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ABSTRACT

The objective of this wbrk is to study the
applicability of work sampling to a shdrt cycle
repetitive operation and to compare the economics of
work sampling technique with a conventional time study.

To make this comparison, work sampling studies
were carried out concurrently with ongoing time studies
done by personnel of the Industrial Engineering
department in a local lock factory.

The criteria for the study were

l.- The base data would ensure that the predictions
would be within + five percent of the true value
with 95% certainty. These are standard confidence
limits for most industrial applications.

2.- Preparation time for work sampling and time

study were assumed to be equal.

Two operations were studied, a 1line assembly
operation and a bench assembly operation.

The first study represents the work of a team of
four people as a unit. The workers often changed their
activities to achieve a better balance of the line,
since the nature of the operation is such that it 1is
practically impossible to have the workers at fixed

positions performing the same activity all the time.
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The second activity represents numerous workers
working independently at benches.

The study proved that for assembly operations work
sampling can be used to good effect and at viable cost
when compared with standard stop watch study. The
acceptability of the studies psychologically favours
work sampling, as does the level of training reqdired
for the time study practitioner. It is generally
accepted that a work sampling analyst could be trained
in one-quarter of the time which would be required for

time study.

Approved by : Prof. N. Eley
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CHAPTER- I

INTRODUCTION TO_.WORK. MEASUREMENT

The measurement of human work is an inteqgral part

of productivity.

1.1 PRODUCTIVITY

Productivity has been generally defined as:

PRODUCTIVITY = (OUTPUT} / (INPUT}

In principle, this productivity ratio is a sinmgple
and straightforward one, but if an attempt is made to
apply such a 'measurement - -over too large an area then
considerable complexity may rTesult.,. Fairly simple
exarples may be the number of words typed per minute by
a secretary or the number of cubic meters dug by a
labourer per day. . On the other hand, -when productivity
is applied to a factory, the input and output would
have to be expressed in a common-guantification factoer. .
Problems arise 4in defining this factor. WNot only is
there difficulty with the evaluation of the  input
{manpower, materials and capital equipment) . in
hcmogeneous units, but alsc with the evaluation of : the

output.



There have been several attempts to evaluate the
productivity ratio., - Smith and Beeching ! suggested a
factor called “‘*man-year eguivalents'.. These were
obtained by dividing the actual sum of money spent on
the resources by the average industrial income at tkhat
time., Capital investment would, of course, require a
further division by the 7years of amortization.,k By
adding together eguivalesnt man-years of manpower,
pmaterials and capital equipment, an expression of input
is derived which takes inflation into account. - This
sum was called the 'resources-man-years?,

William T. Stewart in his article on productivity?
describes and gives -a practical application of a
different  *yardstick? for measuring the elusive
producfivity concept. - Mr. Stewart uses the Keeney
model of multiplicate multiattribute utility function,
in which a representative management group establishes
utility values for various departments to help

determine productivity gcals.,

1 Pennis A, Whitmore, WORK MEASUREMENT, (Great Britain,
Butler & Tanner Ltd, 1975) p. 2..

2 gilliam T, .Stewart: IE PRODUCTIVITY SERIES, Vol. 10
No. 2 of The  Journal of Industrial Engineering
(February 1978), r. 58..



This group selects the relevant ratios that affect
productivity such as inventory turnover (cqst Qf gocds
scld/average inventory), value added per direct labour
hour, key machine efficiency (a percent that reflects
the actual wutilization of high investment machines),
material identification and 1location accuracy, total
operating guality cost per net sales dc¢llar, and so: cn. .

These factors would depend  entirely upon the:
industry under study, The representative management
group would select and decide the number of ratios to
take into account,

The ratios are multiplied by the scaling factors
{rank) and added together giving what Stewart calls the
‘ccpposite productivity utility measure', :

The total productivity is a broad long-term gquide
to the senior management describing progress co¢f the
company. It does not point out the specific areas that
may need corrective action. .

This 1leads  us to the next section in which an

attempt is made to subdivide productivity. .

1.2 MANAGEMENT RATIOS

This is another way of measuring productivity..
They are financial ratics rather  than measurenments

related to a defined yardstick such as the 'man-year?..



Dun & Bradstreet publishes the *'Key Business Ratios in
Canada', a yearly ccmpilation of over 150 1lines of
retailing, wholesaling, manufacturing and construction

businesses, Examples of these ratios might be:

o

BOFIT

ALES

n

SALES. - -
TANGIBLE NET WORTH

——SALES
INVENTORY

It has been claimed that management ratios derived
in this way can be wused tc compare the 1?!state of
health' of different companies in the same line of
business. .

From the above discussion, it becomes <clear = that
in most manufacturing companies, the concept cf

productivity measurement is a conmplex one.

1.3 DIRECT MEANS OF INMPROVING PRODUCTIVITY,

Against this general background, it is now
possible to define work measurement and understand its
impgrtance.,

Generally speaking, productivity can almost always
be increased by heavy investment of money in new and
improved  plants or egquipment. . This rise in
productivity usually takes time in planning, searching,

icrplementing and testing. .



On the other hand, an increase in productivity can
also be obtained by reducing wasted human effort and
tinme | in operating the mwanufacturing process or
elimipating unnecessary movements, .

The systematic approach o¢f tTeducing the wcrk
content of the manufacturing process is called method
study, and the technique of locating ' ineffective tinme
and setting standards of performance is called wcrk
measurement, .

The formal definitions are: !

*Method study is the systematic recording and
critical examination of existing and proposed methods
of doing work, as a means of developing and applying
easier and more effective methods and reducing cost'?

*Hork measurement is the application of techniques
designed to establish the time for a qualified worker
to carry out a specified job at a defined 1level of
performance!?

Method study and work. measurement are closely
linked, Method study simplifies the job and develops

more economical ways of doing it, while vork

1 These definitions were adopted frcm: Internaticroal
Lakbor o©Office: INTRODUCTICN TO WORK STUDY REVISED
EDITION (Switzerland, Impression Coleurs H®eber, 1974),
Appendix 5, p. 413 - 424,



measurement is concerned with the determination of how
long it should take to do the job. .

Work measurement provides the management witﬁ a
means cof wmeasuring the time taken to perform the
operations in such a way that the ineffective time will
show up and can then be separated from the effective
time, .

Work study acts 1like a surgeon®'s knife, laying
bare the activities of a ccmpany and their functioning,
good or bad, for all to see., There is nothing like it
for "showing up" people, and for this reascn it must be
handled, like the surgeont's knife, with skill and care. .
Nobody 1likes being shown up, and unless the work
specialist displays great tact in  his handling of
people he may arouse the animosity of management and
workers alike, which will make it impossible for hinm to

do his job properly..
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- TECHNIQUES OF WORK_MEASUREMENT-

The existing techniques of work measurement are
briefly described in this chapter. .
Before - outlining the techniques of wcrk

measurement, the folloving terms should be defined : ¢

2.1 TERMS_USED IN WORK. MEASUREMENT

Observed Time .~ The time taken to perform an
element or combination of elements obtained by means cf
direct measurement.

Element .- A distinct part of a specified Jjob
selected for <convenience of observation, measurement
and analysis. |

- standard Performance or Standard-Pace-.- The rate

of output which gqualified workers will -~ naturally
achieve without over-exertion as an average over the
working day or shift provided»they know and adhere to
the specified method and provided they are motivated to
apply themselves to their work., This performance 1is

denoted as 100 on the standard rating. .

1 These definitions were adopted  from: International
Labor Office: - INTRODUCTICN TG WORK STUDY  REVISED
EDITICN {(Switzerland, Impression Coleurs Weber, 1974),
Appendix S5, p. . 413 - L24, .



Rating - .- Tlie assessment of the worker's rate of
working relative to the observer?!s concept of the rate
corresponding tc standard pace. .

Basic Time_or Normal Time .- The time for carrying

out an element of work at standard rating, i.e.-

Observed Time x Observed Rating-
Standard Rating

Standard Time .- The total time in which a ijob

should be ccmpleted at standard performance, i.e. wWork
content, relaxation allowances, unoccupied time and
interference allowances, where applicable. .

Relaxation Allowances .- An addition to the basic

time intended to provide the worker with the
opportunity to recover from the physiological and
psychclogical effects of carrying out specified work
under specified conditions and to allow attention to
personal needs. . The amount of allowance will depend on

the nature of the job,

The available techniques may be divided intc three
major groups : stop-watch time study, statistical
standards (work sampling) and predetermined motion time
system, .

Stop-watch time study is a technique for recording
the times and rates for working for the elements of a
specified job carried out under specified conditions,

and for analysing the data to obtain the time necessary



for <carrying out " the job at a defined 1level of
performpance. .

Statistical . standards or work sasmpling, is a
technique in which a 1large number of instantaneous
observations are made over a period of time of a grcup
of machines, manufacturing processes or workers. . - Each
observation records what is happening at that instant
and the percentage of observations recorded ' for a
particular activity or '‘delay is a measure of the
percentage of time during which that activity or delay
cccurs.

Stop-watch and work . sampling involve the
measurement of actual observed time and its adjustment
to obtain normal time by means of performance rating. .

Predetermined  Motion Time System is a technique
whereby times established for basic ~human @noticns
(classified according to the nature of the motion and
the conditions under which it is made) are used to
build up the time for a Jjob at a defined level of

performance.
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2.2 STOP-WATCH TIME_STUDY

The ‘'YSurvey of Work Measuremnent and Wage
Incentivestl carried out by Robert S, .Rice in.
collaboration with Patton Consultants :and A.I.I.E.
showed that the wmost prevalent -approach to wverk
measurement currently used by American and Canadian
industries involves a stop watch time study and
simultaneous performance rating of the operation  to
deternine normal time. .

The procedure involves the follovwing steps. .

1.~ Recording the standard method and identifying
the unit of work., The following items are generally
included :

a) The  department in which the Fob is
performed. -

b) Job number.

c) Product, material specifications, and
identification as related to the operation. .
d) Work place layout and dimensions. .

e) Tool descriptions. .

f) Feeds and spéeds of machines, .

1 Ricé R. ¢ 'SURVEY OF HWORK MEASUEREMENT AND WAEGE
INCENTIVES, Vol, No. 7 of The Journal of Industrial
Engineering, (July 1977), p. .18



"

2.~ Selecting the operator for the study.. He has
to be experienced and trained in the standard method. .

3.~ Determining the elemental structure of  the
operation for timing purposes. - The criterion to be
followed is that end points have to be easily detected
and defined. .

4,- Cbserving and recording the time required fecr
each element., During the cbservations, the worker is
being rated,.

5.- Determining the number of cycles to study..
This number depends on the duration of the basic tinme-
of the cycle, and on the dispersion of the basic times
obtained during the study, A common practice is to
take ten readings initially of basic time cycles, and
from these readings calculate the number cf cycles to
study.. (This topic will be covered in the next
section). .

6.~ Ccmputing normal time = average chserved tinme
X average rating factor,/100

7.- Determining standard time = normal time( 1 +

allowances in percent)
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Scme variation in the cycle time almost always
occcurs, even 1if the vorker under observation is not
attempting to vary his pace. . This could be due to the
random variation in +the operator’s pace, position of
the parts worked with, position of the tools - used, or
simply variation <caused by slight errors by the time
study person in timing the worker. .

A reasonable limit in the number of readings is to
take enough to make the chances 95 out of 100 that the-
cbserved average time will ke + 5 per cent of the true
average *, This is called in Statistics 95 per cent
confidence with + 5 per cent of the standard error of
the mean. -

"This critericn has proved to be accurate enocugh if
time studies are gding to be used for establishing
incentive wages, since #* 5 per cent of the standard
usually approximates a bargainable increment in wages.?

The sampling theory involves basically two

formulae, Egs., 2.1 and 2,2. Both are based on the

1 True average is defined as the average value that a
time study person would find if he were to spend his
life timing the worker.

2 Mundel M. . : HANDBOOK OF : INDUSTRIAL ENGINEERING AND
MANAGEMENT, SECCND EDITION, Prentice-Hall, 1971,
p. 267, :



13

assumption that random causes are controlling the
length of time of the cycle, In most cases, this is a

reasonable assumption 1,

S=( /NEX2 - (£X)2 '} /N (2. 1)

WHERE :

S = Standard deviation. .

X = Rated individual readings.

2 = Sum of homogenecus elements. .

N = Number of readings of an element.

