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SUMMARY

The primary purposes of this resezrch is to determine the differ-
ences between non-work activities developed from memomotion film on the
one hand, and on the other the non-work sctivities developed from a con-
current systematlc interval study, a systematic sampling of the film, and
a random sampling of the film for significance.

The activities of eight workers were filmed for an eight-hour
period with a memomotion camera operating at a rate of 25 frames per
minute. During the same period, a systematic interval study, using twc
minute intervals, was made to provide a basls for comparison. Systematic
and random sampling of the film provided the other two methoeds. Replica-
tlon was provided by the eight workers in the study.

Two approaches were made to analyze the data gathered In this
experiment, One ftechnique was that of comparing the wvariabilities of
the methods by using the F test (Snedecor's variance ratio). Corrobo-
ration of the results was determined by the use of Cochran's test for
homogeneity. The other technigue was that of ranking the experimental
methods against the control or standard method. The results fraom this
non-parametric technigue were corroborated by the use of contingency
tables and the Chi Square statistic which tests for the goodness of fit.

Based on the results of the statistical analysis of the data of
this research and within the experimental limitations, the general con-
clusions reached were as follows:

1. The varisbililities between the operators were ncot significant.

2. The sampling methods varied significantly.
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3. The systematic sampling of the film duplicated the true per-
centage distrilbution of the standard more closely than did
the other two methods.

4., The systematic sampling of the film every two minutes ade-
quately defined the non-work occurrences.

5. The random sampling of the film did not compare as well with
the true percentage distribution of the standard as did the
systematic sampling method.

6, The ﬁanual systematie interval study was the least accurate
of all the methods under consideration.

Te The quantitative results from the'}(2 test of the contingency
tables corroborated the results derived from the ranking
technique.

It is recommended that further research be undertaken to ascertain the
minimum rate of the systematic sample of the film to adeguately define
the non-work activities, that an economic balance be sought between the
interval rate and cost of film wversus the cost of the engineer performing
a comparable interval study, and that thils study be expanded and repeated
so that the results can be tested more rigorously than was possible

within the universe of thils experiment.



CHAPTER I
INTRODUCTION

Statement of the Problem
The purpose of this thesls is to compare and evaluate statistically
the use of memcmotion fllm for analyzlng non-work activities with three
other sampling methods: a weonaurrent systematic interval study, a sys-

tematic sampling of the film, and a random sampling of the film.

Definition of Allowances

In the establishment of work standards, there are occurrences
which interfere wlth the production of an operator. To identify these
occurrences and to dgtermine how much allowance should be made for them
1s the task of the industrilal engineer., Allowances, then, are addition
of time to account for these oeccurrences.

Apple (1) also states that allowances will continue to be a
problem in the establishment of work standards as long as we have these
interfering occurrences. He further states that the solution of the
problem of derived allowances has, in the past, been unsecientifiec and
open to guestion, that allowances are frequently arrived at in a slip-
shod manner, and that they are even used as a "catch-all" for any errors
or difficulties which arise in the determination of the work standard,

Concurring with Apple, Shaw (2) admonishes the englneer to care=
fully avoid making allowances as "convenient dumping ground.' Uhrbrock

"

(3) neatly summed it all up when he stated, ". . . time study, as a



'science' reaches its lowest ebb in the matter of allowances.'

The determination (direct measurement) of these allowances is
difficult, Since the time of Taylor's ineeption of time study in 1881,
industrial englneers have been concerned with obtaining truly represen-~

tative allowances to cover these interfering occurrences (i),

The Need for Allowances
The literature 1s full of exemples clting the need for allowances,
Good Industrial engineering practice demands that any legltimate delay,
interruption, or malfunctlion of equipment be accounted for in the estab-
lishment of job standards (5)., Taylor (6), in 1883, realized the need
for allcowances and he obtained them by lengthy time studies. This approath

1s much the same as in Curley's article in the Taylor Society Bulletin in

19325 (7), except that Curley proposed that continuous fime studies be
used as a basls for allcowances,

In The Handbook of Advenced Time Motion Study (8) Sylvester aadds

the ratio-delay technique to the above two methods, although it was his
opinion that the summsrization of past time studies was the most practi-
cable proeedure, Nadler and Denholm (9) indicate the ratic-delay tech- .
nigque may produce more accurate results than continuous time ztudies
because the ratio-delay study 1s applied cover a much longer period of
time. Thelr opinions are shared by Petro (1C), although for a dlfferent
reason: the worker is not under prassure dus Lo a stopwateh.

Mundel (11) adds & special mntion picture technique called memo-
motion, along with ratio-delay studies and ali-day production studies.
One writer appeared to be more concerned with the elimination of the

causes for allowances than their determination {12).



On the other hand, a presentaticn of the need for correct and f=lr ’
allowances was made by Bellows (13) at the National Motion and Time Study
Cliniec in 1945, Among the reasons cited by Bellows were these: low
allowances are detrimental tc employees' morale, and high allowances are
actually a glft to the employee and constitute s direct cost to manage-
ment. He further stated that low allowances caused production to suffer,

since they tended to reduce the workers' incentive to produce.

The Determination of Allowances '
Judgnment
Experience, precedence, tradition, and bargaining are all "iudg - ]

ment" 4ype methods for setting allowances. One might even add the

"guesstimate" method under this classification, since all these methods
arblirarily set & percentage addition of time to convert e normslized
time 1into & stendsrd time. Burprisingly enough, these methcds are stilil
being used, partly because of the cost that productlion studles would
entall, partly because of emergency, and partly because of a shortage
of persomnel (14). It is self-evident that the use of these methods 1is
vary lnexpensive. However, the inaccuracy that is inherent in these
methods might cauce them to be the most expensive., It is the writer's
opinion that these methods were primarily responsible for the statement
made by Uhrbrock (5) that ". . . time study, as a 'science' reaches its
lowest sbb in the matter of allowances.”

Although time studles are theoroughly covered in the literature,
the determination of allowances from time studies is generally "glossed
over' and other technigues for this determination are referrved to. Both

Carson and Barnes (15, 16), Tor example, immediately refer to all lay



studies (production studies) and delay studies (ratio-delay studies).
Curley wrote that, to determine allowances from time studies, the time
studies must be completely detailed by taking into account every single
work element and delay element, whether the delay element was or was not
necessary, and carefully recording it. Sufficient studies would have to
be made so that different operators could be checked against each other
and all representative delays would be covered, Allowances (excluding
fatigue and personal) would then become 2 matter of record and the need
for judgment and experience would be largely eliminated (l?).
Produetion Studies

Other names for production studies are "interruption” or "all-
day”studies. Carson stated that, although the study is very simple to
take, it 1s rather tedicus because the observer starts at the berilnning
of the work day and keeps a record of the time for each and every delay
that occurs, at the same time recording the productive time separately.
This procedure is followed dally, sometimes for weeks, so that all the
possible delays and interruptions will be encountered and recorded.
Usuaily, sufficient information can be gathered in the course of ten
working days to calculate reasonable allowances. Unfortunately, the
length of this study does make it rather expensive, and many companlies
have neither the money nor the persomnel to undertake such a study (18).
Another disadvantage of this method 1s its unpredictable accuracy. More-
over, no theoretical basis for establishing the length of any given study

has been developed (19).



