HB INVESTIGA1'ION 

The object of the 1nvestlga.t1on was to determine the relatiTe •f-
fici ency betwe·~Jl a &1JD11etrical moUon p th d a nons7l1Jlletr1cal motion pa.th 

for performing an 1ndustrh.l. operation, other conditions being equal. To 

a.chleve this objective , the following major step• were t aken. First ,. t wo 

mo tion paths h.a.Tin.g equal ·ork content were set u:p : one motion pa.th was sya-

metri~ and the other was no.zuymmetr:Lcal.. Second, eight oper tors were 

chosen to perform the opera tion•; ther alternat ed bet ween the s)'lll!letr1cal 

and nonsym.~etric 1 motion paths ~t the end of each 25-ercl run. Third, an 

aocu.r t e record as ke t of the tiae required 'b7 each operator to perform 

ea.ch 25-cycle run. Fourth, b7 compari ng the time r equired to ;perfo:tm cor-

r esponding symmetrical and nonsymmetr1cal runs, an index of the rel1&tiTe ef-

tici ncy of the t o motion paths was obb.ined. 

THE TWO OTlO.N PATHS 

TA• 9,per a tion. It was desired to select an opera.t1on which would 

h.ve oertain chal'aoter1st1cs. It should be possible to arr~e th~ oper a-

tion o tha.t 1 t ould r e t a in the saae work content whether performed by a 

ymmetr~ca+ motion th or by a. nonsymmetrical motion a th. The o er ation 

:mu.st be simple enou~h to be within the c abilitie s of the available 1 .bora ... 

tory equi m nt. It should be similar to oner a t1ons found in industry. It 

should be of short dura tion sot t a r .ther l arge number of <:Teles could b 

performed i n a rel&tively short time. The oper a tion should be t wo-handed, 
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· th eQ.ch hand begt.nning d endinti; !mil. otione nlJnUlt eoual.1; . 

11h o;per t1on el cted .tl!llfllletd All of the reoed1ng r,qntrem~nts. 

It c.ond bllng a look a thcr d. nto · 'j/8 1nch 

by l i neh quare he~ ch1ne bolt. i? ch hand constructed. e• ai- ·te aHPl-

blf 1.naltaneously. 

~. oper aUon JAq 'b de .o:rlbed a.a :foll.owa: · ch Wa.nd rea.cb.et to 

1ih in d ecure• a 'bolt . 'lb bolt cai-r1ed to th9 ~ 1uu1'bJ,y :tl tu.re 

· d. •. l : ced therein with the h• ds. do ch hand rea.ch s to the 'bi:a.• Qlld 

0cu:r .a . lock sher. '.che loo ,. · thets r, CU't"ied. to tu l 't d l ced 

thei-eon. -.. oh. hand reaiC'he& to th bins d tteour & a l in wa.eh r . '-'he 

l a in • · hers ue e~rr1ed \o th 'bolt · d pl ac a. th~reo.n. ~ ch h d. ae-

car ell!e ~ finished !AS embl.y from the ft tUJ"e nd di poses of U ow ~he !""' 

embl3 chutes. 'I! e . eycl · 1s ~·h n rtpea,t 

n motion a\udy ork, U h fr quen.t pr al1ce to d.••OTi.be 

op r tion. in t91'Jns ot fu.uda.ment l ~otionc Moh e c lled th r'bli '-'s • fhe 

r t1 n s l~cted f .or e in thi tw\v 1 s d cr1bed 'by th '1a (Jf ther-

bligs in ! ble 1, p a 11 d 12. it should be boJ"ne 1:n 1nd t · t th d -

crip·tien 1n 1able l coTel"s only one l'land. ~e othel' nd. 1. erfol"lling 

th e1 t h r oltgs 1mul. t .aneou ly. Th& the.r'bligs used 1n this d . orip tioll · 

d, fined in. App ruU. I, p,.ge 60. - A compl ete di -mttsion of' the nature and 

us >f th r blig& mq bt found on age 6~ 'o 66 and 107 to l.33 of Mot,t.o,n iJl:d 

l! i l<le i;> tU(}M 'bl ;ap,rn~s ( 1 ) . 

'lbe SY!ll".Jt1itrioN. Mptiqn .Pg$h. '?he r .... >F•<="'' ork l aoe 

:for t h ~ ,trica.l motion t h i illu..str t ed 1tt Yi e 13. A 

.ir or ook ehe;r • And a tr 
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r.w;w;~ltl J)i,iSORlP'rIO CF THE -OPERA'l'XOl:l 

Thi D cr1 Uon A l1 t o "'Uh r the Left • d or i~t d; 
h y 2erfo . 1 entio 1 Ther 11 Si taneo sly-. 

IG 

Gr s 

Position 

sse ble 

ele e l.o 

Gr. ;p 

Tr nsport Lo lied 
nd .Pre-posU1on 

As emble 

Rel e Lo d 

'.l:r~ns ort Lo.ad ~ 
And Pr - Qsition 

~BANSPOR.T 
DI STANO 
l cro:s 

8 

12 

.... 

12 

12 

... 

12 

12 

Re ch for bolt 

l1'1Ck up bolt 

e rry bol·\ to a H&m'bly ftxture 
And. turn he d.ow 

11gn bolt h d th fixture 

~ ce bol t in fi tul"e 

O n f1nge.r$J ·from 'l)ol t 

ae ch !or lock sh r 

l?1c up lock she~ 

O rr:r look sher to bolt 
nd t1ll'll hori nt l 

Align look a &her i th bolt 

Slide loc a h"r onto bolt 

, f i~e.r from lock ch er 

Re oh for l in aehe~ 

. sher 

to 'bolt 



PosUion 

Assemble 

Rele-.ee l.oad 

Gr asp 

Transport Loaded 

Release Load 

1.2 

t.AllLE l, CCNTINUJ:D 

m.\NSPORT 
DI STANO~ 
INCHES 

4 

D:BSaRIPTI OH 

Align plain washer with bolt 

SU.de pl a.in washer onto bolt 

Open f 1~ere from plain wa1her 

Olote fingers on asaembl7 and lift 
f :rom f 1xture 

Ca!T7 a eeenbl.7 to dispo1al ·chute 

Drop asse•bl.T dow chute 



n,1'1':?Mrmr1ca l ~ion . t l .. 
!4 ek 1~ • 



for plain washers. One bin of each p~.ir supplied the right hand• while the 

other bin supplied t he left hand. Each pair of b1ne ,s arrQ.nged in a s,ym.-

metrio 1 manner. The bins of e ch pair were located equ1digt nt to the 

right d left of the center line of -the work ph.ce -.rid equ1d1 stant from the 

front edge of th t ble. The r l tive location of t he different bins can be 

best v1sua.lh ed by reference to Figure l. A d1spos 1 ohu.te an - assembl.7 

nest for e ch h '1nd \lere a.lso loo ted in s1m1la.r symmetrical ma.nner. The 

distance from ea.ch esembly nest t o the center of its corresponding disposal 

chute was 4 inche , the diat~ce fro the dispoaa-l chute to the correspond-

ing bolt bin wa.s 8 1nche , :.<.nd t he dist ce from each stock bin to it cor-

responding a ssembly nest waa 12 inches. 1th the 1ork place a rranged in this 

ner , bo th hands ao•ed sb:n.iltaneously in a symmetrical motion pa.th. 

Th; :NonsYllllljletricaJ. futiop Fath. The arrangement of the ork lace 

for the nonsymmetrical motion path is illustrated in Figure 2, page lJ. The 

a e stock bins were usei1d for the nonsymmetrioal motio.n p th a.s 11rere used 

for the synunetric;..l. Reference to Figure 2 , ho •ever , will sho th t, for 

the nonsymmetrica.l motion p th, the bins were rrG.nged in a none1lDIJletrieal 

p ttern. The a sse bly fi:rture also located the dispouJ. clmtes and the a s-

sembl,y nests in nonsymmetrical manner. All the transport distances , how-

ever, re ined t he same a s the corr esponding distances in the symmetrical ar-

r ngement. Tbe d i ta.nee from ea ch QSsembly nest to the corresponding disposal 

chute wa s 4 inches, the d1st1;tnOe from ea,ch digposal clmte to it corres ond-

ing bolt bin a s 8 inches, and the distance from e ch stock bin to its cor-

r sponding a ssembly nest was 12 inches. With the or pl ce a rranged in this 

manner , both ~s performed identical t herbligs simultaneously, but the 
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hands moved nonsymmetrica ll.y in the oerforma.nce of all transport therbl1gs. 

summm of the Two ot1on P&thB· The same operation va.s the bade 

for each motion plil,th. Corresponding transport distancee were identical for 

. both mot ion pat hs. The t o motion paths had an equal work content. The 

hande performed i dentical therbl1g1 dmultaneously in either path. The basic 

operation 1e sisilar to some aseembly oper at ions perfonaed in induat?'T. 

