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PREFACE 

This thesis is concerned with developing a procedure whereby the 

industrial organization is able to determine, within the constraints of 

its own production environment, the most economical work measurement 

technique to use to study a particular human task. By application of 

the Delphi Method of questionnaires and controlled feedback, the various 

costs and benefits of each available technique may be established. An 

economic analysis model is then developed to determine the expected net 

present value of any given labor standard established by any of the dif

ferent techniques at hand. The resulting information is designed to 

assist the person responsible for the work measurement function in 

selecting the economically optimum technique to use to develop the stan

dard time for the job under consideration. 
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CHAPTER I 

INTRODUCTION 

The Problem 

Throughout industry many resources are devoted to the establishment 

and maintenance of labor standards. For years administrative decisions 

and judgments have been made concerning which of the many techniques 

available should be used to set the standard for a particular task, but 

no predictive, economic model for this situation has been developed. 

Some maintain that labor standards should be as accurate as possible. 

These individuals do not take into account the data acquisition costs. 

Others say that labor standards should be developed and maintained with 

a minimum of expense. This argument does not consider the possible 

advantages to be obtained by a more thorough and, in most cases, more 

costly investigation of the task under consideration. This thesis will 

develop a procedure whereby the industrial organization can determine, 

within the constraints of its own operating environment, the most 

economical work measurement technique to use to develop the labor 

standard for any specific job. 

It should not be inferred that the economic consequences of work 

measurement have been ignored in the literature. Indeed, economy of 

production is at the very heart of such a program. In general, however, 

publications on this subject may be divided into four categories: (1) 

those who cite the general economic advantages of work measurement, 



(2) those who stress the need for accurate results, (3) those who 

stress the need for economy of application, and (~) those who have 

attempted to reduce the cost of applying a particular technique. 

The General Advantages of Work Measurement 

The general advantages of a work measurement program itself have 

been cited often. For example, Aquilano (3, p. 51) and Salling (58, 

p. 63), although their individual figures differ slightly, report that 

manufacturing operations without labor standards (daywork) experience 

productivity ranges from 50% to 70% of normal, where "normal" is 

defined in terms of the productivity that would be expected if the 

operation had been studied and a labor standard established. Under 

measured daywork situations, where work measurement has been applied 

and both the worker and his supervisor know the standard time for the 

job, but where incentive payment pl.ans are not in force, this produc

tivity increases to 70% to 90% of normal. With the introduction of 

incentive payments, they report that production ranges of 120% to 135% 

of normal are observed. 
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These figures tend to support arguments in favor of establishing a 

work measurement program, including the introduction of wage incentives. 

It is not the purpose of this thesis to either justify or condemn such 

a concept. It will be assumed that this decision has been made pre

viously, that a work measurement program is currently in force, and 

that it is now desired to economically optimize the application of this 

program to specific job studies. 



Accuracy and/or Economy 

Current publications concerning labor standards tend to stress 

either the need for accuracy or the need for economy. For example, 

Kadota (40, p. 4.o9) states: 

Standards must be as accurate in measured daywork as in 
wage incentive plans. One reason is that measurement by an 
incorrect scale leads to wrong judgements and actions. A 
second reason is more psychological. In measured daywork 
unless operators and foremen have confidence in the stan
dards, they are not strongly motivated to increase their 
performance. Thus, the standards must be set accurately, and 
this accuracy must be 'sold' to the operators and foremen. 

J 

The question of whether, in specific individual applications, the costs 

of wrong judgments, actions and lower motivation may be greater than or 

less than the cost of obtaining the "accurate" standards is not 

considered. 

Fankhauser (20) reports the results of an experiment comparing the 

accuracy of MTM (Methods-Time-Measurement) and the stop· watch procedure 

originated by the German Work Study Society (REFA). On page 55 he 

states: 

Therefore, based on the listed comparisons it may be 
concluded that the MTM rocedure and the REFA sto watch 
procedure yield practically the same normal times author's 
own emphasis]. 

In his summary, he concludes on page 60: 

We have also seen that the normal performance estab~ 
lished by MTM agrees with that of the REFA stopwatch 
procedure and that the accuracy of MTM normal times is very 
good. This latter fact has also been confirmed by others. 
Consequ.ently, MTM normal times, and therefore MTM standard 
times, can be used for all industrial work measurement pur
poses and also as a basis for the payment of wage incentives 
such as piecework. 

We furthermore have seen that the stopwatch procedures 
known to us are fraught with more than one source of poten
tial error and that they do not yield more accurate results 
than the MTM procedure. Substituting MTM for these 



Erocedures could not, therefore, involve disadvantages for 
either the employers or the workers, contrary to the 
apprehensions of some stopwatch advocates [emphasis added]. 

Fankhauser does not present the costs, in terms of application time, for 

either of the two techniques compared. If, as he indicates, the two 

procedures result in practically the same normal time, and if the stop 

watch procedure can be applied in some instances more quickly and easily 

than MTM, then it is quite reasonable to assume that under these circum-

stances the added cost of MTM could outweigh the "potential error" of 

the stop watch. It should be pointed out that in a subsequent article 

he states, without verification, that one of the advantages of MTM is 

"Quicker and more accurate development of standard data and time 

formulas" ( 21 , p. ~5) • From ~ experience this may be true. However, 

the results to be presented later in this thesis do not substantiate 

this relative speed of MTM application when compared to other techniques 

available. His neglect of this possibility becomes even more apparent 

when he states, "Thus work measurement is definitely a practical tool in 

which unnecessary accuracy must give way to economic considerations1.1 

( 21, p. ~6). 

The "economy" viewpoint of work measurement application is to be 

found in the writings of those practitioners who advertise the alleg-

edly high reductions in cost with the use of a particular procedure. 

For example, both Beck and Gibson report on the advantages of work 

sampling in specific instances. Beck (6, p. 22) states, 11Producti vi ty 

was found to improve at approximately the same rate as if standards had 

been set for every operation but at one-tenth the cost. 11 Gibson (25, 

p. 13) states that the many 

••• complications and variables in the work of repair. 
shops would make a system of true engineered standards 



inadequate, costly, and subject to unfair measurement 
practices. The work measurement personnel would be so in
volved in revising old standards and developing new ones 
that little time would be available for improving methods, 
work area layou'ts, or analyzing performance problems. 
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It is not clear why the option of increasing the number of work measure-

ment personnel to handle the heavy workload was rejected. Granted that 

the decision to "engineer" all labor standards would be more "costly" 

than the described procedure, again the savings to be realized, in 

terms of reduced production costs, could far outweigh the additional 

cost of the standards themselves. 

Other examples of the attention to economy may be found. Schmidtke 

and Stier (60, p. 182) state that the development of predetermined 

elemental time systems sprang in part from the desire to "··· determine 

the time factors of a process more thoroughly and comprehensively than 

is possible with the very time-consuming stop watch and the chronograph 

methods ••• 11 In an interview reported in Business Management (37, 

p. 59), William Hodson, president of H. B. Maynard and Company, Inc., 

an international management consulting firm, indicates, "A good 

methods-time-measurement analyst can establish data for chucking and 

truing up parts in an engine lathe in about four hours. The same job 

would take a time study engineer a week to complete." Klein (41, p. 17) 

describes a type of desk calculator designed to calculate element times 

"at the push of a button, 11 and 11 take the man-hours out of time study and 

the drudgery out of industrial engineering. 11 Kopp (43) and Ross (57) 

describe computer programs to analyze time study data, and Stukey (64) 

predicts that in 1980 there will be a centralized computer bank of uni-

versal time data that all industrial engineers will be able to draw upon 

to save time in their work measurement applications. An assumption 
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basic to all of these innovations is that the savings in terms of 

industrial engineering time will more than offset the cost of mechanized 

data analysis. 

The Significance of This Study 

It should be apparent that the person charged with the responsi-

bility for practical application of a work measurement program is caught 

between the desirability of accurate labor standards, with a probable 

high cost in engineering time but improved productivity in the work 

area, and the possibility of savings in engineering time, with the 

concurrent probability of reduced productivity from direct labor. This 

dilemma is further compounded by the claims and counterclaims of those 

seeking to prove the point one way or the other. Perhaps the best 

warning of the attitude of those individuals who try to defend a partic-

ular work measurement procedure as the "~ best way" is given by 

Smalley (62, p. 203) who writes: 

••• responses to work measurement criticism are typically 
reactionary and often irresponsible. This is especially 
noticeable when doubts are expressed or implied concerning 
the reliability, validity, or efficacy of particular work 
measurement plans or schemes in which there are vested 
proprietary interests. Notable among such interests are 
various consultants who •merchandise' their schemes under 
trade names and who feel impelled to defend them at all 
costs. And the costs are usually quite high -- antagonism, 
confusion, and retrogression. These defense campaigns rely 
heavily upon •testimonials' from 'satisfied customers,' 
claims that critics have not been sanctioned or licensed and 
hence do not understand the schemes, and assertions that in 
practice the schemes •work.• The serious student of work 
measurement has reason to be unimpressed with such unsub
stantiated and undocumented pronouncements, whether advanced 
by individuals, firms, or an association unalterably 
committed to the •protection of proprietary rights.• 

The positions of individual practitioners in industry 
are not as easy to identify and describe because they seldom 
express themselves in the literature. It is likely, however, 



that many practicing Industrial Engineers are influenced by 
one or the other of the polarized schools of thought such 
that they become instrumentalities in perpetuating the 
prevailing confusion ••• 
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Salling (58, p. 6~) also recognizes the conflicts in economy when, 

in his discussion of incentive wage payment plans, he states: 

In contemplating an incentive program, many people mis
takenly become preoccupied with the type and cost of the 
work measurement activity. Our experience has indicated 
that in the typical metalworking application the actual cost 
of developing the standard data ranges between 15% to 25% of 
total program cost with the balance devoted to estimation of 
the standards, method improvements, utilization of equipment 
and indoctrination of supervisors, union officials and 
employees, etc. 

Therefore, the work measurement technique employed, 
whether time study or synthetic data, is not nearly as im
portant to program cost and success as the quality and 
soundness of the data developed ••• 

There is no escaping the fact, however, that no matter 
which program is selected, the installation of it will cost 
money. The issue, then, is to select the plan with the 
greatest economic return for each dollar invested ••• 

The determination of this return per dollar invested is the objective 

of this thesis. 

Every industrial organization operates in its own unique 

environment. A procedure that is economically justifiable for one firm 

may be uneconomical for another. It is perhaps for this reason that 

one encounters varying claims of the desirability of a particular work 

measurement program over other alternatives. Whereas, in one company 

MTM may provide the greatest return per dollar,invested in work measure-

ment, in another it may prove too costly to even be considered for use. 

On the other hand, where work sampling has been shown to be the best 

technique by some, the gross nature of the data obtained in this way may 

be unacceptable to different users, with the result that the precise 

elemental breakdown of MTM could be warranted. 
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Rather than trying to justify the advantages or disadvantages of a 

specific work measurement technique either as a "universal law" or even 

as the ~ best technique to use throughout an entire firm, the funda

mental puryose of this study is to describe an investigation procedure 

that will provide a measure of both the costs and the returns to be 

expected from the application of any of a set of available technique 

options. The result of such an investigation will allow the person 

responsible for the work measurement activity to select, for any par

ticular task to be studied, the work measurement technique that will 

maximize the expected net present value of the labor standard for that 

job within that organization's own unique production environment. 
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CHAPTER II 

WORK MEASUREMENT AND THE ORGANIZATION 

Introduction to Work Measurement 

Definition and Scope of Work Measurement 

Work measurement is the appraisal, dimensioning, or evaluation of 

the work content of a human activity in terms of some unit of time. It 

is used to determine how long it should take a qualified and well

trained person, working at a normal pace, to complete a specific task 

under the environmental conditions of the job. As a generic term, work 

measurement applies to a family of techniques used to establish stan

dards of performance expressed in man-hours, man-minutes, or other 

appropriate man-time unit, for elements of human labor. The term 

"time study" is considered synonymous with the term "work measurement;" 

these terms will be used interchangeably throughout this thesis. 

Any work measurement application fol.lows certain principal steps. 

These steps are common to all techniques currently in use, although 

they may differ in the details of implementation. The first step is to 

standardize the work process. This is usually the result of an investi

gation into the methods that could be used to perform the task with the 

selection of the most economical method as the standard. 

When standardization is considered accomplished, the next step is 

to select a worker or, in many cases, a group of workers for study. 

g 
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These workers should be chosen because they are approximately "normal" 

with regard to their performance of the task on which the standard is 

being set. In other words, the workers studied should be neither the 

fastest nor the slowest, but should be those who are as near to repre

senting the pace of the average worker as is possible. Following this, 

the next phase is to observe the task and take the time study. This 

includes selecting a work measurement technique and obtaining a meas

uring instrument and a recording device. During this operation the 

person making the study is required to follow the sometimes complex and 

rapid movements of the workers accurately and, at the same time, analyze 

them to correctly separate the work being performed into its composite 

motion elements. 

Once the readings are taken, the data is usually summarized irt 

terms of some measure of central tendency, such as the mean or modal 

value. During the observation phase, the time study analyst evaluated 

the pace of the workers and obtained an appraisal of the rate at which 

they were working. This appraisal, which should be the result of a 

refined measurement-judgment process, is now transformed into a rating 

factor and is used to adjust the data so that it represents what per

formance ought to be in terms of the so-called normal worker. This 

normal performance is now once again transformed by adding allowances 

for fatigue and various types of delays. These added allowances can be 

based on estimates, actual studies, or, as may often be the case, the 

outcome of combining the efforts of a sound work measurement program, 

human factors engineering, and a well-organized company medical 

program. The final result of all of these operations becomes the 

standard time for the task under study. 
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Work Measurement Technigues 

In the years since the concept of work measurement was established, 

many techniques and procedures have been developed and applied to this 

activity. Some of these methods are quite precise and exact while 

others often do not result in very accurate labor standards but have 

the great advantage of ease of application and low cost. Among the most 

common work measurement techniques are stop-watch time study, work 

sampling, work measurement sampling, micromotion study, memomotion 

study, predetermined time systems, standard data, historical data, and 

estimates. It is not intended that this be an exhaustive enumeration of 

all techniques available or in use. Many firms undoubtedly have 

"hybrid" procedures that take advantage of the characteristics of more 

than one of these techniques; other firms may have developed their own 

"special" technique. The purpose here has been to present a general 

idea of the diverse methodology available. For a detailed description 

of the application procedures, the reader is referred to any of the 

several excellent references available on work measurement (5, 13, 18, 

50, 51, 52, 59, 70). 

The Objective of Work Measurement 

It is difficult to find a concise statement of the objective or 

objectives of work measurement in current literature. In many in

stances attempts to indicate this concept result in a list of the uses 

or advantages of time study data from the parochial viewpoint under 

discussion. For example, Barnes (5, p. 659) lists the following 

purposes of time study: 



A. A basis for determining time standards and establishing 
piecework rates. 

B. A basis for establishing a 'standard day's work' for 
jobs paid on a day-work basis. 

C. An aid in improving methods. 
D. Production planning and control purposes. 
E. Cost-control purposes. 

The United States Army Management Engineering Training Agency (70, 

p. 1-3) states that the objectives of work measurement are threefold: 

1. Supply quantitative information to management for pro
gramming and planning work and for scheduling the use of 
manpower and facilities. 

2. Provide quantitative information to management for 
appraising the organization and for evaluating the 
status of the various operations. 

3. Furnish data to management for use in controlling costs, 
operating effectiveness, and manpower requirements. 

It is undoubtedly true that work measurement can serve all of the 
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purposes listed above. However, the basic service provided by any work 

measurement application is to establish the relationship between the 

normal time required to perform a task and the work method used in 

accomplishing that task. Management must base its decisions on facts 

if results are not to be left to guesses or opinions. A work measure-

ment program provides these facts. It provides a means for comparing 

what should be produced (the standard) with what was actually produced. 

It furnishes information that allows supervisors to measure operational 

effectiveness and to take corrective action in areas where problems are 

indicated. The fundamental objective of work measurement is, then, the 

reduction and control of costs. It is a central theme of this thesis 

that work measurement is an instrument for cost control. The use of 

any of the various time study techniques should be aimed at reducing 

operational expenses. Each application of work measurement within the 

firm should, therefore, be expected to show some measure of return for 
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the costs incurred. It is the determination of this return, or lack of 

it, that is the objective of this investigation. 

The 11Credibili ty11 Factor 

It was pointed-out in the previous chapter that one may find wide 

disagreement concerning the desirability of any given time study pro-

cedure. Behind many of the objections to the use of a particular work 

measurement technique is what might be called the technique's 

"credibility." Many types of errors can (and probably do) enter into 

the final determination of the standard time. Fankhauser (22, p. 67) 

states that these errors enter into the process in either the deter-

mination of the normal time or in the application of allowances. He 

writes: 

Since a standard time is made up of various components, 
a loose standard time can, therefore, result from quite 
different causes. An error in the normal time can thus be 
attributed to one or more of the following reasons: 

(1) Error in the actual measured time, 
(2) Error in performance rating, 
(J) Failure to make an operation analysis to define the 

work method, 
(4) Failure to follow the prescribed work method, 
(5) Creeping method changes, 
(6) Use of the wrong cutting speeds and feeds, 
(7) Use of the wrong cutting tools, 
(8) Use of the wrong material, 
(9) Design changes in the product, 
Etc. 

On the other hand an error in the delay allowances can 
result from one or more of the following reasons: 

(1) Allowances that are incorrect in themselves, 
(2) Allowances that are correct in themselves but are 

either not required or are only partially needed by 
the worker because the corresponding 'lost time 
activities' occur partly or entirely during paid 
breaks or during periods for which time is included 
in the normal time such as during process times, 
or while a relief operator is continuing production 



although the regular worker is attending to his 
personal needs, 

(3) Use of unavoidable delay allowances that were 
determined on the basis of more difficult materials 
than are currently used, 

Etc. 

Concerning the reasons for inconsistency in standard times derived from 

predetermined time systems, Frederick (2~, p. 18) states that this may 

be caused by a number of factors, including: 

1. Inexperience of the analyst. 
2. The tendency to stray or vary from the motion and classi

fication theories as conceived by the designers of the 
system being used. 

3. Errors or faulty interpretations in application of the 
motion classifications, such as position, apply pres
sures, assembly tables, etc. 

~. Attempts to interpret motion classifications in the light 
of the production that the analyst expects the particular 
operator to achieve. 

In addition, it is still as true with predetermined time 
systems, as it has been with stop-watch methods, that a major 
contribution to inconsistent standards is the human inability 
to determine, in an absolute sense, the 'one best method. 1 

Similarly, inadequate or erroneous statistical studies 
of non-cyclical elements and cyclical occurrences will tend 
to reduce the accuracy of the standard being established. 

To the above sources of error might be added the tendency of the time 

study analyst to intentionally set a "loose" standard either because he 

himself does not have confidence in the technique used in its develop-

ment or because he does not want to have to "defend" the standard 

should it be criticized for being too "tight" at a later date. Al though 

some time study theoreticians may strongly argue this point, espe-

cially in those situations where the work measurement program is 

allegedly 11 sound, 11 the only persons who will know for certain whether 

loose standards are developed in this manner are, of course, the 

analysts themselves. Therefore, the possibility of this occurring must 



still be considered, even though it is definitely an undesirable 

practice. 
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The errors attributable to work measurement determine, then, the 

credibility of the labor standard itself. This credibility will gener

ally increase with either an increase in statistical accuracy and/or an 

increase in the amount of detail inherent in the work measurement tech

nique used. It is one of the contentions of this thesis that the value, 

or potential value, of time study data is directly related to the credi

bility of the particular technique. If a technique produces highly 

credible results, it should be rather accurate; if its credibility is in 

question, its results are probably less accurate, although there is no 

definite proof that in specific cases this will be true. 

The Value of a Labor Standard 

Usefulness Versus Va!ue 

As has been indicated, the labor standard, by itself, is simply a 

measure of the amount of time required to complete a task under a 

"normal" set of conditions. Within any given organization, there are 

many~ for this data. All levels of supervision require quantita

tive information in order to function. The types of information that 

they require is almost limitless, but one of the most important is con

cerned with the dimensioning of work in terms of time. Where a formal 

work measurement program has not existed, these managers have tradi

tionally relied upon rules of thumb, initial experiences, judgment, and 

even outright guesses to determine this dimension. Regardless of the 

source of the information, however, tfiis thesis will take the viewpoint 

that it is~ a function of any production activity, other than the 
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originator of the labor standard, to be concerned with the relative 

accuracy of that standard. In other words, once the time for a task has 

been established, either formally or informally, all individuals having 

a need for this information must use it as though it were 11 100% 

accurate." The reasoning behind this assertion is not difficult to see. 

There are two mutually exclusive categories of erroneous labor 

standards: either (1) the standard is too "tight," i.e., not enough 

time is allowed for the worker to perform his job or (2) the standard 

is too "loose" and the worker is allowed more time than he needs. In 

addition, labor standards are used as the basis for either measured 

daywork or incentive payment production. Regardless of the situation, 

if the labor standard is too tight, the worker will complain until it 

is changed. However, if.the standard is too loqse under the measured 

daywork condition, it becomes a self-fulfilling prophecy since this is 

the amount of time that the.worker will probably take to do the job • 

. On the other hand, under an incentive payment plan, if the standard is 

too loose the worker will probably take less time to do the job but the 

firm will be paying more in incentive premiums than it should. In 

either case, a loose standard is costly to the organization. However, 

until it becomes obvious that it is in error, it will not be changed. 

Therefore, all production functions must use the information as given. 

If the standard is subsequently found to be incorrect and is adjusted, 

these activities would then alter, if necessary, any decisions based on 

the original standard. 

It is important for the reader to recognize this difference between 

the usefulness of the information and the value of the information 

provided by a labor standard. There are many organization activities, 
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such as inventory control, cost accounting, personnel, etc., that have 

uses for this data. Where no work measurement program exists, someone 

must still estimate this dimension in order that these activities may 

plan and function. There is, however, no tangible value to be found 

through these activities by increasing the accuracy of this estimate. 

They must use the best information available, regardless of its origin. 

The Source of Value 

If the value of a labor standard cannot be derived from its various 

uses throughout an organization, where, then, does this value lie? It 

has been stated that the fundamental objective of work measurement is 

the reduction and control of costs. This objective is attained by 

attempting to reduce the number of unproductive man-hours in the shop, 

through the determination of the best method of performing a task and 

the amount of time that the worker needs to accomplish this task. It is 

the basic premise of this thesis that the only real measure of the value 

of a particular labor standard is the number.of direct labor man-hours 

that are saved because the labor standard itself is in force. This 

value will be directly related to the credibility of the standard, which 

in turn is directly related to the credibility of the technique used in 

its development. In order to obtain a measure of this value, then, any 

procedure used for the economic analysis of work measurement must be 

able to determine the credibility of any of the various work measurement 

techniques available. This credibility must then be compared to the 

credibility of the source of the information if no formal labor standard 

were developed. The value of the labor standard is then derived from 

the difference in these credibilities in terms of the savings in 



unproductive direct labor man-hours that result from the use of the 

labor standard data. 
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As an example, consider a production situation where the cost of 

direct labor is six dollars per hour. It has been stated previously 

that even where no formal work measurement program exists, someone must 

still estimate the amount of time that it will take to complete a job. 

Assume that iri this case it is the foreman and that he estimates the job 

under consideration to take one man-hour. The logic that went into this 

estimate is of little importance, since barring any information to the 

contrary, it is the figure that must be used. Now assume that the job 

is studied by a work measurement analyst and, because of better work 

methods design among other factors, the standard time for the task is 

found to be forty minutes. This situation is shown in Figure 1 •. Using 

the foreman's estimate, the cost of the job was six dollars per 

repetition. By application of work measurement, this cost is now re

duced to four dollars per repetition. The value of the labor standard, 

due to the savings in direct labor·time, is the difference in these 

amounts, or two dollars per repetition of the task. 

It should be pointed out that the engineered standard is probably 

not perfect; i. e., if more time had been spent by the analyst studying 

the job and seeking improvements in the work methods, the standard time 

could probably have been reduced even further. There is, therefore, a 

"cost of ignorance" inherent in this labor standard, a cost that the 

procedure to be developed in this thesis will attempt to determine. 

However, it is readily seen that even though the standard and the asso

ciated work method are not perfect, there is real value accruing to the 

organization from the knowledge this information supplies. 
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The Costs of Labor Standards 

A labor standard in use did not come about automatically. Someone 

must have investigated the job, developed the standard, and recorded 

the results. The development and maintenance of labor standards results 

in a cost to the organization. The purpose of this section is to dis

cuss the areas of these costs. 

Methods Design and Methods Improvement 

in Perspective 

In determining any labor standard by any of the various techniques 

available, some amount of methods design (or at least methods analysis) 

is needed. Methods design is the name given to the procedure used 

"··· for finding the preferred method of doing work" (5, p. 4,). Before 

any time study is made, the analyst determines, with varying amounts of 

detail depending on the situation, what he considers to be the best way 

to perform the operation under study. This determination is the methods 

design phase of the work measurement activity. Its purpose is to find 

"••• the ideal method, or the one nearest to the ideal that can actually 

be used. We call this the preferred method" (5, p. 8). It is this 

method that the operator uses when the analyst studies the job to deter

mine the standard time. 

The anticipated result of methods design is to save the operator 

time, reduce the amount of work required by him, increase his produc

tivity, lower labor costs, improve product quality, or any combination 

of these. Methods design is an integral part of work measurement. The 

different techniques available for work measurement each have different 

requirements for detail in the methods design phase, ranging from quite 



general "impressions" concerning what work procedure should be used to 

an extensively detailed analysis of finger movements. 
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Methods improvement, on the other hand, is the process of finding 

a better way to do a job that has already been studied and has a stan

dard time set. The purpose and anticipated results of methods improve

ment are the same as those for methods design. The difference between 

the two concepts is their temporal order. Methods design occurs prior 

to the determination of the labor standard. Methods improvement occurs 

after a standard has been set and is an attempt to further improve the 

existing method. It is an application of the philosophy that " 

are always opportunities for improvement" (S, p. SO). 

there 

Although some may take exception to the definitions offered above, 

for the purposes of this thesis methods design will be considered an 

integral part (and, therefore, an integral cost) of initially setting 

any particular time standard •. Methods improvement will be considered 

a subsequent function, possibly a "target of opportunity" which may be 

taken advantage of by formal directive or simply by "inspiration" on the 

part of the time study analyst some time after he has set the original 

labor standard. Methods improvement will be treated as an additional 

cost of the work measurement function, occurring in the future, and 

considered to be a part of labor standard revision costs. 

Initial Standard Deveiopment Cost 

Each of the various work measurement techniques has associated with 

it a procedure for determining the standard time. The determination of 

the standard time for a task requires time. The time taken is a cost 

to the organization in terms of the salary of the person who establishes 
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the standard. This time, and therefore cost, is a function of the 

procedure and detail inherent in the technique used, which in turn dic

tates the amount of time required to make a methods design investigation 

of the job. 

There is, therefore, in the establishment of any labor standard, an 

"initial investment" by the organization in terms of the time taken by 

some employee and the salary he receives for this time. The size of 

this investment is directly related to the length and complexity of the 

job studied, the detail of the methods design, and the work measurement 

technique used. 

Labor Standard Revision Costs 

Frequently, after a labor standard has been developed, the need 

arises to change the standard due to a methods change. This methods 

change may come about because of a methods improvement action on the 

part of someone involved in the process, or because of a change in the 

process itself, such as new instruction manuals or procedures developed 

in an attempt to improve product or service quality. Regardless of the 

origin of the methods change, part or all of the original standard must 

be restudied to update the standard time. In the same manner as the 

initial development cost, these standard revisions require the time of a 

paid employee to accomplish. This is in addition to the investment 

that the company has in the original standard and is, again, directly 

related to the length or complexity of the part (or all) of the task to 

be restudied, the detail of the methods analysis, and the work 

measurement technique used. 
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Labor Standards Maintenance Costs 

Labor standards require periodic auditing to insure compliance and 

accuracy. How often the audit is performed on a particular standard may 

depend on its frequency of use, company policy, or other factors, such 

as operator complaints concerning overwork or underpayment, excessively 

high or low paychecks, or when it is apparent that workers can control 

their earnings artificially. These last factors apply principally in 

companies using incentive pay plans. 

It should be pointed out that it is not absolutely necessary for 

an audit of a particular standard to ever be accomplished. The standard 

may have been reviewed as a result of a procedural change in the opera

tion or a change due to the study and improvement of the method used. 

When either of these actions occur, the entire labor standard may be 

restudied and a new standard placed on record. If either or both of 

these actions happen with sufficient frequency, an audit of the standard 

may never be necessary. 

The periodic auditing of standards is, however, an additional cost 

in the work measurement program. The magnitude of this cost is in 

direct proportion to the same set of variables as the cost of labor 

standard revision, and again represents an additional investment in the 

particular standard concerned. 

Other Costs 

Depending on the situation, there are probably many other costs 

associated with the work measurement program of an organization. If the 

standards-setting personnel undergo a training program before they be

come active in this function, the cost of this training must be 



considered. Those organizations with a large group of people setting 

labor standards probably have a person designated as a supervisor, who 

may or may not actively determine standards himself. In addition to the 

supervisor, there may be a secretarial staff assigned to this function. 

These and similar overhead costs are part of the investment in the 

over-all work measurement program of the organization, as are such items 

as keypunch operators and electronic data processing costs if the firm 

maintains its standards by machine records. 

Although many costs of the work measurement function are not 

readily apparent in the shop, if an adequate analysis of the investments 

due to labor standards is to be made, these additional costs must be 

searched out and considered. 

Summary 

Work measurement and its results, time standards, are intimately 

involved in the proper functioning of an industrial organization, or any 

organization that relies heavily on human work to produce goods or 

services. It is the intent of this thesis to provide a procedure that 

will maximize the expected return while minimizing the expected cost of 

this activity. It is realized that the objective determination of these 

factors would be an extremely difficult chore in most organizations. 

The next chapter will discuss the topic of subjectivity or "expert 

judgments" as a means for quantifying such hard-to-determine concepts. 



CHAPTER III 

THE USE OF EXPERT JUDGMENT 

Human behavior is a fundamental ingredient in any work measurement 

program. For this reason, the precise determination of either the cost 

or the value of a particular labor standard could be exceedingly 

difficult. An investigator would almost certainly find a decided lack 

of quantitative information concerning these factors as they apply in 

any given situation. This dilemma could be circumvented by an exhaus

tive analysis of company records and a complete investigation of the 

workers and time study personnel involved. Such an effort would most 

likely still lead to incomplete information due ·to the 11human·element 11 

incorporated in human work and the inability of the analyst to recognize 

and classify all of the variables of concern. In addition, such a study 

would probably be expensive, the cost of which might negate any 

anticipated benefits. 

Given, then, that the precise and complete determination of the 

costs and benefits of a work measurement program would be at best quite 

difficult and expensive, an alternate source of information is needed. 

The source to be proposed by this thesis is the wealth of knowledge 

inherent in the e:xperience of the members of the organization. In those 

cases where complete, or nearly complete, records have been maintained 

that would reveal in quantitative form the necessary data, then of 

course this source should be exploited. But for those situations where 
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this type of information is not readily available, a practical substi-

tute is the judgment of those persons considered most knowledgeable in 

the area. The remainder of this chapter will be devoted to a justifi-

cation of such a process and the description of a technique that has 

shown itself to be valuable in arriving at a consensus of opinion from 

a group of experts. 

Subjective and Objective Information 

Perhaps the greatest discussion of the relative worth of subjective 

and objective information has occurred between statisticians in the 

assessment of probability values. Whereas: 

••• the •objectivist• or •relative frequency' point of view 
••• defines probability as the long-run relative frequency 
limit of the ratio of the observed number of favorable events 
to the total number of observed instances associated with the 
outcomes of a random physical process ••• , the •subjectivist• 
or 1personalistic 1 point of view defines.probability as a 
numerical coefficient purporting to measure a particular 
human being's subjective belief about the outcomes of some 
physical phenomenon. • •• [This is] a characteristic of 
human beings -- a component part of a particular individual's 
attitude toward a physical phenomenon (63, p. xii). 

The subjectivist point of view is, however, receiving ever greater 

support as described by Suppes (65, p. 503) who writes: 

Although many philosophers and statisticians believe 
that only an objectivistic theory of probability can have 
serious application in the sciences, there is a growing num
ber of physicists and statisticians, if not philosophers, 
who advocate a subjective theory of probability. The in
creasing advocacy of subjective probability is surely due to 
the increasing awareness that the foundations of statistics 
are most properly constructed on the basis of a general 
theory of decision-making. 

The procedure to be developed in this thesis for the determination of 

the costs and benefits of a labor standard will incorporate the 

subjectivist viewpoint. 
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The Use of Expertise 

The use of expert judgment makes certain assumptions concerning the 

qualifications of the individuals involved. The first assumption is 

that, at an acceptable minimum, he has some vague partial knowledge con

cerning the true value of the information and cannot be characterized as 

having complete ignorance of the subject. The better the quality of his 

knowledge, of course, the better the quality of his judgments. A second 

assumption concerning the expert is that he is rational. Rationality 

requires that (1) his judgments are consistent or, when inconsistencies 

are brought to his attention, he is willing to correct them, (2) his 

judgments are reasonably stable over a period of time, provided he re

ceives no new relevant information, and (3) his judgments are affected 

in the "right" direction by new relevant information. The use of an 

expert to predict information about some subject matter, then, assumes 

that he is rational in the above sense, has the background knowledge in 

the field, and has or will have a record of comparative predictive 

successes in the long run (33, p. 36). 

It has been stated that the precise determination of the costs and 

benefits of work measurement is an impractical goal. What is needed is 

a close, but possibly inexact, approximation of these values that can be 

used for decision-making purposes. This inexact approximation is to be 

the function of the chosen experts. It will make use of their back

ground knowledge, which may be intuitive in scope or rely strictly on 

the vague recognition of certain underlying regularities in the produc

tion processes of men. It will be the task of these experts to 

translate this background knowledge and intuitive feeling into 

quantitative data. 
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The trouble with human judgments is that they are subject to 

errors. Is there, then, something inherent in the use of the judgment 

of an expert that destroys objective scientific methods and substitutes 

rank subjectivity? The answer to this question, under appropriate con-

ditions, is an emphatic "no" as attested to by the writings of several 

authors, including Churchman and Eisenberg (14), Lord (4:6), and the 

following from Helmer and Rescher (JJ, PP• 42-43): 

The reasons why our reliance on the expert is objectively 
justified are not difficult to see. For one thing, the selec
tion of appropriate experts is not a matter of mere personal 
preference but is a procedure governed by objective criteria 
••• most importantly, the past diagnostic performance record 
makes the diagnostician an objectively reliable indicator ••• 

Even if the expert's explicit record of past performance 
is unknown, reliance upon his predictions may be objectively 
justified on the basis of general background knowledge as to 
his reputation as an expert. The objective reliability of 
experts' pronouncements may also be strongly suggested by the 
fact that they often exhibit a high degree of agreement with 
one another, which -- at least if we have reason to assume the 
pronouncements to be independent -- precludes subjective whim. 

[Hence] the incorporation of expert judgment into the 
structure of our investigation is made subject to the same 
safeguards which are used to assure objectivity in other 
scientific investigations. The use of expertise is there
fore no retr~at from objectivity or reversion to a reliance 
on subjective taste [emphasis added]. 

The use of expert opinion to gather information, when done properly, 

requires the investigator to guard against introducing less objectivity 

than is necessary. It should be realized that expert judgments, 

although usually subjective, may be the best available means of 

obtaining data. 

From the standpoint of the researcher, the expert is an 
objective indicator of the predicted variable, and therefore, 
a systematic approach to extracting expert information will 
maintain scientific objectivity (11, p. 11). 
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Historical Uses of Inexact Data 

It is recognized that the use of subjectively determined informa-

tion for planning or decision-making purposes is an accepted approach in 

those areas where either very little or no historical data exist (61, 

p. 20). Even in those situations that purport to give exact answers, 

the results of the mathematical models are inexact: 

The laws of nature are obscure. Their effects are so 
numerous and complex that it's usually hopeless to attempt an 
exact mathematical analysis of a physical phenomenon. Instead 
the scientist visualizes a simplified model which approximates 
reality and he then proceeds to study that model 
mathematically (68, p. 5). 

No model, physical, schematic, mathematical or other is 
the real world, though some scientists become so devoted to 
their model (mathematical or verbal) that they will insist 
that this model is the real world, and at best, it's useful. 
Usefulness is the ro er criterion for jud in a model 

emphasis added]. A model is neither true or false. The 
standard for comparing models is, therefore, dependent on the 
situation in which it is used, it is not intrinsic (i.e., 
dependent only on the model itself) (8, p. 5). 

The major concern of this thesis is to provide a practical method-

ology for determining the "hard-to-obtain" information about the costs 

and benefits of a work measurement program, and a model for mathematical 

manipulation of this information into usable form. No claim of "exact-

ness" will be made for the results of this model. Rather, it is an 

attempt to introduce an optimum amount of order into the making and 

recording of the human judgments that are, in most cases, essential to 

the determination of the most economical work measurement technique to 

use in a given situation. This model may, thus, be classified as an 

"estimating function." 
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The Concept of an Estimating Function 

The difficulty of classifying all of the variables inherent in the 

work measurement process and of obtaining an exact analytical model to 

represent their relationships has already been discussed. In lieu of 

this form of precise analytical model, with its correspondingly precise 

results, an estimating function is often used. This function may be 

regarded: 

••• as a convenient gadget for getting quick provisional 
answers for problems too demanding of a foresight and predic
tion to figure out the hard way. It must always be remem
bered that a formula does not solve the real problem the 
the analyst confronts but rather a shadow problem defined by 
its own assumptions, projective structure and data and stipu
lations the analyst supplies. The results are valid only 
insofar as this shadow problem resembles the real one. The 
extent of this resemblance is up to management to judge 
(66, P• 5) • 

Nevertheless, the estimating function is an aid to 
decision making when it is treated with respect, when its 
shortcomings, its overoptimisms, are recognized, and in par
ticular when the development and derivation are understood. 
Its use should be encouraged. Its development to fit unusual 
situations should be constant practice. Traditional esti
mating functions should be used whenever possible and practi
cable, but little hesitancy should be exhibited by the 
engineer when unusual situations arise. He should have no 
fear but confidence that after having analyzed the situation, 
he will be able to determine a suitable estimating function 
to fit the situation. In fact, the estimating function should 
be. a 1 tool' for the engineer to use sensibly and not the 
source of 'perplexities' (10, p. 7). 