Systematic Interval Studies

Studies whlch are & comblnation of production studies and ratio-
delay studies are called non-random systematie sampling studies. By
this method, sample observations are taken at regular intervals {for
example, every two minutes) during the course of the study. The observed
actlvity or non-activity is recorded in the same fashion as If 1t were a
ratio~delay study. This method has the advantage of simplicity in plan-
ning the cobserver's work. Also, it facllitates the progremming of seversl
different studles to be conducted over the seme period, that i1s, several
Jobs may be observed during a single observational trip. As good as this
method may e, there is a significant dissdventsge should there be a
regular pattern or a cyclical behavior of the elements or sctivities
being studlied, Bhould these conditions exist, then this method may in-
troduce a signiflcant bilas into the estimate (20).
Work Sampling (Ratio-Delay) Studies

Origlnated by Tippett in 1927 to improve upon subjectlve proce-
dures used in esteblishing delay allowsnces, the ratio-delay method has
received widespreed recognition sinee 1ts introduction into the United
Stetes by Morrow (21). In brief, this method involves the taking of
instantaneous observations, the conversion of these observations into
ratics of the day's work, and hence, into develcoped percentages of time
gpent for each eclass of elements or actlvities thet wes under observa-
tion,

The accuracy of an estimete obtalned from this method 1s dependsnt
on the control and executlon of the study preccedure, whereas precision

1s controlled by the number of observations teken (22).



In 1952, Waddell, Editor of Factory Management and Maintenance,

changed the name of this method to "werk sampling' to stimulate interest
in the broader aspects of this technigue (23). Barnes (24), at the l2th
Arnnual Menagement Engineering Conference in 1957, summed the aspects of
work sampling into two main uses: (1) work sampling may be used for mea-
suring activity and delays, and (2) under certain circumstances, it may
be used to measure manual tasks, that is, to establish a time standard
for an operatlion.

Many concerns such as Fastman Kodsk Company, Johns-Manville,
Atlantie Refining Company, and others have demonstrated the value of
measuring work by this method. The industrial engineers of Johns-
Manville, upon the completion of thelr first applicaticn, reported as
follows (25)¢ "“The use of work sampling for wave incentive applicetions
is almost wholly without iimit . , ."

Motion Pleture Studies

Classes of Motilon Plctures.-~-The method of motlon plctures studles repre-

sents the most detalled znd accurate procedure for gathering information.
When & synchronous motor drlves the camers, time values for individusl
motions, elements, or cycles may be determined by converting frame counts
in time in terms of the speed of the camera (26).

The use of the motion-pleture camera can be divided into two main
classes: (1) those applications where the camera speed is normal (16
frames per second) or faster than normal, and (2) those applications in
which the camera speed 1s slower than normal (tima-lapse applications).
The usval applications for normsl camera speeds cr faster tha ' normal
camers speeds are in the field of motion study, micromotion study, and

motion study research. Tor slower than normal gpeeds, the applicatlions



are in the flelds of long operation cycles, irregular cycles, crew
activities, and studies of long duration, These slower than normal
speed techniques are referred to as time-lapse studies or memomotion
studles (27).

Normal speed 1s 16 frames per second or 960 frames per minute.,
However, for industrial engineering techniques, this speed is increased
to 1000 frames per minute, thereby making each frame equivalent to 0.001
minute. Fillm taken with slower than normal speeds is ususlly made at
speeds of 50, 60, or 100 frames per minute. This does not, however,
preclude the possibilities of taking film at even much slower speeds,
such as 10 frames per minute or even one frame per minute. For special
applications even slower speeds than these are occasionally used, such
as one frame every 10 minutes (28).

Motion pilectures present many advantages and, in some cases, are
the only way of obtaining a good analysis. Work which requires large
crews 1s almost impossible to analyze otherwise. Some of the advantages
of motion plctures are as follows (29):

Permits greater detailing than eye observation.
» Permits the analysis of details away from the work area.
Provides greater convenience for study.

Provides greater accuracy of times.

Provides better training aids.

Provides a positive record.

Provides an excellent means of evaluating methods changes

through the use of "before and "after" films.
Provides an aceurate portrayal of simultaneity.

. @ s + = @
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There are two speclal phases of studlies taken by motion pictures:
micromotion studies and memomotion studies. Although both techniques
were originated by the Gilbreths, the term "memomotion" study, for this

form of micromotion study, was suggested by Mundel (30).



Micromotion Studies.--Briefly, micromotion study involves taking motion

pictures with a timing deviee in the picture or with a motion picture
camera operating at a constant and known speed for the purpose of job
analysis, It is also used:

1. As an aid in studylng the activities of two or more

persons on group work,

2. As an gild in studylng the relstionship of the activities

of the operator and the machine.

3. As a means of timing operations.

4., As an aid in obtailning motion-time data for synthetic

time standards,

5. As a permanent record of the method and time of activities

of the operator and the machine.

6. For research in the field of motion and time study.

However, its meiln use 1s to assist in finding the most efficient
method of doing work. When an operation for micromotion study is
filmed, the camera speed 1s normal unless the operation involves very
fast and/br complex hand motions. Then speeds faster than normal are
used to provide greater coverage. Due to the speeds used 1ln taking
mieromotion film, large amounts of film are exposed in relatively short
periods of time, and unless allowances are to be determined within cyeles
of shorty highly complex hand motions, allowances are almost never deter-

mined from micromotion studies (31).

Memomotion Studies.--Memomotion studlies were developed to analyze long

work cyecles and to analyze work which requires several people to work
together (32). Other uses for memomotion are the studies of irregular
cycles and the recording of picture histories of methods and working
conditions, Memomotion has in addition to most of the advantages of
micromotion two important adventages:! greatly reduced film costs, and

film analysis time. When projected at normal speeds, hours of filmed

activity can be reduced to minutes of viewing time, so that one receives



a rapid view of the effectiveness of layout, machines, manpower, or
material usage, and an exaggeration of the actual losses.

In the analysis of a memomotion film, the film is first reviewed
to obtain the concept of sultable elements. Then, by the use of a pro=-
jector with a frame counter and a special worksheet (a breakdown sheet
for each element), the activities of each operator are analyzed frame
by frame. A frame count i1s maintained on each element per operator,
After the first operator 1s analyzed, the procedure 1s repeated on the
second operator until each has been analyzed. The data is then summarized
as desired (33).

In the matter of allowances, the elemental breakdown sheet will
contaln each type of delay that 1s under consideration. A summation of
occurrences of each type of delay multiplied by the equivalent time value
of each frame, the product of which is then divided by the total time
spent in the fllmed activity, will result in, when multiplied by 100,
the percentage of occurrence for each type of delay in that activity.

In formula form, this 1s

% D = ZACB x 100 , (3h4)

where XA = the sum of the number of frames in which the delay under
consideration occurs,
B = the equivalent time per frame,
C = the total number of frames of the filmed study, and
D = the delay element under consideration.

Experimental Procedures

In 1950 Dwyer worked on a technique with Lehrer that pointed
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out the usefulness of a motion picture camera, activated for short runs
at regular intervals, for the collection of certain types of data. This
work led to further exploration by Pickett (35) as outlined below.

Instead of using regular intervals, Pickett incorporated the
ratio~-delay technigue by taking single frame exposures at random intervals
while taking a simultaneous, visual ratio-delay study for comparison,
Although his results were negative since the two studies did not satis=-
factorily agree, his work led to the findings by Tolbert (36) later on,

Tolbert was of the oplnion that a single frame exposure did not
provide enough information regarding the actual study of the operation
in question. Using a concurrent all-day production study for comparison,
the results of Tolbert (37), subject to the limitations of his study,
demonstrated the feasibility of using a photographic ratio-delay tech-
nigue when several frames were exposed at random intervals.

A review of these experimental methods, together with previous
experience in the use of memomotion studies and systematic interval
studies, led thils writer Into the investigation of determining whether
allowances set by various types of sampling methodslwould agree with

those determined from a memomotion film.




