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CHAPTER ONE 

INTRODUCTION 

Although the search for a better way to do things 

has progressed since the earliest days of mankind, the con­

cept of Scientific Management, of which Work Measurement is 

an integral and highly important part, originated in the 19th 

century with the work of the Father of Scientific Management, 

Frederick W, Taylor. 

In 1885 Mr. Taylor was made a foreman at the 

Midvale Steel Company in Philadelphia. Among his many 

responsibilities was the responsibility for production out­

put within his department. It was his observation that his 

men were not producing at a level which he believed to be 

fair to the company. Since it was Mr. Taylor's firm con­

viction that high productivity was the only firm foundation 

for material prosperity, he determined to do all within his 

power to raise the productivity of his department to what he 

envisioned as a satisfactory level of performance. 

Mr. Taylor quickly came to the conclusion that the 

greatest production results when each worker is given a 

definite task to be performed in a definite time in a definite 

manner. The definite task is usually assigned by management 

in the form of a job process or job description. Mr. Taylor's 

great contribution to Scientific Management came through his 

development of the technique for standardizing performance 
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times by using a stop watch together with a specific method 

of operation, Mr. Taylor's full description of time study 

was a part of his discussion on "The Present State of the 

Art of Industrial Management" for a Sub-committee On The 

Administration of The ASME1 : 

The analytical work of time study is as 
follows: 
a, Divide the work of a man performing any 

job into simple elementary movements. 
b, Pick out all useless movements and dis­

card them. 
c, Study, one after another, just how each 

of several skilled workmen makes elemen­
tary movements, and with the aid of a stop 
watch select the quickest and best method 
of making each elementary movement known 
in the trade. 

d, Describe, record, and index each elemen­
tary movement, with its proper time, so 
that it can be quickly found. 

e, Study and record the percentage which 
must be added to the actual working time 
of a good workman to cover unavoidable 
delays, interruptions, and minor accidents, 
etc. 

f, Study and record the percentage which must 
be added to cover the newness of a good 
workman to a new job, the first few times 
that he does it. This percentage is quite 
large on jobs made up of a large number of 
different elements composing a long sequence 
infrequently repeated, This factor grows 
smaller, however, as the work consists of a 
smaller number of different elements in a 
sequence that is more frequently repeated, 

g. Study and record the percentage of time that 
must be allowed for rest, and the intervals 
at which the rest must be taken, in order 
to offset physical fatigue. 

The constructive work of time study is as 
follows: 
h. Add together into various groups such com­

binations of elementary movements as are 
frequently used in the same sequence in the 
trade, and record and index these groups so 
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that they can be readily found. 
i. From these several records, it is compara­

tively easy to select the proper series of 
motions which should be used by a workman 
in making any particular article, and by 
summing the times of these movements, and 
adding proper percentage allowances, to 
find the time for doing almost any class 
of work. 

j. The analysis of a piece of work into its 
elements almost always reveals the fact 
that many of the conditions surrounding 
and accompanying the work are defective; 
for instance, that improper tools are used, 
that the machines used in connection with 
it need perfecting, that the sanitary condi­
tions are bad, etc. And knowledge so 
obtained leads frequently to constructive 
work of a high order, to standardization of 
tools and conditions, to the invention of 
superior methods and machines. 

Soon after Taylor began his work, Frank Gilbreth 

began to work on the study of methods as they related to 

Scientific Management. He, together with his wife, Dr. 

Lillian Gilbreth, made many detailed laboratory studies of 

motions and methods before they eventually developed the 

micromotion study procedure which involves the identification 

of work elements as "Therbligs". 

Since the work of the Gilbreths primarily concerned 

itself with motion and method study, and the work of Taylor 

concerned itself primarily with time study, there were those 

who professed to see fundamental differences between the two 

procedures. For this reason, two groups of practitioners 

developed who considered themselves irrevocably opposed to 

each other. The Time Study group could see nothing realistic 

8 



or practical in the laboratory approach of the Gilbreths, 

while the Motion Study group felt their adversaries were un­

scientific and crude in their work. Neither group, unfortu­

nately, grasped the fundamental truth that motions take time 

and that, therefore, motion and time are interdependent. 

It is a well recognized fact that there are many 

disadvantages to Stop Watch Time Study practice. Mr. R. F. 

Hoxie made a thorough study of Scientific Management for the 

United States Commission on Industrial Relations 2 in 1914 in 

which he lists 17 factors in Time Study Practice which could 

be varied subject to human will. 