Any given time standard is only an estimate of the true value of 

this time. The process used in its determination is in itself an 

estimating function (10, p. 7). It is not inappropriate, then, that an 

estimating function be used in the analysis of the costs and benefits of 

time study. The precision of this estimating function will be dictated 

by the precision of the model's formulation, which in turn is dependent 

upon one or any combination of the following factors: 
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1. The available data, 
2. The nature of the situation, 
J. The time available for making the decision, or 
4. The cost of making the estimating function ( 10, P• 5). 

The usefulness of the results derived by the methodology of this thesis 

will be largely subject to the nature of the organization (second factor 

above) in concert with the other three factors. Each organization is 

unique in itself; each study of work measurement costs and benefits 

will, therefore, be as unique as the organization. 

Prior to presenting the proposed model for determining the costs 

and values of time study techniques, an explanation of the procedure for 

obtaining the consensus of expert opinions on these matters is in order. 

The Delphi Method 

Once it has been determined that data will be generated for 

problem-solving purposes from expert opinions, a decision must be made 

concerning how these opinions will be collected. There are a number of 

ways that this might be accomplished including (1) the selection of a 

single 11 favored 11 expert and the acceptance of his judgment alone, (2) 

a combination of opinions from various experts, using the mean, weighted 

mean, median or other indicator of central tendency as the pooled value 

of their estimates, (J) a committee confrontation of experts, requiring 

that they reach a group consensus, or (4) a post-discussion revision of 

the individual estimates to diminish the effects of group pressure on 

the individual involved ( 11, p. 14). 

Under the assumption that the opinions of a group are more likely 

to be accurate than the opinion of a single individual (an assumption 

that can only be proved after the fact), many instances of group 



judgment formulation use the committee approach. This technique has 

come under attack for many reasons. 

In particular the outcome is apt to be a compromise 
between divergent views, arrived at, all too often, under the 
undue influence of certain psychological factors such as 
specious persuasion by the member with the greatest supposed 
authority, or even merely the loudest voice; the unwilling
ness to abandon publicly expressed opinions; and the 
bandwagon effect of majority opinion (35, p. 120). 

In addition, "Committees ••• often fail to make their assumptions and 

32 

reasoning explicit since their findings are obtained through bargaining" 

(55, p. 9). 

The Delphi Method is an attempt to overcome these difficulties. 

Its object is to obtain the best consensus of judgments from a group of 

experts. It replaces committee activity among the chosen experts with a 

carefully designed set of questionnaires, containing controlled informa-

tion and opinion feedback. It avoids the direct confrontation of the 

experts with one another, and therefore the disadvantages of round-table 

discussions and committee action. The method should "··· be more 

conducive to independent thought on the part of the experts and ••• aid 

them in the gradual formation of a considered opinion •••" (16, p. ~59). 

In a typical Delphi investigation, the participants are presented 

with a sequence of questionnaires, usually four in number. On the first 

they are likely to be asked to independently provide their judgments as 

to the most probable value of some variable. These initial responses 

normally reveal a spectrum of opinion. This range of answers is then 

divided into intervals such that the central range contains the middle 

50% of the estimates. This range, along with some measure of central 

tendency, such as the mean or median value is then presented to the 

respondents on the second questionnaire. On this questionnaire, they 
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are given the opportunity to revise their previous estimates (as they 

are in all questionnaires subsequent to the first) in the light of the 

response of the group as a whole. Those whose second-round estimates 

fall outside of the given central range are asked to provide the rea

son(s) for their position. These reasons, along with the new set of 

estimates for the group are then collated and sent back to the partici

pants on the third questionnaire. They are again asked to reconsider 

their earlier estimates in view of this new set of responses and the 

reasons provided. Critiques of these reasons from the other partici

pants are encouraged and are included in the fourth questionnaire along 

with the third-round group estimates. On this fourth questionnaire, 

each person surveyed is asked to consider .!:.!2:. previous information pre

sented and give his final estimate. Through this process, the respon

dents are stimulated to consider information or factors they may have 

neglected or dismissed as unimportant originally, or to reconsider the 

importance of factors they weighted heavily in their previous estimates. 

Several variations of this method have been proposed. One of 

these (the one that will be used in this thesis) is to require each par

ticipant to rate himself as to how relatively accurate he feels his 

individual answers are. On the basis of this information, it is possi

ble to evaluate divergent views in the light of the individual's own 

concept of his knowledge. The use of this procedure assumes that the 

individual's rating is directly correlated with his estimating ability, 

and that the best judge of a person's knowledge is the person himself. 

Since the participant was chosen because of his assumed knowledge and 

rationality, this does not appear to be an illogical assumption. 
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The Delphi Method has drawn some criticism. Opponents maintain 

that the weakness in the procedure is the assumption that the experts do 

indeed have the required wisdom. They say that "Collected errors, 

though mathematically manipulated and elegantly modified, are still 

errors ••• 11 (9, p. 56). Even the advocates of the use of the method 

admit to shortcomings in their applications. ·Included in these falli-

bilities are: (1) the experts' responses are not always independent, 

particularly when they are required to associate with each other because 

of their working assignments, (2) some "leading" by the investigator is 

almost inevitable from the selection and wording of the questions asked, 

(3) in an attempt to minimize this leading, some questions often become 

vague making responses to them of questionable value, (4) the necessity 

of oversimplification of the subject matter intro4uced in.the questions, 

and (5) the dissatisfaction of the participants with the process in 

general, which may have resulted in less than thoroughly considered 

judgments on their part ( 16, pp. 466-467) (31, pp. 54-55). 

In spite of these apparent pitfalls, the Delphi Method has shown 

itself to be a valuable tool in the collection and evaluation of expert 

opinions. Campbell (11, pp. 165-167), in a study of the forecasting 

accuracy of a Delphi-processed group, compared to a group .~hat was 

allowed direct confrontation reports: 

Group participants who were administered the Delphi 
process forecasted more accurately, as a group and as indi
viduals, than did group participants functioning under the 
uncontrolled-interaction method ••• 

Delphi-processed participants consistently improved 
their group forecasts during the experimental period and 
exhibited decreased dispersions of individual forecasts 
within the group ••• 



Some evidence in this study suggests that the central 
value estimators of distributions of individual forecasts are 
more accurate, on the average, than are the individual fore
casts of the participants. It might be inferred, therefore, 
that a group will forecast more accurately than will a 
randomly chosen member of the group, especially where the 
variables forecasted are somewhat nebulous and where consis
tent relative forecasting accuracy among the participants 
does not prevail over a large number of forecasting trials ••• 

The conclusions arrived at in this study strongly support 
the desirability of Delphi-process applications in business 
forecasting. However, the strength of these conclusions is 
also a function of the statistical power of the [present] 
experiment which, in turn, is based on the experimental 
design ••• 

A major contribution to the information-gathering function of the 

Delphi Method appears to be its tendency to produce a convergence of 

opinion in the majority of cases to which it has been applied (11, 16, 

JO, J1, J4, 35, 55). In cases for which convergence to a relatively 
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narrow interval did not occur, the opinions usually polarized around two 

distinct values, implying two schools of thought on the subject matter, 

two interpretations of the same set of data, or decisions based on 

different sets of data •. It is possible that this polarization could 

have been eliminated by several more rounds of questionnaires, which 

would have pinpointed the exact cause of the discrepancy, and thus 

caused the formation of a true consensus. However, even though this was 

not done, the Delphi Method served to crystallize the reasoning pro-

cesses that led to the positions that were ta.ken and helped to clarify 

the issue involved (35, p. 121). 

The major application of the Delphi .Method to date has been in the 

area of long-range forecasting of expected technological and societal 

developments concerned with such subjects as political alliances, tech-

nological potentials, war prevention techniques,.economic indices, and 

medical ,developments. The results have been described as generally 



favorable; in many cases a reasonable consensus was obtained and the 

predicted potential developments provided a basis for subsequent 

analysis, planning and action (31, pp. 134-135). 
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The success of the Delphi Method in obtaining a consensus of expert 

opinion in the field of forecasting makes it a valid technique for col

lecting the opinions of a group of experts about other so-called 

nebulous areas. Even though this technique has met with success and is 

accepted in some circles, it should not be viewed as a device that pro

duces the "truth." 11 The Delphi Method is designed to produce consensus 

judgments in inexact fields; it would be a mistake to consider such 

judgments as complete or precise descriptions " (31, P• 4). This 

procedure should, however, provide acceptable data for use in an 

estimating function of the costs and benefits of a work measurement 

program and its associated techniques. 



CHAPTER IV 

THE PROPOSED MODEL 

The Variation of Costs and Benefits 

There is neither a unique value for the cost of setting a labor 

standard by a particular technique nor a unique value for the benefits 

to be derived from the use of this information. Even within the same 

shop, no two jobs are exactly alike. The time taken to develop the 

standard for a particular task by a specified technique will be a func

tion of the length of the task and its complexity. Since the complexity 

of tasks varies, the time required to study the tasks, arid therefore the 

costs, will vary, even if the same technique is used for all jobs and 

all jobs have the same standard time. In a similar manner, the value of 

the benefits to be derived from the results of a time study will depend 

on the environmental conditions of the shop and the credibility of the 

particular standard. Therefore, in attempting to specify the costs and 

benefits of a labor standard, there will be an amount of uncertainty in 

the expressed values. The problem is not whether this uncertainty 

exists, but how to determine its magnitude and nature. 

One common method of pointing out uncertainty in estimates is to 

state the expected value and footnote it with a statement about the 

possibility of error. This procedure serves notice that the value given 

is subject to deviation, and helps bring attention to this uncertainty. 

17 



It does not, however, indicate the extent to which the actual value is 

likely to deviate from the expected value. 
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In order to provide at least some guess as to the variance of the 

estimate, many analysts will attempt to intuitively derive this value 

and record it for the decision maker's use. This intuitive value is 

obtained by the mental operation of assessing all of the sources of 

uncertainty and combining them into a single quantity. For more than a 

small number of factors, this procedure could easily tax the ability of 

even the best analyst, leaving a result with questionable validity. 

One further technique used to provide better information about the 

variability of an estimate is to specify a probable range for the value 

of the variable. This provides two additional measures, the lowest 

possible value and the highest. Although there is now a range of the 

analyst's beliefs concerning the limits of the variable, there is very 

little information concerning the relative probability of any particular 

value (63, pp. ~-5). 

What is needed, then, to describe the uncertainty or variability in 

the cost and benefit estimates is a procedure that will result in an 

approximate distribution for each of the variables. This distribution 

should take into account the differences in complexities of jobs that 

could be studied, for cost purposes, and the credibility of the result• 

ing data for benefit-determination purposes. 

Obtaining the Cost and Benefit Distributions 

All costs and benefits associated with or derived from a labor 

standard will be assumed to be independent random variables that may be 

approximately described by a beta distribution of the form 



where 

x = 

H = 

L = 

a: and S = 

f(x:a:,S) = 
(a:+S+1)1 (x-L)a (H-x)S 

a:! S! (H - L)a+S+:r 

the particular variable of interest, 

the upper limit of the value of x, 

the lower limit of the val tie of x, and 

beta parameters. 

This function is also commonly written 

f (x:a., S) r<a: + § + 2) (x - L)Cl (H- x)S 
= r(a:+ 1) r(S + 1) (H- L)tt+an 

Expressions for the mean (µ), variance (cr2), mode (M), and O'. and S 

parameters of this distribution are given by Cole and Mikasa (15, 

and 

µ = (H-L) (Q.+1) 
(a. + S + 2) + L ' 

ef3 (H - L)2 (a.+ 1) ( § + 1) 
= (a.+s+2)2 <a.+S+J) 

M = (H - L )a. + L 
(a:+ s) (for a., s .2: o) ' 

(}1: D (H-µ)2 (µ.- L) 
S= 0'2 +\Ji-L -2. 
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(l.t,-2) 

(l.t,-J) 

(4-4) 

(4-5) 

(4-6) 

(4-7) 

The use of beta distributions to describe the uncertainty inherent 



in the costs and benefits of a work measurement program seems logical. 

This family of distributions has many characteristics that would be 

expected in the actual variables themselves, such as a finite range 
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(L .$ x .$ H), continuity, and unimodality (when~ and ~ are both greater 

than zero). In addition, it can, as opposed to the normal distribution, 

describe various forms of skewness and peakedness, which is desirable in 

the context of the present problem. It is for these reasons that this 

function was selected to depict the subjective inputs for the economic 

analysis model developed in this chapter. 

The Use of the Delphi Method 

As _has been stated previously, when explicit data is not available 

concerning the costs and benefits of work measurement, th~ analyst must 

rely on expert judgment to describe these distributions. It should be 

noted h~re that it may not be possible to find more than one expert to 

provide data for some of these factors. In this case, of course, the 

analyst will have to rely solely on the judgment of this single individ

ual. To simplify the data-collection task, the following procedure 

adapted from Dienemann (19) has been developed. 

In conjunction with the Delphi Method of questionnaires and con

trolled feedback, the analyst asks the chosen experts to specify three 

values for each of the cost and benefit factors: the lowest possible, 

the most likely, and the highest possible values. Since ordinarily it 

would be expected that the expert furnish the most likely value, he is 

now really only required to specify two additional estimates, an oppor

tunity he might welcome in order to qualify his position on the matter. 

Following the specification of these values, the expert is asked to 



choose, from the nine probability distributions shown in Figure 2, the 

distribution that he feels best describes the nature of each factor. 

(Although the a and ~ parameters are shown on this figure, they probably 

should not be included on the figure used with the survey since they add 

nothing to the subjective "feel" of the distributions and could cause 

some confusion as to their meaning.) The selection of a distribution 

must be based on whether the expert feels the value of the variable 

under consideration is skewed left, symmetric, or skewed right, and 

whether the variance is low, medium, or high. Although these nine types 

are only a few of the infinite number of beta distributions available, 

"··· the selection should suffice since it is unlikely that an analyst 

could accurately distinguish between more variations anyway" (19, p. 13). 

One point should be made clear concerning the nine distributions 

selected. The modal value of the variable is always at the first quar-

ter, midpoint, or third quarter of the range depending on whether the 

distribution is skewed or symmetric. In addition, any calculated value 

of the high or low point may differ to some extent from those specified 

by the expert, as might the mode. However, since these values are esti-

mates to begin with, this discrepancy is not considered critical. 

Another method has been suggested for accomplishing the same 

result. Sobel (6J) developed a procedure whereby the expert would pro-

vide the lowest possible, highest possible and most probable values, ~ 

an 80 per cent central range. From these values, the resulting distri-

bution and its parameters are determined by the use of a series of three 

computer programs. However, as Husic (J8, p. 11) reports: 

Experience with analysts at RAC [Research Analysis 
Corporation] indicates that the analyst seems better able. 
to pick a particular distribution from a fixed set than to 
~stimate a number like the 80 per cent central range. 
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Figure 2. Beta Distributions Used With the Delphi Method 



It is for this reason that the "fixed set" approach was selected for 

the model to be developed here. 

Weighting the Results of the Delphi Method 
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It is highly probable that an attempt to obtain complete agreement 

about the lowest, highest, and most likely values of any particular dis

tribution would be extremely difficult without unduly influencing the 

judgments of some experts. It can be expected, therefore, that upon 

completion of the Delphi process each individual value surveyed will 

have a distribution of its own. The usual Delphi procedure has been to 

use the median value as the predicted value. This technique can have a 

serious impact on the predicted value, however, since it does not allow 

for unequal expertise among the respondents. To provide for this range 

of expertise, the participants are asked to provide a "confidence 

rating" for each answer, thus giving a measure of how competent they 

feel they are to answer the particular question. The rating scale used 

in the study described in Chapter V is given below, the numbers preced~ 

ing the statements indicating the relative weight to be given to that 

particular answer: 

5 - I feel that this answer is probably within ±::m% of the 

true value. 

4 - I feel that this answer is probably within ±40% of the 

true value. 

3 - I feel that this answer is probably within ±60% of the 

true value. 

2 - I feel that this answer is probably within ±80% of the 

true value. 
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1 - I feel that this answer is probably within ±100% or 

more of the true value. 

At the conclusion of the Delphi survey procedure, then, the analyst 

will have obtained various estimates of the lowest, most likely, and 

highest values (L, M, and H) of certain variables along with individual 

confidence ratings for each estimate. Assume for the moment that all 

participants have agreed upon the same curve-type from Figure 2 to rep-

resent the distribution of some variable. Since the a and ~ parameters 

of a distribution are implicit in the selection of that distribution, it 

is apparent that the specification of any two of the remaining three 

parameters, L, M, or H, will completely describe the distribution in 

question. The analyst should, therefore, use those two parameters that 

have the least "disagreement" or "relative dispersion" in order to 

obtain the final function. The procedure proposed here for accomplish-

ing this task is to make use of the confidence ratings to obtain 

weighted means and variances for each of the three estimated parameters. 

Let wi, w2 , ••• , Wa be the confidence ratings obtained from n 

experts concerning their estimates h1, h:a, ••• ,ha of the value H. The 

weighted mean, µH, and the weighted variance,~' of these estimates for 

this highest value are 

(4:-8) 

and 

( '*-9) 

(4:9, p. 197). In a similar manner, the weighted means and variances of 



L and M may be obtained. 

To determine which two of the three estimated values have the least 

"disagreement," the ratio of the standard deviation to the mean for each 

parameter is calculated, 

O"L 
rL 

µL 
(4-10) 

O"M 
rM == ' µM 

(4-11) 

and 

O"H 
rH 

µH ' 
(4-12) 

and the two parameters with the smallest ratios are selected. Equation 

(4-5) may then be used to solve for the third value in terms of the 

other two. 

The possibility also exists that all experts surveyed about a par

ticular cost or benefit value will not agree upon a common distribution 

from the nine presented. When agreement is obtained, the analyst should 

use the procedure outlined above. When the participants do not agree on 

the same curve-type, a distribution other than the nine presented must 

be used to describe the variable in question. To determine the charac

teristics of this new distribution, the procedure previously described 

is followed for each different curve-type chosen. Then, using Equations 

(4-3) and (4-4), the mean and variance of each different curve-type 

selection can be calculated. 

Let Wi, W2 , ••• ,Wm be the over-all sums of the individual confi

dence ratings of the two parameters L, M, or H with the smallest ratios 

found from Equations (4-10), (4-11), and (4-12) form different 
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curve-types selected to represent a particular variable. Then, the 

weighted mean, variance, lower limit, and upper limit of the composite 

2 distribution, µ0 , CT0 , L0 , and H0 are found from 

= W1µ1 + W2µ.a + ... + Wmµ, 
µc W1 + W2 + • • • + Wm (4-13) 

(4-14) 

Le 
W1 L1 + W2La + ... + Wm 4, (4-15) = W1 + W2 + ... + Wm 

and 

He 
W1 H1 + WaHa + ... + w,~ (4-16) = W1 W2 + Wm + + ... 

(49, p. 321). With this information, Equations (4-6) and (4-7) may be 

used to solve for the a and S parameters, and Equation (4-5) may be used 

to find the mode of the composite beta distribution that best represents 

the over-all weighted estimates of the variable in question. 

One further situation must be considered: when only~ individual 

has selected a particular curve-type, or when only ~ expert can be 

found to provide estimates. In this case, the analyst should use those 

two values of L, M, or H with the highest confidence ratings in order to 

find the third. When ties occur in these confidence ratings, 2!:. when 

ties occur in the ratios obtained through Equations (4-10), (4-11), and 

(4-12), the assumption is made here that the estimated values for M, L, 

and H are the most accurate, second most accurate, and least accurate, 

respectively, in order to determine which parameter should be 

recalculated. 
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The Time Value of Costs and Benefits 

It is the objective of this thesis to provide a procedure that will 

allow for the selection of a work measurement technique to be used to 

study a particular job that will maximize the expected net present value 

of the time standard obtained. This presentation will take the view

point that the costs of establishing and maintaining a labor standard 

and the benefits to be obtained from this standard can .be represented as 

a cash flow problem. In other words, the costs represent expenditures 

of the firm; the benefits represent savings in the expected expenditures 

for production purposes due to having the labor standard data available 

for use. It is the values of these cash flows that must be determined. 

The Planning Horizon 

The life expectancy of a given labor standard is a critical vari

able in determining the net present value of that standard. Present 

and future expenditures for the establishment and maintenance of the 

standard must be weighed against the future savings expected. For 

example, it would be foolish to spend $1 9000 to establish a labor stan

dard for which the organization expects to save $100 per month if the 

standard is only going to be in use for three months. In this case, it 

would probably be better to either use a different, and less expensive, 

technique or not set the standard at all. 

Another variable that must be considered in the selection of a work 

measurement technique is the frequency of performance of the task in 

question. Once again, it would probably be foolish to use a very pre

cise and costly technique to engineer the labor standard for a job that 
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is carried out only once or twice a month, even though the standard will 

be used for years to come. 

These two factors, therefore, the expected life of a standard and 

its frequency of use, are variables that highly influence the expected 

net present values of the work measurementtechniques under consideration. 

The Interest Rate Problem 

The use of expected net present values to compare work measurement 

techniques requires that all future cash flows be discounted to the 

present by the use of some rate of interest. The selection of the 

proper interest rate to use in any given situation is a matter of dis

agreement among many economists. It is beyond the scope of this thesis 

to enter into this controversy. It will be assumed that for any organi

zation a suitable discount rate can be found that may realistically be 

used for this purpose. 

A Common Unit of Measurement 

The economic analysis of work measurement techniques requires that 

all initial costs be presented for final analysis in terms of dollars 

per standard hour developed. Likewise, all anticipated future costs and 

benefits must be in terms of dollars per standard hour developed per 

appropriate time period. These units may not, however, be the best 

units to use in determining the cost and benefit values by the Delphi 

Method. The units used in the survey will depend to a large extent on 

the characteristics of the organization, the type of experts chosen, and 

how they can best relate their knowledge. It can be expected, therefore, 

that some or all of the data obtained will have to be converted to the 



above units. The purpose of this section is to introduce four statis

tical theorems that provide a means for accomplishing this goal. 

THEOREM 1. Let x be a random variable with mean µx and variance 

cfx. Let c be a constant. Then, the mean and variance of the product ex 

are 

(4-17) 

and 

(4-18) 

and the mean and variance of the sum x + c are 

(4-19) 

and 

cfx +c = cfx (4-20) 

(49, pp. 178, 190). 

THEOREM 2. Let x and y be two independent random variables with 

means µx and µ1 and variances a~ and a~, respectively. Then, the mean 

of the sum x + y is 

(4-21) 

the mean of the difference x - y is 

(4-22) 

and the variance of either the sum x + y or the difference x " y is 

(4-23) 
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(49, pp. 214, 322, 326). 

THEOREM 3. If x1 , ~, ••• , Xn are independently and identically 

distributed random variables with means µx 1 = µ and variances cr2 
Xi 

cr2 ( i = 1, ••• , n) , and if t = xi + x2 + + Xnt then 

and 

cr~ = n cr2 

(49, pp. 326-327). 

= 

(4-24) 

(4-25) 

THEOREM 4. Let x and y be two independent random variables with 

means µx and µY and variances ~ and er;, respectively. Then, the mean 

and variance of the product xy are given by 

(4-26) 

and 

(4-27) 

(49, p. 217) (29, p. 709). 

By appropriate use of the above theorems, recognizing, of course, 

the assumptions inherent in their application, the values obtained 

through the Delphi survey procedure may be converted to the units 

required for economic comparisons. 

The Discounted Cash Flows 

With the exception of the initial cost of developing a labor stan-

dard, all cash flows, both costs and benefits, will occur at some time 
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in the future. A procedure for discounting these future cash flows to 

the present is needed. 

It will be assumed that all individual cash flows concerning a par-

ticular labor standard occur at the end of their respective time peri-

ods. Furthermore, all future cash flow elements will be assumed to be 

both independent and identically distributed from one time period to 

the next. Let 

k 

µJl = l µJ ' 
j=1 

k 

a; =I ar ~ 
j=1 

t 

µr =I µs, 
S=1 

and 

where 

µJ and aJ = the mean and variance, respectively, of the jth 

and 

initial (time = O) development cost distribution, 

for a particular work measurement technique, in 

dollars per standard hour set (j = 1, ••• , k), 

th the mean and variance, respectively, of the s 

individual future cash flow distribution, for a 

(4-28) 

(4-29) 

(4-JO) 

(4-31) 
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particular work measurement technique, in 

dollars per standard hour set per time 

period (s = 1, ••• , t). 

The expected net present value (ENPV) and the variance of the net pres-

ent value of a particular labor standard developed by a particular work 

measurement technique may then be written 

and 

where 

n 

l µr ENPV = µ... + --,. (1+i)1' 

Var(NPV) 

r=1 

n 
2 \' 0'2 

0 :i:> + L < 1 + i >2 r ' 
r=1 

n = the number of time periods that the standard will be in 

use, 

i = the appropriate interest rate, 

(4-32) 

(4-33) 

and where the means of all cost distributions are taken to be negative 

quantities while the means of all benefit distributions are taken to be 

positive. Since the future cash flow distributions were assumed to be 

independent and identically distributed, Equations (4-32) and (4-33) may 

be rewritten 

ENPV (4-34) 

and 

n 

Var(NPV) ~ + a; l (1 /i) 2 r • 

r=1 
(4-35) 
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Although the above expressions provide the mean and variance of the 

net present value of a particular labor standard developed by a particu-

lar work measurement technique, they say nothing about the type of dis-

tribution that results. The following section will furnish this 

answer. 

The Distribution of Net Present Value 

It is well known that when independent random variables are added 

the distribution of their sum may be found either by convolving the 

component distributions or by using moments to generate the final dis-

tribution. In either case, since the input data concerning these dis-

tributions are only estimates, such elaborate operations are not 

warranted. 

The Bounded Liapounov Theorem provides a necessary and sufficient 

condition for the sum of finite independent random variables to have a 

limiting normal distribution. Its proof may be found in Fisz (23, 

p. 206) and Loeve (45, p. 200). In essence, this theorem states that if 

fxk} (k = 1, ••• , n) is a set of independent random variables with each 

Xk having both an upper and lower limit (-co< Xie·< +a> for all k), a vari-

ance that exists (cr~ IO for all k), and if 

(4-36) 

then a necessary and sufficient condition for the distribution function 

of the random variable Z to approach a normal distribution function is 

that 



n 

lim I a~ = =· 
n....co k=1 

(~-37) 

Since the net present value of a labor standard results 'from the 

sum of supposed mutually independent random variables, since these ran-

dom variables are in fact bounded by upper and lower limits, and since 

their variances do exist, the constraints of the theorem are satisfied. 

It will be assumed, therefore, that the individual cash flows are pres-
, 

ent in a large enough number, n, such that the effect of any one cash 

flow will be slight with respect to their sum and that the distribution 

law followed by this sum will not differ significantly from the normal 

distribution law. 

The Selection of the Most Desirable Technique 

The determination of the expected net present value for each of the 

work measurement techniques under consideration is a large step toward 

economically optimizing a work measurement program. However, the selec-

tion of a particular technique to use to study a given job based only on 

its expected net present value does not make full use of the information 

available; the possibility of incurring a loss should be considered, and 

the techniques should be compared against each other before the final 

selection is made. 

The Possibility of Incurring a Loss With 

a Particular Technique 

With the assumption that the net present value of a labor standard 

is normally distributed, the probability of a loss and the expected loss 
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given that a loss occurs may be calculated for any work measurement 

technique under consideration. The probability of a loss is the prob-

ability that a particular occurrence of the net present value of the 

labor standard, developed by the technique concerned, will be less than 

or equal to zero. This probability is shown by the shaded area of 

Figure 3 and may be found from 

P (loss) = P (z < O - ENPV ) , 
- /var(NPV) 

(4-J8) 

where z is the standard normal deviate with zero mean and unit variance 

which is commonly tabulated. 

The expected loss given that a loss occurs may also be calculated. 

Define u to be the number of standard deviations between NPV = 0 and the 

ENPV, or 

ENPV- 0 (4-39) u = ---------
/Var(NPV) 

Then, the expected loss given that a loss occurs is 

E(loss I loss occurs) = /var(NPV) Juco (z - u) ~ e -~dz (4-40) 
P(loss) /2.TT' 

(69, pp. 57-60). 

Now, let 

L(u) -U..P 
e dz (4-41) 

= "unit-normal linear-loss integral." 



0 .ENPV NPV-.... 

Figure J. Distribution of the Net Present Value of a Labor 
Standard 
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A table of this integral for various values of u can be found in Raiffa 

and Schlaifer (56, p. 356). Therefore, 

E(loss I loss occurs) = /Var(NPV) L(u). 
P(loss) 

(4-42) 

With the information supplied by the above expressions, the decision 

maker can further evaluate the desirability of a particular work meas-

urement technique to be used to develop the labor standard for a given 

task. Before the final decision is made, however, competing techniques 

should be compared against each other. 

Paired Comparisons of the Competing Techniques 

Assume that techniques 1 and 2 have the largest expected net pres-

ent values of all techniques under consideration, with ENPV1 > ENPV2 as 

shown in Figure 4(a). Under the assumption that the two techniques are 

mutually independent, the difference of these expected net present 

values, ENPV4 , and the variance of this difference, Var(NPV4 ), may be 

found from 

ENPV4 = ENPV1 - ENPV2 (4-43) 

and 

Var(NPV4 ) = Var(NPV1) + Var(NPV2 ). (4-44) 

The distribution of this difference is shown in Figure 4(b). Since NPV1 

and NPVa are normally distributed and independent of each other, NPV4 is 

also normally distributed. 

With the information supplied by ENPV4 and Var(NPV4 ), the "prob-

ability of reversal" may be calculated. The probability of reversal is 
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the probability that between two competing techniques, the one with the 

greater ENPV will actually be found to be not as good as the other (12, 

p. 35). Although technique 1 has a higher ENPV than technique 2, there 

is a probability that a single occurrence of NPV1 will be less than NPV2 • 

The probability of reversal, the probability that NPV4 ~ o, is shown by 

the shaded area of Figure 4(b). This probability is given by 

P(reversal) = P (z .s_ · O- .ENPV4 .. ) , 

/Var(NPV4 ) 

(4-45) 

where again z is the standard normal deviate with zero mean and unit 

variance (12, p. 36). 

The expected loss· given that a reversal occurs may also be calcu-

lated. Here, define u4 to be the number of standard deviations between 

NPV4 = 0 and the ENPV4., or 

(4-46) 

The expected loss given a reversal occurs becomes 

E(loss I reversal occurs) - /Var(NPVd ) Jc:o (z - u4 ) ~ e-}2/3 dz 
- P (reversal) u4 /2rT ' 

(4-47) 

or using Equation (4-41), 

I /Var(NPVd) 
E(loss reversal occurs)= P(reversal) L(ud). (4-48) 

In the comparison of two work measurement techniques, the expected 

loss given a reversal occurs is a measure of how much could be saved, on 
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the average, if the occurrence of a reversal could be perfectly pre

dicted and the technique with the highest ENPV were not chosen if this 

reversal were going to occur (12, p. J6). In practice this value and 

the probability of reversal can be used, together with a qualitative 

judgment of other pertinent factors to make a better decision concerning 

which of the two techniques should be applied. 

Although the procedure outlined is applicable only to a two-way 

comparison, it may be used to further evaluate other techniques under 

consideration. Once the more preferable of the two techniques just 

evaluated has been selected, this technique may be compared with the 

technique having the next smaller ENPV, by repeating the process just 

described. These two-way comparisons can be repeated until it is deter

mined that further consideration is not warranted, or until all possible 

technique combinations have been exhausted. The final choice should be 

the technique that has the most positive ENPV and which has not been 

judged to be less desirable than some other technique due to the loss 

information calculated or other pertinent factors (12, p. J6). 

The Validity and Usefulness of the Results 

With the explicit information determined by the proposed model, the 

decision maker is aided in two ways. First, the extent that the net 

present value of a particular work measurement technique could differ 

from its expected value can be anticipated and evaluated in advance. 

With this quantitative measure, the decision maker is better able to 

judge, in concert with other pertinent factors, the desirability of each 

alternative technique. Secondly, the decision maker is more apt to 

choose the preferable alternative when this type of information is 



available, especially in those situations when competing techniques 

have almost equal expected net present values, but differing 

dispersions. 
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It is obvious, however, that the final estimate of the expected net 

present value for any particular work measurement technique is no better 

than the quality of its inputs. The analyst's thoroughness in attempt

ing to identify and survey all contributing elements has a direct rela

tionship to the validity of the resultant distribution. Likewise, in 

describing each element's distribution, there is no substitute for accu

rate data. It is true that the inputs proposed here are mostly subjec

tive. However, any information, even if only in the form of an ed~cated 

guess, is a departure from total ignorance, a departure that could prove 

profitable to the organization. 



CHAPTER V 

AN APPLICATION OF THE PROPOSED MODEL 

The economic model developed in Chapter IV was actually applied to 

a working industrial organization. The various quantities provided in 

this chapter have been taken from the results of that investigation. 

The reader is cautioned to remember that these specific results are 

applicable only to the specific situation described; they should not be 

interpreted as being valid data for use under all other conditions. 

The Organization Studied 

One branch of a large organization, operating under a measured day

work condition, and specializing in the maintenance and repair of air

craft parts and accessories was the subject of this study. At the time, 

24 industrial engineering technicians, out of a total of 134 employed by 

the parent organization itself, were assigned to this branch. These 24 

iechnicians were responsible for the establishment and maintenance of 

over 4,ooo active labor standards. In addition, three supervisors and 

two clerk-secretaries were assigned to this function. 

Categories of Labor Standards Within 

the Organization 

Labor standards developed within the subject organization are 

classified according to one of the following four types: 
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Type A: A labor standard developed by a recognized work 

measurement technique and backed up by sufficient 

data to statistically support an accuracy of plus 

or minus 10% of the mean, with 95% confidence, 

Type B: A labor standard developed by a recognized work 

measurement technique and backed up by sufficient 

data to statistically support an accuracy of plus 

or minus 25% of the mean, with 95% confidence, 

Type 2: A labor standard developed by a recognized work 

measurement technique, but which lacks sufficient 

data to satisfy the requirements for classifica

tion as either a Type A or Type B standard, or 

Type 3: An estimate of the standard time arrived at 

through coordination between an industrial engi

neering technician and one or more representatives 

from production control, quality control, shop 

supervision, etc. 
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The industrial engineering technicians employed by this organiza

tion have the ability to establish labor standards by any of six basic 

techniques: MTM, standard data, stop-watch time study, work sampling, 

engineered estimates, and coordinated estimates. For clarification of 

the terminology used in this chapter and in the appendixes, it should be 

pointed out that the standard data is maintained by an electronic data 

processing procedure, known as the Automated Standard Data (ASD) System. 

A labor standard developed using this information is termed an 11ASD 

standard." 

When the technique options are combined with the various type 



classifications, the result is that any given labor standard would have 

been developed by one of the following twelve technique-types: 

MTM (Type A), 

ASD (Type A), 

ASD (Type B), 

ASD (Type 2), 

Stop Watch (Type A), 

Stop Watch (Type B)' 

Stop Watch (Type 2) t 

Work Sampling (Type A), 

Work Sampling (Type B)' 

Work Sampling (Type 2)' 

Engineered Estimate (Type 2), or 

Coordinated Estimate (Type J). 

The Costs and Benefits of the Work 

Measurement Program 

There are three different sources of costs associated with the work 

measurement program of the subject organization. The first is attribut

able to the time required by the industrial engineering technicians to 

develop and maintain the labor standards. The second stems from the 

practice of processing the labor standards by electronic computer. This 

cost may also be divided into two categories: (1) The cost of ini

tially establishing the labor standard and (2) · the periodic cost of 

maintaining that standard as part of the mechanized records. The source 

of the third type of cost is the four work measurement training courses 

conducted by the organization. The subjects covered in these courses 
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are: (1) general work methods and standards, (2) MTM procedures, 

(3) the Automated Standard Data System, and (~) the programming of labor 

standards for electronic data processing. 

The benefits of the work measurement program to the organization 

are derived from the savings in unproductive direct labor that results 

from the use of the labor standards themselves. 

The Participants in the Study 

Eight industrial engineering technicians assigned to the branch 

studied were administered the Delphi questionnaires included in Appendix 

A. Of these eight, three had previous experience as production-shop 

supervisors. 

Each of the four training courses had only one individual assigned 

to develop and conduct the respective class presentations. In addition, 

only one individual could be identified-as having sufficient knowledge 

of electronic data processing (EDP) of labor standards to provide the 

costs associated with this procedure. Hence, the Delphi Method could 

not be used to gather this information. However, objective historical 

records were available to aid these persons in providing their answers. 

The questionnaires concerning these costs are included in Appendixes B 

and C. 

The Results of the Study 

The remainder of this chapter will be devoted to an example of the 

application of the proposed economic model. Again, the reader is 

reminded that the various quantities that follow, although obtained from 

an actual investigation, apply only to the particular situation studied. 
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Obtaining the Composite Distributions 

At the conclusion of the survey procedure, the analyst will have 

obtained several estimates of the lowest, most likely, and highest 

values (L, M, and H) of certain variables, individual confidence ratings 

(CR) for each estimate, and various curve-type selections to represent 

the values. Table I shows the estimates obtained from the eight indus-

trial engineering technicians, on the fourth-round questionnaire, for 

the number of hours required to develop a one-standard-hour labor stan-

dard using MTM. As defined in the study, a "one-standard-hour labor 

standard" is a standard set on a job that will be charged for one man-

hour of work. In other words, after the task has been studied, and the 

appropriate fatigue, delay, personal, etc., allowances have been added, 

the resulting labor standard shows a standard time (not normal time) of 

one man-hour to accomplish. 