CHAPTER IT

PROCEDURE

Description of Procedure

Introduction.==In the conversion of normalized time wvalues into standard

time values, allowances must be added for personal needs, fatigue, and
delays. It 1s very difficult to determine accurately the direct measure-
ment of these allowances, In many cases an allowarnce is the result of
company poliey, or Jjudgement based on long experience, or precedence,

or even tradition. In some ‘cases certain allowances may appear in union
contracts, and in still other cases, the individual time study engineer
may resort to his own Jjudgment in setting the amount.

For a particular operation, the time consumed in a work day in
various non-produetive activities can be estimated by special studies
emﬁloying interruption studies, work sampling studies, systematic inter-
val studies, and motion pilcture studies.

All of these methods are elther very expenslve or time-consuming.
Both the interruption study and the systematic interval study (better
known as non-random systematlc sampling at regular intervals) require
the presence of an engineer throughout the course of the study. Work
sampling studies, when conducted over a protracted perlod of time, do
not require the constant presence of an engineer, only during those times
when the engineer must take his readings. Motion pletures are expensive,
yet theilr cost can be considerably decreased through the application of

a special technique known as memomotion.
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To determine the required allowances, one must use one or more of
these techniques, unless the amounts of these allowances have been set by
one or more of the previously mentloned systems,

Thus the basic problem 1s how these allowances can be determined
accurately and lnexpensively.

Since the flrst three methods essentialiy requlre the constant
presence of an engineer, the solutlion apparently llies with the use of
motlon pietures. Therefore, the following study was designed to test the
use of motilon pilctures, using memomotion techniques wilth appropriate adap-
tations from the systematlic interval type of study and the work sampling
type of study.

Memomotion Study.=-=-A memomotion camera having a speed of 25 frames per

minute was used to record the activities of eilght men fabricating =
series of small assemblles during a normal elght-hour period. This film
was used as a control to determine the various non-productive activities
that occurred during this elght-hour period. Two systematic interval
studies, conducted by two engineers, were to be taken concurrently with
the film on each of the elght men under observation. An unfortunate
ineident oceurred during the evening prior to the filming which pre-
cluded the taking of one of the systematic interval studies. A replace-
ment for this engineer was unpbtainable on such short notice, and the
postponement of this filming was impossible. As a result, only one sys-

tematic interval study was taken.

Systematic Interval Study.--The Lockheed Aireraft Corporation, Marietts,

Georgia, uses a systematic interval study for the determination of time

standards of long cyecle operations, crew activity, irregular cycles, and
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for allowances. The method consists of recording (and rating when used
for time standards) the activities of several operators at two-minute
intervals, Having been known as production delay studies and multi-
minute studies, they are now called time delay studies. The activities
that are recorded in these time delay studies are coded. For this

thesls, sueh a study was conducted during the filming to compare the

results of these two studles, ‘

The coding for the various work and non-work elements is listed ;
below. The elemental breakdown for "work" activities is not included
for these findings, since this thesls i1s concerned solely with the ‘
non-work elements.

Work Elements : , ;
Therblig Code

Apenobls + 5 w2 v % w ® % 3 3 (A A |
BOltot‘lnuucwo-.os (A B ‘
Complete (aside completed part) . (RL & RL) g |
Clean-UP ° E = § & ¥ & ® § & ©w = (A) CII |
Drill and burr « % 9 % @ ® s & ® (A) D |
Load and unload JiZ o+ « o « « s = (A) LJ 1
Obtaln parts or blueprints . . . Ag oP U
Sort and unwrap parts . . « ¢ & (A P ”
RIVEL o o n o v s s o « « » = o & EA% R
Set'up e ®» & 9 & ¥ @ & e = 8 & 9 A SU I
Tool, get and return . « « « & o (A) T Y
Wire, safety wire parts . « . « « (4) W \
\

Non-Work Elements: i
’ \

Crowding . « « « s s o s s o & = (AD) CR '

This element occurs when an
operator is forced to stop
working due to interference
by another worker.




Non-Work Elements (Continued) :
Therbligs Code

FITst AL &« o o o « o s « o o & & (UD) FA

This element oeccurs when an
operator 1s injured and has
to leave the work area to
obtaln treatment.

Id—le $ & & & 8 & 0 & °© =& & & & @® (AD) I

This element occurs when an
operator 1s walting for help
from another worker who is not
yet ready with his part in

the work.

Indirect Labor o s« &+ o s o o « o (uD) IL

This element occurs when an
operator 1s contacted by
supervision and is stopped in
the performance of his work.

Looking for Equipment or Tools . (8) LE
This element occurs when an
operator 1s looking for Jjigs,
tools, and other equipment.

Looking for Parts « « v » v & & (8) LP

This element occurs when an
operator 1ls searching for MSP
(manufactured small parts) in
the MSP blns, for parts he had
placed on his work bench, or
in his tool box.

LOStTime...-.--o.... (AD) LT

This element occurs when an
operator stops work: to walk
or talk, make motlons to
simulate work, or completely
for no reason at all,

Personal Time , o « » o 2 ¢ s « @ (AD) PT

This element occurs when an
operator stops work to satisfy
personal needs,
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Non-Work Elements (Contlnued)
Therbligs Code

Btudy Priste « w s s w9 5 » » # (Pn) SP
This element occurs when an
operator stops work to study
a blueprint after the set-up
element ineludes sufficient
time for the worker to get
familiar with the prints.

Union Activities « v o « o « « & (AD) U

This element occurs when, as

a unlon representative, the
operator stops to discuss

union matters with other

workers, to lnvestigate activ-
1ties that have union conno-
tations. This code 1s assigned
to the unlon representative only.

A time standards englneer, along with the writer filling in for

relief, conducted the systematle lnterval study on elght operators in
the morning and on six operators in the afternoon, using the above
symbols for the work and non-work elements, The Interval used for this
study was two minutes.

Systematic Sampling of the Film,--Using a frame counter, two systematic

sampling studies were developed from the film:

L Ml, a systematic sample using every 50th frame starting
with Frame No. 50,

2y Mé, a systematic sample using every 50th frame starting
with Frame No. 25,

The reasons for selectlng these two methods are as follows: The
systematlic interval study was made at two-minute intervals, The memo-
motion film was taken at 25 frames per minute. Therefore, every 50th
frame on the film was the equivalent to the two-minute interval of the

systematlic interval study. Thus the film frame and the systematic
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interval study coincided and a direct comparison was possible between the
two methods, Furthermore, the manual method was started on the even
minute interval (7:00, T7:02, 7:0k . . .), and Frame No, 50 was also taken
at T7:02. The second systematlic sample, Mé, was deliberately chosen to
fall exactly between the frames chosen in the first sample to eliminate
any possible dependency that two or more frames might have, should these
frames be successive. In addition, since: these frames of both samples
are at constant intervals, the addition of all the frames of the first
method and of the second method will provide for a third sample, M3,
consisting of a systematlic frame sample of every 25th frame.

Should thils method prove to be economical as well as accurate
for determining the necessary allowances from non-productive work ele-
ments, then a memomotion film, taken at this rate of one frame per every
two minutes, could be substituted for those films which are taken at
higher rates of speed with a conslderable saving of f£ilm.

Random Sampling of the Film,--Using a frame counter, two random sampling

studies were developed from the film:

1. Mﬁ, a8 random sample of 500 frames.

2. Ms, another random sample of 500 frames.

Before the sample size can be determined, an estimate of the per-
centage oecurrence of the non-work activities must be made. Since the
film was taken at the Lockheed Aircraft Corporation, Marietta, Georgia
on Lockheed employees, a value of 10 per cent was arbitrarily selected as
being representative of the value that is used by Lockheed. With this

value, the sample size can be determined from the following formula:
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Sp = 2 ELJ;___R)_ (58)

where S = deslired relative accuracy,

p = percentage occurrence of the non-work activity, being
measured, expressed as a decimal, that is, 10% = 0.10,

N = total number of random readings (sample size).

