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Th%ﬁf%ﬁV??%ig@tiqgfyﬁs?ﬁnderteken to gain further in-
- 8ight inte the ;elatienShip emeng the‘elements of a work cycle,
particularly to determine~whether or not*sueh elements'are*sta-
tistically independentt - o |

The:data_were'obtained from a miefemetioh study of two
| Operaters,_one whese cyele.times were statistically stable'
- and one whoseueyele times'wefe"statistieslly unstable. These
operators perfomea a short eycle,'_nilanua‘l- -sssembly operation
in anfindustrial plant;-_Werk'cycles ebntaining ma jor deparé
tures from the estatlishediwefk method were eliminated. A
twelve element breakdown of the cycle was made for each oper-
ator. These dats were subjected to Wilks' multivariate test
of independence to test the null hypothesis.thst the elements
of the cycle are statistieally independent. _' | |

The results of the analysis led. to an acceptance of
this null hypothesis for the statistieally-stable operator
and to a rejectien of the null hypothesls for the statistic-
ally unstable operator.' The only-sigﬁificaht eorrelation
found was between the last two elements of the cycle for the
statistically unstable operator. Frem an examinatien of the
films this_was believed to be‘due to,the.operator's examiningr
the product 1in or&er-to detefmine the proper dispositien of -
the. completed assembly on those cyeles where difficulty was

eneountered on the next to the 1ast ‘element.



CHAPTER I
INTRGDUGTION :

There have been few changes in time study practiees -
since its original tenents were developed The establish-
rment of time study was a part of “Seientific Msnagement“'
which was later proposed by Tayler as a substitute for the
management methods then employed (ll) ‘

| There have: been rnumerous criticisms of eenventional
practices 1n the field of time study.- One,anslysis led Pres-"
grave to conclude 1in 1945 thst‘time_study'was in a "most un-
satisfaetorj state," and thet methods had been.little im-
proved in precision, msnner, or uniformity (48).

| Various approaches have been suggested by Sylvester
(58), Davidson (18), Abruzzi . (1), Lehrer (33), Wilkinson
(64), Desmond (20), Gomberg (25), and others.’ Several of
these advocate a ststisticslispproeeh. This note toward a
statistical frame of reference was made in an effort to im-
prove the reliability of time study results.

Time study eontroversy seems to be coneerned with two
general assumptions first that time study elements are
ststistically independent, and second, that time stndy men
'can adequately appreise sperator performance ‘using normal-

izing techniques.



This study-is_eoneereed with the assumption that time
study elements are etatietically independent.

The ‘several conventional standard data systems are
feunded on the theory that manual activity may be sub-divided
" into readily identifiable elements of work and that the work
content for a given element is the same. regardless of where
or by whom the element 1s performed. The theory further
holds that the'werk oentent ofoa‘maneal operation 1s the sﬁm
of the times for the individual elements comprising the opera-
tion. | , |

An acceptable time study practiee is %o base work con-
tent on normal time, that is, the actual time which has been
leveled. Actual time is proportional to normal time 1if the
perfermenCe level 1e'oonstant Actual time was used in this
study on the assumption that operator performance was constant.
Hence, results ‘based upon actual time values are presumed to
be applicable to work centent“eonsiderattense _

If two different‘Operatioésg‘(iyéenq-ée),'are divided
into their indiridﬁal elements, 1,_2,‘. - ;'they can bhe

 4llustrated as follows:

Operetion (1). 1 2 "3“' I ‘5;_6i
Operation (2) 1 2443 "4"'5 gf 7 g,r'

?*Suppose element "3" of'Operation (1) 1= the'“seee,“ by
the definition used in standard data systems, as element “4Y
of Operation (2). Element 2 of Operetioh (1) is not the same

as element 3 of Operation (2), and element 4 of Operation (1)



is not the same as element 5 of Operation (2). The observed
time for element "3", on the ith cycle, of Operation (1) could

be represented by.

vy = a bx21'4aqui + e4 and
\ .'E(Yi) =py -8 + bﬁé:‘-'l' eny
a, b, and ¢ are eonstants

= ebserved tinme for element 2 on the 1th cycle

i
m. .
[ird
'

Xy ;~observed time for element 4 on the ith cyele

E(y)= the ‘expected value of ¥y o |

ey, = an error due to both timing and operator.
_activity variation

By = mean of element 2

mean of eleﬁent 4

By
The observed time for element "4" of Operation (2) could

be feprésented in a simllar manner asAfbllows:

vy zatt 5'*31"”* c'xdy + e
| E(Yi)‘: ﬂ& :‘a' \ b'pé + c'p5

L

If we aceept the assumption of validity of standard data
gsystems, then py = py and it the‘elements are independent i. e.,
b =b' =¢c = c' 0 then”,this impliea that a =al, If, how-
ever,‘the elements are not 1ndependent, acceptance of py =

p! implies that a + bup 4 ony -a' $ b'pé‘+ cng. Since thé
‘latter is not plausible for a 1arge variety of operations, es-
tablishing the independence of element times will add support

to the use of standard data systems.



| This afguéﬁén@ﬁc6&1@fbe¥é&tendéd'tb cevef ail'of‘the
elements in the work cycle, which 1s, in fact, what this study
tested using Wilks' multivariate test of independence to show

that'time study elements_areﬁstatistieally indepéndent.' |



CHAPTER II
: 'BEVIE_W OF THE‘LITERATURE

Abruzzi (1) has ' stated that the assumption ef 1ndepen-
dence 1s largely nnjustified and that relationships among .
parts of a motion cyele are partially a function of the’ oper-
' ator whe 1s observed. ﬂHe alse suggests that there 18 a re~
llationship between degree of dependence and the number and
Hsize of’ parts 1nto which the job cyele is analyzed