DESIGN OF THE Af'PARA.TUS 

Table. The appar tus was rra.nged on. solid ha.I'd wood ~ . ble 29-

1/ 4 inches high. with a orking surface 48 inchet bT JS inohe1. A rect~

l ar hole 8 inches by 6 inches was cut in the surf ce of the t ble. It e 2 

inches b <!le from the :tront edge of the t able -.nd centra.11.y locate~ with 

respect to th ende of the t _ble. The long a.xis of the hole was p r all l to 

the front ed.g of the t able. Wooden stri s were scr ed along the lower 

edges of the hole in such a manner as to upport either the s~ tric l or 

th nonsymmetrical a as bl y fixture i n the hole, 1th the top of t h fixture 

flush 1th the t abl top. The location of the mounted fi :ietures is well 11-

lu tr~ted in Figures l nd 2 . page 1 • 

o sheet metal disposal chutes wer e sere d to the underside ot 

th table. One was ao loc ted t t a S1embl1es drop ed. through the right . 

h . d disposal slot of either the symmetric or the nonsrw:aetrieal 4l.He•bl7 

fi ture ould fall into t he chute and be carried a¥· Th other chute waa 

so located t hat a ssemblies dropped through nd disposal slot of 

either fi ture ould f l into t t chut d be c ri d awa;r. 
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Loe ting hol e 'J/J2 i n(fh in d.1 t er d. j./8 

d.rUled in the t able to. t receive t he loc ting p ins oi the toe 'b1J1 • A 

et ot ti o hol v 11 drill d for e ch loc tion. of ea.oh btn. th hol es were 

so l~c~d t l t, hen t he locatine in o! a b1n v re in the 

t f hole in th \ ritbl • the 'bin \t!Ould be in the p roper loc Uon :tor 1.he 

11 tion er!ormed. A bl c ~ circle e drawn r cWtd ea.oh l o tin« 

l for th. A r ed circle "'~e dr w on.nd e oh lo-

ting hole f or tl.l etrio otion th. L ttering o the t ble to 

indicat ed hich bi n a s to be l. ced on a ch et of locating hol.e • 

t ck bin 

t o 1mil r stock blna of ~ 11 h.tly differ n~ de 1gn ere proTided for 

th bolt • All ins ver 1 roTi ed from ch 'bo ea. The a sher b ins 

er 6 1nohes bt 4 in b¥' J..-1/4 1nclie d p. The 'bolt bin 6 inch 

by 4 inch a by l-3/ 1n:ch e d ~e btns h. 9uff1e1ent 'ion .· a lo to 

c n ~ J rt to !e d do \o the front of th bin. lip 

to f c lit t e !'as. 1ng th 

~eneral char , oter1stie t t bin~ 

The bolt bin di not 

illuetr ted. in 1gu.re J , 

lip. The 

e 17. 

:i:w lo t i ng p in , Sf 64 1 ch 1n ell ter · · tending l/4 inch 

'be nd t e botto o:f th bin, were drtv~ 1.:nt the bottom of ach in. hen 

t p· n ·ere 1n ert.,ct into t h corre " onding loc ti ho.let i n 't he t bl • 

loo~ t.ed in it roper osit i on for t he J oU on p th 'be1ug er-

o:r The 1n nt of th hin · f r ot'l th 11' 

proper loc tion du~i rlo ce o.f t he ·o r~tion. 
• 

.Du.r1 th. t.e t., cover d t hat t . e bin i d not 

uncti n very t f ici nbly. ~h le to rform 



17 

FIGURE 3 . OCK Bms. 
BOLT Bll\TS M LEF1' - A.SHER BINS AT R!Gm',. 
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vat not the most efficient possible grasp. Since \his condU1on affected 

bot.h .mot .ion pa.the equally, it did no' affect the comparison of resul ta be-

t• een the t 1110 motion paths. 

Af1Pb11 fixturt1. An anembly fixture wa.1 prortded for ea.ch 

~t1on path. !a.ch fixture pro:v1ded an assembl.7 nut aDd. a dhpc>aal slot 

tor each band. Jach future was made of a piece of hard ood 8 inches 'b7 

6 inchea b;r 7/8 inches. 'l'he fixtures fitted enugl:r into the hole in the 

t able and were supported there with the top of the fixture f'lllsh ·with the 

t able top. The disposal slots matched the d1spoaa.l chutes of th~ table. 

The deta ils, or the l~out of the s7J11roetrical fixture are show 1n Figure 4 . 

pag·e 19. The details of the lqout of the nons7J1U11.etrical fixture are show 

in figure 5, pGi;e 20. 

Each aseembl.T nest was constructed by drilling a 51/ €J.+ i nch hole 

7/16 inches deep. A 5/16 1nol;i wa.sher was f at.ened into the bottom of the 

hole with a. wood screw in order to give the l1Ht a fl a.t boitom. When. the 

he~d of a ·bolt wa e pl aced in the nest, the head fitted snugly enough to hold 

th bolt Upright while the w&shers were being a ssembled. 

Diwoeal :Boxes. 1' o dhposal boxes were :provided.. They were con-

structed of 5/32 inch plywood, and were 12 inches long, 5-1/2 inchee wi de, 

Gi.D.d 12 inches deep. One box was pl a ced under e ch dhpos-al chute to catch 

t he assemblies s they slid dO'Wn the chute. 

Sjool. The o er tor was seated on an djustable height o .ckleee 

stool while per:f'orm1ne.; the opera tion. The stool wa s adjusted to a height of 

19- 1/ 2 inches. 
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ol t u d ln iJiotr or i~ th ;; embly op .r tion wer" 

J/fl i noJ:i ey l i n h .., u.;:...r • he-..d >>kChi n. bol i:3 . ..f i fty- ·;o bolt ••er . us d. 

l..ock '.'·- be.rJl.. ':L'h lock v;t.S er u d in r 1' . i nf; th,.,. .ns Jn'bl y 

01-i-.r·~.tiou ~,, r J/S inch s. , . ~~. $t&rul ..... rd r , . il. r r. cti(\n l oo. -.n;,~b ... rs. --i -

o ,~r&.t ·on '".re 7/16 inch s. A. 3. St;...nd.;>.rd ,'l ·in V!" a.h .r . . A;)11r o;ri '~ tel.v 80 

;r~ [lll\era •·: r us d. 

Th <:lt0) watch Uf,P.ci tc t · e e:;i.ch .? ,5-cycl"' run wa 

1.lecin;l ginute '' tel::. lt h cl ;:; nve ·~" h$.nd m:-.. k i ne, on~ T"!Vol1 t ' on-; .r rinut e 

1~ i-1u r..-. ding i n lnmd.r~thS'! of :• mi .nut e. J-. ~ . all n inut I'! h~nl r .. a.I by mi nut s 

) to )J r·i u.t s . 

Gou.re , >er:e.torpi . 'l'he O".'>"'l'.;.tors •,;ere i; • l .. ct .d. :fror1 th 

·u.U' r 1 s 1,oti,on ~.n i'i Stud,y cl =- as '1. t Vir~ ini r;.. Polyt .ehnic Institute. 

l w~nd..lrhtes e -- 'lill'1?.d. • re m. le v t l' ·Il'l of ·ro rld :: II . ..:~.ch of 15 

u··i::d k J >hnson O'Oonno (:~) . 

i' di~ ,ter nd l inch 
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lone Jll.Qde of hara brass :ir • 

A run t e .eci m l stOJ "'';..tch for tirui ~ t h. t e t . 

A •,;o r· ti.bl..,. 29-1 / 4 inch~s h i :,}.1 U"')On t•l ich t he t e~t ~ ·~.a n rfo1 d . 

An '...,<iju t " bl. h ,i ght b.;.ckl .sl" s tool upon ,,.hi h th t" 01i"rator was 

n ;>,t . •,•hile b""?i ng Let ' 

One h.. "ood O' .... r d ,.. ineh~ •i , 1 2 inch,s long, ··.n d 1 inch t ic • 

ln "' r .. l f of tbe· bo rd 100 h.OlPt:i •.:e rt'l dri.l i in linP£ t 1 holM l!'...a h 

y ' th ·h. lin~s 1/-? inC' .. h "'-:•rt i n b t .b d . eeti n • '.f'.h,... h 1 s h- f1 ,, d.~pth of 

J/~ inc!. $ ;.,,nd. llh .ci ter of 0. 196 inch~ s (nun er 9 drill) . TJ., th .r end 

of ~ ii hr;;, tl. con~ te of -. sr ·.110"' tr~ · .;11.ro:-i1:., t . ly h inches "JY' 5 inch 

·r,., 1/4 l cl: e t··ith sir' £ s lo)illf.~ ge>n tly so tli:t th"J ni ne could n.ot b e 

~i:tr:..ep ~'-l 1 y "'at }r.r·i0;;; th~m .. g:..in~ t ·thi'J ni d1>n of t h. t r.?.y. 

;11h, ~ .;;:.:?J iU'"! • W 'V e t he fo110• . .r i l1{:; i nn true ti fi tO t , P,V).P.\ ifl "'e t 

"S ,.- t ~ mir elf t t •!' t 1>1 e •-tith tht! bo: r d ·n' cor,1fort-.blP "Orvi r ·,. ~o s i t:l. on 

i f rcm nf you. 'lurn the bo .rO. ~o th t t l"e tr· y i s :tt your ri;)i t i f you 

~ r i ght h .-J1deu , or ~ t y u r 1 .ft i.f you <r l e" t hr cl~( . 'l11e 'h a d sh ul 

'h~ -t , i' )ro:id.nLtely right ,,,n,.;1 s to th~ •·orkir , .1~nd. You. ;;iy o:r 1 'y not 

rP is t t. b . '"Or ~· 1~ '-rm o:r P.>l bov on the t - l .... ccor«::i. ne; to y («U:t' o 1 'Dl'ef n S';?nc • 

J.'h,... .o . c oo:u .,, 1n 100 ho l s e RCh o '-!hi 1 r...,.s oom for thre., 1 in... ti.s 

n . t ~ tim~ ;;.n<l f ill t h l ol .s 1-1ith 

th.r l!3 .!') in '"(loci·. Uo on , h.<>.nd nly. ;)t:-rt in t h"' f ;,. rtb~ t hol- of the t n 

ro·,1 .. ml , '·or)ri rit; ov:·~d tl·~ tr .1.y , fill . 11 the },oll'lS in th . t;o. l"O"• Ne-:'(t. 

st :trt . t th -<: f;,rtht>'l';lt ·101', oi th J gccond rov · ·Jld iill th :i t :r '"'• ThF<n f ill 

n until -11 ro"'s X"' fi 1 Ai. lf you 

l i ficulty 



23 

rea ching the emp t y h oJ. s, or you may knock p in out of t h pr vious l y f illed 

holes. Fill iea ch r ow compl .t e l y bef o r e you s t .art t he n . t . Do no t i p 

around. Tl r a re e tra p i n s in t h tr~. If you dro . f e f u in on t he 

f l oor , cl o ot s top t o ick th m u • 11 

Af t er g i v i n ,, the e i n e t h ) instruction , the x~miner mii.de su r , 

th~t the ubj ct compl i ed with t e t arting conditions. The examiner demon-

, tr~t ed t he op~r:'i tion by f i lling t he f irst th.r e hol es h i m el f. ~1he :pins 

w r e then t u rne t o t h tr Th e , i n ,e w~ s dir c t ed to nr ;;.ctic by 

f illing t he fir st r o·._r , ~ ft r "hi ch t h )ins were <;,g2in r etur ned t o the t r s.y. 