Using a confidence level of 95 per cent and an accuracy of plus
or minus 10 per cent, the required number of readings (N) from the above
formula is 3600,

Since eight workers were under observation, each frame will yield
eight readings. Therefore, 3600 readings divided by eight observations
per reading yields 450 observations. To facilitate computations and to
provide a margin for error, instead of 450 observations, 500 were taken.

For comparisons, the two samples, Mh and M5’ were combined and
coded as Mg,

The Operations

Worker Identification.--Eight employees were covered by the film and

the systemstie interval study. As an aid for future explorations of
the film, each worker was ldentified by his appearance and manner of
dress. They are as follows:

Worker A - Located at Table No. 1, this worker is wearing a
plaid, short-sleeved shirt over very dark trousers.
He 1s teamed wlth Worker B.

Worker B - Located at Table No, 1, this worker is wearing a
white, vertically striped short-sleeved sport shirt
tucked into very light trousers., He is teamed with
Worker A.

Worker C - Located at Table No, 2, this worker is wearing a
black, short-sleeved sport shirt tucked into light
colored trousers. He is working along but is
aided on occasion by Worker H.
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Worker D - Located at Table No. 3, this worker is dressed in
very light clothes covered by a knee-length, bib-

front, black apron. He is teamed with Worker E.

Worker E -~ Located at Table No. 3, this worker is wearing a
black, short-sleeved sport shirt tucked into very
dark trousers. He is teamed with Worker D.

Worker F - Located at Table No. 4, this worker is wearing a
Navy-type, white "tee" shirt and dark trousers
covered by a short white apron that reaches halfway
to his knees. He is teamed with Worker G.

Worker G - Located at Table No. 4, this worker is wearing a
white, short-sleeved sport shirt tucked into very
light trousers. He 1s teamed with Worker F.

Worker H - Located at Table No. 5, this worker 1s wearing a
Navy-type, white "tee" shirt tucked into light
trousers. There 18 a drill press mounted on this
table. He 1s working alone, but assists Worker C
on occaslon,

The three other employees found in most of the frames are the
three time study engineers who asslisted the wrliter in the data collection
for this thesis. They are identified as "X"', "Y¥", and "Z" in the accom-
panying photograph (Figure 1) as well as the eight workers above.

The Workplace Layout,.--The work benches were lald out in lines, back to

back. For this study, two lines of two benches each were taken as well
a8 a fifth bench in a third line., Figure 1 illustrates this pattern.

The Camera and Set-up.--The camera used was a Keystone Criterion, 16mm,

Model A-9, (Georgia Tech No. 17, Wh;ch had been modifiled by a synchronous
motor to take memomotion plectures at the rate of 25 frames per minute.
The exposure rate was 1/30 second and the lens was rated at £3.5. Since
the brightness measured 5 in Weston units, an Eastman Tri-X negative film
was chosen, Positive prints were made from the developed negative. The
camera was mounted on a tripod, the tripod having been elevated by a

hydraulic 1ift stand to a helght of approximately nine feet above the



Figure 1, Workplace Layout and Personnel
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floor level, thereby placing the camera at an elevation of some 14 feet
above the floor level. In accordance with the built-in range finder in
the camera, the hydraulic 1ift was moved away from the work benches until
all five benches were properly framed. Figure 2 illustrates the camera
layout from two viewpolnts, plan and elevation.

Filming the Operations.--The total working period covered by film started

at 7:00 A.M, and terminated at 3:45 P.M, of the same day., During the
course of the day, there were two break periods: 9330 A.M. to 9:40 A.M.,
and 2:00 P.M. to 2:10 P,M., as well as a lunch period from 11:30 A.,M. to
12315 P.M. The break periods and the lunch period separated the day into
four clearly identified working perilods.

The capaclty of the camera was 100 feet of film. At forty 16 mm
frames per foot, 100 feet of film is equivalent to L4000 frames. Of the
four workling perlods, the longest period was 2-1/2 hours or 150 minutes,
By dividing the 400 frames by this time in minutes, the resulting quotient
would give the required number of frames per minute that could be employed
in a memomotion film to avoid reloading the camera during the filming of
a working period, Since this gquotient was 26—2/3 frames per minute, a
memomotion camera capable of taking pletures at the rate of 25 frames per
minute would suffice.

For technical reasons the two break perlods had to be lengthened by
nine and seven minutes respectively. Therefore, the four ldentified work

verlods were as follows:

1st period - T:00 - 9130 AM.: total time - 150 minutes
2nd period - 9349 - 11:30 A.M.: total time - 101 minutes
5rd period - 12:15 = 2:00 PM,: total time - 105 minutes
hth period - 2317 - 3343 P.M.: total time - 86 minutes

Grand Total - 442 minutes
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The first period was fllmed in its entirety, and at 9:30 A .M.,
when the whistle blew, a lens cap was placed over the lens to run the
leader. After the leader was made, the camera was reloaded and the
second pericd was filmed until the lunch period when the same procedure
for filming the leader was followed.

The two afternoon working periods were filmed in a similar fashion.

Figure 3 1s a reproduction of a section of this film.




Figure 3.

Sample of Memomotlon Fllm
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CHAPTER ITT
THE ANALYSIS

The Systematic Interval Study Analysis

The systematic interval study was analyzed and developed, accord-
ing to the procedure as outlined in Chapters I and II, into the number
of occurrences of each work element and non-work element as listed in
Chapter IIL. These occurrences per each element are listed in Table 1
through Table 8 for each operator and are summed in Table 9 for all
operators. These summations are coded as 02.
The Film Analysis

The film analysis was made with a Bell and Howell Time and Motion
Study projector, Model XD, Design No. 57, equipped with a frame counter
and heat fillter. From the large IEM clock which was placed in the pic-
ture and with the use of a 50x magnifier lens, the beginning and end of
the four working periods were identifled and recorded in terms of frame

numbers., These four perlods are (in frame numbers):

lst period -~ Frame 00001-03752: total 3752 frames

2nd period - Frame 03792-06321: total = 2530 frames
3rd period - Frame 06616-09248: total - 2632 frames
hth period = Frame 09287-11448: total - 2161 frames

Grand Total -11075 frames
From Chapter IIL, the total work time was determined to be 442
minutes, Since the film was taken at a speed of 25 frames per minute,
each frame is then equivalent to 1/25 minute or Q.04 minutes. Using

the grand total of 11075 frames, the equivalent time value becomes
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Table 1,

Summary of Results, Worker A

METHODS
ELEMENTS k. Cy le M, M, M5
g % £ % £ % £ % £ % £ %
A 3735 33.T1 T2 32,58 75  33.9h T2  32.58 166 33.20 156 31.20
B - P = = - - = & & 5 = %
c 483 4,36 10 L .52 12 5.43 10 L.52 20 L .00 2k 4,80
cu 297 2.68 9  L4.,07 - 7 3A9 5 2.26 13 2,60 18 3,60
W D 1529 13,81 32 14,48 33 14,93 30 13.57 72 1440 56 11.20
0 IJ 1766 15.95 26 11,76 33 14.93 38  17.19 56  11.20 97 19.40
R OP 86 .18 T Sl - - 2 .90 4 .80 5 1.00
K P 1265 11,k2 22 9,95 24 10,86 26 11,76 63 12,60 52 10.40
R & = & " = - - - = = - =
sU Ty 4 o4 & - il 9 L .07 10 4,59 18 3.60 20  L4.00
i 117 1.06 1 W45 3 1.36 - - 8 1.60 5 1.00
W - - - - _ - = = =z = - =
TOTALS 9723  87.79 185 #5371 196 88.69 155 8T 4120 84,00 433 86.60
CR S = o = - - - = = i S e
N FA - - . - - - - - & - - -
0 I 185 1467 Iy 1.81 3 1.36 L 1.81 7 1.40 8 1.60
N IL 75 .68 3 1.36 2 .90 3 A5 6 1,20 5 1.00
- LE 46 L2 2 .90 1 45 1 A5 1 .80 3 .60
W LP 221 2.00 8 3462 5 2.26 L 1,81 9 1,80 15 3.00
0 LT 76 .69 6 2.7 1 U5 o .90 5 1,00 5 1.20
R PT TL3 6.k 8 3,62 13 5.88 15 6.79 48 9,60 28 5,60
K SP 36 D 5 2.26 - - 1 U5 1 «20 2 L0
U & & i - = - & % = = & &
TOTALS 1352 12,21 36 16,29 25 11.35L 28  12.67 80 16.00 67 13.40
GRAND
TOTALS 11075 100,0 221 100,0 221 100.0 221 100,0 500 100,0 500 100.0