Earlier werk by Barnes (5) ‘indicated an 1nteraction
between element times, that 1s,71f distance was manipulated_'
as e var1eb1e, the time required for the transport motions
varied as nould'be expeCted jbut”tne time requireé for gras-
pingrwas also affected. Interaetion appeared in both of
theSe“studies. This 1s, however, a dependence among the
mean times, not 1n_the elemsnt times'within.the 1ndiv1dual
eycles. ) - . |

In'efstﬁdr‘fromtthe PSyehoiogieei'LaterEtories'at=the‘
University of Wiscensin (55), the cempenents ef mevement in
an assembly type 0peration were 1nvestigated. In this motion

pattern the sanect was required to grasp a part, move it,

position and release it, and'finelly reach back to the supply

of parts. The results indicated that eorrelatiensfmsy exist
only for:certain elements;'perhaps betWeen,those involving

difficult manipulations and between adjacent elements.




Nedlerfand:DenEolm (41)'PerforEed an experiment in
which subJects had to. reach to and manipulate rotary switches.
The obJect of thil study was to determine what effect the ad-
dition or elimination of an elemeat,ef work would have on es-
tablished'therblig times'uithin a e¢cyele. Observers found that
the eriginal total cycle time and’ times for adJacent ther-
'bligs were significantly affected. ‘The conelusion was that
the division of an eperation into therbligs for standard data
purposes wes unwarranted. R '

Ghiselll ‘and Brown (23) performed a simple key-tapping
experiment. They observed that by the elimination of two of
the movements theicycleftime was not reduced by as much as
-one would'logically expeet thereby indieating iuterection
'hetween'the eieuents. They concluded that an operator werks
on an operation as e totality, and that each part of the oper-
ation affects'all other parts;nguffa (13) in an experiment
to gain further insight into the basic additivity of univer-r
sal standard data elements, seemed to refute the results of
the key-tapping experiment of Ghiselli and Brown (23) !
should be pointed out, however, that the basis‘for Ghiselli
and Bz‘»‘dmi*g (23) study was element times while the basis for
Buffa's (13) study was therblig times. '

Barnes and Mundel (6, 7, 8, 9, 10) found while studying
_the time required to position pine_in buehings with beveled '
holes, that certain therbligs in the oyclee‘were interreleted;

hence, Stendard times for certain therbligs cannot be given



as independent values" Davidson (19):_eported onfexperiments
eonducted by gradaate students, Moffat‘and McClure. ;The ex-
perimeaters_used a simple task of the postiand_washer@:sariety
in‘reaehing:the Same*eoholﬁsionS'asidid'BarneS'and Mundel.t

| Gemberg (25) expressed his views on standard data as
follows- |

Basically, standard data systems may ‘be divided into
two categories: the macroscopic and the microseopic.

The macroscopic school generally formulates its data
in terms of sizeable Job elements that. reappear in
many operations. The microscopic school formulates
its data 1In terms of minute muscular reactions, or.
_therbligs. _ o _
 There are several standard data systems currently in
use. They are ‘either the “element“ type, the motion" data
type, or a combination of the two.' Davidson (18) questioned
the accuracy of all standard data systems on the basis that
if the values ef one system are accurate, then different
values from other systems eannot be-aecurate._ His findiags J
_ do not establish which one of the systems is valid.
‘ Balkeom’s (3) study was an- evaluation of results at-
tained by three standard data systems. The results- |
offered ample evidence to prove that there 1s sig-
nificant difference in the -abillty of the three
- standard data systems under consideration to mea-
‘sure the time for a short manual operation. ‘A1l
three of the systems indicated a general laek. of
agreement between the elements of the synthesized
cycle and the elements of the film cycle, as was
exemplified by the fact that there was an abso- -
lute deviation of 27.86 per cent between the syn-
thesized element times and the £1lm element times. .
 Green's (28) 1investigation studled primarily the ele~

ment-time distributions for an industrial'opefat1°n3'°nergf.L“



the-seeohdary'objectives ﬁas:ts'investigste elemsnﬁ'indepen;
dence. One of the resultngf,this7StudeShowed evidence of
independeney among-the'elements of the:operation. 'Green
polinted out the limitations of his . study by noting the =mall
sample used (one Operator, -one method) He reeommended that .
- a rigorou3'study'be made.of element indeﬁeﬁdeﬁee. | | |
Perkins (47) followed Green's recommendation and pro-
ceeded to investigate the relationships among and between
elements:in the work cycle. The results were as: follows.

It was found that there was evidence of eorrelation
- among the time values for the elements of a work
cycle for both a five and two element breakdown. In
addition, the folleowing conclusions were drawn on
the basls of the test results:

1. There was an indication that the degree
of correlation among the elements of a
cycle does not rema2ln constant for the
same operator during the work shift.

2. The nature and extent of ‘correlation among '
the elements of a work cycle from perlod -
to perlod appeared to depend on the opera-
tor,

3. It appeared that in those film sequenees _
~ where-the degree -of correlation was;found
to. be the highest, there ‘was a. eoncentra—
tion of variables sueh as fumbles, slight
delays 1in positioning the parts, and :
dropping extra’ parts. ,

4. There was an indieation that the degree
.. of correlation among ‘the elements of the
five element breakdown was decreased by
combining those elements into a two ele-
- ment breakdown of the’ operation.

5 The grouping process did not decrease the
degree of correlatlon among the elements
to the same extent for the same operator

- opr data for different shots.



