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A WORK SAMPLING INVESTIGATION OF WHITE COLLAR

WORKERS (FEMALE~-CLERICAL)
ABSTRACT

This investigation was carried out to determine the distribution
of the work-effort of clerical workers into the different work-activities.
It was also intended to determine the amount of time spent on personal
needs by the above group of workers and compare it with the personal
and/or fatigue aliowances reported by various authors in texts on motion
and time study.

In the four departments selected, a total of 30 workers were
observed. Fourteen work~ and delay-activities were listed on an
observation.sheetvand some of them were further qualified by such suffixes
as "a," Wb, "y" and "p.M

The workers were observed at all times of the working hours, except
official rest periods, using a scheme of systematic sampling. The
purpose of the investigation was made known to the workers prior to the
beginning of actual observations, to ensure a normal and relaxed
atmosphere.

An examination of the computed data shows that although there is
_considerable variation in the productivity of the different departments,
the percentage of the total personal delays is consistent from one
department to another. This again varies significantly within each
department, as does the "direct work" and supporting delays." There is
enough evidence to believe that, within.each department, individual

workers have stable work patterns, although at different levels.



A VIORK SAMPLING INVESTIGATION OF WHITE COLLAR

WORKERS (FEMALE-CLERICAL)
PURPOSE

In 1910, the clerks and the kindred workers formed 10.2 per cent
of the total work force in U.S.A. In 195L, the same group formed 19.5
per cent of the total. In this age of strong competition, the
management is increasingly faced with the problem of cost reduction.
There is a constant effort to widen the existing areas of cost reduction,
and the search for new fields continues. Thus it is consistent, both
from an operating and an economic view point, that the management should
have complete knowledge of the amount of time actually consumed by
different types of delays among the white collar group, The purpose of
this research is to determine, using statistical methods, the relative
amount of time spent on different work activities by a group of white
collar workers and to provide, through representative measure, the

estimate of the rates of different types of non-productive activity.



INTRODUCTION TO THE THEORY OF WORK SAMPLING

Sampling, in statistical references, is defined as the process of
drawing inferences concerning the characteristics of a mass of items,
by examining closely the characteristics of a somewhat smaller number
of items drawn from the entire mass. "Sample," is the term used for
this small number, and "population,”" or i'universe s" is the term for tﬁe
large mass.

Work sampling marks the beginning of the use of statistical matﬁods
to cope with the variability inherent in work measurement. It advocates
taking qualitative observations in a random manner over a protracted
interval, as opposed to the classical procedures of "interruption study,"
whiqh require that quantitative observations be taken over a continuous
but limited period,

Work sampling is based upon the laws of probability, which are well
illustrated by the examples of coin tossir;g and drawing beads from a2 bowl,
where the distribution of the universe is known in advance. It will not.
be undertaken here to enumerate the different laws of probability, but a
brief discussion of the Binomial Theorem is in order.

In work sampling, most authors assume the simplest possible model==
that, under conditions of random sampling, thg probability of finding
the activity in question in a particular state is the same throughout
the period of study. Under this assumption, the relative frequency with
which "X" of the "n" observations are to be found in a particular state,
when the probabllity of finding any one observation in that state fp, M
is given by the binomial distributions



n!
£f(X/n) = v pX (1-p)n=-X
X! (n=X)!
where O<sp<sl
0< X< n, X is an integer.

For this simple binomiail. model, the sample proportion (X/n) is an
unbiased estimator of the probability “p¥-~the average of the sample
proportions from an infinitely large number of s_;amples from the same
population would be equal to the probability "p." Thus, the estimating
formula does not introduce a bias.

The variance of the sample proportion, a measure of its precision
as an estimator, is given by the expression:

p(1-p)
Var (X/n) = wemmccaceas
n

Since the probability "p" is unknown, an approximation to the
variance ls obtained by substituting for the unknown "p" its estimator,
the sample proportion (X/n).

In pgeneral, there are three common methods of sampling:

1. Random Sampling
2. Systematic Sampling
3. Stratified or Selective Sampling

It is difficult to define "randomness," but it can be described as
a method of drawing samples where "no apparent order" or connection
between and/or among items is present. A human being is a poor randomizng
devicejy hence, one of the following methods is usually adopted for random
sampling:

1., Card Randomization



Card are prepared with the days and the minutes marked on then,
mixed well and then drawn, one at a timej the day and the minute is
noted down and the card replaced before another drawing. The required
number of samples are obtained in this way and then ordered chronologically.
2. Table Randomization

From any arbitrary rumber in the random mumber table, the digits are
read, either horizontally or vertically,ﬁ four at a time, The first number
is associated with the day of the week, the second number with the hour of
the day, 'an_cilfthe third and fourth mumbers, together, represent the minute
of the hour.: H samples are obtained in this way and then ordered chronologi-
cally.

Systematic sampling is a method in which a regularly ordered interval
is maintained between items chosen. A great deal of work sampling is
performed usinlg, some form of systematic sampling. If there is no cyclic
behavior present in the phenomenon under study, systematic sampling is
acceptable, and certainly advantageous from an operating point of view,

In many applications of work sampling, where it is suspected that
the probability of finding the activity in a given state does not remain
constant, stratified sampling is resorted to. Here the population is
divided into periods, or ;trata, in each of which the probability is
assumed to remain constant. Advantageously, the allocation of
observations among periods can be proportional to the length of the period
and either random or systematic sampling is used in making the observations.
It has been shown that proportionally allocated stratified sampling is
always at least as precise as the simple random sampling, which is

- appropriate for the binomial model.l

i.. Richard W. Conway, "Some statistical aspects in work sampling,”
Journal of Industrial Engineering, March-April, 1957. p.107.
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DEFINITION OF THE ACTIVITY ELEMENTS

Writing Operations

Writing with pen or pencil, on papers, forms, carcis, and so forth.
"Make ready" and "Put away" included.

Handle Papers

Papers, forms, slips, cards in handj sitting or standingj all arm
and body motions except walking,

Operate Office Equipment

Operating all mechanical and electrical equipments such as
typem;iter, adding machine, duplicating machine, stamping and
paper-punch, photographic equipment, and so forth.

Con?ersation_ |

Pertaining to worl{, with co-workers or outsiders,

Personal conversation with anybody.

Filing

Taking out from or putting into drawers or regular files, papers,
cards, and so forth.

Walking

Walking empty handed or with papers, cards, books or anything else

in hands, "Getting up" from chair or "Sitting down" on chair, before

after "walking" included.

Absent

Not in sightj,out of work area on business.

Not in sights out of work area on personal_néeds.
Use Télephone

Receive incoming calls or make calls to outside.
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10.

12.

13.

k.

Counter Service

Attending to outsiders at window or counter, exchanging information,
or making business transactions.

Wait on Customer

Not used

Make Sale

Not used

Delay

3_.>Receive_instruc*bions from supervisorj wait for supervisory obtain

suppliesy sharpen pencili clean table; unavoidable accidents, such
as spill inkj raise window shade and like.

Miscellaneous

Usually reading, checking, varifying, and so forth, connected with
"operate office equipment" and other major elements,

Relax

Attending to personal needs while on the work station, read

newspapers, or just idle..



DESICGN AND EXECUTION OF THE SAMPLING PLAN

A work sampling investigation is usually divided into three

phases as follows:

A,

Be

C.

1.
2

3,

1.

2.
3

L.

1.
2.
3.
L
5.

Preparing for Work Sampling

Deciding upon the main objectives or purposes of the study.
Obtaining the approval of the supervisor of the department in which
the work sampling study is to be made.

Announcing the fact that the study will be taken.

Peri‘orming Work Sampling

Classifying into elements the activity to be studied and describing
in detail each element to measured.

Designing the observation form.

Determining the number of observations to be made, the mumber of
days over which to continue the study, the time for taking the
observations, the mumber of workers to be included in the study,
the confidence level, the accuracy of the estimates, and other
details,

Observing activity and recording data.

Evaluating and presenting results of Work Sampling

Evaluating the validity of the data.

Evaluating the reliability of the data.

p_etemining the accuracy of the data.

knalyzing and presenting the data in forms of tables, charts, etc.
Drawing conclusions,

The discussion here will be confined to the first two phases, and the
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third phase of the investigation will be dealt with under "Discussion of
Results."

The purpose of the study has been stated under the same headingj
‘hence, no reiteration is necessary..

After the main objectives of the study were formulated, the
departmental heads of the deparitments selected were approached and the
purpose of the study was explained to them. The whole-hearted support
received was! more than expected. Assurance was given that all efforts
to conceal the?. identity of the departments and the workers observed will
be made. Acgqrdipgly, in the,.vpresentation,»of, the results, the departments
are idex;tifi,e*d by the capital letters A, B, C, and D;l while the workers
within each de'partment are identified by small letteré a, by, ¢, and so
forth, It was also pointed out that the sampling plan would :i.ri‘volve
little direct contact with the workers being observed and, as such,
would not be a hindrance to them in car;*ying out their assigned duties,

After obtaining the approval of the departmental heads, further
'detai_ls were discussed with the immediate supervisors in charge of the
workers. The need to announce the fact that the study will be taken and
to explain the purpose of the study to the workers to be observed was
stressed. 1In all but one department, this announcement was made by the
supervisor and the purpose briefly explained. Later in the course oif; the
study, questions of the ind.:l.vi_dug_], workers were answered by the observer
from time to time.

In a work sampling study, the need to seek worker cooperation cannot
be exaggerated. It is essential that the workers should proceed with
their work in the normal manner during the period of the study. This is
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one of the main reasons why, in the present investigation, a scheme
of systematic sampling was adopted, although the work sampling
literature recommends the random sampling method. A biased formula
can give biased estimates, but of greater importance in work sampling
is thé bias introduced through a poor design and execution of the
sampling plan.

In most work sampling applications, the observer makes trips of
the different work stations at random *intervals_. In fact, if the work
stations are spread over a large area, there is no other choice for the
observer except to make trips, This further limits the 'bype of sampling
to random sampling, in 6rder. to avoid introducing a bias. If the trips
are made at regwlar intervals (systematic sampling), it is obvious that
the workers would anticipate the appearance of the observer or that the
trips might coincide with certain periodical elements of the activity.

Now even if the trips are made at random, the workers may be
expected to change their behavior at the appearance of the observer.

To the extent that the worker can anticipate the time of observation
and is able to alter the state of activity that will be observed, work
sampling is susceptible to a very serious amount of bias.

Now these difficulties can be eliminated if the observer can
observe the activities of any one of a group of workers, from a singie
observation post. Under such a method, firstly, a systematic sampling
is possible and desirable. Secondly, a worker certainly cannot know
at what instance he is being observed. It was believed that this system
would resirli in a relaxed atmosphere in which the workers would workl’in
their norméi fashion, It was found later that this belief was amply

justified, Of course, this did not, in any way, eliminate the need to
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explain the program to the workers in advance.  On the contrary, since
this study was to be undertaken for a group of white collar workers,
it was emphasized that effort should be made to clear their doubts, if
any.

