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I. INTRODUCTION

With present wage levels already high, and with orgenized labor
demanding still higher wages for the future, it is necessary for management
to secure higher productivity from labor in the future than has been secured
in the past. In some cases organized labor has demanded that future wage
inereases be granted with the understanding that sueh increases will not be
fellowed by compensating price increases, Wage increases without compen-
sating price increases can be satisfactorily granted only if the wage in-
creases are accompznied by increased labor productivity. At the present time,
such increased productivity cannot be obtained by speeding up the operstor
to an unreasonable pace, Labor will not tolerate such practices, fho in-
eressed labor productivity necessary to compensate for wage increzses must,
therefore, be obtained by the use of more efficient production methods, In
some cases, increased productivity is eecured by the inetallation of more
efficient machinery and equipment, In other cases, particularly with as-
sembly operations, rearrangement of the stock bins, the installation of
gimple jigs and fixtures, =nd the revision of work methods to eliminate un-
necessary motions and to increase the efficiency of performing the remaining
motions may cause congiderable increases in labor productivity without un-
ressonable speed up. This latter method of increasing efflciency is known
by various names, some of the more common of which are motion study, methods
engineering, and work simplification,

The average person usually visualizes modern production as being
performed almost exclusively by large numbers of workers who constantly repeat

the same operation for long periods of time, Doctor Ralph M, Barnes, on
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page 359 of Motion and Time Study (1), points out that sush long-run pro-
duetion is not the typieal situation even in larger plants, On the other
hand, Doctor Barnes states that most operators work on relatively short-
.rnn production with frequent vork changes, Any method of inersasing the
productivity of short-run production would, therefore, be aprlieable to
a wide renge of industrial effort,

Motion study literature recognizes the fact that, other things
being equal, a person tends %o pcﬂoﬁ an operation faster if the work is
arranged so that it can be performed by a symmetrieal motion path rather
than if 1t iz performed by a nounsymmetriecal motion vath, Small assembly
work 1ls ususlly performed symmetrically by the expedient of sarranging the
work place so that each hand builds a complete assembly simultaneously with
the other hand,

- A hand motion path is sald to be symmetrical when it meets two
reguirsments, First, at any point in the cycle the right and left hands
are equal distances to the right and left respectively of the center line
of the body; to fulfill this requirement, components of motion to the right
and left of the center line of the body must be performed by the hands
moving simultaneously, in opposite directions, and for equal distances,
Secondly, at any point in the eyele the right zud left hands are egual dig-
tonces in front of the body: to fulfill this requirement, components of

‘motion toward or away from the body must be performed by the hands moving
simultaneously, in the same direction, and for equal distances,

Several years ago, s;hile the author was emnloyed as a motion study

engineer Wy a large autowotive accessory manufscturer, he studied some
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operations which led him to believe that considerably larger time savings
could be made by the spplication of symmetrical motion paths to short-run
production, than could be ;ade on long-run production where the worker
changed operations infrequently. It appeared that less practice was re-
guired %o attain a given level of skill 1f the motion vath were symmetrical
than if it were nonsymmetrical, Since, as'has already been pointed out, .
ghort-run production represents a very large proportion of =21l industrial
effort, it appeared profitable to make a study to determine if the appli-
cation of symmetrical motion paths would actually yield greater savings on
short-run production than on long-run production; any methods producing
time savings on short-run production would have a wide field of possible ap-
plieations,

It was the purpose of this study to determine if the impressions
mentioned in the presceding paragraph could or could not be verified, An
operztion was arranged so that it could be performed by either a symmetrical
or s nonsymmetrical motion path, Several operators performed short 25-cyele
runs of the operation by one motion path and then shifted to the alternate
motion path at the end of each 25-cycle run, This procedure was continued
until 29 runs by each motion path had been completed by each eperator, Such
a procedurs produced the effect of thé operators working on short-run produc- -
tion with froquent-changea of operation, All operating times were recorded,
A comparison of the time records for the two motion paths gave an index of
their relative efficiency, Such comparison did indicate that greater time
savinge could be expected from the apnllcétion of symmetrical motion paths to

short-run produetion than by appliecation to long-run production,
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~ II. REVIEW OF THE LITERATURE

Although a large mass of literature has been published on the sub-
ject of motion and time study, 1little of it appears to apply directly to the
prebleﬁ investigated in this study, Frank B, and Lillian M, Gilbreth, con-
sulting industrial engineers, published a set of sixteen rules for motion
; sconomy in 1923 (2). Included in this list of rules was one which stated in
substance that work can be performed more efficiently by the use of two-
handed simultaneous symmetricel motion paths., The Gilbreths! emphasis. hovr=
ever, was‘upon the fact that, in most czses, if symmetrical motion pathe
were not used, the hands would perform sentirely different motions at the
same time, and, as & result, the distribution of the work between the two
hands would be unbalanced; one hand would then lose time while it waited
for the other to complete its greater work load. With s simultaneocus
syrmetrical motion path, the hands will always be performing identical
mobtions sirultsansous with perfect time balance resulting, In thig preszent
study it should be noted that by either motion path the hands always per-
formed identicsl motions simulteneously with = perfectly balanced work load:
the only difference was in the symmetrical or nonsymmetrical path folloved
by the hands in performing their motions,

The above mentioned rule of the Gilbrethe is frequently quoted or
restated in slightly different words by a large number of writers on motion
study subjects, Among the suthors who have refsrred to this Gilbreth rule
are Allan B, HMogenson (3), Walter G, Holmes (i), Harold E, Maynard and ¢, B,
Stegemerten (5), and George ¥W. Chance (6). These authors simply state the

rule without adding significant comments,
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In his Work Methods Menual (7) Doctor Balph M, Barnes states the
G1ilbreth rule and in addition comments upon the fact that the symmetriecal
motion path tends to reduce body twisting, to maintain definite balance be-
tween body members, and to eliminate the shock produced py unbalanced move=
ments, Doctor Barnes points out that these tendencies result in reduced
fatigue and in reduced time comsumption,

Herbert G, Sampter, in Hotion Study (8), states the Gilbrethe' rule
and then proceeds to erplain that a person can experience the difference be-
tween symmetrical and nonsymmetrical motion by moving the hands in sym-
metrical and nonsymmetrical paths in front of the body, The experimenter
will then be able to observe the body twist and the unbalanced forces pro-
duced by the nonsymmetrical motion, as compared to the smooth balanced move-
ments of the symmetriecal motion,