A discussion of these 17 factors will be entered 

into later in this paper but it is sufficient for the pur-
• 

poses of introduction to indicate that such variable factors 

constitute a disadvantage to Stop Watch Time Study no less 

valid today than they were in 1914 at the time of Mr. Hoxie's 

study. 

The principal purpose of this introduction is to 

point out that the Work-Factor System (in common with other 

pre-determined time systems) combines the motion and method 

approach of the Gilbreths with the time study approach of 

Taylor. For this reason, the Work-Factor System of pre-

determined times has built into it the advantages of both 

techniques without the disadvantages which may be associated 

with either. 

In order to most effectively demonstrate the 

advantages, applications, and procedures for such a system as 
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Work-Factor, it will be necessary to lay ground work which 

will serve as a basis for comparison between Stop Watch Time 

Study and Predetermined Times. This ground work will consist 

of a concise, but sufficiently complete, treatment of both 

systems of work measurement so that understanding of the 

differences will be as complete as possible. To "that end 

Stop Watch Time Study, and than Work-Factor Predetermined 

Times will be discussed in that order. This discussion will 

be followed by an evaluation of the advantages of predeter­

mined times, examples of the application or predetermined 

times in specific instances, and suggested procedures for 

the development of standard data by usa of the Work-Factor 

System. 
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CHAPTER 'IWO 

STOP WATCH TIME STIJDY 

Time study has been defined as "the analysis of a 

given operation to determine the elements of work required 

to perform it, the order in which these elements occur, and 
3 the times which are required to perform them effectively". 

The more enlightened practitioners of the Industrial 

Engineering profession recognize the futility of time study 

unless preceded by proper methods study, but time study is a 

field in and of itself and for purposes of this paper will be 

treated so. There is all the more reason for this treatment 

since the practice of time study can be pursued independently 

from methods study, and does not contain within itself the 

self policing characteristics which are common to predeter-

mined time systems. 

PROCEDURE FOR TAKING THE TIME STUDY 

Exact procedures for taking a time study may vary 

depending upon the type of operation to be studied and the 

several uses which may be made of the data obtained. The 

following four steps4, however, are generally advisable: 

1. Securing and recording information about the 

operation and operator being studied. 

2. Dividing the operation into elements and re­

cording a complete description of the method. 

3. Observing and recording the time taken by the 
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operator. 

4. Rating the operators performance. 

Understanding of the time study procedure, suffi­

cient for this paper, may be obtained by an explanation of 

these four steps. 

RECORDING PRELIMINARY INFORMATION 
• 

Too frequently lack of attention to recording of 

preliminary data, essential to the time study, has resulted 

in file drawers full of studies which prove useless with the 

passage of time. Essential to the future proper identifica­

tion of the conditions under which a study was originally 

made are the following: 

1. Operation part number, material, customer, 

order number, lot size. 

2. A sketch of the part. 

3. A sketch of the work place showing the working 

position of the operator, location of tools, fixtures, and 

materials with notations as to moving distances involved. 

4. Notations concerning specialized tools or 

equipment used. 

5. Name and employee number of operator studied. 

6. Time of day study is begun and completed. 

The lack of detail concerning any of the above 

data can lead to confusion when it is desired to exrunine the 

study at a future time. Confusion might well result over 

whether the operation as seen subsequently to the study is 
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identical with the conditions under which the study was made. 

Such confusion is unnecessary if proper care is taken initial­

ly. 

DIVISION OF OPERATION IN'IQ ELEMENTS 

Timing an entire operation as one element, except 

where the operation consists of only one element of extremely 

short duration (less than .0800 minutes) is never a satis­

factory procedure. Among the several reasons for this state­

ment are the following: 

1. A proper elemental breakdown may show that the 

operator is taking too long on certain elements while slight­

ing others of importance. 

2. ft~ operator does not usually work at the same 

tempo, nor the same skill level, throughout all elements of 

the operation. A proper elemental breakdown will permit 

separate performance ratings to be applied to the separate 

elements. 

3. The analysis of the operation by elements may 

show slight variations in method that could not be detected 

from an over all study. 

To fail to break an operation down into satis­

factory elements is to compound a serious deficiency in the 

time study procedure which is associated with point number 3 

above. An overall study makes it difficult to spot even re­

latively large differences in method; relatively smaller 

differences in method can seldom be detected during the course 
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of a stop watch time study even when elemental breakdowns 

are most efficiently made, This will be made clearer when 

predetermined time study procedures are explained, but 

briefly it is possible because such relatively smaller differ­

ences in method are frequently present within elements which 

are too short to be timed with a stop watch (.0300-,0400 

minutes), It is reasonable to describe stop watch time study 

as macroscopic, while predetermined time systems may be 

described as microscopic; ie, a stop watch time study value 

of ,0300 minutes cannot be broken down further, whereas a 

predetermined time system value of ,0300 minutes would be 

built up to that level by the recognition of several minute 

elements (of therbligs) with their individual time values 

added together. 