6. The stable and unstable operators ex-

hibited similar characteristics in re-
“gard to the degree and ijextent of corre-
1ation among the elements of the eycle.-

Perkins recommended-that a further analysis be made
using a twelve element breakdown, treating them in a similar
manner ae he did the five and two element breakdown and’ com-
paring the results. _ fy

The studies cited above have some exploratory value
although they cannot be considered conclusive because of
certain inherent limitations. Many of the studies Were per-
‘formed under‘1aboratory‘conditions using highly motivated
test subJects performing simple tasks. The results obtalned
under these conditlons: may not be comparable to those found
iin aetual operations. In other studlies the basic data were
not evaluated statistically and no: attempt was- made to detere
mine the statistical signiflcance of the‘resulte. |

The present investigation followed Eerkinsl (&7) re-
-commendatien that'there'be employed the original twelve ele-
ment breakoown of the 1ndustrial oporatioa which he studled )
for element indepehdeacy'and that the results be#statistieally

evalaated.
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CHAPTER IIT
OBJ’-E(_‘:‘T'IVES S

The reliability of the standard data eoneept depends
'1argely on the hypothesis of additivity of element times.
If the additivity hypothesis can be accepted generally, then
'considerable research remains to be done in developing a
workable standard data system for- all classes of motions

'”comprising elements. .’ ‘“j" ‘V_'gis°-;;fij' '
The obJeetive of this investigation was to study the
relatienships among the elements of a work cycle to determine
if they were statistically independent. The solution to the
'problem, therefore, inveolved accepting.er'refuting'statisti-
cally the null hypothesis that the elements of the eycle are

statistieally independent.
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The datenueed inithis]inveetigation.were available
from a fesearch nroject'which'began in 1951 under the die
rection of Dr. Lehrer and Dr. Moder, in the Sehool of Induse
trial Engineering at the Georgia Institute of Technology.
The overall purpose ef this project was_to contribute a
better understanding ef the:cﬁeracteristics of a worker's
performance on manually contnelied"renetitive eperatione.

These data available. from the research project: 1)
Were obtained from more than one Operator, 2) Represented a
sample sige.large_eneugh to*obtain_valid statistical results,
3 3) Represented an operation established for more than three
months, -4) Were’obtained from experienced operators, 5) Were
- avallable on fllm 30 that a micrdmotion stud& could be'made.

‘Taft (59) utilizing g high-speed camera (2, 000 frames
per minute), took 15,000 feet of fllm of nineteen operators
at intervals of approximately‘one hour. He obtained from
twelve to fifteen“cjciee per‘filmISequence,‘ :

Taft made micromotion studies of each of the work eycles
which were broken down into the‘folloWing twelve elements:

1. Get barrel BRI Barrels are in

TE, ST, and G- -~ - . eontainers di-.
: - - - . prectly behlnd

fixture and drive
nuts.



Place barrels in fixture
L, P, A, and RL

Get writing units

TE, ST, and G

r Place writing units in

barrels
TL, P A, and RL

‘@et drive nut
TE, ST, and G

Place drive.nut‘en unit
TL, P, A, and RL

-Get'ferrule

TE, ST, and ¢

Place ferrule over drive‘

nut

. TL, P, A, and RL

10.

Get complete unit

CTE and G

Place complete unit in 3
staking 'device < .
DA, TL, and P

.Barrels are

placed in -
holding fix--
ture, top

. opening up

Writing units

are directly to

left and right
of helding fix-
ture

~ Writing units’

are placed in
barrels, point
down

- Drive nuts are

in ceontalner di-

" reetly behind
fixture

Drive nuts are
placed over top

of writing unit

Ferreles are 1In
contalners di-
rectly in fromt

“of fixture

Ferrules are

slipped over
drive nuts

The complete .

 units are grasped
- in ‘order to'be -

removed from the
fixture

. The complete units
'+ .-are removed from
the holding fixture

and placed 1in the
staking device

12



13.

11. Stake ferrule and remove | The"ferrule is

unit from staking device staked and the
A, H, and DA complete unit
. . : 13 removed from
o the staker
12. Aside assembled unit ‘ The assembled
to contalner ‘ unit is dis-

TL and RL ' posed to con-
: o - ‘talner on right
of operator

Eaeh elemsnt was broken down ‘into therbligs and re-
corded.by‘frame ﬁumber;- These reccrdings coﬂverted to times
in minutes were used ag the basic data for this investigation.

Summers (57), using the above data, undertook a study
to evaluate the relationship between cycle time stability and
the characteristics of the werk time distribution. The sta-
tistical characteristics for this investigation were the meanr
time, the tctal‘vsriance, themvariance between periods of ob-
servations,-thc'skewnsss;"tﬁempcskedness,.the gocdnessrof fit
of the Normal Curve, the Log Normal Curve and the Pearson Type
IIT Curve. The "Variance between Periods" was used as a mea-
'sure of the ievéi of stabllity for each operstor. The results
of these calculations (57), using data from Taft's (59) study,
were used in the present investigation in thé selécticn.of op~
eratcrs for study, l.e. one whcse“cyele'times were statisticé
ally stable sni one whose cycle times were statistically un-
stable. ) |

Two operstcrs;were'chcsén in acccrdancc with the estab-
 1ished level of stabllity criteria (57). ‘The operators were .

designated by Summers (57) as Q and K. Operator Q represented



1%

the statistically stable operator.and’ie‘hereafteraealieé
-Operator one. Oeerator’K”represented'tne”statieticallyInn;
stable operator and 1s*hereafter called Operator Two. The
'following reeults were obtalned by Summers (57) en hie analy-

8ls of variance.