The standard error of the mean Sx indicates the
probable variability of the averages of groups of N
values of X about the obtained mean or average of all
readings of an element. It can be ccmputed by Eq..

24 24

Sx = SYTW - (2.2)

The property of this last measure is such that 95
per cent2 of the prchable values of the average for the

element will lie within # -2S5x of -the true average. -

t These egquations are derived and explained in Appendix

2 Actually 95.4 per cent, but it is usually rounded off
to S85. .
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Therefore, if 2Sx is less than or equal to 5 ger
cent of the mean value, it may hevsaid_that the chances
are at least 95 out of 100 that the. average for :the-
element is within + 5 per cent of the true average. .

Egs., 2.1 - and 2.2 é:e combined, and #-28Sx is set
equal to 5 per cent of tke mean value, The final
equation 2.3 is solved for the number of readings Nt
required tc ensure 95 per cent certainty that the
obtained average reading will be within +-5 per cent of

the true average cycle.

N' = {40 /NEX2 - (EX)2 }2 (2.3)
(=X)2

Where :

N* = Number of readings needed computed from N.

‘N = Number of cycles or readings taken at the tinme
of computing N?,
This equation  is easily translated into

instructions for a portable programmable calculator.?

2.4 RATING
In recent studies the rating factor has prcved to

play an important rocle in obtaining the standard time. .

s

1A programme for a Hewlett Packard Calculator mcdel 25
is found in Appendix B.
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Rating is that process during which the time-study
analyst ccmpares the performance (speed or tempo)  of
the operator under observation with the cbserver's c¢wn
ccncept of normal performance. .

Rating is a matter of judgment on the part of the
time-study analyst, and unfortunately judgement is an
indispensable factor in setting a time standard for an
operation. .

Since rating is a subijective judgment entering the
ccmputaticn of the time standard, the ‘immediate
question that comes to mind is : "How accurately ' can
experienced people rate?"., Controlled studies, in
which films from different industries showed vworkers
perforning at different rates, proved that experienced
analysts could come to an agreement in rating within - ¢

3 per cent 1, .

2.5 DETERMINING_THE NUMBER-OF -READINGS-

A_PRACTICAL APPLICATION-

=

Consider the time study carried out in one of the
local manufacturing firms. .
In this case, the cycle time was taken as chne

single element, due to the short elapsed time of the

1 Buffa E. : MODERN PRODUCTION MANAGEMENT, (New York,
Jobhn Wiley & sons, 1973) p. . 423,
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constituent elements,

The rating was posted as 100, since according to
the time study man the vworker under observation was
performing at normal pace.

The first ten readings in minutes wvere:

«28 .35 .24 ,31 .25:.25f.28~.26f.25-.28

Applying the Egq. - 2.3 or making use of ‘the
programpe mentioned above, the first estimate of the
necessary number of readings is obtained:

N* = 22 Readings,

and, Average reading = ,283 Minutes.

More data were obtained., After each reading, the
number of required cycles was found wusing a gportakble
prcgrammable calculator, . ***

In this <case, 20 readings were -enough ' to be
included within the 95 % confidence limits within £+ 5 %
of the true mean. . The average re¢ading was .271 pin. .-

This average reading is called ‘observed time'. .

The normal time is found by applying the focllowing

equation 3
NORHMAL TIHE = { CBSERVED TIME‘} X { RATING } {2.4)

In this case, the analyst rated the operator at

**% See Appendix C
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100 %, so the normal time and the observed time were

egual.

2.6 DETERMINING PRODUCTICN -STANDARDS-

The standard time is found by applying the
following equation which includes the perscnal and
fatique allowances., .

STANLARD TIME = NOEMAL TIME(T+RELAXATION ALLOWANCES)
(2.5) -
In this case :

Standard Time = ,271 x 1.15 = ,.312 min. or

STANDARD QUTPUT =_192 Parts/hour. -
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WORK SAMELING

3.1 INTRODUCTION

Fork sampling 1is - a methecd commonly used to
estimate the portion of time that an activity occurs,
without necessitating continuous observation, . It is a
fact finding method based on the laws of probability,
especially the bincmial distribution.

The first article describing work sampling, kncw¥n
at that time as the *Snap Reading Method?, was
published by L.H.C, Tippet in 1935,  Hork . sampling . is
also called activity sampling, ratio 'delay method, and
random observation method. .

Work .sampling has the fcllowing uses :

1.- Ratio delay .- To evaluate the activities

and delays of man or machine. .

2,~ Performance sampling .- Same as ratio

i i e s

delay including a rating factor during the productive
portioen. .

3.- Establishment of standard time .- In scme

studies wvhere the ocutput and the elapsed time of the
study are recorded, it is possible to estimate the

standard: time, .
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In this paper work sampling is used to establish
sténdard times since both the output and the time at
which the sampling is done are kept for further
computations, -

Hork sampling is based upon the laus of
probability. A sample ranécmly taken from a population
tends to fcllow the same pattern of distribution as the
population., If the sample is large enough, the
characteristics of the sample will differ little frcnm
the characteristics of’ the group. . Morecver, it is
possible to predict the accuracy of the difference with

a deqgree of certainty .

3.2 AN_EXAMPLE OF SAMPLING, -

Suppose we want to estimate the proportiocn . of time
that a wcrker, or group ¢f workers, spend working and
not working., This could be accomplished by 1long term
stop-watch studies in which either the productive or
non-productive times are recorded.

This is a 1lengthy and consequently costly
approach.  Instead, suppose that a large number of
cbservations are taken at random times. The outéémé of
an observation would be : whether - the operator is
working or idle and then the observer wculd tally the

results, , This tally is shown in the following figqure. .
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| |
| TALLY | NUMBER|PER CENT|

A
1
1 1 o A T | 1 -
| V7777 7777 /7777 2777 /7771 - |
| V7777 7777 /777 /777 /7771 i |
\WORKINGI///7 /777 2777 /777 /7770 98 | 93,33 |
{ 177/7 /777 /777 /777 /7771 | {
i 2012 L2 LU LLLL L4 ). 4 - |
| 1 1 | i
| IDLE {///7/ /// 1 7 | 6.67 |
1 1 - . f T R e
| i n | e
-} TOTAL | } 105 | 100.00 |}
1 R | 1 S B

Figure 3.1
Work Sampling Tally of Working and Idle Time. .

The percentages of the tallies under working and
idle classifications are estimates of the ' actual:
percentage of time that the worker was working and
idle, Herein 1lies the fundamental principle behind
vork sampling :

_ "The number of observations is proportional to the

amount of time spent in the working or idle state."!

3.3 CONFIDENCE-LEVEL,

The statistical principles of work sampling depend
upcn the binomial distribution as the outcome of an
observation 1is either working or idle; success or

failure .

* Buffa E..: MODERN PRODUCTICN MANAGEMENT, New York,.
John Wiley & sons, 1973 p. 431,



Such distribution is identified by:

was found

p= X = NUMBER OBSERVED.IN CLASSIFICATION- (3.1)
N TOTAL NUMEER OF OBSERVATIONS
And
Sigma =,/;7?:;;7E‘ (3. 2) ,
Where :
p = Portion of time that the worker
working,

N = Total Number of Cbservations
Sigma = Standard Deviation
It is necessary 'to determine what

confidence is desired in the final results.

level of

" The most

common confidence interval is 95.45%, which is usually

rounded off to 95%. .

This concept can be visualized as the area under a

normal distribution within the limits +.2 Sigma . .

95% OF TOTAL AREA

LI

-2Sigma +2Signa

Figure 3,2



22

3.4 ACCURACY OF WORK SAMPLING-

The accuracy achieved in work sampling is affected
. by the number of c¢bservations,, The purpose of the
study will deternmine the humber of observaticns
required., . .

The analyst can always estimate the number of
cbservations from previous experiences or from a pilot
study. One of the things the analyst must always keep
in mind 1is the inherent - variability of the people,
machines or processes being measured.  In some cases
the output of a department may ptesent an ideal
situation for work sampling with raw material of
reasonably uniform gquality, low 1labor turnover, and
good supervision., At other times the situation may not
be as favorable, and in such cases the experience of
the analyst plays an important role in the study.

For many kinds of measurements an accuracy of +-5%
is considered satisfactory.

Assuming that the bincmial distributicn is used as
a basis for determining- the error, the number of
cbservaticns required for 95% of confidence can be

found taking ¢ 2 sigma :



23

sp=20 /PO-p/N ] S 43.3)

Where :
S = relative accurécy (+ S5%)
p = percentage occurrence of an activity
N = total number of random cbservaticns

The relative accuracy is a term commonly used in
industry, and is defined as the ratio of standard
deviation to the number of readings. .

From this expression, it is clear that .even if the
desired accuracy is known, there are two variables: p,
the percentage occurrence, and N, the total ' number of
randem  observaticns. . In order to find N, p is

generally assumed or estimated from a pilot study. .

3.5 EXAMPLE_OF_ ACCURACY

Smaw—

Suppose we want to determine the percentage of
prcductive time of a worker in the department of latch
assembly by work sampling.

Suppose that 105 cbservations were taken at randecm
times, and that 7 times the operator was either-idle cr
out of the werking area. .

Then the percentage of the productive time would
be 93.33% (98 ,/ 105 x 100 = 93.33%) -

And novw N can Lke calculated, knowing that p = , 933

and S = ¢+-,05,
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Sp=21 / p_{1zp) 1]
N
«05p =21 / p {1=p) ]
N
N = 4p_ {1-p) = 1600 {1-p) - (3.4)
.0025p2 P

In this case :

N = 1600-¢1-,933) = 115 Observations
-« 933

3.6 ACCURACY FOR_A_GIVEN NUMBER OF OBSERVATIONS, -

In practice, the work sampling man covers several
stations during his study, and nmost likely the
percentages will not be the same for. the different
stations,

The previous eguation can be solved - for - the
relative accuracy S, given the percentage p and: the
total number of observations N,

Continuing with the abové-example where p = 93,3%:

and N = 105,

P N
s= _2 /.933(1-,933) -
«933 105

S= & ,052
"In  this <case , it could be said that we are 95%
confident that the operator under observation in the
latch-assembly area was working 93.3% of the time

within an accuracy of our estimate of #+ 5.2%: of 93.3%:
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{ 5.2% x 93.3% = 4,87% '), or the true value was between
98.17% and 88.43%, having as a most probable value

93.3%. .

3.7 DETERMINING_PRODUCTION.STANDARDS,

Having found an estimate for the proportion of
time that +the worker spent doing productive activity,
the following step is to compute the normal time. .

In doing so, the total time of the study in
minutes is reguired. This time excludes scheduled
delays such as coffee breaké, lunch time and clean-up
tine, Let us say that the 105 observatiéns vere made
during a day ., There is a 15 minute coffee-break . in
the morning and a 12 minute coffee-break  in the

afternocn., Lunch takes 30 min and clean-up time is 5

min.
Adding up all these scheduled delays, it comes cut

tos

First Coffee-Break 15 min, .

Lunch Time ‘ 30 min

Second Coffee-Break 12 nin

Clean-upmmiﬁg,‘,H%y wQWm” .5 min.-

Total Scheduled Delays 62 min.

Working hours are from 7:30 to 16:00:-, . That means

workers spend 8.50 hours or 510 minutes in the factory. .
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Subtracting the scheduled delays (62 min.,) frcnm
the time the wcerker spends,in the factory (510 nmin.)
gives -us the total available time for production which
is 510 - 62 = 448 min,

Ancther factor reguired in our computation is the
average rating .. In this case, the average perfcrmance
rating was 102%, that means that for the analyst, the
worker under observation was performing slightly abcve
ncrmal performance, .

Finally the out?ut from this bench was 855 latches
for the day.

With this information, the normal time. is computed

frem the following expressicns ' {3.5)
TOTAL TIME PRODUCTIVE ' AVERAGE
OF STUDY X PERCENTAGE X PERPCRMANCE

NOENMAL TIME = IN MINUTES . FROM _HW,S, - - -RATING . -

TOTAL NUMNBER OF PIECES PRODUCED

Applying this egquation to the data mentioned

above:s
{Time) (Percentagqge) : (Rating)
Normal time = 448 x. - .933 - - x--1.02 -
~ 855
(Output)

Normal time = ,50 NMNin. .
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The standard time is calculated from +the noreal
time and the allowances for delays, fatique, and
personal time,  In this department such allowances are

15%.