'l'he -,x.wni nee ra g iv n .-. c nc t o ' k &.:ny ciu .st i o &i t thi s t 1rle. Th , sub-

j ect w s t h n di r ect t o f ill ~ 11 100 hol s a r p i dly a no -- s i ble l !ithout 

stopping. 

By ,an s of t he t o;:> "'"' t ch , t h e:Y.:a..mi n . r det ermi n?.d tn h;p ed 

tim~ f rom th f i l ling of th fi~ t hol e to th i lling of th :fiftieth hol ~ , 

· nd. t h elo.p ed t i m from t he ~ illing of t he fifty - f ir t hole to the fill i ng 

of the l : s t hole. 

The ex~minae 1 ~ soor .as de t .rmi n .d by th f ol l o•,;ing e t .tion: 

~ Scor 

Th e r sul t of :..d.mini t aring t h dexLri t y t est to th 15 e:.x-

~ine s - re sho m in Ttable 2 , ·µage tJ • Although. t h!?. t e t used i n this in-

v estig.:i.tion i s not e .a ctly lik . t h O' Connor test. it i s believ d th~t it i s 

u.f.r'i chntly i1:- il~r t o 9 r o :u e .,ub s t H.nti l ly thP- s~e r er-u.1 t s . In column 

t hr . of Table z • .,.,re sho,.,,.n th r~ ng s of , cor s cov .r ed by ,g.ch qua.rt r of 

t ri~ dist:ri u t · on o' t ai n d by O' Co mo · by g ivi ng bis tes t to a 1 r g e numb r 

of T'er so11s mr e:t·ing «<. wi de r -;i.nga o p erson 1 char a c t eri s t i cs. T?.b l i!! 2 
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indicat es graphic lly into which quarter of O'Connor's distribution each oper-

ator t .sted during t his investiga.tion ould f d l. It rill be nohd th.:1, t • a.s a 

g ro p , the oper~tors ex~..mined scored i n the f~ster brack~ts of th , O'Connor 

distri bu tion. 

~lection nd Groupine of t he 0Eer ators. From t h 15 sub j ect s 

t . t ed 1 8 ope r :i t ors " I .r s elected m d divided i nto t 1·0 gr oup s on the b2.$is of 

t h dext r ity t t. S l ecti n w~s so m de t h~t t he followi ng t wo con ition. 

wer sat i fied. 

l. The op r at or el ected were di tributed f~ irly uniformly 

t hroughout t he scoring di stri but ion 0f th e t ire group e a rnined. Columns 1 

.._nd 2 of 'l';a,bl 2 sh w ho• ... successfull y this con ition va s sat isfied.. 

2. 'l'h eigh t oper tors ~~ere so sel cted t ha.t they could be divi ded 

into t -10 i.-,- man gr oups of ap pro~ im tely equ de terity score. Wh n thi 

division had b e en compl et ed , Group A had a tot 1 score of l?. Ol4· , Gr oup :B 

h·~ d .._ t t al core f 17. 07. Operator in Gro11p A '11ere numbered 1A1 2A, JA , 

i;,nd '1-A; op ,r a to r in Gr up l3 were nwn ) •~r l l3 , 2B, 3.1, , ... nd l~B. The compa r -

tive scores of ~ l opera tors ;:lre r .corde in T.able 2. 

?ersonrf,l D;z. t of Oi er a tor • The 1)er 0 on 1 da t a of the ei ght se-

l ec t d. op er c.tor s oi r e outlined on th followi ng ,. es. 



Weigh t : 

li~ight : 

He.~.lth: 

Vision: 

J)e:xt erity Scor :: 

liob'bi es : 

Jobs H. ld : 

Milit~.ry Servi ce : 

OPERA.TOR NUMBER lA 

24 y a.rs 

165 pound 

6 f t 1 inch 

Good 

1form;;1J. wi thout gh.sses 

None 

None 

Aeri al n~vig~tor a ss i gned. t o air- sea 
rescue >t1ork. 

]'our mont hs :for ei gn service. 

36 months tot l s ervice. 

Sep!lr ted a s se cond. lieut n~.x1t . 

Wor ked ~t a. s l ow. ste..,dy , asil y mdn-
t a i ned pll,ce. 

Was never hurried or excit ed. 

Se l dom f umbl ed. 



;-.cal tli: 

isior:: 

. O , ivs: 

Hil t~ y Servi · ): 

27 

155 p un· :3 

5 feet 10 i n hes 

Good 

4 . 3G 

3 )Orts 

3~1ipynrd aon 'O.:t :l. c.c :1::,ch'lni··t f or 
-t;r;o yec.. ;::; • 

l'..cr i al :r.a'l.riga.tor o 1 heuv-1 bombers . 

Based l r. .. ;.<1,n;land for f. ve n onths . 

vO r.tontha total service • 

• a.G :t:co •tior.a.ll:r G .. 1oot!1 ru:O. accUJ.Ute • 

. ·.npct:rc '!. to 'l.mrk w1t;;1 little oi'fort , 
but r..:.c!1icvco mwello~1t O)Cr(1t;inr~ tinos .. 



N i ght : 

.ii ;;,.l th: 

J bs R ld : 

28 

2J yea-

1.50 pounds 

et 7 inch s 

G od 

•• r m;.1 ,· thout ~l sses 

J. 9? 

H1. nt i ng :fisbi .,. , , nd :ridi ng 

·:one 

lnf,.;n t ry plfol, t oan 1 ,, der . 

81'!V n ~:ontl , of co ~ •. t cm 1 t a} i ·cn Front . 

·wouncled i n Actio • 

L~ft ri st ~ · -:. stiff L S ~ .,st l t o a 
tr~ ining ~eei ~nt • 

. / rk~d ~t ,.;,. t i orn, , si ly mt il1hin1'd. 
speed .. 

Ooc· i on :;; lly mi.:ff red f rori ~ er-i~s of 
ucc.,sa i v , fumblr> s for •:hi eh no r-e;;tSOn!"l 

w l' ~<-· ~nt . 



Age : 

Weight; : 

Vi sion: 

Xie ... t .r i ty Score : 

Hobbies : 

Jobs Hel d : 

Mili t ary ~ervi c e: 

Rem:.i.r k s : 

29 

Oill:RATOR NUMBER 4 A 

23 y ars 

170 pounds 

6 fe et 

Good 

He vi s i on good 
Ji' a r vi s ion f air 

Cl rk ~ t r ailroad res ,rv~t ion de k 
b t een school terms . 

Army S eci ali zed Tr aining Progr~m for 
9 months. 

lnfa.n.tryman for 9 mo th • 

X-ray r pairman for 15 mont hs. 

33 onths tot l servic • 

S p&i.r a t d " S a :riv:a.te first cla s s. 

Co:mb inerl r :;·pi d mov ement wit n. con id ~r
bl degr of kill. 

A.?ear d t o be able to mai nt ai n the uaoe 
h s et . 

Jas · v ry consi t ,nt operator. 



lle i ht : 

ll a l th: 

Vision : 

De'(terity Score : 

Hobbie : 

Jo'b Held: 

hilit a.ry Service : 

Rem~.rk .. : 

JO 

2J ye s 

155 ounds 

6 feet 

Good 

No rm~l without gl :. sses 

l+ . '11 

None 

non, 

Gun.-,er i n an infantr/ ho i tz r com ey. 

30 months tot al el"vir- e. 

Sep rat d Rs a corporal . 

Ste dy con i stent oper a tor. 

Set Rn e <->1ly n .-;. i nh ined pac • 



Ag : 

w i g.ht: 

n ie;nt : 

Bea.1th : 

D }."terity Score : 

Hobb i es : 

Jobs liel d. : 

Mili t ry ~ervice : 

R,,mark 

Jl 

24 yef;.rs 

18 5 pou.r.ds 

6 :feet 

Good 

Normal without e l a s es 

4. J? 

J:flyi ng 

Wo rked in production i ,.,_nni ng d.!'!':par t ment 
for t. hre~ months. 

Instructor ' nd ph ,toon l ::i,d.~:t in " rmy 
corp,,, of en,gin~ l!lr . • 

Served on "' y r i n the Eu.rope~n The~.ter 
of O_. el' t ions. 

Two m nths of oombS!t t . 

J6 months tot l serv\ce. 

&d onJ.y ,verage s kill , but devel oped 
eYtrene e erg;/ ";tnd sp eed. 

Could not h~ v , m:a. inta ined his sn f?d -er 
an ent i r wor1·i ng da.y. 

His gre;;i. t s p ,ed. and exer t ion re sult d i n 
n e7.ces ive a.mount of fumblin~. 



Ag1'1 

'1, ~ight: 

Ii • .l th: 

Vi >ti.on: 

:· ~-rt ·~:rH seo:re: 

F..cbbi ~ : 

J Jbs Held: 

J2 

22 "/ rs 

5 feet 7 iiahes 

Good 

J.i(l!'l'..'\.ltl '•ithout t;l-"'&S E~l!l 

1~ . 06 

s r o:r t ll 

None 

rL1 · -- vig· tor on h " l y born er • 

'.i. :o month for .1f;n ~rvice. 