Steward M, Lowry, Harold B, Maynard, and G, M, Stegermerten (9)
change the wording of the Gilbreths' rule slightly but rstain the genersl
meaning, They state that, when symmetrical motion paths are used, rhythm
and sutomaticity develop most naturally. They discuss the fact that, wvhen
one hand follows a path dissimilar from the path of the other hand, there
is & tendency for the operator to work first with one hand and then with
the other., This tendency, of course, results in time losses,

Doctor Barnes has conducted a considerable amount of fundamental
regearch in the field of motion study, Most of the'ranults of his erperi-
ments have been reported in various University of Iowa Engineering Bulletins,

In University of lowa ¥ngineering Bulletin 17 (10), Doetor Barnes and Doetor

Harvin E, Mundel report the results of certain studiss regarding simaltaneous
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symmetriéal hand motions which they conducted., They investigated the effect
produced on operation time by changing the angle at which the hands moved
relative.to the body when performing operations by a symmetrical motion path,
Mention is made of the fact that time savings can frequently be made by the
use of symmetrical motion paths, No direct comparison is made, however, be-
twean symmetrical and nonsymmetrical motion paths,

Doctor Barnes, Doctor Mundel, and John M, MacKenzie, in University
of Iowa Engineering Bulletin 21 (11), describe some investigations into the
difference of time required to perform certain operations by one-handed and
by two-handed simultaneous symmetrical motions, Although they compare the
symmetrical two-handed motion path with one-handed work, they make no come-
parison between symmetrical and nonsymmetrical two-handed motion paths,

This review of the literature reveals that the writers on the sub-
ject of motion and time study recognize that operations can be verformed
more rapidly by symmetrical motion paths, It does not revesal, hovever, that
any investigation has been made as to whether or not proportionately greaster
time savings may be‘expected by spplication of symmetrical motion paths to

gshort-run than to long-run production,
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I1I. THE INVESTIGATION
OBJECT OF THE INVESTIGATION

The object of the investigation was to dotermino'thQ relative of-
ficiency between s symmetrical motion path and # nonsymmetrical motion path
for performing an industriazl operation, other conditions being equal, To
achieve this objective, the following major steps were taken, First, two
motion paths having equal work content were set up; one motion path was sym-
metrical and the other was nonsymmetrical, Second, eight operstors were
chosen to perform the operations; they alternated between the symmetrical
and nonsymmetrical motion paths at the end of each 25-cycle run, Third, an
agcurate record was kept of the time required by sach operator to perform
sach 25-cycle run, Fourth, by comparing the time required to perform cor-
responding symmetricsl and nonsymmetrical runs, an index of the relative ef-

ficiency of the two motion paths was obtained,
THE TWO MOTION PATHS

Ihe Operation, It was desired to selsect an operation which would
hsve certain cherscteristics, It should be possible to srrange the opera-
tion so thet it would retain the same work content whether performed by a
symmetrical motion path qr by a» nonsymmetricsl motion path, The operation
mast be simple enough to be within the cspabilities of the available labors—
tory equipment, It should be similar to operatione found in industry, It
should be of short duration so that a rather large number of cycles could be

performed in & relatively short time, The operation should be $wo-hsnded,
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with esch hsnd beginning snd ending similar motions simultaneously,

The operation selected fulfilled 21l of the preceding reguirements,
It consisted of assesbling s lock wssher and & plain washer onto a 3/8 inch
By 1 inch square head machine bolt, Zech hand constructed a separate assen-
bly sizultaneously. |

‘The operation msy be described as follows: Each hand reaches %o
the bing and secures a bolt., The bolts are carried to the sssenmbly firxture
and placed therein with the hesds down, Each hand reaches te the bins and
securss & lock washer, ¥he lock vashers are carried to the bolts and placed
therson, Iasch hand reaches to the bine snd secures a plain washer, The
plain washers are carried to the Polts and placed thereon, Each hend se-
cures a finished assembly from the fixture and disposes of it down the ase
seubly ehutes. The cyele is then repeated,

in metion study work, it is a frequent practice to describe an
operation in terms of fundamental motions which are ealled therblige. The
operation selected for use in this study is desoribed by the use of ther-
bligs in Table 1, pages 11 and 12, It should be bornme in wind that the de-
gseription in Table 1 covers oﬁly one hand, The other hand is performing
the same therblige simultsneously, The therbligs used in this aotarlptten‘.
are defined ih Appendix I, page 60. A complete discussion of the nature and
use of therbligs may be found on pages 62 to 66 and 107 to 133 of Motion and
es (1),

’ The srrangement of the work place
for the symmetrical motlon path is illustrated in Figure 1, page 13 A

pair of bins was provided for bolts, & palr for lock washers, and a palr
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TABLE 1

THERBLIG DESCRIPTION OF THE OPERATION

This Deseription Applies to Zither the Left Hand or Right Hand;
They Perform Identical Therbligs Jimultanecusly,

THERBLIG TRANSPORT DESCRIPTION
DISTARCE
INCHES
Pransport Empty & Reach for bolt
Grasep - Pick up bolt
Transport Loaded 12 Carry bolt to assembly firture
And Pre-position And turn head down
FPosition - Align bolt head with firture
Assemble - Place bolt in firture
Release Load - Open fingers from bolt
Iransport Zmpty 12 Reach for loeck wusher
Grasp - Plek up lock washer
Transport Loaded 12 Carry lock washer to bolt
And Pre-position And turn horiszental
Position - Align lock washer with bolt
Assemble - 81ide lock washer onto bolt
Release Load - Open fingers from lock washer
Transport Zupty 12 Heach for plsin washer
Grasp - Piek up plain washey
Transport Loaded 12 Carry plain washer %o bolt

And ¥Pre-position

And turn horizontsl

Table 1 continued on next page
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TABLE 1, CONTINUED

THERBLIG TRANSPORT DESCRIPTION

DISTANCE

INCHES
Position - Align plain washer with bolt
Assenble - S81ide plain washer onto bolt
Release Load - Open fingers from plain washer
Grasp - Close fingers on assembly and iift

from fixture

Transport Loaded iy Carry sssembly to disposal chute

Release Load

Drop assembly down chute
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v le liowk Place Arranged For Symptriesnl Motion Path.
Fror Right Are: Plain VWashers, Lock Vashers,
Bolts, Bolts, lock Vashors, And Plain Viashers.

o

: Place Arronged Por Nonsynmetyieal Motion Path,.
To Right Ave: lock Vashers, Bolts, Plain
Wl aghers.