Other possible sources of bias in the design of the plan are the
precise definition of the population to be sampled, the definition of
the different states of activity, and the method of selecting the
obsemgtion_ times.,

}.'t should be noted here that, even within a éeparbment s different
workers were not supposed to be performing the same type of work, in
the sense that they were assigned different duties, Thus, a single
univeArseb_, in th:_i.s respecty cannot be rightly assumed. This makes the
data non~homogeneous and this characteristic will be further discussed
at a later stage. Some of the workers, whose duties approached those
of a supervisor, were not included in the population.

The breakdown of the work activity into the elements was detailed
enough to cover all the situation encountéred. Again, the writﬁten.},,
definition of activity-elements made it easy to identify, instantane=
ously, each element as it occurred. The contimwous observations, at
regular intervals of one-half minute , made it further impossible for
the observer to introduce a bias » even unintentionally, by choosing
the moment of observation to coincide with any particular activity-
element,

In each department, the observer occupied an observation post
from where he could watch the activity of all the workers included in
the study. In fact, some of the workers were not included in the

‘study just because they were not observable all the time or part of
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the time. The constant presence of the observer in the depar’c.ment
did not seem to distract the attention of the workers or hinder their
work in any way.

Observations were made at all times of the day, ,i‘fqm 8 a.m. to
5 pum., excepting the official rest periods. A major d;fficultyf in
designing the plan was the scattered coffee breaks and lunch breal_cs
for dii'feren’t:.‘ workers., This was taken care o£, although not compietely,
by not taking any observations at all or by taking fewer observations
on the coffee break groups, at one time or _othe’r. This procedure
- resulted in an unequal munber of observations on different workers.

A confidence level of 95 per cent was adopted for the estim‘ateg
of activity-elements as well as the element groups, with the excepf.ions
noted in the tables. In literature on work sampling, this has been
considered to represent typical estimation requirements on delays,
towards which the main attention of this study is directed., Nost
authors further recommend that the number of observations be determined
in advance. In an industrial application of work sampling, this is
a "must," since the mumber of observations would directly determine
the cost of the study. This was no problem in the present stﬁdy.

The formula for determining the number of observations required,
for a 95 per cent confidence level, is

p(1-p)

Sp = 2‘ - - s o0 06 > e v

N
where
5+= desired accuracy

P = percentage occurrence of the activity-element being measured,



e:qoressed a percentage of the total nmnber of observations

N = number of observations

Of the two unknowns, S and p, p is usually determined from a
preliminary study of one day or so. S is the accuracy requirement and
depends upon the use to which the results of the study will be put.

In many work ',s!mpling studies, a relative accuracy of 5% is termed
acc’e'ptable,' but this leads to abnormally high requirements for the
number of observations for different values of p. For example, when
p is 5%, N will become 30,4003 and when p is 50%, N will be 1600,

_To avoid this excessive observations requirements, some people
recommend an absolute error of 32&% or 1;3%91 In the present
invé’sti‘gatiOn,A i?OO_ observations for department A "('which was the least
number of all the departments) meets very well, the above requirements
of absolute accuracy,

In "Introduction to the theory of work sampling' (p.5), it was
rmentioned that systematic sampling is acceptable if no cyclic behavior.
is present in the phenomenon under study, Clerical work is non-repe-
titive in na;tixre; hence, the above conditidﬁ,is met, Another condition
is that the successive observations must be statistically independent.
According to this, a long delay, or, for that mattef; any activity-
element should be counted only once, even though the formal sampling
schedule might require it to be observed several times. With as fine

a breakdown of activity elements as adopted in the present study,

1, A, J. Howe, "Relative versus Absolute Errors in Delay Measurements™
Research Report No.zh, University of California, 1953, as reported
by Ralph ¥, Barnes in "Work Sampling," pp.20.
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there were few occasions when an activity-element was longer than the
average observation cycle of four minutes, necessitating repeated
observations; and to obtain the best estimates of the delay percentages,
all readings were recorded as often as thgy occured, although at the
expense of some accuracy in the estimate of the standard error,

Since the purpose of the :study was not to set standards, the workers

were not rated.
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DISCUSSION OF RESULTS

On the work sampling observation sheet (see Appendix), fourteen
work- and delay-activities are listed. Some of these were further
qualified with such suffixes as "a," "b," "w," and "p." It was assumed
that this comprehensive list would take care of most of the situations
encountered during the actual observation. With a few exceptions, this
assumption did hold good in all the departments.

For the pm‘l;;;e of analysis, these activi'bie’s are grouped into
different "element groups" best suited to bring out certain points of
interest. The element groups under cor;sideration here are:

1. Direct work activities (elements 1, 2, 3, 5, 8, 9, 13)
2. Supporting delays (elements Lha, 6, 7w, 12)

3. Personal delays (elements Tp, 1l)

L. Conversation-personal (element Lb)

Element group 2, "supporting delays," has been termed in time-study
literature as "unavoidable delays," meaning delays associated with the
work and beyond positive control of the worker. The term, "unavoidable
delays," has been dropped from the present study in favor of the term,
"supporting delays," because of some evidence from the data that the
so-called "unavoidable delays" are partially within the control of the
worker, if only in a preventive sense. This aspect will be discussed
later,

In some cases, in the presentation of the results, element groups
3 and l} have been combined to form "delays within worker control" or
"total personal delays." Here again, the latter term is preferred
since delays in connection with the physiological needs are not within
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complete worker control. Flement hb”(convergationrpersonal) has been,
in a few places, treated independentlyfiecauée, although originating
with the worker, it is not a personal (need) delay. ' At other times, it
has been included in "total personal delays" because of the belief that
an increased amount of time spent on this element is an evidence of
increased fatigue., It must be understood though that there are no means
to substantiate this hypothesis, since a correlation with production
records is impossible.

Table 1 contains some significant figures. The productive time,
which is an average of the direct work activities of all the workers of
a department for all the days, varied from 61.6% to 80.4%3 the supporting
delays from 12.158 to 31.3% and the total personal delays from 7.1% to
1038%. One fact is too obvious to escape attention and that is the
g@ézing consistency of the total personal delays in the departments
A and B. ,The‘widg variations in the productive time and the supporting
delays could be aﬁtributed to ﬁhe non-homogeniety of the population
from a functional as well as the procedural viewpoint. The relative
consistency of the personal delays shows that they are less influenced
by the operation. Charts 7 and 8 give further evidence of this effect.

One of the purposes of the present investigation was to compare
the personal delays of the white collar workers with the personal and/or
fatigue allowances in the industrial operations. Time study writers
have recommended these allowances ranging from 2 to 20 per cent of the
total work time, For example, Barnes! recommends a personal allowance
of 2 t0 5 per cent per day for an average worker and believes that

tfatigue is of such little consequence in some kinds of work that no

1.ffBarnes, "Motion and Time Study," Lth edition, pp. 385-386.
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allovance is required at all." Holmesl similarly recommends a fixed
personal (need) delay allowance of 3 to 5 per cent of the available
work time. Carroll? suggests that fatigue and personal (need) delays
should account for about 20 per cent of the total work time in most
industrial operations. Shumard> allows 2.5 per cent personal (need)
delays for male workers and L per cent for female workers. Some of
these recommendations are based on all-day time studies of various
classes of works others have an essentially evaluative nature. The
unscientific way in which time study writers have approached this
problem of personal and fatigue alloWances is summed up by Davidsonlt
as, "Fatigue allowances in contemporary time study might be generally
characterized ‘a.s:' a heterogeneous collection of compensations for a
number of different, not-too-well-défined natural effect, as well as
for mistakes in time study procedures; difficult to determine in
accord with objective criteriay and for which no adequate measure of
"correctness" exist."

In the present study, an effort was made to determine what is,
rather than what ought to be,.the time spent on Aperso’nal delays. The
average of the four departments for total persorial delays is 8.1 per
cent, To this rust be added the time of two official rest periods of
15 minutes each.

: 38 giiz. % 100 = 6.25 per cent

i. Holmes » "Applied Time and Motdion Study," p.180

24 Carroli-, "Time Study For Cost Control," pp,98-100

3. Shumard, "A Primer of Time Study," pp.2L2-21i5

L, Davidson, "Functions and Bases of Time Standards," p.181
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Thus, the total amount comes to (8.1h + 6.25) = 11,39 per cent
of the working time,

During the course of the investigation, it was noticed t,hat,-
quite frequently, the official rest periods averaged 20 minutes each.
On this basis, the total time spent on personal delays would be
(8,1l + 8.33) = 16,47 per cent of the working hours.

Table 1 also contains figures on absolute accuracies with which
the esti.rnateg on element groups were made. In the design of the
sampling plan, the accuracy requirements were set at + 2.5%. The
highest figure reported in Table 1 (#2.15% for department D) is well
within the limit set above.

Referring to Tables 2 and 3 in the departments A and B, definite
trends of increasing absolute and relative consistency (decreasing
standard deviation s, and the coefficient of variation s/p respectively)
in all the element groups were found as the study progressed from the
first day to the last. The trend in departments C and D is not quite
discernible but it is believed that, with a larger amount of data, it
would have been more pronounced. It is not possible to assign definite
causes to this effect, but it may be conjectured that the group consistency
bears some relation with the period of the week, since, in all but one
department, the study was begun either on Monday or Taesday and ended
on Friday. Another guess would be the group-consciousness of the
presence of the observer.

A few common characteristics of the data shall be discussed here,
Tor the same worker, as the mean time (f) increases from one element
group. to another, the absolute consistency decreases, as evidenced by

increasing standard deviation (s) estimates shown in Tables 7a and Tb.
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These Tables further show that, for the Same workér, as the méan—time
(p) increases from one element group to another, the relative consistency
increases as evidenced by the decreasing coefficient-of-variation (s_/p)
estimates, The above characteristics were expected as a feature of the
statistical analysis. A further proof of this phenomenon is contained
in Tables L, 5, and 6., Different work_érs in the same department show
a definite trend of increasing absolute consistency (decreasing s) with
inerease in level (F), in case of element group "direct work." Similar
trends of decreasing consistency (increasing s), with increase in level
(P), are found in the element groups "supporting delays" and "'personal
delays." The reason behind above trends is that, in any statistical
measurement, the variation will be maximum when p = 50% and will tend
to decrease for the extreme values of p.

Table 7 was also arranged to bring out the relationship, if any,
between the length of experience and the amount of productive and
non-productive activities. No direct relationship was found.