'l'.,o t!omb;it i i en • 

27 ~ontb, erviee. 

lieuten :.n.t . 



Ag.: 

.H~ight: 

H · 1th: 

Vi i on: 

De:::t eri ty Seo e: 

i bi s : 

Jobs ll .ld: 

JJ 

21 ye r 

15G p ound . 

.5 ~ . t l inche s 

Good 

J. 9J 

!ron. 

lfo. vy b mber p ilot. 

26 m nths ~ervi e. '!I' . 

Se ar ;;; t"d a 11 oeeon' li eut ;;;nt . 

Al t bougl '.l , ~:icert "d on i d r ;;..bl e .. n~rf!.Y 
..i.nd movP-d a t high sp ?d . h e •rorkf!ld with 
li ttl~ :furJbling . 
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Discussi.on q:f Oper:r:tors . l'he following f ~.cts regar d ing these oper-

~.tors sh ul d be no t ed : 

1. Th o er .. , t ors 1 ~· s r~ed from 21 to 24 7ea r s. 

2. All oper~tors ~d served i n the ar m d forces duri ng orld WiU' II. 

Sttch s .rvice indica tes ~ good physical condition. 

J. Four ov , r a tors h~.d served a s i r er ,'!o' member"' . l3ec9.use of th . 

h i gh phys i cal st ~.nd.arci s of the · ir a r m • such service indic~;tes .a i:mp~rior 

physica l development on the p~,rt of the e o-per· tors . 

Li .• 1'he fi nger d xteri ty test used i n this study wa.s not ex..,.ctl;v 

lik t hto. t u ,d by Johnson 0 1 0on or ( : ... ), but it should give rea son?bly s imi-

l~r results. Table 2 e p ·ctg e zl , shows th~.t the sub,jects e J;<In ined scored. p rin-

ci «ally i n the f &.ster br :il ckets of 0 1 Connor' distri hution. Since 0 ' Connor 1 s 

study covered subject ~ v ith a wide r all{:;e of p ersona l c~racterist ics, it wa. s 

exp . cted t ha t the sub ,j ects of thi s t udy woul d , becau se of their youth :;o,nd 

good hea lth, score bett-r than 0 1 Connor ' o ~.verage. 

5. The f acts t :o.ted in the four precediru~ p x~r:;iphs i nd.ic te tha t 

t he selec ted opera tors ~re not :repre s ent~tive of the av~r2ge i ndu ·t:rial 

1.rorker bec;;;;,use th~s oper .,.. to rs a.re younge:r and i n better "}lzy- i c 1 condition. 

Ho•vever , they a.r e f irly repra , n h .t i v , of a large group of ~ ro rkers r::ho ~ 

now l1 tering i ndu tritl employm nt - n..a.mely , .t he veterir.n of 'hrld W .,',}.' II . 

Si :n.c the r ults of the s tudy will b 1)il.Sed. not on total speed, but on the 

d if"" r en c e of ;:; peed b t "' en the t rro motion paths, it i not b1"1ieved thP.t 

th~ v ca i~1c 0 of th~ e subj cts from th ~.ver ,c;e indust ri rd •.-10rk er v ill m ... -

t erhlly 'idf c t th~ r sults of thi -~ t udy . 
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I>IE'.rHOD OF .P:B.OC.EDUlUl 

Arrapgement Of Wor ·· Schedule. The tes ts covered a span. of four 

weeks. Each op era t or worked t woµ riods per i·eek, or eight p eriods during 

the study. Each ··1ork r i od l a t e a)pro i .at .ly one hour. 1fh e "JOr k ·1eriods 

for ea ch o _. .• er a t or 1-rere r r n~ed · o t ha t they oacurr ,d a t t h e .e.me time M.ch 

; eiak 2..nd o tha.t eithP-r t h :r e or f our di;i,ys ~la.r Ad bet'.,'een conse ut.ive 

;:;.er lods. For ex ·: . ~,1le, one s chedul~ u s d consis t ,d of vo:r.k ·periods on Mon-

~ and T ur da.y . while an.oth er cons ist d of •'o k ~>eri od on Mond».y and. Fr i -

d.ay. 

The vork ' : "'. brok n down i n t o run • ea ch of wh i ch con <; iste(l of 26 

cycl es 'llr i t h 25 of t he cycles b e ing timed. Al l cycles of a r u.n 1<1 ere :'."ler-

formed by t he sa.m mo ti on path. The mo tion cJ~ th ua l t rn$it ed - t tho?- end 

of ea.ch run. T»,1 0 c onsecutive r uns r e-pr es nting the s a,me cumul a tive number 

of cy cles of e ..i.ch mo t ion i;8. t h i:·e r e c ombined t o form unit . During the 

f i rst work . ~riod ea,ch o-r Ar a tor com~)l e t d t wo un it s , during th~ s .cond 

:'eriod h e c or£1:qlet ed t ee uni ts . r-.nd dur i ng .::a ch of th~ s ix r"':m-..:i. ning 1)eri ods 

h e completed f our uni t s r e1 r sen ting e i gh t run~ . The i ncrea se d out )Ut after 

the f i rs t 9.nd s econd )e riods '.Ja s m; d possibl e hy t he i n cr i;.s d sk i l l result-

ing f1·om pr :,_ct ice on the iart of both o: er a t o s :~nd. obs erver s. During the 

o rse of t he tudy . e.,,,.ch O :J r a t or com. 1 t d a total of 29 unit re '?r~sent

i ng 725 timed cy cl:;;s of e "'.ch motion :ua.th. 

As ~t1a$ e Y1ll ·dn ed und er the s el ec t i on -.nd ~rouoinv, of o:)e r 3.tors, 

t ro o::i e r 2;tor g 'OU}>~ of e,p .i r o ic imatel y e .. iu a l e::r t~ri t y s core '-' i? r e fo r med -

Groun A and Grouu B. Durinrs whe f ir ~ t , t 1i r d , f i fth , --.nd .. ,vi>n t h ·-·ork 

) eriod s , Group A ex cut ed ~ ::..ch 1 li t Jy ~1 er orming the f i r t r un of the uni t 
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!'lyll:m1~trically <~n'l the second run nonsymme tric .::i,l l y; dur i ng the S<>..l!le -. P.ri ods , 

(}rou ;1 :a e • cut ed each uni t by p erforming the first run of thP. unit .nonsyra-

metric,,lly ,.1nd t he econ<l r un symme tric.s.lly. Duri g t he S!'c nd. four th, 

s i x. t h , ,. nd eii<;hth '·'Ork per i ods , Group A e ecuted ea ch unit by §) ,rforming 

t Le fi:r s t r un nonsymi e t rically -< nd. t he se cond r un syrrm:ietr icP..lly; dv..!' in~ 

these ·0 .-~ riod , GrouJ B xr. cuted e 2.ch unit 1>y p erfo rmi ng the first run sym-

met:rica lJ.y '»Ud. t he :' econd run n ou .,ymi:-e t r tc.;: lly. By c ;:.<.n elJ e,tion betw·een 

the t •·.·o ope r a. tor group , this arrR.nsement of the schedule mini .. mi zed the 

tendency to ca rry !'> kill .. cquir~d i n t he motion ~ .... t h of the firet run of a 

unit over into th~ o ;;·,or" it . motion pa. t h of thf.~ se ,ond r un. 

Introduct:ion Of O·.:;e r a. t or To J ob. At e . ch o·;:ie r ator ts first '•.'Ork 

;)eriod, the ob ject of t he i n ·e-:-tit;:fotton ·~· s ex··l :i int;d to hi m. He was re-

i.fJ.est .d to coo :JeT'i. t e by ·"t ' ) :e_ :r i ng ·:)romptl y :fo r P·a.ch sclv.,dul~d. work jH?r iod , 

by ,-,n1d.ea.vorin.g to '-! . n··l Y t he ~ '"'ml'? aino;;w t of ~ffort to l'l a.ch th tion }.)~ .th, and 

lJy trying to _perform both iuo t ion .,, t hs by exactly the s p.me methods . The 

observer dt:;monstri~t ed the pro:fir method. of nerforming t he 0;·1er t,ion ·iw 

ea.ch motion ~1a th, hn<i the o-;>era t r t hen p .rformed 10 cycles of el.'. ch motion 

p a. th. These 10 cy cles v ere not rega.r d.ed a s ;)r a ctice , bu t r :.t t h.-: r ~.s "· means 

of f.·,Jriiliari d ng t h e o~• e.r11.tor ~1i th bo t h mot ion 1 a tha. Any q_ est i ons s,aked.. 

by the operator were 2.ns .rered, aftc,r ·,.1h i ch the t·,1 0 uni ts ched.ule<l fer the 

ftrst period v e:re ,, erformBd. 

Conrh1ct .• Of '.i'he_ '~ 9£.k 1:-' .r i od. With t he e ce11 t ion of e ch onerator 1 e 

first ;·;ork :: e r iod, .<tll p~rio<is '"er conducted in a ~ i il a r l'll!3.nner. The 

first period cHff?-r e(' :fro1~1 the ot;h r s o!ll i;· in t L'>.t t h P- first -r1::-.rt of that 
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y.er :l. o'l w;<?;.s devot ed. t o introdu, i :o.g the 0 ,.1.:o:rat or to t j; j .1 i n tb ·~ in,,,.nn~r 

d$SCl" l b d i n t he )r'~CP.dL ; ~i .. •.r !\t.~r,·~:,.1h. 