Since the technicians did not agree on the same curve-type to rep-

resent this variable, a composite distribution must be developed. By 

using the following equations: 

and 

cfu = W1 (h1 - tlirl )2 + W2 (hz - µH ) 2 + 
H W1 + W2 + • • • 

• • • + wn (hn - µH )2 
+ wn 

(4-8) 

(4-9) 

and substituting for L and M when appropriate, the weighted mean and 

variance of each estimated parameter for each curve-type selection may 

be found. For curve Type J: 



TABLE I 

ESTIMATES OF THE TIME REQUIRED BY AN INDUSTRIAL ENGINEERING 
TECHNICIAN TO DEVELOP A ONE-STANDARD-HOUR 

LABOR STANDARD USING M1M 

Technician L CR~ M CRM H CRH Curve-Type 
(hrs) (hrs) (hrs) Selection 

1 45 4 Bo 4 140 4 3 

2 30 3 50 3 Bo 2 3 

3 40 2 70 2 120 2 3 

4 40 4 65 4 110 4 3 

5 49 5 55 5 119 5 3 

6 30 5 35 5 40 5 B 

7 20 5 30 4 40 4 B 

B 40 4 Bo 4 125 4 2 
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and 

µL = 4(45) + 3(30) + 2(40) + 4(40) + 5(49) = 41 • 944 hrs 
4 + 3 + 2 + 4 + 5 ' 

CJ~ = 4(45- 41.944)2 + 3(30- 41.944)2 + 2(40- 41.944)2 

4 + 3 + 2 + 4 + 5 

1- 4(40- 41.944)2 + 5(49 - 41.944) 2 

4 + 3 + 2 + 4 + 5 

= 40.941 hrs2 , 

O'L = 6.399 hrs, 

= 4(80) + 3(50) + 2(70) + 4(65) + 5(55) = 63 .611 hrs 
µM 4 + 3 + 2 + 4 + 5 ' 

4(80-63.611)2 + 3(50-63.611)2 + 2(70-63.611)2 
O'~ = 4 + 3 + 2 + 4 + 5 

+ 4(65- 63.611) 2 + 5(55- 63.611) 2 

4 + 3 + 2 + 4 + 5 

= 116.126 hrs2 , 

O'M = 10. 776 hrs, 

µH = 4(140) + 2(80) + 2(120) + 4(110) + 5(1;1.9) = "117• 353 hrs, 
4 + 2 + 2 + 4 + 5 

4(140-117.353)2 + 2(80-117.353)2 + 2(120-117.353)2 
(JH2 = 4 + 2 + 2 + 4 + 5 

+ 4(110-117.353)2 + 5(119-117.353)2 

4 + 2 + 2 + 4 + 5 

= 299.170 hrs2 , 

O'H = 17.297 hrs. 

Now using this information, the following ratios are determined: 
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6.399 
41. 944 = 0.153' (4-10) 
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= .Qli_ ::: 10.776 
rM 

µM 63.611 
0.169 

' 
(4-11) 

and 

= Qi:i_ = 17.297 0.147 rH = . 
µH 117.353 

(4-12) 

Since rM is greater than both rL and rH, the most likely value (M) is 

recalculated, and the over-all weighting factor to use for curve Type 3 

is the sum of the individual confidence ratings for L and H: 

and 

M = (H- L)a + L (4-5) 
(a+ (3) 

= (117.353 - 41.944)0.5 + l.1:1.944 = 60.797 hrs 
(0.5 + 1.5) 

W1 = ( 4 + 3 + 2 + 4 + 5) + ( 4 + 2 + 2 + 4 + 5) = 35 • 

For curve Type 8 : 

O'L 

µM = 

~ = 

O'M 

µH = 

O'~ = 

5(30) + 5(20) - 25 h 
5 + 5 - rs ' 

5(30 - 25 )2 + 5(20- 25)2 

5 + 5 

5 hrs, 

25 hrs2 , 

5(35) + 4(30) 
32.778 hrs, 

+ 4 = 5 

5(35- 32.778)2 + 4(30 - 32. 778)2 

4 = 5 + 

2.484 hrs , 

5(40) + 4(40) = 40 hrs 
5 + 4 ' 

5 (4o - 40) 2 + 4(4o - 4o)2 
0 hrs2 , 

4 = 5 + 

6.173 hrs2 , 



and 

OH == 0 hrs , 

r1. == 2.... = 0. 200 
25 ' 

2.484 
rM == 32.778 = 0.076 ' 

0 
rH == 40 = 0 • 

Since r1. is greater than both rM and rH, Equation (4-5) is solved in 

terms of L. The over-all weighting factor to use for curve Type 8 

becomes the sum of the individual confidence ratings for M and H: 

L 

= 

and 

M(a+@) - Ha 

s 

32.778(8 + 8) - 40(8) 
8 = 25.556 hrs 

W2 = (5 + 4) + (5 + 4) 18. 

For curve Type 2: 
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Inasmuch as only one individual selected this curve-type and since 

the confidence ratings are equal for all three estimates, the assumption 

is made that H is the least accurate. Equation (4-5) is now solved for 

H, and the over-all weighting factor to use for curve Type 2 is the sum 

of the confidence ratings for L and M: 

and 

H = M(a + S) - LS 
a 

= 80(1.35 + 1.35) - 40 <1·35) = 120.000 hrs 
1.35 
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W3 -- ( 4 ) + ( 4 ) 8 • 

The mean and variance of a beta distribution are 

(H-L) (a+1) µ = ~,..-----..,,~--.-~ + L 
(a+ S + 2) 

(4-3) 

and 

2 ( H - L )2 (a + 1) ( S + 1) 
0 = (a + S + 2 pi (a+ S + 3) • 

(4-4) 

Using these equations, the mean and variance of each curve-type selec-

tion is found. For curve Type 3: 

and 

= (117.353 - 41.944) (0.5 + 1) + 41.944 = 
µl (0.5 + 1.5 + 2) 

(117.353 - 41.944)2 (0.5 + 1) (1.5 + 1) 
(0.5 + 1.5 + 2)2 (0.5 + 1.5 + 3) 

70.223 hrs 

= 266.552 hrs2 • 

For curve Type 8: 

= (40 - 25.556) (8 + 1) + 25.556 = 
µ2 (8+8+2) 32.778 hrs 

and 

2 (40-25.556) 2 (8+1) (8+1) 
02 = (8+8+ 2 )2 ( 8 + 8 + 3 ) = 2.745 hrs2 • 

For curve Type 2: 

and 

(120- 40) (1.35 + 1) + 40 80 •000 hrs 
~ = (1.35 + 1.35 + 2) 

(120- 40)2 (1.35 + 1) (1.35 + :i.) 
(1.J5 + 1.35 + 2)2 (1.35 + 1.35 + J) = 280. 702 hrs2 • 
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To find the weighted mean, variance, lower limit, upper limit, and 

a and S parameters of the composite distribution, the following expres-

sions are used: 

= 

35(70.223) + 18(32.778) + 8(80) = 6o.456 hrs , 
35 + 18 + 8 

+ ••• 
••• + 

(35) 2 (266.552) + (18)2 (2.745) + (8)2 (280.702) 
(35 + 18 + 8) = 92.819 hrs2 , 

= 

W1 L1 + W2 Lg + • • • + Wm L,p 
W1 + W2 + • • • + Wm 

35(41.944) + 18(25.556) + 8(40) 
35 + 18 + 8 = 36.853 hrs , 

35(117.353) + 18(40) + 8(120) 
35 + 18 + 8 

94.875 hrs , 

( 4-13) 

( 4-14) 

(4-6) 

= 
(6 I. 6 6 8 )2 c 60.456 - 36. 853) 0·'±5 - 3 • 53 1 - 94.875- 36.853 _ (60.456- 36.853)- 1 

92.819 ~94.875 - 36.853 

= 2.153 ' 

and 
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(4-7) 

( 60.456 - 36.85,'.f'i (94.875 - 60.456)2 
= _._94_._8_...7 ..... 5_-__ 3_6_.8 __ 5 __ Y-...,,... _______ + (60.456- 36.853) _ 2 

92.819 \.:94.875 - 36.853 

= 3.599. 

The previous calculations are summarized in Table II. 

A similar procedure was used to determine the composite distribu-

tion of each of the remaining variables identified on the questionnaires. 

All of the preceding calculations and decision rules have been incorpo-

rated in Computer Program 1 of Appendix D. Tables III through VIII show 

the resultant distribution characteristics. 

Conversion to a Common Unit of Measurement 

The economic analysis of work measurement techniques requires that 

all initial costs be presented for final analysis in terms of dollars 

per standard hour developed. Likewise, all anticipated future costs and 

benefits must be in terms of dollars per standard hour developed per 

appropriate time period. Due to the characteristics of the subject 

organization, three months was considered to be a suitable time period 

for subsequent analysis of the work measurement techniques. Some of the 

information collected on the questionnaires can be applied directly in 

these analyses; other data require conversion to the appropriate units. 

The Costs of Employee Services 

The amount of pay received by both the industrial engineering 



Curve 

Type 3 

Type 8 

Type 2 

TABLE II 

SUMMARY OF THE WEIGHTED ESTIMATES OF THE TIME REQUIRED BY AN 
INDUSTRIAL ENGINEERING TECHNICIAN TO DEVELOP A 

ONE-STANDARD-HOUR LABOR STANDARD USING MTM 

L M H µ cr2 C1 a. 
(hrs) (hrs) (hrs) (hrs) (hrs) 2 (hrs) 

41. 94:4 60. 797 117.353 70.223 266.552 16.326 0.500 1.500 

25.556 32.778 40.000 32.778 2.745 1.657 8.ooo 8.ooo 

40.000 80.000 120.000 80.000 280.702 16.754 1.350 1.350 

Composite 36.853 58.575 94.875 60.456 92.819 9.634 2.153 3.599 
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TABLE III 

DISTRIBUTIONS OF THE TIME REQUIRED BY AN INDUSTRIAL ENGINEERING 
TECHNICIAN TO DEVELOP A ONE-STANDARD-HOUR LABOR STANDARD 

BY VARIOUS TECHNIQUE-TYPES 

Technique-Type L M H I.I aa (1 Distribution Shape 
(hrs) (hrs) (hrs) (hrs) (hrs)" 

MTN (A) )6.85.'.l 58.57.5 94.875 60.456 92.819 2.15.'.l ).599 ~ 
ASD (A) 4.628 8.916 1). 719 8.9J1 o.6o9 14 • .5.52 16.J01 A 
ASD (B) 2.998 6.158 9.J19 6.158 0.394 11.18.'.l 11.183 A 
ASD (2) 2.211 4.678 7.867 4.69.5 0.185 17.291 22.352 ~ 
Stop Watch (A) 6.596 12.051 20.0JO 12.202 2.478 5.972 8.735 ~ 
Stop Watch (B) 5.535 8.892 14.182 9.o62 1.456 3.649 5.750 ~ 
Stop Watch (2) 1.554 2.)6.'.l ).49.'.l 2.371 0.021 16.944 2J.661 ~. 
Work Santpling (A) 18.120 )2.251 62.256 )5.248 73.462 1.056 2.242 u 
Work Sampling (B) 10.474 16.667 )0,)JO 17.826 12.J49 1.J86 ).058 ~ 
Work Sampling (2) 4.900 10,)87 14.906 10.280 2.481 ),856 3,176 D 
Engineered ~ Estimate (2) o.687 1.233 2.71J 1.294 0.052 3.619 9.810 

Coordinated A Estimate C.3l o.46o 0.90:1 1.417 o.904 o.oo6 16.17.'.l 18.805 
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TABLE IV 

DISTRIBUTIONS OF THE TIME REQUIRED BY AN INDUSTRIAL ENGINEERING 
TECHNICIAN EVERY TWO YEARS TO MAINTAIN A 

ONE-STANDARD-HOUR LABOR STANDARD BY 
VARIOUS TECHNIQUE-TYPES 

Technique-Type L M H u a" a Distribution Shape 
(hr.9) (hr .. ) (hrs) (hrs) (hrai11 

M'IM (A) 1.164 22.576 1<6.876 22.69) 20.220 10.656 12.093 A 
ASD (A) 1.213 4.527 11.369 i..790 1.635 3.720 7.679 ~ 
ASD (B) 1.279 3.11i. 7.020 3.179 0.225 9.423 20.059 L 
ASD (2) 1.oi.s 3.398 6.6'<5 3.1<26 0.2)3 12.537 17.297 A 
Stop Watch (A) 0.000 ).597 10.oi.o 3.777 1.825 i..393 7.033 ~ 
Stop Watch (B) o.i.71 2.596 7.ooa 2.819 0.875 2.677 5.559 ~ 
Stop Watch (2) o.420 1.671 i..138 1. 8"6 o.i.to 1.672 3.295 ~ 
Work Sampling (A) 2.i.01 7.953 16.61<6 8.247 4.206 3.381 5.a9'* ~ 
Work Sampling (B) 2.001 s.201 11.673 5.782 3.355 1.2°" a.4J5 u 
Work Sampling (2) 1.121 2.852 5.746 3.000 0.582 2.196 ).670 ~ 
F.ngineered ~ Estimate (2) o.i.93 2.166 3.i.61 2.156 0.056 20.285 15.69'* 

Coordinated A Estimate (3) o.i.21 0.751, 1.192 0.758 0.005 11.224 14.729 
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TABLE V 

DISTRIBUTIONS OF THE AMOUNT OF UNPRODUCTIVE DIRECT LABOR TIME 
PER 160 REPETITIONS OF A ONE-MAN-HOUR TASK BY 

VARIOUS TECHNIQUE-TYPES 

Technique-Type L M H u a• 0. Distribution Shape 
(hrs) (hrs) (hrs) (hrs) (hrs)• 

No Standard 17.766 39.7o6 61.645 39.7o6 77.650 1.599 1.599 Ll 
MTM (A) 3.653 8.094 12.155 8.oso 0.632 1'.1-352 12.208 A 
ASD (A)° 4.353 8.757 12.912 8.750 0.532 16.156 15.238 A 
ASD (B) 5.27'.1 12.399 19.172 12.342 6.7'.17 2.136 2.030 Ll 
ASD (2) 10.111 20.o64 36.164 20.393 8.247 6.366 10.297 ~ 
Stop Watch (A) 4.663 9.448 14.742 9.463 0.740 14.826 16.400 A 
Stop Watch (B) 5.894 12.575 18.985 12.561 2.209 8.366 8.025 ~ 
Stop Watch (2) 8.935 21.241 J).839 21.266 12.363 4.714 4.826 n 
Work Sampling (A) 4.953 9.656 14.359 9.656 o.649 15.532 15.532 A 
Work Slllllpling (B) 6.879 14.227 21.576 14.227 4.843 4.075 4.075 n 
Work Sampling (2) 8.094 22 • .578 )7.o62 22.578 33.346 1.646 .1.646 Ll 
Engineered ~ Estimate (2) 12.228 24.749 42.156 24.998 10.6o8 7.387 10.269 

Coordinated ti Estimate (3) 18.194 28.920 40.742 29.053 13.7'.19 2.968 3.271 
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TABLE VI 

DISTRIBUTIONS OF THE TOTAL COST OF ESTABLISHING 
A ONE-STANDARD-HOUR LABOR STANDARD IN THE 

EDP RECORDS BY VARIOUS TECHNIQUE-TYPES 

Technique-Type L M H LI aa a. Distribution Shape 
m m m m (Sf 

M'l'M (A) 130.000 154.000 178.000 15i..ooo . 30.316 8.000 8.ooo A 
ASD (A) 22.000 27.000 32.000 27.000 1.316 8.000 8.000 A 
ASD (B) 14.ooo 16.000 22.000 16.286 0.871 3.000 9.000 ~ 
ASD (2) 5.500 6.750 8.ooo 6.750 o.oea 8.ooo 8.ooo A 
Stop Watch (A) 22.000 • a7.ooo 32.000 a7.ooo 1.316 8.oOo 8.ooo A 
Stop Watch (B) 14.ooo 16.000 22.000 16.286 0.871 3.000 9.000 ~ 
Stop Watch (2) 5.500 6.750 8.000 6.750 0.082 8.ooo 8.ooo A 
Work Sampling (A) 1.500 2.000 2.500 2.000 0.013 8.000 8.ooo A 
Work Sampling (B) 1.500 2.000 2.500 2.000 0.013 8.000 8.000 A 
Work Sampling (2) 1.500 2.000 2.500 2.000 0.013 8.ooo 8.000 A 
F.ng ineered 

il.ooo A Estimate (2) 5.500 6.750 8.000 6.750 0.082 8.000 

Coordinated A Elltt.ate (J) 1.500 2.000 2.500 2.000 0.013 8.000 8.ooo 
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TABLE VII 

DISTRIBUTIONS OF THE TOTAL COST OF MAINTAINING.. A 
ONE-STANDARD-HOUR LABOR STANDARD 

EVERY TWO YEARS IN THE EDP RECORDS 
BY VARIOUS TECHNIQUE-TYPES 

Technique-Type L M H I.I cra II Distribution Shape 
($) ($) ($) (S) <•>" 

MTM (A) 780.000 824.ooo. 956.000 8)0.286 421.442 ).000 9.000 ~ 
ASD (A) 1)2.000 162.000 192.000 162.000 47.368 8.ooo 8.000 A 
ASD (B) 84.ooo 96.000 1oa.ooo 96.000 7.579 8.ooo 8.000 A 
ASD (2) )).000 4o.500 48.ooo 40.500 2.961 8.ooo 8.0QO A 
Stop Watch (A) 1)2.0QO 162.000 192.000 162.000 47.)68 8.ooo 8.000 A 
Stop Watch (B) 84.000 96,000 1oa.ooo 96.000 7.579 8.000 8.ooo A 
Stop Watch (2) )).000 4o.500 48.ooo 4o.500 2.961 8.000 8.ooo A 
Work Sampling (A) 9.000 12.000 15.000 12.000 o.474 8.ooo 8.000 A 
Work Sampling (B) 9.000 12.000 15.000 12.000 o.474 8.000 8.ooo A 
Work Sampling (2) 9.000 12.000 15.000 12.000 o.474 8.000 8.ooo A 
Engineered A Estimate (2) )).000 4o.500 48.ooo 40.500 2.961 8.ooo 8.000 

Coordinated A Estimate ()) 9.000 12.000 15.000 12.000 o.474 8.ooo 8.000 



TABLE VIII 

DISTRIBUTIONS OF THE TOTAL QUARTERLY COST OF EACH WORK MEASUREMENT TRAINING COURSE 

Training Course L M H l.l cr2 a. ~ Distribution Shape 
($) {$) ($) ($) ($)2 

Work Methods ~ and Standards 0 3 ,2""8 12,992 4,o6o 4,029,324 1.500 4.500 

MTM Procedures 0 8,ooo 16,000 8,ooo 11,228,o60 1.350 1.350 Ll 
ASD System 0 500 2,000 571 54,422 3.000 9.000 ~ 
labor Standards ~ Programming 2,458 4,038 8,775 4,828 1,870,499 0.500 1.500 

CX> 
0 
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technicians and the direct labor employees is determined by each 

individual's level on his respective wage scale. It follows, then, that 

neither of these factors may be considered a constant. Computer Program 

2 (Appendix D) was used to determine the characteristics of the beta 

function that best represented the distributions of these variables. 

The input information included not only the basic hourly wages, but also 

the cost to the organization of the various fringe benefits, such as 

paid vacations, sick leave, contributions to retirement plans, etc. In 

addition, the hourly direct-labor cost included the various charges for 

working materials, shop, branch, and organization supervision, and other 

overhead costs, with the sole exception of the work measurement func

tion, such that the result incorporated the total cost of one man-hour 

of production to the brftnch of the organization studied. The character

istics of the distributions of these costs are shown in Table IX. It 

should be pointed out that it is not necessary to assume that these 

costs are beta distributed. Inasmuch as both variables are in fact 

bounded by upper and lower limits, the constraints of the Bounded 

Liapounov Theorem are satisfied. Likewise, any time that information is 

obtained from empirical sources concerning a bounded variable, the 

"beta" assumption is unnecessary since all that is required in the sub

sequent analyses are the means and variances of these values. However, 

for illustrative purposes, these factors were assumed to be represented 

by beta functions. 

Although the hourly cost of direct labor is complete as shown, the 

hourly cost of industrial engineering technician time is not. The cost 

of the three supervisors and the two clerk-secretaries assigned to this 

function must be included, as must the cost of the four training 



TABLE IX 

DISTRIBUTIONS OF THE COST OF DIRF.CT LABOR AND INDUSTRIAL ENGINEERING TECHNICIAN TIME 

Source of Cost L M H ~ r1 a. ~ Distribution Shape 
($/hr) ($/hr) ($/hr) ($/hr) ($/hrf 

Direct Labor 8.819 9.107 9.998 9.234 0.055 o.666 2.o62 ~ 
Industrial Ll Engineering 
Technicians* 5.000 7.008 9.100 7.027 0.791 1.132 1.18o 

*Does not include overhead costs of the work measurement function. 

00 
[IJ 
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courses. The over-all cost to the organization of the supervisors and 

clerk-secretaries is $71,134.44 per year. Each industrial engineering 

technician works 48 weeks per year at 40 hours per week, or 1,920 hours 

per year. Therefore, the 24 technicians assigned to the branch studied 

work 

(24)(1,920) = 46,080 hrs/yr. 

The additional cost, per hour of technician time, of supervision and 

secretarial services, c, becomes 

71,134.44 = 1 _544 $/hr. 
c ·- 46,080 

The mean and variance, µx and cr~, of the previously determined cost per 

hour' of industrial engineering time were given in Table IX as 7.027 $/hr 

and O. 791 ($/hr )2 , respectively. Using 

(4-19) 

and 

~+o = (4-20) 

the new mean and variance of this cost is 

µx+c = 7.027 + 1.544 = 8.571 $/hr 

and 

cfx+ 0 = O. 791 ($/hr )2 • 

To determine the added cost of the training courses, all 134 tech-

nicians employed by the parent organization must be considered. Since 

the costs of these courses were obtained in terms of dollars per 
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three-month period (quarter), the total number of technician-hours 

available per quarter, Th 11 , must be found: 

Thq = 
( 134) ( 12 920) 

= 64,320 hrs/qtr. 4 

Then, from 

µex = cµx '· (4-17) 

and 

~lC = c2 ifx 
' 

(4-18) 

where 

c = 

µx = mean cost of ~ach training course, $/qtr 

~ = variance of the cost of each training course, ($/qtr )2 

µex = mean cost, $/hour of technician time, of each training 

course , 

and 

cr~x variance of the cost, ($/hour of technician time)2 , of 

each training course, 

the effect of the cost of each training course on the hourly cost of 

industrial engineering technician time may be found. Table X shows 

these values for each of the four courses. 

The mean and variance of the total cost to the organization of an 

hour of industrial engineering technician time, µt and cft, may be 

obtained from an expansion of Equations (4-21) and (4-2J): 



TABLE X 

ADDITIONAL COSTS OF TRAINING COURSES TO THE COST OF 
INDUSTRIAL ENGINEERING TECHNICIAN TIME 
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Cost of Course Additional Cost to 

Training Course 

Work Methods 
and Standards 

MTM Procedures 

ASD System 

Labor Standards 
Programming 

µx 
($/qtr) 

4060 

8000 

571 

4828 

Ox 
($/qtr)a 

4,029,324 

11,228,060 

54, l!22 

1,870,499 

Te~hnician Time 

µ.c x O'o x 
($jhr) ($jhr )2 

0.063 0.001 

0.124 0.003 

0.009 0.00001 

0.075 0.0005 



and 

or 

and 

2 
+ • • • + O'n ' 

µt = 8.571 + 0.063 + 0.121± + 0.009 + 0.075 = 8.842 $/hr 

86 

cr~ 0.791 + 0.001 + 0.003 + 0.00001 + 0.0005 ~ 0.796 ($/hr)2 • 

Initial Standard Development Costs 

With the mean and variance of the hourly cost of industrial engi-

neering technician time, the mean and variance of the cost of using each 

of the various technique-type options may be determined. Let 

and 

µx = mean cost of technician time = 8.842 $/hr 

ifx = var'iance of the cost of technician time = O. 796 ($/hr )2 , 

µY = mean time required to develop a labor standard by the 

th 
y technique-type, hrs/std-hr , 

cr; = variance of the time required to develop a labor 

standard by the y th technique-type, (hrs/std-hr )2 • 

Then, the mean and variance of the technician cost of developing a one

standard-hour labor standard using the yth technique-type is 

(4-26) 

and 

(4-27) 
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Implicit in the use of these expressions is the assumption that the time 

required by a technician to develop a labor standard is independent of 

his pay scale. 

From Table III, the mean and variance of the time required to 

develop a standard hour using MTM is 

µY = 60.456 hrs/std-hr 

and 

~ = 92. 819 (hrs/std-hr )2 • 

Then, 

µxY = (8.842)(60.4:56) = 534.552 $/std-hr , 

~y (8.842) 2(92.819) + (60.456)2 (0.796) + (0.796)(92.819) 

= 10,239.889 ($/std-hr)2 9 

and 

crxy = 101.192 $/std-hr. 

In a similar manner, the initial technician cost of establishing a 

one-standard-hour labor standard may be found for each of the remaining 

technique-type options. These costs are shown in Table XI. Since the 

initial EDP costs were obtained directly in the units required, no con

version is necessary. These values are also shown in Table XI. 

Quarterly Standard Maintenance Costs 

The costs associated with the maintenance of the various labor 

standards were obtained on the questionnaires using a two-year reference 

period. This basic time unit was selected because organization policy 



TABLE XI 

INITIAL COSTS OF ESTABLISHING A ONE-STANDARD-HOUR LABOR STANDARD BY VARIOUS TECHNIQUE-TYPES 

Industrial Engineering Cost EDP Cost 

Technique-Type µXY ifx y (J" x y µ ----c? 
(J" 

($/std-hr) ($/std-hr) 2 ($/std-hr) ($/std-hr) ($/std-hr ) 2 ($/std-hr) 

MTM (A) 534.552 10~239.889 101. 192 154.ooo 30.316 5.506 

ASD (A) 78.967 111.588 10.563 27.000 1.316 1.147 

ASD (B) 54.449 61.302 7.829 16.286 0.871 0.933 

ASD (2) 41.513 32. 156 5.670 6.750 0.082 0.287 

Stop Watch (A) 107.890 314.220 17.726 27.000 1. 316 1.147 

Stop Watch (B) 80.126 180.357 13.429 16.286 0.871 0.933 

Stop Watch (2) 20.964 6.133 2.476 6.750 0.082 0.287 

Work Sampling (A) 311.662 6,790.773 82.406 2.000 0.013 0.115 

Work Sampling (B) 157.617 1,228.228 35.046 2.000 0.013 0.115 

Work Sampling (2) 90.895 280.061 16.735 2.000 0.013 0.115 

Engineered 11.441 5.439 2.332 6.750 0.082 0.287 
Estimate (2) 

Coordinated 7.993 1.124 1.06o 2.000 0.013 0.115 
Estimate (J) 

co 
co 



required that each labor standard be audited at least once every two 

years. Thus, even if no other effort on the part of the industrial 

engineering technician was necessary, he would at least have had to per-

form an audit on the labor standard during this time. 

If it is assumed that the estimated values for the two-year period 

represent the sum of eight independently and identically distributed · 

quarterly random variables, then Equations (4-24) and (4-25) may be used 

to find the mean and variance of these quarterly values. Let 

µt = mean of the estimated value for a two-year period, 

~ = variance of the estimated value for a two-year period, 

µq = mean .of the estimated value for a three-month period, 

and 

a~ = variance of the estimated value for a three-month 

period. 

Then, 

µ -- 16 q n 
(4-24) 

and 

cra =£I 
q n (4-25) 

Table VII shows that the, two-year EDP maintenance cost of a one-

standard-hour labor standard developed by MTM has the following mean and 

variance: 

µt ~ 830.286 $/std-hr 

and 



at = 421.442 ($/std-hr)2 • 

In terms of a three-month period, these values become 

~ = 

and 

830.286 
8 

421.442 
8 

= 103.786 $/std-hr , 

= 52.680 ($/std-hr) 2 , 

CTq = 7.258 $/std-hr. 
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The same procedure is used to find the number of hours required of 

an industrial engineering technician each quarter to maintain the vari-

ous types of labor standards. Again using a one-standard-hour MTM 

standard as the example; from Table IV 

and 

Then, 

and 

µt = 22.693 hrs/2-yrs 

crf = 20.220 (hrs/2-yrs)2 • 

22.693 
8 = 2.837 hrs/qtr 

cr~ = 200220 = 2.528 (hrs/qtr)2 • 

To convert these values to dollars per quarter, the distribution of 

technician cost per hour and Equations (4-26) and (4-27) are again used: 

µxq = (8.842)(2.837) = 25.084 $/qtr , 



and 

a~q, -- (8.842)2 (2.528) + (2.837) 2 (0.796) + (0.796)(2.528) 

= 206.060 ($/qtr) 2 , 

CTxq, = 14.354 $/qtr. 

In a similar manner, the quarterly maintenance costs of the remaining 

technique-type options may be found. These values are summarized in 

Table XII. 

The Costs of Unproductive Direct Labor 

91 

To determine the costs of unproductive direct labor that might 

result if each of the various work measurement technique-type options 

were used, ·an "average" shop consisting of 20 direct-labor employees 

working eight hours per day was used as the base of. reference. This 

figure was selected under the assumption that the industrial engineering 

technicians would be better able to estimate the amount of over-all 

"wasted time" inherent in the particular labor standard classifications 

for a group working a full day than, for example, a single individual 

working only one hour. This assumption is strictly based on the judgment 

of the author; there is no way to determine whether it provided more or 

less valid data than would another reference figure. 

Table V shows the estimates of the number of unproductive direct 

labor man-hours, out of the 160 man-hours available in the 20-man shop 

each day, that might result if all labor standards in that shop were set 

in the manner indicated. As stated in the study, these values were to 

be determined by considering the amount of time that the workers would 

get that was over and above what they should need to perform their 



TABLE XII 

QUARTERLY COSTS OF MAINTAINING A ONE-STANDARD-HOUR LABOR STANDARD BY VARIOUS TECHNIQUE-TYPES 

Industrial Engineering Cost EDP Cost 

Technique-Type µxq diq O"x q µq q O"q 
($/qtr) ($/qtr )2 ($/qtr) ($/qtr) ($/qtr )2 ($/qtr) 

MTM (A) 25.084, 2060060 14. 354 103. 786 52.680 7.258 

ASD (A) 5e296 16.396 4.049 20.250 5.921 2.433 

ASD (B) 3.510 2e 336 1.528 12.000 0.947 0.973 

ASD (2) 3.784 2.436 1.56o 5.063 0.370 0.608 

Stop Watch (A) 4. 173 18. 184 4.264 20e250 5.921 2.433 

Stop Watch (B) 3. 112 8. 707 2.950 12.000 0.947 0.973 

Stop Watch (2) 2.042 4.070 2.017 5.063 0.370 0.608 

Work Sampling (A) 9.116 42.387 6.510 1.500 0.059 0.243 

Work Sampling (B) 6.392 33.507 5.788 1.500 0.059 0.243 

Work Sampling (2) 3.315 5.877 2.424 1.500 0.059 0.243 

Engineered 2.387 0.610 0.781 5.063 0.370 0.608 
Estimate (2) 

Coordinated 0.839 0.054 0.233 1.500 0.059 0.243 
Estimate (3) 

'° tu 
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duties either because of the poor method definition or "looseness" of 

the technique used to set the standards. Time lost due to personal 

needs, official break periods, cleanup, minor maintenance, or other 

recognized delays and allowances was not to be considered unproductive. 

In effect, these values represent estimates of the inherent accuracy or 

credibility of each of the various work measurement technique-types, as 

applied in the subject organization branch. 

Assuming that the estimated values represent the sum of 160 inde-

pendent and identically distributed random variables, let 

and 

µY = mean number of unproductive direct labor man-hours 

per repetition of a one-man-hour task established 

by the yth technique-type, 

a; variance of the number of unproductive direct.labor 

man-hours per repetition of a one-man-hour task 

th . 
established by the y technique-type, .. 

µty = mean of the total number of unproductive direct 

labor man-hours (out of the 160 man-hours available 

in the 20-man shop each day) that would result if 

all standards were established by the yth technique-

type. 

aty = variance of the total number of unproductive direct 

labor man-hours (out of the 160 man-hours available 

in the 20-man shop each day) that would result if all 

standards were established by the yth technique-type, 

Ux = mean cost per direct-labor-hour = 9.234 $/hr, 

cfx = variance of the cost per direct-labor-hour= 0.055 ($/hr )2 • 
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Then, assuming that all of the standards were established using MTM, 

µty 8.080 
µy - == 160 = 0.051 hrs/rep ( 4:-24:) n 

and 

a2 
oiy 0.632 (hrs/rep)2 - = 160 = 0.004: . y n 

From Equations (4:-26) and (4:-27) 

and 

µXY = (9.234)(0.051) = 0.470 $/rep ' 

~y = (9.234:)2 (0.004:) + (0.051) 2 (0.055) + (0.055)(0.004) 

= 0.34:1 ($/rep) 2 , 

CTxy = b.584: $/rep • 

(4-25) 

Again, an assumption implicit in the preceding calculations is that the 

number of unproductive man-hours per repetition of the task is independ-

ent of the worker's pay scale. The per cent of the mean cost per 

direct-labor hour represented by the mean cost of unproductive direct 

labor for an MTM standard is 

= o.4:7o = 0.051 5 1% 9.234 = • • 

The interpretation of this value is that, in the long run, the branch 

can expect to receive approximately 94:.9% labor effectiveness when MTM 

is used to establish labor standards. 

In a similar manner, the cost of unproductive direct labor per 

repetition of a one-man-hour task may be obtained for each of the 
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remaining technique-types, including the option of setting no standard 

at all. These values are shown in Table XIII. 

The Net Present Value of a Labor Standard 

With the information determined, the net present value of any labor 

standard to be developed may be found. 

The Interest Rate 

From the economic characteristics of the organization it was deter-

mined that a suitable discount rate was 10% per year, compounded per 

year. In order to make use of this information, however, this value 

must be converted to a quarterly rate. Let 

and 

Then, 

and 

(67' p. 80). 

ieff = effective annual interest rate 

i 

= 10% per year, compounded per year, 

nom 
nominal annual interest rate, 

i = quarterly interest rate. 
q 

i = 0.0964 
nom 

9.64% per year, compounded quarterly, 

i 
nom 

iq = -4- = 
0.0964 

4 = 0.0241 

= 2.41% per quarter, compounded per quarter 



TABLE XIII 

COST OF UNPRODUCTIVE DIRECT LABOR PER REPETITION OF A 
ONE-MAN-HOUR TASK BY VARIOUS TECHNIQUE-TYPES 

Cost 

Technique-Type 2 
crx y Direct-Labor µl( y O"x Y 

($/rep) ($/rep r ($/rep) Effectiveness 

No Standard 2.290 41.384 6.433 75.2 

MTM (A) o.470 0.341 0.584 94.9 

ASD (A) 0.507 0.256 0.506 94.5 

ASD (B) 0.711 3.583 1.893 92.3 

ASD (2) 1.172 4. l137 2.106 87.3 

Stop Watch (A) 0.544 o.426 o.653 94.1 

Stop Watch (B) 0 .. 729 1.194 1.093 92.1 

Stop Watch (2) 1.228 6.570 2.563 86.7 

Work Sampling (A) 0.554 O.J41 0.584 94.o 

Work Sampling (B) 0.821 2.560 1.600 91.1 

Work Sampling (2) 1. 301 17.748 4.212 85.9 

Engineered 1.440 5.632 2.373 84.4 
Estimate (2) 

Coordinated 1.680 7.339 2.709 81.8 
Estimate (3) 

( o/o) 
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The Task to be Studied 

Assume that it is desired to determine the most economical work 

measurement technique-type to use to study a task that has an expected 

life of 18 months (6 quarters). Further assume that the task will be 

performed twice a week, or 26 times per quarter, and that the technique-

type being considered is Stop Watch (Type 2). 

In order to determine the value of a labor standard, the costs of 

that standard must be compared to the costs of having no standard at 

all. These values are summarized in Table XIV. 

The mean and variance of the initial development costs for a Stop 

Watch (2) labor standard are 

and 

k 

µP = l µJ== -20.964 - 6.750 = -27.714 $/std-hr 

j:::1 

k 

a; = l ar= 6.133 + 0.082 :::: 6.215 ($/std-hr )2 • 

j=1 

(4-28) 

(4-29) 

The value of a labor standard is derived from the savings in unproductive 

direct labor costs as a result of the use of the standard. Assuming 

that these values are independent and identically distributed from one 

repetition of the task to another, and remembering that the task is to 

be repeated 26 times per quarter, by using Equations (4-22), (4-2J), 

(4-24), and (4-25) the mean and variance of the quarterly distribution 

of value of the Stop Watch (2) labor standard becomes 

26(2.290 - 1.228) = 27.612 $/qtr , 



Teclmique-Type 

Stop Watch C2) 

No Standard 

TABLE XIV 

COMPARISON OF THE COSTS OF A STOP WATCH (TYPE 2) 
LABOR STANDARD WITH NO STANDARD AT ALL 

Industrial Engineering Costs EDP Coats 

Development Maintenance Per Quarter Development Maintenance Per Quarter 

µj . or-- -··Ii; - ~ 2 

CS/std-hr) C$/std-hr)2 ($/std-hr) ($/std-hr) 
µ3 ri! µ, 

CS/std-hr) (S/std-hr)2 CS/std-hr) 
a: 

CS/std-hr) 2 

20.964 6.133 2.042 4.070 6.750 0.082 5.063 . 0.370 

Cost of Unproductive 
Direct Labor Per 

Renetition 
µ, a: 

(S/std-hr) CS/std-hr)2 

1.228 6.570 

2.290 41.384 

-..!) 

co 



and 

~ = n(cr22 + cr12 ) = 26 (1±1.384 + 6.570) = 1,246.804 ($/qtr )2 • 

The mean and variance of the quarterly cash flows is obtained from 

and 

t 

µr= lµs = -2.042 - 5.063 + 27.612 = 20.507 $/qtr 

s=1 

t 
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(4-30) 

a~ = la<; = 4.070 + 0.370 + 1,246.804 = 1,251.244 ($/qtr)2 • (4-31) 

s=1 

Then, the expected net present value and the variance of the net present 

value of the labor standard are 

and 

[ ( 1 + • 0241 )6 - 1 J 
= -27.714 + 20.507 .0241(1 + .0241)6 

= 85.579 $/std-hr 

n 

Var (NPV) = ~ + ~ l ( 1 + ~ )2 r 

r=1 II. 