Table 9 shows the relationship between the work experience and
the total personal delays. Although no direct correlation exists, it
is interesting to note that workers with the same length of experience
in different departments differ widely in their delay percentages: It
will be further observed that this difference increases with an increase
in the length of experience. In absence of further supporting evidence,
this effect is believed to be a chance occurrence. A look at Table §
reveals that, within each department, workers vary substantially in
their,‘ personal delays and that the range of variation is about the

same for departments A, B, and C.
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Table 10 and Chart 9 show the relationship between the supporting
delays and the total personal delays: Each point on the chart represents
the total personal delays and the total supporting delays for a worker,
for the entire observation perlod. In the chart,; there is some evidence

of tendency for higher personal delays to be associated with higher
supporting delays: With the limited amount of data, no statistical
significance can be attached to this trend, but if personal delays

can be considered_to be within worker controly the so-called. M™unavoida-
ble delays" too may be partially within the control of the worker,
Abruzzil_writes.that, "Apparently unavoidable delays are partially within
the control of the worker but only in a preventive senses The occurrence
of unavoidable'deléys_cannot easily be traced to the worker, but a
reduced incidence of unaveidable delays can."

Since the concept of control chart has been extensively used in
the presentation of the data, an explanation about the derivation of
the control limits seems appropriates For example; in Table 1llb, the
average value for the element group in question, for the 3rd day, for
the six workers observed; is 22.0%. The total number of observations

for that day is 65Lhs Then the daily limits would be

Upper Control Limit (UCL) =p + 2 _,_P-'(i‘P)

- 22 4 24 [22(1-.22)

65k

= 29,9h%

Lower Control Limit (LCL) = ;222 '\’1'226();'22)
= 1) ,06%

Lo Abruzzi, "Work, Workers, and Work Measurement," p.110
iq . R . . . . ) : )
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and the central line wounld be 22.0%.
The worker limits are obtained as follows:
In Table 1lb, worker "a" has been observedﬂfor.ﬁou: days. The
total number of observations for that worker for four days is 298, The
average value for the element groﬁp_in question for WOrker'"a,"'for

the four days observed, is 30.5%;¢;Then“the'worker 1imits would be

Upper Control Limit (UCL) = p + 2, zé(i-‘ﬁ )

= .305.,;_'??‘::;1\’/'3?5 (2=.305)

298

= h0.62%

Lower Control Limit (ICL) = .305-2 -\VI.305 (1-.305)
298

= 19.38%
and the central line would be 30,58,

The control limits in Table 15 are obtained as follows:

In Table 15a for department A, the grand average (P) for the
element group in question is 74.0%. This grand average, which is an
average of all the workers in that department over 511 thendays they
were obServed, can be obtained from Table ;la& The grand average is
-found to be 73.5%. For calculations of_cohtrol,limits,itheﬁgragd
average.is taken asfzy.o%.” Next from Table 1la for department;A,
the total mmber of observations for the lst day was found to be 150.
Then the control limits for the lst day would be

Upper Control Limit (UCL) = 5 + 2 ¥YB(1-p)

n
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=+ D /t'?ll(i-,,.?h)
' 150 /

= 81 016%

Lower Control Limit (I0L) = +7h=2 ,1V/.7?t(21t;57h)

= 66’.-8_11%
and ‘the central line would be 74.,0%. For calculation of the
control limits for the 2nd day, P would remain unalteredj but the value
of "n" would change to 412, the total number of observations for the
2nd day for department A, again Qﬁtained from Table 1lla, In this |
manner, the control limits for all the days for all the departments
for all the element groups are calculated.
Table lhe smrmariz;s the data presented in Tables 11~12-13-1h
(a,byc,d). This condensation of data leads to an important finding,
It will be observed that, in general, there are more points lying
beyond daily-limits (all workers) than there are beyond worker-limits
(211 days). In departments A and B, this ratio for the total number
of points -is approximately 3 to 1, while in depariments C and D, it is
approximately 1.5 to 1. On the whole, there is some evidence to believe
that the indiﬁdual workers have more -stable work patterns than the
groups., This is because the differences in level of the productive
times of the workers are great. This fact is important, in view of
the common false assumption in many time studies the daily variability
and ‘the variability among the different workers is neglipible. According

to Cote ,1 "the use of binomial formula alone to compute the accuracy:

l. L. J. Cote and B. J. Scott, "Comparison of All-day Time Study with
VWork Sampling by Use of Analysis of Variance," Journal of Industrial
Engineering, Jan.-Feb, 1956, Vol.VII, No,l
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level obtained in a work sampling program ignores sources of error
of larger magnitude s namely the variation among men, and the day-to=-
day variation of the men." It must be admitted here that the results
of the present study are subject tq the above mentioned limitations.
Analysis of variance was not applicable because of unequal number of
observations on different workers and the functional non-homogeniety
of the population.

Although not directly concerned wifh the present study, it would
be interesting to examine from closer quarters this problem of
variability among workers. Abruzzil considers it to be an outcome of
the purposive behavior (of the workers) "which has an individualistic
and varying component, as well as an expected and relatively constant
component .sesses this component ... shows up in terms of a common
level of (eycle-time) consistency among the workers in a groupe...s
On the other hand, the individualistic and varying component shows
up as widely varying mean (cycle) times for workers in a group and
as stable mean (cycle) times for individual workers. This component
can be considered a reflection of the planning activities of individual
workers." Abruzzi's hypothesis is based on data gatherad on jobs
of repetitive nature and performed with standardized methods by groups
of “industrial operators. The present situation was totally different,
nevertheless his comments are enlightening.

Table 16 shows the number of points for each worker; for each
element froup, ‘that either lie above or below the 25 limits. A
further examination of the table shows that, of the total, about

1. Abruzzi, "Work, Workers, and Work Measurement," pp.2}i5=250
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equal number of points lie above and below the limits for element group
"direct work" in all departments but B. In general, whenever more points
(total or for each worker) are lying sbove UCL than below LCL, for
element group "direct work," an opposite effect is wvisible in the other
three element groups, as would be expected. Analysis of data presented
in this table further establishes that; with the exception of department
By the variability among workers is considerable. The reason behind

a great number of;poénts beyond control 1imits,is:that'the§e limits are
based on grand. averages of pooled data on all workers,

Tables 17 through 20 show the daily percentages and the cumulative
percentages for each element. The element groups shown here differ
from those previously described, and are formed as follows:

1. Productive. (elements 1,2,3,5,9,13)
2. Absent ‘(elements 7w, 7p)
3. Delay (elements ha, b, 6,8,12,1h)

The above reformation of element groups was deemed necessary, in
view of the fact that, in some of the departments, element 7# consti-
tuted a significant percentage of the supporting delays. Again,
absence of a worker from the department, in connection with the work,
cannot be branded entirely as a delay. Thus, the élemenﬁ group "delay"
here presents a different perspec@ive of the total personal and non-
personal delays within a department, unaffected by the element Tw,
which has a dubious character.

Charis 1 through L show the frequency distributions of the daily
percentages of all the workers in all the departments, for the
differeﬁt element groups. The distributions are far from being normal,

for several reasons. As mentioned earlier, the samples representing
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the daily percentages cannot be considered to have been drawn from a
single homogeneous universe. Again, errors of sa.mpi.ing could alter the.
distribution to a considerable extent. These errors are,
1. Sampling errors (errors of observation}
2. Process variation

(2) Differences from time-period to time~pericd.

(b) Differences from worker to worker.-

(¢) Residual (but real) process variations,

Another important factor regarding the shape of the distribution
is the sample size, Davidsonl has shown how radically the shape of a
small sample size distribution can differ from that of another small
sample size distribution, both samples drawn from 4a, knovn universe which
is normally distributed. Regarding random sampling errors, Davidson
writes, "The effects of sampling fluctuatlons are such that if we
continued sampling from our model of a normal universe we would by
chance alone obtain samples illustrating all five of the "typical®
curves." The five typical curves are (A) symmetrical (B) positively
skewed (C) negatively skewed (D) rectangular and (E) bimodal.

According to G‘orrelt!.,2 "The reliability may be evaluated by compari-
son of two or more ratio-delay studies taken on the same subject under
similar conditions,  If the results agree closely, the coefficient of
reliability is high." The scope of the present investigation did not
allow taking two independent studies in each departmentj but in

department A, an independent check study of i days was conducted,

1, Davidson, "Functions and Bases of Time Standards,"™ pp.200-204

2. D, S. Correll and Ralph Barnes, "Industrial Application of the
Ratio-Delay Method," Advanced Management, Aug.-Sept. 1950
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which included the same workers and was carried out under essentially
similar conditions as the main study. The scheme of systematic
sampling consisted of trips at regular intervals with continuous

observations as before, The results of the two studies are compared

below:

‘Element groups: 3 p
1. 'Dfrec:b work 7365 75.6
2. Suppbvrtiﬁg delays 19.3 17 o9
3. Personal _deieiys 3.91 3.h7
L. Conversationepersonal 3.29 3.03
No. of observations 1792 626

The results of the two studies are in excellent agreement in spite
of the fact that the nmumber of observations for the main study is almost
three times as great as that for the check study. The obvious conclusion
is that a high degree of reliability exists, subject to a constant bias.

It would be only proper to conclude this discussion with remarks
by Apruzzi:l "It seems clear that a theory of work must recognize that
some (apparently) unproductive work activities are needed for optimal
results. .... It may be unwise, for example, not to have formal and
involuntary rest periods, but it may be even more unwise not to allow
or even encourage informal and voluntary rest periods., OStandardized
rest periods give worker groups the rest they need to prevent the gross

work method from becoming unstabley the informal rest periods give

1, -Abruzzi, "Work, Workers and Work Measurement," p.256



individual workers the rest they need to prevent the more subtle

aspects of the work method from becoming unstable.”

27



SUMMARY OF DATA AND CALCULATIONS
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Element Groups.

Dept. A

Dept. B

Dept. C

Dept. D

3

7345

80.k

69.2

61.6

Direct Work

Ab.Ace.

Supporting Delays

3

Ab.Acc.

19.3  +1.85%

12,15 #1.343%

20,0 +1.23%

+1.65%

+1.42%

£2.15%  31.3
TABLE 1.