At t h bat~inning; of a }reri {)d. t be o1l ~-i · l'Y Al' :rec o:rd "d on thfl o.at a. 

she e t t.h·~ .a.to, tr "' 01wrAt r• .~ n.:::rn"! "-.nd nur:;b"l:r, t;~ f'l ob~erv~ri i,, n.;:..me . t he 

:ro m t n1 ) i::i :r ~ture , th~~ &t d;'tinsr. t ilne , '1nd. "'-,1 ·.rop l" i tx.t e l'te11M.l'kiil reg.,~nang 

t h C'.il' :r"'••t ;.fri;f~ i c;,;_l coo.di t i..on of th"! o• ,eru.tor. ~l~he obs e!'V"e l~ r.e'fl.t)Ved t he 

f in i sh ed ,;..Sb embl Lrn :from th~' riii:l)Osal h.,-,~ E' ?.I) · 1' 4' ~1l e. ('H~d '" bo. U.'11 $1.' ~~"'11.Ch 

(H u ;)OS.<";.l chute. The Ei.!~sembl iAs ,., e r -; di ~.:.:,S"''3I'ih1ed ·. no. t hB 'bolt <s . lock 

Nl•,sh e X' E, ,,lnd -p l h.:l n . .:::"' ;hel" f:; ':~ .. r"-. ';lt. ~f:d i i> th<i•ir r eo:'lect i v e b i n s . Th e 

bol t o wis l" t01 cou.nt AU t o m,·1J.· J G fi :Ct .. i ti:,r:.t 2r.. ',ie:rl'\ ) l" ... Ci-><1 i n l'!:ach 11in. S1n c 

th~ l ocat\~; · lna of th ~ bi na i n the 

"'.l l" O~J .. r loc.~tin.:~ hol i: S of the tabl e, t}'1>1l , ocJr b ~ . ns r, ·~ :r "" n a.ntr, '!!.d. i n t he 

:::r·o ;) EJ I" location f r thB motion ~x.:.th ~. ¢]1~:1lul ,d f or thr' fi r s t r u.n. ·!'h~ o h-

s e:rv~:i:· ,.ilR.c ed t <:?J !-' r ;•r...r :c;.$~ei:ibly fi rt« · e in the t ,.,,bl~ ..... n • e e e~ .. ;:;J t 111"! ne t -

~;; t ool in t h e t-.·o ... l'.i.ni:t 0osi t i.ori. >'i'h en :.l . ~ t;! l"t i · !'7. condH .nn s ~: er~ fn.lfi11i::--d, 

·th ~ olH1 <'l l"''l«:l· d.i.r. •cte1i t n>'> o i r:: t.or to 'tM;~ln ·.·o ·;,, . As t h O' '~rr-: t o r dro ''Jed 

t hr~ f it' t c m:1lqt :od <t .Jo;,, •bly into the d i 'JDO!\al .hut c~ , t :h" o o .:·~ rver t a r ted 

:;; 1,:y, t~il ·f.b '-" Um::> cow·.umNl ·.n . .o. r oi·mi n,·; . 5 cyc1. e ,; . 'i"·rmty -d.Y f!;'{Oll-?G \1t1:r fo .r·:ed 

·' "; (i e~· crib ,:1, ·,·1th ·. :i ,~ th!.;· cyc l 0;.; 1iPi :v~ tlme1.i , co!"l·1ris1?d ti 1.-~ fi r i:; t n m . 
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t i m . for t he 25 cycles, th ~ t y p e of motion :-:.P t h u s ecl 1 any a 1, ro c.1r iata r e-

m:- rks, ~ nd t h cu1uul ::;.tive number of cycles of th~t moti on ra.th which had 

been, com·:>l eted a t t he E• irl of the run. In de t ~rmi ning t h , cumulative num-

ber of cycli::s, only the timed cycles 1. ' re in luded; th'9 f i rs t or unt imed 

cycle of ~B.ch r un i.ras not counted . After f.<.11 data, ~' .rtH.i.n i ng to t hP run 

had been rec , r de , t be v or • r1l,,_ce ·a s r e .<>.rr,, nged for t h. o :, 10s ta mo t i.on 

)IP.1.th , :-.nd t he secoud r un WP... S PI CCc llhl i~hed i n t h same lM.nner '1 S t he f irs t -

o,)'.:C -~it thc-1. t i t · .. ·as performed l·Y th o·p·oo ~i t e mo tion nath. 'l'h.gse t "10 r1111s -

one run u s ing P.r'.ch ru t i on ,,a tht P...nd e-... ch r 1 com1Jl e t i " th~ s :~ t e number of 

cycl es fo r th motion [)a.th by '··h i h it ~·r s p P. rformed - co pric ed the fi r st 

unit of t he u . 1. i od. 

Succ eedine; uni ts ~; ere a ccom·ql i he' in ~" s i mih.r n1>1.n.ner until the 

m.unoer of unit schedul ed f or the '.J e.ciod h t;.d b ~ n uerforrne • u ~.;on the c om-

pl e tion of the sch ,dul 1> f o th;; 9 :doll, the obsE>rve. r r i:; cor d ed th , f i n i sh 

time o u the da t a. she t &.nd sntered r".n:;f · 1 ·r o pri a. te rem,,rk reg s.r ding the 

ier.i.od <;, S a vh ol • 

RESULTS OF 'l'HE INVEST lG 'l' l O:N . 

:t;"! Ch o:ierator cou. Jl ~t-:id. t l ~ P,lght ;1 erio(L a s s cb~d 1 . :i1hus 

e~ch op~rat or comul eted ·9 it,.. or 5 runs. '.Ph time in m nut PS f o r ea.ch 

n.u.1 is t abul a t"ld in 1i: ~ -t1 le J, · ·· .c;P- iJ. O. Th t o ho r i zont,'\l 1 1.. ne of T-> l e 3 

tdves the op e r :,tor 1 t m uber. The second hor i1,ont :i.: l l i n , sho "' s the ty..., e of 

run, symme t r icn.l or nonsymmetrica l , by '·:ll i ch t',~ run hi ?-. ;i~rformA.c . The 

first V": r tic ;;..l colm:m sho-.-s th ':> ri od nurnb r, ~ nd t he second V<>rtic ~ 1 

col nn :-: ho•'S t be un it nuh:b .r . '.J.1he t h ird VAr t ic~l ol umn shov•s th 



J9 

cumula tive numb r of cycl e s ,,·hi ch hB d bep. 1 •)erfor me 

·the oomnlfl t : on o t h e 1.m.l t. Th ~ r emH, i nrl.er of tb ~ columns ,.ho~·· t h i:'! time i n 

minutes . for ,)erformi ng e ch .'.:5-c;rcle :run. 
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'.!'A13LE J. TI ME Ui MI NUTES l!'OR P:lU?OH.MH G EA CH RUU 

OPi.J:l. • 'l'OR l A 2A JA 
TY:p:i;~ OF RJN SYM. NON& SYM. NON. SYM. NO • 

l:-'E.,: IOD UlHT CUM. 'l'I ME TI ME TIME TH1E ~' I M:i!l TI .fli: 
NUMB.ER NU '1BZR CY CLES 

1 1 25 3. 86 4 .08 3. 27 J. 21+ J.53 J. 65 
l 2 so 3. 64 4. 09 2. 96 J. 08 3. 28 3. 78 

2 J 75 3. 26 3.60 2. 80 2.98 2.99 3.18 
2 l+. 100 J. 05 3. 19 2. 69 2.85 2. 88 3. 10 
2 5 12.5 J. 05 J.14 2. 67 2. 86 2.98 J. 19 
..., 6 150 3. 20 .J.19 2.77 2. 80 J.10 J . 22 .) 

J 7 175 ). OJ J. 20 2.67 2. ?8 J. 07 J . 01 
J 8 200 .. ,. 89 J . 01 2. 4 7 2.68 2. 85 2. 92 
J 9 225 2. 85 2. 87 2. 1..~ s 2.62 2.92 2. 97 

4 10 250 J. 06 J.16 2.54 2.67 2. 78 2. 94 
4 1 1 275 2. 87 2.92 2. 4 6 2. 64 2. 58 2. 79 
4 12 J OO 2. 75 2. 69 2. JO 2. 48 :?. L}8 2. 90 
h 13 325 2. 77 2. 9 2 2.JJ ,2 . L~ ) ? . 60 ?.72 

5 l Li- J.50 2. 86 2. 81 2.38 2.51 '2 . 50 2.70 
.5 15 375 2. 76 2. 80 2. Jl 2. 55 2. 76 2. 66 
5 16 4 00 2. 78 ?. . 80 2. J.5 2. 68 2. 56 2. 65 
5 17 425 2.72 2. 86 2. 4 0 2. 56 2. 9-i- 2.60 

6 18 450 2.83 2.83 2. 73 2. 57 2. 55 z. 68 
/ 19 475 2. 56 2. 64 2. 49 2.50 ?. . 58 2. 72 0 

6 20 500 2. 61 2. 55 2. L~O ?. 54 2. 4 9 2. 81 
6 21 525 2. i.;,5 2. 64 z. 1+6 2. 47 2.55 2. 61+ 

7 22 550 2.50 2. 72 2. Li.3 2 . l}Q 2. 56 2. 11, 9 
7 2J 575 <::. 49 2. 51 ? y· -· ~ 2. V? 2. L~L; 2. 4 5 
? 24 600 2. 53 2. 55 2. 35 ~; . 39 2. 68 2 • .52 
7 25 625 2. 39 2. 5/t- 2. 43 2. •6 '?. . l 0 2. 55 

8 26 650 2. 4 6 2.52 ~'. 33 2. 44 2. 38 2. 9 1-
8 27 675 ') :l ""'- • - -+ 2. 82 2. JJ 2.50 2. 35 2.58 
13 28 700 2 .. :51-1 ~ i:: ~ r- . -;;v 2. J O 2. 4 1 ?. 27 2. 11-7 
8 29 725 2. 45 2.53 2. 26 ;?. . 39 2. 22 2 . L;. Q 

A.bbr 1'7vi.,,t i 0ns used in T bl e J : Syis. - Symmetric J. 
Non. - No n symmetric~1 . 