There are several rules of thumb to use as a guide 

in making elemental breakdowns. The first of these rules is 

that each element should be as short in duration as may be 

accurately timed, There is general agreement that elements 

of ,0300-,0400 minutes are as short as can be conveniently 

and accurately measured with a atop watch. 

No less important than the length of the element 

is the requirement that each element have a definite beginning 

and ending point, preferably identified by an easily observed 

occurrence; ie, sound of part striking bench top following a 

drop delivery, click of a relay which starts or stops a 

machine cycle, place tool aside on bench, etc. If beginning 
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and end points chosen are not readily identifiable, unnatural 

variations in elemental times will occur which will not be 

possible of elimination from the study nor justified by any 

statistical techniques. A further disadvantage of unsatis­

factory end points, with subsequent variations in time, is 

the inability to identify and evaluate commonly recurring 

work elements which may have been resolved into standard data, 

or which from the study under consideration at the time might 

well yield valuable background data for incorporation into 

standard data. 

A further consideration in determining elemental 

breakdowns is the desirability of separating handling time 

(ie, operator controlled time) from pure machine time. At 

the point where it becomes necessary to rate operator per­

formance, operator controlled times must be separated lest 

the time study practitioner make the fatal mistake of rating 

machine time at more or less than 100%. Obviously, if we may 

assume a machine involved in an operation to be operating at 

constant speed or constant cycle time, this time should not 

be altered by the application of a rating factor, since the 

application of a rating factor other than 100% would result 

in indicating that the machine is operating at varying speeds­

a condition which obviously is not supported by the facts of 

our assumption, 

Finally, it is generally considered to be good 

practice to separate constant elements from variable elements. 
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By so separating elements, variations in time attributable to 

human causes will not be confused with variations in time due 

to process requirements. A clarifying example of this pre­

cept would be the separation of the positioning of a soldering 

iron on a joint preparatory to soldering from the actual time 

required to perform the soldering of the joint. The position­

ing of the soldering iron may vary depending on the skill and 

effort application of the operator; the variation in time to 

solder the joint is dependent on the number of connections on 

the joint, the size of the wires involved, the type of solder 

and iron used, etc. 

OBSERVATION AND RECORDING OF T.IME 

There are three commonly used methods of reading 

the stop watch; 

1. Continuous timing. 

2. Snap back timing. 

3. Accumulative timing. 

In the continuous method of timing, the observer 

starts the watch at the beginning of the study and permits 

it to run continuously during the entire study. At the end 

of each element, the watch is read and the time shown is 

entered on the data sheet. This method offers the advantage 

of indicating the overall time consumed during the study and 

for studies where numerous very short elements are involved is 

preferred by most observers. The largest disadvantage is 

that the time for each element must be calculated by sub-
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traction; ie, where the time at the end point of one element 

is 1.09 minutes, and the time at the end point for the next 

succeeding element is 1.16 minutes, the element time is found 

by subtracting the two times shown (1.16 minutes minus 1.09 

minutes equals .07 minutes). The time for each observation 

made during the course of the study must be determined in the 

same manner throughout. This procedure can be very time con­

suming, especially in studies where several hundred elements 

are observed. 

In the snap back method of timing, the observer 

reads the watch at the end of each element, and then resets 

the watch to zero by pressing the reset button in order to 

time the next succeeding element. The obvious advantage in 

this method lies in the fact that it is not necessary to 

calculate each elemental time, since each time is read directly 

from the watch and set down immediately on the data sheet. 

The disadvantages of the procedure lie in: 

1. The supposed inaccuracy of the procedure due to 

time lag in resetting the watch. 

2. The lack of an overall actual total time for the 

study unless found by addition of separate times (noting of 

starting and stopping times may serve to eliminate this ob­

jection). 

3. The possibility of elements being left out of 

the study at the unwise discretion of the observer. 

4. The difficulty of making observations fast 
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enough where many short elements in succession are involved 

in the study, 

Despite these disadvantages, users of this system claim that 

practice with the procedure tends to at least minimize and 

perhaps eliminate the major share of disadvantages. 