+2,05%

Personal Conversation-
Delays Personal
P AbsAccs
a2 1.22%
391 325 ¥
15 +1.,09%
5,13 2.32
10‘. 8 | +0.982
b 091‘ h -;86 =
7 010 » ﬂ R m%
4.85 2425

DISTRIBUTION QF WORK ACTIVITIES

WITH RESPECTIVE ABSOILUTE ACCURACIES

No.of
Days

No.of
Obs,

1792

2338

Lagh

2021

6%



TABLE 2, AVERAGES (p) AND STANDARD
DEVIATIONS (s) FOR THE ELEMENT GROUPS

Flement Group: Direct work Supporting Delays Personal Delays

Dept, A

Day p s p s P s
st 82 7.69 12 6.5 bo7 L.23
2nd 68 5.1 22 b.56 ko3 2,23
3rd 7L k35 22 397 3.8 1.83
lth 77 3.93 16 3.7h 3.5 1.87
Dept. B

1st B2 6,40 10,7  5.15 5.1 3.67
2nd 80 hei6 13,0 3.75 5.1 2.5
3rd 83 3,95 10.6 3.23 b9 2,26
hth 78 3.67 13.3 3,01 S 2,01
Dept. ©

1st 62 6,32 30 5.98 5.6 3.03
2nd 70 b8l 204k L.25 6.0 2.55
3rd 78 L5 13.8 3.5 5.0 2.23
Lith 66  5.32 21,2 L.60 6.0 2.72
Sth 68 5.50 19,7  L.67 5.8 2.79
6th 69 5.4 20,0  5.10 643 3.13
Tth 69 5,53 18.6 .89 6.8 3.17
Depts D

1st 55 7.2 100 7.27 3.2 2.62
2nd 59 8,70 32,0  8.31 5.5 L.10
3rd .60 5,50  3L.0 53k b7 2.38
Lith 61 5:20  29.5 1,85 6.0 2,57



TABLE 3, COEFFICIENTS-OF-VARIATION (s/p)
FOR THE ELEMENT GROUPS

Element Group: Direct Work Supporting Delays Personal Delays

Dept. &

Day s/p(%) s/p(%) s/p(%)
1lst 9.39 5.2 90.1
2nd 7.56 20.7 51.9
3rd 6.13 18.0 8.1
Lth ' 5.11 23.h 53.h
Dept. B

1st 7.81 18,2 7240
2nd 5.58 28,9 48,0
3rd h.76 30.5 46.1
Lith L70 22.6 37.2
Dept. C

1st 10.20 19.95 5h.2
end 6.93 20,50 42.5
3rd 5,45 25.60 Lh6
Lith 8.06 21,70 L5.3
Sth 8.09 23,%0 48.1
6th © 8.04 25.50 19.7
7th 8,03 26,30 16.6
Dept. D

1st 13.50 18.15 82.0
2nd 1h.75 26,00 he5
3rd 9.17 15.72 50.6
Lth 8.53 16,45 142.8

5th 879 28490 75.0



TABLE ha. AVERAGES (p), STANDARD DEVIATIONS (s)
AND COEFFICIENTS~OF-VARTATION (s/p) WITH p
ARRANGED IN DESCENDING ORDER OF MAGNITUDE,

Direct Work

p 8 s/p
Dept. &
Worker
£ 0 3.0 3.33
e 8o- k.5 5.56
d 78 L.68 6.00
b 75 4,93 6.58
a 6L 5.56 8.70
e 57 5.50 9.65
Dept. B
c 89 3.39 3.8
d 8l 3.94 h69
e 8L il 5.25
a 82 L.31 5.26
£ 81 he30 5.31
g 80 h.25 5.32
h 72 5.70 7.92

b 66 56 8.29



TABLE b, AVERAGES (p), STANDARD DEVIATION (s)
ARD COEFFICIENTS<OF~VARIATION (s/p) WITH p
ARRANGED IN DESCENDING ORDER OF MAGNITUDE.

Direct Work

P s s/p
Depts C.
Worker
e 86 3.9L h.58
d 82 L.80 5.85
J 70 5.07 7.82
a 67 5.40 8.06
h 66 5.56 8.h2
b 65 5.60 8.62
c 65 5.60 8.62
g 63 5.50 8.7L
T 58 5.56 9.60
Dept. D
g 75 5.50 7.3k
c 72 5.90 8.20
a 70 6.00 8,57
b 57 5.50 11.k
£ 56 6.57 11.7
d 52 7.00 13.45



TABLE 5a, AVERAGES (p), STANDARD DEVIATIONS (s)

DS !2 t s A
Worker
c

a

AND COEFFICIENTS-OF-~VARIATION (s/p) WITH p

ARRANGED IN DESCENDING ORDER OF MAGNITUDE.

38
30

13

5.5
22,6
22
13.8
‘11..0
9.5
8.8
8.2
7.3

Supporting Delays

539
5.31
3.8
3.03
3.5k
2,30

5.31
L8
3.87
3432
3.15
3.11
3.30
2.82

s/p

k.2
17.7
27.6
2%.h
32,2
41,8

23.5
21.7
28,0
30.2
33.2
35.3
0.3
38.6

3h



TABLE 5b, AVERAGES (p), STANDARD DEVIATIONS (s)

Dept. C

Worker
f
a

h

e

Dept. D

o]

= -5

AND COEFFIRCIENTS-OF-VARIATION (s/p) WITH p

ARRANGED IN DESCENDING ORDER OF MAGNITUDE.

27
26
23.8
23.6
23,0
21
1h.6
11.5
7ok

k9.5
k.0
39.0
28.0
21.0
20.0
-18.0

Supporting Delays

5.01
5.03
5,00
5.00
1195
L.65
" k.09
3.99
2.97

6.43
6.94
6.39
5.93
5.40
5.21
92

s/p

18,55
19.35
21.00
21,20
21.50
22,10
28,00
34,70
40,10

13.0
15.8
16.L
21,2
25.70
26.0
27.30

35



TABLE 6a. AVERAGES (p), STANDARD DEVIATIONS (s)
AND COEFFICIENTS-OF-VARIATION (s/p) WITH p
ARRANGED IN DESCENDING ORDER OF HAGNITUDE.

Personal Delays

P s s/p
Dept. A
Worker
b 7.5 3.0 140.0
d 6.0 2.7k 457
e 5.0 2.2 L8k
a 2.0 1.62 8L.2
£ 2.0 1.k0 70.0
c 1.0 1.10 110.0
Dept. B
b 940 3.31 36.8
e 6.8 3.03 k.6
d 6.0 2.60 L3.h
f 5,0 2.39 L7.8
h 1.8 2,70 56.7
g 4.5 2,20 18.9
c 3.0 1.85 6.7

a 2.5 107,4 6906



TABLE 6b, AVERAGES (p), STANDARD DEVIATIONS (s)
AMD COEFFICIENTS-OF-VARIATION (s/p), WITH p
ARRANGED IN DESCENDING ORDER OF MAGNITUDE.

Personal Delays

P 8 s/p
Dept. C
Worker

c 9.6 347 36,2

3 9.0 3.42 38.0

£ 745 2.97 39.6

b 7.l 3.08 41.6

g 742 2,96 hl.1

h L.5 2.6 Sh.7

a o2 2.52 60.0

a 3.8 2.18 57.h

e 1.3 1.27 92,7
Dept. D

£ 20,0 5.3 26.5

g 6,0 3,09 51.6

d 1.9 1.9 100.0

c 1.8 1,72 95.6

b 1.l 1,52 108.5

e 1.3 1.h3 110.0

a 0 .7 - =0



DeEto A
Worker

b
: 4

Experience P
15 mo. 75
10 mo. 90

L mo, 57
i mo, 80
2 mo, 6h
0 mo, 78
52 mo.. 72
L8 mo, 8h
19 mo.. 66
10 mo, 89
k mo.,, .82
3 mo, 80
3 mo 8L
1 mo. 81

COEFFIECIENTS-OF-VARIATION (s/p)WITH THE WORKERS ARRANGED ACCORDING TO THE

Direct Work

TABLE 7a. AVERAGES (p), STANDARD DEVIATIONS (s), AND

s
L.93
30

5:5

L.L5
5.56
14,68

5.7

hohl

S.hi6
3.39
ho31
h.25
3.9h
I3

s/p
6.58
3.33
9.65
5.56
8.70

6.00

792
5+25
8.29
3.81
5426
5.32
.69
5.31

LENGTH OF EXPERIENCE

Supporting Delays

P
13
5:5

38

41
30
11

22.6
8.2
22
743
13.8
11.0
9.5
8.8

S
3.83
2.3
5439
3.86
5.31
3.5

5.31
3.3

.78
2.82
3.87
3.32
3.15
3.11

s/p
2944
418
.2
276
17.7
32.2

23,5

40.3
21.7
38.6
28.0
30.2
33.2
35.3

Personal Delays

P
745
2.0

1.0

5.0

2.0
6.0

h.8
6.8
3.0
2.5
h.5
6.0
5.0

5
3.0
1.
1.1
212
1.62

2.7k

2.71
3.03
3.31
1.85
1.74
2.2

2.6

2.39

s/p

100

70.0
110.0
L8.h
81.2
45.7

5647
Lh.6
36.8
61.7
69.6
18.9
h3.
47.8

g€



Dept. C
Worker
d
h

b

Experienee P
28 yrs. 82
5 yrs, 66
3 yrs.. 65
19 mo, 67
.17 mo,. 63
o7 mo. 0
#iﬁo, 58
3 mo. 65
1 86

Direct Work

S5
1.8
5.56
5.6
5.
5.5
5.7
5.56
5.6
3.94

s/p
5.85
8.h2

8.06
8474
7.82
9.60
8.62

Supporting Delays

11.5

23.8

23
26
21
.6
27

23.6

Tok

S

3099

5.0
k.95

5.03

L .65
L.09
5.01

5.0

2,97

s/p
3h.7
21.0
21.5
19.35

22.1
28,0

18,55
21'.2

Lo.1

TABLE 7o, AVERAGES (p), STANDARD DEVIATIONS (s) AND

Personal Delays

ho2
hie
7.4

3.8

7.2
9.0
7.5

946
1.3

GOEFFIECIENTS~OF-VARIATION (s/p) WITH THE WORKERS ARRANGED ACCORDING TO THE

LEHGTH OF EXPERIENCE.

2.52
2.6
3.08
2,18
2,96
3.2
2.97
347
1.27

s/p
60.0
5h7
k1.6
57.h
h1.1
38.0
39.6
36.2
92.7

¢



Dept. D

Worker

e

g
d

Experience P
1 yrs. L7
2f-mo. 75
17 mo, 52
17 mo. 56

7 mo. 70
7 mo. 57
5 mo. 72

COEFFICIENTS~0F=-VARTATION (s/p), WITH 'THE WORKERS ARRANGED ACCORDING TO THE

Direct Work

s s/p
6y 13.6
5.5 7.3k
7.0 13.48
6.57 11.7
6.0  8.57
6.5 1.
5.9 8.2

Supporting Delays

9.5

18

21

28
39

6:.43

.92

6.94
5.4

5.93
6.39
5.21

s/p
13.0
273
15.8
25.7

21.2

16.4
26 .0

TABLE 7c. AVERAGES (p), STANDARD DEVIATIONS (s) AND

LENGTH OF EXPERIENCE.