&g



Table 2, Summary of Results, Worker B

9¢

“ METHODS _
ELEMEITS o c, M M, M,
£ % £ % £ % iy % £ % £
& 3638 32,85 T2 32.59 T2 32,59 71 32.13 158 31.60 177
B - - - - - - - - - - -
& A1 579 1 W45 9 5,07 16 T.2h 27 5,40 17
oy o222 2,00 4 1,81 6 2,71 5 2,26 1o 2,00 8
W D 1739  15.70 36 16425 34 15.38 33 17.19 a1 16.20 T7
0 LT 3067 27.69 45 20,36 62 28,05 59 26,70 139 27.80 135
R OP 190 1.72 - - 5 2.26 b 1.81 T 140 10
X P 37 233 12 543 - - 1 U5 i 30 2
R - - - - - - - - - - -
su 17 .15 7 3,17 1 A5 - - 1 20 -
™ 7 2 2 .80 1 A5 1 o145 1 »20 1
W - - - - - - - o - - -
TOTALS 9508 86,66 179 81,00 190 85,97 195 88,24 128 85,60 Lo
CR - - - - - - - - - - -
N FA - - - - - - - - - - -
0 I 363 3,28 12 543 9 4,07 4 1.61 11 2,20 18
N I 148 154 & 2,7L 3 1.36 2 90 5 1,00 8
- LE 5 05 1 A5 - - - - 2 40 -
W LP - - - - - - - - - - -
0 LT 286 2.58 ' 3.7 5 2.26 T 3.7 15  3.00 12
R PT 675 6,00 14 7.2k4 1 6.33 13 5.88 39 7,80 35
X SP - - - ~ - - - - - -
u - - - - - - - - - - -
TOTALS 1477 13.3h% W2 19,00 31 14,03 26 11.76 72 1k,40 T3
GRAND '
TOTALS 11075 10C,0 221 100.0 221 100,0 221 100,0 500 100,0 500
L . ——— ey




Table 3. Summary of Results, Worker C

- METEQDS
FELEMENTS C, Cy Mi M, M, M5

f % f % £ % f % f % £ %
4 2713 43,19 13 10.32 S5k 42,86 57 45,60 112 38.23 127 bh,88

B - - - _ - - - = - - = -

G - - - - - - - - - - -

cur - - - - - - - ~ - - ~ -
W D 890 14,17 3% 26,19 18 14,29 18 14.40 39 13,51 2k 8,48
0 LT 1287 20,49 42 33,33 29 23,02 25 20,00 69 23.55 66 23,352
R OP )+8 076 - - - - l '80 - - 5 l006
K P 69 1.10 1 .79 1 .79 2 1.60 3 1,02 T 247
R 556 8.85 17 13.49 11 8.73 11 8.80 30 10.2k4 27  9.54
SU 1049 1.7k 3 2.38 3 2.38 2 1.60 5 1,71 & 2,12
T 35 .56 1 .79 - - 1 «80 1 oS 1 o355

W - - - - - - - - - - - -

TOTALS 5707  $0.85 110 87.30 116 92.06 107 93,60 259 88,40 PEL  9R.23

CR - - - - - - - - - - - -

N FA - - - - - - - - - - -
0 T 50 80 3 2,38 P 1,59 - - 5 1,71 3 1.06
N . 157 2,50 2 1.59 2 1,59 3 2,40 6 2.05 9  3.18
- I.E - - - - - - - - - - - -
W 1P - - 1 .79 - - - - - - -
0 LT 203 3.23 3 2,39 3 2.36 - - 10 3.kl 5 1.77
R PT 139 2,21 7 5.55 2 1.59 5 k,00 11 3,75 5 .77
X SP 26 iy - - 1 .79 - - 2 W68 - -

8 - - - - - - - - - - - -
TOTALS 575 3.15 16 12,70 10 7 . Git 8 6,40 34 11.60 22 T.77
GRAND
TOTALS 6282 10040 126 100,0 126 10040 125 100.0 29% 10040 283 100,0

Le




Table 4,

Summary of Results, Worker D

METHODS
ELEMENTS ” Ml M, M,
£ % £ % £ % £ % £ % i %
A Tho 6.76 16 7 2k 12 543 1 4,98 1% 2,60 43 8.60
B 3760 33.95 63 28.51 TT  34.84 75  33.94 201  L40.20 159 31.80
C = — — — - — = -y -~ - - -
cu . - & o - - = - - - - )
W D 268 2 2 3 1,36 5 2.26 6 671 3 .60 9 1.80
0 LT 64k S.01 17 T.69 13 588 12 Sl 19 3480 36 T+20
R 0P 3h2 3,09 13 588 i BT 6 - 12 240 13 2,60
K P 95 .86 - - 2 .90 2 «90 5 1.00 L 80
R 259 2.5 5 226 5 2.26 6 BaTL 14 2.80 8 1.60
SuU L6 i) = = 1 o145 u 45 3 «60 6 1o 20
T 563 5,08 1k 6.35 12 HSelS 15 5.88 21 4,20 27 5.40
W - - - - - = - - - 4 - -
TOTALS 6726 60473 131 59.28 134 60,63 132 59,73 291  58.20 305 61.00
CR ~ - - - - s = - - = -
N FA - - - " - - - - - " - -
0 I 620 5 .60 32 1448 12 543 13 5 .88 35 7.00 26 5 .20
N L 255 2.350 a .90 5 2.26 5 2,26 8 160 15 3,00
< Iz = = 1 45 5 % 2 e “ = = s
W P = % w - - = - = - - - -
0 LT 22858 20,39 ko 19,00 4y 19,91 W  eLeT 100 20,00 105 21.00
R PT 820 T.40 8 3,61 18 8.14 16 7.24 48 9,60 29 5 .80
K SP 396 3.58 5 2 .26 8 3,62 8 3 .62 18 360 20 4,00
U - - = = - - = - = i - -
TOTALS 4340 39,27 90 H0.72 87 3937 89 L40.27 209 41,80 195  39.00
GRAND . :
rorarg 075 1000 221 100,0 221 100,0 221  100.0 500 100.0 500 100.0

8¢



Table 5.