Operator = Standard Deviationr ' Standard Devia-
- between perlods - tion within
' . f : periods
One o - _em';‘5.3_ | - sw ) 19.8
Two R | 8y = 21.1 o _'sw =_25'6

In the'preeent7etudy‘an‘anaiysie'Wasvmadepef‘the data
from the film analysis sheets for each operater in order to de-
termine the variations in motion times which oceurred in- each
eyecle. - Some of the cycles contained variables which could net
be conSidered as a normal part of the work cycle. The varl-
ablee which were seiected and eliminated dﬁe to aseignable-
causes by Perkins (47) were:

l. Inspection delay -a prolonged visual or phylical .
inspection of an assembled or a eubaeeembly part..
- The workplace and: required motiene were methodlzed .
- to such an extent and the parts were of such a ani- -
form nature that assembly normally proceeded’ with
little if any inspectlon.

2. Bad part - oceurred when an aseembly Operation could
not bhe aoeomplished with ‘the part, originally se-
lected necessitating the replacement of the part
-with another.' This represented a ther departure
from the normal work eyele which to some extent
could be corrected. -Theoretically thls could be
eliminated by better quality control

3. Part stuek in etaker - 'an occurrenee which ‘was due
. to the impreper functioning of the mechanical,
- staking device. This source of variation was
Ereadily apparent and subJect to elimination.
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4 Distraetion - occurred wnen the operator's etten-f

tich was: purposely and noticeebly ‘directed to.an

object other: than the assembly operation, talking

to another person and reading while engaged in

-ﬁthe assembly eperation.

No attempt was made to eliminate the cycles which con-
tailned minor departures from the established method such as. |
momentary fumbles, slight delays in positioning parts, and
dropping extra parts, since they were considered to be an j‘
_inherent part cf the operation by virtue of their small size.'

The element times used in this investigation were ob-
tained by taking readings fer the hand which was last to com-‘:'
'plete the preceding element and subtracting the reading for the
hand nhich Was last to~ complete the element being considered.
The element time.was teken direetly—frem the- rilm_anslysis
sheets.for'operetors onefend twojand1reeorded:in:tnonsandths
ef a minute. | -

 Wilks! nultiveriate'testfofnindeﬁendence was used 1n
this. 1nvestigation to test the data from the film analysis
sheets to determine whether variables (element times), in a
given set, which are normally distributed are mutually in-
.dependent, 1.e. the covariances Uij =0 for 1 } J (65, p 242)

Befiningr<j15(°)_es follows-5

R L X s
g1y L ULy

we can test the mutual independence of the element times using )

the following null hypothesis.



16

The 1likelihood ratio for testing this hypothesis is:

Ty

N =

Tp

‘where L represents the likelihood ratio and N represents the -

| sample size. Tiiand‘

Té represent determiﬁants of the two

"Covariance matrices." ‘ T, | refers to the case where the

i presence of eorrelation 13 assumed -this is a symetric matrix

Tp

-

refers to the case where the absence of correlation 1s

assumed; thus, the elements 313 ef T2 are zero 1f 1 £ J
and are the time study elementavariances Af 1 = J
In® the application of Wilks' (65) mnltivariate test of

'1ndependence, the ratio is: developed from the following matrices-

N

.Z. - E
811 %12 - -+ B1p |
822 » . . Sap

o=|
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where there are p variables (elements) ' The s, , terms are

1J

computed from

N. o S
> k- %) (x'jk X,)

k-l
81 = N
= —— X4 &y
N

where xik and XJ refer to the observed times ror elements i
and J on the kth cycle, respectively. When 1 - J,-the formila

reduces to

__ﬁgl( - ;.)2 ‘
> (X, - %)°
k31 1 1

. ' k
2 il
2 > \2 = 12

Each of the siJ terms ‘were computed by the IBM 650
Digital Computer located in the Rich Electronic Computer Center
of the Georgla Institute of Eechnolsgy, using Intercorrelatlon
Program (ST - 09). The output card format for this program

1s:
1. Sums '
2. Cross - product sums
3. Means
b . Covariances
5. Slgmas
‘6. Correlation coefficilents
T Nl the number of cycles
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Outﬁet-identifieati%n;humber‘feer iaéntifieértheheo-f
variances which were the matrix entries for the 1ikelihood
ratio determinant. . The L value represents the 1ikelihood
'that the hypothesis of - independeace is true as described by
Wilks (65). 1% was, however, eonvenient te use L* = —2 Logg
L, sinece -2 Loge-L has appreximately ‘the same distribution '
as ChiQSQuare,'forllarge“sampieS=(65), with p(p-1)/2 degrees
of freedem, where P represents the number of elements. In
this study, 1t was eensidered appropriate to reJect the null
hypothesis 1if the ‘value er.L* exceeded the G5 per c¢ent point
ef”the'epi;square distributien,-i;e., an ot risk of flve per
cent was used.

‘and 'T2’

In opbder to eempete L, the determinants' Ty
were evaluated. This eraluatien'was'mede'using the IBM 650 and
the FOR TRANSIT Program. |

The capacity of the IBM 650 Digital Computer, using the
FOR TRANSIT Progranm, was exeeeded in the-eomputation of the L
value for each operator.  The eapacity ef the cemputer, in the
use of this pregram, 1s between the limits of 10“9 to . 1@‘51
These 1imits were exceeded;because.ef the extreme range of co-
variance values obtained. For this reesen; the'matrix.of
eerrelatien coefficients was used in place eflthe ecovariance~

variance matrices. The Justification of this transformation

is given below
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The values of L were determined by computing the deter-
minant of thé matrix of correlation coefficients; agaih-using
the EOR'TRANSIT Program on the iBM 650 Digital Computer. The
sample caleulatlions involved:in'computing L* are shown 1n

Figures two and three 1n‘the Appendix.