Personal Delays

13
6.0
1.9
20
0.7
1.h
1.8

S
1.43
3.09
1.9
5.3
1.52

s/p
110.0

51.6
100.0

26.5

108.5
95.6

on



TABLE 8., RELATION BETWEEN WORK EXPERIENCE
AND THE TOTAL PERSONAL DELAYS,
Workers arranged in descending order of experience
in the respective departments,

Element Oroups: (;?erscnal Delays + Conversation-personal)

Dept, & Dept. B Depte C Dept. D
b« 12,30 h= 5.60 d- 6.35 e- 3.60
f- 402 e~ T7.28 h=- 10.00 g 6,15
c- k.30 b 12,40 b= 11,90 d= 3.80
e- 6,10 e- 3.77 a- 7.10 f- 22.50
a= 5.70 a= 3.78 g- 15.80 a= 2,10
d~ 10.60 &= 9.0k J= 15.37 b= L.10
d- 6.56 £- 1h.80 e~ 7.20

f- 10.26 ce 11,40

e= 6.1
Average = T7.17 7+33 10.98 7.06

Ra.nge 8.28 8‘63 9.66 20.}.10



TABLE 9. RELATION BETWEEN WORK EXPERIENCE

AND THE TOTAL PERSONAL DELAYS,

Dept. Worker Present Experience DelayZ(1lh + 7p + Lb)
¢ d 28 yrs. 6.35
D e 1 yrs. 3.60

< h 5 yrs. 10.00
B h 4 yrs. 2 mo, 5.60
B e L yrs., 7.28
C b 3 yrs. 11.90
D g 2 yrs. 3 mo. 6:15
C a 1% mo. 710
B b 19 mo. 12.h0
D d 17 mo. 3.80
c g 17 mo. 15.80
D £ 17 mo. 22.50
A b 15 mo. 12.30
B c 10 mo, 3477
A £ 10 mo. h.02
b a 7 mo. 2.10
D b 7 mo. .10
c 3 7 mo. 15437
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TABLE 9+ (Continued)

43

RELATION BETWEEN WORK EXPERIENCE AND THE

WHorker

TOTAL PERSONAL DELAYS

Present Ixperience

5 mo.
h mo.
4 mo.
4 mo,
L mo.
3 mo.
3 no.
3 mo,
2 mo.
1 mo.
1 mo.

O moe.

Delay%(1ls + 7p + hb)

7.20
3.78
L.30
6,10
1h,80
6.56
9.0l
5.70.
6.1
10426
10.60



Worker Direct Work Supporting Delays Personal Delays Conversation~other Total No, Obs,

Dept. A % % % %
£ 182 90,5 1 5448 L 2,01 L 2,01 201
e 260 80,3 i 13,6 16 LSk I 1,16 32k
d 245 78,5 3k 10,9 18 5,77 15 14,83 31
b 230 7h.T7 40 13,0 23 7447 15 L.83 308
a 190 63,8 91 30,5 5 1,67 12 4,03 298
c 186 57.h 12 38,3 3 0,9 ih] 3.h 324
Dept. B ‘
c 303 88,9 25 733 10 2,93 3 0.8 3l
e 175  8L.5 17 8.22 1k 6.76 1 0.52 207
d 290 83._9f 33 9.5k 21 6,07 2 0.L49 346
2 262 82.4 by 13,8 8 2,52 N 1.26 318
£ 269  81.0 29 8.7h 17 5.13 17 5.13 332
285 80.0 39 10,96 16 L.52 16 .52 356
b 206 65.6 69 22,0 28 8.92 11 3.h8 31,

TABLE 10a, RELATION BETWEEN THE SUPPORTING DELAYS

AND THE TOTAL PERSONAL DELAYS,



Worker

Dept. C
e

d

a

Direct Work

i

L70
369
356
329
330
338
320

230
21
199
165
161
13k

Aah2

4

86.5
82.1
66.8
65,0
65.0
63.1
58.3

7545
72,5
69.6
5647
5645
52.
Li6.9

Supporting Delays

Lo

52
139
117
120
113
148

56

81

60

112

150
“TABLE 10b.

%

7.36
11.55
26.1
23.1
23.6
21.1
2649

18,35
20.3
28.3
39.2
21.0
13.8
h9.5

RELATION BETWEEN THE SUPPORTING DELAYS
AND THE TOTAL PIRSONHAL DELAYS.

59

5
L

Personal Delays

4

1.34
9.23

3.75

7.3

9.6i
7.2
Tl6

6,15
1.77
0.7
1.37
20,7
1.9
1.29

Conversation-other
%
26 o8
9 2.12
18 3.35
23 L.55
9 1.76
L6 8.6
Lo 73k
0 0
16 5.43
L 1.h
8 2.73
5 1.8
5 1.9
7 2.31

Total No. Obs,:

543
Lkg
533
506
508
535
5ho

305
295
286
291
285
256
303



Days
Worker

a

b

Ave.for
the day

UCL
LCL

Fo. Obes.

1st

88.0
88,0
68,0
76.0
8.0

88.0

8250
100.0

585

150

TABLE 1la,

2nd

61.2

68,28
53.46
76.75
80.22

68.25

83.4

52.6
a2

Element Group: Direct Work

3rd Lth
5840 65.58
69.5 82.3
55.54 60,38
75.16 84.37
81.2 78,11
88.54 92471
7.2 7.3
8k.0 89.88
58.0 6l.12
65l 576

o

UCL __ ICL_
3s Linits
80.7 h7.3
89.8 60,2
73.5 10,5
92.1 63.9
93.3 6647
99.0 81.0

- g

AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AND CONTROL LIMITS AS SHOWN

Ave.for
worker
63.8
ka7
5Tk
7845
80.3
90.5
88.0

73.5

No. Obs.

298
308
32h
312
324
201

25

1792

9N



Dept. &
Day:

Worker
a

b

Ave. for
the day

UcL
ICL
No. Obs.

lst

L0

12,0
28,0

8.0
12.0

e

8.0

12.0
25.0
0.0

150

Element Groupt

30.6

1§;3
38.4

11.62

12.8

— an

22.1
31.12
12.88

2
TABLE 11b, AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

3rd

37.2
15.25
1.9
16.2

13.68

6.66

22,0
29,9k
1).,06

65k

Supporting Delays

Lith

30.26
6.2k

36.5
5.21

1.6
h.17

16.15

23,18

8.52

576

UcL LCL

2s Limits

20.66 5.3k
48.78 27.22

21,72 6,28
10.1 0.90

o -

PERCENTAGES AND CONTROL LIMITS AS SHOWN.

Ave.for
worker
30.5
13,0
38.3
10.9
13.6
548
8.0

No. of Obs.,

298
308
324
312
324
201

25

1792



Dept. &

Day:

Worker
a

b

Ave, for
the day

UcL
ICL
No.Obs.

Element Groups Personal Delays

1st 2nd 3rd Lith UcL 1CL
2s Limits
0.0 2.7 1.94 1.0L S5.24 0.0
0.0 7.32 9453 7.30 13.5 1.5
4.0 2.33 0.0 0.0 3.2 0.0
16.0 .65 h.76 5.21 11.48  0.52
4.0 h65 5.12 5,21 9.84 0,16
——— -— 1.9k 2,08 4.80 0.0
)i,0 — - ——— — -
.66 h.31 3.82 347
13,16 8.76 7.16 7.2h
0.0 0.0 0.1l 0.0
150 k12 65k 576

TABLE 1llc. AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

'PERCENTAGES AND CONTROL LIMITS AS SHOWN.

Ave.for
worker
1,67
(&Y
0.9
5.77
b9k
2.01
b0

3.9

N0.0bSo .

298
308
32l
312
32l
201

25

1792

81



Depts A

Day:

Worker
a

b

Ave,for’

the day
UCL
LCL

No.,0Obs.

lst

8.0
0.0
0.0
0.0
0.0

0,0

1.3k
5.78
0422

Element Groups:

2nd

5.5
6.1
S.81
6.98
2.33

| et bei

5.3k
1,68
1.32

h12

3rd

2.86

5.72
2,56
3.88
0.0

2.86

2.98

L33
1._6?

654

Conversation~personal

Lith

3.12
L.17
3412
5.21
2,08
1,0k

3,08

ha2
1.58

576

UCL LCL
2s Limits
6.26  1.7h
T2 2,36
569 11
7.22 2,38
2.39  0.01
3.98 0,02

et o

-

TABLE 114, AVERACES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AND CONTROL LLMITS AS SHOWN.

Ave.for
worker
4,03
11483
3.40
.83
1.16
2:01

0.0

\SS)
.

N
\Q

No.0Obs.

298
308
324
312
32
201

25

1792

6N



Dept.B

Days

Worker
a

b

Ave, for
the day

UCL

ICL

No. Obs.

1st

83.85
6l 17
86.85
8li.22
8ly.22
89.48
8422
88,96

8205 ’

100,0
62,8
290

TABLE 12a.

87.2
67.5
96.16
80.5
83.75
80.0
81.39
68.58

80.5

93.L
66.6

645
AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

Flement Groups

3rd

82.0
68.9
88.7
89.8
85.L
85.k
80.5

82.7

9h.8l

71.16
63k

Direct Work

lith

79.1
62.0
85.L
81.8
76.0
78.6

7746

89.0

67.0
769

UCL. . LCL
3s Limits
9L .93 69.07
824 L9.6
99.17 78.83
95.8 7242
97:2 7048
93.9 68.1
92.7 67.3
89.1 5k.9

PERCENTAGES AND CONTROL LIMITS AS SHOWN.

Ave,.for
worker

B2

65.6
88.9
83.9
Blt.5
81.0
80.3
71.8

Ho.Obs.

318
31k
341
36
207
332
356
12

2338

0s



Depts B
Day:

Worker
a

b

h
Ave. for
the day
UCL

ICL

NO. ObSQ

1st

16,15
16.15
5.26
7.89
10,52
7.89
7,89
15,78

10.7
21,0
0,Lo

290

Element Groups:

2nd

11.52
20.0
2.56

10.L0

10,0
12.5

10.47
25.60

13.0
20,5
5.50
6h5

3rd

15.72

22,22
6.82
5.72
5460
6.75

10.90

-

10,57

17.06

Lol
63k

Supporting Delays

hth

13.33
2h.75
10.95
11.88

8.0

12,22

13.26

19,32

7.28
769

UCL ICL
2s Linmits
218 6.06
31.56  12.lk
1298 1.66
15.80 3.20
‘14.80 1.60
15.02 2,58
17.6h h.36
33.22  11.98

TABLE iéb; AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AMD CONTROL LIMITS AS SHOWN.