Placing these numbers in the following expressicn:

STANDARD TIME = (NOBMAL TIME)X{1 + ALLOWANCES) - {3.6)
It results:

Standard time

(.50)x (14 .15)

Standard time =_0.57 min/latch-

Sonme manufacturing industries express their
standards in terms o¢f pieces/hour for accounting
purposes., .

In this case the output rate is:

{60min/hour) *(0.57nin/1latch) = 104 latches/hour. .
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s i s . e i A (o s et e

4.1 INTRODUCTION -

The work sampling studies which are the subject of
this thesis were carried out in a 1local manufacturing
plant, whose main products are domestic and security
locks. .

Some. of the constituent parts of -the lock are made
in the_lock company, othe:'parts-are'supplied by 1local
firms and ihe rest come.from branch plants, which are
spread ali over the world. .

The work sampling studies were done with the total
coopération of the personnel of the company, from tkhe
General Manager, the Industrial Engineering deéartment,
to the workers, who vcluntarily agreed to take an
active part in this study. .

The study presented in this chapter was done in
the packing department.

In this department the parts are supplied by
indirect labour to the packing line which 1is attended

by four operators. .



29

4,2 DESCRIFTION OF THE LINE

A diagram of the line is found in Fig. 4.1.

In the first station (Fig. .4.2), the operator opens the
box in batches of ten or fifteen and places them on a
roving belt., . The same operator (Fig. 4.3) is in charge
of inserting a small piece (strike) before the bozes
arrive at the next station..

The next operator gets the parts from an overhead
conveyor in sets of two wooden boxes.. She takes ‘the
outer trim from one of :the wooden boxes, the inner trinm
from the other (Fig. 4.4R), puts them together ({(Fig..
4.4B) and places them in the box (Fig. .4.4C). .

The third operator ({(Pig. 4.5) dinserts the 1latch
and screvw package and closes the box.

The last operator {(Figs. .4.6 and 4.7) is in charge
of opening and filling the shipping cases. .

These four operators do not remain doing the sanme
activity all the time, but they change their places in

order to achieve a better balance, .
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Operator 2

Assemble trims
and place them

in box
Operator 1 Operator 3 , Operator 4
Open box Insert Open and fill
insert latch

shipping cases
strike

Rl I —

3! 9.5' 9' 50" .

The numbers denote the operators

DIAGRAM OF THE PACKING LINE

Figure 4,1
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The activity codes will be described in the
following sections. They are presented here for

convenience,
These activities are illustrated in the focllowing

set of pictures.

22l T
S

1 ,- Open or make box. 2 ,- Place parts in box.
Activity Code 11 Activity Code 12

Figure 4,2 Figure 4.3
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3 Insert inner and
outer trim and place
them in box.

Activity Code 13

Figure 4.4
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«— Insert latch,
Activity Code 12

Figure 4.5

s

.~ Clcse the box.
Activity Code 14

Figure 4,6

33
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Figure 4,7 5 open or fill shipping cases, place
thems on belt., Activity Code 15.

| R
R Bs

¢ Remove empty boxes, ? Walking frcom stations
prepare material. Activity Code 22
Activity Code 21. Figure 4.9

Figure 4.8
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4.3 THE_STUDY

e e . s g

As a first attempt, a standard work sanmpling form
depicted in Fig. 3.1 was used. .

During the study, it was felt that a refinement in
the form of presentation of the informaticmn was highly
desirable, - since it would notvonly show whether the
operator is working or idle, but it would also classify
the working or idle activity,? This was particularly
applicable to the packing line, since there was a lot
of walking involved hetueen stations.!

In order to classify all activities that any of
the four workers <could be found performing, the line
was observed during the packing of a lock called A-151. .

The activities were divided as follows. .

t This form is found in Appendix B. .
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1,- Open box. .

2,- Insert strike,

3,- Assemble cuter and inner trim, W
place them in box. . 0
4,- Insert latch R
5,- Fill shirpping case. . K
close box. . I
6,~- Prepare material, N
remove enpty boxes., . G

7,- Walk from staticns.

8,- Hait for parts. . )
%.- Pick up parts from floor.. D
10,- out of working area. = L
11,- Converse, . ' - E

Table 4.1 Classification of activities .

In this case, there are 11 different activities
which can be classified as productive or ncn-
productive, Activities 1 to 7 represent the working
activity, whereas activities 8 tc 11 are non-working..

It mnust be noted that 'walking' was considered to
be productive .since it was a necessary activity in the
line, .

It 1is -'custonary in'this kind of study, to use a
table of randomr numbers or random times.. 1In this

preliminary study, a prcgramme was written for a
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Hewlett Packard Calculator that generates random tinmes
between working ~hours excluding scheduled delays
(coffee-breaks and lunch time)?t,

A pilot work sampling study was carried out using
the improved recording forms and the random times
generated by a programmable calculator.

The operators Qere chserved sequentially.f The
operator in Fig.gu.Z was first, the operator in Figq..
4,3 was second, the operator in Fig. ‘4.4 was third and
finally the operator in Fig, .4.5 was fourth, It must
be noted that the sequence refers to the operators, not
to the stations, since as it was stated before, the
operators did not reméin at a fixed position..

.The results from this preliminary study are as

fcllow¥s. .

! The programme and a sample sheet for recording the
random times for observations are found in Appendix E
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ACTIVITY NO, .OF PERCENTAGE ACCUMULATIVE
CBSERVATICNS PERCENTAGE
1 Open box, . 9 8.1 8.1
2 Insert strike. . 6 5. 4 13.5

3 Assemnble trims §
place in box. . 36 32.4 45.9

4 Insert latch,
screw packs. 7 6.3 ) 52.3

$ Fill shipping case,

close box. . 21 18.9 71. 2
& Prepare material,
remove €empty boxes. 2 1.8 73.0
7 g®alk. 13 11.7 84,7
WORKING TOTAL. . 9y 84,7
8 Fait for parts. . 0 0.0 0.0
9 Pick up parts
from the floor. 2 1.8 1. 8
10 Qut of area, . 13 11.7 ' 13. %
11 Converse. . 2 1.8 5.3
IDLE TOTAL. 17 15.3

. D — A D S D D D > B D D D D -~ -~ -

Table 4,2 Preliminary study of the packing line. .

The total number of observations was 111. .
The output during the study was 82 shipping cases, .
Each shipping case ccntains 24 locks, so the output was

1968 locks.,



The total length of the study was 2 hr., 3% min. .or
151 min.

Note +the:' high percentage of total observations
that represents activity 7, ?Walking?, The study could
be further divided into ‘'walking' and - *not-walking?..
This new ‘classification allows us tc¢ apply the
principle of the bincmial distribution (see Chapter 3)
and to set probability 1limits in our findings., The
same reasoning could be applied to each activity.

The operators were not rated during the study..
They were considered to be working at a normal pace.

The number of readings required for #*- 5% is
computed from Eq. .3.6

| N* = 1600 x (1 - JE&47)/.847
N?' = 289 Observatiéns.;

More observations were taken to satisfy the above
conditicn, obtaining the fcllowing values :

Percentage = ,870

Output = 223 Shipping cases = 5352 locks.

Time of study = 400 min. | ‘

By applying Eq. 3.7 and taking rating'éguals to
100%, we obtain :

Norﬁal time = 400 min. x .870 ,/ 5352 locks
Normal time = ,06 min./lock or 923 locks/hr. .

The personal and fatigue allowances for this

department are 15 %.: By applying Eq. 3.8, the standard

time is :
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Standard time = {(.06) x (1 ¢ .15) = .07 nmin../ lock.

or Standard oufpgtr= 802 locks Z-hr,-

This standard is for the packing cf the lock A-151
when the line is attended by four workers.

The relative accuracy is found using Egq.. 3.5

S=1(2/.870} % (/.870 x (1 - .847) /295 }
S = % 4,5 for 95% certainty.

During the study, the analyst observed the
different paces of the workers, and found that the
improved form for recording the infqrmation ¥as
iuappropriaie for keeping track of these variationsi, .
Moreover, it was noted that the operators' paces wuere

not ccnsistent,

4.4 RATING IN- WORK_SAMPLING, -

A different procedure for recording the
observations had to be devised in order to include the
rating factor. , Two records were required for each
activity classified as working {(see Table 4.1).. One
for the number of observations and another for - the
rating. For activities <classified as *'Idle?, only a

record for the number of observations was needed., -

1 See form in Appendix B
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To illustrate this, suppose that the analyst
recorded the fcllowing ratings while observing a worker
performing the activity onumber 5, FILLING SHIPPING
CASES AND CLOSING BGXES (see Table 4.1)..

90 S0 100 90 80 100 90 80 100 90 110 110 S0 90 110 100
110 30 106110 90

The number of observations vas 21, which
represents 18.9 % of the total observations..  The
average rating'would be the sum of ‘the ratings divided
by the number of observaticns in this category. .
AVERAGE RATING =23 RATINGS/NO. RATED OBSERVATIONS 4.1)
In this case

AVERAGE RATING = 2021 / 21 =-96,2
The rated percentage could be easily evaluated

from the fcllowing expression :

RATED PERCENTAGE = AVERAGE RATING X PERCENTAGE  (4.2)

In the case cf this preliminary study for-activity
5, we have :

‘Rated percentage = 96,19/100 x 18.9 = 18,18 %

At this point in time, it was becoming slightly"
difficult and tedious to keep separate records of the
activities and the ratings.. Noreover, 'since work.
sarpling vas intended to be ‘used din different
departments, new " records for - the: job number and

department number were required. .
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A computer programme was thought to be a suitaktle
solution for the manipulation and processing c¢f the
data, since basically what we have here is numercus
records that can easily be translated into arrays., The

ccmputations themselves are fairly straightforward.

4.5 SCHHID'S_COMPUTER_PROGEAMME, .

— s - S smi s s s

Before launching into the development -cf this
prcgramme, a review of the publications in this field
was carried out.

It was found - that Schmid*s computer programme:
appeared to be similar and compatible with the ideas
presented in this thesisit, .

Schmid's computer programme is one cf the latest
publicaticns of a high .caliber in work sampling.. Thus,
to avoid wunnecessary repetition, the use of this
programme seemed more logical than the development of a
new one, .-

Except for the~slight modifications and necessary
adaptations to the existing computing facilities at
U.B.C. (because the programme was originally written
for a Model 1130 Ccmputer), this programme remains as

designed by Dr. .Schamid. .

' Schmid H. : WORK MEASUREMENT SAMPLING, University - cf
Dayton, 1970, .
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For identification purposes, Dr. Schnid makes a
further subdivision of ?*working', that is production
and production-support. Idle is called non-productive, .

Productive activities are given codes starting
with 11, Production-support activities begin with 21,
and non-productive activities start with 31. During
the computations, the computer distinguishes only two
major categories. Activities whose numbers are less
than 30 are 'working' and activities whose numbers ' are
greater than 30 are 'idle' (see Table 4.3).,

The - computer programme holds up to 1000
observations in a single run .. It has several arrays
to keep track of the number of observaticns and the
rating for each activity., It applies Eq.. 4.1 to find
the average rating for each activity, then uses Eq. . 4.2
tc find the rated percentage, During the calculations,
the programme checks for non-productive activities
{vhose codes are greater thanm 30),  If  the ~search is
successful, that activity is rated zero. The total

rated activity is the sum of all rated percentages. .

TOTAL RATED ACTIVITY = 2 RATED PERCENTAGE {4. 3)
Where :
RATED PERCENTAGE = 0, for activity whcse code is
greater than 30,

This new classification is shown on the following

page. .



Activity
Code No.

11

12

13

14

15

21

22

31

32

33

34

4y

DEPARTMENT 49 - PACKING -

ACTIVITY CODES

Significance

Open or make box, put on labels..
Place parts in box.

Insert inner and outer trim and
place them in box, .

Close box or put on 1lid, apply
transparent tape.,

Open or fill shipping case, place it
on belt,

Production support-

Renmove empty boxes, prepare
material.

Non-productive -

Wait for parts or release stuck
wooden boxes.. : :

Pick up parts from flocr, .

Absent, personal time, =

Talk., . Table 4,3
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From the above table, it <c¢can be seen that the
activity codes describe all pcssible activities that
the worker can be found performing.