6 

= 6.215 + 1,251.244 I <1 + .~241 )21' 
r:-::1 

= 6,382.003 ($/std-hr)2 • 

(4-34) 

(4-35) 



and 

The desired loss information is 

P(loss) = P (z < O - ENPV) 
- /Var(NPV) 

= P (z ~ - 85 •579 ) = 0.1424 , 
/6,382.003 

E(loss 

u = 

= 

ENPV - 0 

jVar(NPV) 

85B579 

/6,382.003 

I loss occurs) 

= 

= 

= 

= 

1.07 
' 

/Var{NPV) 
L(u) 

P(loss) 

/6 2382.003 (0.07279) 
0.1424 

40.850 $/std-hr • 

100 

(4-38) 

(4-39) 

(4-42) 

In a like manner, each of the other competing technique-types may 

be evaluated. Table XV is a summary of this information obtained for all 

options available. It is interesting to note that in this case, if MTM 

were the only technique available, the organization would stand to lose 

more than $800 in expected net present value by developing the standard 

for this task. 

Paired Comparisons of the Techniques 

Before determining that a Stop Watch (Type 2) labor standard will 

be developed for the task under consideration (Stop Watch (2) has the 



TABLE XV 

COMPARISON OF THE VALUE CHARACTERISTICS OF A LABOR STANDARD 
WITH AN EXPECTED LIFE OF 18 MONTHS FOR A TASK TO BE 

REPEATED 26 TIMES PER QUARTER BY VARIOUS 
TECHNIQUE-TYPES 
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Technique-Type ENPV Var(NPV) P(loss) E(lossjloss occurs) 
($/std-hr) ($/std-hr) 2 ($/std-hr) 

Stop Watch (2) 85.579 6,382.003 0.1424 40.850 

ASD (B) 70.385 6,036.335 0.1830 42.298 

Coordinated 64.705 6,456.757 0.2109 45.497 
Estimate ( 3) 

ASD (2) 63.449 6, 117.109 0.2092 44.180 

Engineered 62.744 6,239.406 0.2141 44.918 
Estimate (2) 

Stop Watch (B) 44.321 5,871.347 0.2823 47.543 

Work Sampling (2) 220563 8,144.398 o.4024 64.396 

ASD (A) 9.010 5,743.277 o.4539 57.309 

Work Sampling (B) 70789 7,221.179 o.4647 65.050 

Stop Watch (A) -190023 5,977-542 0.5961 69.356 

Work Sampling (A) -1220954 12,534.980 0.8636 151.329 

No Standard -328.934 5,482.742 0.9999 328.935 

MTM (A) -1, 1390081 17,116.540 1.0000 1, 139.081 



largest ENPV), the technique-types should be compared against each 

other. Considering the Stop Watch (2) and ASD (B) techniques, 

and 

Then, 

and 

- 85.579 - 70.385 15.194 $/std-hr , 

Var ( NPV d ) -- Var ( NPV 1 ) + Var ( NPV 2 ) 

= 6,382.003 + 6,036.335 = 12,418.338 ($/std-hr)2 • 

P(reversal) ::: p ( z .'.S, 0 - ENPV d ) 

/var(NPVd) 

= p (z .:s. -15.194) = o.4470 
' /fa,418.338 

ENPVd - 0 
ud = 

/Var(NPVd) 

15.194 0.136 = = ' /12,418.338 

E(loss I reversal occurs) 
/Var(NPVd) 

= P(reversal) L(ud) 

= /12,418.338 (0.3354) 
o.4470 

= 83.616 $/std-hr • 
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( 4-43) 

(4-44) 

(4-45) 

(4-46) 

(4-48) 

Table XVI shows selected paired comparisons of the Stop Watch (2) 

and ASD (B) technique-types with other options available. The preceding 



TABLE XVI 

SELECTED PAIRED COMPARISONS OF THE STOP WATCH (TYPE 2) AND ASD (TYPE B) TECHNIQUE-TYPES WITH OTHER 
OPTIONS AVAILABLE FOR A LABOR STANDARD WITH AN EXPECTED LIFE OF 18 MONTHS SET ON A TASK 

TO BE REPEATED 26 TIMES PER QUARTER 

Stop Watch (2) P(Reversal) E(LosslReversal Occurs) ASD (B) P(Reversal) E(Loss!Reversal Occurs) 
Versus ($/std-hr) Versus ($/std-hr) 

ASD (B) o.4470 83.616 Coordinated o.4810 87.150 
Estimate (3) 

Coordinated o.4281 83.229 ASD (2) o.4762 85.489 
Estimate (3) 

ASD (2) o.4227 81.624 Engineered o.4738 85.684 
Estimate (2) 

Engineered o.4206 81.830 Stop Watch (B) o.4067 78.247 
Estimate (2) 

Stop Watch (B) 0.3556 74.894 Work Sampling (2) 0.3449 79.580 

~ 
0 
\...J 
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calculations and decision rules have all been incorporated into Computer 

Program 3 of Appendix D. The output of this program provides not only 

the information shown in Table xv, but also the information shown in 

Table XVI for all possible pairs of technique-type options. 

Although the ENPV 1 s obtained in this example are relatively small, 

the reader should not be left with the impression that this is always 

the case. The expected life of the standard and the number of times 

that the task is to be repeated are the two factors that primarily 

influence the magnitude of these values. For example, consider a one

hour task to be performed by one man every hour that he works, or, in 

other words, the task is to be performed 4:0 times per week. Further, 

assume that the task has an anticipated life of ten years. The expected 

net present value of an ASD (A) labor standard for this task is 

$22,873.59. If the number of men performing this task is increased to 

twelve, the expected net present value of an MTM (A) standard estab

lished for the task is more than $285,000. In both cases, the prob

ability of incurring a loss is negligible. The value of a labor 

standard can 9 therefore, become quite large, particularly in those situ

ations where the life and/or frequency of occurrence of the task are 

great. 

Further Comments on the Study 

The reader will note that the questionnaires contained in Appendix 

A ask that confidence ratings be provided for both the first-round and 

the fourth-round responses. Although only the fourth-round ratings are 

used in the preceding analysis, they were included on the first ques

tionnaire for three reasons: (1) to introduce the concept of 
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confidence ratings, (2) to get the technicians thinking in terms of the 

accuracy of their estimates, and (3) to cause as little confusion and 

misunderstanding as possible on the final questionnaire. Again, this 

was a matter of judgment on the part of the author; whether or not it is 

a necessary procedure is a matter of opinion. 

Part II of the questionnaire administered to the individuals re

sponsible for the training courses (Appendix C) asked for estimates of 

the total quarterly dollar cost of the course that could be eliminated 

if each of the six basic work measurement techniques were never going to 

be used to establish labor standards in the organization. This informa

tion was to be used to adjust the hourly cost of industrial engineering 

technician time if it could be shown that any of the techniques was 

economically inferior to all of the.othe:rs. A review of the information 

presented in Tables III through VII shows that none of the six basic 

techniques is inferior to all other techniques in all respects. There

fore, none of them may be unilaterally discarded without further inves

tigation. However, if it were decided that, for example, MTM would 

never be used to establish labor standards in this organization, an 

average savings of $32 9000 per year, or $0.124 per technician-hour (see 

Tables VIII and X) could be realized simply from the elimination of the 

MTM course. Additional savings from the other three training courses 

would amount to $0.002 per technician-hour from this decision. It is 

beyond the scope of this thesis to either recommend or not recommend 

such a course of action. The point is, however, that any time an over

head cost can be directly identified with a specific work measurement 

technique, the characteristics of that cost should be investigated with 

the understanding that the technique may be shown by subsequent analysis 
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to be economically unjustifiable in any application. 

Summary 

Any future application of the proposed economic model must be 

designed to specifically take into account the characteristics of the 

organization to be studied. A large measure of judgment must be used 

by the analyst in planning his investigation to fit the existing situa

tion. The questionnaires contained in Appendixes A, B, and C should be 

considered as a guide to subsequent studies; there is no absolute 

requirement to use the exact phraseology contained on these instruments. 

Likewise, the mathematical analysis of the resulting data will depend on 

the manner and the units in which it is collected. The model itself is 

rather flexible. The usefulness and validity of the results of any sub

sequent studies will largely rely on the amount of good common sense 

that went into each investigation. Figure 5 contains a summary of the 

steps required to apply this procedure. 



Step 1: Identify all cost and benefit elements of the work measurement program. 

Step 2: Using Delphi questionnaires or empirical records, obtain data concern

ing each cost and benefit element as it applies to each work measurement proce

dure available. 

!!!P....1= Determine the composite beta distribution of each cost and benefit 

elemerit for each work measurement procedure (see pages 66-73, and Computer Pro

gram 1 1 Appendix D). 

Step 4: Convert the cost and benefit elements into the units required for eco

nomic analysis (see pages 73-94). 

~: Determine the applicable discount rate (see page 95). 

Step 6: For the labor standard to be developed, determine the expected life of 

the task and the number of repetitions of the task per time period. 

~: Make an economic analysis of each competing work measurement procedure 

(see pages 97-1o4 1 and Computer Program 3, Appendix D). 

Step 8: Select the "best" work measurement procedure based on the economic 

analysis and other pertinent factors. 

!!!P...2.= Repeat Steps 6 through 8 for each new labor standard to be developed. 

Figure 5. Steps Required to Apply the Proposed Economic 
Model 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

The Usefulness of the Model 

The selection of a work measurement technique to use to study a 

given human task has been frequently based on administrative judgment, 

supported, perhaps, by rules of thumb, previous experiences, or the 

claims of those who have allegedly demonstrated the "value" of a partic

ular procedure. Although the economic importance of a general work 

measurement program has often been cited in literature, a method for 

comparing the costs and benefits of specific application procedures 

within each individual production environment has been virtually 

ignored. 

The model developed in Chapter IV furnishes, in essence, a cost

effectiveness analysis, for a particular industrial organization, of the 

various work measurement techniques as they are applied within that 

organization. It adds a measure of objectivity to what has previously 

been a rather subjective decision, by providing a procedure whereby the 

person responsible for this function is aided in selecting the most 

economically effective technique to apply to a given job study. It is 

an effort to make systematic and efficient use of the judgments required 

in this situation; it is not an attempt to determine the exact economic 

impact of any particular work measurement technique. 
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Although there are some definite precautions to be taken in the use 

of this model, its 

••• function is, after all, to give operational advice to a 
decision-maker. • •• its justification should derive from 
the fact that recommended actions based on it have a good 
chance of being more appropriate than actions selected with
out use of the model (34, p. 7). 

[It is] used to predict future events and, in particular, 
to make conditional predictions of the consequences of alter
native courses of action. The ability to make contingency 
predictions of this kind gives us a measure of control over 
the future ••• (J4, pp. 4-5). 

Any reduction of uncertainty in estimating the anticipated value of work 

measurement applications is beneficial and profitable, regardless of 

whether the decision data and methods are subjective (as in this model) 

or actually based on empirically measured information. In addition, the 

results obtained from any model 11 ••• still cannot fail to depend indi-

rectly on the expert judgment that went into the construction of the 

model" (34, pp. 97-98). 

The proposed procedure is a predictive tool -- the answer regarding 

present and future costs and benefits can be anticipated and evaluated 

in advance. Even though it provides only estimates of these quantities, 

the value of such a tool lies in whether it enables a correct choice or 

decision to be made. The absolute or relative error inherent in the 

model is unimportant, so long as the model leads the decision maker to 

choose the appropriate technique. If the information provided by the 

solution to any engineering or economy problem allows the more or most 

economical alternative to be selected, it has served its purpose. A 

discrete choice must be made in selecting a work measurement technique 

to study a given task. As long as the measures provided in the model 

allow for this choice, the model is useful. The method developed 
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provides such measures. Much of the guesswork involved in technique 

selection can be removed. The best choice can be made on a consistent 

basis. 

It is true with any cost-effectiveness model, however, that the 

results, although quite useful 9 should be given no more, and no less, 

than is their due. The limitations and pitfalls of the procedure must 

be as fully recognized and considered as the advantages, when decisions 

are to be based on the results. 

Pitfalls in the Model 

The Survey Procedure 

The application of the Delphi Method is an attempt to gather facts 

concerning the costs and benefits of the work measurement techniques. 

In this respect, the environmental conditions of the survey must be con

ducive to obtaining these facts. The questions must be carefully worded 

to insure that they do not lead to improper responses. The person con

ducting the study must be readily available to discuss the questions 

with the respondents to be certain that they are fully understood; yet 

he must take precautions against influencing the results. 

Work measurement personnel are often required to make decisions 

under pressure. Some organizations provide more pressure in the form of 

consequences than others, and hence these individuals learn to ·be bold, 

non-committed, conservative, etc. The selection of a person to take 

part in a Delphi survey implies that he is (if rational) unaffected by 

any pressures resulting from past experiences. The participants should, 

therefore, be assured that their answers will not result in punitive 

action at a later date. The use of an analyst from outside the subject 
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organization to conduct the study, and guaranteed anonymity of replies 

is perhaps the best approach to obtaining honest judgments. 

Another assumption inherent in the selection of a survey partici

pant is that he is impartial. Work measurement analysts, particularly 

those with many years of experience, are not necessarily impartial. 

Thus, respondents must be carefully selected to insure that the over-all 

answers are not unjustifiably biased either for or against a particular 

technique. 

Finally, even under the best of conditions, a survey will be some

what of a nuisance for the participants. A proper foundation must be 

established to convince those taking part that their answers will most 

likely lead to definite improvements in the work measurement function. 

They must be encouraged to provide thoughtful, honest answers. Hasty, 

unconsidered responses may be worse than no information at all. 

The Mathematical Results 

The economic model presented in this thesis is a predictive tech

nique. It is designed to determine, in advance, which of the various 

work measurement procedures available, if applied to a given human task, 

will result in the greatest expected value to the organization. As is 

true with any mathematical treatment of a real world phenomenon, 

however, the role of the decision maker is quite importa,nt. The analy

sis must always be supplemented by judgment. 

The future course of events may take many forms. The user of the 

model must guard against concentrating on the statistical uncertainties, 

emphasized by the mathematical procedures, to the neglect of the real 

uncertainties. He must beware of the tendency to overlook the 
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simplifications made in the model to achieve its precision, and the 

temptation to overemphasize the calculations, while omitting the perti

nent qualitative factors. 

A cost-effectiveness study must be given no more influence than it 

can legitimately claim. The responsibilities of the decision maker must 

not be transferred to the model. The study and analysis may be scien

tific, but its application is an art; an art based on scientific analy

sis supported by judgment and experience. The value of the model, 

therefore, depends heavily on the sense of restraint with which it is 

applied and its product appreciated (42, pp. 1-5) (54, pp. 4-15) 

(55, p. 7). 

Conclusions Based on the Study 

Although the results of the investigation presented in Chapter V 

are applicable only to the specific organization studied, the following 

conclusions may be drawn from the information obtained: 

1. The Delphi Method may be advantageously used to evaluate 

the costs and benefits of a work measurement program. 

The results obtained from this study strongly support the 

desirability of this procedure when making such an inves

tigation. Taken as a whole, the participants in the 

survey showed increasing enthusiasm as the study pro

gressed, with many of them commenting favorably on the 

fact that they were required to re-evaluate their 

original biases in the light of the responses of the 

other participants. 

2. There is real value to be obtained from a properly 



applied work measurement program. The expected net pres

ent value of a single labor standard can reach into the 

hundreds of thousands of dollars. Even in the largest of 

corporations, returns of this magnitude are extremely 

significant, particularly when one considers the vast 

number of time standards that may be in force in any one 

firm. 

3. Although a properly applied work measurement program can 

be quite valuable, on the other hand, an improperly 

applied program can be quite costly. An emphasis on 

either accuracy or economy of application alone can 

result in a significant economic loss to the organization 

with the development of each labor standard. The results 

of this study dramatically demonstrate the wisdom of 

judiciously selecting the work measurement technique to 

be applied to a specific task, based on the expected net 

present value (and other factors) of the resulting labor 

standard. 

4. The results of this study tend to support the contention 

that the MTM procedure produces quite accurate labor 

standards. However, in many cases the added cost of MTM 

can outweigh the potential errors inherent in the other 

techniques, and, contrary to Fankhauser's assertion (see 

page 3 of this thesis), substituting MTM for the stop 

watch (or any other technique) might be disadvantageous 

to the organization. The primary cause of this disad

vantage is that, at least in the organization studied, 
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MTM does not produce quicker time studies than the other 

options available; in fact, it is five times as costly, 

on the average, as the best stop watch labor standard 

(see Table XI). 

5. The credibility or accuracy of a given work measurement 

technique is not necessarily proportional to the amount 

of time (cost) required to develop the standard. For 

example, the average Work Sampling (Type A) labor stan

dard takes almost three times as long to develop, in 

the subject organization, as the average Stop Watch (Type 

A) labor standard; yet the results of the stop watch 

study are considered the more accurate. One may not 

unilaterally infer, then, that the more costly the 

technique, the better the results. It should be 

pointed out, however, that work sampling is not a fre

quently used technique in the subject organization, and 

that the application of this technique is not aided by 

such devices as a memomotion activity camera. A large 

portion of the cost of this procedure may, thus, be 

attributed to the time required of the technician to 

travel from work place to work place to make the obser

vations. The implementation of more modern sampling 

devices would doubtless reduce this cost. 

6. The apparent accuracy and economy of the Automated 

Standard Data (ASD) System would tend to justify a 

similar process for other large organizations. Such 

a decision would, however, have to be based on the 
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expected return for the investment required, which in 

turn would be derived from such factors as the number 

of labor standards developed each year and whether the 

characteristics of the work of the organization would 

lend themselves to a standard data procedure. 

7. The results of the study imply that the stop watch 

technique, although frequently criticized, does pro

duce rather accurate labor standards. This fact could 

justify investment in more sophisticated measuring 

instruments, such as portable electronic data recorders, 

to eliminate the "crudeness" of the stop watch itself 

and some of the associated errors. Again, before an 

investment of this nature is undertaken, a feasibility 

study should be made. Such a study could incorporate 

the Delphi Method to determilie whether the results 

obtained from these innovations would, in fact, result 

in more accurate standards. 

8. Finally, it should be apparent that the economic opti

mization of a work measurement program may dictate a 

change in the number of time study analysts employed by 

the organization. If it is shown that more sophisticated, 

and, therefore, more time-consuming techniques should be 

used, it would be false economy not to hire more personnel 

to establish labor standards. Likewise, if, on the aver

age, less time-consuming procedures are indicated, a 

reduction in the number of analysts employed is war

ranted. The person responsible for the work measurement 
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function must be prepared for the possibility of 

drastic changes in his organization, if such changes 

are suggested by the results of the investigation. 

Recommendations for Future Studies 
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Possible extensions of this thesis may be classified into two gen

eral categories: (1) additional studies of the economic consequences 

of the work measurement function itself and (2) applications of all or 

part of the proposed model to other "estimating" situations. 

Work Measurement Investigations 

The model developed in Chapter IV and applied in Chapter V is an 

attempt to economically optimize the work measurement function as it 

presently exists. No effort has been made toward improving specific 

technique applications. The information obtained from the Delphi survey 

procedure is assumed to provide the necessary accuracy to form the basis 

for subsequent decisions. Additional studies suggested by the results 

include: 

1. Experimental investigations, under actual production condi

tions, to verify the relative accuracy of the various work 

measurement techniques. 

2. A study to determine whether the costs of unproductive 

direct labor attributed to each of the various tech

niques is a result of poor work methods definition, the 

inherent inaccuracy of the timing procedure, or both. 

J. An investigation to determine the characteristics of the 

jobs that best lend themselves to study by each of the 



various techniques; i.e., does a particular technique, 

although generally less economical than another, become 

more economical when applied to jobs that have. certain 

identifiable traits 1 and vice versa? 

4:. A m.odel that would indicate the best combination of 

techniques that should be used to study each part of a 

long task, to even further optimize the expected value 

of the labor standard. 

5. An investigation to determine how to identify a task 

that should be restudied for methods improvement; i.e., 

is there some quantitative or qualitative measure that 

would indicate how much might be saved in unproductive 

direct-labor costs before the methods improvement 

action is begun to provide for a decision concerning 

whether such an effort is justified? 

Other Estimating Situations 
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The procedure developed in this thesis should lend itself to many 

other areas of investigation where data is obtained from estimates. In 

particular, some of these applications include: 

1. The incorporation of a "fixed set" of beta distributions 

into the well~known PERT (Program Evaluation and Review 

Technique) procedure, which might lead to better esti

mates of the mean and variance of project durations 

than are obtained by the rather crude formulas pres

ently in use. 

2. An investigation to determine whether the Delphi Method 



could be used in conjunction with Cardinal Utility 

Theory to determine the characteristics of the utility 

function of an organization. 

J. The use of the proposed model with almost any economic 

study in which estimates of present and future costs 

and returns are required; the results obtained from 

such a procedure could prove quite useful to any 

large-scale investment decision in which there are 

competing alternatives. 
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FIRST-ROUND QUESTIONNAIRE 

Please read these instructions carefully. 

You have been selected to participate in a study to determine the 
cost-benefit relationships of the various work measurement techniques 
available for setting time standards. This questionnaire is the first 
of a series of four questionnaires designed to gather information that 
only you and your fellow workers can provide. The answers you give to 
the questions could become the basis for possible improvement in the 
current work measurement program. You are asked to adhere to the 
following rules during this study: 

1. Please read the instructions for each part carefully, determine 
that you know exactly what is being asked, and give thorough considera
tion to 211. aspects of the question before an·swering. 

2. Please do not discuss your answers with any other person en
gaged in the study until after the fourth questionnaire is completed. 
This is a critical requirement. Any violat,ion could seriously distort 
the results. 

3. You are allowed to use any records, files, or other source of 
information available to aid you in answering t.he questions; in fact, 
you are encouraged to do so. The only exception is that you are not to 
discuss the questions or your answers with any other person taking _the 
survey. 

Al.though your name has been identified with this particular answer 
sheet, you should understand that this is required only to compare 
answers between yourself and the other participants as a group in the 
following questionnaires. No one but yourself and the person conducting 
the survey will know how you answered any particular question. You are 
asked, then, to give honest answers, ~ the answers that you think 
someone else would like to see. This study is an attempt to gather 
facts, not to falsely justify or con~emn any particular policy or pro
cedure. Please provide answers that you sincerely feel are as accurate 
as you can make them. 

Instructions for Providing Answers. 

In the questions associated with this study, you will be asked to 
estimate three values for each quantity. These three values will be the 
lowest (L), the highest (H), and the most common (M) values. The lowest 
value will be the smallest value that you think the quantity could have. 
The highest value is the biggest value that you think the quantity could 
have. The most common value is the value that you think might happen 
more often than any other value. In, addition to providing these three 
values, you will also be asked to choose from the nine curves shown on 
the last page the one that you think best describes the way the values 
of the quantity would look if they were plotted on graph paper. The 
procedure to use in selecting a particular curve can best be explained 
by a couple of examples. 
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Example 1o Suppose that you were asked how much your telephone 
bill is each month. If you and the rest of your family make no long
distance calls during any month, your bill is $7.00. Therefore, the 
lowest value, L, of your phone bill is $7.00. Now if you were to check 
your records for the past two years you might find that there was only 
one month when no long-distance calls were made, and that normally two 
or three long-distance calls are made each month. You might also find 
that the largest bill you received was for $50.00, and that this hap
pened during Christmas one year when you called all of your relatives. 
Therefore the highest value, H, of your phone bill is $50.00. If you 
were to round-off all of the 24 phone bills for the past two years to 
the nearest whole dollar and then list them in order of their size, you 
might have something like the following: 

Size of Bill 

$7.00 
$9.00 

$10.00 
$12.00 
$15.00 
$20.00 
$J5.00 
$50.00 

Number of Times 
This Size Happened 

l 
2 
5 
8 
4 
2 
l 
l 

Now if•you were to plot these values on a graph, and draw straight lines 
between the points, your graph would look like this: 

8 

7 

1 

Size of Bill, Dollars 

When asked about the size of your phone bill, you would state that 
the lowest value (L) was $7000, the highest value (H) was $50.00, and 
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that the most common value (M) was $12.00 since it occurred more often 
than any other value. Referring to the figure on the last page, since 
the most common value is closer to the lowest value than either the 
middle or highest values, the curve to choose must be either Type J, 
Type 6, or Type 9. Notice that the only difference between these three 
curves is how spread out they are around the most common value. Type J 
shows a wide spread, Type 6 a medium spread, and Type 9 a narrow spread. 
Since the graph of your phone bill size is rather narrow around the most 
common value, you would choose curve Type 9. 

Example 2. Now suppose that you are asked to indicate h.ow much you 
spend each month for food for your family. Also suppose that you always 
pay cash at the grocery store and that you have no records, such as 
checkbook stubs, to give you this information. Even though you have no 
records, you still have some idea about this cost. You might estimate 
that you spend at least $100.00 each month. This would be your lowest 
value, L. You also know that you have never spent more than $200.00 
in any month for food. Your estimate of the highest value, H, would 
then be $200.00. Most of the time, however, you think you spend between 
$120.00 and $180.00 with an average perhaps of $145.00. Your estimate 
of the most common value, M, would then be $145.00. 

Referring again to the figure on the last page, since the most 
common value lies about half way between the lowest and highest values, 
you would be choosing between Type 2, Type 5, or Type 8 as the curve to 
represent your monthly food cost. However, you estimated that most of 
the time you would spend anywhere between $120.00 and $180.00 for food. 
This is a spread of $60.00 compared to a total spread of only $100.00 
between the lowest and highest values. This indiGates that your 
monthly grocery bills are quite spread out around the most common value. 
You would, therefore, probably pick curve Type 2. If, after some 
thought, you felt that the range of $120.00 to $180.00 was too large and 
that it should be $1JO.OO to $170.00, you might change your choice to 
curve Type 5, since this shows a smaller spread around the most common 
value. 

These two examples should have given you an understanding of how to 
select a curve-type to represent certain quantities. The questions you 
will be asked in this study will require you to estimate a low (L), high 
(H), and most common (M) value for each quantity, in addition to select
ing a curve-type from those on the last page to represent the quantity. 
In some cases you may have records that will assist you in answering the 
questions. In other cases you will have to rely on your experience to 
provide the answers. For still other questions a combination of both 
your records and experience may provide the best estimates. 

Instructions for Providing Confidence Ratings. 

Within each question that asks for a lowest, highest, or most 
common value, you will be asked to provide a confidence rating for that 
answer; This is a numerical rating of 5, 4, J, 2, or 1 that indicates 
how confident you are in that particular answer. In making this 
evaluation, you should indicate one of the following: 
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5 - I feel that this answer is probably within .±. 20% of the 
true value. 

4 - I feel that this answer is probab1y within* 40% of the 
true value. 

3 - I feel that this answer is probably within 4 60% of the 
true value. 

2 - I feel that this answer is probably within z 80% of the 
true value. 

1 - I feel that this answer is probably within * 100% or ritore 
of the· true value. 

Your confidence rating should be an indication of how much faith 
you have in that answer. Once again, you are asked to be honest in 
these ratings. You are the best judge of the accuracy of your answers. 
No one can do this for you. 

Miscellaneous Instructions. 

Your comments concerning this questionnaire are invited. 
Additional sheets of paper have been provided for this purpose. Please 
indicate the part and question number(s) to which you are referring, if 
you have any comments to make. 