QK VAaBIOTE, AN
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for plain washers, Oﬁe bin of éach pair supplied the right hand, while the
other bin supplied the left hand, Each pair of bins was srranged in s syme-
metrical manner, The bins of each pair were located equidistant to the
rizht and left of the center line of the work place and eguidistant from the
‘ front edg; of the table, The relative location of the different bins can be
best visualized by reference to Figure 1. A disposal chute and a=n assembly
nest for each hand were also located in » similar symmetrical manner, The
distance from each assembly nest to the center of its corresponding disposal
chute was 4 inches, the distance from the disposal chute to the correspond-
ing bolt bin was 8 inches, snd the distance from each stock bin to ite cor-
responding assembly nest was 12 inches, With the work place arranged in this

mgnner, both hands moved simultaneously in a symmetrieal motion path,

The arrangement of the work place

for the nonsymmetrical motion path is illustrated in Figure 2, psge 13. The
game stock bins were used for the nonsymmetrical motion path as were used

for the symmetrical. Reference to Figure 2, however, will show that, for
the nonsymmetrical motlon path, the bins were arranged in a nonsymmetriecal
pattern, The assembly fixture also located the disposal chutes and the as-
sembly nests in a nonsymmetrical manner, All the transport distances, how-
ever, remzined the same as the corresponding distances in the symmetricsl ar-
rangement, The distance from each assembly nest to the corresponding dispesal
chute was 4 inches, the distance from each disposal chute to its correspond-
ing bolt bin was 8 inches, and the distance from each stock bin to its cor-
responding assembly nest was 12 inches, With the work place arranged in this

manner, both hands performed identical therbligs simultaeneously, dbut the
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hands moved nonsymmetrically in the performance of 211 transport therbligs,

Summary of the Two lMotion Paths, The same operation was the basie
for each motion path, Corresponding transport distances were identical for
"both motion paths, The two motion paths had an equal work content, The
hands performed identical therbligs simultaneously in either path, The basic

operstion is similar to aoio assembly operations performed in industry,
DESIGN OF THE AFPARATUS

Zable, The apparatus was arranged on s solid hard wood table 29-
1/ inches high, with a working surface 48 inches by 35 inches. A rectangu-
lar hole 8 inches by 6 inches wae cut in the surface of the table, It was 2
{nches back from the front edge of thes table snd centrally located with
respect to the ends of the table, Thc long axis of the hole was parallel to
the front edge of the table, Wooden strips were screwed along the lower
edges of the hole in such s manner as to support either the symmetrical or
the nonsymmetrical assembly fixture in the hole, wiéh the top of the fixture
flush with the table top. The location of the mounted fixtures is well il-
lustrated in Figures 1 and 2, page 17,

Two sheet metal dispesal chutes were screwed to the underside of
the table., One was 80 located that assemblies dropped through the right
hend disposal slot of sither the symmetrical or the nonsymmetrical assembly
firture would fzll into the chute and be carried away, The other chute was
s0 located that sssemblies dropped through the left hand disposal slot of

either fixture would fzll into that chute =nd be carried away,
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Locating holes 3/32 inches in diameter and 3/8 inches desep were
drilled in the table top to receive the locating pins of the stoek bins, A
sat of two holes was drilled for each location of each bin, The holes were .
80 placed that, when the locating pins of a bin were in the corresponding
get of holes in the table, the bin would be in the proper location for the
notion path being performed, A black cirele was drawn around each locating
hole for the gymmetricsl motion path, A red ecirecle was drawn around esch lo-
eating hole for the nonsymmetrical motion path, Lettering on the table top
indicated which bin vas to be placed on each set of locating holes.

Stogk Bine, Four similar stock bins were provided for washers,
snd two similar stoek bins of & slightly different decign were provided for
the bolts. All bins were improvised from chalk boxes, The washer bins
were 6 inches by 4 inches Yy 1-1/U4 inches deep. The bolt bine were & inches
by 4 inches by l-3/4 inches deep. The bins had sufficient forward slope to
cause parts to feed down %o the front of the bin, The washer bins hed a 1lip
to fseilitate grasping the washers, The bolt bin did not heve a lip. The
genaral charscteristics of the bine are illustrated in Figure 3, page 17.

Two loeating pine, 5/64 inches in diameter and extending 1/4 inch
beyond the bottom of the bin, were driven into the bottom of each bin, When
these ping wers inserted into the corresponding locating holss in the tabdle,
the bin was located in its proper position for the motion path being per-
formed, The ping also prevented the displacement of the bins from their
proper location during the performance of the operation,

During the test, it was discovered that these bins did not

function very efficiently, The graep which the eperator was able to perform
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FIGURE 3. STOCK BINS.
BOLT BINS AT LEFT - WASHER BINS AT RIGHT.
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was not the most efficient possible grasp, Since this condition affected
both motion paths equally, it did not affect the comparison of results be-

tween the two motion paths,

Aggembly Fixtures, An assembly fixture was provided for each
motion path, ZEach fixture provided an assembly nest and a disposal slot
for each hand, BEach fixture was made of a piece of hard wood B inches by
6 inches by 7/8 inches., The fixtures fitted snugly into the hole in the
table and were supported there with the top of the fixture flush with the
table top. The disposal slots matched the dispossl chutes of the table,
The detalls of the layout of the symmetrical fixture are shown in Figure 4,
page 19. The detaills of the layout of the nonsymmetrical fixture are shown
in Figure 5, page =0, .

Hach assembly nest was constructed by drilling a 51/64 inch hole
7/16 inches deep, A 5/16 inch washer was fastened into the bottom of the
hole with & wood screw in order to give the nest a flat bottom, When the
head of a bolt was placed in the nest, the head fitted sfmgly snough to hold

the bolt upright while the washers were being assembled,

Disgpossl Boxes, Two disposal boxes were provided, They were con-
structed of 5/32 inch plywood, and were 12 inches long, 5-1/2 inches wide,
and 12 inches deep, One box was placed under each disposal chute to catch

the asssemblies as they =1id down the chute,

Stool. The operator was seated on an adjustable height backless
stool while performing the operation, The stool was adjusted to 2 height of

19-1/2 inches,
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Zolts. Lhe bolts used in parforming the sssembly operation were

3/¢ ineh By 1 inch squere head machine bolts, Fifty-two bolts wers used,

-

o¢k Wagh The lock washers used in perforning the assembly
opzration were 3/8 inch 8.A.E, Standard regul:r section lock washers, Ane

proximately 850 lock washers were used,

The plain washers used in performing the asgembly

operstion wers 7/16 ineh 5,A,Z, Standard plain washers, Approximetely 80

washars wers used,

Stop Vs s The stop wateh used to time esch 25-eycle run vwas 2
decimal minute wateh, It hed 2 sweep hand making one revolution per minute
snd reading in hundredths of 2 minute, A small minute hand reasd by minutes

up to 3 minutes,
SELECTION OF 11 CPERATORS

Source of Overators., The operators were sslected from the
author's hotion and Time Study clzss &t Virzinia Polytechnic Institute,
All eszndidstes examined were mule veterans of YWorld War II, Yach of 15
prospective operators was interviewed, -nd a record was made of his per-
sonsl dabta. He was then given » finger devterity test simil:r te the one

used by Johnson O'Comnor (12).