Ave,for
worker
13.82
22:0
T.33
9.54
8.22
8.7h
10.96
22.60

12.15

No.Dbs,

318
31k
3h1
3h6
207
332
356
12

2338

TS



Element Group: Personal Delays

Dept. B
Day: 1st 2nd 3rd Lith UCL LCL Ave.for  No. Obs.
29 Limits worker

Worker
a 0.0 0.0 2,28 5.0 5:98 0.0 2:52 318
b 9.69 11.25 7.78 7.95 15.62 2.38 8:92 Al
c 7.89 1.28 3sh1 2.19 6470 0.0 2.93 3h1
d 7.89 7.80 3.h1 6.32 11.2 0.8 6,07 346
e 5.26 5.00 9.00 —— 12.86 0.7h 6.76 207
f 2.63 5.00 5.60 5.60 9.78 0,22 5.13 332

5.26 he65 1.67 5.34 8.90 0,10 L.52 356

h 2,63 5.82 —— — 10,22 0.0 .8l 124

Ave,.for

the day 5.10 5.12 4,89 5.37 5:13
UCL 12.hh 10.0 9.2 9.2
1oL 0.0 0.20 0.38 1.38

No. Obs. 290 615 63h 769 2338

TABLE 12c, AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AND CONTROL LIMITS AS SHOUWN.



Element Group: Conversation-personal

Day: 1st 2nd 3rd Lith UCL - ICL Ave.for  No. Obs.
2s Limits worker

Worker
a 0.0 1,28 0.0 2.5 2.55 0.05 1.26 318
b 9.69 1.25 1.1 5.3 5.86 1.k 3.48 314
c 0.0 0.0 1.07 1.6 1.83 0.00 0.84 31
a 0,0 1.3 1.07 0.0 1.0L 0,00 0.9 346
e 0,0 1.25 0.0 — 1,20 0.00 0.52 207
f 0,0 2.5 2.25 10.h 7.40 2.60 5.13 332

2,63 3.49 6.93 3.8L 6.70 2.30 h.52 356

h 2.63 0,0 — —— 2,09 0.00 0.76 12l

Ave, for the

day 1.70 1.38 1.8h 3477 2.32

UCL he32 3.72 3.73 3.62

ICL 0,68 1,28 1.27 1.38

No. Obs, 290 L5 63k 769 2338

TABLE 12d., AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AND CONTROL LIMITS AS SHOWN.

13



Element Group: Direct Work

%%%ﬁ 1st 2nd 3rd Lth Sth 6th 7th UCL 1CL No,Obs. Ave.for
' 38 Limits worker

Worker ,

a 476 6943 475 56k 67.1 67.8 81.0 83.2  50.8 533  66.8

b 55.0 667  Tha25 663 605 . 7.8 bS.2  BLES L85 506 65.0

c 63.75 73,0 82,0 53.8  57.5  69.h  53.8 L85 MBS 508 65.0

a 8.0 8.0 8.9  B7.7 804 69.0  86.8 96 67.6 Lk 82.1

e 96,9 8ol 9640 85.0 83.0 6647 89.L 97.8 7h.2 543 86.5

f h7.9 50,5 Th.8 62.0 59.7 65,0 4i.3 The7 41.3 549 58.3

g £0.0 62,1 60.8 60.5 72,5 68.h 69.7 79.55  h6A5 535 63.1

h — (e — 63.0 72.0 63.3 66.6 82.7 k93 290 66.2

3 — — — 66.25  59.0 1.7 85.1 86.45  53.55 280  70.0
iﬁiaﬁ;’ 62.5 6946 78,2 661 67.75  68.8 68.8 69.2

UCL  81.0 84,53 90.73  82.0 8l.5 86,7 86.4

LCL h3.0 55,47 65.27 50.0 51.5 51.3 51.6
No. Obs. 410 628 667 713 6h9 556 5T 419k

TABLE 13a. AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AND CONTROL LIMITS AS SHOWN.

s



Dgg:. C
Worker
a
b

[

h
J

Ave,for
the day

UCL
ICL

No.Obs

1st

k9.2
L5.0
29.0
11.9
1.55
34.8
375

-

———t

30.0

41.96

18.0k
410

Element Groups

2nd 3rd
27.5 20.h4
25.5 18.5
16.8 8.3k
12,8 9.79
11.4 1.0
26.1 15.1
21.5 19.6
20.4 13.8
28.9 20468
11.9 6.72
628 667
TABLE 13b.

Lith

35.9
22,9
35.9
9.23
6425
23.0
21.0
19.8
15.0

21.2

30.k

12.0
713

Sth

21.9
22.5
27.h
11.h
3.85
31,2
10.1
20.0
27.h

19.7

29.0

10436
6h9

Supporting Delays

6th

17.7
12.7
17.7
19.0
2647
23.8
20,0
29,k
11.7

20.0
30.2
9.80
556

Tth

11.1
2h.2
30.8
7.58
h55
k1.3
16.7
27.3
3.0

18.6
28

8.82

571

PERCENTAGES AND CONTROL LIMITS AS SHOWN.

UCL 1CL
28 Limits
36.06  15.9k4
32.9 13.1
33.6 13:6
19.5 3.5
13.3L 1.h6
37.0 17.0
30.3 11.7
33.8 13.8
6.2 6ek2

AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

NO‘. Obs.

533
506
508
Lk
Sh3
549
535
290
280

119h

Ave.for
worker

26,1
23.1
23.6
11.55
736
26.9
21,1
23.8
14.63

20.0

85



Dept. C

Day: 1st

Worker
a 1.6
b 0.0
c 7425
d 2.40
e 1.55
£ 12.97
g 9,38
h v
3 s

Ave, for

the day  5.61
UcL 11.66
LCL 0.0

2nd 3rd
1,07 2391
7.8 5.1k
7.86 9.66
3.50 2,15
1.0k 1.00
11,0 6.01
9.68 9.8
6405 .95
11.1 9.6
0.90 0.5k
628 667

Element Group:

lith

5.13
7.20
6.1
3.07
2.50
L.60
6.17
8.6

11.25

6.09

13l

0.56
713

5th

2.75
8.50
13.7
L.92
0.0
3.9
L.35
heO
9.6

»

5,75

11.38

0.22

6k

Personal Delays

6th

9.63
9.50
11.3
8462
0.0
185
5.0
1.1
6.65

6.30
12.56
0.04

556

7th

L8k
11,2
12.3

5465

3.02

9.53

L.53

3.05

717

6.84
13.1h
0.46

571

UCL _ ICL
2s Limits
8.6 0,0
13.56 1.1
16.5h 2,66
9.2l 0.0
3.84 0.0
134 1.56
13,12 1.28
9.2 0.0
15,8, 2.6

TABLE 13c. AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH DAILY

PERCENTAGES AND CONTROL LIMITS AS SHOWN

NO .Obs -

533
506
508
Lk9
543
5kg
535
290
280

Lagh

Ave.for
worker

3.75
7.35
9.6h
.23
1.34
7.46
7.20
h.li8
8.9

5.95

95



Element Group: Conversation-personal

Dept. C

Day: 1st 2nd 3rd hith Sth 6th Tth UCL 1CL No.Obs. Ave.for
2s Limits worker
Horker
a 1.6 2,13 1.94 2.57 8.25 L.82 3.06 5.18 1.62 533 3.35
b 0.0 0.0 2,06 3.6 8.5 0.0 19.h 6.3k 2.66 506 .55
é 0.0 2.29 0.0 3.89 1.l 1.55 3.1 2.97 0.63 508 1.76
d b7 1.3 2.15 0.0 3.23 3.38 0.0 3.32 0.68 Lh9 2.12
e 0.0 3.11 2.0 6.25 13.15 6.6 3.03 6463 2.97 543 L.80
f he33 12.1 L0k 10.L 5.2 6.35 7.87 9.52 5.08 5h9 7.3k
g 3.13 6.2 9.8 12,33 13.0 6.6 9.07 11,02 6.18 535 8.60
h — - -— 8.6k 1.0 5.89 '3.0% 8.20 2,80 290 5.52
3 — (- - 745 L0 10,0 .18 9.35 3.L5 280 6.h3
Ave,for
the day 1.89 3.95 3.05 6.31 6.8 b9 5.76 L.86
UcCL 7.15 6.7h 6.69 6.63 6.71 6.85 6.82
LCL 2.85 3.26 3.31 3.37 3.29 3.15 3.18
No.Obs. 410 628 667 713 649 556 571 1519l

TABLE 13d. AVERAGES FOR THE DAYS AND FOR THE WORKERS DAILY

PERCENTAGES AND CONTROL LIIMITS AS SHOWN.

LS



Element Groups Direct Work

Dept. D
Day: 1st 2nd 3rd Lhth Sth UCL ICL Avesfor NosObs.
3s Limits worker

Worker
a 57.8 77.0 70.L 67.4 80.0 88.2 51.8 69:6 286
b Shahy 3.6 58.8 55.h 71.1 76.5 37.5 5647 291
c 7545 L6.7 67.1 79.1 83.7 89.5 545 72.5 295
d L7.0 53.h Lh.9 59.0 60.0 73.0 31.0 52.4 256
e 15.0 50.0 L9k 155 66.1 66.2 278 h6.9 303
f 7.1 80.5 h5.7 h3.2 65.25 75.7 36.3 56.5 285
4 57.5 66.6 76.4 777 50,0 91.65 58.35 7545 305

Ave,.for

the day  Sh,75 59.1 59.8 61.1 Thel 61.6

ucL 77.2 85.3 76.5 76.6 93.6

LCL 32.8 32.7 L3.L b5l 5k

No,Obs. 314 220 552 620 }15 2021

TABLE 1lha., AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH

DAILY PERCENTAGES AND CONTROL LIMITS AS SHOWN.

B3



Dept. D
Days: 1st
Worker
a L2:0
b 43,5
c 16.33
d 53.0
e 82.5
f 8.9
g 40.0
Ave.for
the ‘day L0,k
UCL ShoSh
LOL 25,146
No. Obs. 31k

2nd

15.h
61,6
33,3
40.0
hh.5

545
30.6

32,3
48.62
15.38

220

Element Group?

3rd

28.L
35.0
29,3
52,2
18,2
27.15
19.1

33.7

k.68

23.32
552

hth

29.2
Lo.h
13,2
33.3
18,9
295
12.2

29.5
39.2
19.8

620

Sth

20.0
26.7
11.62
10.0

32.2

19.6

2,0

20.9
33.1k
8486

315
TABLE 1lib, AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH

Supporting Delays

UcL LCL
2s Limits

39.86 16.14
51478 26422
30.42° 9.58
57.88 30,12
62.36 36.6k
31.8 10,2
27.8h 8.16

DATLY PERCENTAGES AND CONTROL LIMITS AS SHOWN.

Ave for
worker
28.3
39.2
20.3
43.8

19.5°

21.0

61.6

NO .Obs .