Please complete this questionnaire and have it ready to be picked 
up by the morning of 

~~~--~~~~--~-

Your cooperation in this study is greatly appreciated. 



130 

PART I 

Listed below are the work measurement techniques that could cur
rently be used to establish different types of labor standards within 
this branch. For each technique and labor-standard type (A, B, 2, or 
J) you are asked to provide the lowest (L), most common (M), and highest 
(H) amount of time you might spend establishing a labor standard for a 
one-hour job. In other words, if you were to develop a labor standard 
that is exactly one hour long, that meets the statistical accuracy 
requirements for the type standard being set, and were to use the tech
nique indicated, what is the lowest amount of time it might take you, 
what is the most common amount of time it might take you, and what is 
the highest amount of time it might take you? For each of these three 
values, you are also asked to provide a confidence rating for your 
answer. In addition, you are to indicate, from the nine curves shown on 
the last page, the type of curve that best describes the way you think 
these times would look if you were to set one-hour labor standards in 
that manner over and over and were to plot the amount of time it took 
you horizontally and the number of times it took you this long 
vertically. 

Amount of time it might Confidence 
take you to set a one- Rating 
hour standard this way. 

1. MTM (Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

2. ASD (Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

(d) Curve-
Type 
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3. ASD. (Type B) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 

4:. ASD (Type 2) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 
( d) Curve-

Type 

5. Stop Watch 
(Type A) 

(a) Lowest (L) Hour's 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 
( d) Curve-

Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) Hours 

( b) Most 
Common (M) Hours 

( c) Highest (H) Hours 
( d) Curve-

Type 
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7. Stop Watch 
(Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) · Hours 

(c) Highest (H) Hours 

(d) Curve-
Type 

8. Work Sampling 
(Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

(d) Curve-
Type ·• 

9. Work Sampling 
(Type B) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 

10. Work Sampling 
(Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 
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11. Engineered 
Estimate (Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours· 

( d) Curve-
Type 

12. Coordinated 
Estimate (Type 3) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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PART II 

Even though a labor standard has been established, the industrial 
engineering technician is still responsible for maintaining that 
standard. In this part of the questionnaire, you are to consider~ 
of the reasons that might require additional work by you after the 
original labor standard has been developed, to keep it current. These 
reasons include such causes as changes in all or part of the labor 
standard because of a change in the instruction manual, changes in all 
or part of the labor standard due to a methods-improvement action, or 
simply the requirement for a periodic review of the standard because of 
its age. 

Listed below are the same work measurement technique-type combina
tions as in Part I. In this part, however, you are asked to indicate 
the lowest (L), most common (M) and highest (H) amount of total time you 
might spend in any two-year period following the original standard
development date to keep that standard current. This, of course, 
assumes that the standard will be in existance for two years or more. 
In other words, what is desired is an indication of how much extra work 
is required of you every two years to keep a labor standard up .. to· date. 
As in Part I of this questionnaire, all times apply to maintaining a 
labor standard that is exactly one hour long. 

Amount of time required Confidence 
every 2 years to main- Rating 
tain a one-hour labor 
standard set this way. 

1. MTM (Type A) 

(a) Lowest ( L) ·Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

2. ASD (Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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3. ASD (Type B) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 

4:. ASD (Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

(d) Curve-
Type 

s. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

(d) Curve-
Type 



136 

7. Stop Watch 
(Type 2) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours: 

( d) Curve-. 
Type 

8. Work Sampling 
(Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours· 

( d) Curve-
Type 

9. Work Sampling 
(Type B) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

10. Work Sampling 
(Type 2) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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11. Engineered 
Estimate (Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours· 

(c) Highest (H) Hours· 

( d) Curve-
Type 

12. Coordinated 
Estimate (Type J) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours: 

(c) Highest (H) Hours· 

( d) Curve-
Type 
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PART III 

One of the objectives of a work measurement program is to reduce 
the amount of unproductive man-hours in the shop. This is accomplished 
by attempting to determine how long it should take a properly trained 
and supervised worker, working at a normal pace, to accomplish a par
ticular task. Even when labor standards are in force, however, there is 
probably still some wasted time if only because the labor standard 
itself is either "loose" or just "too high. 11 

This part of the questionnaire is an attempt to determine how many 
wasted man-hours might result if there were no labor standards at all, 
or if the various techniques and labor-standard types were in use. You 
are to assume that the questions pertain to a shop that has 20 direct-
1 abor employees, being paid for an 8-hour day (160 direct man-hours per 
day), and that these 20 workers are properly supervised by their 
foreman. In addition, tau are to assume that~ labor standards in 
that shop have been established by the technique indicated and with the 
statistical accuracy required by that type standard. 

Listed below are the same standard technique-types as in the prev
ious two parts of this questionnaire. There has been added, however, 
the situation when no labor standards are in use. You are asked to 
indicate the lowest (L), most common (M), and highest (H) number of 
man-hours (out of the 160 man-hours available in this 2o~man shop each 
day) that might be wasted or not fully utilized if ~ labor standards 
in that shop were set in the manner indicated. Time lost due to per~ 
sonal needs, official break periods, cleanup, minor maintenance, or 
other recognized delays and allowances is E.2.!. to be considered wasted. 
Wasted man-hours, as used here, is the amount of time the worker would 
get that is over and above what he should have to perform his duties 
either because of the poor method definition or "looseness" of the 
technique used to set his standard. Remember that you are to estimate 
these values on a daily basis. 

Number of "wasted" man- Confidence 
hours each day for 20 Rating 
men working 8 hours, if 
this method was used to 
set their standards. 

1. No Standards 
at all 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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2. MTM (Type A) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

3. ASD (Type A) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

4:. ASD (Type B) 

(a) Lowest ( L) Hours -
(b) Most 

Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

5. ASD (Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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6. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 

7. Stop Watch 
(Type B) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

8. Stop Watch 
(Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

(c) Highest (H) Hours 

( d) Curve-
Type 

9. Work Sampling 
(Type A) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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10. Work Sampling 
(Type B) 

(a) Lowest ( L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

11. Work Sampling 
(Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

12. Engineered 
Estimate 
(Type 2) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 

13. Coordinated 
Estimate 
(Type J) 

(a) Lowest (L) Hours 

(b) Most 
Common (M) Hours 

( c) Highest (H) Hours 

( d) Curve-
Type 
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SECOND-ROUND QUESTIONNAIRE 

Please read these instructions carefully. 

This is the second of a series of four questionnaires designed to 
gather information concerning the cost-benefit relationships of the var
ious work measurement techniques available in this branch. The same 
questions that appeared in the first questionnaire are repeated here. 
During the first round you submitted estimates of various time values 
and selected a curve-type to represent your concept of how these values 
would look if they were plotted on graph paper. This questionnaire 
gives you the opportunity to revise any of these estimates if you feel 
they can be improved. 

For each work measurement technique-type combination the following 
information is presented: your first-round estimate, the average of the 
estimates made by all participants, and the central range of the esti
mates made by all participants. The central range is chosen so that 25% 
of the estimates lie below the lower value and 25% of the estimates lie 
above the upper value. Therefore, the central range itself contains 
the middle 50% of the estimates made for that particular value. In 
addition, the curve-type chosen by more respondents than any other type 
is also given, along with the number of persons (out of the eight par
ticipating in this study) who selected that type curve. 

You are asked to reconsider each of your previous answers, possibly 
revise them, and write your new answer in the space provided. For each 
question, if your new estimate lies outside the central range, or if the 
~ curve-type you select does not agree with the curve-type selected by 
the most persons previously, you are asked to state briefly but clearly, 
in the space provided, the major reason or reasons why.you feel the es
timate should be lower (or higher) than those within the central range, 
or why the curve-type selected by more participants than any other type 
does not adequately represent your concept of those particular values. 
These reasons may include, of course, such things as relevant informa
tion of any kind from any source, and/or your own personal reasoning 
that went into the new estimate. If additional space is needed, you may 
use the paper attached to this questionnaire. Please be sure to indi
cate the part and question number that you are referring to. 

It should be pointed out that your "new" estimates do not have to 
be different from your first-round estimates. If, after considering the 
responses of the other persons participating in this study, you still 
feel that your previous estimate is valid, then of course you may hold 
to that answer. The purpose of this and the following questionnaires is 
to give you a chance to reconsider your responses in the light of new 
information. It is not mandatory that you change any estimate. Changes 
should be made only when you honestly feel they might improve the 
accuracy of you~swers, ~ simply to "go along with the crowd." 



A few points may require further clarification: 

1. A "labor standard that is exactly one hour long" is a standard 
set on a job that will be charged for one man-hour of work. In other 
words, after the task has been studied, and the appropriate fatigue, 
delay, personal, etc. allowances have be;;;-added, the resulting labor 
standard shows a standard time (not normal time) of one man-hour to 
accomplish. 

2. ASD Standards (Types A, B, and 2). It is recognized that in 
establishing a particular labor standard some elements of the work cycle 
may not be available in the ASD file. In these situations, the indus
trial engineering technician must develop the data for these elements 
on his own. In some cases, the effect of these "other" elements will 
be such that the standard may still be classified as Type A. In other 
cases, the effect of the data for these elements may require that the 
standard be classified Type B. In still other situations, the added 
uncertainty of this data may be so great that the standard must be 
classified Type 2. In your answers to questions concerning ASD 
standards, you should consider those situations where the major portion 
of the data, but not all of the data, is obtained through the ASD 
system, in addition to those situations where the standard could be set 
using ASD information alone. 

J. Part III. The term "properly supervised" is meant to imply 
that the worker is not allowed to waste time or "goof off" and that he 
is kept supplied with work to be done and the materials to accomplish 
this work. In other words, the foreman is there to insure that in the 
long run (not isolated or special situations) the worker meets the 
standard time for his task as set by the technique indicated with the 
appropriate statistical accuracy. 

4. The word "need" has been inserted in the instructions for Part 
III to further clarify the definition of "wasted man-hours." 

It is essential that you continue not discussing your answers with 
any other person engaged in the study. You are still encouraged to use 
any records, files, or other source of information to aid you in 
answering the questions. Again, please read the instructions for each 
part carefully, determine that you know exactly what is being asked, 
and give thorough consideration to all aspects of the question before 
answering. 

Please complete this questionnaire and have it ready to be picked 

up by the morning of ~~~~~~~~~~~~~~ 
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PART I 

Listed below are the work measurement techniques that could 
currently be used to establish different types of labor standards within 
this branch. For each technique and labor-standard type (A, B, 2, or J) 
you are asked to provide the lowest (L), most common (M), and highest (H) 
amount of time you might spend establishing a labor standard for a ~
hour job. In other words, if you were to develop a labor standard that 
is exactly one hour long, that meets the statistical accuracy require
ments for the type standard being set, and were to use the technique 
indicated, what is the lowest amount of time it might take you, what is 
the most common amount of time it might take.you, and what is the 
highest amount of time it might take you? In addition, you are to 
indicate, from the nine curves shown on the last page, the type of curve 
that best describes the way you think these times would look if you were 
to set one-hour labor standards in that manner over and over and were to 
plot the amount of time it took you horizontally and the number of times 
it took you this long vertically. 



1. M'DI (Type A) 

(a) Lovest (L) 

(b) Host 
C.-on (M) 

(c) Highest (H) 

(d) CurYe-
Type 

2. ASD (Type A) 

(a) Lo-st (L) 

(b) Host 
ea-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

3. .lSD (Type B) 

(a) Loveat (L) 

(b) Host 
c;.,...,., (M) 

(c) Highest (H) 

(d) Curve-
Type 

4. ASD (Type 2) 

(a} Lowest (L) 

(b) Host 
C.-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

Amount of time it aight take you to set a one-hour labor 
standard this way. 

Your 'first- Group E11tillates Your 
round new 
estimate Average Central Range estiaate 

Hour• 41.25 28-50 Hours --
Hours 64.75 35- 8o Hours --
Hours 110.00 so- 160 Hours --

Type 4 Persons: Type 3 Type __ 

Hour• 6.81 6-8 Hours --
Hours 11.53 10-16 Hours --
Hours 18.88 15- 25 -- Hours 

Type 3 Per110ns: Type 9 Type __ 

Hours 4.67 4-5 Hours --
Hours 8.67 6-10 Hours --
Hours 13.25 8-20 Hours --

Type 2 Persons: Type 8 Type __ 

Hours 2.95 1.75- 5 Hours --
Hours 6.25 2.25- 15 Hours --
Hours 8.35 2.75- 18 Hours --

Type 2 Persons: Type 3 Type_ 

Major reason(s) why you 'feel the estimate should be lover (or higher) 
than those within the central range or why the curve-type selected by 
aore persons than any other type does not adequately represent the 
values, .!.!. your n- estimate lies outside the central range .2!:. you 
do not agree with the curve-type. 

...... 
~ 

°' 



5. Stop Watch 
(Type A) 

(a) Lowest (L) 

(b) Most 
Ca-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

(d) Curve-
Type 

7. Stop Watch 
(Type 2) 

(a) Lowest (L) 

(b) Moat 
Common (M) 

( c) Highest (H) 

(d) Curve-
Type 

8. Work Sampling 
(Type A) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

Amount of ti11e it might take you to set a one-hour labor 
standard this way. 

Your first- Group Esti•ates Your 
round new 
estimate Average Central Range estimate 

Hours 8.25 5- 8 Hours --
Hours 15.50 12- 16 Hours --
Hours 25.75 20-25 Hour• --

Type 2 Persons: Type 2 Type --
2 Persons: Type J 

Hours 5.50 4-6 Hours --
Hours 9.88 8- 12 Hours --
Hours 17.75 16- 20 Hours --

Type J Persona: TJpe J Type --

Hours 1.75 1.5- 2 Hour a --
Hours 2.63 2-J Hour• --
Hours 4.88 J-6 Hours --

Type 2 Persons: Type 6 Type __ 
2 Persons: Type 8 

Hours J2.J8 12-21 Hours --
Hours 48.oo 24-JO Hours --
Hour~ 78.75 40-50 Hours --

Major reason(s) why you feel the estimate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
more persons than any other type does not adequately represent the 
values, .!,! your new estimate lies outside the central range .2!: yau 
do not agree with the curve-type. 

f-\ 
.i:-
"'1 



8. Work Sallpling 
(Type A) 
(Continued) 

(d) CUrYe-
Type 

9. Work s_,ling 
(Type B) 

(a) Lovest (L) 

(b) Mo•t 
C.-on (M) 

(c) Highest (H) 

(d) CUrYe-
Type 

10. Work s_,ung 
(Type 2) 

(a) Lovest (L) 

(b) Mo•t 
C.-on (M) 

(c) Highest (H) 

(d) CUrY-
Type 

11. F.ngineered 
Eati11ate 
(Type 2) 

(a) Lovest (L) 

(b) Most 
C.-on (M) 

(c) Highest (H) 

(d) CUrYe-
Type 

Amount o:C time it might take you to set a one-hour labor 
standard this way. 

Your first- Group Estimates Your 
round new 
esti11ate Average Central Range esti•ate 

Type 2 Persons: Type .3 Type __ 
2 Persons: Type 6 

Hour• 1).25 8-16 Hour• --
Hour• 28.88 16- 25 Hours --
Hour• 47.25 )0-4o Hours --

Type .3 Person•: Type .3 Type __ 

Hour• 6.29 4-9 Hours --
Hours 10.57 8- 16 Hours --
Hour• 14.57 14- 20 Hour• --

Type 2 Peraon•: Type .3 Type --

Hours 0.81 0.5-1 Hour• --
Hours 1.56 1- 1.5 Hour• --
Hours ).)4 2-4 Hours --

Type .3 Persons: Type 9 Type __ 

Major reaaon(s) why you feel the esti11ate should be lover (or higher) 
than those within the central range or why the curve-type selected by 
more persons than any other type does not adequately represent the 
values, .!! your new esti11ate lies outside the central range .2!: YoU 
do not agree with the curve-type. 

I-' 
,j::
co 



12. Coordinated 
Esti11ate 
(Type )) 

(a) Lowest (L) 

(b) Most 
eo..on (M) 

(c) Highest (HJ 

(d) Curve-
Type 

.Amowit of time it might take you to .set a one-hour labor 

.standard this way. 

Your fir.st- Group Estimates Your 
rowid new 
estimate Average Central Range estimate 

Hours 0.55 o.4- 1 Hours --
Hours 1.01 o.6- 1 Hours --
Hours 1.73 1- 1.5 Hours --

Type 2 Persons: Type ) Type_ 
2 Persons: Type 8 

Major reason(s) why you feel the esti11ate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
11<>re persons than any other type does not adequately represent the 
values, ..!! your new esti11ate lies outside the central range .!!!. you 
do not agree vi th the curve-type. 

~ 
i+"'" 

'° 
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PART II 

Even though a labor standard has been established, the industrial 
engineering technician is ·still responsible for maintaining that 
standardo In this part of the questionnaire, you are to consider all of 
the reasons that might require additional work by you after the original 
labor standard has been developed, to keep it current. These reasons 
include such causes as changes in all or part of the labor standard 
because of a change in the instruction manual, changes in all or part of 
the labor standard due to a methods-improvement action, or simply the 
requirement for a periodic review of the standard because of its age. 

Listed below are the same work measurement technique-type combina
tions as in Part I. In this part, however, you are asked to indicate 
the lowest (L), most common (M) and highest (H) amount of total time you 
might spend in any two-year period following the .original standard
development date to keep that standard current. This, of course, 
assumes that the standard will be in existance for two years or more. 
In other words, what is desired is an indication of how much extra work 
is required of you every two years to keep a labor standard up to date. 
As in Part I of this questionnaire, all times apply to maintaining a 
labor standard that is exactly one hour long. 



1. MDI (Type A) 

(a) Lowest (L) 

(b) Moat 
Common (M) 

(c) Highest (H) 

(d) Curve-
Type 

2. ASD (Type A) 

(a) Lowest (L) 

(b) Moat 
Comoon (M) 

(c) Highest (H) 

(d) Curve-
Type 

3. ASD (Type B) 

(a) Lowest (L) 

(b) Most 
Comoon (M) 

(c) Highest (H) 

(d) Curve-
Type 

4. ASD (Type 2) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

(d) Curve-
Type 

Amount of time required every 2 years to aaintain a 
one-hour labor standard set this way. 

Your first- Group Estimates Your 
round new 
estimate Average Central Range estimate 

Hours 11.09 2- 16 Hours --
Hour a 21.34 4.25- 35 Hours --
Hours 44.25 4.5- Bo Hours --

Type 3 Persona: Type 6 Type --

Hours 2.66 2-4 Hours --
Hours 5.47 3-8 Hours --
Hours 10.50 5- 16 Hours --

Type 2 Persona: Type 8 Type_._ 
2 Persona: Type 9 

Hour a 1.43 o.8- 2 lloura --
Hours 3.58 1-5 Hours --
Hours 8.50 1.25- 16 Hour a --

Type 2 Persons: Type 5 Type --
2 J>ersons: Type 9 

Hours 0.97 0.125- 2 Hours --
Hours 2.53 0.25.- 8 Hour a --
Hour• 6.02 0.5- 16 Hours --

Type 2 Persons: Type 5 Type --

Major reason(s) why you feel the estiaate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
more persona than any other type does not adequately represent the 
values, .!!. your new estwate lies outside the central range ~you do 
not agree with this curve-type. 

f-.l. 
\JI 
f-.l. 



5. Stop Watch 
(Type A) 

(a) Lowest (L) 

(b) Mo•t 
C.-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

7. Stop Watch 
(Type 2) 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

8. Work Sampling 
(Type A) 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

Allount of time required every 2 years to aaintain a 
one-hour labor standard set this way. 

Your first- _ Group Estiaates Your 
round new 
e•tiaate Average Central Range e•ti-te 

Hour• 4.66 1- 5 Hours --
Hour• 8.28 2- 6.5 Hours --
Hour• 17.56 3- 10 Hours --

Type 2 Persons: Type 8 Type_ 
2 Person•: Type 9 

Hour• 1.82 o.8- 3 Hour• --
Hour• 5.61 1.5- 5 Hour• --
Hour• 8.59 3-8 Hour• --

Type 2 Persons: Type 5 Type __ 

2 Persons: Type 8 
2 Persons: Type 9 

Hour• o.6o o.5- 1 Hours --
Hour• 3.26 o.6- 1.5 Hours --
Hour• 13.90 1-2 Hours --

Type 3 Person•: Type 2 Type --
3 Persons: Type 8 

llour8 22.28 3-6 Hours --
Hour• )1.09 6-9 Hours --

Major reason(s) why you feel the esti-te should be lower (or higlier) 
than those within the central range or why the curve-type selected by 
more persons than any other type does not adequately represent the 
value•, .!! your new esti-te lies outside the central range .2!: you do 
not agree with this curve-type. 

i....\ 
VJ 
L\J 



B. Work Sampling 
(Type A) 
(Continued)· 

(c) Highest (H) 

(d) Curve-
Type 

9. Work Sampling 
(Type B) 

(a) Lowest (L) 

(b) Most 
C....an (M) 

(c) Highest (H) 

(d) Curve-
Type 

10. Work 5-pl ing 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

(d) Curve-
Type 

11. Engineered 
Esti•ate 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Ca.non (M) 

(c) Highest (H) 

(d) Curve-.,.. __ 

Amount of time required every 2 years to maintain a 
one-hour labor standard set this way. 

Your first- Group Estimates Your 
round new 
esti•ate Average Central Range estimate 

Hours 85.94 12-16 Hours --
Type 2 Persons: Type 2 Type --

2 Persons: Type 9 

Hours 6.09 2-4.5 Hours --
Hours 16.94 4-8 Hours --
Hours 45.75 9- 16 Hours --

Type 2 Persons: Type J Type_ 
2 Persons: Type 5 
2 Persons: Type 9 

Hours J.J6 0.5- J Hours --
Hours 7.41 1.1-4 Hours --
Hours 14.59 1.6-6 Hours --

Type 2 Persons: Type 2 Type --
2 Persons: Type 8 

Hours 0.75 0.25- 1 Hours --
Hours 1.91 0.5- 2 Hours --
Hours 5.14 1-J Hours --

Type J Persons: Type 9 Type --

Major reason(s) why you feel the estimate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
more persons than any other type does not adequately represent the 
values, .!!. your new estimate lies outside the central range .2!: you do 
not agree with this curve-type. 

..... 
Vl 
\....> 



12. Coordinated 
Eat:Ulate 
(Type )) 

(a) Lowest (L) 

(b) Most 
Coaaon (M) 

(c) Highest (H) 

(d) Curve-
Type 

Allount of tiae required every 2 years to aaintain a 
one-hour labor standard set this way. 

Your first- Group Esti-tes Your 
round ·new 
esti-te Average Central Range est:Uoate 

Hours o.i.s 0.25- 0.50 Hours --
Hours 1.0) 0.5- 1 Hours --
Hour• 1.58 0.5- 2 Hours --

Type lo Persons : Type 8 
Type --

Major reason(s) why you feel the estiaate should be lower (or higher) 
_ than those within the central range or why the curve-type selected by 
aore persons than any other type does not adequately represent the 
values, .!! your new esti-te lies outside the central range .2!: you do 
not agree with this curve-type. 

~ 
\Jl 
.i:-
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PART III 

One of the objectives of a work measurement program is to reduce 
the amount of unproductive man-hours in the shop. This is accomplished 
by attempting to determine how long it should take a properly trained 
and supervised worker, working at a normal pace, to accomplish a partic
ular task. Even when labor standards are in force, however, there is 
probably still some wasted time if only because the labor standard 
itself is either "loose" or just "too high." 

This part of the questionnaire is an attempt to determine how many 
wasted man-hours might result if there were no labor standards at all, 
or if the various techniques and labor-standard types were in use. You 
are to assume that the questions pertain to a shop that has 20 direct
labor employees, being paid for an 8-hour day (160 direct man-hours per 
day), and that these 20 workers are properly supervised by their 
foreman. In addition, you are to assume that !!!,!. labor standards in 
that shop have been established by the technique indicated and with the 
statistical accuracy required by that type standard. 

Listed below are the same standard technique-.types as in the 
previous two parts of this questionnaire. There has been a<;lded, 
however, the situation when no labor standards are in ·use. You are 
asked to indicate the lowest (L), most common (M), and highest (H) 
number of man-hours (out of the 160 man-hours available in this 20-man 
shop each day) that might be wasted or not ·fully utilized if all labor 
standards in that shop were set in the manner indicated. Time lost due 
to personal needs, official break periods, cleanup, minor maintenance, 
or other recognized delays and allowances is not to be considered 
wasted. Wasted man-hours, as used here, is the amount of time the 
worker would get that is over and above what he should need to perform 
his duties either because of the poor method definition or "looseness" 
of the technique used to set his standard. Remember that you are to 
estimate these values on a daily basis. 



1. No Standards 
at all 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

(c) Higheet (H) 

(d) Curve-
Type 

2. M'lM (Type A) 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

( c) Highest (H) 

(d) Curve-
Type 

). ASD (Type A) 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

(c) Highest (H) 

(d) Curve-
Type 

4. ASD (Type B) 

(a) Lowest (L) 

(b) Most 
C.-on (M) 

( c) Highest (H) 

(d) Curve-
Type 

N ... ber of "wasted" man-hours each day for 20 men 
working 8 hours, if this method was used to aet 
their standards. 

Your first- Group Esti-tes Your 
round new 
esti-te Average Central Range esti-te 

Hour a 21.56 10" )2 Hours --
Hours 4).1) .32-48 Hours --
Hours 74.19 56-8o Hours --

Type 2 Persons: Type 2 Type_ 
2 Persons: Type 8 

Hours 6.o6 0.5- 8 Hours --
Hours 10.19 7-10 Hours --
Hours 17.00 10- 24 Hours --

Type 4 Persona: Type 8 Type __ 

Hour• 5.88 1-8 Hours --
Hours 9.44 7.5- 12 Hours --
Hours 14.oo 10-20 Hours --

Type 5 Persona: Type 8 Type __ 

Hours 9.67 6-1.3 Hours --
Hours 15.).3 8- 20 -- Hours 

Hours 24.50 11- 40 -- Hours 

Type .3 Persons: Type 2 Type __ 

Major rea8on(s) why you feel the estimate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
more persona than any other type does not adequa,tely repre,...nt the 
values, .!.!. your new eati•ate lies outside the central range ~ you 
do not agree with this curve-type. 

...... 
\Jl 
O'\ 



5. ASD (Type 2) 

(a) Lowest (L) 

(b) Most 
Coaaon (M) 

(c) Highest (H) 

(d) Curve-
Type 

6. Stop Watch 
(Type A) 

(a) Lowest (L) 

(b) Most 
Coaaon (M) 

( c) Highest (H) 

(d) Curve-
Type 

7. Stop Watch 
(Type B) 

(a) Lowest (L) 

(b) Most 
Coimon (M) 

(c) Highest (H) 

(d) Curve-
Type 

8. Stop Watch 
(Type 2) 

(a) Lowest (L) 

(b) Most 
C:O-On (M) 

(c) Highest (H) 

N-ber or ''wasted" aan-hours each day !:or 20 -n 
working 8 hours, ii: this -thod was used to set 
their standards. 

Your i:irst- Group Estimates Your 
round new 
estimate Average Central Range estiaate 

Hours 15.)0 6-32 Hours --
Hours 21.Go 8-4o Hours --
Hours 32.30 12.5- 65 Hours --

Type 2 Peraons: Type 6 Type --

Hours 5.69 4-8 Hours --
Hours 10.63 8- 15 Hours --
Hours 15.81 16-20 Hours --

Type 4 Peraons: Type 8 Type --

Hours 8.o6 8- 12 Hours --
Hours 12.94 12- 16 Hours --
Hours 22.44 16-32 Hours --

Type 3 Persons: Type 5 Type_ 

Hours 13.81 9- 16 Hours --
Hours 22.81 13-32 Hours --
Hours 36.31 20-48 Hours --

Major reaaon(s) why you reel the estimate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
aore peraons than any other type does not adequately represent the 
values, .!! your new estimate lies outside the central range .2.!: you 
do not agree with this curve-type. 

..... 
Vl 
'1 



8. Stop Watch 
(Type 2) 
(Continued) 

(d) Curve-
Type 

9. Work Sampling 
(Type A) 

(a) Lowest (L) 

(b) Most 
c-n (M) 

Cc) Highest (H) 

(d) Curve-
Type 

10. Work Sampling 
(Type B) 

(a) Lowest (L) 

(b) Most 
Coaaon (M) 

(c) Highest (H) 

(d) Curve-
Type 

11. Work Sallpling 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Coaaon (M) 

(c) Highest (H) 

(d) Curve-
Type 

Nlmber of ''wasted" •an-hours each day for 20 men 
working 8 hours, if this aethod was used to set 
their standards. 

Tour first- Group Estiaates Your 
round new 
estimate Average Central Range estiaate 

Type 3 Persons: Type 5 Type --

Hours 7.o6 5.5- 9 Hours --
Hours 12.00 8- 14 Hours --
Hours 18.44 16- 22 Hours --

Type 4 Persons: Type 8 Type --

Hours 10.19 9- 13 Hours --
Hours 17.o6 13-20 Hours --
Hours 25.31 18-36 Hours --

Type 2 Persons: Type 5 Type --
2 Persons: Type 8 

Hours 12.7:1. 8-15 Hours --
Hour• 20.43 11- 25 Hours --
Hours 30.71 18- 4o Hours --

Type 3 Persons: Type 2 Type __ 

Major reason(s) why you feel the estiaate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
aore persons than any other type does not adequately represent the 
values, if your new estimate lies outside the central range or you 
do not aoree with this curve-type. -

....... 
\Jl 
co 



12. Engineered 
Estimate 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Coimon (M) 

(c) Highest (H) 

(d) Curve-
Type 

1). Coordinated 
Esti-te 
(Type 3) 

(a) Lowest (L) 

(b) Most 
Com11on (M) 

(c) Highest (H) 

(d) Curve-
Type 

Number of "wasted11 man-hours each day for 20 men 
working 8 hours, if this method was used to set 
their standards. 

Your first- Group Estimates Your 
round new 
estimate Average Central Range estimate 

Hours 13.56 7.5- 20 Hours --
Hours 24.75 13- 4o Hours --
Hours 42.81 20-Go Hours --

Type 2 Persons: Type 2 Type __ 

2 Persons: Type 3 
2 Persons: Type 5 

Hours 17.38 9- 28 Hours --
Hour• 38.69 16- 50 Hours --
Hours 61.13 4o-70 Hourl'I --

Type 3 Persons: Type 2 Type --

Major reason(s) why you feel the estimate should be lower (or higher) 
than those within the central range or why the curve-type selected by 
aore persons than any other type does not adequately represent the 
values, l£ your new estimate lies outside the central range .2!. you 
do not agree with this curve-type. 

i->. 
VJ 

'° 
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The set of curves attached to this questionnaire was identical to 

the set attached to the first-round questionnaire (see page 1~2). 
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THIRD-ROUND QUESTIONNAIRE 

Please read these instructions carefully. 

This is the third in the series of four questionnaires designed to 
gather information concerning the cost-benefit relationships of the 
various work measurement techniques available in this branch. The same 
questions that appeared on the first two questionnaires are repeated 
here. During the second round you submitted "new" estimates of various 
time values and selected a curve-type to represent your concept of how 
these values would look if they were plotted on graph paper. This 
questionnaire once again gives you the opportunity to revise any of 
these estimates if you feel they can be improved. 

For each work measurement technique-type combination the following 
information is presented: your second-round estimate, the average of 
the estimates made by all participants during the second round, the 
central range of these second-round estimates, and the major relevant 
reasons, in the opinion of some of the participants, why the estimated 
values should be lower (or higher) than those within the central range, 
or why the curve-type selected by more participants than any other type 
doe~ not adequately represent the values under consideration. You are 
again asked to reconsider your previous estimates in the light of the 
group information, using the stated reasons for what you think they are 
worth. For each reason that you find unacceptable in making your own 
estimate, please give your opinion, as briefly and clearly as possible, 
as to why it is unacceptable. If you need additional space, use the 
extra paper attached to this questionnaire, being sure to identify the 
part and question number to which you are referring. Following this 
procedure, please reconsider each of your estimates once more, possibly 
revise it, and write your new estimate in the space provided. 

Please continue.n~t discussing your answers with any other person 
engaged in this study. Once again, read the instructions for each part 
carefully to determine that you fully understand the question before 
answering. 

Please complete this questionnaire and have it ready to be picked 
up by the morning of 

~~~~~~~~~~~~~~ 



PART I 

Listed below are the work measurement techniques that could 
currently be used to establish different types of labor standards 
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within this branch. For each technique and labor-standard type (A, B, 
2, or 3) you are asked to provide the lowest (L), most common (M), and 
highest (H) amount of time you might spend establishing a labor standard 
for a one-hour job. In other words, if you were to develop a labor 
standard that is exactly one hour long, that meets the statistical 
accuracy requirements for the type standard being set, and were to use 
the technique indicated, what is the lowest amount of time it might take 
you, what is the most common amount of time it might take you, and what 
is the highest amount of time it might take you? In addition, you are 
to indicate, from the nine curves shown on the last page, the type of 
curve that best describes the way you think these times would look if 
you were to set one-hour labor standards in that manner over and over 
and were to plot the amount of time it took you horizontally and the 
number of times it took you this long vertically. 



Amount of time it might take you to set 
a one-hour labor standard this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

1. Mnt (Type ·A) 

(a) Lowest (L) Hours 45.75 30-50 

(b) Most Hours 81.38 50-80 
Comaon (M) 

(c) Highest (H) Hours 14o.88 80- 1)0 

(d) Curve- Type 5 Persons: Type 3 
Type 

2. ASD (Type A) 

(a) Lowest (L) Hours 6.o6 3-7 

(b) Most Hours 11.03 7- 14 
COlmOn (M) 

(c) Highest (H) Hours 15.88 10-20 

(d) Curve- Type 3 Persons: Type 8 
Type 

3. ASD (Type B) 

(a) Lowest (L) Hours 4.14 4- 5 

(b) Most Hours 7.29 6-9 
C011111on (M) 

(c) Highest (H) Hours 11.57 10- 16 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or 'Why the curve-type 
selected does not adequately 
represent the values. 

Comments in favor of !;n?e 8: 
Personnel familiar with Mnt coUld 
not possibly agree with a type 3 
curve. 
Coaaents in favor of !;n?e· 9: 'lhe 
skew should be more sharply defined. 
Type 3 indicates a greater lack 
of self-confidence. 

Coaments in favor of a a.a.Iler· L2 
~: Proficiency in the use of 
ASD elements would lower these 
values. 
Comments in favor of a sreater L 
& M: 'lhe smaller values must be the 
r;;.,lt of greater familiarity with 
the use of ASD 'Which is not typical. 

Comments in favor of !;n?e 1: The 
spread should be more pronounced in 
all cases. 
COllOllents in favor of !;n?e 8: The 
spread of the central range indicates 
there would be very little skew. 

Coa:1ents in favor of a sreater L2 M1 
.Ll!.= An ASD standard with some 
el..,.ents derived from other techniques 
should still require a tille similar to 
a Type A standard. 
Coauents in favor of a ~reater.L & M: 
The SllAller values must be the result 
of greater familiarity with the use 
of ASD which is not typical. 

Your opinion, for each reaeon you 
find unacceptable in making your 
own estiaate(s), as to 'Why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type --

Hour" --
Hours --
Hours --

Type --

Hour• --
Hours --
Hours --

'"""' O"I 
w 



Amount of time it might take you to set 
a one-hour labor standard this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

3. ASD (Type B) 
(Continued) 

(d) Curve- Type I, Persons: Type 8 
Type 

i.. ASD (Type 2) 

(a) Lowest (L) Hours 2.96 2-i. 

(b) Most Hours 5.61 i.- 7 
C0111111on (M) 

(c) Highest (H) Hours 8.25 7- 10 

(d) Curve- Type 2 Persons: Type 2 
Type 2 Persons: Type 3 

5. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 7.75 5-8 

(b) Most Hours 13.63 12- 1i. 
C.-on (M) 

( c) Highest (H} Hours 20.88 20-21, 

(d) Curve- Type 3 Persons: Type 2 
Type 

6. Stop Watch 
(Type B} 

(a) Lowest (L) Hours 5.38 i.- 6 

(b) Most Hours 9.25 7- 10 
C0111111on (M) 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Connents in favor of a sreater L 2 

~: An ASD standard with some 
elements derived from other techniques 
should still require a time similar to 
a Type A standard. 

Coneents in favor of !Il!e 2: Type 3 
represents M closer to L. This is 
not borne out by the estimates. 
Comments in favor of !Il!e i.: A 
medium spread is more in keeping 
with this type standard. 

Co......nts in favor of a saaller L: 
It appears that some were influenced 
by an old rule of thtmb that required 
at least a 5-cycle study. Sta tis-
tically this is not so. A Type "A" 
study can be •ade with less than 
5 cycles. 

A •inim.., of 3 cycles could be 
statistically sound. Then add one 
hour for preparation and computation. 

Comnents in favor of a smaller M: 
A 11B11 standard with a stop watch will 
take an average of 5 to 6 cycles, 
with one 111<>re hour required to 
setup and compute. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --

~ 
(j\ 

.i::--



Amount of time it might take you to set 
a one-hour labor standard this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

6. Stop Watch 
(Type B) 
(Continued) 

(c) Highest (H) Hours 15.63 12-20 

(d) Curve- Type 5 Persons: Type 3 
Type 

7. Stop Watch 
(Type 2) 

(a) Lowest (L) Hours 1.75 1.5- 2 

(b) .Most Hours 2.63 2-3 
Common (M) 

(c) Highest (H) Hours 4.13 3-5 

(d) Curve- Type 3 Persons: Type 8 
Type 

B. Work 
Sampling 
(Type A) 

(a) Lowest (L) Hours 18.75 16- 20 

(b) Most Hours 32.63 27- 30 
Common (M) 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

CoDIDents in favor of a smaller H: 
A "B" standard with a stop watch 
might take 8 to 10 cycles with one 
hour to setup and COmPUte. 

Con:ments in favor of a saaller L: 
The lowest Type 2 stopwatch standard 
could be an incomplete 1-cycle study. 

COD1Dents in favor of a smaller H: 
A 1-cycle study will result in a 
Type 2 standard classification. Then 
add one hour for preparation and 
computation. 

Two times the labor standard = study 
time to complete one cycle. This is 
not always true, however, I don•t 
think I have ever used more than this 
on a repetitive or non-repetitive 
type study. 

Coownents in favor of a greater H: 
The question is speculative. However, 
conceivably a person could spend many 
more hours than this and still not 
have an A or B study. 

Conwn.ents in favor of a areater L: 
100 observations made in one hour with 
1700 observations required = 17 hours 
mi~imum plus computation time. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --

Type __ 

Hours --
Hours --
Hours --

Type --

Hours --
Hours -- ~ 

0\ 
VJ 



Amount of time it might take you to set 
a one-hour labor standard this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

8. Work 
Sampling 
(Type A) 
(Continued) 

(c) Highest (H) Hours 56.38 "° -50 

(d) Curve- Type 3 Persons: Type 3 
Type 

9. Work 
Sampling 
(Type B) 

(a) Lowest (L) Hours 12.13 10- 15 

(b) Most Hours 19.38 18- 20 
Conmion (M) 

(c) Highest (H) Hours 36.25 30 - "° 

(d) Curve- Type 4 Persons: Type 3 
Type 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Comments in favor of a greater M & H: 
As w.ork sampling constitutes random 
times of the day, it seldom can be 
accomplished in short periods of time. 
This type of work consumes a lot of 
time. 

Comments in favor of a greater H: 
One observation made in 5 minutes with 
1700 observations required= 1700 x 5, 
8500 minutes = 143 hours plus compu-
tation time. 

Comments in favor of a smaller L: 
100 observations made in one hour with 
48o observations required • 4.8 hours 
plus computation time. 

Coaunents in favor of a greater M & H: 
As work sampling constitutes random 
times of the day, it seldom can be 
accomplished in short periods of time. 
This type of work consumes a lot of 
time. 

Comments in favor of a sreater H: 
One observation made in 5 minutes 
with 48o observations required = 
48o x 5 = 2400 minutes = l,o hours 
plus computation time. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --

Type --

Hours --
Hours --
Hours --

Type --

,.... 
0\ 
0\ 



Amount of time it might take you to set 
a one-hour labor standard this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

10. Work 
Sampling 
(Type 2) 

(a) Lowest (L) Hours 6.29 5-9 

(b) Most Hours 12.86 12-16 
CDSIOn (H) 

(c) Highest (H) Hours 18.14 18- 20 

(d) Curve- Type 5 Persons: Type J 
Type 

11. Engineered 
Estimate 
(Type 2) 

(a) Lowest (L) Hours 0.70 0.5-0.75 

(b) Host Hours 1.6J 1.0 - 1.5 
COlllllOn (M) 

(c) Highest (H) Hours J.50 2-i. 

(d) Curve- Type 6 Persons: Type 9 
Type· 

12. Coordinated 
Estimate 
(Type J) 

(a) Lowest (L) Hours 0.53 o.i.- 0.5 

(b) Host Hours 1.05 0.75- 1.0 
Common (M) 

(c) Highest (H) Hours 1.79 1.0- 1.5 

(d) Curve- Type J Persons: Type 8 
Tvne 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Comments in favor of a smaller H: 
One hour is an ample amount of time. 

Comments in favor of a greater H: 
The research of tech orders and 
other related material will con&Ullle 
more time. 

Comments in favor of a greater H: 
Considering a new end item with no 
previous e)CJ>erience on overhaul, 
8 hours is not unreasonable. 

COlllDents in favor of a greater H: 
If shops and personnel were readily 
available, this could be lower. 
However e:1perience shows this not 
to be the case. 
Comments in favor of a greater H: 
Again, considering unfamiliar end 
items, I, hours is not unreasonable. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type -- '""" Q'\ 
~ 
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PART II 

Even though a labor standard has been established, the industrial 
engineering technician is still responsible for maintaining that 
standard. In this part of the questionnaire, you are to consider all of 
the reasons that might require additional work by you after the original 
labor standard has been developed, to keep it current. These reasons 
include such causes as changes in all or part of the labor standard 
because of a change in the instruction manual, changes in all or part of 
the labor standard due to a methods-improvement action, or simply the 
requirement for a periodic review of the standard because of its age. 

Listed below are the same work measurement technique-type combina
tions as in Part I. In this part, however, you are asked to indicate 
the lowest (L), most common (M) and highest (H) amount of total time you 
might spend in any two-year period following the original standard
development date to keep that standard current. This, of course, 
assumes the standard will be in existance for two years or more. In 
other words, what is desired is an indication of how much extra work is 
required of you every two years to keep a labor standard up to date. As 
in Part I of this questionnaire, all times apply to maintaining a labor 
standard that is exactly one hour long. 



Amount of time required every two years 
to maintain a one-hour labor standard 
set this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

1. MDI (Type A) 

(a) Lowest (L) Hours 6 •. n 2-8 

(b) Most Hours 25.28 18-35 
COlllDOn (M) 

(c) Highest (H) Hours 52.06 30-Bo 

(d) Curve- Type 4 Persons: Type 6 
Type 

2. ASD (Type A) 

(a) Lowest (L) Hours 1.n 1- 2 

(b) Most Hours 5.53 3-8 
Camon (M) 

(c) Highest (H) Hours 13.44 8- 16 

(d) Curve- Type 3 Persons: Type 6 
Type 

3. A.SD (Type B) 

(a) Lowest (L) Hours 1.35 0.8-2 

(b) Most Hours 3.6o 2.2-5 
CClllllllOn (M) 

(c) Highest (H) Hours 10.04 6- 16 

(d) Curve- Type 3 Persons: Type 9 
Type 

'*· A.SD (Type 2) 

(a) Lowest (L) Hours 1.05 0.7-2 

(b) Most Hours 3.39 1.5- 6 
COlllDOn (M) 

Major reason(s) why the estimate(s) 
should be lower (or higher) than 
the central range or why the curve-
type selected does not adequately 
represent the values. 

Comments in favor of a Slllaller L: 
'Ille minimum review time could be 
Y,, hour. 

A standard could only require an 
update. 

Conwnents in favor of a greater Lz M1 
& H: Some estimates apparently do not 
~sider the quantity of data to be 
reviewed. 

Comments in favor of a aaaller L: 
'lbe minimum review time could be 
Y,, hour. 

A standard could only require an 
update. 

C0111Dents in favor of a smaller L: 
A standard could only require an 
update. 

Comments in favor of a smaller L: 
A standard could only require an 
update. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Heurs --

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --

i....\ 
0\ 

"' 



Amount o:f tiJlle required every two years 
to maintain a one-hour labor standard 
set this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

4. ASD (Type 2) 
(Continued) 

(c) Highest (H) Hours 8.)0 4.5- 12 

(d) Curve- Type 2 Persons: Type 5 
Type 

5. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 1 • .)8 0.5- 1.0 

(b) Most Hours 4.11 2- 6.5 
Comnon (M) 

(c) Highest (H) Hours 12.00 4- 17 

(d) Curve- Type 3 Persons: Type8 
Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) Hours 0.99 0.5- 1.0 

(b) Most Hours 2.93 2-5 
COllllllOn (M) 

(cl m.ghest (H) Hours 8.1) 4-8 

(d) Curve- Type 2 Persons: Type5 
Type 2 Persons: Type8 

2 Persons: Type9 

Major reason(s) why the estimate(s) 
should be lower (or higher) than 
the central range or why the curve-
type selected does not adequately 
represent the values. 

COD111ents in :favor o:f !2'.Ee 9: The 
greatest di:f:ference should be 
between the highest and most 
common values. 

COD111ents in :favor at a smaller L: 
The minimum review time could be 
Ji hour. 

A standard could only require an 
update. 

Comments in :favor ot !1E!! 5: The 
amount ot time spent on each standard 
will have a larger spread due to work 
content change. 

COD111ents in :favor o:f !2'.Ee 2: The 
spread ot values should be aore 
gradual. 

C01m1ents in :favor o:f a S111aller L: 
I:f a technician is :f31Diliar with a job 
through daily contact, Ji hour is not 
unreasonable. 

A standard could only require an 
update. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

!""" 
"'1 
0 



Amount of time required every two years 
to maintain a one-hour labor standard 
set this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

7. Stop Watch 
(Type 2) 

(a) Lowest (L) Hours o.64 0.5- 1.0 

(b) Most Hours 1.51 1- 1.5 
Common (M) 

(c) Highest (H) Hours 4.09 1-2 

(d) Curve- Type J Persons: Type2 
Type J Persons: Type8 

8. Work 
Sampling 
(Type A) 

(a) Lowest (L) Hours 2.57 o.5-J 

(b) Most Hours 6.19 6-8 
Connon (M) 

(c) Highest (H) Hours 24.0S 12- 16 

(d) Curve- Type 2 Persons: Type2 
Type 2 Persons: TypeJ 

2 Persons: Type9 

9. Work 
SllllJlling 
(Type B) 

(a) Lowest (L) Hourll 2.27 2-J 

(b) Most Hourll 4.69 4-6 
c-n (M) 

(c) Highest (H) Hours -- 15.38 9- 14 

(d) Curve- Type J Persons: TypeJ 
Type 

Major reason(s) why the estimate(s) 
should be lower (or higher) than 
the central range or why the curve-
type selected does not adequetely 
represent the values. 

Coanents in favor of a smaller L: 
The minim\ft review ti- could be 
Y,, hour. 

The standard could only require an 
update. 

C011ments in favor of a smaller L: 
The •inimum review ti•e could be 
Y,, hour. 

A standard could only require an 
update. 

Coallents in favor of !lee ~: The 
estiniates indicate that M is closer 
to L. 

Coallents in favor of a -aller L: 
The minimum review ti•e could be 
Y,, hour. 

A standard could only require an 
update. 

Your opinion, for each reason you 
find unacceptable in making your 
awn estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Hours --

Type --

...... 
--.] 
..... 



Amotmt of time required every two years 
to maintain a one-hour labor standard 
set this way. 