The ¥inger Dexterity Test. The equinment used for the dexterity

tant consisted of the following items:

Thres-iundred-fiftesn vins 0,066 inches in diameter :nd 1 ineh
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long mede of hard brase wire,

A ninate decimal stop watch for timing the test,

A work table 29-1/4 inches high upon which the test was performed,

An zdjustable heizht backless stool upon which the operator was
geated while being tested,

Une herdwood bowrd 6 inches wide, 12 inches long, snd 1 inch thick,
In one half of the bowrd 100 heles were drilled in linee of 10 holes each
with the lines 1/2 inch apart in both directions, The holes had » depth of
3f4 inches wnd s dismeter of 0.196 inches (nunber 9 drill), The othar end
of thé hosrd consisted of a shellew tray spnrorimstely /+ inches by § inches
by 1/4 inches vwith gides sloping gently so that the pine could not be
srasped by gathering them againet the sides of the tray,

| The erxsminer g:ve the following instructions t0 the eviminee!

“Sext yourself .t the taible with the bo:rd in & comfortable workiné position
in front of you. furn the boasrd so that the tray is at your right if you
are right hended, or =t your left if you «re left handed, 1The hoard should
he zt aporoximately right sngles o the working hand, You may or may not
rest the working arm or elbow on the table asccording to your own prafesrence,
Yhe Bosrd contains 100 holes esch of which hss reom for thrse pins, As
rapidly as y&u‘cang viek up thrse pins 2t 2 time end fi11 the holes with
three pine sach, Use one hand only. Start in the faurthest hole of the top
row snd, working toward the tray, fill &1l the holes in the top row., Next,
start 2t ths farthest hole of the second row znd fill that row. Then fil31
the third row, the fourth row, znd eo on until all rows asre filled., If you

attempt %o Till the holes in any other order, you may have difficulty
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reaching the empty holes, or you may knock pins out of the previously filled
holes, ¥ill esch row completely before you start the next, Do not skip
around, There are extra pins in the tray, If you dron a2 few vins on the
floor, do not stop to pick them up,"

After gziving the examinee the instructions, the svsminer mzde sure
that the subject complied with the sturting conditions, The svxaminer denon-
strated the opsration by filling the first three holes himself, The pins
were then returned to the tray., The sxuminee was directed to practice by
filling the first row, after which the pins were sg:zin returned to the tray,
The examinee was given a chance to ask any questions at this time, The sub-
ject was then dirscted to £ill 211 100 holes ss rapldly as possible without
stopping.

By means of the stop watch, the examiner determined the slapsed
time from the fiiling of the first hole to the filling of the fiftieth hole,
and the slapsed time from the filling of the fifty-first hole te the filling
of the last hole,

The exsmines's score was determined by the following ejuationt

= Scors

The results of administering the dexterity test to the 15 ex-
aminess are shown in Table 2, page . Although the test used in this in-
vestigation is not exactly like the O'Connor test, it is belisved that it is
sufficiently sinilar to nproduce substantially the same results, In column
three of Table 2, are shown the rznges of scores coversd by each quarter of
the distribution odtained by O'Connor by giving his test to 2 largze number

of persons covering a wide range of personal characteristics, T:ble 2
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indicates graphically into which quarter of O'Connor's distribution each opsr-
ator tested during this investigetion would fall. It will be noted that, 28 a
group, the opsrators examined scored in the faster brackets of the 0'Connor

distribution,

Selection and Urouping of the OUperators. From the 15 subjects

tested, 8 operators were selected and divided into two groups on the basis of
the dexterity test. Selection was so made that the following two conditions
ware satisfied,

1. 7The operators selected were distributed fairly uniformly
throughout the scoring distribution of the entire group evamined, Columns 1
snd 2 of Table 2 show how successfully this condition wss satisfied,

2o The eight operators were go selected that they could be divided
into two 4emmn groups of approximatsly equsl dexterity score. VWhen thisg
division had been completed, Group A had a total score of 17,04, 2nd Group B
had 2 total score of 17.07. Operators in Group A were numbered 1A, ZA, 34,
and 4A; operators in Group B were numbered 1B, 2B, 3B, and 4B, 7The compara-

tive scores of 211 operators are recorded in Table 2,

Persong) Date of Operators., The personal data of the eight se-

lacted operators are outlined on the followlng pages,
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OFPERATOR NUMBER 1A

Aged 2 years

Welght: 165 pounds

Height: € faet 1 inch

Healthd Good

Vislen: Hormal without glasses

Dexterity Score: 4,89

Hobbies? Hene

Jobha Held: Hone

Military Service: Aerial navigator sssigned to air-ses

rascue work,

Four months foreign service,

36 months total service.
Separated as second lieutenant,

Ramarks? Horked at a slow, steady, easily main-
tzined pace,

Wag never hurried or excited,

Seldom fumbled,



Ages
welght:
Height:
Health:
Vision:
Dexterity
fAobbies:

Jobg Held:

Military Serviceo:

Reiinariks:

Seore:

a7

OPERATOR WUVBIR 24

29 yea

165 pounds

o feet 10 inches

Good

lormal without glasses
&o36

3norte

Shipyard apprentice machinist for
two years.

Aerial navigator on heavy bombers.
Based in ngland for five months.
Flew 15 combat missions.

20 months total serxvice.

Separated as a first lieutenant.

Jas cxeentionally smooth and accurate.

Appeared to work with little effort,
but achioved cgecelleont operating times.

1lis pace apneared 1o be easy to meintain,
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OFZRATOR HUMDER 3A

Apet 23 years

Waight! 150 pounds

Heizhts 5 feet 7 inches

Hezlthi Good

Vislon: Hormal without glasses
Dexterity Scoret 3. 97

Hobbies? Hunting, fiehinz, und riding
Jobg Helds bone

Military Service! Infantry platoon lesder,

Seven months of combat on Itzlian Frent,
“Wounded in Aetion,

Left wrist was stiff 28 & result of a
training zeecident,

36 months total service,
Separated as a first liszutenant.