This breaking down of the activities into three
major groups; (precducticn, production sup#ort and ncon-
productive) is done byvthe analyst to achieve a better
understanding of the balance of the assembly line ({(in
this particular case packing locks), since for
calculaticn purposes, the computer treats all these 11
activigies in two major .groups.. One comprises all
prcductive and production support activities, and the
other. includes non-rroductive activities,

This classificaticn into twc groups leads us crce
more to having two cénditions as in the case of the
previous chapter (vworking o:Aidle, success or failure)..
That is why, although. there are 11 activities, the
binomial distribution is still applicable.,

This computer programme has provisions for keeping
track c¢f the times at which observations are made. . It
also takes as input parameters the =starting and
finishing of the shift times, and the starting and
length of ‘the scheduled delays (coffee-breaks and lunch
time). 6 With this information, the effective time of
the study is- calculated according to the following
expression :

TOTAL TIME STULY = LENGTH OF THE STUDY _
-~ SCHEDULED DELAYS (4. 4)
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Finally, knowing the number of pieces produced,
the normal time is calculatéd by applying Eg. .3.7. .

It must be noted that the product of *PRCDUCTIVE
PEBCENTAGE FROM ¥W.S. . X AVERAGE PERFORMANCE RATING®' has
been called TOTAL RATED ACTIVITY (see Egq. - 4.,3), so this

equation becones

TOTAL TIME TOTAL
OF STUDY X - RATED
NCEMAL TIME = IN MINUTES .. . .- . - -ACTIVITY- {4.5)

TOTAL NUMBER OF PIECES PKODUCED

The standard time is found by applying Eq. -3.8..

The ccmputer programme has eight mcre records or
arrays, They are used for the .department, operatcr,
job, special, interruption, day, shift numbers, and the
size of the lot,

4.6 BANDOM TIMES_ FOE OBSERVATIONS, -

Work sampling requires that each individual moment
have an equal likelihood of being chosen,  In crder to
be statistically acceptable, the observations must be
randcm, unbiased, and indepéndent.i A table of randonm
numbers is commonly used din this tyge »cf study to
ensure thé randcomness of the times at which the

observations are made,
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In this paper, a computer programme was developed
to generate random times ‘during working hours excludihq
scheduled delays. This programme uses a function
called RAND for generating random nunmbers.

RAND is a function subprogramme written in /360
assenbly lanquage and callable from FORTRAN. . This
subroutine generates randonr numbers X, such as 0<%¥<1
under uniform distribution. It has a period of 239,
and has proved to meet the stochastic properties.+++

The random times are printed out 4in a format
suitable for recording the observations. -

This programme and a run for two positions or
staticns are depicted in Appendix D, .

From the observation sheet (see Appendix D), the
eight arrays that were mentioned in the previcus
section are as follow:

DEP_NUM stands for department number, - OPR:-NUM-
stands for operatcr or worker number, JOB. NUMBER -means
the piece number or the assembly number. .

The SPECial and INTERruption codes are used  when
the operator stops or starts a particular job. - They
are also used when the operator shifts his position, .

These numbers are seldcm used,

+++ See "UBC RANDOMY Write-OUp, April 1975
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For - the worker, Activity Code and Producticn RaTe
were described in previous secticns of this chapter. .
DAY-NUMber shall be used to keep track cf the

length of the study., The: SHIFT number was 1 for all

cases in this paper, and the LOT-SIZe has to be posted

S e

cenly once,

4,7 A_PRACTIICAL APPLICATION OF SCHMID'S PEOGRAMME-

Using observation sheets like the ones mentioned
above, a pilot work sampling study was carried ouf on
the bDelt., In this case, the observations were taken
wvhen the operators were packing locks type A-151.

The observations are shown in the following three

pages.



| __IDENTIFICATIQGN

IS|I|_HORKER_ | 151 i

|

l..

L |__TINE
I 1 1 | |DEP|OPR| J0B IBIN] | | DAY |H|LOT|
N |ER{MN{SC|NOMjNUM| NUMBER |E|T|A C{P RT|NUH|I|SIZ|
EL I 11 | | ICIE| | i 1F]
[ | 1 1 L ARL 4o T
1 13 42 30 49 44 8 1 1
2 13 47 50 49 44 151 21 11
3 1350 0 49 44 151 21 1 1
4 13 59 30 49 uy 151 15 110 1 1
S 14 2 40 49 44 151 34 11
6 14 3 40 4S 44 151 14 11
7 14 4 50 49 44 151 14 070 1 1
8 14 5 20 49 44 151 33 1 1
9 14 6 10 49 4y 151 14 085 1 1
10 14 6 50 49 44 151 33 11
11 14 7 0 49 44 151 14 085 1 1
12 14 8 30 49 44 151 34 1 1
13 14 9 0 49 4y 151 13 090 1 1
14 14 10 40 49 44 151 14 11
15 14 11 50 49 44 151 1 075 1 1
16 14 12 0 49 44 151 1% 110 1 1
17 14 12 10 49 44 151 13 095 1 1
18 14 12 20 49 44 151 33 1 1
19 14 12 40 49 4y 151 14 080 1 1
20 14 15 10 49 44 151 15 110 1 1
21 14 15 30 49 44 151 11 11
22 14 16 10 49 44 151 14 070 1 1
23 14 20 20 49 44 151 14 070 1 1
26 14 21 0 49 44 151 W 110 1 1
25 14 22 S0 49 44 151 13 095 1 1
26 14 24 0 49 44 151 1 095 1 1
27 14 29 10 49 44 151 14 075 1 1
28 14 29 20 49 44 151 33 11
29 14 50 20 49 44 151 14 095 1 1
30 14 52 50 49 44 151 14 080 1. 1
31 14 55 0 49 44 151 33 11
32 14 56 30 49 44 151 15 105 1 1
33 14 58 20 49 44 151 31 11
38 15 2 40 49 44 151 31 1 1
35 15 5 20 49 44 151 33 101
36 15 6 20 49 44 151 13 095 1 1
37 15 8 10 49 44 151 14 095 1 1
38 15 8 20 49 44 151 14 090 1 1
39 15 9 30 49 4y 151 33 11
40 15 12 10 49 44 151 13- 095 1 1
41 15 12 50 49 44 151 W 090 1 1
42 15 13 20 49 44 151 21 11
43 15 14 30 49 44 151 33 1 1. 40
44 15 15 0 49 44 151 9 11 110 1 1

Table 4.4 - A

49

FAGE NO.

o



IDENTIFICATION

151

1 |__TIME _J 1STT1_ROBKEE 1
I} i [ |DEPJOPR| JOB JPIN{ | JDAY | H]| LOTY{
N JHRIMN|JSC|INUM|NUM| NUNBER |JEJTIA CJP RTINUM|I|SIZ]
EL 000 0 ICIEl | I IR

S DU N S B £ PodRE o -d o 4 AT

4S5 7 51 30 49 44 8 3 1

46 7 53 30 49 44 151 14 080 3 1

47 7 54 30 49 44 151 14 3 1

48 7 54 50 49 4y 151 15 3 1

49 7 55 20 49 44 151 12 3 1

50 7 57 10 49 44 151 1 090 3 1

51 7 57 40 49 4y 151 13 3 1

52 758 10 49 44 151 33 3 1

53 759 0 49 4 151 14 080 3 1

S4 7 59 20 49 44 151 14 075 3 1

SS 8 3 30 49 44 151 14. 090 3 1

56 8 4 0 40 44 151 14 3 1

57 8 4 30 49 44 151 14 095 3 1

58 8 7 10 49 44 151 14 3 1

S9 8 8 20 49 44 151 34 3 1

60 8 8 30 49 44 151 32 3 1

61 8 8 40 49 44 151 W 090 3 1

62 8 11 30 49 44 151 13 3 1

63 8 11 50 49 44 151 14 095 3 1

64. 8 13 10 49 4y 151 11 095 3 1

65 8 13 30 49 44 151 14 090 3 1

66 8 15 30 49 44 151 13 3 1

67 8 17 30 49 44 151 1 095 3 1

68 8 18 20. 49 44 151 11 095 3 1

69 B 19 20 49 44 151 1% 090 3 1

70 8 20 20 49 uy4 151 14 3.1

71 8 20 40 49 44 151 33 3 1

72 8 21 0 49 44 151 12 090 3 1

73 8 21 10 49 44 151 14 095 3 1

74 8 21 30 49 a4y 151 13 080 3 1

75 8 21 40 49 44 151 33 3 1

77 8 22 30 49 44 151 14 090 3 1

78 8 24 30 49 44 151 13 090 3 1

79 8 31 10 49 44 151 1 105 3 1

80 8 33 0 49 44 151 13 090 3 1

81 8 34 0 49 44 151 34 3 1

82 € 35 10 49 44 151 . 13 3 1

83 838 -0 49 44 151 11 095 3 1

84 8 38 10 49 44 151 13 095 3 1

85 8 38 50 49 44 151 33 3 1

86 & 39 50 49 44 151 15 31

87 8 41 50 49 u4 151 1% 095 3 1

88 € 47 30 49 44 151 147 095 3 1

Table 4,4 - B

50 -

EAGE NO.

2



|__TIME _) IDENTIFICATION _|S|I|_HORKER | _ 151

L
I i | |IDEP|OPR]| JOB |PIN| | J DAY }HILOTY)
N {HR|MN|SC|NUM|NUH] NUMBER |E)T|A C|P RT|INOM|TI|ISIZI
N I | | ICIE} i | | F|
ol 1) 1 -1 SN IR R DL & O |
89 € 48 - C 49 uu 151 14 095 3 1
90 8 50 30 49 44 151 34 3 1
91. 8 55 30 49 4y 151 14 095 3 1
92 8 56 0 49 u4 151 14 - 095 3 1
93 € 56 30 49 44 151 4. 0906 3 1
94 8 57 30 49 44 151 14 3 1
gs € 58 40 49 44 151 34 3 1
96 9 0 40 49 4y 151 31 3 1
97 S 2 29 49 4y 151 31 3 1
98 9 2 50 49 44 151 31 3 1
99 S 5 10 49 44 1581 34 3 1
100 9 5 20 49 44 151 n 3 1 42
101 S 9 0 49 uy 9 3 1

22>>>>>>>> END CF FILE

Table 4.4 - C

FAGE NO.

3



Each observation represents a ccnputing card.
This data was submitted to an IBM 360 computer, giving

the following results :

JOB N P S STD. .TIME STD. OUTPUT
NUMBER {MIN.) (PARTS/HOUR)

151 42 80.6%  +15% -+ 075 803

151 55 80.6% . £13% .068 877
TOTAL 97 80.6% +10% 071 839

THERE WERE FOUR QPEEATORS ATTENDING THE LINE. .

Table 4.5
Where :
N = Number of readings. .

P = Percentage of time the worker
spent working. -

S = Relative accuracy., .

The pilot  study proved to be satisfactory as far
as the methodology was ccncerned, It took the analyst
a' short time to get used to the forms and also to
relate activities to codes. .

More work sampling studies were done in the
packing line using the same activity codes already

described,
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The results are summarized in the following table:

JOB N p ] STD. OUTPUT

NUHBER (PARTS /HOUR) -
01301020 244 93, 2% +3.5% 247
11017002 168 92, 4% $4.4% 179 *»
11030100 55 87.3%  £10.3% 488

11033102 47 94.8% - $6,.8% 644

THE LINE WAS ATTENDED BY THREE HORKERS.J:‘
Table 4.6

At this point in time, it became important to find
out the effect of rating in the evaluation of the
standard. .

Table 4,7 shows a comparison between the standard

calculated including and ignoring the rating factor..

JOB STD, ,CALCULATED STD. .CALCULATED RATIO
NUMBER  WITHOUT RATING WITH RATING
{LOCKS /HOUR) ) {LCCKS/HCUR)
01301020 237 247 - +960
11017002 172 179 - .961
11030100 478 7 488 © +980
11033102 652 644 1,012

*% An extra worker joined the crew half way ‘through
the study. .
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Accqrding to‘ the results presented in Table 4.7,
we can conclude that the ratihg factor is important in
the setting of standards by work sampling.

All these.work sampling studies were ccncurrently

carried out with an ongoing stop-watch study programnme.

4.8 RESULIS_FROM_STOP-WATCH STUDIES-

Making use of the data collected by the personpel
of the Industrial Engineering department of the local

lock factory, the following results vere cbtained. .

JoB - STANDARD SET BY ACTUAL - STANDARD SET EY
NUMBER *WORK SAMPLING - *0QUTPUT? *TIME STUDY
11017002 51 S4 75
11030100 163 143 182
Table 4,8

The above figure shows that the standards set by
means of work sampling were closer to the actual output

reported by the foreman of the packing line,2

* This standard is measured in Locks/Hour/Worker for
accounting purposes. .