The disadvantages listed above for the snap back 

method of stop watch time study are largely overcome by the 

accumulative method of timing. With this method three stop 

watches and a special time study board equipped with a con­

venient lever arrangement permit the reading of element time 

from a watch which is always stopped, Depressing the lever 

once starts the first watch; the second movement of the lever 

stops the first watch (which is then read for element time) 

and starts the second watch; the third movement of the lever 

stops the second watch, starts the third watch, and resets 

the first watch to zero time. With this arrangement, the 

observer reads the locked-in-place time for each preceeding 

element while timing the successive one. The observer is 

thus free to concentrate on the most important factors of 

rating and allowances rather than on elapsed time, 

NUMBER OF OBSERVATIONS 

In order to obtain a statistically valid time 

study, consideration must be given to the number of cycles 

of an operation which should be timed, Enough cycles must 

be studied to assure statistically that the average of 

observed element times represents a true average. The number 

of cycles necessary is dependent primarily upon the length 
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of the cycle. Experience, and statistical analysis, have 

shown that the following chart (Table I) of number of 

cycles required to be studied for various lengths of cycle 

time is adequate for time study work under normal circum-

stances: 

TABLE I5 

CYCLE TIME(MINUTES) 

to 0,10 
to 0.25 
to 0.50 
to 0.75 
to 1.0 
to 2.0 
to 5.0 
to 10,0 
to 20.0 
to 40.0 
over 40 

NUMBER OBSERVATIONS 

200 
100 

60 
40 
30 
20 
15 
10 

8 
5 
3 

RATING THE OPERA'IDR 

Definitions of performance rating have been written 

by many authors of time study textbooks. Among the many 

definitions available, the following are sufficient to 

clarify the meaning of the term as commonly used: 

1. Rating is that process during which the 
time study engineer compares the perform­
ance of the operator under observation 
with the obsgrvers own concept of proper 
performance. 

2. Rating is the gauging of the operators 
pace during the time study in terms of a 
normal pace.7 

3. In order that the time standard established 
from a time study for any degree of skill 
or effort may be a standard representing 
average performance, it is necessary to usa 
some method of adjustment of the recorded 
elemental times if the operator studied

8 gave other than an average performance. 
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Each of the above statements recognizes that the particular 

operator under observation may work at a performance level 

which does not coincide with what is expected of the so called 

normal operator, and further recognizes that the observer must 

make a judgment as to the level of performance of the 

operator compared with the observers concept of normal pace, 

The most critical problems inherent in the stop watch time 

study process are thus deliniated: 

1. To define the term "normal operator" in such 

terms that other operators may be compared to this norm in 

a consistent and accurate manner; 

2, To train the time study observer to judge each 

operator observed in a consistent and accurate manner. 

WHY PERFOai!ANCE RATING IS NECESSARY 

Mere observation alone is needed to confirm con­

clusively that individual differences exist. These differ­

ences may be attributable to physical capacities, training 

or practice, aptitudes for a given type of work, motivation, 

or to a number of other causes. Regardless of the success 

of good management practices designed to minimize these 

differences, such as careful personnel selection and adequate 

training, there is little doubt that there will be a con­

siderable difference between the output of the best and worst 

workers in a group, It has been conservatively estimated 

that in a large random sample that the best operator will be 

more than twice as effective as the worst, and even in 
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smaller, more restricted groups, large differences are nearly 

always encountered. For this reason it is necessary to adjust 

observed time during the course of the study to reflect what 

may fairly be expected of the average operator, since it is 

possible that for any particular study either an abnormally 

poor or an abnormally good operator will be the subject of 

observation. 

REQ.UlliBMENTS OF A GOOD RATING SYSTEM 

Much work has been done over the years by many well 

qualified time study experts in developing systems for rating 

operators. To a greater or lesser degree each system pur­

ports to have the ability to satisfy the following criteria: 

1. Accuracy-It is obvious that some error is certain 

to be present in every application of a rating factor. It is 

generally agreed, however, that the error may be considered 

minor and the plan satisfactory if errors are limited to plus 

or minus 5% accuracy. 

2. Consistency-Consistency of results in rating 

is of prime importance. Consistency does not necessarily 

imply absolute accuracy, but means rather that the error 

should be in one direction only and of the same magnitude 

on each occasion. Consistency of results may be thought of 

in terms of the single time study observer, in terms of a 

department consisting of several time study observers, or 

in terms of an entire organization of many departments 

serviced by several time study groups. Whatever the circum-
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stances involved, consistency is essential to the development 

of work rates throughout a manufacturing organization which 

will require the same work pace from all workers for the same 

amount of monetary return. 