'CHAPTER V
" DISCUSSION' OF RESULTS

- The eeléulated L* values which were obtained for opera-
tofSVOne'and TWo were'ueed to test for element 1ndepenéenee,
‘at the five'peficent,significance'level. These calculated
values are shown-in:Flgﬁres’ﬁWo and three of the Appendix.

| ‘An L* value of 78.506 was obtained for Operator One,
whlch cerréeponde-tO-éleignificance level of apprpximately'lh
per cent (46). Thus, the elements as eriginally.defihed.ﬁere
leoncluded'to”be statistically indeperident. Also noted was .
the fact that this seme.conclusion.ﬁas reached from an inspec-
tion-of the eorrelatieh cbefficienté which very in the range
expeeted for the sample slies 1nvolved, under therhull hypothe4
sis that F?, the universe correlation coefficient, 1s zero.

| The L* value of 93.239 was obtalned‘fer Operatof Two,

which ebrreE§Qnde to a significance level of approximately
0.2lper.eeﬁt_(46). :Hencegpthe_cenclﬁsion'was that the ele-
ments 1pyolved ﬁére-were;correleted, The only significantly
lerge simple correlation coeffieient‘fbr‘thiS'operation was
0. 52 as shewn in Table four of the Appendix for elements
-eleven ‘and twelve. The elements 1nvelved were

Element Eleven - Stake ferrule and remove
assembled unit from staker

Element Twelve - Aside assembled unit to container
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These results indicate thatfeorrelation.may exist only for
some elements, perhaps between adJacent*elements. " These re-
‘sults agree with those “of Abruzzi (1), Barnes and Mundel (6
7, 8, 9), and Smader and ‘Smith (55) |
A refexamination‘of the £ilms and ﬁneefiln enelyeie

sheets ferIOperetof One and Two indicated tnat many of the
wenk.eyeles_eentained minor variations. These variations
~ were due to the eperator‘end*were in the form of momentary
fumbies, slight'delaye,.and_extreneous‘movements.- They were
rfbund to occur very'frequently and appeered‘tO'Ee a funetion
of the small size of the perts involved 1in ihe-assembly-epera-
tion. The work eycles containing these variations were not
eliminafed'sinee they were considered_to be an inherent part
. of the oeeretion'and it wes desired to presefve the actual
work eituation as,clesely as possible; Operator Two paused
momentarily after each faulty staking operation (element ele-
ven), examining her work to ‘determine the proper disposition
of the completed assembly (element twelve) This was due to
a faulty staking machine ahd could be eliminated. An elimi-
nation of the faulty staking machine WOuldnpfobably.eliminate'
the 1nterdependeney found between elements eleven and twelve.

| A basic unit of motilon always eénds when its purpose is
'aeeemplished. Throughbnt ‘the course of the motlion, muscular
control is directed toward completing the motion as required.
No muscular contrei can be direeﬁedsteward earrying out the

motion that is to follow until the motion in progress is
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completed. As soen as 1t is cempleted muscular control may
be applled 1mmediate1y to start the next motion. ‘There can be
no overlap in the use of museular eontrol between twe succes-
sive motions. . However, in performing a segquence of motilons,
the charaeteristics of a given motion may be influenced, at
times, by the adJacent motions. The inf'luence of the associ-
ated motions is such that the perfdrﬁance of a motion to carry'
out a staking or a plaéeﬁéht action in one instance may not be
delayed through being in the end of a series of motions re-
quiring no visﬁal‘attentibn. In aﬁether instance tﬁe stéking
motion may Be‘the only one in a serles of ﬁbtibns-to require
close visual attention; and therefore, 1t will be deléyed.

Thus, in those cycles where a faulty staking operation
occurred, visual attentioen was required in ‘order to determine
the proper disposition of the completed assembly. These re-
sults indicate that coerrelation may-exist‘bnly for some ele~
ments, perhaps between adjacent elements. | '

The present study was based on an element breakdown.
However, all elements were comparétively short, compriéing
two, three, or four therbligs; whereas;.otherlinvestigations
cited in this study were based on eilther longer elements or
therbligs. | | |

While the results of this investigation do not reject
the. hypothesis of statiétical independence, neither dé they
- prove that 1nterdependencé will not eiist-under certain cir-

cumstances. 1t eould, for éxample, exlst between certain



25

types of elements not represented in the task which was studled
in this 1nvestigation. Is.may exist'as a function of the way
-in which some, but-not_ail, pberetors perform.a_given task. It
may exlst as a function of she.wej in which the task 1is defined
into elements_(i.e. the elenent'breakdown). In fact, there 1s
direct evidence for this latter conjecture in the fact that
Perkins' (47) investigetion onfthersame.dasa used in this stndy
daid indieate‘the presence of’interdepenéence;When the total
work cycle was described7by means of a twoeelement,‘and a five-
element breakdown. :' |

The results of the present investigation using a twelve;
element breakdown are eompared with those of Periins (47) who f'
used a two element breakdown and a five element breakdown.
The results shown below indicate an increasing degree of depen;
dence among the elements as their magnitudes are decreesed b

These results are in agreement with those of Abruzzi (1,p. 156)

Number of Elementl in Prebability of Obtaining L*
the Breakdown Value When: ‘the Elements Are
o Independent
Operator One  Operator Two .
2 o 0.8 . 0.65
5 0.64 0.76
12 - 0.1 . 0.002

in addition, the following conclusions were drawn on
| the basis of the test results and agree with those of Perkins

(47, pp. v,vi). | |
- 1. The nature and extent of correlation among the '

= 'l:: L
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‘elements of a work cycle from period to period
appeared to depend on the operator.