\..'urn . - Cuf:'.lul at i v e. 

T,;;i.bl e J c ontinued on n e t p;;ig e 

4A 

sn . NON. 

'.I' Ura TU\ 

2. 88 J. OJ 
2. 79 2. 90 

2.79 2.88 
2. 6 2. 93 
2. 60 ?. 79 

2.61 ?. 71 
?. 81 2. 7 2 
2. 6!.¥ 2.65 
2. 53 2. 69 

2.58 2.59 
2. 59 2. 64 
2. 65 2. 46 
2. 1-1-3 2. ,54 

2. Lt-2 2. 49 
z.L"o 2. 35 
2. 33 2. l~ 5 

2. 35 2. 32 

2. 1.J,1 2. 37 
2. 47 ?. 4 J 
2. 38 ;2 . L~l 

2. 36 2. 39 

2.25 2. Jl 
2. 19 ~ . Jl 
2.18 2. 24 
?. 20 ?. 27 

z. 26 2. 29 
2. '27 2. 35 
2. 17 2. 20 
2. 28 2. 41 



..,AllW: J. CONTINUED 

O.r' ; ·'· 'W.H 11' 2B )13 h:V 

l1Y'1/!"~ O'il' HVJJ SYM. NON. SY!~I. No .t. SYi •• NON. i:>YJ<). :HO . 
.;;r:·\ Oil U~ l 'i CU!· rr· 1. ~- ~11l l(£ 'l'U it:; 'l l H.R 'J.' M1i1 THiZ TI'{ . 11'!" iF. 
; UHhI::R .. ;u;.! ~.!i:R Ct 'l.ZS 

l 1 ~ .5 J. 16 3. 75 3. 15 3. 20 J. 26 J. 70 ) . OJ J. 50 
l "' ~ .50 3. ua '3. l J 2. 83 .?. 98 J. zl.y J. J.5 2. ()l~ ; . 16 

2 J 75 <:: . H 2. 92 ?. 78 ::. A6 ; . 26 J. 27 ? . 12 ~~ . 02 
2 t~ 100 2. e5 J. 12 2. 64 2. 77 J. "2 J. )5 ' · 7 "'• 00 
2 5 125 ?. 86 ; . 00 ;; • .51 ?. 75 J . 12 J. 17 "' .. 71 2. 82 

J t' l .50 2. 76 : . 93 2. 62 2. 87 ;. . 13 : . 18 ·). 7'< ; . 27 
J 7 175 2. 62 2. 78 ; . 5 .?. 5? J . 01 1. 1? .: .• 77 :? • 
, 8 200 ' • 67 ; . 7 : . 4 1 • 71.., ·:. 79 ?. 88 ~ . 53 <. '8 .,, 
J ; 225 ::: . 6H 2. 8J ,: • . ~8 2. l.i. 3 "'• 92 ?. 97 2. 58 ,? . 59 

Lt 10 250 2. 56 1. 59 2. 49 .2 . 5.5 ; . 06 1. 13 ?. 55 ?. 47 
&.l 11 275 2. 1 ~5 2. 57 .·• 22 ;; )Li-

~ • 2. 98 J. l 2. 1+7 "• 5' 
'~ 2 J UO 2. ,..J 2. 57 ·~ . J8 ..... 7 ~. 90 1. 05 ?. J5 ' . 56 
l, 13 J25 -::~ . Lr <• 53 -, {' .5 .r: .. ... ). . 4-l ' · 92 J. 9 ~ . 49 2. 

5 l li- 350 ~' . )0 2. 62 ) . 22 2 • .50 .~ . 8 3. 07 ' · JO 2. 55 
r: l.5 J75 2 • .59 ?. . 66 2. 1 <. . , """' ~ 2. 84 , • Bf. .?. 30 2. 54 ,,; 

5 16 ·00 ;; . i.~e ~ . 62 2. 52 J<' t: . 71 <. 9J .- . JO ' · 36 . :; 
j 17 4 '1 C.: r... ;> : • .52 2. 50 2. 27 .: . ' 8 ,:. 56 .~ . 7 2. )2 .::. 3e 

6 18 50 2 . '~· 7 2. 51 .· .. Jl :? . t..r2 ...,_7 ?. 68 -) . 41 , • "33 ,. 19 i:i.75 ·~ . 31 ~. 4· 6 ;; ':!, ., . 29 ) • .50 2. 52 2. 17 ?. ?5 ) . __ ,_ 
6 2v 500 .. ~ . i.fo .• .53 .~ . i->8 :. J 2. 5.5 ') . 7 .: . <'.? :: . 
' 21 525 ~ . J7 ; . 55 ~ . .i ~ . 32 -.: . J7 ; • .i.~ 1 ?. 56 ?. ~l ?. . 12 

7 22 550 ?.. l.;}y 2. w. -2 '.? . 18 ·'· 35 ?. 5 ?. . 5? c • :2 2 ?. '?A 
7 2 575 . • ••O . ' ":> ? • . Y.. c. '?.? 'j . 1,.7 ?. 58 > ., ?. 32 .,I • • '-I' •• . , 
·1 24 600 ~. ~ 2. L~ Q ,: • -:-2 , • .)2 2. (:A 2 . 1~2 : . 20 ;.·. 15 
? 2.5 625 :~ . Lr2 :2 . 4 0 >. 22 ?. Jl ?. J9 ?. 60 ) • ?.7 ;; . ?8 
,. 26 650 :.> 37 ·~ . 45 2. 2,5 ?. l 1 ·."'. L•J >. ! 5 .. • 32 2. JO (~ --· b 27 6'/.5 ~ .. . t? ') . JO •• 2Cl :.:: . 21 ) . .... a .2 . 53 ~ l A ) . J ? '";· ~ 
d 2 70 2 • ;~;!Lt 2. 35 . • 16 ;• JS ;: . 40 ?. 37 :' c ·,,,: ? ·~ ; 

· - · L;. 29 725 ~ .• Ju ,, ~ .. . 19 "• ~7 '·• }5 !. . 2J .:' . ·.1 c. • . 7 ' ~· . c 
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I V. DISCUSSldl Oli, RESULTS 

A study of IJ;s.l)l e ) , r eve· ls t b<=1.t t h O; l r a tor u . U."!.l ly ·. 11;rformed 

the yl!il~etrical run of uni t f a. ter than he .,, rformed t he non y1'1.J'qetrical 

:run f t he s a me un it. .ln some c ,,_ses , ho"'1 eVE-r , th~ nons y mm tri c"".l ru.n of 

· w 1 t ,_,~ r.:.ccoml)li ~h d f ~s ter t h ;;.n t h sy -. tr ic"-1 run. E" ch o·~" !? ra.tor 

:;J ,rformed t he nonsyrmne tric;-< l r n f ?.. ter in from 1 to 6 of hi 29 unit~. 

In 195 1 · it-· t he symmetricd r .n .,, ... ~s f -:"s t e r; i n J6 un i ts t he nonsymm t r ica.l 

run was f h.s t er; i n t he on r emr,,i ning tm i t the t i m . for both r u ns '"ere 

i d ent ica l . Th., occu:.r:r-.nce of unit .. in ~hich t h nonsy mmetricfl. l run is 

f a st e r than the ::.ymoe t ri c 'll ru.u i s 1:. t tr ibutabl~ t o t h <:< f act tr1at thf! human 

body oes no t fun.c t 1 011 like a lI! 'i C! i no. ; mor e or l es£ mi no del ~·.Y · <>nd. fumbl-

ing ,_ccom .·.ani~d ea.ch run. It was t~nti r , J.y . o s ,i.bl . • •. it h 2 5-cycl~ rut1s , 

fo r ,p,n 0 : )0 r ~ to r to exveri en.c con i d. r ~bl.y mo e 1 inor delays "'nd. ·u bl ing 

i n one r u. · of a. u ni t t i.:' in t h e other r1u1. 1. f ;i.yr:;r ciably l!lor~ t imt: ·· ~. s 

consu.Jnfld by ninor eL»ys and fu.mbl . in t h<? sym.1·1 tr ic' 1 un t hirn in th~ 

n on.symme tri 2.l ru11 of u nit• it 'Ja£ p os -o i bl e for t h , non y-nmetric;::..l run 

to bf: f 2ster . Such occurr enc~ s · .. ccou.nt for unit i n ·.,hie i th<> nonsym-

m~tric.;.l run •.ias fa t €r . ' 'ince tb~ r '·ra no n r "l.Ct ica. 1 m, t h od of •lron-

'.J ing t lie tim-e consum d by tb<=?s ~ ,L ' s a nd. fumbles from the r _co 1 , the 

t im for "''' cl r .. ,n ... ,"l ~.cc ,.i J t F-. d !\t it s f '?.c e v :.lu r ""g .r 1 .. "' of t he l'\Jllou. t 

of minor d .l <',Y':; <. nd i\llil'bli ag i n tht"l r n . It i ~ bF.li <Ved th .~t , i n the l ong 

:run, t h· time fo r r.uch min r delP.~., -n fumbling t end~ ri to ~ncP-1 out when 

tL e r un t im~ of th~ v . . rious O;-JerH.tor ':er a v '3 r t g ed . I n order to min i mi z e 

the eff ct of the hbove 1en t i on~d d .l aye on thq com•• ri eon of thA r .cortled 
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be b~sed on aVer r ~es Of 11 Op er a tors I time , r ather t h _n Oll thA t i mAS of 

ny c ingle o: Ar to r . 