1 pased on the average over a period of a month, .

2 This point will be discussed in the conclusions. .
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4,9 TIME REQUIRED TO_ SET_TEE STANDARD TIME

— s s e e

Table 4,9 shows the break down of an estimate of
the time needed for an analyst to set standards
~following the two methods mentioned in this paper. .

TIME STUDY1?

HOUERS
Ereak down of the

elements intc components 25
Taking the readings 2.50
Carrying out computations 1.00
WORK SAMNPLING? HOURS

Establishing activity
codes - 225
Taking the readings 5.00
Carrying out computations3 + 25
TOTAL 5.50

. Table 4.9

! This estimate is an appraisal from the personnel - of
the Industrial Engineering based on their time studies.

2 Based on records kept during the preparation of this
paper. - : ’

3 Actually, required time to prepare and punch the
. data, since the ccmputations themselves are carried out
by an IBM computer, .
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4,10 SUMMARY OF_THIS CHAPTER-

From the studies presented in this chapter, the
following cenclusions were drawn :

1.~ Work sampling is’ applicahle to an‘ assenbly
line operation. .

2.~ The rating factor seemed to be significant in
fixing the standard time by means of work sampling. .

3.- The time required to set standards was higher

using work .sampling than using time study. .
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CHAPTER.V-

o .

"HORK_SAMPLING_APPLIED TO A_SHORT. CYCLE OPERATION -

In this chapter, a study carried ocut in the Latch
Assembly Department is described, A brief explanation
cf how the readings are recorded during a work sampling
study is also - given.

A latch is ap important constituent of a lock.. In
this factory, there are tasically two types of latches. .
One of them is used in bedrcom doors. The other cne is
found in house entrances or in some other places where
more security is needed (see Appendix E).

5.1 WORK_SAMPLING IN_DEPARTMENT 41 LATCH-ASSEMBLY

First of all, the analyst mnmust understand the
mechanics of the assembly, its difficulties and
peculiarities, At this stage the analyst would have to
decide the pace or tempo that constitutes a normal
performance.,  Equally important. is the establishment of
activiiy codes.,

Pigs. 5.1 to 5.3 illustrate some of - the wcrker's
activities and the working place.., In this case, the
parts for the assembly are supplied by indirect labour. .
It must be noted that the worker has all the pieces at
hand and they are well -organized; therefore a high
percentage of producticn + production support is

expected, .
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11.- Normal Production 21.- Testing latches

Figure 5.1 Figure 5.2

This is the working place, a self staking bench

Figure 5.3

Table 5,1 shows the activity codes for this study.
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DEPARTMENT 41 - LATCH-ASSEMBLY-

-ACTIVITY CODES-

Activity ' Significance
Code No.

1 Normal production. , Assembly of
pal’.‘t‘s. B

Producticn Support-

21 | Testing latches.

22 Changing bozxes. .

23 Repairing assenmbly or defective
parts.

24 - Unavoidable Delafs: material is

supplied to the bench, receiving
instructions, recording production.

Non-productive
31 ' Avoidable Delays: idle, talking ..
32 | Absent. :
33 Clean-up

Table 5.1
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In this case, the department number is 41, the
operator number is the same as the bench number, and
the Jjob number is the assembly number at the time of
observation,

Since the stations are fairly close to each other,
the analyst was able to observe eight benches in the
same day's study, taking 105 readings from each bench.

The following picture shows the general layout of

this department.

Department 41 lLatch Assembly

Figure 5.4

The analyst gathered his data using observation
sheets described in the previous chapter (page 46), and
shewn in Appendix D . The following page is part of

this study.



TIME__|__IDENTIFICATION.

Table 5.2
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Each line from the observation sheets is gunched
into an IBM computing card.. The vertical line means
that +the information 1is to  be repeated from the
-previous card,, 6 The listing of ‘the first ten cards of

the previous page: 'is given in Table 5.3..

TIME | _IDENTIFICATICN -1SIT| ®ORKEE | 1S1 |

I ¢
i A4 1 | |DEP|OPR| JOB | PIN|ACT| IDAY{H{|LCT{
| B |HR|MN|S|NUM{NUM| NUMBER |E|T|COD{RATE|NOM}I|SIZ|
R I N I I T ACIEY L . VF| |
1 11 e AR VT
N ‘ P , i
P30 _7:38:80 830 A0 4o b b 3N S
B . . : b _ |
1_-21_7:481:=21_431_11) 4 O B Y ST I I Y |
| b . _ I I _ I
| __31_J:z88:51_811_211___.4_: P11 134. 2908 5 131 -4
(. P . , L _ ]
__81_7:89:5¢1_ 41114 4. Y D I Y {JSC T I | DY
b : o ‘ ' o )
|__51_32=55:241_8%)_100___ B _i_1_i_11¢ 5.1
. _ A I “ |
1__61_8:_3:z8)_411_3%4____4_ 11230, 513}
A R . R o N
1 7). 82 U2} 4142134 4. .. o111 T TG I O DA B
I . S P _ _ 1
1__81.8:_9:01_81}1_11} 4 NIk TR O SIN |
N R , o A L |
1_.81_8212:01_4&11_2111 o 1_1_F2231. 305 54 - |
I R o R o ]
1_304_8:1450)1_411_114 4_. -1 15 4311

Table 5.3

Note that whenever the analyst rates the operator

at normal performance (100%), the rating is left blank. .



After " the computing

mistakes by the apalyst or the key-punch

cards

operator

corrected, the data is submitted to the ccmputer. .
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are checked and any

are

The computer reads  +this data in the following
manners
| C 1 TIEE_1_IDENITFICATICN. 1SITi WOEKEE 1 151 |
{ A | ) { {DPJOPR}{ ° JOE |P{NIACT]| IDAY{H}LCT}
| E |HR|IHUN|SCINM{NUN]J NUMBER | E|T|CODIRATEINUM|IIISIZ]
[ I T R A | | iCi E| | I IF| |
| DY U P S P | AR e o 1D e
| | N I |
1__11_7:38:401411_111 4 o1 300205 111
i | 1 11 i
121 _7:4%1:20181)_11) 4 A1 2000 5131
| i I i
_-31_Zz484:5014811_111 4 1301901 _5_ 13120
| i1 ]
I__8)_7:49:504411_111 4 A3 300 _ 543 -
l - 11 1
| 51_7255210080 0 _ A8 12111210015 1
| P _ _ R ‘ |
j__6(_83: 34014804121 O = b 121,300 1513 -1}
| | , 11 |
I__71_83_4:2014811_114 4 133130015111 |
| I [ I i
|__81_83;_9: 01411_111 4 13313001 _5-13i__-|
I I I
1..81_.8312: 014811_11) 4 L1 A0 230548_5_ 131}
| i (I I | |
1_10)_8314: 01411 1 4 2101005 1

Table 5.4

Note that in the case of

ncn-productive

activity

(31), the computer assigns zero to the rating factor,

From this data the following results are obtained:



CCsS
CENT
41
41
41
41
41
41
41
41

WORK
T Jo
ER POS NU
1 2

2 2

6 2

8 2

10 1

11 4

12 1

13 3
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MEASUREMENT SAMPLING SUMEARY #++++

B START PROD + PROD TOTAL AVG HAN

B DAY SUEPORT OBS OBS HRS/PIECE
5 93 102 7277
5 98 105 8.158
5 104 105 8.513
5 83 105 6.692
5 94 105 7.967
5 101 105 ‘8.468
5 91. 105 7.6C9
5 103 104 _ 8.265

%%% WMS SUMMARY COMPLETE

JOB
NUM

STANDARD TI

PERCENT
P

90,35

193.10

99, 10

1 86.19

_END OF THE

ME FROM WORK HMEASUREMENT SANPLING

RELATIVE AVG MAN TOTAL STD STD
ACCURACY HRS.. OUTPUT TIME  OUTPUT
(PARTS) (MIN.) PARTS/HR

EXECUTION TERMINATED

+ 3.2 % 30,680 3335 -.S52 109
+ 3.7 % 22.698 4550 - - ,299 200
£ 2.0 % £€,265 1500 .331 181
+ 3.8 % §.468 875 - .643 . g3
JOB

Table 5.5

++44

+ These a

re the summarized results.. For complete

printouts see Appendix E.
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Table 5.6 shows a cocmparison between the standard

calculated without and with the rating factor., -

JOB STD. .CALCULATED  STD. .CALCULATED  RATIO

NUMBER ~ WITHOUT RATING 9ITH RATING
(LATCHES/HOUR) - (LATCHES/HOUR) -
020 109 - 109 | 1.00
010 205 - 200 1.03 -
030 181 181 1.00 -
oso0o 98 a3 1.06
Table 5.6

Table 5.7 compares the standard set by work
sampling with the actual output and the standards set

by time study.

JOB STANDARD SET BY ACTUAL STANDARD SET EY
NUHBER *WORK SAMPLING *QUTPUTH *TIME STUDY
0 2 0 109 105 119
0O 1 0 200 197 ' 190
0 3 0 181 ’ 186 191
“0- 4 0 93 103 116
Table 5.7

* This standard is measured in Latches/Hour. -

1 Based on the report of January and February 1978, .
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In Table. 5.7, it can be seen that the standards
set by means of work sampling were closer to the actual
output reported by the foreman of the 1latch assembly

department,

5.2 TIME REQUIRED TO SFT TEE STANDARD TIME

The time needed by an analyst to set standards
{ccmputed in this chapter ) by (i) work sampling and
(ii) time study c¢an be broken down as seen in the

following table,

TIME STUDY HOURS

Breaking down of the

elements intc components 25
Taking the readings 4.50
Carrying out ccmputations 2450
TOTAL i 7.25
FOEK SAMPLING . HOURS
Establishing activity
codes " .25
Taking the readings - 7450
Carrying out computations © «50
TOTAL : 8.25

Table 5.8
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5.3 SUMMARY OF -THIS CHAPTER-

Frcm the study presented in this chapter, it can
be concluded that:
1.~ Work sampling ' is applicable to a short cycle
repetitive operation such as the assembly of a 1latch,
where the standard time varies from 0.3 to 0.6 minutes,
depending on the type of latch {see Table 5.5). .
2.- The rating factor seemed to have a small effect
on the standard time obtained (see Table 5.6). .
3.~ The time -required to set standards was - 12%:

longer in the case of work sampling {see Table 5.8)..
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1.- Instead of standard stop watch, work sampling can

be applied +to short <cycle assembly cperaticns

without suffering any loss of accuracy. -

Hork sampling appeared to be more expensive than
time study in terms of actual man-hours required
on tested applications studied.. However, - the
accuracy  achieved by nmeans of work sampling was
slightly higher than the accuracy obtained by time
study since extra observations were: taken., .

A feed back method suchk as a simple proqramme for
a portable programmable calculator could be used
to compute the number of necessary readings for a
given confidence level after :a given number of
readings.  If this is done, it is likely that the
economics in terms of man-hours sould favour work
sampling because the study cbuld . be - terminated

when the desired accuracy level was achieved.



3.~

4,-

5."
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Work sampling must be considered to be a more

acceptable method psychologically and  could be

perfcrmed by a less skilled, less expensive

technician .

The question of the importance c¢f rating is
centroversial.. It <seems to be: less important in
work sampling and this nmay he:related ohly to the
grouping of elements necessitated in\work.sampling

techniques.

Du;ing the +wwork sampling study, the analyst has
more time to cobserve the operation for methcds

improvenent,
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TIME STUDY

The number of cycles which must be timed in order
to attain a desired level of accuracy depends on the-
duration of the basic time of the 'cycle, and on the
dispersion of the basic times obtained during the
study.

Eq. .1 gives a measure of the variability of data
about ‘its average. The variability is represented by

S, the standard deviaticn, which 1is expressed as

fcllous:
s =/ ¥ d2/N -
d = X-X computed frcm each reading of the element

separetely before squaring and then summing. .

X = Individual readings of an element,

Y = Mean or average of all readings of an element. .
Z = sum of like items., .

N = Numﬁer-of readings ¢f an element, .

This equation may be  expressed as follows for

machine compuntation (PFriden, Monroe, Marchant, etc.):

S =/3X2/N - (X X/N)2.