2 It appeared that in those cycles in which the
degree of correlation’ ‘'was found to-be the
highest, there was a eoncentretion of variables.
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' CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

The objective of thigdiniéséigatidnﬁwQS'to gain fur-
ther insight into the relationéhip between tne elements of a
work eyele, particularly to determine 1f they were statistie-
ally 1ndependent. The data used was taken from an actual
work situation in industry |

The results cannot: be considered cenclusive, but must
be viewed in the light_of study 11m1tations.' The 1lnvestiga-
tion coveréd only one assembly operation pérfofmed by two op-
erators in | one plant. |

The null hypothesis of this investigation was that the
elements of the cycie are statistically independent. The in-
terpretation of.the_results.indicate that the hypothesls can
be accepted for the ntatisticéliy stable operator and rejected
for the statistically unstable operator.

The results of this investigation 1ndicate that inde-
pendency between elements:

1. May exist only for certailn elements
2. Varies with thd individual operator

Additional studies should be made bf several manual op-
efations in which many operators are empléyed_and in which the
sequence of elements of thé operations are changed at random.
The results of this proposed study should be compared with the
findings of this investigation.
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ANALYSIS SHEET
" FOR

T;ﬁoo_BALL,pOINT7PEH‘j-

~Operator  Lillle  Time  3:40 BM Cyole 2 Film No. 26
Analyst @ Date of Analysis- June 12, 1953
Time Unit ."K“ o |
Frame Subtraeted Frame Remarks
Ne. - Time No.
IH LE RH RH
| - ke S T
Get Bbl.-TE,ST, & G o _ﬁ'u75 65' 23 468
Place Bb1.-TL,P,A, & RL 458 17 31 437
Get Enit-TE ST, &0 437 21 31 k6 7 4
Place Unit-TL PA, & RL ko9 28 58 348 .
Get Dr. Nut-TE,ST,_& q ©3%5 14+ 16 332
Place Dr. Nut-TL,P,A, & RL 331 64 28 304
get Ferrale-TE?éT &G 300 31 25 279
' Place Ferrule-TL, P,A, & RL ‘on2 58 27 252

Get Comp Unit—TE %G m~'2392 63 09 243 |
Place Comp. Unit-DA TL &P 208 0 17 25 218 |-
Stake-A,H, &DA . . 117. 105 101 ' -117
Aside-TL, & RL - ~': ' - ‘108 15 12 9% . ‘Trans-
. C : - pens . -
. to RH
' Figure 1. '
Sample Film Analysis Sheet
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L*:

~ OPERATOR I -
66 df
N = 61
N
2
L-r
L = (o. 2757iE
‘Logigp L = g_Loglo (0 2757) -
2 Loglo 61 Logyg (O. 2757):
2 Logg L z (61) (2.3) Log, (0. 2157)
= -2 Logg L = -(51) (2.3) Logjyg (0. 2757)
L* = -(61) (2.3) (-1 % uuoau)
L* = (-1%0.3) (- 55956)

30

78 506 (Significance 1evel of appraximately 14 per cent)

"Sample Galculations Involved
in ‘the Cemputation of the L,
‘Values-for the - .

and L*,

Figure 2

. 121 x 12 Matrix
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OPERATOR ‘II

66 af
X .
L =1 2
: N
L - (0 2734)2
Logl0 L=z=XN Log (o, 2784)
2
2 Logyg L = 73 Leg10 (0.278%4)
"2 Logg L = (73) (2.3) Loglo_(o.278#)
L* = -2 Logg L = ?(73)_(2 3) nglo (0@2784)

L* = -(73) (2.3) (-1 4 44467)

L* = —(167.9) (-.55533) -
- L* = 93.239 (Significance level of appr°Ximately.0‘2 per cent)

Figure 3.

Sample Calculations Involved

in the Computation of the L,

and L,* Values for the _
.12 x 12 Matrix



“@gble 1. Element;Times 4n Decimal'# |
| Minutes fer Operator One

32

Cyele

Eiements'