Summary of Results, Worker E

METHODS
EIFMENTS C C, Mi M, M, N%
f @ i % £ % £ % £ % £ %
A 5485 Lhg,.5% 102 46,15 112 50.68 115 52,0k 268 53,60 2k% 48,60
B - - - - - - - - - - - -
C L LU0 - - 1 45 - - 3 .60 - -
oo 69 N - - 1 W45 1 A5 & 1.20 - -
W D 832 TSl 20 9,05 16 7.24 18 8.14 33 6 .60 Ly §.80
0 L hey 3.86 3 1.36 7 3,17 9 L.07 16 3.20 21 4 .20
R 0P 314 2.8k 5 2.26 6 2.71 7 3el7 1h 2.80 13 2.60
K P 233 2,10 it 1.81 5 2.2 Lo L8 1h 2,80 16 3.20
R 735 6,64 17 7,69 14 6.353 13 5.88 13 2,60 32 640
SU 180 1.63 1 A5 3 1.36 3 1.86 9 1.80 8 1.60
T 700 £.32 6 2.71 15 6.79 13 5.88 3l 6.80 21 4,20
W - - - - - - - - - - - -
TOTALS 9019 8144 158 71.h9 180  81.hs 183 82,81 410 82,00 208 79460
CR 28 25 1 45 1 45 1 A5 1 «20 1 .20
N FA - - - - - - - - - - - -
0 I hea 380 18 8,14 8 3 .62 2.2k4 20 4 .00 24 4,80
N IL. 377 3,40 5 2,26 9 4.07 8 3,62 15 3.00 22 b Lo
- LE 5 .05 - - - - - - i «20 - -
W P - - - - - - - - - - - -
0 LT 408 3.68 17 7.69 8 3,62 7 3,17 ih 2,80 18 3.60
R PT  Léd 4,16 1k 6,33 8 3.62 9 L.o7 27 5.40 25 5.00
X 8P 356 3.21 8 3.62 7 3.7 8 3462 Al 2440 12 2.40
7 - - - - - - - - - - - -
TOTALS 2056 18,56 63  28.51 L1 18.55 38 17.19 90 18,00 102 20,40
GRAND
momaLg 0TS 1000 221 100.0 221 10040 221  100,0 500 100,40 500 1000

62



Table ¢, Summary of Results, Worker F

MEIHODS
FIEMENTS Gy A M M, M..LL Ms
iy % £ % f % f % £ % f %
A 6071 54,82 130 58.82 12F  56.1L 128 57.92 277  55.40 276  55.20
B 740 6.68 15 6.79 15 6.79 14 6.33 38 7 .60 28 5.60
G 55 &50 l .l+5 l QJ“'S l th‘5 5 ‘ .60 l GEO
ou L7 b2 - - 1 15 1 L5 5 1.00 b .80
W D - - 1 A5 - - - - - - - -
0 LT 108 Re's - - o .90 3 1.36 L .80 11 2420
R OF 565 5,10 3 136 8 3.62 10 4 e5Q 18 3P0 15 3.00
K P 156 T el 1 oH5 L 1.81 2 «90 6 L1420 16 3,20
R - - - - - - - - - - - -
SU 489 L L2 in 1.81 g 4,07 10 4459 23 60 23 4,60
T 196 TeT7 9 4,07 2 «S0 4 1.81 12 2040 8 150
W - - - - - - - - - - - -
TOTALS 8Bh37 76,09 16k Th.21 166 75,11 175  78.28 336 T7.20 382 76,40
R ok 22 1 45 1 I - - 1 +20 1 +20
N FA 527 b.76 18 8.4 11 4,98 10 4,59 2p HERITe! L 2.80
0 I 346 3,12 8 3 .62 10 4,59 6 ZaTl 22 HERITe) 1h 2.50
N IL 222 2,00 3 1.36 5 2.26 i 1.82 L .80 17 340
- LE - - L o5 - - - - - - - -
W LP - - - - - - - - - - - -
0 LT 4g I 3 136 - - 1 M5 3 60 4 80
R PT 1072 968 15 6.79 23 10441 17 T-69 50 10,00 52 10440
X SP h4o8 3,68 8 3,50 5 2,26 10 4,55 12 2,40 16 3,20
i) - - - - - - - - - - - -
TCTALS 2648 23,01 57 25.79 55 24,89 18 21,72 1k 22,80 118 23,60
GRAND
rorarg L1075 100.0 281 100.0 221 100,40 P21 10040 500 100.0 500 100.0 o
"



Table 7. Summary of Results, Worker G

METTODS
ELEMENTS . o M My M, M5
by % £ % f % T % £ % £ %
A 6955 62,80 132 59.73 139 62,90 143 AL4.71 287  57.40 321 64,20
B 899 €.12 17 T.69. 17 T.69 18 8.14 L7 Fe 35 7 .00
c - - 1 45 - - - - - - - -
) o .33 o .90 1 RIL 3 1.36 3 A0 1 «20
W D - - - - - - - - - - - -
0 LI - - - - - - - - - - - -
R 0P  82b 7 20 9.05 18 8.1k 13 588 37 TokO 40 8,00
K B 309 2,72 2 ey 4 1.81 L 1.581 9 180 13 2460
R -~ - - - - - - - - - - -
SU 203 1.83 5 2,26 L 1.81 4 1.81 7 140 13 2,60
T 35p 3,18 6 2,71 T 3¢l 7 7 317 12 2 o0 16 5.20
W - - - - - - - - - - - -
TOTALS 9634 86,90 185 8%.71 190 85.97 192 86.88 402 30,40 439 87.80
CR 3l W31 1 olt5 1 A5 - - 1 20 - -
I FA - - - - - - - - - - - -
0 I 189 1.71 10 b.52 I 1.81 L 1.81 8 160 8 1.60
N L 232 2.0% 2 «90 6 2.71 L 1,81 11l 2«20 9 1.80
e LE - - - - - - - - - - -
W 1P 19 AT - - - - 1 W5 2 it - -
0 LT 73 66 2 .9C 1 <5 - - 22 INpTly 8 1.60
R PT 687 6,20 16 7.24 14 6.53 17 T+69 46 9.20 29 5.80
K 8P 207 1.87 5 2 .06 5 2,20 3 1.36 8 160 7 140
u - - - - - - - - - - - -~
TOTALS 1541 13,01 36 16.29 31 1k.03 26 15.12 98 19,60 6l 12.20
GRAND o
romLs  LLOT5 10040 221 10040 221 100,0 221  100,0 500 100,40 500 100,0

¢



Table 8,

Summery of Results, Worker H

METEODS
ELEMENT 3 02 M M, M,
f % iy % £ % f % £ - % f %
A 57 <01 - 1 =79 1 <30 3 1402 2 .70
B - - - - - - - - —~ - -
C - - - - - - - - -~ - -
U - - - - - - - - - - -
W D - - - - - - - - ~ - -
0 I.T - - - - - - - - - -~ - -
R oP 57 L1 - 2 1.59 - - 5 1.7L 3 1.06
X P - - - - - - - - - - - -
R 529 8.2 9 T+15 11 8,73 10 8.00 30 10.24 36 12,72
U 31 A9 1 .79 - - 1 .80 - o 2 .70
T 204 3425 1.0 7 .94 i 3.7 H 3.20 7 2.39 3 1.06
W 3903 63,56 Bg 70,63 8c 63,49 B2 65,60 181 61477 181 63,96
TOTALS Y371 7754 106  86.51 o8  T77.78 98  78.40 226 7713 227 80,21
CR - - - - - - - - - - -
W A - - - - - - - - - - - -
9] I 163 2.59 6 4,76 L 3.17 3 3,20 18 6.1k 8 2,83
N IL 165 2,63 - - 2 1.59 2 1.60 6 2,05 5 177
- LE 75 2 1.5% i} 79 1 .80 1 34 - -
W LP - - - - - - - - - - - -
0 LT 576 9.17 L 317 13 10.32 10 8.00 22 7.51 26 9e19
R PT 327 520 1 . TS 6 L,76 7 5 .60 13 Lo Ly 16 5.65
X 8P - - - - - - - - - - - -
U133 2,12 h 2.7 o 1.5¢ 3 2.40 - 2.%9 5 1.77
TOTALS 1411 22,46 17 1%.Lg 28 22,20 27  21.60 67 22.87 56 15.79
(ORAND
TOTALS £282  100.0 126 100.,0 1RE 1000 125 10040 293 100,0 28%  100,0