= 1/N/NZX2‘ - {(£X)2

Assuming that this represents the varability of a
huge group of similar readings or the parent populaticn
{a commonly tenable assumption), another mpeasure, Sx,
the standard error of the mean (or average), may be
computed from Egq. 2, which indicates the prokatle

variability of the averages of qroups of N values of X
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about the mean value., =
sx = s/ /N (2) .

The property of this last measure is such that 95
per cent of the probable values of } (average of the
element) will lie within #2Sx of the true average. .

Hence, if 2Sx is equal or less than S per cent of
X, we may say that the chances are at least 95 out of
100 that our average for - the element to which - the
rating will be applied is whithin #5 per cent of the
true average representing the performancq'we-observed..

If the selected limiting condition is not net, we
may work Egq. 2 backward, using the S we first obtained,
setting 2Sx egqual to 5 ;er cent of i, and solving for
N?', which gill"indicate‘the number of the readings that
will probébily be needed. .

Indeed, it is this last property that makes +this
test feasible, easy and convenient, and economical to
use, after certain mathematical manipulations of the
formulas have been made.

Combining Eq. 1 and 2, We may state:

Sx = 1/ynzx2 - (£X) 2{/ Nt

Setting 5 per cent of X equal to 25x, we get:

0.05% = S X/20N = (2) (. 1/H/N X2 - (£X)2 // NY )
2 X720 = {Z/NZXZ - (Zxy2 ),/ n ’

and N' = ( utﬁzxz - {ZX)2/ZX )2 (3)

Where N? is the required number of readings.
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NUMBER CF OBSERVATIGNS IN WORK SAMPLING

Work sampling or activity sampling is based on the
theories of sampling and probability. The pilot study
gives an estimate of the proportion (p) of time. spent
on a particular activity being studied. ., The limits of
errcr are set two  standard -deviations (or, mcre
correctly, two standard errors) from this estimate in
order to ensure that the observer may be 95 per cent
cenfident that the estimated error is correct. .

‘The standard-error  formula for -a binomial

/ p1i-p) /N

Where N is the number of observations which must be

distributicn is:

made to ensure a gertain required accuracy. The limits
are set at two errcrs, therefore:
-tLimits of error{l) = 2 / p(1-p) /N
Rearranging this forﬁula produces one  for
estimating the number of observations required to
attain a reguired error:
N = U4p{i=p) /L2

setting L = 0.05p

N = 1600 (1-p)/p



APPENDIX B
1.~ Improved observaticn sheet for Work
Sampling study.
2.~ Programme for a Hewlett Packard calculator
to generate randcm times during the

available time for production. .

3.- Form for recording the random times..
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WORK SAMPLING STUDY Sheet No.
Date
DEPARTMENT 49 - PACKING LINE '
ACTIVITY TOTAL PERCENTAGE
1. Open box
2; Insert strike
3. Assemble trims and
place in box
4. 1Insert latch, screw
packs
5. Fill shipping case,
close box
6. Prepare material,
remove empty boxes
7. Walking
8. Waiting for parts
9. Pick up parts from
the floor
10. Out of area
11. Conversing

TOTAL WORKING

TOTAL IDLE

oo

oo

OUTPUT

P.F.A.

oe

9L



HP-25 Program Form

77
Title— RANDO/A_TUAE_FOR A WORK  SAUAPLING Page_| __of_]
Programmer H. VILLALOBOS
STEP INSTRUCTIONS DATATUNITS KEYS DAYAIUNITS
|| KEY IN PROGRAIN L 1l I |
2 | STORE SEED Us Lsto Il o I F pcan]
3 | STORE THE TUAE FOR: l |
| | [ I | ]
3.1 | sTaRT FRst corree BReak | st 0 sto [ 1 ] I |
32 | END FRST'COFFEE BREAK | END | |Lsto 1L 2 || I ]
33 | START LUNCH sarT 2 [lsto il a -l I |
3% | END  LUNCH ENO 2 hsto Jlw | I |
|35 | START SECOND COFFEE BREMK | SRT 3 |Lsto )| 5 || I |
36 | END SECOND COFFEE BREAK | ENO 3 |Lsto || & || I |
37 | cLEAN-UP sRT & s Jl 7 | | ]
L - Ll Il | | .
% | GENERATE RANDOIA lris 1L | Lt
' TUNES ‘ il “ j| ” |
i I I |
THE CALCULATOR WILL GENERATE ! I I 1 ]__ﬂ____“
|| AN INFINITE NUABER OF | ] 1l |
RANDOIN TUAES. B | I i i |
] | I | . |
I'THE ANALYST WILL GENERATH AS L] I |
INANY_ AS HE WILL NEED. | I I i |
| Ll It iR |
AT THEEND OF THE RUN , { I | /| |
Ui 15 RECORDED AND LSED L F_ JlEx la | |
FOR THE NEXT RUN. lrer Il o |l I | u;
B l I I 1] I
- | | 11l |
l f i i |
| I Il I N
) i I I Il i
Al i i J |
| i ]



HP-25 Program Form

Title RANDO/ THAES_FOR OBSERVATIONS DURING TUAE AVMLABLE FOR  Ppage_ 1 of | _
Switch to PRGM made, press [1] [PrReM ] , then key in the program: PRODUCTION

78

et
it

;= 15 +8.5U;

DISPLAY KEY
LnE | cope | ENTRY X Y z T COMMENTS REGISTERS
00 BNy Ro
o1 11573 | oTr 0 Ua
02 | 2400 |RCLO | U;-1 ) '
03 St L.+ | U-l+tr R
o4l 05 | S S Ui- 141y ';mu_
o5 |"1403 | Fx¥y  |(U-1+1T)®
o6 | 1501 |qFRAC| U; ] R
o7 | 2300 | ST00 | _U; END I
o5 | 08 | 8 8 | Y . N D o
09 3 . 8. 51 R
1005 5 8.5 U; ] P START 2.
11 bl . % | 83U A =
2| oY 7T 8.5U; ] 7,
13 713 ) 7. 8.5U; END_2 |
14 [ 05 5 715 8.5U; ]
s Sl * 175+85Y; | = ¢ A _RANDON NUABER BETWEEN 7.5 & 16.0 B e
16 2401 | RCL | | START | t - START 3.
17 2 TIxZy |t START | | ]
18 | 144l | Faly t  |START | || o]
197 | 1344 |[QTO W4 START | | TEST FOR THE FIRST DELAY. "END_ 3
20 | 2402 |ReL 2 | END | t [
21 | 1%SI | FaXy | END | t \ Ao
22 | 1301 |crool | ENOT |t L} | "START %
23 | 2l w%y |t END | ' !
24 | 2403 |RCL3 |STARTZ | t
25 2l iy L v START 2 L
26 | l44l | Faly t START 2
27 | 1344 |CTO 4y t START2 | \ TEST FOR THE SECOND DELAY,
28 | 24%04% |RCL 4 | END 2 T [ , i
20 | 1451 [Fx2y | END2Z t . ~
30 | 1301 [GTO O1 | END2 t
3t AT %y 1T END 2
32 | 2405 |RCL'S |START3 | ¢ '
33 121 I'x%y t START3 |/ ]
3a | 144l |Fxéy | _ £ 1 STARTI |] \
35 | 13%4 |CTO 4! t START 3 | TEST FOR THE THIRD DELAY. B
56 | 2406 | RCL b | END 3 t { B
37 | 1451 {'Fx2y | END 3 Tt \
38 | 130} |GTOOI | END3 t ,
39 2l _Ix%y 1 END 3
40 | 2907 | RCL 7| START & t |
A ol Fxdy | STARTY | ¢ v TEST FOR THE FOURTH DELAY,
42 | V300 [GTOOU| STARTH | ¢ ) - ,
a3 |2l 1wy t START 4%
22 MO0 ; FHIAS t :
45 478 T FRfs t ] - . o
46 | 1918 FRIs | Tt | “4 THE TUAE 1S DISPUAYED FOUR TUAES.
ar | 1418 1 FRls /2 1 o o N '
a3 %78 | FRs ot | 1) e o B
1307 | CTo0I  t — :
Uj = FRACTIONAL PART OF [ (Tr+u;-1)*]
oo B9 WHERE 04U%|
HEWLETT it PACKARD


file:////-./V'
file:////-./V'
file:////mEKE

WORK SAMPLING STUDY

RANDOM TIMES FOR OBSERVATIONS

8 9 10 11 12 13 14 15
10 10 10 10 10 10 10
Lunch
Time
20} ‘ 20 20 20 20 20 20
7 30 30 30 Y 30 30 30 30
40 40 40 50 40 40 40§ Coffee |uo
Break
50 50 Coffee 50 .50 50 50 50 50
Break ‘
Lunch
60 60 60 60 Time 60 60 60 60 JClean—up|
PSEUDO RANDOM TIMES i-1 =
' UNIFORMLY DISTRIBUTED i
L=
o< <y
Date =

1

U, = Fractional part of [(T + Ui-l)s]

6L
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APFENDIX C

Programme for a Hewlett Packard calculator for
finding the number of cycles required in a Time Study
to achieve 95 % confidence within ¢ 5% of error.



HP-25 Program Form

81
Title. REQUIRED READINGS FOR 95% CONFIDENCE WITHIN® S/ ERRORPage | of |
Programmer _ H. VILLLALOROS /  INARCH 2 1978
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1| KEY_IN_PROCRAIA l il I 1] !
“elwwmanze | - e epandl ]
3 | ENTER CYCLE TUAE %, |LNO-—H KEYS]| il |
4 [ONLY IF THE I I 1l I |
|~ |OPERATOR 1S To BE { I i I |
|| RATED, FOLLOW THE | l | i I l
NEXT 2 STEPS; L i | |
| OTHERWISE SKIP THEA. ! i ! i !
5| PRESS ENTER - (et I i |
6 | ENTER THE RATING R L NO —H KEYS || H N
7 | RUN FOR FIRST CYCLE LR/s I i i N
8 | REPEAT STEPS | | } ]
3707, 10 TUAES - i I
9 | FIRST ESTUAATE. OF T I NN
N FLASHES TWice I I ]
10 | KEY FEEDING, DATA l | .l I 1NN
_ |UNTIL N APPROACHES | i I ]
IN' ol =1 I -
11 | THE PROGRAIN ™~~~ L i Il I X meaw
'STOPS WHEN | 1l I I
_INONT T - I il N
12_| FOR_A NEW CYCLE EY S I
PRESS R/S BEFORE [ Il i ! o
~ | ENTERING, THE Al I ]
| FIRST READING I | ]
.~ NOTE TO THE USER: L I 1
a) |IF RATING IS NOT SPECIFIED L 1 | l |
THE PROCRAA ASSUAEY 100 Ll | | |
b) | THE PROGRAIA TAKES ANY ! | I I N
| KINDSZOF UNITS OF TUAE . |l [
_____ L i ]
| I i} |
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HP-25 Program Form
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Title AEQUIRED READING, FOR 95°% CONFIDENCE WITH £5°, ERROR _ Page ) _of 1
Switch to PRGM mode, press [1] , then key in the program: INNRCH 2, 1978
DISPLAY KEY X Y Z T COMMENTS REGISTERS
LINE | CODE ENTRY : _ )
00 NN A X - Ro
01 2l (x%y x |2 T _
02 1 _I5S7L | qx20 X A ] .
037" 1309 | GTO 09 LOOP_FOR. THE Ry
S Y W IO W RAx N R
057" 33 EEX ] - RAx “FIRST TEN CYCLES.
06 |_To02. | 27| 100 RAx___ | __ "
or ' I = | RAx ' o
_08_[T1310 QO 10| - Rx - N
097 22 | R RX ‘ Ry
10777728 £+ N . N
NI TTEY TN B
127" Ol | | N - Ry,
BIT 00 | T O 10 N B
T2l | REy ‘N 10
57wl | Fxey N 10 Re
16 1 1347 | CTo 47 N 10 .
172406 TRCC 6 | AxE N 10 N' 15 CO/NPUTED
B 6l X N£&x? 10 B R
19 2407 [ RCLT | TEx NEx* | AN
20171502 | oqx* | (&x) N x? 10___ '
2 T4 | = INAS-GT 10 i I VO P S & P
2271402 | FUx . A 10 — D - AR
[BTOF_ | % % A - 10 .
2476l X YA 10 -
25 17 6l X LOA
26 | 2407 RCL7 Ax LOA |
LA A YOA /£xX
28 [T1S02 | q&* | N~ -
29 "["1¥ 1100 | FIXO N -
307719 | ER/S N'
3177 14T | FR/S N' .
327 MIY02 | FIX 2 N'
337" 2403 | ACLD N N .
34 Tl | Fxey N N’
3713 | GTO¥T | N - N L
3 [iwal | FX Ko | INEAN_READING
37 7 14 | Ris * T | READ X
38 1 1433 | FREG | X ) N s
39 1 1348 | GTO 48 N .- — . = (EXIT TOA NEW CYCLE .
40
41
42
T43 ’
44
= ]
Tas
a7 TWIT | FR/s - CLEAR THE ~
ag | 1#34 | F STK STACKS .
Tae V300 | GTo 00 1 -
' - (wJNzxz-(e.n")
N =
A &)
HEWLETT [t PACKARD

i

R

-
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APPENDIX D

IBH programme for generating random times
under uniform distribution during tine
available for production for ¥%Work Sampling
study. o

An example covering . two positions or

stations with forty two observations each. .