011

019

i 12 3 4 5 -6 T 8a:\9-7 10 + 11 12
1 014 031 031 958 016{@28 025 037 003 021 101 012
2 017 020 020 039.015 034 026 031 005 021 ©91 024
' 2 026 036 027 040 061 054 025 048 005 o024 025 018
. - 020019 ®r9;658.022_03ui026;®31 004 017 025 013 -
5. 034 018 029 034 013 © g 025 046 003 020 025 017
6 . 018 020 015 @50*017-93 019 030 OO%. 017 o024k 026
7 - 048 -015 016 050 014 022 026 004 019 027 014
8 . 018 018 031 062 011 067 036 028 003 016 028 o011
9 026 018 028 Ou6- 016 047 015 025 004 017 026 013
- 10 018 016 021 063 01 '038 O43 061 004 027 034 o012
11 033 016 015 034 014 060 027 040 018 029 013 016
12 028 018 015 051 011 e5h 021 029 004 020 019 008
13 018 007 018 055 013 035 016 023 004 017 021 013
14 017 028 015 055 034 012 017 034 003 015 021 014
15 018 016 016 064 013 023 016 023 007 016 021 004
16 019 021 012 056 015 043 022 051 004 015 024 011
-17. . : 019 025 012 o42 01k 025 020 037 011 017 025 O0l1
18: 7 018°015 020 055 016 026 016 024 005 028 006 013
19 018 021 016 054 014 038 019 025 005 030 031 011
20  018.033 014 056 01T 051 024k 024 006 - 029 012 013
21 020 016 015 034 016 040 018 032 003 .029 011 011 .
22 017 024 040 039 015 033 015 029 0607 028 014 018
23 011 032 013 034012 030 018 045 007 027 013 013
24 019 022 030 041 0151023 022 029 007 027 009 015
25 021 621 032 034 013 064 017 015 003 - 040 009 012
26 027 018 012 0450147038 033 020 006 027 017 012
27 039 021 015.055 015 031 017 025 006 026 013 012 -
28 022 019 012 038 015 052 017 028 004 026 018 013
29 023 015 021 066 013 029 021 023 006 038 021 . 014
30 - 020 019 025 056 022 057 017 024 005 018 020 o014
31 020 018 023 042 016 033 022 028 OO4 O46 010 011
32 019 018 050 042 030 039 020 024 004 039 007 - 013
33 017 022 012 033 019 059 026 028 -007 026 011 014
34 019 O44 034 033 018 025 027 035 004 020 034 019
85 019 017 018 039 017 035 038 O45-004 014 028 '012
36 030 017 022 034 025040 018 017 ‘008 - 017 030 .012
37 021 020 029 047 016 © 0&3--049-047-006- 014 027 013
38 016 032 023 o43 018 O43 019 036 007 029 028 013
39 019 014 032 056 017 056 022 022 007 021 .034 019
4o 017 017 O45 032 026036 015 036 007 020 029 013 .
41 020 016 016 ol5 006 015 028 017



' Table. 1. Element Times in Decimal _'

_ Minutes for Operator One

33

~ (Continued)
Cyele _ - Elements
1.2 3 Yy 5 6 7.8 -9 10 11 |12

42 018 022013 035 010“@67-0201024 007 021 021 016
k3 019 026 019 0O42.013 030 022 021 Q07 023 . O41 027
by 023 016 018 034 022 026 021 024 007 013 .025 006
45 023 013 042 027 016 037 016 022 0l2 Q14 031 012
46 016 023 027 034 012 045 018 OhO 006 016 024 015
R Y 017 013 018 037 020 028 022 020 007 027 023 011
48 019 017 037 028-012 039 039 025 006 015 024: 026
L9 .013 017 024 041 017 042 021 037 005 018 024 o011 -
50 - 013 019 016 Oh% 014 057 02% 038 00¥ 019 024 016
51 023 019 013 039 012.037 015 O40 Q09 O0l7 026 014
52 . 024 017 020 035 013 055 Ol7 025 006 - 017 026 026
5 016 017 014 0%3-011 031 021 037 009 016° 039 010
5 016 022 012 o4k 024 028 013 030 008 . 018 058 011
55 017 021 017 043 027 059 030 026 006 - 020 024 011
56 014 029 012 058 017 057 028 037 008 " 036. 027 020
57 017 02k 019 044 021 065 O4O 022 007 Ol7 O47 010
58 014 035 014 057 021 037 035 027 006 021 036 011
59 019 021 0i7 093 01l 070 022 028 007 019 . 036 012
60 014 037 022 038 019 034 025 024 007 025 029 014
61 024 045 016 041 020 034 014 029 006 037 035 032



o 'ﬁ :.v!“l

'1_‘ab1e "2 Element ‘Times in’ Becimal,_'; ;

Minutes fer Operator Two

X .
v M ¥
iz ¥ L

34

Cycle T 'Eleﬁghts )
. 1 _2 ‘_ : 3 b, *5s ; 6 A7"}ﬁ.j_-:-‘-8j.;-‘._.-§ Q. 1@_ y 1‘1 ::,' 12
1 021 029 028 045 015 @52 018;023-o;u @21.1931k 011
2 . 014 022 027 04} :915_069.021~034s097; 028. 029 010
3 015 022 027 039 ©2i o4l 015 031 008 028 . 031 010
4 o014 ‘041 018 03 ‘016.036.016_027.0®6. 022 031 010 -
5 015 032 020 068 017 043 019 025 008 026 -038. 010
6 015 623 020 041 018 © @3 5 014 ©23 012 022 030 O0l1
7. 033 017 035 029 016 043 016 029 006 .023- 032 010
8 015 025 025 034 014 037 032 023 008. 026 030 010
9 031 025 919=034 039 058 018 023 010 -023 030 012
10 026 029 021 Okl 012 059 013 026 008 o024k obho 011
11 015 024 014 036 020 057 020 028 007 034 030 013
12 018 031 015 035 012“329.012 023 007 -©023. 033 012
13 016 035 024 072 017 ©O46 013 021 007 023 042 014
14 018 027 027 035 018 0391020-021'005 028 036 018
15 017 025 020 0h1 023 049 012 023 007 021 037 016
16 014 023 023 061 013 ©O45 020 024 008 002 033 011
.17 - 017 024 020 031 030 036 015 022 009 022 042 015
18 017 029 025 039 015~ego 017 028 008 022 039 014
19 017 031 028 032 022 ol 020 021 010 021 030 013
20 020 036 027 036 012 038 016 025 008 . 025 029 011
21 017 037 013 035 021 039 018 022 011 022 . 032 013
22 023 030 026 032 016 070 018 023 008 022 029 011
23 - 015 026 014 037‘013‘032,016.01 010 033 030 009.
2F 018 027 016 036 016 O4k 018 024 007 022 028 010
25 015 023 016 032 020 O45 014 020 008 038 039 OL7
26 015 023 033 835 Ol4 075 013 039:010 021 028 010
27 019 023 016 - 015057 015 021 007 021 028 o012
28 01k 02%F 016 039 012 038 014k 024 008 021 033 010
29 016 035 020 031 .013 O40O 019 031 008 026 035 011
30 011 028 027 031 015 063 012 021 009 024 027 . Ol1.
31 016 023 020. 036 018 041 025 022 011 022 029 010
32 014 025 020 037 021 O48 020 031 013 - 620 030 011
33 013 020 018 060 021 075 020 021 008 .024 027 Ol1
3 013 029 027 031 015 042 016 026 004 020. 030 009
35 014 022027 039 023 041 014 031 008 026 - 022 010
36 0l4 025 016 040 019 O46 025 017 010 024 027 010
37 013 029 017 O44 014 ou2 015 oO40 008 023 027 010
- 38 013 029 021 036 012 054 022 029 010 022 O40 010
- 39 014 021 038 063 Ol 053 024 024 008 023 Oho- 009
40 013 022027 036 011 O49 016 021 009 024 027 010
41 ol4 025 016 037 015 054 019 024 010 021 028 008