Your second- Group Estimates 
round 
estimate Average Central Range 

10. Work 
Sampling 
(Type 2) 

(a) Lowest (L) Hours 1.29 0.5- 3 

(b) Most Hours 2.87 1.5- 4 
Conuon (M) 

(c) Highest (H) Hours 6.09 2- 6 

(d) Curve- Type 2 Persons: Type 2 
Type 2 Persons: Type 8 

11. &gineered 
Estimate 
(Type 2) 

(a) Lowest (L) Hours o.60 o.4- 0.5 

(b) Most Hours 1.94 0.5- 2 
Coomon (M) 

(c) Highest (H) Hours 5.33 1-3 

(d) Curve- Type 6 Persons: Type 9 
Type 

12. Coordinated 
Estiaate 
(Type 3) 

(a) Lowest (L) Hours o.4o O.J- 0.5 

(b) Most Hours 0.83 0.5- 1.0 
COlllllOn (M) 

(c) Highest (H) Hours 1.39 o.6- 2 

(d) Curve- Type 5 Persons: Type8 
Type 

Major reason(s) why the estimate(s) 
should be lower (or higher) than 
the central range or why the curve-
type selected does not adequately 
represent the values. 

Comnents in favor of a smaller L: 
A standard could only require an 
update. 

Comments in favor of !ll!e 9: 1be 
long slope should be to the high 
side rather than equal as shown by 
Types 2 and 8. 

Comments in favor of a S111Aller L: 
'lbe minimtm review time could be 
12 hour. 

A standard could only require an 
update. 

Comments in favor of a greater H: 
We have standards that are changed 
several ti.ea. The average estillate 
appears far too low. 

Comments in favor of a AIAller L: 
A standard could only require an 
update. 

Comnents in favor of !zEe 2• The long slope 
should be to the high side rather than equal 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Hours --

Type --
f->. 
-'1 
l'J 
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PART III 

One of the objectives of a work measurement program is to reduce 
the amount of unproductive man-hours in the shop. This is accomplished 
by attempting to determine how long it should take a properly trained 
and supervised worker, working at a normal pace, to accomplish a par
ticular task. Even when labor standards are in force, however, there 
is probably still some wasted time if only because the labor standard 
itself is either "loose" or just 11 too high. 11 

This part of the questionnaire is an attempt to determine how many 
wasted man-hours might result if there were no labor standards at all, 
or if the various techniques and labor-standard types were in use. You 
are to assume that the questions pertain to a shop that has 20 direct-
1 abor employees, being paid for an 8-hour day (160 direct man-hours per 
day), and that these 20 workers are properly supervised by their 
foreman. In addition, you are to assume that all labor standards in 
that shop have been established by the technique indicated and with the 
statistical accuracy required by that type standard. 

Listed below are the same standard technique-types as in the 
previous two parts of this questionnaire. There has been added, 
however 1 the situation when no labor standards are in use. You are 
asked to indicate the lowest-(L), most common (M), and highest (H) 
number of man-hours (out of the 160 man-hours available in this 20-man 
shop each day) that might be wasted or not fully utilized if all labor 
standards in that shop were set in the manner indicated. Time lost due 
to personal needs, official break periods, cleanup, minor maintenance, 
or other recognized delays and allowances is not to be considered 
wastedo Wasted man-hours, as used here, is the amount of time the 
worker would get that is over and above what he should need to perform 
his duties either because of the poor method definition or "looseness" 
of the technique used to set his standard. Remember that you are to 
estimate these values on a daily basis. 



Number of' "wasted" man-hours each day 
for 20 men working 8 hours, if this 
method was used to set their standards. 

Your second- Group Estimates 
round 
estimate Average Central Range 

1. No standards 
at au· 

(a) Lowest (L) Hours 23.93 16- 32 

(b) Most Hours 37.86 32-48 
Comnon (M) 

(c) Highest (H) Hours 57.36 48-80 

(d) Curve- Type 4 Persons: Type 2 
Type 

2. M'.IM (Type A) 

(a) Lowe'st (L) Hours 4.13 2-5 

(b) Most Hours 9.o6 7-5- 10 
Coamon (M) 

(c) Highest (H) Hours 16.75 10- 24 

(d) Curve- Type 6 Persons: Type 8 
Type 

J. ASD (Type A) 

(a) Lowest (L) Hours 4.88 J-8 

(b) Most Hours 9.44 8- 12 
Coanon (M) 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Comments in favor of a smaller L2 M2 
& H: I have found that most people 
like to produce. If they have good 
facilities and if the product and 
parts are there, they will produce. 
They love to say "~ did this" or 
"records are set to be broken." 
Proper planning and supervision 
eroduces and cuts cost. 

Comnents in favor of '.!ll!e 4: !'feel 
all of these should be skewed to the 
high side because of bias. 

Com:nents in favor of a smaller L2 M2 
& H: There will be very little 
;;;:iance in the total man-hours of a 
good type A or B labor standard 
regardless of the •ethod used to 
establish the sta~dard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted •an-hours if the 
shop was operating under type A or B 
labor standards. 

COl!lllents in favor of a sreater M & H: 
The inherent inaccuracy of an MTM 
standard leaves these very conservative 
estimates. 

Coiments in favor of a Dialler L1 M1 
..L!!: There will be very little 
variance in the total man-hours of a 
good type A or B labor standard 
regardless of the method used to 
establish the standard. Therefore, 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours 

I-' 
""'-I 
~ 



Number of "wasted" Jaa11-hours each day 
for 20 men working 8 hours, if this 
method was used to set their standards. 

Your second- Group Estimates 
round 
estimate Average Central Range 

3. ASD (Type A) 
(Continued) 

( c) Highest (H) Hours 14.oo 12- 18 

(d) Curve- Type 7 Persons: Type 8 
Type 

4. ASD (Type B) 

(a) Lowest (L) Hours 6.86 6- 10 

(b) Most Hours 11.86 9-20 
Comnon (M) 

(c) Highest (H) Hours 16.86 12- 24 

(d) Curve- Type 5 Persons: Type 2 
Type 

5. ASD (Type 2) 

(a) Lowest (L) Hours 12.21 7- 16 

(b) Most Hours 18.00 10-32 
C.-on (M) 

(c) Highest (H) Hours 27.79 15-4o 

(d) Curve- Type 3 Persons: Type 6 
Type 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or B 
labor standards. 

Cotnments in favor of a smaller L1 M1 
& H: There will be very little 
;;riance in the total •an-hours of a 
good type A or B labor standard 
regardless of the method used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted •an-hours if the 
shop was operating under type A or B 
labor standards. 

Coanents in favor of '.!lE! 7: The 
difference between the lowest and 
110st co1111110n values should be the 
greater. 

Your opinion, for each reason you 
rind unacceptable in making your 
own estimate(s), as to why it is 
Wlacceptable. 

Your 
new 
estimate 

Hoa rs --

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

f-1. 
"'1 
\Jl 



6. Stop Watch 
(Type A) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

(d) Curve
Type 

7. Stop Watch 
(Type B) 

(a) Lowest (L) 

(b) Most 
Connon (M) 

(c) Highest (H) 

(d) Curve
Type 

8. Stop Watch 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Common (M) 

( c) Highest (H) 

Number of "wasted" man-hours each day 
for 20 men worlting 8 hours, if this 
method was used to set their standards. 

Your second
round 
estimate 

Hours 

Hours 

Hours 

Type 

Hours 

Hours 

Hours 

Type 

Hours 

Hours 

Hours 

Group Estimates 

Average Central Range 

5 • .31 4-7 

9.75 8-12 

15.o6 16-18 

6 Persons: Type 8 

7~56 8-10 

1).o6 12-16 

20.81 16-.32 

4 Persons: Type 5. 

14.44 9-16 

22.)1 12-.32 

35.19 16-48 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Comments in favor of a smaller L, M, 
II: H: There will be very Uttle 
ruiance in the total man"-hours of a 
good type A or B labor standard 
regardless of the method used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating Under type A or B 
labor standards. · 

eo-ents in favor of a smaller L, M, 
II: H: There will be very little 
ruiance in the total man-hours of a 
good type A or B labor standard 
r"e911'"dless of the -thod used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted aan-hours if the 
shop was operating under type A or B 
labor standards. 

eo-ents in favor of Type 6: This 
type is aore appropriate due to the 
spread f roa M to H. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

__ Hours 

__ Hours 

__ Hours 

Type --

__ Hours 

__ Hours 

__ Hours 

Type __ 

__ Hours 

__ Hours 

Hours ...... 

" Q'\ 



Number of "wasted" man-hours each day 
for 20 men working 8 hours, if this 
method was used to set their standards. 

Your second- Group Estimates 
round 
estimate Average Central Range 

8. Stop Watch 
(Type 2) 
(Continued) 

(d) Curve- Type 4 Persons: Type 5 
Type 

9. Work 
Simpling 
(Type A) 

(a) Lowest (L) HOurs 6 •. n 5.5-8 

(b) Host Hours 10.13 8-13 
COllllllOn (H) 

(c) Highest (H) Hours 15.o6 16-18 

(d) Curve- Type 5 Persons: Type 8 
Type 

10. Work 
Sampling 
(Type B) 

(a) Lowest (L) Hours 9.31 9-10 

(b) Most Hours 15.31 1.3 - 20 
C:O-On (H) 

(c) Highest (H) Hours 23.06 18-27 

(d) Curve- Type 4 Persons: Type 5 
Type 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Comments in favor of !n!e 2: The 
values should be more wide spread 
than Type 5 shows. 

Comments in favor of a smaller L, H, 
& H: There will be very little 
ruiance in the total man-hours of a 
good type A or B labor standard 
regardless of the method used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or B 
labor standards. 

Comients in favor of a inaller L1 H1 
& H: There will be very little 
ruiance in the total man-hours of a 
good type A or B labor standard 
regardless of the method used to 
establisll the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or B 
labor standards. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

...... 
--..) 
--..) 



Number of "wasted" •an-hours each day 
for 20 men working 8 hours, if this 
method was used to set their standards. 

Your second- Group Estimates 
round 
esti•ate Average Central Range 

11. Work 
Sampling 
(Type 2) 

(a) Lowest (L) Hours 13.14 9- 15 

(b) Most Hours 19.71 13- 25 
Conaon (M) 

(c) Highest (H) Hours 29.00 20-4o 

(d) Curve- Type 5 Persons: Type 2 
Type 

12. Engineered 
Esti•ate. 
(Type 2) 

(a) Lowest (L) Hours 14.50 7.5- 20 

(b) Most Hours 24.75 13- 4o 
Comwon (M) 

( c) Highest (H) Hours 42.75 20-6o 

(d) Curve- Type 2 Persons: Type 2 
Type 2 Persons: Type 3 

2 Persons: Type 5 

13. Coordinated 
Esti•ate 
(Type 3) 

(a) Lowest (L) Hours 15.13 9- 22 

(b) Most Hours 26.81 13-37 
C011111on (M) 

( c) Highest (H) Hours 4<>.88 18-48 

(d) Curve- Type 4 Persons: Type 2 
Type 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately 
represent the values. 

Coanents in favor of a greater L, M, 
& H: I don't agree that a type 2 work 
-;;;;;;;j,1ing would be a better management 
tool than a type 2 time study. The 
averages should have increased. 

Coaiaents in favor of a smaller L: It 
is possible to set this type standard 
at or below the actual time required--
I have done so. 

C011111ents in favor of a smaller L: It 
is possible to set this type standard 
at or below the actual time required~ 
I have done so. 

COlllllE!nts in favor of !zi!e 9: This type 
standard would have to be represented by 
a Type 7, 8 or 9. 

Your opinion, for each reason you 
find unacceptable in making your 
own estimate(s), as to why it is 
unacceptable. 

Your 
new 
estimate 

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Hours --

Type --

"'""' -.J 

°' 
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The set of curves attached to this questionnaire was identical to 

the set attached to the first-round questionnaire (see page 142). 
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FOURTH- (and FINAL-) ROUND QUESTIONNAIRE 

Please read these instructions carefully. 

This is the last in the series of questionnaires concerning the 
cost-benefit relationships of the various work measurement techniques. 
The same questions that appeared previously are presented once more~ 
The purpose of this questionnaire is to give you one final opportunity 
to revise your estimates in the light of the relevant information 
collected during the first three rounds. 

For each work measurement technique-type combination the following 
information is presented: your third-round estimate, the average of 
the estimates made by ~ participants during the third round, the 
central range of these third-round estimates, the major relevant 
reasons (identical to those presented in the third round) why the 
estimated values should be lower (or higher) than those within the 
central range or why the most popular curve-type does not adequately 
represent the values under consideration, and the critiques of these 
reasons given by those participants who found them to be unacceptable in 
making their own estimates and/or any new comments volunteered on the 
third-round questionnaire. You are once again asked to reconsider each 
of your previous estimates using the collected group answers, the 
stated reasons, and the critiques of these reasons for what you feel 
they are worth, possibly revise your previous estimate, and write your 
final estimate in the space provided, remembering that you are to be 
honest in making your evaluations. Following this, you are asked once 
more to provide a confidence rating for each lowest, most common, and 
highest value. In making this appraisal, you should indicate one of the 
following in the space provided at the far right-hand side of the paper: 

5 - I feel that this answer is probably within ± 20% of 
the true value. 

4 - I feel that this answer is probably within ± 40% of 
the true value. 

3 - I feel that this answer is probably within ± 60% of 
the true value. 

2 - I feel that this answer is probably within ± 80% of 
the true value. 

1 - I feel that this answer is probably within ± 100% or 
more of the true value. 

Your confidence rating should be an indication of how much faith 
you have in that answer. Once again, you are asked to be honest in 
these ratings. You are the best judge of the accuracy of your answers. 
No one can do this for you. 
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Please continue not discussing your answers with any other person 
engaged in this study until this questionnaire is picked up. Once again 
read the instructions for each part carefully to determine that you 
fully understand the question before answering. 