a¢



Table 9. Summary of Results, All Workers
METHODS
ELEMENTS C, - M M, M, M5
f % £ % £ % £ % £ % f %
A 29h01 37.21 537 34.03 58 37.32 598  37.94 128k 35,80 1345 37,71
B 5399 6.83 95 6,02 109 6,91 107 £.79 286 797 P2p 6.23
C 1223  1.55 13 .82 27 146 27 1.71 53 1.48 Lo 1.18
cuU 727 92 15 95 16 1.0% 15 95 37 1.03 31 B7
W D 5258 6,65 125 T.92 106 6.72 120 6.9 208 6.36 210 5.8%
0 LT 7299  g.2h 133 843 146 9.25 146 9426 303 Bel5 366 1026
R 0P 2426 3,07 L8 3,04 46 2,92 43 2.73 97 2.70 102 2,86
K P 2164k 2,7k 4o 2,66 40 2e53 L1 260 104 2,90 = 110 3,08
R 2079 2,63 48 304 41 2.0 Lo 254 87 245 . 103 2 .89
SU 1522 1,93 27 1,71 30 1,90 31 1.97 66 1.8k 78 2,19
T 2214 2,80 Lg 31l Ll 2,79 43 273 97 2,68 82 2.30
W 2993 5.05 89 5 o6t 80 5407 82  5.20 181 5,05 181 5,08
TOTALS B3705 80,02 1221  T7.38 1270 80,48 1283 81,41 2822 78,69 2872 80,54
R 88 211 3 L 3 «lG 1 <06 3 08 2 Rore
N A 527 LET 18 1.1k 11 .70 10 63 22 .61 1h W39
0 I 2357 . 2.96 93 5.89 52 3.30 40 2,54 126 3,52 109 3406
N TL 1631 2,06 23 146 34 2,15 29 1.8k 61 Le70 90 252
- LE 103 «l3 T ali')-é- 2 ) 2 15 8 22 3 v08
W P 240 <30 g 057 5 32 5 32 11 <31 15 e
0 LT 3929 4,97 &4 5 34 25 L Th h L,'T0 191 5e33 180 5 +05
R PT 4894 6,19 85 5,38 o8 6.21 99 6.28 280 736 219 6olk
K SP 1429 1,81 51 1.96 26 1.65 30 1.90 53 1.48 57 160
U 133 A7 i .25 2 13 3 .19 7 W20 5 .1k
TOTALS 14300 19,38 357 22,62 208 19,52 295 18,59 T6L 21,31 6OL 19,46
ggéﬁis 79014 10040 1578 100.0 1578 10040 1576 100,0 3586 10040 3566 10040

49
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0.0k x 11075, or 443.00 minutes, an experimental error of less than 0,23

per cent.

First Systematic Sample--M; .~-Starting with Frame No. 50, every 50th frame

was examined for the activities being performed by the eight operators in
the study. These were recorded uslng the mnemonic symbols as listed in
Chapter II. When this systematic sample was completed, the results were
summed in terms of the number of frames per occurrence per activity per
man, These samples were coded as M; and are listed in Table 1 through
Table 8 for each operator. They are also summed in Table 9 for all oper-
ators under this ccde symbol.

Second Systematie Sample--Mp.--Starting with Frame No. 25, every 50th

frame was examined for the activities being performed by the eight oper-
ators in the study. These were recorded using the mnemonic symbols as
listed in Chapter IL. When this systematic sample was completed, the
results were summed in terms of the number of frames per occurrence

per activity per man. These samples were coded as M2 and are listed in
Table 1 through Table 8 for each operator. They are also summed in
Table 9 for all operators under this code symbol.

First Random Sample--M), .--From the book A Million Random Digits (39)

two random numbers composed of three digits each were drawn. These
numbers were 113 and 109, Using these numbers as page numbers, pages
113 and 109 were selected for the drawing of 500 random frame numbers.
Page 113 was used for the first random film sample and page 109 for the
second sample, Since the last frame number was 11448 and the random
digite in this book were arranged in columns with each column contain-

ing five digits across, each five-digit number was selected to be
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a frame number., When a five-digit number had a numerical value greater .

than 11Lk48, that mmber was reduced by multiples of 11hh8 to reduce that

number to a value that was 11448 or less. For example, the first five-

digit mumber was 38681, This number when reduced three times by 11448

becomes O4337. This number is then used to represent Frame No. 4337,
Thisz procedure was repeated until 550 random frame numbers were

obtained. The additionel 50 frame numbers were selected Lo replace

those frame numbers whlch would fell wlithin the break periods and the

lunch period, ’
The first 500 numbers selected were then asrrayed in numerical

sequencey JThe extra 50 numbers were not arrayed, but were left 1in the

order of their selectlon, Those frame numbers that fell within the '

break periods and the lunch period were discarded and enough numbers

were drawn from the extra 50 rnumbers, in the order of thelr appearance, '

until there were 500 random frame numbers, of which none ocecurred during

any oresk or lunch perlod. The film was then sampled in the same fashion

a5 the other studies. The results were likewise tabulated and are listed

in the same tables under the sode of Mﬂ.

Second Random Sample--Ms ,--The same procedure was used as with the first

random sample, with the exceptlon that page 109 was used instead of page
113, The results are also tabhulsted in the same tables under the code
aymbol M5i

The 100% Film Sample--Cp ,--After the above four samples, Mj, M,, M, and

Mg, were taken and tabulated, the entire film was analyzed frame by frame
to obtain the true perecentage distributlons of each work and non-work

element, The results are tabulated in the above tables and are coded as Cl‘
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The Sum of Samples My and Mé--M5,—-Gode M5 is used for the sum of the

samples taken in the first systematic sample (Ml) and in the second sys-

tematic sample (Mé).

The Sum of Samples M), and M5-—M6.-—Code'M6 is used for the sum of the

samples taken in the first random sample (ML) and in the second random
sample (M5).
The Statistical Analysls

The Variance Test.--When 1t is desired te compare the spreads or varia-

bllities of two sets of figures, the F test (40) is used (Snedecor's
variance ratio).

After the variances of each method are calculated, the ratio of
the larger variance t0 the smaller is determined. This is termed the
variance ratio of F. Atbached 3o the varlance ratlo are two sets of
degrees of freedom, nq for the larger varilance, and Iig for the smaller.
(Set—up and ssmple calculations are shown in Appendix I).

When all of the varlance ratics are caleulated, the F table can
be entered according to the two sets of degrees of freedom at any par-
ticular percentage level of significance.

For this problem, five variance ratiocs were computed: Cl/bg;
Cl/Ni; Cl/Mé; Cl/th and Cl/M5° The resultant values were 1.66,
1.53, lJb1l, 1,74, and 1.6k respéctively, Since each variance had eight
samples, each variance ratio has seven degrees of freedom for each set:
oy = T, and n, = Te

When the F tables with These two sets of degrees of freedom were

entered, the significance level of 5 per cent was 3.9, If the wvalue of

the variance ratic is greater than that given in the variance table for
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the corresponding degrees of freedom, then the result is more significant
than the significance level for the table.

All. the ecalculated variances were less than the value required
for significance at the 5 per cent level. Therefcre, the hypothesis that
the varlabilities of the two methods are equal must be accepted for each
of the computed ratios.

When these variances were tested for homogeneity using Cochran's
Test (valid only when the sample variances have an equal number of de-
grees of freedom), the hypothesis of equal variances was accepted at the
95 per cent level of probability (7 d.f£.) {(41).