Table 2. Element Times 1n Eecimal-

Minutes fer Operator Two

35

(Continued) .
Cycle | | - Elements
1_2 3 4 5 6 7 8 9 10 11 12
42 013 027 015 040 022 051 017 622 008 018 035 012
43 017 036 015 042019 039 027 026 007 032 029 010
4 012 024 017 063 ‘023 O4O 014 027 008 o022 031 012
45 012 029 015 031 017.077.018.026 010 022 032 011
. 46 011 030 019'C 038«013Hl37T017 024 007 023 028 o012
47 012:025. 015 037 018 064 014 031 006 020. 031 012
48 . 013 023021 040 012;02 .017 022 010 021° 030 012
hg 014 027 018 040 015 0Ob3 017 027 OOT: 024 ; 040 015
50 011.031 015,036 015 042 016 021 008 021 :030 013
51 - 0137023 019 038.016.042 .020 023 008. Okl 037 013
52 020 039 020 040 020 085 020 021 007 021 053 018
53 015 027 014 033 0127 042 013 025 008 025 7 015
54 - 020 028 013 O45 019 044 016 027 005 022 027 012
55 011 022 025 030 013 o4O 028 028 008 024 040 009
56 ° - 013 028 021:038 013 057;022 023 008 022 026 010
5T 01% 021 016 032 011 O#3 015 025 009 022 042 011
58 011 028 020 039 015 831~017 021 009 . 022 027 010
59 012023 015 OU2 013 O42 014 024 007 022 032 010
60 015 020 015 O48 010 063 024 018 009 021 029 012
61 013 023 017: 033 011 055 015 024 009 020 ©26 011
62 011 035 022 037 010 Ok9 027 023 006 020 029 009
- 63 012 027 014 039 018 060 017 022 008 026 030 010
64 012 020 014048 014 038 018 026 014 034 029 009
65 1013 025 015 034 017 050 016 024 008 024 027 011
66 022 025 017 O34 01% 033 033 017 009. 024% 034 010 -
67 015 023 013 042 011 O49 013 025 00T 020 031 010
68 014 o024 015 031 O14 046 021 024 007 023 034 013
69 015 036 015 038 013 050 014 026 006 023 028 009
70 013 025 015.03% 012-827 013 022 010 023 030 018
71 - 015 029 020 037 014 040 01k 025 008 023 030 010
72 013 023 018 033 012 063 016 029 010 022 029 010
73 017 03% 030 030 026 066 017 023 005 025 030 009



1.0000

-.2320
1.0000

Table 3 Correlation Coefficient --12 x 12 Symmetrical
Matrix for Operat@r One '

-.0551
1,0000

-.0571
-.0347
f.2302

1.0000

.3103 1250
1807 -.0231
-.0838 = .1453

1.0000.

-.0832

.0508

.0343.

.111]1

.0003
2316_
©1.0000

.5.11@6:

.1616

E-7330
.1013

-.0751
.3113
1.0000

.0748

-.0386

-.1059

-.2288
_,0398 

0597 -
-.0757 -

-.0333

11,0000

-.0013

.2166

;;0636'-

0195

.0342
.0168-
1354
-.1693

-.0418

1.0000

-.1905.
L1948
0184

.1218

.0025 .
T 1}'"79

.1610
1171

- 0409

-.2929

- 1.0000

L0325
.3072
.1112

-.2270

-.0257

.0059

.0009

.1088
.164412.‘7
1.0000

002k .
-.ou32°

ot



“Table

1.0000 .0538 .2481
© 1.0000 -.0693
1.0000

4,

.1135.
.o4o3

.1288

L0006

Corprelation Coefficient - 12 x 12

Matrix for Operator Two

.3295  .0440 0.0000

.0191 -.0305

.0507 .0971

1.0000 .0519
1.0000

.0199 .1053 -

.0087
1055

.o4ol
L0556
1295 -

.0000

-.0490

.2139
L0571
-.o428
0721
-.2055

1.0000

Symmetrical

~.0547 -,0418
- ~-.2496
-.0611

0266 " ~.1783
0852 0585
-.0832 " <.0310
1.0000" .0328
~ ““1.0000

A7TH
LOkho
-.0037 -.0387
- 0265;-:5' : .06.

’ -.0148 0680

~ .1499 - .1240
1512 0962
.0318 -.1521
L0663 ~.0810
.0243 2356

L .0035 -.23%5

~-0919 '-.2397

2.1068 -.0845

.0893 23y
1.0000 .5164
 "1.0000

RS
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