Please complete this questionnaire and have it ready to be picked 
up by the afternoon of 

~~~~~~~~~~~~~ 

The cooperation and interest of the industrial engineering tech
nicians, both individually and collectively, has been most gratifying 
during the conduct of this study. It is sincerely hoped that the 
information obtained through the four questionnaires will prove 
beneficial to your work in the future. Each of you is to be commended 
for your efforts. Thank you very much for your time and trouble. 
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PART I 

Listed below are the work measurement techniques that could 
currently be used to establish different types of labor standards within 
this brancho For each technique and labor-standard type (A, B, 2, or 3) 
you are asked to provide the lowest (L), most common (M), and highest (H) 
amount of time you might spend establishing a labor standard for a~
hour jobo In other words, if you were to develop a labor standard that 
is exactly one hour long, that meets the statistical accuracy require
ments for the type standard being set, and were to use the.technique 
indicated, what is the lowest amount of time it might take you, what is 
the most common amount of time it might take you, and what is the 
highest amount of time it might take you? In addition, you are to 
indicate, .from the nine curves shown on the last page, the type of curve 
that best describes the way you think these times would look if you were 
to set one-hour labor standards in that manner over and over and were to 
plot the amount of time it took you horizontally and the number of times 
it took you this long vertically. 



Amount of time it might take you to set Major reason(s) why the estimate(s) 
a one-hour labor standard this way. should be lower (or higher) than the 

central range or why the curve-type 
Your third- Group Estimates selected does not adequately repre-
round sent the values. 
estimate Average Central Range 

1. M'.!M (Type A) 

(a) Lowest (L) Hours 39.25 30-i.9 

(b) Most Hour:!< 62.50 50-Bo 
Coamon (M) 

(c) Highest (H) Hours 103.00 8o- 125 

(d) Curve- Type 5 Persons: Type 3 Cormnents in favor of '.!lEe 8: 
Type Personnel familiar with M'.!M could 

not possibly agree with a type 3 
curve. 

Connents in favor of !I:Ee 9: The 
skew should be more sharply 
defined. Type 3 indicates a 
greater lack of self-confidence. 

2. ASD (Type A) 

(a) Lowest (L) Hours 5.81 2.5- 7 Conments in favor of a smaller L2 

fu_!_!!.: Proficiency in the use of 
(b) Most Hours 10.28 6 - 12 ASD elements would lower these 

Comnon (M) values. 

(c) Highest (H) Hour!! 15.31 11.5 - 20 
C011WJ1ents in favor of a sreater L 
& M: The smaller values must be 
th; result of greater familiarity 
with the use of ASD which is not 
typical. 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own esti~tes and/or any 
new comments volunteered on the 
third-round questionnaire. 

Comments in favor of a smaller L2 
M & H: My estimates are strictly 
g;;e;;es, but not without thought. 
We do not set standards with M'.!M. 
However if we did, we technicians 
would be familiar with the 
elements and the times would be 
less. 

The larger estimates are surely 
based on training which constaed 
more time. If we were proficient 
in M'IM usage, the ti•es would be 
lower. It is the ability to 
recognize motions and apply the 
related values that controls the 
time expended .. '!be averages are 
much too high. 

C0111111ents in favor of '.!lEe 3: 
The indicated ranges of values 
can hardly be called anything 
but a wide spread. 

Conments in favor of a smaller L2 
M & H: The smaller values are "not 
typical" to the extent that ASD is 
an existing tool but not used. 

Coaaents in favor of a 2reater L 
& M: 'lbe lower estimates in this 
';;ategory would indicate a failure 
to con.!:ider the extensive informa-
tion research required to utilize 
ASD. In •any cases this equals 
the ASD application time. 

Coanents in favor of a areater L1 
M & H: Proficiency in the use of 
~ay be the key to the larger 

Your 
final 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Confidence 
Rating 

---
---

---

---
---

---

f->. 
();) 

\..,.,) 



Amount of time it aight take you to set Major reason(s) why the estimate(s) 
a one-hour labor standard this way. should be lower (or higher) than the 

central range or why the curve-type 
Your third- Group Estimates selected does not adequately repre-
ro1Dld sent the values. 
estimate Average Central Range 

2. ASD (Type A) 
(Continued) 

(d) Curve- Type 5 Persons: Type 8 Comments in favor of !D!e 1: The 
Type spread should be aore pronounced in 

all cases. 

Comments in favor of ~ 8: The 
spread of the central range 
indicates there would be very little 
skew. 

J. ASD (Type B) 

(a) Lowest (L) Hour's J.75 2-1< Couments in favor of a greater L, 
~: An ASD standard with some 

(b) Most Hours 6.75 6-8 elements derived froa other tech-
C.-m (M) niques should still require a time 

si•ilar to a Type A standard. 
(c) Highest (H) Haurs 10.25 10- 1J Comments in favor of a areater L 

& M: The smaller values aust be the 
'i=eiuit of greater familiarity with 
the use of ASD which is not 
typical. 

(d) Curve- Type 6 Per90llS: Type 8 
Type 

i.. ASD (Type 2) 

(a) Lowest (L) Hours 2.52 2-J eo-euts in favor of a greater LJ 
M, & H: An ASD standard with some 

(b) Most Hours 5.0J 1--6 elements derived from other tech-
Coaaon (M) niques should still require a time 

similar to a Type A standard. 
(c) Highest (H) Hours 9.09 7-10 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new C011Dents volunteered on the 
third-round questionnaire. 

times, however, there will 
always be technicians less 
f.,..iliar with the system. 

Cownents in favor of a smaller L, 
M & H: Most of the dilution 
~ be by estimates. This would 
not take as long. 

The .eaaller values are 11not 
typical" tn the extent that ASD 
is an existing tool but not used. 

Comitents in favor of a areater H: 
The time required to set this 
type standard would depend on ASD 
proficiency and the technician's 
fa111iliarity with the work to be 
accomplished. From one extreme 
to the other, 11< hours is not 
inaccurate. 

Your 
final 
estimate 

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Hours --

Confidenc< 
Rating 

---
---

---

---
---

---

..... 
CXl 
~ 



Amount of ti•e it •ight take you to set Major reason(s) why the estimate(s) 
a one-hour labor standard this way. should be lower (or higher) than the 

central range or why the curve-type 
Your third- Group Estimates selected does not adequately repre-
round sent the values. 
estimate Average Central Range 

4. ASD (Type 2) 
(Continued) 

(d) Curve- Type 2 Persons: Type 2 Comments in favor of !lJ!e 2: Type J 
Type represents M closer to L. This is 

not borne out by the estimates. 

Comments in favor of !lJ!!: 4: A 
meditm1 spread is more in keeping 
with this type standard. 

5. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 7.1J 5-8 Comments in favor of a smaller L: 
It appears that some were influenced 

(b) Most Hours 12.50 12- 1J by an old rule of thllR!b that required 
Camon (M) at least a 5-cycle study. Sta tis-

tically this is not so. A Type "A" 
(c) Highest (H) !lours 21.00 20-24 study can be made with less than 

5 cycles. 

A minimwa of J cycles could be 
statistically sound. Then add one 
hour for preparation and C0111putation. 

(d) Curve- Type 4 Persons: Type 2 
Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) Hours 5.00 4-6 COlllllents in favor of a smaller M: 

(b) Most !lours 8.88 
A "B" standard with a stop watch 

7- 10 will take an average of 5 to 6 
Common (M) cycles, with one more hour 

reQuired to setuo and cnmnute. 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in •aking 
their own esti•ates and/or any 
new co...-ents volunteered on the 
third-round questionnaire. 

Comments in favor of a sreater L: 
I agree that a J-cycle study will 
give you a Type A standard if only 
the total standard is classified. 
However, the variation of the 
elements within the study will not 
let the study be classified as a 
type A. Therefore, 10 or 111<>re 
cycles are required. 

C0111Btents ir favor of a ~reater L2 
M & H: I agree that a type "A" 
co.tl'ii be set in a •ini•1MI of J 
cycles. However, time to research 
tech orders, deternaine work 
requirements, establish methods, 
set up time study, etc., was 
evidently not considered. In 
•any "repair as necessary" type 
.work, where the amount of 1'ork 
varies considerably from item to 
item, 10 to 20 cycles might be 
required. 

Connents in favor of a greater M 
& H: Most "B" time studies occur 
;b;n the technician is attempting 
to make an "A" study and realizes 
the ranae is too oreat. In manv 

Your 
final 
estimate 

Type --

Hours --
Hours --
!lours --

Type __ 

Hours --
Hours --

Confidence 
Rating 

---
---

---

---
---

f-.>. 
co 
V1 



AaolDlt of ti11e it •ight take you to set 
a one-hour labor standard this way. 

Your third- Group Estimates 
ro1D1d 
estimate Average Central Range 

6. Stop Vatch 
('fn>e B) 
(Continued) 

(c) Highest (H) Houra 15.63 12-20 

(d) Curve- Type 5 Persons: Type 3 
Type 

7. Stop Vatch 
(Type 2) 

(a) Lowest (L) Hours 1.63 1-2 

(b) Most Hours 2.63 2-3 
Collloon (M) 

(c) Highest (H) Hours 4.oo 3-5 

(d) Curve- Type 4 Persons: Type 8 
Tn>e 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately repre-
sent the values. 

C0111111ents in favor of a aoaller H: 
A 118" standard with a stop watch 
might take 8 to 10 cycles with one 
hour to setup and compute. 

Cmoments in favor of a l!llaller L: 
The lowest Type 2 stopwatch standsrd 
could be an incomplete 1-cycle study. 

Comments in favor of a l!llaller H: 
A 1-cycle study will result in a 
Type 2 standard classification. 
Then add one hour for preparation 
and computation. 

Two tilles the labor standard = study 
time to complete one cycle. This is 
not always true, however, I don't 
think I have ever used more than 
this on a repetitive or non-
repetitive type study. 

Comments in favor of a greater H: 
The question is speculative. 
However, conceivably a person could 
spend •any more hours than this 
and still not have an A or B study. 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in •aking 
their own estimates and/or any 
new ~nts volunteered on the 
third-round questionnaire. 

cases he has as many cycles as an 
11A11 standard. 

eo-ents in favor of !me 6: My 
experience with time study shows 
this to be the llOre accurate 
curve. 

Your 
finfl]. 
estimate 

Hours --

Type __ 

Hours --
Hours --
Hours --

Type __ 

Confidence 
Rating 

---

---
---
---

...... 
~ 
0\ 



Amount of time it might take you to set Major reason(s) why the estimate(s) 
a one-hour labor standard this way. should be lower (or higher) than the 

central range or why the curve-type 
Your third- Group Estimates selected does not adequately repre-
round sent the values. 
estimate Average Central Range 

8. Work 
s-pling 
(Type A) 

(a) Lowest ( L) Hours 18.00 16-20 Comments in favor of a areater L: 
100 observations made in one hour 

(b) Most .Hours J2.1.3 28- JO with 1700 observations required 
Connon (M) = 17 hours minimum plus compu-

tation ti111e. 
( c) Highest (H) Hours 56.J8 4<>-50 Camnents in favor of a greater M & H: 

As work sampling constitutes random 
times of the day, it seldom can be 
accomplished in short periods of 
time. This type of work cons....,s 
a lot of time. 

Connents in favor of a sreater H: 
One observation aade in 5 minutes 
with 1700 observations required 
= 1700 x 5 = 8500 minutes = 14.3 
hours plus computation ti•e. 

(d) Curve- Type 4 Persons: .Type J 
Type 

9. Work 
s,...pling 
(Type B) 

(a) Lowest (L) Hours 10.38 10- 12 C00011ents in favor of a aaaller L: 
100 observations aade in one hour 

(b) Most Hours 16.00 15- 20 with 48o observations required = 
COllllon (M) 4.8 hours plus computation time. 

(c) Highest (H) Hours .32.75 J0-4<> 
Comments in.favor of a greater M & H: 
As work sampling constitutes randOll 
times of the day, it seldOll can be 
accomplished in short periods of 
time. This type of work consumes 
a lot of time. 

COlllllents in favor of a sreater H: 
One observation made in 5 •inutes 
with 48o observations required = 
48o x 5 = 24oo minutes = 4o hours 
plus computation time. 

(d) Curve- Type 4 Persons: Type .3 
Type 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new comments volunteered on the 
third-round questionnaire. 

c.,..,.,nts in favor of a SIBaller L: 
It is possible to establish an "A" 
standard with as few as 100 
observations. 

Comments in favor of a SMaller LJ 
M & H: The amount of time 
~ed relates to observations. 
Average time for observing 5 or 
aore persons is 2 •inutes per 
person. The real value in the 
swapling technique is the partial 
use of technician time. 

Your 
final 
estimate 

Hour• --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

ConfidencE 
Rating 

---
---
---

---
---

---

'""" co 
-...] 



Amount of time it might take you to set 
a one-hour labor standard this way. 

Your third- Group. Estimates 
round 
estimate Average Central Range 

10. Wori<: 
S1111Pling 
(Type 2) 

(a) Lowest (L) Roura 4.93 4- 6 

(b) Most Hours 11.73 12- 14 
CDm1on (M) 

(c) Highest (H) Hours 16.i.o 18- 20 

(d) Curve- Type 5 Persons: Type 2 
Type 

11. Engineered 
Esti-te 
(Type 2) 

(a) Lowest (L) Roura o.66 0.5-0.75 

(b) Most Hours 1.50 1- 1.5 
COllllllOn (M) 

(c) Highest (H) Hours 3.00 2-4 

(d) Curve- Type 7 Persons: Type 9 
Type 

12. Coordinated 
Estimate 
(Type 3) 

(a) Lowest (L) Hours 0.53 o.4- 0.5 

(b) Most Hours 1.05 0.75- 1 
Coamon (M) 

(c) Highest (H) Hours 1.79 1- 1.5 

(d) Curve- Type 4 Persons: Type 8 ..__ 

Major reason(s) why the astimate(s) Critiques of these reasons given 
should be lower (or higher) than the by those participants who found 
central range or why the curve-type them to be unacceptable in llaking 
selected does not adequately repre- their own esti-tee and/or any 
eent the values~ new C01111H1nts volunteered on the 

third-round.questionnaire. 

Comnents in favor of a smaller L: 
Using the basic requirement of 
50 obeervations, 50 x 2 •inutes = 
1.7 hours. 

C0111111ents in favor of a smaller H: Comment• in favor of a SIBaller M 
One hour is an ample amount of The technician must be & H: 
time. t;;;iliar with similar end items 

Conments in favor of a greater M: 
or he is not qualified to set a 
type 2 standard. He must be able 

The research of tech orders and to look at the end item or tech other related material will consume order and ~stablish the labor 
110re tiae. standard. 
C0111111ents in favor of a greater H: 
Considering a new end item with no 
previous experience on overhaul, 
8 hours ia not unreasonable. 

Comments in favor of a sreater M: Co ... ents in favor of a greater L1 
If shops and personnel were readily M & H: I find'it impossible to 
available, this could be lower. -.;;;;;c;ive of any technician in this 
However, experience shows this not or any other organization eetting 
to be the case. standards in the ranges indicated. 

Comments in favor of a greater H: Even·the most familiar work would 
Again, considering unfamiliar end require more than the indicated 

it-s 4 hours iA not unreasonAble- range. 

Your 
final 
esti•ate 

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Confidene< 
Rating 

---
---
---

---
---

---

---
---
---

""" co 
co 
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PART II 

Even though a labor standard has been established, the industrial 
engineering technician is still responsible for maintaining that 
standard. In this part of the questionnaire, you are to consider all 
of the reasons that might require additional work by you after the 
original labor standard has been developed, to keep it current.· These 
reasons include such causes as changes in all or part of the labor 
standard because of a change in the instruction manual, changes in all 
or part of the labor standard due to a methods-improvement action, or 
simply the requirement for a periodic review of the standard because of 
its age. 

Listed below are the same work measurement technique-type combina
tions as in Part I. In this part, however, you are asked to indicate 
the lowest (L), most common (M) and highest (H) amount of total time you 
might spend in any two-year period following the original standard 
development date to keep that standard current. This, of course, 
assumes that the standard will be in existance for two years or more. 
In other words, what is desired is an indication of how much extra work 
is required of you every two years to keep a labor standard up to date. 
As in Part I of this questionnaire, all times apply to maintaining a 
labor standard that is exactly one hour long. 



Amount of time required every two 
years to maintain a one-hour labor 
standard set this way. 

Your third- Group Estimates 
round 
estimate Average Central Range 

1. MTM (Type A) 

(a) Lowest (L) Hours 4.96 2- 5 

(b) Most Hours 2J.6J 18- 25 
Conwnon (M) 

(c) Highest (H) Hours 45.88 J0-49 

(d) Curve- Type 4 Persons: Type 6 
Type 

2. ASD (Type A) 

(a) Lowest (L) Hours 1.71 1-2 

(b) Most Hours 4.91 J-6 
Common (M) 

(c) Highest (H) Hours 13.06 10- 16 

(d) Curve- Type 7 Persons: Type 6 
Type 

J. ASD (Type B) 

(a) Lowest (L) Hours 1.24 0.8-2 

(b) Most Hours J.5J 2-4 
Common (M) 

Major reason(s) why the estimate(s) Critiques of these reasons given 
should be lower (or higher) than the by those participants who found 
central range or why the curve-type them to be unacceptable in making 
selected does not adequately repre- their own estimates and/or any 
sent the values. new comnents volunteered on the 

third-round questionnaire. 

Conments in favor of a smaller L: Comments in favor of a 9reater L: 
lb:e minimum review time could be Some part of the motion sequence 
~ hour. will have to be changed to match 

A standard could only require an 
current procedures due to tech 

update. 
order change, modification, etc. 

The mass of material involved in 
CQlml.ents in favor of a 2reater L2 M an M'IM standard would require more & H: Some estimates apparently do 
-;;;;t" consider the quantity of data to 

than 2 hours reading time. 

be reviewed. Proper review and updating 
requires complete re-evaluation 
of the standard to determine 
changes in requirements, proce-
dures, layout changes, additional 
work requirements, or deletions of 
work requirements. 

Cormnents in favor of a smaller L: Comments in favor of a 9reater L: 
'Ihe minimwn review time could be Some part of the ASD elements will 
Y.. hour. have to be changed to match the 

A standard could only require an 
current procedure due to tech 
order change, modifications, etc. 

update. 
Proper review and updating requires 
complete re-evaluation of the 
standard to determine changes in 
requirements, procedures, layout 
changes, additional work require-
ments, or deletions in work 
requirements. 

COD1Dents in favor of a smaller L: Convnents in favor of a 2reater L: 
A standard could only require an Some part of the ASD eleme1,ts will 
update. have to be changed to match the 

current procedure due to tech 
order change, modifications etc. 

Your 
final 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --

Conf"idence 
Rating 

---
---

---

---
---

---

---
---

f-1. 

'° 0 



Amount of time required every two 
years to maintain a one-hour labor 
standard set this way. 

Your third- Group Estimates 
round 
estimate Average Central Range 

J. ASD (Type B) 
(Continued) 

(c) Highest (H) Hours 9.71 4 - 16 

(d) Curve- Type J Persons: Type 9 
Type 

4. ASD (Type 2) 

(a) Lowest (L) Hours 1.04 o. 7- 1 

(b) Most Hours J.6J 2-4 
Conmen (M) 

(c) Highest (H) Hours 8.19 3- 10 

(d) Curve- Type 3 Persons: Type 5 
Type 

5. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 1.27 0.5- 1 

(b) Most Hours J.31 2-4 
Common (M) 

Major reason(s) why the estimate(s) Critiques of these reasons given 
should be lower (or higher) than the by those participants who found 
central range or why the curve-type them to be unacceptable in making 
selected does not adequately repre- their own estimates and/or any 
sent the values. new C<>IR!Dents volunteered on the 

third-round questionnaire. 

o.8 hours is unrealistic. This 
allows no ti•e for revision of 
any standard. 

Proper review and updating re-
quires complete re-evaluation of 
the standard to determine changes 
in requirements, procedures, 
layout changes, additional work 
requirements, or deletions in 
work requirements. 

Conxnents in favor of a smaller L: COJB1Dents in favor o! a areater L: 
A standard could only require an Some part of the ASD elements wil I 
update. have to be changed to match the 

current prc,cedure due to tech 
order change, modification, etc. 

Proper review and updating re-
quires complete re-evaluation of 
the standard to d£termine changes 
in requirements, procedures, lay-
out changes, additional work 
requirements, or deletions i~ 
work requirements. 

C011Dents in favor of ~e 9: The 
greatest difference should be 
between the highest and 110st 
ca-an values. 

Comments in favor of a smaller L: Connents in favor of a greater L: 
The mini•um review ti•e could be Proper review and updating re-
J2 hour. quires complete re-evaluation of 

A standard could only require an 
the standard to determine changes 

update. 
in requirP.lllents, procedures, 

Your 
final 
estimate 

Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --

Confidence 
Rating 

---

---
---

---

---
---

...... 

'° ...... 



Amount of time required every two 
years to maint&.in a one-hour labor 
standard set this way. 

Your third- Group Estimates 
round 
estimate Average Central Range 

5. Stop Watch 
(Type A) 
(Continued) 

(c) Highest (H) Hours 10.25 q-9 

(d) Curve- Type 5 Persons: Type 8 
Type 

6. Stop Watch 
(Type B) 

(a) Lowest (L) Hours 0.99 0.5- 1 

(b) Most Hours 2.55 2-2 
Common (M) 

(c) Highest (H) Hours 6.25 q-6 

(d) Curve- Type 2 Persons: Type 3 
Type 2 Persons: Type 5 

2 Persons: Type 8 
2 Persons: Type 9 

7. Stop Watch 
(Type 2) 

(a) Lowest (L) Hours 0.58 0.5-0.5 

(b) Most Hours 1.58 1- 1.5 
Connon (M) 

Major reason(s) why the estimate(s) Critiques of these-reasons given 
should be lower (or higher) than the by those participants who found 
central range or why the curve-type them to be unacceptable in making 
selected does not adequately repre- their own estimates and/or any 
sent the values. new comments volunteered on the 

third-round questionnaire. 

layout changes, additional work 
requirements, or deletion& in 
work requirements. 

C0111111ents in favor of a greater H: 
Using approxi11ately 10 hours each 
six months does not seem overly 
excessive when all variables are 
considered. 

eo....ents in favor of !Il!e 5: The 
"'""unt of time spent on each standard 
will have a larger spread due to work 
content change. 

c ...... nts in favor of !Il!e 2: The 
spread of values should be more 
gradual. 

CD111111ents in favor of a smaller L: Comments in favor of a greater L: 
If-a technician is familiar with a Proper review and updating re-
job through daily contact, J2 hour is quires complete re-evaluation of 
not unreasonable. the standard to determine changes 

A standard could only require an in requirements, procedures, 

update •. layout changes, additional work 
requirements, or deletions in 
work requirements. 

Comments in favor of a S111aller L: Comments in favor of a greater L: 
'lbe •inimta review time could be Proper review and updating re-
J2 hour. quires complete re-evaluation of 
A standard could only require an the standard to determine changes 
update. in rectuirements nrocedures 

Your 
final 
estimate 

Hours --

T;pe __ 

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --

Confidence 
Rating 

---

---
---
---

---
--- ...... 

'° ro 



Amount of time required every two Major reason(s) why the estimate(s) 
years to maintain a one-hour labor should be lower (or higher) than the 
standard set this way. central range or why the curve-type 

selected does not adequately repre-
Your third- Group Estimates sent the values. 
round 
estimate Average Central Range 

7. Stop Watch 
(Type 2) 
(Continued) 

(c) Highest (H) Hours 4.21 1.5- 2 

(d) Curve- Type 3 Persons: Type 2 
Type J Persons: Type 8 

8. Work 
Sampling 
(Type A) 

(a) Lowest (L) Hours 2.64 2.5-3 COn1Dents in favor of a smaller L: 
The minimum review time could be 

(b) Most Hours 7.19 6- 8 )2 hour. 
CODlllOn (M) 

A standard could only require an 

(c) Highest (H) Hours 27.75 12- 16 update. 

(d) Curve- Type 3 Persons: Type 3 Comnents in favor of '.!.ll!e 3: The 
Type esti•ates indicate that M is 

closer to L. 

9. Work 
Sampling 
(Type B) 

(a) Lowest (L) Hours 2.14 2-3 Connents in favor of a smaller L: 
The minimum review time could be 

(b) Most Hours 4.75 4-5 )2 hour. 
COl!llllon (M) A standard could only require an 

update. 

Critiques of these reasons given 
by those participants who found 
th'"" to be unacceptable in making 
their own estimates and/or any 
new connents volunteered on the 
third-round questionnaire. 

layout changes, additional work 
requirements, or deletions in 
work requirements. 

Comments in favor of a 9reater H: 
Considering all variables, the 
average is far too low. 

Conments in favor of a 2reater L: 
Proper review and updating re-
quires complete re-evaluation of 
the standard to determine changes 
in requirer~ents, procedures, 
layout changes, additional work 
requirements, or deletions of 
work requirements. 

Comments in favor of a ~reater H: 
This could involve a completely 
new study. 

Comments in favor of a ~reater L: 
Proper review and updating re-
quires complete re-evaluation of 
the standard to determine changes 
in requirements, procedures, 
layout changes, additional work 
requirements, or deletions in 
work requirements. 

Your 
final 
estimate 

Hours --

Type --

Hours --
Hours --
Hours --

Type __ 

Hours --
Hours --

Confidenc• 
Rating 

---

---
---

---

---
---

~ 

'° \,....) 



Amount of time required every two 
years to maintain a one-hour labor 
standard set this way. 

Your third- Group Estimates 
round 
estimate Average Central Range 

9. Work 
Sampling 
(Type B) 
(Continued) 

(c) Highest Hours 17.75 9- 14 

(d) Curve- Type 6 Person.!!: Type J 
Type 

10. Work 
Sampling 
(Type 2) 

(a) Lowest (L) Hours 1.19 0.5- 1 

(b) Most Hours 2.61 1.5 - 4 
Common (M) 

(c) Highest (H) Hours 5.48 2-6 

(d) Curve- Type 2 Persons: Type 2 
Type 2 Persons: Type J 

2 Persons: Type 8 
2 Persons: Type 9 

11. Enginee~ed 
Estimate 
(Type 2) 

(a) Lowest (L) Hours o.6J 0.5 - 0.5 

(b) Most Hours 1.94 0.5- 2 
Common (M) 

(c) Highest (H) Hours 5.JJ 1-J 

Major reason(s) why the estimate(s) Critiques of these reasons given 
should be lower (or higher) than the by those participants who found 
central range or why the curve-type them to be unacceptable in making 
selected does not adequately repre- their own estimates and/or any 
sent the values. new connents volunteered on the 

third-round questionnaire. 

Connents in favor of a greater H: 
This could involve a completely 
new study. 

Conncnts in- favor of a smaller L: Comments in favor of a ureater L: 
A standard could only require an Proper review and updating re-
update. quires complete re-evaluation of 

the standard to determine changes 
in requirements, procedures, 
layout changes, additional work 
requirements, or deletions in 
work requirements. 

Comments in favor of T;!'.J!e 9: The 
long slope should be to the high 
side rather than equal as shown 
by Types 2 and 8. 

Cotmnents in favor of a smaller L: Comments in favor of a 2reater L: 
1be mini•U111 review time could be Proper review and updating re-
Y.. hour. quires complete re-evaluation of 

A standard could only require an 
the standard to determine changes 
in requirements, procedures, 

update. layout changes, additional work 
Conaents in favor of a ~reater H: requirements, or deletions in work 
We have standards that are changed requirements. 
several times. The average estimate Conwents in favor or a 9reater H: 
appears far too low. Updating of some standards could 

mean redevelopment of a large 
standard. This should have a 
hinh ........ ~v~r .. ,, ... 

Your 
final 
estimate 

Hours --

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --

Hours --

Confidenc• 
Rating 

---

---
---

---

---
---

---

...... 
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Amount of time required every two 
years to maintain a one-hour labor 
standard set this way. 

Your third- Group Estimates 
round 
estimate Average Central Range 

11. Engineered 
Estimate 
{Type 2) 
{Continued) 

{d) Curve- Type 6 Persons: Type 9 
Type 

12. Coordinated 
Estimate 
{Type .)) 

{a) Lowest (L) Hours o.i.J o.4- 0.5 

(b) Most Hours o.8.3 0.5- 1 
Common (M) 

(c) Highest (H) Hours 1.)1< o.6- 1.5 

(d) Curve- Type 7 Persons: Type 8 
Type 

Major reason(s) why the estimate{s) Critiques of these reasons given 
should be lower (or higher) than the by those participants who found 
central range or why the curve-type them to be unacceptable in making 
selected does not adequately repre- their o'i<n estimates and/or any 
sent the values. new C0111111ents volunteered on the 

third-round questionnaire. 

-

Comments in favor of a smaller L: Conments in favor of a ~reater L: 
A standard could only require an Proper review and updating re-
update. quires complete re-evaluation of 

the standard to determine changes 
in requirements, procedures, 
layout changes, additional work 
requirements, or deletions in work 
requirements. 

Comments in favor of !II!e 9: The 
long slope should be to the high 
side rather than equal. 

Your 
final 
estimate 

Type_ 

Hours --
Hours --
Hours --

Type_ 

Confidence 
Rating 

---
---
---

...... 

'° VJ 



PART III 

One of the objectives of a work measurement program is to reduce 
the amount of unproductive man-hours in the shop. This is accomplished 
by attempting to determine how long it should take a properly trained 
and supervised worker, working at a nonnal pace, to accomplish a 
particular task. Even when labor standards are in force, however, 
there is probably still some wasted time if only because the labor 
standard itself is either "loose" or just 11 too high." 

This part of the questionnaire is an attempt to determine how many 
wasted man-hours might result if there were no labor standards at all, 
or if the various techniques and labor-standard types were in use. You 
are to assume that the questions pertain to a shop that has 20 direct-
1 abor employees, being paid for an 8-hour day (16o direct man-hours per 
day), and that these 20 workers are properly supervised by their 
foreman. In addition, you are· to assume that all labor standards in 
that shop have been established by the technique indicated and with the 
statistical accuracy required by that type standard. 

Listed below are the same standard technique-types as in the 
previous two parts of this questionnaire. There has been added, 
however, the situation when no labor standards are in use. You are 
asked to indicate the lowest---(L), most common (M), and highest (H) 
number of man-hours (out of the 160 man-hours available in this 20-man 
shop each day) that might be wasted or not fully utilized if all labor 
standards in that shop were set in the manner indicated. Time lost due 
to personal needs, official break periods, cleanup, minor maintenance, 
or other recognized delays and allowances is not to be considered 
wasteda Wasted man-hours, as used here, is t};'""'.amount of time the 
worker would get that is over and above what he should need to perform 
his duties either because of the poor method definition or "looseness" 
of the technique used to set his standard. Remember that you are to 
estimate these values on a daily basis. 



Number of "wasted" man-hours each day Major reason(s) why the estimate(s) 
for 20 men working 8 hours, if this should be lower (or higher) than the 
method was used to set their standards. central range or why the curve-type 

selected does not adequately repre-
Your third- Group Estimates sent the values. 
round 
estimate Average Central Range 

1. No standards 
at all 

(a) Lowest (L) Hours 20.94 10- 32 Cominents in favor of a smaller L2 M 
I have found that most people & H: 

(b) Most Hours 43.13 32-48 "iike to produce. If they have good 
C011111on (M) facilities and if the product and 

parts are there, they will produce. 
(c) Highest (H) Hours 70.19 48- Bo They love to say 11~ did this" or 

"records are set to be broken." 
Proper planning and supervision 
produces and ~ ~· 

(d) Curve- Type 5 Persons: Type 2 Comments in favor of ~e 4: I 
Type feel all of these should be 

skewed to the high side because 
of bias. 

2. Mnt (Type A) 

(a) Lowest (L) Hours 3.75 2-5 C<>1m1ents in favor of a !llDaller Lz M 
& H: lbere will be very little 

(b) Most Hours 8.31 8- 10 ;;;:iance in the total man-hours of a 
Co111111on (M) good type A or B labor standard 

regardless of the method used to 
( c) Highest (H) Hours 13.63 10- 16 establish the standard. Therefore, 

under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or 
B labor standards. 

Comments in favor of a Qreater M & H: 
The inherent inaccuracy of an M'IM 
standard leaves these very conserva-
time estimates. 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new cormnents volunteered on the 
third-round questionnaire. 

Conwents in favor of a smaller H: 
8o hours "goof off11 reflects 4 
hours per man per day which is too 
much. 

Comments in fav~r of a areater L2 
M & H: Personnel become bored with 
~everyday routine, start 
thinking that their pay scale is 
too low, and develop poor attitudes 
toward supervision and production 
rates. 

Comments in favor of a 9reater M 
& H: "Proper supervision" would 
keep people occupied. Misapplied 
effort could be as much as 16o 
hours per day. 

C011111ents in favor of a S111aller L 
.!.!!.= 11Proper supervision" will 
keep shop loaded and people 
working. Maximum variance will 
be ;t 1o% of the 111ean. 

Comments in favor of a smaller M 
& H: A type A standard has a 95% 
~fidence level. lberef ore the 
labor standard should be within 
10')b of the actual time required to 
perform the operation. This is 
why an Mnt or ASD study must be 
verified with a stop watch study. 
This should cover any "inherent 
inaccuracy" of M'IM. 

Your 
final 
estimate 

Hours --
Hours --
Hours --

Type_ 

Hours --
Hours --
Hours --

Confidence 
Rating 

---
---

---

---
---
---

"""' "' ""-I 



Number of "wasted" man-hours each day Major reason(s) why the estimate(s) 
for 20 men working 8 hours, if this should be lower (or higher) than the 
method was used to set their standards. central range or why the curve-type 

selected does not adequately repre-
Your third- Group Estimates sent the values. 
round 
estimate Average Central Range 

2. MDI (Type A) 
(Continued) 

(d) Curve- Type 6 Persons: Type 8 
Type 

J. ASD (Type A) 

(a) Lowest (L) Hours 4.6J J-7 Conmnents in favor of a smaller L2 
M & H: There will be very little 

(b) Most liouro; 9.19 8- 12 ~ce in the total man-hours of 
Common (M) a good type A or B labor standard 

regardless of the method used to 
(c) Highest (H) Hours 13.50 12- 16 establish the standard. Therefore, 

under the working conditions stated 
on the first page of Part III, 
there would be no wasted man-hours 
if the shop was operating under 
type A or B labor.standards. 

(d) Curve- Type 7 Persons: Type 8 
Type 

4. ASD (Type B) 

(a) Lowest (L) Hours 5.6J 6-7 Connents in- favor-of a smaller L2 
M & H: There will be very little 

(b) Most Hours 12.25 9- 15 ~nee in the total man-hours of 
Connon (M) a good type A or B labor standard 

regardless of the method used to 
(c) Highest (H) Hours 19.25 12 - 2£) establish the standard. Therefore, 

under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or 
B labor standards. 

(d) Curve- Type 5 Persons: Type 2 
Type 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new comments volunteered on the 
third-round questionnaire. 

Comments in favor of a areater L 
& M: There will never be a 
~dition where a shop can operate 
at 99% effectiveness even with the 
best of standards. 

Coawuents in favor of a 9reater H: 
"Proper supervision" will keep 
shop loaded and people working. 
Maximwn variance will be ± 10% 
of the mean. 

Comments in favor of a 2reater M 
& H: "Proper supervision" will 
k;;p shop loaded and people 
working. Maximum variance will 
be ± 25% of the mean. 

Your 
final 
esti•ate 

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

Confidence 
Rating 

---
---

---

---
---

---

I 

~ 
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Number o:f "wasted" man-hours each day 
for 20 men working 8 hours, if this 
method was used to set their standards. 

Your third- Group Estimates 
round 
estimate Average Central Range 

5. ASD (Type 2) 

(a) Lowest (L) Hours 10.69 7- 10 

(b) Most Hours 20.13 10-26 
Connon (M) 

(c) Highest (H) Hours J4.J1 15-4o 

(d) Curve- Type 4 Persons: Type 6 
Type 

6. Stop Watch 
(Type A) 

(a) Lowest (L) Hours 4.81 4-7 

(b) Most Hours 9.50 8- 12 
Common (M) 

(c) Highest (H) Houra 14.56 16-16 

(d) Curve- Type 6 Persons: Type 8 
Type 

7. Stop Watch 
(Type B) 

(a) Lowest (L) Hourl!I 6.Jt 6.5- 8 

(b) Most Hours 12.81 12- 16 
Coomon (M) 

(c) Highest (H) Hour• 19.44 16-20 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately repre-
sent the values. 

c ....... nts in :favor o:f '.:!Zl!e 7: '!be 
di:f:ference between the lowest and 
most co.aon values should be the 
greater. 

Comnents in favor of a smaller L2 
M & H: 'lbere will be very little 
~ce in the total man-hours of 
a good type A or B labor standard 
regardless o:f the method used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted •an-hours i:f the 
shop was operating under type A or 
B labor standards. 

C011ments in favor of a smaller L, 
M & H: 'lbere will be very little 
variance in the total •an-hours of 
a good type A or B labor standard 
regardless of the -thod used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page o:f Part III, there 
would be no wasted aan-hours i:f the 
shop was operating under type A or 
B labor standards. 

Critiques of these reasons given 
by those participants who :found 
them to be unacceptable in making 
their own estimates and/or any 
new comments volunteered on the 
third-round questionnaire. 

Comments in :favor o:f a greater M 
& H: ''Proper supervision" will 
keep shop loaded and people 
working. Maximum variance will be 
z 5o% o:f the mean. 

Comments in favor of a sreater H: 
"Proper supervision" will keep 
shop loaded and people working. 
Maximlllll variance will be z 10% 
o:f the -an. 

eo...ents in favor of a greater M 
& H: "Proper supervision11 will 
k;;p shop loaded and people 
working. Maxinna variance will 
be z 25% o:f the -an. 

Your 
:final 
estimate 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours -

Con:fidence 
Rating 

---
---
---

---
---
---

---
-
-

""" '° '° 



Number of 11wasted11 man-hours each day Major reason(s) why the estimate(s) 
for 20 men working 8 hours. if this should be lower (or higher) than the 
method was used to set their standards. central range or why the curve-type 

selected does not adequately repre-
Your third- Group Estimates sent the values. 
round 
estimate Average Central Range 

7. Stop Watch 
(Type B) 
(Continued) 

(d) Curve- Type 4 Persons: Type 5 Comments in favor of '.!1J2e 6: This 
Type type is more appropriate due to the 

spread from M to H. 

8. Stop Watch 
(Type 2) 

(a) Lowest (L) Hours 8.56 7.5 - 9 

(b) Most Hours 22.:u 12-32 
Common (M) 

(c) Highest (H) Hours 35.19 20- 1,8 

(d) Curve- Type 5 Persons: Type 5 Comments in favor of !x,ee 2: The 
Type values should be more wide spread 

than Type 5 shows. 

9. Work 
Sampling 
(T.ype A) 

(a) Lowest (L) Hours 5.69 5.5- 8 Conwnents in favor of a smaller L2 
M & H: 1bere will be very little 

(b) Most Hours 10.25 8- 13 ~ce in the total man-hours-of 
Common (M) a good type A or B labor standard 

regardless of the method used to 
(c) Highest (H) Hours 1i..9i, 16- 18 establish the standard. Therefore, 

under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or 
B labor standards. 

(d) Curve- Type 6 Persons: Type 8 
Type 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new comments volunteered on the 
third-round questionnaire. 

Conxnents in favor of a smaller L: 
There should be no difference 
between a type 2 ASD and a type 2 
stop watch as concerns lost time. 

Connents in favor of a ~reater M 
& H: "Proper supervision" will 
keep shop loaded and people 
working. MaximLmD variance will be 
% 50% of the mean. 

Conunents in favor of a greater H: 
"Proper supervision" will keep 
shop loaded and people working. 
Maximwn variance will be± 1()% 
of the mean. 

Your 
final 
estimate 

Type __ 

Hours --
Hours --
Hours --

Type --

Hours --
Hours --
Hours --

Type --

Confidence 
Rating 

---
---

---

---
---

---

L\:) 

0 
0 



10. Work 
Sampling 
(Type B) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

(d) Curve
Type 

11. Work 
Sampling 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Common (M) 

(c) Highest (H) 

(d) Curve
Type 

12. Engineered 
Estimate 
(Type 2) 

(a) Lowest (L) 

(b) Most 
Connon (M) 

(c) Highest (H) 

(d) Curve
Type 

Number of "wasted 11 man-hours each day 
for 20 men working 8 hours, if this 
method was used to set their standards. 

Your third
round 
estimate 

Hours 

Hours 

Hours 

Type 

Hours 

Hours 

Hours 

Type 

Hours 

llourl! 

Hours 

Type 

Group Estimates 

Average Central Range 

8.06 7.5 - 10 

15.31 13 - 20 

23.06 18 - 27 

3 Persons: Type 5 

11.50 8- 12 

22.25 13 - 25 

35.38 20- 40 

6 Per.sons: Type 2 

13.25 7.5 - 12 

24.75 13 - 40 

42.75 20- 6o 

4 Persons: Type 5 

Major reason(s) why the estimate(s) 
should be lower (or higher) than the 
central range or why the curve-type 
selected does not adequately repre
sent the values. 

Comments in favor of a smaller L, 
~I & H: There will be very little 
variance in the total man-hours of 
a good type A or B labor standard 
regardless ol the method used to 
establish the standard. Therefore, 
under the working conditions stated 
on the first page of Part III, there 
would be no wasted man-hours if the 
shop was operating under type A or 
B labor standards. 

Comments in favor of a greater L, 
M & H: I don't agree that a 
type 2 work sampling would be a 
better management tool than a 
type 2 time study. n1e averages 
should have increased. 

Comments in favor of a smaller L: 
It is possible to set this type 
standard at or below the actual 
time required -- I have done so. 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new comments volunteered on the 
third-round questionnaire. 

Comments in favor of a greater M 
& H: "Proper supervision" will 
keep shop loaded and people 
working. Maximwn variance will 
be ± 25% of the mean. 

Convnent s in favor of a greater M 
& H: ''Proper supervision" will 
keep shop loaded and people 
working. Maximwn vat·iance will 
be :I: 50% of the mean. 

Comments in favor of a greater M 
& H: "Prop1~r supervision" will 
keep shop loaded and people 
working. Maximum variance will 
be % 50% of the mean. 

Your 'Confidence 
final Rating 
estimate 

Hours 

Hours 

Hours 

Type --

Hours 

Hours 

Hours 

Type __ 

Hours 

Hours 

Hours 

Type __ 

I:\) 
0 
"""' 



Number of "wasted" man-hours each day Major reason(s) why the estimate(s) 
for 20 men working 8 hours, if this should be lower (or higher) than the 
method was used to set their standards. central range or why the curve-type 

selected does not adequately repre-
Your third- Group Estimates sent the values. 
round 
estimate Average Central Range 

1J. Coordinated 
Estimate 
(Type J) 

(a) Lowest (L) Hours 17.00 10- 22 Comments in favor of a smaller L: 
It is possible to set .this type 

(b) Most Hours 28.31 13 - 37 standard at or below the actual 
Common (M) time required -- I have done so. 

(c) Highest (H) Hours 40.88 18- 48 

(d) Curve- Type 4 Persons: Type 2 Comments in favor of !):Ee 9: 
Type This type standard would have 

to be represented by a Type 7, 8 
or 9. 

Critiques of these reasons given 
by those participants who found 
them to be unacceptable in making 
their own estimates and/or any 
new cormnents volunteered on the 
third-round questionnaire. 

Comments in favor of a smaller L, 
M & H: Type J is usually a 
~ard with a smaller than 
nonnal variance from the average. 
Maximum variance would probably 
not exceed lo%. 

Comments in favor of a 2reater L1 
M & H: The predominant e~-perience 
r;;-t'his area is that the standard 
will be 25% to 50% high. 

( 

Your 
final 
estimate 

Hours --
Hours --
Hours --

Type --

Confidence 
Rating 

---
---

---

I.\) 
0 
I.\) 
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The set of curves attached to this questionnaire was identical to 

the set attached to the first-round questionnaire (see page 1~2) . 



APPENDIX B 

QUESTIONNAIRE ADMINISTERED TO THE PERSON 

RESPONSIBLE FOR ELECTRONIC 

DATA PROCESSING (EDP) OF 

LABOR STANDARDS 

nn/. 
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EDP QUESTIONNAIRE 

Please read these instructions carefully. 

You have been selected to participate in a study to determine the 
cost-benefit relationships of the various work measurement techniques 
available for setting time standards. This questionnaire is designed to 
gather information that can best be provided by you. The answers you 
give to these questions could become the basis for possible improve
ment in the current work measurement program. You are asked to adhere 
to the following rules during this study: 

1. Please read the instructions for each part carefully, determine 
that you know exactly what is being asked, and give thorough considera
tion to all aspects of the question before answering. 

2. In answering these questions, please remember that your re
sponses are to apply only to the electronic data processing costs of 
maintaining labor standards by machine records. 

3. You are allowed to use any records, files, or other source of 
information available to aid you in answering these questions; in fact, 
you are encouraged to do so. 

~. Since you are the one best source of information for this 
questionnaire, you are asked to give honest answers. This study is an 
attempt to gather facts, not to falsely justify or condemn any partic
ular policy or procedure. Please provide answers that you sincerely 
feel are as accurate as you can make them. 

One point may require clarification. A "labor standard that is 
exactly one hour long" is a standard set on a job that will be charged 
for one man-hour of work. In other words, after the task has been 
studied, ~the appropriate fatigue, delay, personal, etc. allowances 
have been added, the resulting labor standard shows a standard time 
(not normal time) of one man-hour to accomplish. 

Instructions for Pro vi ding Answers.· 

These instructions were identical to the instructions included 
with the first-round questionnaire administered to the industrial 
engineering technicians (see page 126). 

Instructions for Providing Confidence Ratings. 

These instructions were identical to the instructions included with 
the first-round questionnaire administered to the industrial engineering 
technicians (see page 128). 

Miscellaneous Instructions. 

Your comments concerning this questionnaire are invited. Addi
tional sheets of paper have been provided for this purpose. Please 



indicate the part and question number( s) to which you are referring, 
if you have any comments to make. 
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Please complete this questionnaire and have it ready to be picked 
up by the morning of ------

Your cooperation in this study is greatly appreciated. 
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PART I 

Listed below are the work measurement techniques that could cur
rently be used to establish different types of labor standards within 
this organization. For each technique and standard type (A, B, 2, or 
J) you are asked to provide the lowest (L), most common (M), and 
highest (H) dollar cost of entering a ~ one-hour labor standard into 
the data bank. In other words, a new labor standard that is exactly 
one hour long has been developed and coded by an industrial engineering 
technician. Considering~ subsequent cost factors, such as keypunch 
operator time, clerical time, debugging costs, machine time costs, etc., 
what are the lowest, most common, and highest total dollar costs that 
might be incurred in establishing that labor standard on the EDP 
records? In addition to providing these three estimates, you are asked 
to indicate, from the nine curves shown on the last page, the type of 
curve that best describes the way you think these costs would look if 
one-hour labor standards were to be set in that manner over and over and 
you were to plot these costs horizontally and the number of times it 
cost this much vertically. 

Total dollar cost that Confidence 
might be incurred in Rating 
establishing a new 
one-hour labor stan-
dard, set in this 
manner, on the EDP 
records. 

1. MTM (Type A) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

2. ASD (Type A) 

(a) Lowest ( L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 
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J. ASD (Type B) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

"1. ASD (Type 2) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

5. Stop Watch 
(Type A) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type --

6. Stop Watch 
(Type B) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest. (H) $ 

( d) Curve-
Type 
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7. Stop Watch 
(Type 2) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 

8. Work Sampling 
(TYPe A) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
TYPe 

9. Work Sampling 
(TYPe B) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
TYPe 

1.0. Work Sampling 
( TYPe 2) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
TYPe 
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11. Engineered 
Estimate 
(Type 2) 

(a) Lowest ( L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 

12. Coordinated 
Estimate 
(Type 3) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 
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PART II 

Even though a labor standard has been established and entered in 
the data bank, there are still some additional EDP costs of maintaining 
that standard. In this part of the questionnaire, you are to consider 
all of the reasons that might cause additional costs after the original 
labor standard has been established in the machine records, for mainte
nance of that standard. These reasons may include such causes as 
changes in a.11 or part of the labor standard due to a change in the 
instruction manual or a methods-improvement action, the requirement for 
a periodic review of the standard because of its age, machine and key
punch costs incurred by these two actions, costs of periodic publication 
of the standard, or simply the cost of storage of that record on tape 
or disc. 

Listed below are the same work measurement technique-type combina
tions as in Part I. In this part, however, you are asked to indicate 
the lowest (L), most common (M), and highest (H) number of total dollars 
that might be spent in any two-year period following the original stan
dard establishment as a machine record, to maintain that standard. In 
other words, what is desired is an indication of how much extra cost is 
incurred every two years due solely to the' electronic data processing of 
that ~ particular standard. As in Part I of this questionnaire, ~ 
costs apply to maintaining a labor standard that is exactly one hour 
long. 

Total dollar cost that Confidence 
might be incurred every Rating 
2 years to maintain a 
single one-hour labor 
standard, set in this 
manner, by electronic 
data processing. 

1. MTM (Type A) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 
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2. ASD (Type A) 

(a) Lowest ( L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 

3. ASD (Type B) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

4. ASD (Type 2) 

(a) Lowest ( L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve.-
Type 

5. Stop Watch 
(Type A) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 
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6. Stop Watch 
(Type B) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 

7. Stop Watch 
(Type 2) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

8. Work Sampling 
(Type A) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 

9. Work Sampling 
(Type B) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 
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10. Work Sampling 
(Type 2) 

(a) Lowest (L) $ 

( b) Most 
Common (M) $ 

(c) Highest (H) $ 

( d) Curve-
Type 

11. Engineered 
Estimate 
(Type 2) 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

12. Coordinated 
Estimate 
(Type J) 

(a) Lowest ( L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

The set of curves attached to this questionnaire was identical to 
the set attached to the first-round questionnaire administered to the 
industrial engineering technicians (see page 142). 



APPENDIX C 

QUESTIONNAIRE ADMINISTERED TO THE PERSON 

RESPONSIBLE FOR EACH WORK 

MEASUREMENT TRAINING COURSE 
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TRAINING QUESTIONNAIRE 

(Name of Course) 

Please read these inffi)tructions carefully. 

You have been selected to participate in a study to determine the 
cost-benefit relationships of the various work measurement techniques 
available for setting time standards. This questionnaire is designed to 
gather information that can best be provided by you. The answers you 
give to these questions could become the basis for possible improvement 
:in the current work measurement program. You are asked to adhere to 
the following rules during this study: 

1. Please read the instructions for each part carefully, determine 
that you know exactly what is being asked, and give thorough considera
tion to all aspects of the question before answering. 

2. In answering these questions, please remember that your re
sponses are to apply only to the training course named above. 

3. You are allowed to use any records, files, or other source of 
information available to aid you in answering these questions; in fact, 
you are encouraged to do so. 

4. Since you are the one best source of information for this 
questionnaire, you are asked to give honest answers. This study is an 
attempt. to gather facts, not to falsely justify or condemrt any partic
ular policy or procedure. Please provide answers that you sincerely 
feel are as accurate as you can make them. 

Instructions for Providing Answers. 

These instructions were identical to the instructions included with 
the first-round questionnaire administered to the industrial engineering 
technicians (see page 126). 

Instructions for Providing Confidence Ratings. 

These instructions were identical to the instructions included with 
the first-round questionnaire administered to the industrial engineering 
technicians (see page 128). 

Miscellaneous Instructions. 

Your comments concerning this questionnaire are invited. 
Additional sheets of paper have been provided for this purpose. Please 
indicate the part and question number(s) to which you are referring, if 
you have any comments to make. 

Please complete this questionnaire and have it ready to be picked 
up by the morning of 

~~~~~~~~~~ 

Your cooperation in this study is greatly appreciated. 
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PART I 

In this part you are asked to estimate the lowest (L), most common 
(M), and highest (H) quarterly cost in dollars of this particular work 
measurement training course. In making these estimates, you should con
sider all cost factors, including such items as the salaries (or 
appropriate p~rts of the salaries) of those persons engaged in preparing 
and/or conducting the training, the salaries paid to students while 
attending class, course materials, training aids, etc. In other words, 
what are the lowest, most common, and highest total costs in any three
month period that can be directly attributed to this particular course. 
In addition to these estimates, you are to indicate, from the nine 
curves shown on the last page, the type of curve that best describes 
your concept of how these costs would look if they could be obtained 
over and over every three months and you were to plot the cost 
horizontally and the number of times it cost this much vertically. 

Total quarterly dollar Confidence 
cost of this training Rating 
course. 

1. (a) Lowest (L) $ 

(b) Most 
Common {M) $ 

(c) Highest (H) $ 

{ d) Curve-
Type 
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PART II 

Listed below are the work measurement techniques that could cur- · 
rently be used to establish labor standards within this organization. 
For each technique you are asked to provide the lowest (L), most common 
(M), and highest (H) aggregate part of the total cost you provided in 
Part I that could be eliminated from the total cost of this course if 
this organization did not maintain the capability to develop labor 
standards by that technique. What is desired here is the amount of the 
total quarterly cost of this course that can be directly attributed to, 
and only to, the present potential capability of the industrial engi
neering technicians to set labor standards by the technique indicated. 
In other words, if it were decided that this technique would never be 
used to set labor standards in this organization, what is the lowest, 
most common, and highest amount of the total quarterly cost, if any, 
of this course that could be eliminated because instruction concerning 
that technique would not be necessary? 

It is recognized that some parts of the material covered in this 
course may apply to all phases of work measurement and that they serve 
to broaden the student's background and general knowledge of this 
subject. However, the only costs that you are to consider in this part 
are those costs that c~ directly attributed to the understanding of 
the particular labor-standard-development technique under consideration. 

Amount of the total Confidence 
quarterly dollar cost Rating 
of this course that 
could be eliminated if 
this technique were 
never going to be used 
to establish labor 
standards in this 
organization. 

1. MTM 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

(c) Highest (H) $ 

(d) Curve-
Type 



219 

2. ASD 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

3. Stop-Watch Time 
Study 

(a) Lowest ( L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

4. Work Sampling 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

5. Engineered 
Estimate 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 
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6. Coordinated 
Estimate 

(a) Lowest (L) $ 

(b) Most 
Common (M) $ 

( c) Highest (H) $ 

( d) Curve-
Type 

The set of curves attached to this questionnaire was identical to 
the set attached to the first-round questionnaire administered to the 
industrial engineering technicians (see page 142). 
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COMPUTER PROGRAMS 
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This appendix contains four programs written in FORTRAN IV for 

execution on the IBM System 360/Model 65 computer in use at Cklahoma 

State University. The results presented in Chapter V were obtained from 

these programs. 

Program 1 

Program 1 was used to determine the characteristics of the compos

ite beta distribution that best represented the over-all weighted esti

mates of the variables identified on the questionnaires contained in 

Appendixes A, B, and C. 
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START 

READ NUMBER OF QUESTIONS FOR WHICH 
ESTIMATES HAVE BEEN OBTAINED 

READ QUESTION NUMBER AND NUMBER OF 
CURVE-TYPES SELECTED FOR THAT 

QUESTION 

INITIALIZE SUMMATION QUANTITIES 

READ INDIVIDUAL ESTIMATES FOR L, M,H,AND 
~-~ THE RESPECTIVE WEIGHTING FACTORS 

-24 
SUM INDIVIDUAL WEIGHTING FACTORS 

S-27 
SUM THE PRODUCT OF L, M, A HAND 

ITS WEIGHTING FACTOR 

SUM THE PRODUCT OF THE SQUARE OF L, M, 
AND H AND ITS WEIGHTING FACTOR 

33-42 
COMPUTE THE WEIGHTED MEAN, VARIANCE, 
AND STANDARD DEVIATION FOR L, M, AND H 

62-64 
DETERMINE THE 

SMALLEST WEIGHTING 
FACTOR 

COMl'UTE THE RATIO OF THE WEIGHTED STANDAR 
.DEVIATION TO THE WEIGHTED MEAN FOR L, 

M, AND H 

DETERMINE THE LARGEST RATIO 

RECOMPUTE THE RESPECTIVE PARAMETER 
AND SUM THE WEIGHTING FACTORS FOR THE 

OTHER TWO PARAMETERS 
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ISUiiollTiNE'Ciim- --- -- -, 

r--------~~-"-~~-----~~1 
INITIALIZE SUMMATION QUANTITIES 

--~~~~--~~~~-1 

COMPUTE THE VARIANCE OF EACH CURIE-TYPE I 
AND THE WEIGHTED SUMS OF THE CURVE- I 

TYPE PARAMETERS . 

r""--W-.R~ITE~~T-HE~P-.A~RA~M-.ET~E~R-.S-.aF,,,.-.EAC"".'.'.'"H,-----,l1 CURVE-TYPE 

rts_-_104_....,..,,.....,,_,,,,,....,,..,,,,..,..,..,,.....,.,.,,~,..,...--~1 
COMPUTE THE PARAMETERS I 

OF THE COMPOSITE 
._ ________ D_1_sT_R_1_e~u-T1_o_N __________ ~I 

WRITE THE PARAMETERS I 
OF THE COMPOSITE I 

DISTRIBUTION 

L------ _____ :...J 

END 

Figure 7. Flow Chart for Program 1 
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C PROGRAM 
c 
c 

TABLE XVII 

PROGRAM 1 

C THIS PROGRAM UTILIZES THE INFORMATION OBTAINED FROM SURVEY QUESTIONNAIRES 10 
C CALCULATE WEIGHTED AVERAGES OF L• M• AND H IFOR EACH CllRYE-TYPE WITH MULTIPLE 
C ESTIM.rES OF THESE VALUES I DR A NEii VALUE FDR L• H. OR H IFOR THOSE CURVE-
C TYPES WITH SINGLE ESTIMATES OF THESE VALUES!. IT THEN DETERMINES, FOR 
C MULTIPLE-ESTIMATE CURVES, THE TWO PARAMETERS WITH THE LEAST 'DISAGREEMENT• ANO 
C COMPUTES THE THIRD PARAMETER. FOR SINGLE-ESTIMATE CURVES• IT DETERMINES THE 
C TllD PARAMETERS WITH THE HIGHEST CONFIDENCE RATINGS AND CCMPUTES T~E THIRD. IN 
C BOTH CASES. WHEN TIES OCCUR. THE PROGRAM ASSUMES THAT THE ESTIMATED VALUES FOR 
C H• L• AND ~ ARE THE HOST ACCURATE, SECOND HOST ACCURATE. AND LEAST ACCUR.LTE. 
C RESPECTIVELY. IN ORDER TO DETERl<INE WHICH PARAMETER SHDILD BE RECALCULATED. 
C USING THE 'NEii• VALUES OF L AND H IT THEN CALCULATES THE HEAN IMUI DF EACH 
C CURVE-TYPE IN QUESTION. AND PASSES THE NECESSARY INFORMATION TD SUBROUTINE 
C CM PST. 
c 
c 

l IMPLICIT REALIL oMI 
2 INTEGER C 
3 DIMENSION L191.Ml91.Hl91.L11191 •Mlll91.Klll91.Cl91.Al9J,8191 •l'Ul91, 

C llTl91.LLl91.HMl91•HH191 
4 llRITEl6.ll 
5 READI 5.21 llQ 

t NO • TOTAL NUMBER OF QUESTIONS FDR WHICH ESTIMATES HAVE BEEN OBTAINED. 
6 DO 30 INQ • 1.No 
7 READl5o21 J•K•NC 

C J • SURVEY PART NUMBER• K • PART QUESTION NUllllEll• NC • NUMBER OF DIFFERENT 
t CURVE-TYPES SELECTED BY RESPONDENTS TO THAT QUESTION. 

I llRITE16.31 J.K 
9 DO 20 INC • I.NC 

ID READU.41 CllNCl.NR,AllNCl.HINCI 
C ti INCi • CURVE-TYPE -llER. NII • MIMllER OF RESPONDENTS llHD SELECTED THAT 
C tURVE-TYl'E ON THIS QUESTION. AllNCI • CURVE-TYPE ALPHA PARAl'ETER, llllNCI • 
C CURVE-TYPE llETA PARA.METER. 

11 SUML • o. 
l2 SUMI! • O. 
13 SUNI • O. 
U SllMSIM. • o. 
15 SUMSCIM • O. 
16 SUllSQH • o. 
17 LWT • O. 
11 MllT • Oo 
19 HWT • O. 
ZD DO 10 INll • I.NII 
21 REllDI 5.51 LI INRI .LllllNRI •MllNRI •MllllNRI •HllNRI ,HllllNRI 

C LIINRI• MllNRI AND HllNRI ARE THE INDIVIDUAL ESTIMATES llF L, M. AND H. AND 
· C LlllllllRI, MllllNRI AND KllCINRI Altf THE llESPECIIVE WEIGHTING FACTORS. 

22 LllT • LWT • Liii iNRi 
2J llWT • ~WT + 11111 INRI 
24 HWT • Hiil • HllllNRI 
ZS SUlll. • SUllL • LllNRl•LllllNlll 
26 SUllM • SUllll • llllNRl•MllllNRI 
27 SUMH • SUMH + HllNRl•HllllNRI 
21 IF &Nrl.EQ.ll GC TO 10 
29 SUMSOL • SUMSQL + Ill INRl .. Zl•LlllINRI 
30 SUllSQM • SUllSQM • lllllllll .. 21•MllllNAI 
31 SUMSQH • SUllSQH • IHllNRl .. 21*HlllINAI 
JZ 10 CONTINUE 

·33 
34 
JS 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
61 
69 
70 
71 
72 

7J 
1 .. 