83



$SIGNCN WMSA FORM=8X11 PAGES=S50 PRIO=LOW *U B C UBC* 84

$RUN *FTN SCARLS=*SOURCE* PAR=NOSOURCE
e e s g o o o e ok e e g0 Aok o o o o o o ok ool o ool o ol o s ol R o ool ool o skl

THIS PROGRAM FINDS RANDCM TIMES UNDER UNIFORH
CISTRIEUTION FOR A WORK SAMPLING STUDY. .

IT IS ARBITRARILY SET FOR WEISER, WHEN THE
SHIFT 1S CONSIDERED NUMBEF CNE, STARTING AT
7:30, AND FINISHING AT 16:00. .

THERE ARE FOUR SCHEDULED DELAYS; AT 9:40,
11:50, 14:30 AND 15:55. THE LENGTH OF

TBE DELAYS IS: . 0:15, 0:30, 0:12 aND 0:05,

>>>>> NOTE:

9:20= 9.333 9.35= 9,583
9:40= 9.666 - 89:55= 9,916
11:45=11,750 12:18=12,250
11:50=11.833 12:20=12, 333
12:30=12.500 13:00=13.000
14:30=14.500 14:42=14.700
>>>>>15:55=15,916 16:00=16.000

THIS PROGRAM USES TWO SUBROUTINES FROM THE

LIBRARY, ONE IS CALLED ?RAND', WHICH GENERATES
EANDOM NUMBERS, AND THE OTHER ONE IS CALLED
*SSORT?', WHICH SORTS THE TIMES IN ASCENDING ORDER. .

AREREEXEXREXEIRE IR R E AR A BRFRRR ARG R RE X SE XK R X
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

-2>2>>>>>N0TE TO TBE USER OF THIS PROGRAN :

THE NUMBER 3 IS ATTACHED TO A FILE, .IT HAS TO BE
DECLARED IN THE RUNNING CCHMAND

THE CNLY CRARD THIS ' PROGRAM REQUIRES IS, USING
COLUMNS ‘1 AND 4 THE NUMBER OF PAGES AND THE NUMBER
CF JOBS TC BE STULIED, .
DIIOIDODIIDDODIDDIIDIIIDDIDDIIDDIIDIDIDIIIDIDIDDIDIIDI>D>

eNeNzEzReReEs e N Rz K Ne KoK NeNe N Re NN R e N e R R Ne R N e N Ne e e K K Rt

DIMENSION TIME (2187),IHR(2187),MIN(2187),ISEC{2187)

READ THE SEED FRCM FILE *'SEEDY AND SAVE IT, .

aaan
4*

READ (3,1) SEED
1. FORMAT (F8.7)
SAVSED=SEED

C
C * INITIALIZE COUNTER
C
J=0
C
C * LOOCKS FOR A VALUE FCOR NUMBEER OF
C * OBESERVATIONS REQUIRED. IF IT DOESN'T
C * FIND IT IN CARDS, IT ASSIGNS 1 TO
C * NUMBER OF JOBS AND 1 TO THE NUMBER
C. * OF PAGES (27 OBSEEVATICNS).,
C

READ(5,2,END=3,ERR=3) NP,NJOB



Q6o

aon

aaaoaaacan

OO0 aaon aaan oo

s NeRzRe!

aaoaa

2  FOEMAT (12, 1X,I2) 85
GO TO 4
3  WRITE(6,25)
25  FOEMAT (1X,20X, 19HERROR IN LATA®®#x%% )
NP=1
NJOB=1
* THE TOTAL NUMBER OF GBSERVATIONS IS PGUND
4 IF{(NJOB.LE.1) NJOB=1
IF (NP.LE. 1) NP=1
N=NP#*2 1%*NJOB
* THE ELEMENTS OF .THE ARRAY TIME ARE GENERATED
5 CONTINUE
SEED=RAND (SEED)
T=7,5+8,5%«SEED
#**#******#**********##******#*##***##*##**#*****##***
* CHECK IF TIME IS WHITHIN PRODUCTIVE PERIOD

*****#*###*#*#**#**####*****#*#***#*##***********####*#
>>>3>>>>>> FIRST COFFEE BREAK >>>>>>>>> 15 HIN=,25 HR.

IF((T.GE.9.3333).AND. {T.LE. 9.5833)) GO TO 5
>>>>>>>>>> LUNCH TIME:esesswioes 30 NIN=.50 HR. .
IF ({T.GE.11.833).AND. (T.LE. 12.333)) GO T0 5
>>>>>>>>>> SECOND COFFEE BREAK >>>>>>>>> 12 MIN=,20 HB. .
IF({T.GE. 14.500).AND. (T.LE. 14.700)) 60 TO 5
>>>>>>>>>>> CLEAN UP TINE >>>>>>>> 5 MIN=.08 HR. .
IF (T.GT.15.916) 4 G0 TO S
* OBSERVATION WITHIN PECDUCTIVE TIME
J=J+1

TIME(J) =T
IF(J.LT.N) GO TG 5

* THE ELEMENTS ARE SORTED USING A' SUBROUTINE FROM THE LIBRARY
CALYL SSORT {(TIME,N,3)
* TIME IS CONVERTED TC 'HR,MIN,SEC?

Do 8 I=1,d

IHR(T)=1IFIX(TINE{I))

XMIN=60.0% (TIME (I) ~-FLOAT {IHR (I)))

MIN(I)=IFIX(XMIN) v

ISEC{I)=IFIX{6.0%(XMIN-FLOAT (MIN (I))) +0.005)
8 CONTINUE
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ann

aan

aco

*

10

20

30

4g

50 -

60

65

70
100
110

%*

*

-

86
NCTE: ISEC(I) REPRESENTS 10 SECCNDS

L LLLLLLLLLLL LKL LLLLLL LKL LLLLLLLLLLLLCLLLLLCLLCLKK K
THIS PART OF THE PROGRAM PRINTS THE FORMS FOR '
WORK SAMPLING STUDY.

IT ALSO PRINTS THE RANDOM TIMES FOR THE OBSERVATIONS. .

NOTE : THIS PARTICULAR FORMAT HAS BEEN DEVELOPED
FOR WEISER LOCK CC, IN CANALA
<€ L LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL LKL LK KL LKLK

FORMAT (*1°,
S5H _

1X, 7HSTATION )

FORMAT (1X,

S5H| L | TIME | IDENTIFICATION |S|I| WOERKER | 1S
2X ,3HNOC. , I2)

FORMAT ("+°1,

S5H s o e e e )
- 2X,3HNO.,12)

FORMAT (1X, |

558) I { . { - | |DEP|OPR| JOB IPIN] © | |DAY|H|LOTi{,
1X,8HPAGE NO.,I11)

FORMAT {1X,

SS5HI N |HR:MN:S|INUM|NOM] NUMBER [EJT}A C|P RTINDOM)I|SIZ})

FORMRAT {1X, '

SSHY E | | .| 1| I ICIEY | | 'R N
1X,9HDATE___ ) -

FORMAT(1X,

55H{ (I S I R R { IR} | R |
1X,8HCCHMMENTS )
FORMAT (*+°,

55H . : o O S L P o i SOV IR
FORMAT (1X, 1H) ,I3,1H},I2,1H: ,12,1H:,11,

~43H) ) | U R | 111
FORMAT (1X,
55H]| I ' I

INITIALIZE CCUNTERS FOR THE 1L0OOP

NFIEST=0
LAST=N-NJOB -

t.

B
)

PRINT THE FIRST HEADING OR RETURN AFPTER PRINTING 27 LINES

DO 250 I=1,NJOB
NSTOP=0 .
LINE=0
NPAGE=1
NFIRST=NPIRST+1
LAST=LAST+1

>>>>>PRINT THE HEADING

WRITE (6, 10)
WRITE (6,20) I



WRITE(6,30)

WRITE (6,U0)
WRITE (6,50)

WRITE(6,60)

WRITE {6,65)
WRITE(6,70)

NPAGE

87

*

e NeKe]

170

200

aaona
3#*

(o}

300
350

*

o Re Xy

>>THE OBSERVATION SHEET IS PRINTED

DO 200 K=NFIRST,LAST,NJOB

LI

NE=LINE+1

NSTOP=NSTOP+1

WRITE (6,110)

"WRITE(6,100) NSTOP,IHR(K) ,HIN (K) ,ISEC (K)
WRITE (6,70)

k% kkExk&&k*¥ TEST PCR NEW PAGE

"IF{(LINE.GE.21) .AND. (K.LT.LAST)) GO TO 170

GO TO 200

LINE=0 S
NPAGE=NPAGE+1
WRITE (6, 10)
WRITE(6,20) I
WRITE(6,30)
WRITE (6,40) NPAGE

WRITE (6,50)

co

CONTI

YRITE (6,35
FORMAT (107,
1 20X,35HTH
2 21X,7HFOR
3 29x,

4 58X, 14HEN

THE *SEED

BACKSPACE
@RITE(3,1)
STOP

END

WRITE (6,60)
WRITE (6, 65)
WRITE(6,70)
NTINDE

NUE

0) SAVSED,NJOB, NP,SEED

E onxs:nax SEED PCR THIS RUN IS :,1X,F8.7,/

s+ ,I2,14H STATIONS WITH,1X,I2,12H PAGES EACH.,///
26HTHEF SEED FOR NEXT RUN IS :,1X,F8.7,///

D OF THE RUN ////)

* IS SAVED FOR THE NEXT RUN

3
SEED

$Run -locad 3=seed 7=-temp T=3

2702
$Signoff
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I T

- N . ... STATION
L |_TIME _) _IDENTIFICATION {S{I|_WORKER. | 1S9 | NG, .1
I1 | 1| IDEP|OPR] JOB IPIN} i |IDAY|H}LOT| PAGE NO.1
N |HR:MN:S|NUM{|NUM] NUMBER |E|T|A CJP RT|NUM|I{|SIZ|{

El 1 11 i ICIE} I | 1¥F] | DATE -._~
E O O e e | 1 1Rl b -4 ~]T)---{ COMBENTS
| P _ |

137232204 1 1 | 1S Y SEORNRY NENENES: SRUGAS B ¥ BEEY |
| t i )
121 7:235:481 4 -] 3 3 O DN RN IR 5 U R |
| L I : I
31 7:4846224 -1 1} [ NNNES NENNAY SRR B & NEE |
| I v I
4j. 7:55:141 -1 1 3 S BN RS ISR T ¢ CE
| (| {
5).7:59:11 -1} i 1.1 4.1 11
| I | L
6] -8227:51 -1 1 [ Y R R R B E s |
l [ I | |

- 71 8:48231_ | | I N Y DY DRI LRy & § ey

' - {
8} 8:53:21 1.1 N 8 B S TR T 5§ e |
| b _ i

_91.8:58:1}1 1 1 F IS RS N DA G 5 § A |
| 11 , v

101 _S: 4:01 1 1 N B3 3 RS R RS b J By
| [ _ |

131 9:28:2) 4 1 B W IS DN SRNIEONS Ry s § SR
| | 11 i

12410z 6:41 N -1 1 -1 - = R kR EE |

| I |

13110: 14231 i 1 111 1 3 IR B § SRR |
. | _ It v i

14110232231 1 -1 % B BN A | N TR B B
| 11 1

15110:44:24) | i -1 1 j IR URRNES & § GRS
| 1 11 i

16110246211 - |- -1 1 -4 1 -} N LN b e |
| ‘ 1 1 R |

217410247241 1 -1 111 TR R Ny |

| [ I | A
i | ‘ |

1911122221 1.1 4 1-1 | BRI DN B § IEERE |
i Pt .