'I'he si6 ific .:>,nt et a il s of the r :::..•: da t of T. ble 3 a.re . u111.t:1<.lrb:ed 

i Tabl >'Hl 4 • 5 . and 61 ,,rt-i r e .' r e ented ~ r-- , .. hic~lly in JPigur~s 61 7 , :<i.Ild 8 . 

!1 the f rst . ·eco d , and third ol umns of T~ble 4 , )~ge 44 , a re 

r~cor !')d re sne ctl'vel y the •,.• or·· p": rio number , th P. uni t nUI1 ,r , .,.nd the cura.u-

l a tive nu.mbAr of cycles of ~.<)_ ch typ comp l e t e d '=i. t the fi ni sh of the uni t. 

The f o irth colw;m record s th av r age ruTL time of ~11 o_::ier t rs for erform-

i ng th symme tric<l,l ru •S of th m1.i t . The 'l a t oh unn records t he v rage 

run Um of 3.11 0 ·;1 r a. t or s for ' e r forming th nonsymm t rica l run~ of the 

un it. 

Th e da t a of Tabl e 4 a.r pre ented g r J'hi C<:l. llY in Fi r:ure 6, page ;. 5. 

I n thi s figure the a verage run time by uni t s fo r e ch moti n ·9at h i s . l otted 

ga.inst the unit nUEibflr. Verti ca l bro~ n lines indic.gt e the locs. ti on of 

bound,~r ie bP. t ,,· ,n " or}· p r i qds. \•for_' u ,riod numbers a re l' P. c or <Ld a t the 

lo-,·er end of' th"' ,ier iod bounda.rie • 

'11 _bl e 4 J:lnd :&'igure 6 sho · t t the aVl'! T?.ge run tim · for e i ther 

notion "J th ecr "" efi <- th . amount of ·ors.c t i c e i ncrea ses. This d crease 

is ne i th r con t inuou. nor con~ tant; in s orn, c se s thei time for a run ID.<:...}T b e 

gre;:;.;ter th;;.n t he corres~ ndin{:; timf" or h"' urec e - i ng run. Th~ gen r p.l 

tr nd of t h irJ~ for bot h mo t ion ~ a.th , h o·! v r , i s steadil y down•,.r .rd. A 

d. creat> e of t}l.q t ime r equir ed to , erform a n o er a t lon a s t he ,, mou n t of the 

oper: t r 1 s ;; 11-eri n ee increa ei.> i · a. common occur renc . in i ndustry. Sinee 

tbe hun :i,n .1ody is sub,jec t to v .ri .t:l.on"' i n nerformance from r u n to run . i t 

sho·Lll ri not bs .:;xpec ted tha t ;.;, '!1l ot of th r un timP.s ''li ll nroduce e. smoo th 
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TADLE 4 

AV:E!R.A.GE RUN 'l'IM'.l OX ALL OPJim.ATORS BY UN I TS 

·:;muon UNI T CUMULAT IVE .AVERAGE AV7...RAGE 
• UhB:ER N .i}3];1t CYCLES SYM:MJ!;TRI CAL Nonsn .rt.TRICAL 

'.UM:E IN TIME I N 
iHWTES MI NlYI':P;S 

1 l 2.5 J.268 3. 496 
1 2 50 J. 09.5 J. J09 
2 3 75 2. 9L~8 J . 098 
2 4 100 2. 815 J.OJ9 
2 ,., 

12.5 2.813 2.965 :J 

J 6 150 2. 80} 3. 021 
J 7 175 2.810 2. 866 
3 8 200 2.656 2. 800 
J 9 225 2. 655 2. 746 

4 10 250 2. 703 2. 763 
4 11 275 2. 578 2. 724 
L~ 12 JOO 2. 52.5 2. 676 
4 l J J2S 2. _549 2. 650 

5 14 J.50 2. 508 2.656 
5 15 375 2. 519 2. 610 
5 16 4 00 2. 5o4 2. 605 
5 17 42.5 2. ·60 2. 571 
6 18 4.50 2. 506 2. 549 
6 19 475 2. 425 2. 476 
6 20 .500 2. 1+41 2. 5o4 
6 21 525 2. 391 .. . 493 

7 22 550 2. 385 2. J.J.38 
7 23 575 .2. 371 2 . L~l6 
7 24 600 2. 386 2. 399 
7 2.5 625 2. 340 2. 426 

8 26 650 2. 350 2. 425 
8 27 675 2. 320 2. 451 
8 28 700 2. 286 2. 364 
8 29 725 2. 283 2. 324 
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curve. A second signU' i o"' nt f a.ct reveeled by :Figure 6 is the fa.ct tha t the 

verage nonsynimetrieal run time is oons1.ete1ntl.y gre ter th.an th average 

s;ynune tric" l run Ume. This f ct indica tes a gre !:Lter e:f'fic l enoy for t ~7JD

metrical motioll pa.th. 

In T ble 5, age 47, is tabu.l ted the aver age tl e of a ll <>peratore 

f'or ·erforming the symmetric 1 · nd n.on ymmetrica.l runs of each eriod. 'l'be 

first column .r cords t he )eriod numoer. The second column r ecords t he aver-

age run tlme for tl'•e s , J.etri.o l runs of the period; this column as re-

_pa r ed by a dding t h!! time for Flll symma trica.l runs erformed dur ng the 

eriod. by all eight o era.tors and then dividing t hat um ey the total number 

of s;yntQetrio l runs erformed d ring th p rio~. The vere.ge run time for 

the none7Jll111 trio, 1 run• of t he p eriod va.s comp ted in • imilar m nner , and 

the r esults wer~ t bula.ted in the third column. The ratio of the aTerage 

nonsy-m.me trical ru time for t he period to the aver age symm trieal run time 

for the er od i s r eooried in the fourth column. 

Figure 7, pai;~e 8, resents ~ra ic lly t he data of t e firet , 

s econd, "' d third cohmns of T ble 5. The aver~e run time b;y r1ods is 

plotted sea.ins t the r od numo~r. This lot sm.ooths ou.t t he irre ular1-

t1ea of Eit,f\lr" 6. 'l'h e aver age r un time for ea.ch riotion r t h deere s s c n-

tinuou.sly f rou e ch p riod. to the ne.?:t; t decre es occur t a rel~tivel7 

"lll'liform r · te , t hereby rotiueinr :fa irly snooth curv s . 'l1he synunetric 1 time 

is cons· t ently l ess t ha t correspondi nonsymmetr1c l time. A tenden07 

is displ ayed for t e dista.n<;:e 'b t 'rleen the t~ o c rves to decrease s the num-

ber i' '"Or · eriod increases. 

S.1abl ee· i.J and 5 and Figures 6 and 7 r sent the same evidence i n 
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slight~ different forms. They indicate that the $.Terage ru.n time tor both 

motion paths decre ses a.s the opera.tor becomes more experienced. ~his h a 

tendency which is already well reco~nized throughout industry. These tables 

- d f igures indicate th.at , Wlder the conditions ·Of the study, ths operation 

JDaT, on the a.ver~e , be performed in less time by the symmetr.ica.l than b7 the 

nonsymmetrical motion path. The additional time required b;y the none1Jll-

metr1ca.1 motion · · th r~ed from 6. 98'1> in the first 11ork neriod to 2. o'f1; in 

the seventh period. Although the o eration used in this tu.d¥ ia not an in-

dustrial oper~tion, 1t is believed that the su~ erior e:fficieney of the srm-

metrica l motion path s revealed by the erform nee of the o_eration of thia 

study would be duplicat ed to a g rea te.r or lesser e1'. t .ent in tr~i oal industri.a.l 

o er a.tions. It :is believed t hat the results of this study indicate that, 

other conditions beint,; eq_ual, le a t ime ill be required to erform an in-

dustr i al oper.e.t.ion bT symmetric l than by a nonsymm.etrie 1 motion ath. 

. In i'igu:re 8 , :page 50, the data of the l ast column of T ble 5 are 

pi:esented gr a hica.117. The r a tio of the a.verag~ nonsymmet r cal run tizne b7 
I 

. eriods to the aver~e symmetrical run time by period~ is plott ed ag inst 

the 1ork er i od number. The char t sho a tendency for thi s ratio to de-

crease a s the number of \ Ork per i ods increases. 1'he plotted points show eon-

sider · ble dis ersion from period to .1. eriod , but they do indica te a. defi nite 

t endency f or t he r atio to decrea se s t he amount of -or actiee increases. Such 

a. t ndency of thi s ra tio to d,ecrease i th · r .. ctice indi ca tes thP..t, e.s the 

opera tor becomes more e:rper i enced i n th~ erforma.nce of this op erat i on., the 

diff rence in ff i ciency bet ween the t wo mot on pa ths ~ be e eeted. to de-

ere ae. It is beJ.iev d t hat imil r t endency •ould .be e hibited by 
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ind.uGt ri 1 o r .. u • O :i. hort- run r oduct i n . her the o er t oP g 1ne 

a ini of r ctio on one to t her, .1.t • ul 

t th u e tri o 1 · m Uon d. rodu.ee , 1mu.m t ime. 

vin . inc thi ndenoy of th U:-Pel' ori tr of t 

m .. trio' l ot on. th to d. er tu::i.t of :>r.~:otice i:nere e • o:a 
produe on , ho· v r, i n 

r ·, ct oe o l n oper at en 'befor · 

on p .. th ·o ld . nJoy lea oPi ty over t he on • 

tric . l 4ll.Oti.oti t • 1 t i ind th; t, c tinuou O" r t on. ... 

her t h o er t or re:> t th . r i ... 
t h d..iff er nc 1n time b t we n the t o otion ths i ht b co e Uit.e 