Hemarkasl Horked at 2 uniform, easily maintainsd
vead,

Gecaplonzlly suffered from a series of
maccensive fumbleg for vhich no reagons
were apnarent,
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Welghtt
Height?
Health:

Tigion:

Uezterity Score:
Hobbles:

Jobs Held:

Military Service:

Ramarkss:

29

OPEBATOR NUMBER 44

23 years
170 pounds
6 fest
Good

Hear vision good
Paxr wision feir

3.87
" Basebsll, gardening, snd hiking

Clerk 2t railrosd reservation desk
batween school terms,

Army Specizlized Training Progrsm for
9 months,

Infantryman for 9 months,

X-ray repairmsn for 15 months,

33 Honthe total service,

Separsted as s private firet class.

Combined rspid movement with a considsr-
able degree of skill,

Appesred to be able to maintain the vace
he set,

dz8 a very consistent operator.



Age?

Waightt

Halght:

Haaltht

Vision?
Devterity Score!

Hobhies:

@®

Jobs,held:A

Military Serviece:

Remgrks?

OPERATOR NUMBER 1B

23 years

155 pounds

6 feet

Good

Hormal without glzsses
L4e71

Hone

Hone

Guaner in an infantry howitzer company,
30 months totzl service.
Separated as a corperal,
Steady conszistent operator,

Set zn easily maintained pace,
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OPERATOR NUMBER 2B

Age! 24 years

Weight! 185 nounds

Height! . 6 feet

Healths Good

Vision! Hormsl without #lzgses

Dexterity Score: be37

Hobbles: Flying

Johs Held: Worked in production planning department

for three months,

Military Service: Instructor snd platoon leader in army
corps of enginesrs,

Served one year in the Zuropean Thester
of Operations,

Two mounths of combst,
36 months total service,
Separated a2s a first lisutsnant,

Remarks? ' Had only sverage skill, but developed
evireme energy =:nd speed,

Could not have maintained his speed over
an entire working day.

His great speed and exartion resulted in
an erzcessive amount of fuwbling,



Apat

weaight!

Heipght!

Lmalthe

Viaions
dertarity Score:
Hobules:

Jobs Held:

Milltary Service:

lemarke?

32

CPERATOR NUMETR 3B

145 poundg

5 feet 7 inchesg

Good

Hormal without glagses

L, 06

Sportis

None

Aerizl nsvigastor on heavy hombers,
Two months foreign sarvice,

Two combat migsions,

27 montha service,

Sepsrated an a second lieutenant,
dorked st an easily maintained pace,

Yae calm and steady,
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OPZRATOR NUMKER 43

Age: 21 years

Wealgzht! 150 pounda

Height: 5 feast 11 inches
Heslthi Good

Vision: Normal without glaesss
Dextarity Score: 393

Hodbbies: Reasding

Jobs Held: Nona

Military Service! Hasvy bomber pilot,

26 months servics,

Separated ag a second lisutenant,
Remarkes Wae fzat and aceourate.

Although he axerted considerzble energy

and moved at high speed, he worked with
little fumbling.
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Discussion of Operators. The following facts regarding theses opesr-
stors should be noted:

1. The operators' ages ranged from 21 to 24 years,

Z¢ All operators had served in the armed forees during World War II.
Such service indicates a zood physical condition,

J. Four operators had served as alr crew members, Becauss of the
high physical standards of the air arms, such service indicates a superior
shysical development on the part of these operators.

Yo he Tinger dexterity test used in this study wss net exzetly
like that used by Johnsen O'Connor (1.), but it should give reasonsbly simi-
lsr results. Table 2, page 2/, shows that the subjects eramined scorad prin;
eipally in the faster brackets of O'Connor's distribution, Sinee O'Connor's
study covered subjects with a wide range of personszl characteristies, it was
sxpected that the subjeets of this study would, because of their youth snd
zood health, score bestter than 0'Connor's aversge,

5., The facts stated in the four preceding varsgraphs indicate that

he selscted operabors ars not representative of the aversge industrial
worker becsuse these opsrators sre youngzer and in better physiecal condition,
Howaver, they ares fairly representative of a large group of workers who sre
now sntering industriazl employment - namely, the vetersns of Yorld War II,
Since the results of the study will be bssed, not on total speed, but on the
difference of apesd between the two motlon paths, it is not believed thet
the variance of thase subjects from the aversge industri:l worker will ms-

terizlly affect the results of this study,



35
METHOD OF PROCEDURE

Arrangement Of Work Schedule., The tests covered a span of four

weeks, Zach operator worked two periods per week, or eight veriods during
the study. Each work period lasted avproximately one hour, The work neriods
for sach ouesraztor were arranged so that they occurred at the same time each
weenk =nd so that either three or four days elapsed between consecutive
~eriods, For examnle, one schedule used consisted of work periods on Mon-
day and Thursday, while another consisted of work periods on lMonday and Fri-
day.

The work w=s broken down into runs, esch of which consisted of 26
cycles with 25 of the cycles being timed, All cycles of a run were nar-
formed by the same motion path., The motion nath was slternsted at the end
of each run, Two consecutive runs representing the same cumulative number
of cycles of each motion path were combined to form a unit, During the
firgt work period =ach operator comoleted two units, during the second
neriod he completed three units, ~nd during each of the six remsining neriods
he completed four units representing eight runs, The increasad outvut after
the first and second periods wsg made possible hy the incressed skill result-
ing from practice on the =rt of both operators and observers, During the
courge of the study, e=ch overator completed = total of 20 units renresente
ing 729 %imed cyecles of eazch motion vath,

As was evplained under the selection =nd grouving of operators,
two operator grouvs of apororximately equal dervterity score wers formed -
Group A and Group B, During the first, third, fifth, -~nd seventh work

neriods, Group A evecuted each uanit by verforming the first run of the unit
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symmetrically and the second run nonsymmetrically; during the same vperiods,
Groun B exascuted each unit bty performing the first run of the unit nonsym-
metrically and the second run symmetricsa1ly. During the szecond, fourth,
sirth, -nd eighth work periods, Group A evecuted each unit by performing
the first run nonsymmetricslly -nd the second run symmetrically: during
these variods, Groun B evecuted each unit by performing the first run sym-
metrically ~nd the second run noansymretrie=lly., By cancellstion bebtween
the twvo operator groupe, this arrangement of the schedule minimized the
tendency to carry skill scquired in the motion vath of the firet run of a

unit over into the oyrosite motion path of the second run,

Introduction Of Overator To Job, At each operator's first work

neriod, the objeet of the investigation was er luined to him, He was re-
guested to cooverate by anearing nromptly for esach scheduled work périod,
by endeavoring to =200ly the same amount of effort to each motion path, =nd
by trying to verform hoth motion naths By exactly the sawe methods, The
sbaerver demonstrated the oroper msthod of cerforming the oneration by

each motion wath, =ad the operator then performed 10 eycles of ezch motion
nath, These 10 cycles were not regarded as nractice, but rather as a means
of faomiliarizing theA operator with both mobion naths, Any questions ssked
By the operator were snswerad, after which the two unite scheduled for the

first period were -erformed,

Conduct Of The York PFeriod, With the ercention of each onerator's

first work period, 211 perieds wers conduneted in a similar manner, The

first period differed from the others only in that the first part of that
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variod was devoted to introdueing ths operator to the job in the manner
deseribed in the oreceding Daragrajh,