_20111:29:3} -1 -] [E I S Y EEE T R |

1 1 {
41 |

N e i A S gy W GMe e dmme G Gy WM i e S N G ahen s R camny e M S s M W W g WD S B i e dmne S gy WS W G S ctims SN e G
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|_TIME__| _IDENTIFICATION _|S|I|_WCRKER.-{ 1Sl _ § NOC. .1
‘{1 | IDEP|OPR}  JOB JBINY | |DAY|H|LOT| PAGE NO.2
|HR:MN:S|NUN|NUM| NUMBER - {E{T{A C|P RT|NON|I{SIZ|

I | | 1CIE} R IF}] | CATE
N9 DU LY 3 DNNUNS RGNS | '

|
I

tﬂzfﬂﬁ-

AR{ L ) . )Tl .- | COBMENTS

2211124581 | |- N IS T & O

R
23412:21:1}) 1 1

|
24112:31:21

S A T & ¥

oo b

e
-

2 RS ekl

-251123:35231 RN I §

6112:38:5] T

o 'w o

i e oo e fuiiis

T =
pumce

7112:5735] NYTe

{m
L——-
[ Y
o

259:5 . 1. 1§

k|
B |
RN E T

ard
(%}
o

3:44 i 1

o
o
—nh-n—}—-—

30413220354 41 e

—

o

31113:36331.. -1
32113:&&;&1 -
33113;5§;21 .
34:14:-5:01

|
3541451348:4]

wo ] e YL -

e YL e

e e B e

e
— - =

I

| S
3611“'19’3] 4 mw;jhuhljlm%m

B
{_37134:48348]) -1 _ 1

pasms.
—

‘ﬂ‘—‘—-‘—-—““—_-—-_‘--“-—*“‘—‘*-

S35 DR N Ik S

1. 38]14:251:5] i .t g .@lmﬂglﬂﬂmm@

'399115: 6:01 1 1. Ejfﬂwljl’,m

| '
40415:18:01 e e J A o 4

S
s

|
$41415:28:214 1«1 -1 -

-,
- -
-F—+—F-—~+-+—b-+—L~——F—+—~—-é—~—béh-F—&—»

|




IINE _1

JDENTIFICATION

lSlIl“_

1
[ I
11 1

| {DEP|OPR|{
HR: MN:S| NUM|NUH]

JOB
NUMBER

1PN}

IEITIA

ICIEY |
R e

ORKER
I
cip
|
1

l st 1
{DAY|H{LOT|
lNUHIIlSIZ!
i IFI _

1.7235:11

_ A

21.7237:41

Ny R

;wjnm@f11;mw

31._7J:46:4}.

41 7:58:31

e R o | D

518217221

.

RS kL

- €61 83234:41}

8:50:01

- LY e

- 8] B:55:5]

EEE L

9] 8:258:31

b e

SEI

8213211 -

S .

f@lqlgww

8:59:04

12110213:54 -_ -

,j'nﬁlgi.

14110:40:11

_13410324:21.
{

”7' ke

15310:245314

1
16110:47:34 -

1731310:51:214 -

18111215231

-~

.,l'mwjglm»w

-
19111 28251 ..

-

N SRy & F s

|
20111:31:0}

-

e 4

|
211311:43:21

e 11

S0

STATION
PAGE NOC.1

DATE_- -~

— o

CCHMERNTS
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|_TIME_ | IDENTIFICATION. _ISi1| wonggg_l 1St NG. 2

i | | IDEP|OPRy JOB - |PBIN] 1 {DAY|H|LOT| PAGE NO.2
|HR:MN:S|NUM|NUM| NUMBER |E{T|A C|P RT|NOUM|IISIZ|

[ T I I ICIEl | | IFi |} DATE_.._-
1 U 1-1 - 1 N . IRl -} -1 -+ }T4s- -] COMMENTS
|

22111 47:84 1 _ -1

R Ao Nl

. 5 b |

M) t o
B E
woE

N

E

_______ P e ke

l
2“112 32:1]1

N RS I I e

‘_l_,,,jugmlqlpMQW

1
_§1_2 36:4) - 1 -1
d

P RN & O

S Y-}

ho
(¢ 0]
.
-d
[#Y]
oo
o
o0
(7§}
-
-
-
-
e

e b

o

{ :
291132 _3:54 41 . -1

e
.

1
|
i
i
i
i
]
|
I
{
i
i
{
!
i
i
{
i
i
l.
31413239341 __1. S
!
i
i
!
i
I
|
i
i
i
i
1
!
i
|
i
1
{
i
I
I
|

_32113:48:314 i

[
1_33113:57:00 _ ) -
1

| 1131

T R

T

1341148 7251

| . j e R g

| -
35114216251 1o S T DR I |
|
_36114;20:231

. 1 T Pt “.'1.11

—

| : ,
37114:250:31 S R IR ke

38114:57:44 S S S I

DO S PETEE S N

R

_40)15:23321_ ol 11

i
_ 41115331251
I
42115:42:3]

T ke

1
1
1
i
3811521723111
1
1
1

] .'111 .

THE ORIGINAL SEFL FOR THIS RUN IS : ,.576090
FOR : 2 STATIONS WITH 2 PAGES EACH, -

THE SFED FOR NEXT RUN IS : .011186
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APFENDIX E
1.~ Explosive view of the latches described in
Chapter fcur.

2.- An example of the printouts obtained from
the computer.
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uu Uu
Uu Uu
uu 8]0
9)8) 9] 8]
uu uu
uu uu
GU uu
uu 818}
uu uu
[318] uu
Uuuuuuuuuuuu
guuuuuuuuu

BBEBBBBBBBB
BBBBBBBBBBBB
BB BB
BB BB
BB BB
BBBBBBBBBB
BBBBBBBBBB
BB BB
BB BB
BB BB
BBBBBBBBBBBB
BBEBBBBBBBB
WW WW
Ww WW
WW WW
WW WW
WW WW
WW WW
WwW WW WW
WW WWWW WW
WW WW WW WW
WWWW - WWWW
WWW - WWW
WW WW

ccceeecececce

cceecececcececcce
CC CC
CC
CcC
CcC
CC
CcC
CC
cC CcC
CCCccceececcecce
ccececececcecce
MM MM
MMM MMM
MMMM MMMM

MM MM MM MM
MM MMMM MM
MM MM MM

MM MM
MM MM
MM MM
MM MM
MM MM
MM MM

SRUN WMS.OB 5=PARAM(1,6)+DATA-41+PARAM(7)

S555SSSSSS
SS55SS555SSS
SS SS
S8 ’
SSS

S55S8SSSSS

SSSSSSSSS
SSS

SS

SS SS
SS5555S5SSSSSS
S5555558SS

6=*SINK*

7=*DUMMY* 8=-FILE8 9=-FILE9 10=-FILE10 11=-FILE1ll

EXECUTION BEGINS

AAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA AA
AAAAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA Al
AA AA
AA AA

96



WMS- EDIT INPUT PARAMETERS

ACTIVITY CODES - 11
SHIFT NUMBERS - 1
SHIFT START TIMES - 750
SHIFT END TIMES - 1600

DELAY 1
START 1 933
0 9999
0 9999
0 9999
LENGTH
1 25
0 0
0 0
0 0
ACCUM. DELAYS
1 25
0 0
0 0
0 0

GAMA = 0.80

READ DATA CARDS COMPLETE
TOTAL DATA CARDS - 840
SORT FOR PART 1 COMPLETE
**%* WMS PART 1 COMPLETE
SORT FOR PART 2 COMPLETE

WMS PART 2 - END OF JOB

21 2

2
9999
9999

DELAY 2
1175
9999
9999
9999

5

2

OO OO

oooum

23 24

3
9999
9999
DELAY 3

1450

9999

9999

9999

2

[=NeoNola

oo wm

31 32

4

9999
9999
DELAY 4

1591
9999
9999
9999

OO O

103

33

DELAY 5

9999
9999
9999
9999

OO0
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WORK SAMPLING SUMMARY PAGE 1

IDENTIFICATION ACTIVITY CODES

CC POS 11 21 22 23 24 31 32 33 TOT
NO. OBSERVATIONS 41 1 82 11 1 0 2 1 8 0 105
ACT. (NOT RATED) 41 1 78.1 10.5 1.0 0.0 1.9 1.0 7.6 0.0
ACT. (RATED) 41 1 75.7 10.5 1.0 0.0 1.9 0.0 0.0 0.0 89.0
NO. OBSERVATIONS 41 2 80 13 0 1 4 1 6 0 105
ACT. (NOT RATED) 41 2 76.2 12.4 0.0 1.0 3.8 1.0 5.7 0.0
ACT. (RATED) 41 2 78.3 12.4 0.0 1.0 3.8 0.0 0.0 0.0 95.4
NO. OBSERVATIONS 41 6 90 12 0 1 1 0 1 0 105
ACT. (NOT RATED) 41 6 85.7 11.4 0.0 1.0 1.0 0.0 1.0 0.0
ACT. (RATED) 41 6 85.8 11.4 0.0 1.0 1.0 0.0 0.0 0.0 99.1
NO. OBSERVATIONS 41 8 64 17 0 1 1 8 14 0 105
ACT. (NOT RATED) 41 8 61.0 16.2 0.0 1.0 1.0 7.6 13.3 0.0
ACT. (RATED) 41 8 60.9 15.1 0.0 1.0 1.0 0.0 0.0 0.0 77.9
NO. OBSERVATIONS 41 10 89 0 2 3 0 5 5 1 105
ACT. (NOT RATED) 41 10 84.8 0.0 1.9 2.9 0.0 4.8 4.8 1.0
ACT. (RATED) 41 10 87.3 0.0 1.9 2.9 0.0 0.0 0.0 0.0 92.0
NO. OBSERVATIONS 41 11 97 2 1 0 1 1 3 0 105
ACT. (NOT RATED) 41 11 92.4 1.9 1.0 0.0 1.0 1.0 2.9 0.0
ACT. (RATED) 41 11 94.9 1.9 1.0 0.0 1.0 0.0 0.0 0.0 98.7
NO. OBSERVATIONS 41 12 89 0 1 1 0 5 8 1 105
ACT. (NOT RATED) 41 12 84.8 0.0 1.0 1.0 0.0 4.8 7.6 1.0
ACT. (RATED) 41 12 86.7 0.0 1.00 1.0 0.0 0.0 0.0 0.0 88.6
NO. OBSERVATIONS 41 13 101 0 0 1 1 1 0 0 104
ACT. (NOT RATED) 41 13 97.1 0.0 0.0 1.0 1.0 1.0 0.0 0.0
ACT. (RATED) 41 13 97.2 0.0 0.0 1.0 1.0 0.0 0.0 0.0 99.1
NO. OBSERVATIONS TOTAL 692 55 5 8 10 22 45 2 839
ACT. (NOT RATED) TOTAL 82.5 6.6 0.6 1.0 1.2 2.6 5.4 0.2
ACT. (RATED) TOTAL 83.3 6.4 0.6 1.0 1.2 0.0 0.0 0.0 92.5

WS OUTPUT FILE COMPLETE
END OF JOB RUN

L6



NUMBER

0

0

0

JOB

2
1
3

0

0

0

WORK MEASUREMENT SAMPLING SUMMARY PAGE NO 1

cosT START PROD + PROD TOTAL AVG MAN

CENTER POS JOB NUMBER DAY SUPPORT OBS OBS HRS / PIECE
41 1 0 2 0 5 93 102 7.277
41 2 0 2 0 5 98 105 8.198
41 6 0 2 0 5 104 105 8.513
41 8 0 2 0 5 83 105 6.692
41 10 0 1 0 5 94 105 7.907
41 11 0 1 0 5 87 90 7.182
41 11 0 4 0 5 14 15 1.286
41 12 0 1 0 5 91 105 7.609
41 13 0 3 0 5 103 104 8.265

*** WMS SUMMARY COMPLETE

STANDARD TIME FROM WORK MEASUREMENT

PROD + PROD TOTAL PERCENTAGE RELATIVE AVG MAN TOTAL OUTPUT STD. TIME STD. OUTPUT

SUPPORT OBS. OBS. P ACCURACY HRS. (PARTS) (MIN.) (PARTS/HOUR)
378 417 .91 + 3.1 % 30.680 3335 «352 109
272 300 .91 + 3.7 % 22.698 4550 .299 200
103 104 .90 + 1.9 % 8.265 1500 .331 181
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