. 11. It ould. 'be not ed ti t, al thou..t~h th. tl.lne for t e t o Uon 

iht 11 h t pro ch i.ie.li t7, there is r son to b lieY , t t t he non ~ 

ra .trio 1 · otlon . t h i ght f tigUe f r the o > :rator. An ~n-

til:a ion of t h :r l tlv oy ~ tor 'i t.i ru.e : l'o n-c by bh t 

otion is 'b yo th scopa of thi stu~. 

c. ee to coll'l r t he r -

t~ o:r the te t 1th 1 · ceo . 11 nt ot the o er tor • 

e-xt ri t.r t nt · u. · d n tt • t to d1v1de th~ oi ator into t o 
\ 

vi ~ r so ably" ~ tU2l1 ill~ nd to o"bt 1 d.i trfbut1o of t e 

o ra.tor tt ill . T ble 6 , 

a.r a t; o r tor t renki bl. th · d t ri 1t · t e to 

o pli hment urint th t e t . 'l'h f'irst column O' t he r 1 ft'ort 1 to 

8 'nclu. iv • 1umb'"'r 1 i Ei t , nd n t e 

co ~ column i te d c' o er t or ' · ?' nk ' 
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TABLE 6 

CO' ARI SO OJ' OPERA.TOR i.<\NKING :BY DEXTERITY' TEST 

TO OPERA.TOli RAN I G BY ACCOMPLISHMENT 

OPERATOR OPllE!.ATOR 
RANK BANK BY RANK BY 

D:.EXT ITT nsT ACCO \.lPLISEMEN'l' 

l 4A 4i 

2 4:B 2B 

J )A 4A 

4 '.311 2A. 

s 2A l..B 

6 2) 3A 

7 l.B J~ 

8 lA lA 
' 
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determined by the dex ter.ity test. In the third eolum.n is ent red e~ch o er-

a.tor' s number opp~sUe his r ank a.s determined 1'1 his a.ccom lished time dur-

:l.~ the et~. T ble 6 revea.l s the follo ·ing f acts: 

1. The t o f ast es t men. a.s dehrmined b;y the dexteri-

ty test, finished in the ! aster half of the accompl ishment r ank• 

1~. 

2. i'he t o slo es t men, a.s determ.inecl by t he test , 

finished in the ~lower hal f of the accomµlisbJJient rallk1DI:. 

J. Of the fo'IU' middle men (r .. nk 3. to 6 1nelusive) as 

determined by the t est: two finished in t he middle section; on:e 

finished above the middle section: one finished below t he middle 

sectioni none finished first or l ast. 

4. 'l'he opera tors of both groups ere distribut4'd .1.th 

r e;.tsonabl e uniformi\y thro hout the r ange of the rank dis trUru.-

tion s de ter mined by a ccom l hhment. 

The observations of the r eced1nc four sub- ara.,r hs i ndicate 

t ha.t the del'.:ter i ty t e t used r ed.icted. the rel t i ve otentia l perfor~ce. 

of the era.tor s in a most a ccept ble :m.., er. Mo t e·t could be exp cte4 

to redi ct the oper .tors ' future performance exaotl7. The t es t roduoed 

a very satisf otory selecti n nd grou: ing of the o era.tors. 



V • CO C!l1SIO~ o 

It i s believed that the result of this study t th 

tat ~cnt of t hreo conclusions. 

l . Ot er things being a a:l, an · trial operation y bo 

:perfo ted in loss t i e by a s ctr cal uion pat h than b a non-

ion path .t t e opGrators obtain only a derate n:mount 

ot practico on the operotion. This study s not carried thl'Ough 

sufficient p ct1ec cycle to prove sitiv 

motion path would be re attioiant on cxtr 1el; long- run operations. 

2. ho t o sannes to o ga ed b t~e application of a 

s etrical motion path to tho ort :rraance of short- produ t ion 

may be · coted to be oonoiderably larger than tho time so. to 

bo gained by the application or the s otrioal mot ·on t to t 

porfo ee ot lo - run production. :nis condition appoo.rs to b due 

t th fact t t s tricnl tion path can b o e pid 

thon crin a non.oyi:! etrioa.l motion icu rJ.y uri th(;) oo.rly 

stages of praotioe. 

3 . I the cas of this ~tud.y. th d terity test mis d 

a ost satisfactory l. s of sel oting operators di stribute. through-

out a de i.ge of skill, and of grouping those operators into rTo 

gro :ps of app toJ.y equal s i ll. It appoars t t there s a 

signifiennt relation bat oGn tho oporato~s• oxterity scores and 

tboir aeco:m:pli l nt . 



SS 
VI. SUMMA.B.Y 

lt i2 eTident that a rieine; wage level makes it i erative for' 

management to s eou.re ~reater product ivity from labor. Such greater ro-

ducU vi ty mu8t be secured by the u e of mor efficient · ork m thods, rather 

than by' forcing o era.tors to r,.rork a.t e. f a t er ace. 

The results of this study indicate that t he use of symmetrical 

motion paths of!er ·s one method. of inereasinc; o era tor roductiv1 ty 1th-

out unreaaQnable s11eed u • lt ie also indi ea.ted. that the er:formance of 

an operation b;y symmetric 1 mot i on a.th y i elds greater time ·savings ·hen 

applied to short-Nn prod't,1.CUon. It :ppears tha t management should. en-

d.ea.Tor to insure that the work place is so arranged that lndust:ria l ope!"-

at1ona are p erformed by a symmetrical motion a.th ,..henever r otie ble. It 

s doubly important t hat the symmetrical motion path be appli d to short-

run production henever pos ible, a s it enables the operators to .ttain a.c-

oe t able rofic i •ncy more uickly. One commonly used method of ttaiuinc 

a. sym1netrical motion )a.th in small assembly or is to use an ssembly fix-
/ 

tu.re which allot1s e~ ch hand to build a se ra.te ssembly ind endently of 
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'111• atudT oaried the :praoUce thl'O'JCh ·onlJ' tvGt7 ... nJ.Q 2~ole 

,u.n1 of each ao\ion pa\h. repreaenunc a total ot 725 qolea of ea~ ·•n>•. 
' 1• ap:p•are profi\a~le to extend a slmil&r study throuch aeYeJ'al 'ho~ 

orcles to determi ne if \he ton4enq ot 'he raUo of nona1J111:;1t!)trioal \o .,._ 

.. trioal time continua to decr•a•• tri. th 1ne!'ea.aed pra~tioe. 

co•eated. ~on the fact thai the noXLqnnetrical moU.on p~\h se•td 1I01'9 

ta.Upinc beoauaa U reqllired. c).oeer oon_oentraUoii. 1' 1nTolT'e4 Mre hie._ 

1JlC of \he bo4', and. U i:D.CUl"J'e4 unb&lanoed aOTeaents of boq aembere. 

fhe1e operatot obeenaUona were, of cour1e, dilpl.7 iapreuions '"Moh couJ.cl 

no' be measured quanUtati:rel.T. lt 11 auaested. that an 1n'Ye1tiptton of 

ihe ioe1at1Yt faUgu~ produced b7' perto%"111Dc an. operation bT a,_et~1ee.l ancl 

b,y· aons,ame'\r1oal aot1on path• •i&h\ produce Tal.ua'ble 1nforaat1.on. 

Reference \o lij:urea l an4 2, pace lJ, will allow' tha.t, 1n the qa-

aetrio.al aaaembl.1 flilttUJ'e, \he two e.eteablT nect11 were arran&e4 si~ br· 

11d.e, while thq were &.rranced one beh1ad ih., other in the nons,..,_trical 

fixture. !o definite reco:rd vae kept ot the amount of fuablin,; whleh oo. 

•ore Ume loat 'bT tuablea of th11 nat~e w1 th the B)'Bnetrioal fh:tui-e. An 

1nTe•t1ga.Uon of the relatiTe ea.ee ot a.uembliDC atMl of the relat1Te alliount 

of fwablin& with aHembl.7 neats arranged 111 each of these patteru •1Ch' 
reveal valuable information re.gardin& the mos' efficient relative location 

o.t asaeabl.7 nedl for two-han4ed. simul ~eoue ae1embl7 o eraUona. 
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help and ad'Yice rendered. by his sssoeiates on the ta.cul'T of t~ Ti:rgin:t.a. . 

Pol.T'echnio luaUtute, p&rtitularlT that ren4ered. "tv' Proteetor P.!l<ul t. 

Borto11., Ir., and •he °"t.her melllber., of the Department of I.nt!u.1t.rb1 EAgintter-

lac. I\ 11 also ded~et to expreu the author• s cre.e.t<ist apprectaUon \o 

the tollovbc f1rcln1a Po}1't.eohnio Ina ti tute 1tu4en,.g tt.1 thout whoee atd•'-
anc• a• operatQrt1 and obaen-el"e thh etuq' .could not haTe 'been ce.in"ied. -.o 

l 
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· .. t y i the ct of . vi tr n.a-

u. lly the h~ d, i th :u.t extern l reei ce or . 1 th ut 

lQ d. 

Gr ap is the act of & 1n1 oont~ol t bjeot" to 

t t 1 t ~ b oY d 1n the d sired direotion. Gr p 1 u. u. lly · ee ._ 

J; 11 h d by clo i. • tl' f ingel' upon the obJ ct. 

an rt l d.ed i s t.h ct f • Ti 

orta t1 >11 .=o.n , us W.ly t h h in t extern l 

or hil e rying a l o d. 

;e-uodU2n. l.'re- o 1tion . 1 the a.ct o.f oT1 or turning 

object into such 1t1on a to rep r the bj~ct for the next o er a-

t1on. 

• 
into u.c 

t rbl • 

BdtAAe :X.oa • Rele ae l d. i t a.ct of t tr n rtQ.ti n 
I 

· bjecti. 

-- s~ - b1e ii.a the .ot ! nl ci "" t or r , o j ct 

t get h r o t hi<.t th for unit or l't f unit. 
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