At the besinaing of o veriond, ths observer recordsed on ths data
sheet the date, the overator's name and mamber, the observerts nama, the
room bemusrature, the starting time, and sporopriste remarks Tegarding
the gurrent vhysical conditlon of the onerstor, The observer removed the
finished zssemblies from the disposal boves and replaced n box under sach
digoosal chute, %The asseublies were disassenmbled, and the bolte, loek
washers, snd plain waghers wers nlaced in their regvective bine, The
bolts vere counted to make certain thst 26 were nlaced in each bin, Since
neversl extra washers of e.ch tyve were arovided, the wishers wera not
sounted: the observer aim 1y divided Shem sgqually by eye betwesn sach
ressectivae palr of bhins, Iy vl:cing the lozating oine of the bine in the
nrpver locating holes of the table, the stoek bins were arrangsd in the
arooser loeation feor the motlon vath sebeduled for the first run, The obhe
searver slaced the vroper sszsembly firture in the table and checlad the met-
uy for errors or owmiesions, The operator wxs sested comfortably on the
z%o0l in the working position, When =11 starting conditions were fulfilled,
the obgerver directed the onerstor to begin work, As the overztor dromed
thie first completed assembly into the disposal chate, the observer started
the pion watch, As the lust completed aseembly was drooned into the dige

sogal ehute, the observer stonued the walteh, The waibeh time then resre-

gented the time consum erforming 75 cyoles, Trenty-cir oyeles performed
at deseribed, with 25 of the cyeles belng timed, comorised the first run,

Uoon the comaletion of the run, the obeerver rescordsad $the ruan nunber, the
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time for the 25 cycles, the type of motion pzth used, any aoprooriate re-
parks, =nd the cuwnulative numher'of cycles of that motion vath which had
been comnleted at the end of the run, In determining the cumilative num-
Ler of cycles, only the timed cycles were included; the firet or untimed
cycle of sach run was not counted, After 211 dats vertaining to the run
had been recorded, the vork nlace was rearrmnged for the ovrosite motion
nath, ~nd the second run was saccomnlished in the same menner ss the first -
axgsent that it was performed by the opposite motion vath., These two runs -
one run using esch motion nath, and each run comnleting the same numbar of
cycles for the motion path by which it was performed - comprised the first
unit of the veriod.

Succeeding units were accomplished in s similar manner until the
nwnber of mnits scheduled for the veriod had been performed, Upon the com-
nletion of the schedule for thes neriod, the observer recordsd the finish
time on the date shest and entered any p ropriate remarks regarding the

seriod as a whole,
RESULTS OF THE INVESTIGATLION,

Faeh overator completed the e=ight perlods zs schednled., Thus
each opsrator comuleted 29 units or 58 rumns, The time in minutes for each
run is talulated in T:ble 3, nsge 40, The ton horizontal line of Table 3
sives the operator's nuwber, The second horisontsl line shows the ty-e of
run, symmetrical or nonsymmetrical, by which the run was performed, The
first verticsl column shows the period number, =2nd the second vertie:1

colunn shovs thne unit nunber, The third vertical column shows the
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cumulative number of cycles which had been nerformed by sach motion path at
the comnletion of the unit, The remsinder of the columns show the time in

pinutes for performing each 25-cyrle runm,
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1V, DISCUSSICH OF RESULYS

A study of Tzble 3, revezls that the operator ﬁsually parformad
the symmetrical run of a unit faster than he verformed the nonsyrmetrieal
run of the same unit., In some casaes, however, the nonsymmetrical run of
a unilt was accomnlished faster than the symmetrical run, E:zch operator
nerformed the nonsymmetrical run faster in from 3 to 6 of h;s ?6 unita,
in 195 units the symmetricsl run was faster; in 36 units the nonsynpmetrical
run was faster; in the one remsining unit the times for both rung vwere
identical., 1The occurrsnce of units in which the nonsymmetrical run is
fagter than the symmetrical rus is attributable to the fact that the human
body does not function like s machine; more or less minor delsys 2nd fumbl-
ing accomnanied each run, It was entirely vossible, with 25-cycle runs,
for =n opsrator to experience considerably more minor delays =nd fumbling
in one ru: of a2 unit than in the other run, If apvreciably more time was
consumed by minor delsys end fumbles in the symmetricsl run then in the
nonsymmetrical run of a unit, it wac possible for the nonsymmetricsl run
$0 be faoster, BSuch occurrences sccount for unite in +vhich the nonsym-
metrical run was faster, Since there was no mracticabdble method of drop-
ning the tims consumed by these delsys and fumbles from the record, the
time for sach run was aceented =zt its face value regardless of the amount
of minor delsys and fumbliag in the run, It 1s believed that, in the long
run, the time for such minor delays -nd fumbling tended to czncel out when
the run times of the vaorious onsrsiors were averaged, In order to minimize
the affect of the zbove nmentioned delays on the comparison of the recorded

times of the two motion wvzthe, the remsining discussion of the resulis will
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be based on averzges of all operators'! times, rather than on the times of
any cingle onerator,

The signifie-nt details of the raw data of Table 3 are swmarized
in Tables 4, 5, and 6, =nd are ;resented graphically in Figures 6, 7, and 8,

In the first, second, and third columns of Table 4, vage 4%, are
racorded resuectively the work period number, the unit number, =nd the cumu-
lative number of cyecles of esach tyne completed at the finish of the unit,
The fourth column records the azversage run time of 211 overators for psrform-
ing the symmetricsl runs of the unit, The last column records the average
run time of 31l onerators for performing the nonsymmetrical runs of the
anit,

The datz of Table 4 are vpresented grachieslly in Figure 6, page /5,
In this figure the average run time by units for sach motion vath is nlotted
against the unit number, Vertical broken linss indicxzte the location of
boundaries bastween work periods, Work veriod numbers are recordad at the
lover end of the period boundaries,