LUii • SUllLILllT 
llBAR • SUMM/ MllT 
~AR • SUllH/HllT 
IF CNR.EQ.11 GD TD 15 
VARL • II LWt•SUMSQLl-1SUML .. 21111 LWT•ILWT-l. II 
VARI! • llllllT•SUflSQM 1-ISUMll .. 211/llllOT•IMllT-1. II 
VARH • llHllT•SUllSQHl-ISU ..... 211/IHWT•IHllT-l.l I 
STOL • SQRTIVARLI 
STDM • SQRTIVARMI 
STDH • SORTI YARHI 
LR • STDL/LBAR 
MR • STDM/MBAR 
HR • S TDH/HB&R 
IF llHR.GE.LRl.AND.IHR.GE.MRll GD TO 12 
IF !LR.GE.MRI GO TD 11 
GO TO 13 

11 LHll • UtlBAll•IAllNCl•llCINClll-UCINCl•HBARll/BllNCI 
WTIINCI • MllT + HllT 
GC TD .14 

12 HIAR • llMllAR•IAllNCHBllNCll 1-IBllNCl•LBARll/AllNC I 
WTllNCI • LllT + MllT 
GO TD lit 

13 Nit.AR • lllHBM-LBARl•AllNCll/IAllNCl+BllNClll + LBAR 
llTI INCi • LWT • HllT 

14 llllllNCI • lllHBAR-LBARl•IAllNCl•l.ll/UllNCl+BllNCl+2.ll +LIAR 
LLllNCI • LBAR 
llllllNCI • llllAR 
HHllNCI " HIAR 
GD TD 20 

15 IF l-IHllT.LE.LllTl.&NO.IHllT.LE.MllTll GD TD 12 
IF ILWT.LE.MWTI GD TD 11 
GO ro 1! 

20 CONTINUE . 
CALL Cllf'ST INCoCoLL .11 ... 1tH.A.B.Mu.11t I 

30 CONTINUE 
5 FDRMATUIF6.2ofl•Ol I 
.. FORllATl212o2F3.21 
J FORtlATllHD.n.u.121 
2 FORMATIJl21 
l FOIUIATllHl.9-ART CURVE L 11 H A 8 
C tA.a+U NU VAR STD llTI 

STOI' 
END 

!.\) 
!.\) 
~ 
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76 
77 
71 

79 
eo 
81 
12 
13 
14 
85 

16 
17 
aa 
19 
90 
91 
92 
93 
94 
95 
96 
•n 
91 
99 

100 
101 
102 
103 
104 
105 
106 
107 
101 
1C9 

c 
c 
c 
c 
c 
c 
c 
c 

TABLE XVII (Continued) 

SUBROUTINE CMPST (Nt.c.L .Ji11.H ••• s. MlJ .-WT) 

THIS SUBROUTINE USES THE INFORMATION GENERATED BY THE MAIN PROGRAM FCR EACH 
INDIVIDUAL CURVE-TYPE SELECTION ANO COMPUTES THE CHARACTERISTICS OF THE 
COMPOSITE OISTRIBU710N THAT BEST REPRESENTS THE OVERALL WEIGHTED ESTIMATES 
OF THE VAR lABLE ASSOCIATED WITH THAT QUEST! ON. 

IMPLICIT RULIL,MI 
INTEGER C 
DIMENSION Cl91,L 191,Hl91,Al91.Bl91,VARI 91,ST0191,MUl91,Ml91, 

c llTl91 
v•RT • O. 
NTT • O. 
MUT • O. 
HT• O. 
LT • O. 
DO 40 I • ltNC 
VARll l•l llHI 11-LI 1 I IH2t•l IAll l+l. l•I Bl 11+1. I 11/11 IAI I l+BI 11+2. I .. 

CZl•IAI ll+Bll 1•3. I I 
STOlll • SORTIVARllll 
HT• HT+ lllTlll•Hllll 
VART • VART + IVARlll*IWTlll .. 211 
LT• LT+ IWTlll•LIIll 
WTT • llTT + llTI 11 
MUT • MUT + lllTI ll*l!Ull II 
lllT • WTIII 
WRITEl6,61 Cl! I ,LI I I ,MC ll,Hll l .All I. 811 I ,111111I,VARI11,STCI 11, 1wr 

40 CONTINUE 
VARllAR • VART/lllTTUZI 
MU8AR • MUT I llTT 
HUR • HTIWTT 
LBAR • LTlllTT 
X • IMUllAR - LllARlllHllAR - LBARI 
AA •llllMUBAR - LllAlll-Zl•ll.-XlllVARBARI - X - 1. 
BB •llllHBAR - MUllARl**21*1XlllVAR8ARI + X - 2. 
ABl • AA + BB + l. 
MUR • lllHllAR - LllMtl•UlllAA+BBll + LBAR 
ST OBAR • SORT! VARBARI 
llA I TE 16, 71 LBAR t MBAR,HllAR, AA, 1111, Alll. MUBAR, VAR BAR, STCBAR 
RETUllN 

7 FORMATUHQ,UH COMPOSlTE,3'Fl0.31,31F7.31,lX,Fl0.3,Fl2.3,Fl0.31 
6 FOllMATI u.ax.11.zx ,31 Fl0.31.ZCFl .31, ex,F 10. 3,f 12.3, F 10.3, 141 

END 

SENTRY 

l\) 
l\) 
Vl 
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Program 2 

Program 2 computes the parameters of the beta distribution that 

best represents the characteristics of a set of empirical data points. 



START 

4 
READ NUMBER OF SETS OF DATA POINTS 

6 
At----~ READ NUMBER OF DATA POINTS IN THIS SET 

7-8 
INITIALIZE SUMMATION QUANTl,TIES 

10 
READ DATA POINT VALUES 

11-12 
SUM DATA POI NT VALUES 

AND THEIR SQUARES 

15-17 
COMPUTE THE MEAN, VARIANCE AND STANDAR.D 

DEVIATION OF THE DATA POINT VALUES 

18-22 

23 

COMPUTE THE PARAMETERS OF THE BETA 
DISTRIBUTION THAT BEST REPRESENTS 

THE OBSERVED DATA 

WRITE THE PARAMETERS OF 

THE DISTRIBUTION 

END 

Figure 8. Flow Chart for Program 2 
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1 
2 
3 
4 

s 
6 

1 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 

TABLE XVIII 

PROGRAM 2 

5'.lllB 
C PROGRAM 2 
c 
c 
C THIS PROGRAM USES EMPIRICAL DATA POINTS TO COMPUTE THE CHARACTERISTICS OF THE 
C BETA OISTRIBUTION THAT BEST REPRESENTS THE OBSERVED DATA. 
c 
c 

c 

c 

c 
c 
c 
c 

REAL M1MU 
OlMENSION YllOOOI 
WRITE( 6s ll 
READ(5,21 NS 

NS • THE NUMBER OF SETS OF DATA POINTS INUMBER OF CURVES DESIREOI. 
DO 20 INS "' lsNS 
REAOl 5s2 I NOP 

NOP • THE NUMBER OF DATA POINTS IN THIS PARTICULAR SET. 
SUM • O. 
SUMSO " O. 
00 10 I • lsNDP 
REAOIS,31 YUi 

Ylll •EACH INDIVIDUAL DATA POINT VALUE. NOTE: THE LOGIC OF THIS PROGRAM 
REQUIRES THAT Ylll BE THE SMALLEST DATA POINT VALUE, AND YCNDPI BE THE 
LARGEST OATA POINT VALUE. THE INPUT ORDER OF THE REMAINING VALUES IS 
UNIMPORTANT. 

SUM • SUM + Y( 11 
SUMSQ • SUMSO + IYIIl••21 

10 CONTINUE 
l • NOP 
MU "' SUM/Z 
VAR - llZ•SUMSQl-ISUM••21111z•1z-1.11 
STD • SQRTIVARJ 
R • IMU-Y(lll/IYINOPl-Yllll 
A• CCllMU-Yllll••21•11.-Rll/VARI - R - lo 
8 • ((llYCNOPl-MUl••21•1Rll/VARI + R - 2. 
ABl • A +, 8 + 1. 
M • lllYINDPl-Yllll•Al/IA+Bll + Yfll 
WRITEC6s41 INS,YllloMsY(NOPloAoBrABltMUoVARsSTD 

20 CONTINUE 
4 FORMAT UHO, lX •I 2 s2Xs 31F10.31s3CF 7. 31, Us F l0.3oF 12.3,F 10. 31 
3 FORMATCF9.3J 
2 FORMATCl31 
1 FORMATC1Hls87HCURVE l M H A B IA 

C+B+ll MU VAR STDI 
STOP 
ENO 

SENTRY 
()J 
()J 
CXl 
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Program J 

Program J provides the desired economic analysis of the labor 

standard to be developed for a given task. The probability statements 

of Equations (4-J8), (4-40), (4-45), and (4-47) require that two inte-

grals be evaluated. The approximations of these integrals are explained 

below. 

Approximation of the Normal Integral 

The normal integral may be written 

Let 

Then, 

and 

Now, let 

F(x) =I x 

-Cl) 

-· 1_. e -~(~)2 
affn 

cr O" O" 

dz = 1 dx - 0 = .dx 
a cr 

F(x) 

-~·z2 
e · dz • 

dx • 

dx 
(J 
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Z(z) 1 -%z 2 
= -e 

/2rT 

Then, when 0 < z < oo, 

where 

t 
1 

= 1 + p(z) ' 

p = 0.33267 

a1 = o.4J61836 

aa = -0.1201676 

a2 = 0.9372980 
' 

1 
~ o.4: - ' /2TI 

and 

(1, pp. 931-933). 

When -oo < z < o, 1 t = __ __,,_..,.. 
1 + p(-z) 

and 

F ( x) = Z ( z ) ( a1 t + aa t 2 + as t 3 ) + E • 

This approximation is performed by Function F(z) of Program 3. 

Approximation to the Unit-Normal 

Linear-Loss Integral 

The unit-normal linear-loss integral is written 
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00 

L(u) = J (z- u) _:__ e-%z 2 dz 

u /2TI 

-% z 2 u r 00 -% z a 
e dz - _ J, e dz 

/2n u 

-1 loo -%za 
-z e dz -

/2TI u 

-%za 
e dz , 

where ==~ x - µ 
u and z = 

(j (j 

Now, de 
-%za -%za 

= -z e dz . 
Therefore, 

00 

L(u) 

1 [ -% 21 2 = .:_ lim e 
/2iT z->oo 

-% u a J u J co -% z a 
e - -· - e dz /2TI u 

1 -%u 2 
-· -e 

l2rr 
u loo -% za d 

- e z 
/2rT u 

1 -%ua 
= - e 

ffn 
[ 1 Ju % a J u 1 - _ e- z dz , • 

/2rT -oo 

Now, let 

F(u) 
-%z2 

e dz 

and 



Z(u) 1 -~u2 
= -e 

/2TI 

Then, when 0 < u < oo , t 
1 

= 1 + p(u) 

and 

and when -oo < u < 0 , 
1 

t = 1 + p(-u) 

and 

F ( u) = Z ( u) ( a1 t + a2 t 2 + ~ t 3 ) + E , 

where the values of the constants are the same as those given for the 

normal integral. Therefore, 

and 

L ( u) = 2.... e -~ u 2 
- u[ 1 - F ( u ) J 

/2rT 

E(loss j loss occurs) = P(l~ss) L(u) • 

The same procedure is applicable for evaluating the 

E(loss I reversal occurs). 
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START 

4-15 

INITIALIZE DATA VALUES 

16 
READ NUMBER OF ANALYSES DESIRED 

18 
READ NUMBER OF TIME PERIODS AND NUMBER 

OF REPETITIONS PER TIME PERIOD FOR 
THIS ANALYSIS 

22·23 81-87 
COMPUTE DISCOUNTING FACTORS 

COMPUTE ENPV AND VAR ( N PV) 
FOR ALL TECHNIQUE-TYPES 

30, 89-110 
SORT TECHNIQUE-TYPES IN 

DESCENDING ORDER BY ENPV 

33 112-125 
COMPUTE P(LOSS) FOR ALL TECHNIQUE-TYPES 

39,112-125 
COMPUTE E(LOSSI LOSS OCCURS) FOR ALL 

TECHNIQUE-TYPES 

WRITE ENPV, VAR ( N PV), P (LOSS), 
AND E( LOSS I LOSS OCCURS) FOR 

ALL TECHNIQUE-TYPES 

3 59 112-125 
COMPUTE P(REVERSAL) AND E(LOSS I REVERSAL 

OCCURS) FOR ALL POSSIBLE PAIRS OF 

TECHNIQUE-TYPES 

60 
WRITE P(REVERSAL) AND E(LOSSIREVERSAL OCCURS) 

FOR ALL POSSIBLE PAIRS OF 
TECH N IOU E - TYPES 

END 

Figure 9. Flow Chart for Program 3 
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SJOB 
C PROGRAM 3 
c 
c 
C GIVEN THE NUMBER OF TIME PERIODS THAT A LABOR STANDARD WILL BE lh FORCE ANO 
t THE NUKBER OF TIMES THAT THE TASK IFOR WHICH THE STAtlOARD IS TO BE SETI WILL 
C eE PERFORMED EACH TIME PERIOD, THIS PROGRAM COMPUTES THE EXPECTED NET PRESENT 
C VALUE, THE VARIANCE OF THE NET PRESENT VALUE, THE PROBABILITY OF A LOSS, Ahll 
C THE EXPECTED LOSS GIVEN THAT A LOSS OCCURS, FOR EACH WORK MEASUREMENT 
C TECHNIQUE-TYPE INCLUDING THE OPTION OF NOT SETTING A LABOR STAhDARD AT ALL. 
C IT THEH CALCULATES, FDR ALL POSSIBLE PAIRS OF TECHNIQUE-TYPES, THE PROBABILITY 
C OF REVERSAL AND THE EXPECTED LOSS GIVEN THAT REVERSAL OCCURS. 
c 
c 

l IMPLICIT REAL IMI 
2 REAL INT 
3 DIMENSION TYPEll3,61,MUIIEll31,VllEll31,MUIEMll31,VIEMI 131, 

C MUIEDP1131,VIEDPl131.MUEOPHI 131, VEDPHI 131,HUTWPI 131, VTWPC131, 
C ENPVll3 I ,VNPVll31oSYPEI13, 61 

C THE FIRST SUBSCRIPT OF 'TYPE' AND THE SUBSCRIPTS OF THE REMAINING VARIABLES 
C CORRESPOHD TO WORK MEASUREMENT TECHNIQUE-TYPES IN THE FOLLOWING ORDER: 
C Ill• NO STANDARD, 121 • MTMIAI, 131 • ASDUI, 141 • ASDIBI, 151 • ASDl21, 
C 161 •STOP WATCHIAI, 171 •STOP WATCHIBI, IBI •STOP WATCHl21, 191 •WORK 
C SAllPLINGUI, 1101 •WORK SAMPLINGIBI, 1111 •WORK SAMPLINGl21, 
C 1121 • ENGINEERED ESTIHATEl21, 1131 •COORDINATED ESTHIATEl31. 
C 'SYPE' IS A DUMMY VARIABLE FOR ALPHAMERIC DATA MANIPULATION. 

4 DATA 
C TYPE (l, lJ, TYPEI 1021 o TYPEll ,31, TYPEll ,4I,TYPE11,51, TYPEI (,61, 
C TYPE 12, l Io TYPEl2 ,21, TYPE 12, 31, TYPEI 2,41, TYPEI 2, 51, TYPEI 2 ,61, 
C TYPEl3,ll ,TYPEl3.21,TYPEl3,31, TYPE13,41, TYPEI 3, 51,TYPEI 3,61/ 
c •NO s•,•t•No•,•ARD ••• ••• •,• •,•MTH(',•AJ '•' ., 
c • •,• •,• •,•A.soc•,•Aa •,• •,• •,• •,• •1 

5 DATA 
C TYPEl4o ll •TYPE! 4,Z lo TYPEI 4,31, TYPE14,41, TYPEl'o, 51, TYPEI 406 I, 
C TYPE (5.1) t TYPE(5 ,2) 1 TYPElS,3), TYPEC5,4), TYPE( 5,5 I ,TYPE( 51611 
C TYPEt61l J, TYPEl6,2J 1TYPEC6.,3) 1TYPEC611411 TYPEC6,5 I .TYPEl6,6)/ 
C 'ASOl 1 1 1 B) '•' '•' '•' '•' •., 1 ASD( 1 ,•2J '•' '• c • • •• •• • • ,•STOP••' WAT' ,•CHlA' ,•) • ,• I.. 'I 

6 DATA 
C TYPE17,l Io TYPEl7w21.TYPE17,31, TYPEl7,41, TYPE! T ,51, TYPEI T,61, 
C TYPE I 8 1 ll. TYPE( 8 .2 t, TYPE r e.31 • TYPEI Be41 •TYPE( s.s t. TYPE( 8•6 ty 
C TYPE190 ll, TYPEl9,ZI ,TYPEI 9o31, TYPEl9,41, TYPEl9,51,TYPEI 9,61/ 
C •STO'• •• WAT• ,•CHCIS• 1 '1 • .• •• 1 •, 1 STOP•. • WAT 1 ,•CHl2 1 , 

C •) •,• •,• •,•WORK'•' SAM'•'PLIN 1 ,•GCAJl1 1 '•' 'I 
T DATA 

CTYPE110,ll,TYPEl10t21,TYPEll0,31,TYPEll0,41,TYPEll0,51oTYPEll0,61, 
CTYPEI llol lwTYPEI llo21oTYPEI11.31, TYPEl11o41, TYPE 111,51, TYPEI ll 06 I, 
CTYPEI 12.11.rvPEI 12,21,TYPEU2,31, TYPEl1Zo41oTYPE!12. 51,TYPEI 12,61, 
CTYPEl13oll,TYPEl13o21oTYPEl13,31oTYPE113o41oTYPEll3,51oTYPEl13,61/ 
C 1WORK' 1 1 SAM1 1 1 PLIN 1 ,•G(8J'•' '•' •.•WORK•,• SAIC'•'Pllf.1 1 , 

c •G(2) 1 ,• '•' 1 ,•Et-1Gt 1 , 1 NEER•, 1eo E1 1 1STIM 1 • 1 ATEC'1'2) '• 
c •tooR•,•01NA•.•TED •,•es11 1 ,•MATE•,•(3t ., 

8 DlTA 
C SYPEI 1,11, SYPEll o2I,SYPE11, 31, SYPEl1 o4 I, SYPE I lo 51, SYPEI l ,61, 
C SYPEI 2 011, SYPEI 2 02 lo SYPEI 2, 31oSYPEl2,41,SYPE12, 51, SYPEI 2,61, 
C SYPEl3, 11,SYPEl3o2 I ,SYPEI 3,31, SYPE 13,41, SYPEI 3, 51, SYPEI 3, ti, 
C SYPE14.lJ,SYPEl4.211SYPEC~,3J1SYPE(4,4t.SYPEt4,5),SYPEl4.6)1 
C SYPEI 5, 11,SYPEI 5,21.SYPEI 5,31, SYPEl5,41, SYPEI 5, 51, SYPEI 5, 61, 
c SYPEI bo l I ,SYf>El6 .21. SVPEI 6. 31,s YPE 16,41. SYPEI 6, 51, SYPEI 6,61/ 
c 36•· 1 / 

TABLE XIX 

PROGRAM 3 

9 DATA 
C SYPEI 7, 11, SYPEI 7,21,SYPEI T ,31, SYPEI 7,41,SYPEI J,51oSYPEI7,61, 
c SYPEI a, u, SYPEI 812). SYPE c 8 ,11, SYPE ( 8,lt), SYPE (a.st' SYPEI 8161' 
C SYPE19,ll,SYPE19,21,SYPE19,31,SYPEl9,41oSYPE19,SloSYPEl~,61, 
CSYPE 110, l I, SYPE 110,21 ,SVPE 110, 31, SYPE I 10,41, SYPEUO, S 1,SYPEI 10,6 I, 
CSYPE 111, l I oSYP El 11,2I,SYPE111, 31, SYPE I 11,41, SYPEI llo SI 0SYPEI ll 06 ! , 
CSYPE 112, 11, SYPEI 12 ,z I, SYPE 112, 31 oSYPEll2,41, SYPE 112, 51oSYPEI12 06 I. 
CSYPEl13olloSYPE113o21,SYPEll3,31,SYPEll3,41,SYPEl13,51,SYPEl13,61/ 
c 1tz•• •1 

10 DATA 
C MUI IEI lloMUI IEl2 l,MUI IE 131,MUI !Elltl,MUI IEI 51,MUl IEI 61,MUI IEIT 1, 
C MUI IE 181,HUI IEI 91, ~UI IE 110I,MUIIE1111,MUl !El 121 oMUI IE 1131, 
C VI !El 11, VllE 121 ,vi IE 131, VllEI 41, VllE I 51, VllEI 61, VI IE 171, 
c VI IEIS I .VIIEI 91.VI IE( 10loVIIE1111.v11e1121, VllEI 131/ 
c o., 534. 552, 78.967, 54.449 ,41. 5ll, l 01.a901 ao.126.20.964. 311.6621 
c 157.617,90.s95,ll.441,T.993,o.,1oz39.s9,111.5ss,61.302,32.156, 
C 314.2Z0,180.357,6.133,6790.TT3,l228.228o280.06l,5.439,lol24/ 

C MUIIEIJI •MEAN INITIAL IE DEVELOPMENT COST, S/STANOARD-HOUR. 
C VllEIJI • VA~IANCE OF THE INITIAL IE DEVELOPMENT COST. 

11 DATA 
C HUlEHI 11,HUIEMI 2 I ,MUIEM131,HUIEMI 41,HUIEHI 51, HUIEMl61,MUIEMI 71, 
C HUIEHIBl ,MUIEHl91,l'lJIEHI 101,HUIEHI 111oMUIEMI121,MUIEHl 131, 
C VIEMI ll,VIEMl21;VIEMl31,VIEMl41,VIEMI 51,VIEMlbl oVIEM Tl, 
C VIE~IBl.VIEMl91,VIEHI 101,VIEMI 111,VIEMllZl, VIEIH 131/ 
C o.,25.08415.296,3.510,3.784 .. 4.11313.Ll2.2.04219.116,6.392• 
C 3.315,2.38710.8391C.,206.060,16.396,2.336¥2•436,18.l84r8.707 1 
C .... OT0,42.387 033.507,5 .877 ,C.6l0o0o05H 

C ~UIEMIJI • MEAN IE MAINTENANCE COST, IS/SUNOARO-HOURllTIME-PERIOO. 
C VIEMIJI • VARIANCE Of THE IE MAINTENANCE COST. 

lZ DATA 
C MUI EDP I 11 ,HUIEDP12 l.MUIEOPl31oMUIEOPI41oHl!lEDPI5l ,MUIEDPl6!, 
C HU I EOPIT I ,MUI EOPl8 r,HUIEDPI 91, MUI EDP 1101,MUIEDP 1111 ol<UI EDPI 12 J, 
C MUIEDPl131, VIECP 11I,VlEOPIZ1 o VI EOPI 31 ,Vf EOPI 41, VlEDPI 51 t 
C VIEDPl61,YIEDPITI ,VIEDPC 81,VIEOPI 91,VIEOPI 101,VIEiJPU 11, 
C VIEDPl121,VIEDPl131/ 
C 0. 1151f. 127 • 116.286 ,6. 750.27 •• 16.286.6. 75012•12•1 2• I 6. 7501 2. t'Q•I' 
c 30. 316, l. 316.o. s11.o.oe2, 1. 116.0. 87110. oa2.o.013 .0.013,0. 0131 
c o.os2 ,0.0131 

C MUIEDPIJI • ~EAN INITIAL EDP ESTABLISHMENT COST, S/STANOARD-HDUR. 
C VlEDPIJI •VARIANCE OF THE INITIAL EDP ESTABLISHMENT COST. 

13 OHA 
C HUEOPICl ll ,HUEOPMIZ I ,MUEOPMI 31,MUEOPMl41,HUEOPHI 51 0MUEDPMl6l, 
C HUEDPHITI ,MUEOPMl8 lollUEDPMl91oMUEDPMI101oMUEDPMI11J,MUfDPMI12 I. 
C MUEOPMI 131 ,VEOPMI l I ,VEDP~l2 lo VEOPMl31,VEOPH141, VEOPMI 51, 
C: VEDPMl61,VEOPMI Tl, VEDPMIS I, VEOPMC 91,YEOPMI 101, VEOPKUl I 1 

C VEOPHl121oVEOPMI131/ 
c o.,103.7&6,2c.2so112 •• s.063120.2s,12.,s.063,1.s,1.5,1.5,s.063, 
c l.5.o •• 52.680,5.921.0.947,0.3T0,5.921,0.94T,0.3T0,0.059,0.059, 
c 0.059,0.310,0.059/ 

C ~UEOPMIJI • MEAN ECP MAINTENANCE COST, ISISTANOARD-HOURl/TIMf-PERIOO. 
C VEDPKIJI • VARIANCE OF THE EDP MAINTENANCE COST. 

l4 DATA 
C MUTWPI 11 o MUTWPI Z lo ~UTW1'131, MUTWPl4 I, HUTWPI SI, MUTWPI 61,MUTNPI 71, 
C "UTWP 181 o HUTWPC9 I, "UTWPI 101.HUTWPI 111. MUTWPI 12l ,MUTWPl131, 
c VTWPI 11. VTWPI 21. VTwPl31 oYTWPI" I ,VTWPI 51, VTWPI 61. ~T~PI Tl. 
C VTWPI SI, VTWI' 191oYTWPI10I,YIWPI111, VTWPI 121, VTWPI 1311 
c 4.5B,0.4T0,0.507,0.Tll,l.172,0.544,0.729,1.Z26o0.554,0.821, 
C 1. 3011le41t011.68010• eO. 34 l10e256., 3. 5&3"4.~371 0.4r2:61l•19ift,.6.570s 
C O. 341, z. 560, 17. TltB,5.632, T. 339/ 

C MUTwPIJI • HEAN COST OF UNPROCUCTIVE LABOR, S/STANDARD-HllUR. 

[\J 
w 

*'"" 



c 
c 
c 
c 

15 

c 
c 
c 

16 
c 

17 
18 

c 
c 
c 

19 
20 
21 
22 
23 
24 
25 

26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

TABLE XIX (Continued) 

VTWPIJI • VARIANCE OF THE COST OF UNPRODUCTIVE LABOR. 
NOTE: MUTWP FOR •No STANOAltO' IS SET TO TWICE ITS ACTUAL VALUE ANO VTWP FOR 
•NC STANDARD' IS SET TO ZERO FOR LOGIC AND SIMPLICITY PURPOSES IN THE MAIN 
PROGRAM, 

DATA 
C MUNWP, VNWPo I NT /2.290041.384,0.0241/ 

HUNWP • MEAN COST OF UNPRODUCTIVE LABOR WITH NO STANDARD, S/DIRECT-LABOR-HOUR. 
VN•P • VARIANCE OF THE COST OF UNPRODUCTIVE LABOR WITH NO STANDARD. 
INT : INTHEST RATE PEfl TIME PERICO, COMPOUNDED PER TIME PERIOD. 

REA015,ll NJOB 
NJOB • NUMBER OF JOBS FOR WHICH ECONOMIC ANALYSIS IS DESIRED. 

DO 60 NANAL • loNJOB 
REA015,1J NoM 

N • NUMBER OF TIME PERIOOS THAT THE STANDARD Will BE USED. 
H • NUMBER OF TIMES THAT THE JOB IFOR WHICH THE STANDARD IS TO BE SETI Will BE 
PERFORMED EACH TIME PERIOD. 

NI • M 
.. RITE(6,21 N1Nl 
WRITE(6,31 
PR• llU.+INTl .. Nl-lol/llNT•lll.+INTl .. Nll 
PS • PS2NIN, INTI 
00 10 J • 1t13 
ENPVIJI • -HUllEIJI - MUIEOPIJI + lllHUNWP-MUTWPIJll*Ml-MUIEMIJI 

C -MUEOPMIJI l*PR 
VNPVIJI • VllEIJI + VIEOPIJI + lllVNWP+VTIOPIJll•Ml+VIE~IJI 

C +VEOPMIJll*PS 
DO 10 K • l t6 
SYPElJ.Kt • TYPECJ,KI 

10 CONTINUE 
CALL SORTITYPE,ENPV,VNPVI 
DO 20 J • 1, 13 
l • -HPVIJl/SQRTIVNPVIJll 
PLOSS • FIZI 
IF IPLQSS.LT.l.E-701 PLOSS • l.E-70 
u • -z 
Y • IU**21150. 
NN • 25 
If IY,GT.174.I GO TO 19 

18 ELOSS • ISQRTIVNPVIJll/PLOSSl*lll.41*111./EXPIYll••NNll 
C -IU•ll. - FIUll 11 

WRITEl6,41 ITYPEIJoLloL•lo61,ENPVIJloVNPYIJl,PLOSS,ELCSS 
GO TO 20 

19 v • 1z••2112000. 
NN • 1000 
GO TO 18 

20 CONTINUE 
WRITEl6o5 I 
00 40 J • 1012 
I • J + 1 
DO 30 K • Io 13 
ENPYO • ENPVIJI - ENPVIKI 
VNPVO • VNPVIJI + VNPVIKI 
Z • -EhPVO/SORTIYNPVC I 
PRHSL • Fill 
IF IPREVSL.LT.loE-701 PREVSL • l.E-70 
u • -z 
v • cu••211so. 
NN • 25 
IF IY.GT.174.I GO TO 29 

28 EREVSL • ISQRTIVNPVCl/PREVSLl*lll.41*111./EXPIYll**NNll 

C -1~•11. - FIUllll 
60 •RITE16,61 ITYPEIJ,llol•l,61 0 ITYPEIK,Ll,L•lo61,PREVSLoEREYSL 
61 GC TO 30 
62 2~ r • 1z••2112000. 
63 NN • 1000 
6'o GC TO 28 
65 30 CONHNUE 
66 40 CONTINUE 
67 00 50 J = 1013 
68 DO 50 K * 1.6 
69 TVPElJ,~J * SYPElJ.KJ 
70 50 CONTINUE 
71 60 CONTINUE 
72 0 FORMATllH016A4/lX, 1 VERSUS 1 /lX•6A419X,E15.8112XtE15.81 
73 5 FORMAT! IHl/IH o' PAIREO COMPARISONS OF TECHNIQUE-TYPES' llH-,61X, 'EX 

CPECTEO LOSS' /IX o57Xo' GIVEN REVERSAL OCCUltS' /IX, 30X, 'PROB AB IL ITYIRE 
CVERSAL I' .ax.' IS/STANDARD-HOURI' I 

74 4 FORMATllH0,6A41lX1ElS.819X 1 El5.8,lOX,El5.8,8X1E15.&J 
75 3 FORMATllH-o32X.'EXPECTED NET'ollX,•VARIANCE OF THE',34Xo'EXPECTED 

CLOSS' /1X 1 32X,' PRESENT VALUE' ,9X, 'NET PRESENT VALUE' 131Xt 'GIVEN LOS 
cs OCCURS' 11x. 'TECHNIQUE-TYPE 'o 16X,. 1$/STANOARO-HOURI' o6X,• IS/STAND 
CARO-HOUR>**Z' ,6X,' PROBABILITY(LOSSt' 16X1 1 IS/STANDARD-HOURI "/lHOI 

16 2 FORHATllHl.14.' TIME PERIODS'o5Xol6o' REPETITIONS PER TIME PERIOD• 
Cl 

11 I FORMATl1'oF6.0I 
78 STOP 
79 ENO 

80 FUNC1 ION PS2NIN,Xll 
c 
c 
C THIS FUNCTION SUBPROGRAM CALCULATES THE SUM, FROM L • l TO N, OF THE SQUARES 
C Of THE DISCOUNT FACTORS FOR THE VARIANCES OF THE NET PRESENT VALUES OF EACH 
C WORK MEASUREMENT TECHNIQUE-TYPE. 
c 
c 

81 SUMPS = O. 
82 00 101 L • l 1N 
83 SUMPS. SUMPS+ 11.11u.+x11••12•L111 
84 101 CONTINUE 
85 PS2N • SUMPS 
86 RETURN 
81 ENO 

(\J 
w 
V1 



88 
c 
c 

TABLE XIX (Continued) 

SUBROUTINE SORT ITYPE 9 ENPV ,VNPV I 

C THIS SUBROUTINE SORTS THE WO~K MEASUREMENT TECHNIQUE-TYPE OPTICNS INTO 
C DECENDING ORDER ACCDROlhG TO THEIR EXPECTED NET PRESENT VALUES. 
c 
c 

89 DIMENSIGN TYPE113.61,ENPV1131oVNPVCl31 
90 DATA RYPE/' 'I 
91 DC 204 J a l,12 
92 l • J + l 
93 OD 203 K • 1.13 
94 IF IENPVIKl.GT.ENPvlJll GD TO 201 
95 GO TO 203 
96 201 8 • ENPVIKI 
97 ENPVIKI a ENPVI JI 
9B ENPV(JI • B 
99 0 • VNPYIKI 

100 VNPVIKI • YNPVIJI 
101 VNPVIJI • 0 
102 00 202 L • l,6 
103 RYPE • TYPEIK,LI 
104 TVPEIK,LI • TYPEIJ,LI 
105 TYPEIJ,LI • RVPE 
106 202 CONTINUE 
107 203 CONTINUE 
108 204 CONTINUE 
109 RETURN 
UC ENO 

111 
c 
t 

FUNCTION FIZI 

C THIS FUNCTION SUBPROGRAM CALCULATES THE VALUE OF THE NORMAL INTEGRAL FROM 
C MINUS INFINITY TD z, WHERE l • STANDARD NORMAL RANDOM VARIABLE. 
c 
c 

112 VY • rz••21/50. 
113 IF IYY.GT.114.I GO TO 303 
114 ZZ • I0.41*111./EXPIYYll**251 
115 301 IF IZ.LT.Ool GO TD 302 
116 T • l.111.+1.H2n•z11 
117 F • l. - IZZ•ll.4361836*Tl-1.1201676*1T**211+1.9372980•1T••31111 
118 RETURN 
119 302 T • l./ll.-l.33267*Zll 
120 F • ZZ*l l.436l836•Tl-1.l201676*1T**Zll+l.937Z980•1T**311 I 
121 RETURN 
122 303 n • IZ**Z 112000. 
123 Zl • I0.41*111./EXPIYYll**lOOOI 
124 GO TO 301 
125 ENO 

SENTRY 

[\) 
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Program 4 

Program 4 computes the factorial of any number greater than -1, 

limited only by the computer's word size. The equations used to deter

mine these factorials are taken from Mastran and Boykin (48, pp. H-3-

H-4). 



2-15 

18 

19-23 

INITIALIZE CONSTANTS 

READ NUMBER OF 
FACTORIALS DESI RED 

READ 
INDIVIDUAL NUMBER 

DETERMINE MAGNITUDE 
OF NUMBER 

24-37 
COMPUTE FACTORIAL 

WRITE NUMBER AND 
FACTORIAL 

END 

Figure 10. Flow Chart for Program 4 

238 



SJOB 
C PROGRAM 4 
c 
c 

TABLE XX 

PRCGRAM 4 

C THIS PROGRAM COMPUTES THE FACTORIAL OF ANY NUMBER, A, WHERE -l<A, 
C LIMITED ONLY BY THE COMPUTER'S WORD SIZE. 
c 
c 

DOUBLE PRECISION Bl,B2.B3.B4,B5oB6,Cl.C2oC3,C4,C5,C6,C7,CS,A,AA, 
C F,AF,OLOG,DEXP 

2 Bl • 9.189385340-Cl 
3 82 • 0.833333330-01 
4 83 • o.z77777780-0Z 
5 84 • 0.793650790-03 
6 85 • C.595Z3809C-03 
7 86 • 0.841750840-03 
8 Cl • 5.771916520-01 
9 CZ • 9.88Z05891D-Ol 

10 C3 • 8.970569370-01 
11 C4 • 9.182068570-01 
12 C5 • 7.567040780-01 
13 C6 • 4.821993940-01 
14 C7 • l.935Z78180-0I 
15 CB • 0.035868340-00 
16 REAOl5,ll N 

C N • THE NUMBER OF NUMBERS TC CC~PUTE FACTORIALS FOR. 
17 DO 40 l•l,N 
lS REA015,ZI A 
19 IFCA.GT.2.01 GO TO 10 
20 IFIA.GT.1.01 GO TO 15 
Zl IFIA.GE.0.01 GO TO 20 
22 IFIA.GT.-1.I GO TD 25 
23 GO TO 30 

c THIS SECTION COMPUTES A FACTORIAL FOR ANY A>2.oo. 
24 10 AA• l.O/CA••21 
25 F • IA+.51•0LOGIAl-A+!l+IB2-AA•IB3-AA•IB4-AA•CB5-AA•l8611111/A 
26 AF • OEXPIFI 
Z1 GO TO 35 

C THIS SECTION COMPUTES A FACTORIAL FOR l.OO<A<•2.00. 
ZS 15 AA • A - loO 
29 F • l.O-CCl•AAl+IC2•1AA••211-IC3•CAA••311+1C4•CAA••411 

c -IC5•CAA••511•1C6•1AA••611-IC7•CAA••711+1C8•CAA••Bll 
30 AF • A•F 
31 GO TO 35 

C THIS SECTICN COMPUTES A FACTCRIAL FOR O.OO<•A<•l.OO. 
32 20 F. l.O-CCl•Al+CC2•CA••211-1c3•1A••311+1C4•CA••411-IC5•CA••511 

C +IC6*1A**611-IC7•CA••711+CC8•CA••811 
33 AF • F 
34 GO TO 35 

c THIS SECTICN COMPUTES A FACTCRIAL FDR -l.OO<A<O.oo. 
35 25 AA • A•l-1.001 
36 F • l.0-1Cl•AAl+IC2•1AA••211-IC3*1AA••3ll+CC4•1AA••411 

C -IC5•1AA••5ll+IC6•CAA••611-CC7•CAA••71J+CC8•CAA••Bll 
37 AF • F/AA 
38 35 WAITEC6,31 A,AF 
39 GO TO 40 
40 30 WAITEl6,41 A 
41 40 CONTINUE 
42 4 FORMATl1H0,42H ERROR: A LESS THAN CR EQUAL TO -1 A •,F8.31 
43 3 FOAMAT11H0,4H A •,F8.3,19H, A FACTORIAL •,D24.171 

4'o 
45 
46 
H 

2 FORMATCFB.31 
I FORMAT Cf 31 

STOP 
END 

SENTRY 
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