286
291
295
256
303
285
305

2021

65



Dept. D

Day: 1st

Worker
a 0.0
b 2.1
¢ 0.0
d 0.0
e 2.5
£ 15.55
g 2.5

Ave,.for

the day 3.23
UCL 8.kt
1CL 0.0

No.Obs. 31k

2nd

3.8
2.5
1.16
1.h5
1.2
2h.3
b5

5.46
13.7
0.0

220

TABLE 1lhc.

Element Groupt Personal Delays

3rd

0.0
2.5
1.16
1.h5
1.2

2h3
L5

L.71
9.L6
0.0

552

DAILY PERCENTAGES AND CONTROL LIMITS AS

hith

1.13
1.05
1.1

3.85.

0.0
26.2
10.1

6.13

11.1h
0.86

620

Sth

0.0
0.0
2,3
0.0
0.0

15.15

8,0

3.81
9.50
0.0

315
AVERAGES FOR THE DAYS AND FOR THE WORKERS WITH

SHOWN .

UCL 1CL
2s Limits
bbby 0.0
5.2h 0.0
5.70 0.0
.16 0.0
30.6 9k
12.18 0.0

Ave.for
worker:
0.7
137
1.77
1.9
1.29
20.7

Fag
.

<o
1

N0.0bS.

286
291
295
256
303
285
305

2021



Dept. D

Days 1st

Worker
a 0.0
b 0.0
c 8;17
a 0.0
e 0.0
f L.h5
g 0.0

Ave.for

the day 1.62
UCL 3.58
ICL O.b2

No.Obs. 314

DATILY PERCENTAGES ARD CONTROL LIMITS AS SHOWN.

Element Group:

2nd 3rd
3.8 1.1
3.8 3.7
13.3h 2.Lk
3.3 1.h5
0.0 1.2
0.0 2.85
0.0 0.0
3.1 1.79
3.89 3.19
o.11 0.81
26 552
TABLE 1ld.

lith

2.27
3.15
6.6

3.85

5.6
1.1

0.0

3.27
3.12
0.88

620

Sth

0.0

242

2.34
0.0

1.7

0.0

0.0

0.89
3.58
0.h2

315
AVERAGES TOR THE DAYS AND FOR THE WORKERS WITH

Conversation-personal

UCL 1CL
28 Limits
2.77 0.03
ho73 0.87
8.0h 2.7
3.60 0.20
L.01 0.59
3.36 0.2h

b

Ave.for
worker
1.4
2.73
5.3
1.9
2.31
1.8

0.0
2.25

No. Obs.

286
291
295
256
303
285
305

2021

19



Element Groups Direct Work Supporting Delays Personal Delays Conversation Total Out

Personal of
Dept. A Points Beyond
Worker-Limits 0 1 3 7 11 92
(A11 Days) .
Daily-Limits 2 13 L i 33
(A1l Workers)
Dept. B 0 0 1 10 11 16
3 l 2 20 29
Dept. C 3 1l 2 26 45 228
10 18 L 38 70
Depts D 5 10 2 15 32 140
L 1k 6 21 45

TABLE 1lhe. PBINTS (REPRESENTING WORKERS! DATLY AVERAGES)
BEYOND CONTROL-LIMITS GIVEN IN TABLES 11-12-13-1h (a,b,c;d)

9



DAY:
1st
2nd
3rd
Lith
Sth
6th

Tth

DgEt'. A

p=7h.0
ucL LCL

#81,16 66,84
7732  69,68%
T7.43 70,57
77.66  70.3h

Element Group:

Depts B
$=80.0
ucL LCL
84,70  75.30
83.15  76.85
83.17 7683
82.88 77.12

Direct Work

Dept. C

p=69.0
UcL 1oL
73.57  6lL.li3%
72,69 65,31

#72,58  65.42

72,146 65.5h
72,62 65.38
72,92  65.08
72.87  65.13

95% Confidence Level

Degt-. D

p=62,0
UCL

67.16
68,55
66,11,
65.90
#6716

TABLE 15a. CONTROL-LIMITS, BASED ON GRAND AVERAGES (p) AND

TOTAL NUMBER OF OBSERVATIONS FOR THE DAY.

#Point beyond limit, on the side indicated.

UCL
56.5lp¢
55.45
57.86
58.10
5645

€9



DAY:
1st
2nd
3rd
Lith
Sth
6th

T7th

Flement Group: Supporting Delays

Dept., A Dept, B Dept, © Dept. D

p =19.0 p£22.0 P=20.0 P=31.0
UcL 10L ucL 1oL UcL LCL UCL 1CL
26.04  11.96 15.82  8.18 #23,95 16,05  #36.5 25.5
22.86  15.1h .56 9.l 23.19 16,81  37.57  2L.U3
22,06 15,94 1458 9.&2 23.10 16.9% 35.16 26,8l
22.27  15.73 W3k 9.66 23.0 17.0 34.92 27.08

23.1h 16.86 36.5
23.34 16.66

95% ﬁmxfidence Level

TABLE 15b, CONTROL~LIMITS, BASED ON GRAND AVERAGES (p) AND
TOTAL NUMBER OF OBSERVATIONS FOR THE DAY,

#Point beyond limit, on the side indicated.

25.5%



Element Group:

Dept.A Dept. B
P=l.0 P=5.5
DAT: UcL LeL ucL LCL
1st 7.20 0.80 8.20 2.80
2nd 5.93 2.07 7.31 3.69
3rd 5.53 2.47 732 3.68
hth 5.63 2437 7416 3.8h
Sth
‘6th
Tth

Personal Delays

Dept. ©

. P=6.0 .

UCL 1cL
8.39 3.61
7.93 k.07
7.87 4413
7.81 h.19
7.89 L1
8.05 3.95
8.02 3.98

95% Confidence Level

DeEt. D

P=5.0
UCL

7+45
7+9h
6486
675
T4li5

TABLE 15c. CONTROL-LIMITS, BASED ON CRAND AVERAGES (§) AKND

TOTAL NUMBER OF OBSERVATIONS FOR THE DAY.

LCL
2.55
2,06
3.1h

2.55

89



DAY
1st
2nd
3rd
Lth
Sth
6th
7th

Element Group:

Conversation-personal

Dept. G .
o p=5 .o%
7.15  2.85%
6.7Th  3.26
6.69  3.31%
6.63 3.37
#6571 3.29
6.85 3.15
6.82 3.18

95¢ Confidence Level

Dept. A Dept. B
gggﬁﬂs .0 - -@Eﬁz;s -
5.78  0.22 h.32  0.68

#0,.68 1.32 3.72 1,28
h.33 1.67 3.73 1.27
b2 1.58 ¥3,62  1.38

TABLE 154,

#Point beyond limit, on the side indicated

DgEt 03 D

‘UCL

3.58
3.89
3.19
*¥3.12
3.58

CONTROL-LIMITS, BASED ON GRAND AVERAGES (p) AND
TOTAY, NUMBER OF OBSERVATIONS FOR THE DAY.

ICL.
0.h2
0.11
0.81
0.88
0.h2



DEPT. A

S —————o————

954 Confidence Level

Element Groups Direct YWork Supporting Delay Perscnal Delay Conversation-other
Points Foints Points & Points
Total Arove Below  Above ‘Below Above Below Above Below
Worker Points YL L UCL LoL ucL L UL LCL
b 4 2 2 - 2 3 1 2 1
£ 2 2 - - 2 -— 2 - 1
c L - 3 h - - 2 1 1
e L h - - 3 - - - 2
a L 1 3 3 1 - 3 2 -
d N 1 - - 3 1 - z 1
Total: 20 8 7 1 bW 8 7 _ 6
18 18 12 13

'TABLE 16a.. POINTS (REPRFSMTIKG WORKERS'® DAILY AVERAGES)
BEYOND FLUCTUATING CONTROL LIMITS » GIVEN IN TABLE 15

69



DEPT. B

95% Confidence Level

Element Group: Direct Work Supporting Delay Personal Delay Conversation-other
Points Points Points Points
Total Above  Below Above Below Above Below Above Below
Worker Points ucL 1CL UCL o UCL ICL UcL UCL
h 2 1 1 1 - - 1 - 1
e 3 2 - - 1 1 - - 3
b L - L L - L - 2 2
c h - - 3 - 3 - 3
a k 1 - 2 - - 3 - 2
4 - - - 1 - 1 2 -
d L 1 - - 2 1 1 - 3
£ L 2 1l - 3 - 1 1 1l
Totale 11 6 i 10 6 10 5 15
17 17 16 ' 20

TABLE 16b, POINTS (REPRESENTING WORKERS® DAILY AVERAGES)
BEYOND FLUCTUATING COMTROL-LIMITS, GIVEN IN TABLE 15
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DEPT. C

95% Confidence Level

Element Group: Direct Work Supporting Delays Personal Delays Conversation-other
Points Points Points Points
Total Avove Below Above Below Above Below Above Below
Worker Points UCL 0L ucL 1oL UCL oL UCL ICL
a 7 6 - - 6 1 h - S
h L - 2 2 - n 3 1 1
b 7 2 3 3 1 3 X 2 L
a 7 2 3 1 1 L 1 5
g 7 - Iy 1 1 3 - L -
3 L 1 1 s R 3 | 2 - 2 -
£ 7 1 6 s 1 3 1 3 -
c 17 L L 1 L - - 6
8 7 6 - b 6 - 7 1 L
Totalt 20 22 20_ 20 18 20 L 25
42 ' 4o ’ 38 39

TABLE 16¢. POINTS (KEPRESENTING WORKERS' DAILY AVERAGES)
BEYOND FLUCTUATIKG CONTROL-LIMITS, CGIVEN IN TABLE 15.
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Element Group:

e

m o+ . M

o

Total
Worker Points-

55
s

5
5
5
5

5

Totals

DEPT. D

Direct VWork Supporting Delays
Points Points
Above Below Above Below
L _LL ueL 1oL
- I 3 -
3 - 1l 2
- 3 L -
2 2 - L
I - 1
1 3 -
k 1 - 3
i) _13 13 11
27 2

Personal Delays

Points
Above Below
L 1L
- h
x 1
- 3
5 -
- h
- 5
- k
7 2
28

TABLE 16d. POINTS (REPRESENTING WORKERS' DAILY AVERAGES)
BEYOND FLUGTUATING CONTROI~-LIMITS, GIVEN IK TABLE 15,

Conversation-other
Points
Above Below
ueL I0L
1 2
- 5
1l 2
1l 2
- .2
2 -1
3 -
-8 1l
22

0L



Dept. A
Day:

Elament Croups

Productive
Absent
Delay
Elements

1

2

3

ha

b

No.Obs,

TABLE 17a. DAILY PERCENTAGES

1st

81.34
2.67
15.99

12,67
26.67
16.67
3.33
1.33
6,00
4,00
2,67
0.67
2.66
19.33
1,00
150

2nd

67.48
8.25
2h.27

8.26
26.92
13.12

9.2h

5.33

11.63

3.15

8.25

0.7k

3.15
14,55

2.66

a2

3rd

67.60
13,10
19,30

11.65
22,80
12.20
6.91
2,93
5.5
3.28
13.10
0.35
3.83
15.50

549

lith

76,90
5473
17.37

12,72
26,12
13,72
6.25
3.12
2.72
2.95
5.73
0.36
2.3
1.62
2.26
576



TABLE 17b..