Table & and Figure 6 shov that the average run time for either
motion nath decresses =s the amount of nractice increases, 7This decrsase
is neither continuous nor constant: in soms cages the time for a run may be
grester than the corresponding time for the preceding run, The genaral
trend of the time for both motionm paths, however, is steadily downward, A
decrease of the time resuired to perform an operstion as the amount of the
operatorts exrperience increases is = common occurrsnce in industry. Since
the humsn body is subject to variations in performesnce from run to run, it

. should not be swpected that a vplot of the run times will nroduce a smooth



AVERAGE RUR TIME OF ALL OPERATORS BY UNITS

FIRIOD UNIT CUMULATIVE AVIRAGE AVERAGE
NUMBER WUMBER CYCLES SYMMETRICAL NONSYMMETRICAL

TIME IN TIME IN

MINUTES MINUTES
1 1 25 3. 268 3.496
1 2 50 2. 095 2.309
2 3 75 2,948 2.098
2 by 100 2.815 3. 039
2 5 125 2.813 2,965
3 6 150 2,864 3.021
3 2 175 2,810 2.866
3 8 200 2.656 2.800
3 9 22 2. 655 2, 746
N 10 250 2.703 2.763
4 11 275 2. 578 2, 724
i 12 300 2. 528 2,676
L 13 325 2,549 2. 650
5 14 350 2. 508 2,656
5 15 375 2. 519 2.610
5 16 400 2o 504 2,605
5 17 425 2. 460 2. 571
6 18 450 2. 506 24549
& 19 L7s 2,425 2,476
é 20 500 2,441 2. 504
6 21 525 2¢ 391 493
7 22 550 24 385 2,438
7 23 575 20 371 2.416
7 204 600 2. 386 2.7299
7 25 625 2. M0 2,426
8 26 650 2. 350 2,425
8 27 675 24320 J451
8 28 700 2. 286 >, 360
8 29 725 2.283 2. 32k
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curve, A second significant fact revealed by Figure 6 is the fazct that the
aversge nonsgymmetrical run time is consistently greater than the average
symmetrical run time, This fact indicates a greater efficlency for the sym-
metrical motion path,

In Table 5, page 47, is tabulated the average time of all operators
for performing the symmetrical and nonsymmetrical runs of each éeriod. The
first column records the period number, The second column records the aver-
age run time for the symmetrical runs of the period; this coluﬁn WAS Pre-
vared by adding the time for w&ll symmetrical runs performed during the
period by a2ll eight operators and then dividing that sum by the total number
of symmetricsl runs performed during the period, The average run time for
the nonsymmetricsl runs of the period was computed in = similar manner, and
the results were tabulated in the third column, The ratio of the average
nongymuetrieal run time for the period to the average symmetriecsl run time
for the period is recorded in the fourth column,

Pigure 7, page 48, presents graphically the data of the first,
second, and third columns of Table 5; The average run time by periods is
plotted against the period mumber, This plot smooths out the irresulari-
ties of Pigurs 6, The average run time for each motion nath decreases con-
tinuously from each period %o the next; the decreases occur at a relatively
uniform rate, thersby producing fairly smooth curves, The symmetricsl time
is consistently less than the corresponding nonsymmetrical time, A tendency
is displayed for the distange between the two curves to decdrease as the num-
ber of work pericds increases,

Pables & and 5 and Figures 6 and 7 present the same evidence in
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TABLE 5

AVERAGE RUN TIME OF ALL OFREATORS BY PERIODS

PEALIOD AVERAGE AVERAGE RATIO OF
NUMBER | SYMMBYRICAL | NONSYMMETRICAL | NONSYMMETRICAL
PINE IN TIME IK TO SYMMETRICAL
MINUTES MINUTRS TIME
1 3.181 3,403 1.0698
2 2,858 3,031 1, 0605
3 2. 746 2,858 1,0408
b4 2,588 2.703 1, Olduly
5 2,498 2,611 1.0452
é 2441 2.505 1.0262
? 2.3 2,420 1.0207
8 24310 2,390 1.0351
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gslightly different forms, They indicate that the average run time for both
motion paths decreases as the operator becomes more experienced, This is &
tendency which is already well recognized throughout industry, Thegse tables
and figures indicate that, under the conditions of the study, the operation
may, on the average, be performed in less time by the symmetrical than by the
nonsymmetrical motion path, The additional time required by the nonsym-
metrical motion path ranged from 6,98% in the first work veried to 2,07% in
the savenih period, Although the operation used in this study is not an in-
dustrisl operation, it is believed that the superior efficiency of the sym-
metrical motion path as revealed by the performance of the operation of this
study would be duplicated to a greater or lesser ertent in typiecal industrial
operations, It is believed that the results of this study indieate that, .
other conditions being equal, lesé time will be required to vperform an in-
dustrial operation by a symmetrical than by » nonsymmetriecal motion path,

In Figure 8, page 50, the data of the last column of Table 5 are
presented graphically. The ratio of the averasge nonsymmetrical run time by
periods to the averasge symmetrical run time by periods is plotted sgainst
the work period number, The chart shows & tendency for this ratio to de-
crease as the number of work periods increases, The plotted points show con-
siderable disversion from period to period, but they do indicate a definite
tendency for the ratio to decrease as the amount of practice ineresses, Such
a tendency of this ratio to decrease with practice indiecates that, as the
operator becomes more experienced in the performance of this operation, the
difference in efficiency between the two motion paths msy be erpected to de-

cresse, Lt is believed that a similar tendency would be erhibited by



RATIO OF NONSYMMETRICAL TO SYMMETRICAL

TIME

1.08

1.06

1.04

1.02

1.00

RATIO OF

NONSYMMETRICAL TO SYMMETRICAL TIME

VS,

PERIOD NUMBER

2 P 1 | o 1

0§

3 4 5 6 7 8
PERIOD NUMBER

FIGURE 8



51
1n¢gatria1 oparstions, On short-run production, vhere the operator galns
a minimum of practice on one operation before changing to another, it would
appear ihat the uze of a symmetrical motion path would produce marimum time
.8avings. ginee this study shows & tendency of the superiority of the sym-
metrical motion path to decrease ss the amount of practice inereases, On
long=run produetion, however, whers the operator gaing a maximum of
pragctice on one operation before changing to another, it would appeir that
the symmetrical motion path would enjoy less superiority over the nongym-
metrical motion path, It is indicated that, on continuous operations -
where the operators repeat the same operation for long periods of time -
the difference in time between the two motion paths might become quite
smalle It should be noted that, although the times for the two motion
paths might approach equality, there is reason to believe that the nonsym.
metrieal motion path might cause more fatigue for the operator., An in-
vestigation of the relative amount of operator fatigue vproduced by the two
motion paths is beyong the scops of this study,