The methods could be unequal in variability beecause these resulis
could be due to lack of sensitivity of this procedure, i.e., the change
of variance as the funection of the method employed might be masked by the
basle variance (02 of Cl), which 1s primarily attributable to thoe differ-
ences in men.

Consequently, it seems appropriate to use a non-parametric tech-
nigque. In the classical techniques, such as the analysis of varlance,

a normal. distribution is assumed., Since non-parametric techniques are
concerned with comparisons between distributions and not between param-
eters, the need of specifying the type of distribution is cbviated.

The Ranking Technigue.--The non-parametric technique chosen for these

data was the ranking technique, in which the experimental methods are
ranked agalnst the contrcl or standard method.

By converting the frequern:.ies of occurrences into percentages to
Tfaclllitate comparisons, each work and non-work element of Cg, Mi, Mé,

Mﬁ, and ME, in the following combinations, was ranked against the standard,
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G., Lo determine which method most closely duplicated the standard. (See

lJ
Appendix IT for sample caleulations.)
1. Cl veIrsus Cg, Mi, and M, .
2. Cl verasug 02, Mi, and Mﬁ.
3. Cl versus O, M , and M .
4. Cl versus Cy, Mé, and MB.

5. Cl varsus C and M6'

o2

Under the hypothesls that all three methods should not differ from
one angother, in that the results from each method should be essentially
tho same, the Xe test was used to determine whether any one method dif-
fered significantly from the other.

Each of the above five combinations was tested for significance
at the 95 per cent level using two degrees of freedom to enter the tables.
In every case, strong significance was indicated and the hypothesis for
each of the five ceses was rejected.

When the frequencles of occurrences were set ln tabular form (see

Appendix III), the results indleated that the N&, Mé, M, series approached

>
the standard, Cl, most frequently, that the M , M5’ M6 gerles was the
next most frequent, and 02 the least freguent.

Visual 1lnspection of these results gave rise to the conjecture
that the results apparently appeared In a 1:8:5 ratic, that is, in each
of the above combinations (using Combination No. 1 to illustrate this
point), Mi occurred eight times more frequently than CE’ and M11L aceurrad
five times more freguently than Cgv

2
Using the ¥ statistiec to test the goodness of it of the actual

frequencies to this apparent ratio of oceurrence, the hypobhesis that the
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actual frequencies did appear in the ratio of 1:8:5 was accepted at the
95 per cent probability level (2 d.f.) for all combinations.

Simee this was a 'visual inspection” ratio, and slnee the ranking
was replicated five times, the results of the five replications were
summed, and the sum of that method which occurred the least frequently
was uged to divide all the sums of these replications to determine a
ratio with unity as the base, This ratio was 1:6.577:4,196. This ratio
means that the Mi, Mé, I\f].5 serles was closer to the standard 6.577 times
as often as 02, and that the M, M5’ M.6 series was closer 4.196 times as
often as GE'

As g test of the validity cof this ratic, the same procedure as
outlined above was followed using the XE statistic for goodness of fit
on all five combinations.

The hypothesis that the results of the ranking technique do appear
in the ratlio of 116.577:h.l96 was accepted at the 95 per cent probabllity
level (2 d.f.) for all combinations,

The Chi Square Test {Contingency Tebles).--Although 1t was now determined

which method most closely approaches the standard, a gquantitative result
has not yet been obtained. To obtain & quantltative result, one type of
enumeration statistics which uses two-way classification tables (fre-
quently called contingency tables), can be used. For this analysis, a

2 x n contlngency table where n 1ls the number of methods considered was
used. Since there were five methods under consideration as compared to
the standard method, a 2 x 6 contingency table resulted., The yg test for
this 2 x 6 contingency table 1s similar to the F test with continuous

data: it tests the null hypothesis that there are ng differences in the
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true proportions of the non-work elements under the different methods.
A more expedltlous method of caleulating x2 was developed by

Brandt and Snedecor (42). This method defines the suatistic ¥ as fol-

lcwss
o Z a;p; - p Z(ay)
X = — ?
P a
where a; = the number of non-work elements under the 1R method,
5 = the average of the total number of non-work elements, and

T -a-m.

For these data (see Appendix IV), the calculated X2 equals 23,66
(5 d.f.)., Thls 1s significant at the 95 per cent probability level.

The next step was then to compare the individual methods, This
was done by breaking down the contingency table into smaller tables.
Sinece this distribution is discontinuous, whereas x2 is a continuous
variable, and slnce contingency tables containing but one degree of free-
dom were used, the approximetion of the X2 distribution can be markedly
improved by reducing the absolute value of each difference by 0,% before
it ie squared. Thils procedure is termed the "Correction for Continulty"
(43) .

For 2 x 2 tables, this correction can be Ilncluded and the X2 sta-
tistic reduced to the following formulas

> (laa = pel -1/ W% N
 la+b)(a +c)(o + c)le + a)

(44)

For these data, the results are listed in Table 10. (Set-up and

sample calculations are in Appendix V.) All acceptances and rejections
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were made with one degree of freedom at the 95 per cent level of proba-

bility.

ships:

An ingspection of these results reveals the following relation-

The systematic samples from the film compared favorably
with the 100 per cent film sample.

The random samples from the film did not compare favorably
wlth the 100 per cent film sample.

The concurrent systematic interval sample did not compare
favorable with elther the 100 per cent film sample, the
systematic film samples, or the random film samples.

These results corroborated those obtained from the ranking
technlque.
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2
Table 10. ¥ Results from the 2x6 Contingency

Table and the 2x2 Contingency Tables

The 2x6 Contingency Table

¥ = 23,66 > 35 - 11.07 (5 a.f.) Typothesis Rejected

I

The 2x2 Contingency Tables

5 o Results of

Comparison Calculated ¥ Tabular ¥ d.ft. Hypothesls
C, vs. My 2,76 3.8k 1 Accepted
Cy vs. My 0.56 3.84 1 Accepted
Cq vs. My 8.03 3.84 1 Rejected
C1 vs. Mg 5.55 3.64 1 Accepted
Co vs. Cp 10.20 3.84 L Rejected
Co vs. My Lihh 3.84 1 Rejected
Co vs., Mp 7.68 3.8k 1 Rejected
Co ve. My 1.13 5.854 1 Accepted
Co vs. My 6.51 5.84 1 Rejected
My vs. Mp 0.26 3,84 1 Accepted
M, ve. My 2,33 3,8 1 Accepted
Mi vs. Mg 0.01L 5.84 1 Accepted
vs. M, L .84 3.84 1 Rejected
Vs, M5 0,75 3.8 1 Accepted

My vs. M3 3.5k 3,84 1 Accepted
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CHAPTER IV
CONCLUSIONS

The purpose of this thesis is to determine whether the non-work
activities developed from a memomotion film will yield results comparable
to those developed from a concurrent systematic interval study, from a
systematic sampling of the film, and from a random sampling of the film.

As a result of the statistical analysis of the data of the study,
the following conclusions may be listed:

1. The variabllities of percentages between the operators were
not significant.

2. The sampling methods varied significantly.

5. The systematic sampling of the film duplicated the true per-
centage distribution of the standard more closely than did the other two
methods: .

4, The systematic sampling of the film every two minutes adeguately
defined the non-work occurrences.

5. The random sampling of the [ilm did not compare as well with
the true percentage distribution of the standard as did the systematic
sampling method. (See paragraph 1 below.)

6. The manual systematic interval study was the least accurate
of all %he methods under consideration.

7. The gquantitative results from the X2 test of the contingency
tables corroborated the results derived from The ranking technigue.

To these conclusions, the followling can be added:

-
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