Depts A
Days:

Element CGrouos

Productive
Absent
Delay
Elemen‘é&

1

2

3

ka

hb

No, Obs.

1 day

81.34
267
15.99

12,67
26,67
16467

3:33

1,33
6400
4,00
2,67
0467
2,66
19.33
L4400

CUMULATIVE PERCENTAGES

2 days

71.23
6.76
2201

9445
26,90
14410

766

Le27

Lh98

3.38

6476

0.70

3400
15,80

3.00

562

3 days

9.50
2068

10,54
2485
1315
7430
3460
5423
3433
990
051
3.h2
15.65
2452
i1

72

L days

7109’4
8.17
19.59

1125
25.22
13.32
6.94
3ibihy
6,82
3.23
8.h7
07
3.08
15.33
2.3
1687



TABLE 18a, DAILY PERCENTAGES

Dept. B
Days 1st 2nd 3rd lith
Element Groups
Productive 79495 78,57 7950 16.92
Absent 2.1 2.80 3.37 1.30
Delays 17.6h 18.63 17.13 21.78
.Elgments
1 13.80 12,h0 1140 13.50
2 23,10 21.50 28,30 23.40
3 20,30 17.20 14,05 12.85
La leli8 6.35 3.96 5.33
A 1472 1.ko 1,90 3.77
g 6490 5429 7.02 3.77
6 3479 3,10 5427 5.06
7 2441 2.80 3.37 1.30
8 1.0k, 1.55 1,61 0.7k
9 6+20 8,08 1,98 10.h0
12 2.1 3459 2,78 2.86
13 11.05 3 13,75 13.00
. 2,76 2.33 1,61 .02

No.Obs, 290 6L5 683 769



TABLE 18b, CUMULATIVE PERCENTACES

Dept. B
Dayss 1 day

Element Groups

Productive 79495
Absent 2.1
‘Delays 17.64
Elements
1 13.80
2 23.10
3 20,30
La h.18
v 1.72.
5 6,90
6 3.79
7 2.1
8 1.04
9 6.20
12 2.4
13 11,05
L 2,76
No.Obs. 290

2 days

79403
2.67
18.30..

12.84
22,00
18,20
5.77
1.50
5.77
332
2.67
1.39
7450
3.22
13.36
2.6

935

3 days

79460
3.00
17.h40

12,25
2k.63
16,43
5.00
1.66
6.32
Lol
3400
1.48
6.43
3,02
13.54
2.10
1618

I days

78470
2’050
18.80

12.62
2l .25
15.28
5.11
2434
5.51
ol
2.50
1.22
7470
2.97
13.3h
2.72
2387

h



Deptie C
Day:

Element Groups

Produetive
Absent
Dglays
Elements
1
2
3
ba
b
5
6
v
i3
8
9
12
13
U
No.Obs.

TABLE 19a,
ilst  2nd
62,5  69.5
19.5 1125
18,0  19.25
6.35  6.85
13.h2 11,75
13.9  16.5
513 L.93
1.88 1,00
18,5  21.5
3.42 4,78
19,0  9.97
0.5 1.28
1.30 2,07
171 1,28
2.4 0,95
Te32  9.59
5.13  h.62
410 628

3rd

5.00
16,9

8.85
12,15
21.2

3.90

'3.15
22,1

2.75

3.50

1.50

1.50

2,10

3.60
10,2

3.50

667

DAILY PERCENTAGES

hth.

66,
7.50
26.1

6.5
13.73

13.31

5,60
6032

19.9

3.8
6.87
0463
1,40
0.96
.51
10,65
Sel7

713

Sth

67.8
9.10
22,8

8.02
16.8
7455
L93
6,78
26,05
2,77
8.32
1,08
0.60
2,00
3.70
6,78
k.62

6L9

6th

69.0
8.00
23,0

7400
17.1
7.90
6.11
5.03
27.5
1,68
5475
2.25
1.25
1.25
3.0
7.00
3.77

556

75

7th

68.7
9.10

Sl
13.3
6.8
k.21
5496
15.1
L.21
7.18
1,92
1.05
0.33
2392
2740
.90

571



Depts C
Dayss

Elemant Groups

Productive
Absent
Delays
Elements

1

2

3

ha

i

Na Nhe

TABLE 19b.

1 day

62.5
19.5
18.0

6.35
13.h2
13,9

5,13

1,88
18.5

3.2
19:0

0.5

1.3

1.7

2.4k

7e32

5.13

k10

CUMULATIVE PERCENTAGES

76

2days 3 days L days & days 6 days 7 days

66.7
.5
18.8

6.6k
12.6
15.2
5.01
3.21
20.3
h.23
3.k
1.06
1.76
1.54
1.5h
8.66
4.8
1038

112
10.8
18.8

7:52

12, ,3.2

17.53
W57
3.17

21,0
3.7
9.5
1.25
1.69
1.82
2.28
9.27
h.28

1705

697
9.8
20.5

7+20
12,82
16.3
4.88
.10
20.65
3.72
8.72
1,08
1.57
1.53
3412
9.68
L.63
2438

69.4
9e7
20.9

7438
13.68
s, h6

4,90

4,67
2184

3.52

B.05

1,08

1,3h

1,63

3.1k

9.07

L.6h

3067

694k
9.5
21.1

7+32
1h.2
13.h2
5.08
k72
22.7
3.70
8.20
1,25
L.hh
1.57
31k
8.75
51
3623

69.2
9.
21.h

7.06
1,07
12,5

1496

4.89
21.63

377

B8.06

1.3L

1.31

.2

3.23
11.21

hi55

Lok



TABLE 20a, DAILY PERCENTAGES

DGEt « D
Day: 15t 2nd 3rd hth 5th

Element Groups

Productive 2.2 590 5918 611 7hi3
Abgent 18,7 12,4 17,05 16,7 6.7
Delays 19,1 28.6 23,2 22.2 19,0
Elements
1 7.8k 6.82 12,7 9,2 13.0
2 1345 145 1643 19.2 21,25
3 U7 0.0 a7 6,61 12,4
ha 9.55 6436 9.78 5,00 9.8k
Ib "T.55 3.13 1.84 3.16 0,91
5 9455 1,09 6.70 U 8.25
6 2.5 1409 2,90 3.39 2,54
7 18,7 12,4 17,05 16,7 647
8 1490 3413 2,90 1.22 0,68
9 2,21 5691, 2,15 2,58 3.17
12 2,70 9,39 3.98 BeSL L0
13 9.55 23.6 1.3 17.h 15.55

1 2,15 5463 b.70 614 3.81
No.Oba., 108 220 552 620 315



Depts D

Dayss

Flement Groups

TABLE 20b.

1 day

Productive

Absent

Delays

Elements
1

v O~ W

12

13

1]
No.Obs.

18.7
19.1

7.8k
13.h5
1h.7
9.55
1.95
9.55
2.5
18.70
11.90
2,21
2.70
9.55
2.5
1,08

CUMULATIVE PERCENTAGES

2 days

61.1
16.5
22,0

Teli9
1415
9455
8,
2.3L
7.65
3.02
16.5
l1430
3.50
5,10
.16
3.50
628

3 days

60.5
16,7
22.8

9.92
15,17
729
92.08
2,12
7420
2.96
16.7
3.6L
2.88
.57
hody
4.07
1180

L days

6047
16.7

9.67
16,55
7.05
7467
2.49
6140
2.3
16,7
2,80
2,78
k.55
15.h5
L.78
1800

76

5 days

62,6
15.3
22,1

10.15
17.25
7.85
8.00
229
6.66
3.02
15.3
2.0
2,84
4.16
15,45
163

2115
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ACTIVITY KEY
DATE:
DEPARTMENT: 1 Writing operations 8 Use telephone
REMARKS s 2 Handle papers 9 Counter service
3 Operate office ‘eqpt.». 10 Walt on customer
li Conversation 11 Hake sale
5 Filing 12 Delay
6 Walking 13 Misc.
7 Absent 1l Relax
Worker .Cycle




CONCLUSION

In the present investigationy the main attention was directed
towards estimating the rates of different types of non-productive
activities of a group of clerical workers; a field generally believed
to be outside the domain of the time study analyst. For the first
time, the qualitative approach of sampling has made it possible to
obtain hitherto unknown detailed information about the work
performance of white collar workers.

The findings of this study show that, as an averapge of the four
departments, about 20 per cent of the working time was reported as

90

"gupporting delays.” The total personal delays, including the official

rest periods, constituted approximately another 15 per cent of the
working time, The level of efficiency, by simple subtraction, was
65 per cents This may represent a satisfactory level to some
managements, The need for certain amount of ﬁon«-productive activity
for optimal results may also be recogniged. But the fact still
remains that a program of work simplification in the offices is as
much of a necessity as the standard methods in industrial opeéationa.*
This alone, without upsetting the delicate balance of human
physiological limits, could lead to higher levels of efficiency so
essential to an economy where electronic brains are threaténing to
replace human beings.

A E‘ew remarks in comnection with the design and executior{ of
the sampling pian and its effect on the results are in order,; In
the present study, a scheme of systematic sampling was emplo:,fed,
but this, by no means, rules out the use of random sampling m
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similar studies. In fact, if the study could be conducted over
a longer period, a combination of systematic and random sempling
would yield better results. The experience further dictates.the
necessgihy of observing a bigger group of workers with a better
standardiaation of work methods and functions: This mesns an
essentially homogeneous population, a condition not, obtained in
the present studys & single homogeneous population is also
necessary if an aneslysis of variance is to be employed to study
the variation among workers and among periods of time.

The correct determination of the cause of absence of a worker
from the department is a problem that deserves greater attentiong
whenever such delays are frequent and long: In such a situation; a
better understanding of the work procedures is necessary.

The frequency distribution curves are not binomially distributed,
for reasons mentioned under "Discussion of Results." Rather than
assume a binomial distribution, it is possible to take averages of
sample groups and apply the central limit theorem which states that
the averages will tend toward a normal distribution, regardless of
the underlying distribution. One way to accomplish this would be to
break down the working day into periods of sultable lengths of time.
These periods would then represent sample groups which could be used
for control charts, A stratified sampling should be employed where
the probability of an event is suspected to vary from one period to

another,



g
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