An ineidental result of the study vas a chance to compare the re-
sults of the dexterity test with the actusl accomplishment of the operators,
The dexterity test was used in an attempt to divide the operators into two
groups having reasonably o&nal skill, and to obtain distribution of the
operators through a rather wide range of skill, Table 6, page 52, com-
parss the operators' ranking by the dexterity Sest to their ranking by ae-
gomplishment during the test, The first column shows the ranks from 1 to
8 inclusive, Number 1 is the fastest, and nuwber 8 is the slowest, In the

second column is entered each operator's namber opposite his rank as
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TABLE 6

COMPARISON OF OPEBATOR RANKING BY DEXTERITY TEST

TO OPERATOR BANKING BY ACCOMPLISHMENT

QPERATOR OPEEATOR
RANK RANK BY RANK BY
DEXTERITY TEST ACCOMPLISEMENT

1 HA 4B
2 4B 2B
3 3A LA
i 3B 2A
5 2A 1B
6 2B 3A
7 1B 3B
8 1A 1A
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determined by the dexterity test. In the third column is entered each oper-
ator's number opposite his rank as determined by his accomplished time dur-
ing the study. Table 6 reveals the following facts:

1, The two fastest men, as determined by the dexteri-
ty test, finished in the faster half of the accomplishment ranke
ing.

2. The two slowest men, as determined by the test,
finished in the slower half of the accomplishment ranking,

4, Of the four middle men (rank 3 to 6 inelusive) as
determined by the test: two finished in the middle section:; one
finished above the middle section; ore finished below the middle
section; none finished first or last,

4, The operators of both groups were distriduted with
reasonable uniformity throughout the range of the rank distribu-
tion as determined by accomplishment,

The observations of the preceding four sub-paragraphs indicate
that the dexterity test used predicted the relative potentisl performance
of the operators in a most acceptable manner, No test could be erpected
to predict the operators' future performance exactly., The test produced

a very satisfactory selection and grouping of the operators,
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Y. CONCIUSIONS

It is belioved that the results of this study warrant the
statement of threo eonclusions. :

1. Other things being equal, an industrial operation may be
performed in less tm by a symmetrical motion path than by a none
symmetrical motion path if the operators obtain only a moderate amount
" of practice on the operation. This study was not carried through

mffieient practice cycles to prove positively that the symmetrical
motion path would be more efficient on extremely long-run operations.

2. The time savings %o be gained by the application of a :
gymaetrical motion path to the performance of short-run production
may be expected to be considerably larger than the time savings to
be gained by the application of the symmetrical motion path to the
perfomance of long-run production. This condition appears to be due
t‘o the fact that a synmetrical motion path can be learned more rapidly
than ¢an a nonsymmetrical motion path, partioularlv during the early
stages of practice. |

3¢ In the case of this study, the dexterity test furnished
a most satisfactory means of selecting operators distributed throughe
out a wide range of skill, and of grouping those operators into two
~groups of approximatély equal skill. It appears that there was a
significant relation between the operators'! dexterity scores and

their accomplishment.
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VI, SUMMARY

It iz evident that a rising wage level makes it imperative for
management t0 secure greatsr productivity from labor., Such greater nro-
ductivity must dbe secured by the use of more efficient work methods, raﬁher
than by foreing opsrators to work at a faster pace.

The results of this study indicate that the use of symmetrical
motion paths offers one method of increasing operator productivity with-
out unreasonable speed up, It is also indicated that the performance of
an operation by » symmetrical motion path ylields greater time savings when
applied to short-run production, It appears that management should en-
deavor to insure that the work place is so srranged that industrial oper-
ations are performed by a symnetrical motion path whenever practicable, It
is doubly important that the symmetrical motion path be applied to short-
run production whenever possible, as it enables the operators to attain ae-
ceptable proficiency more guickly., Omne commonly used method of attaining
a symmebtrical motion path in small assembly work is to use an assembly fiz-
ture which aliows esch hand to build a separate assembly independently of

but simultaneously with the other hand,
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Vi1, SUGGRSTIONS FOR FURTHER STUDY

This study carried the practics through only twenty-nine 25-cycle
runs of each motion path, representing a total of 725 oycles of each type.
1t appears profitable to extend a similar study through several thousand
cycles to determine if the tendency of the ratic of nonsymmetrical $o sym-
metrical time continues te decrease with increased prastice,

No attempt was made during thisz study %o determine the relative
amount of fatigue produced by the two motion paths, Most of the operators
commented upon the fact that the nonsymmetrical motion path sesmed morse
fatiguing because it required closer consentration, it involved more twist-
ing of the body, and it incurred unbalanced movements of body members,
These operator observations were, of course, simply impressions which could
not be measured quantitatively., It 1s suggested that an investigation of
the relative fatigue produced by performing an operation by symmetricsl and
by nonsymmetrical motion paths might produce valuadle information,

Reference $o Figures 1 and 2, page 13, will show that, in the sym-
metrical assembly fixture, the two assembly nests vere manged.sido Yy
gside, while they were arranged one behind the other in the nonsymmetrical
firture, ¥o definite record was kept of the smount of fumbling whiech ce-
curred in assembling the washers onto the bolts, but there appeared to de
more time lost by fumbles of this nature with the symmetricsl fixture, An
investigation of the relative ease of assembling and of the relative amount
of fumbling with assembly nests arranged in each of these patterns might
reveal valuable information regarding the most efficient relative location

of assembly nests for two-handed simultaneous assesbly overations,
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X, APPENDIX
DEFINITIONS OF THE THERBLIGS
USED IN DESCRIBING THEE OPERATION

Irangpert Bmpty., Transport empty is the act of moving a trans-
portation mesns, usually the hand, without sxternal resistance or without

& load,

Grasp. Grasp is the set of gaining control of an objeet so
that 1t can be moved in the desired direction, Grasp is usually sccom-

plished by closing the fingers upon the objeet,

Lrangport Losded, Transport loaded is the aet of meving a

transportation means, ususlly the hand, against an external resistance

or while carrying a load,

Pre-position. Pre-position is the asct of moving or turning an
object inte such & position as te prepare the object for the next opera-

tion,

Eogition., Positien is the act of bringing tve or mere objects
into such relative position or zlignment that they may be placed together

by the nsxt therblig.

Beleage logd. Relesse load is the act of the transportation

means relinguishing contrel of an abject.

Asgemble, Assemble is the aot of plaecing two or more objects

together so that they form u unit or z part of a unit,
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