3. Simplicity-A good rating system should be simple 

so that the operator can understand how it operates and how 

his performance is reflected in the rating assigned him for 

a particular study. A system which depends upon involved 

computation may result in reasonably accurate and consistent 

results but may fail in practice because of the lack o~ con­

fidence and understanding of the operators studied, 

4, Objectivity in Definition-In order that con­

sistency and accuracy may be obtained in rating, definitions 

of "normal operator", "qualified operator", and other similar 

terms must be defined in word terms so that subjectivity of 

judgment on the part of the observer is limited, One of the 

most satisfactory methods of definition consists of filming 

operators possessing varying recognized degrees of skill and 

dexterity and using these films as a comparison against other 

operators. 

Regardless of the extent to which a rating system 

fulfills the above criteria, however, it is mandatory that 

all observers be thoroughly trained in the application of 

the system. Lack of training initially will obviously result 

in inconsistent rates deviating by more than the plus or minus 

5% accuracy required. Similarily, lack of follow-up and re-
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straining of observers thought previously to be qualified can 

result in inaccuracies and inconsistencies since constant 

reference to guide posts upon which the system is built is 

needed to maintain accuracy and consistency, 

TECHNIQUES OF RATING 

Several rating techniques are in general use, 

differing in degree to which they satisfy the criteria. of 

accuracy, consistency, simplicity, and objectivity in defi­

nition, but seeming to work with acceptable results under the 

conditions of their applications. Six of these systems will 

be identified and briefly discussed herewith: 

1, Speed rating - In this technique, the speed of 

the movement of the operator is given as the only factor 

which lends itself to measurement and, hence, to rating pro­

cedure. The speed of movement of the operator is compared 

to the observers concept of "normal" speed, This rating 

technique is simple, and with training in developing the con­

cept of "normal" pace, the observer may become quite pro­

ficient in his judgment. 

2. Effort rating - This technique closely approxi­

mates speed rating and its development is accredited to 

Presgrave.9 While skill in the broad sense is recognized as 

contributing to both method and speed of movement, it is not 

segregated. In this and the speed rating technique, the con­

cept of a normal speed or effort is built around speed or 

tempo, A problem results when trying to evaluate the per-
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formance of workers on work which may be differentiated as 

light or heavy and it is necessary therefore to make an ad­

ditional judgment to distinguish between the two situations 

if proper time standards are to be derived in all cases. 

3. Pace rating-This technique incorporates most 

of the ideas of speed and effort rating but uses additional 

devices to assist the observer in extending the scope of 

application of the procedure. The technique recognizes that 

all jobs are not performed at the same tempo, so that the 

pace or speed observed must be related to a concept of normal 

for the type of work involved. In order to assist the time 

study man in the acquisition of a set of concepts that is 

uniform for all time study men, a series of bench marks have 

been provided in different types of work. These have been 

quantified in terms of specific rates of production. Thus, 

walking on a smooth level surface, without load, at x miles 

per hour is one standard. This and other standards can be 

duplicated or viewed on a motion picture screen and thereby 

provide an objective interpretation of the pace described. 

Rating is expressed as a performance percentage above, below, 

or at normal, and the ratio or factor is applied to the 

selected time for the element, 

4, Objective rating-A procedure originated by 

Munde110 is perhaps the next logical step following the idea 

of speed rating. Mundel does rating in two steps, namely: 

(1) Pace rating; and (2) A secondary adjustment to compen-



sate for job difficulty. A normal concept of pace is es­

tablished against which all jobs are compared, Since no 

attention is given to job difficulty, a single standard is 

given as adequate for this comparison rather than standards 

for each type of work. Tb assist in judgment of deviations 

from a normal pace, several step films, each representing some 

known departure from normal, are recommended for training and 

practice purposes. Following the judgment of pace or speed, 

the job is evaluated in terms of its difficulty. The factors 

or categories for which secondary adjustment are added include: 

1. Amount of body used 

2. Foot pedals 

}. Bymanualness 

4. Eye-hand coordination 

5. Handling or sensory requirements 

6. Weight handled or weight resistance encountered. 

From experiments and other sources, numerical values were 

assigned to different degrees of these factors. The summation 
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of the percentage adjustments for each of these factors com­

prises the secondary adjustment. This procedure has had limited 

application to date, and the validity of the factors and the 

corresponding percentage allowances has not been well established. 

5. Leveling - The method of assessing performance 

which is referred to as leveling was developed by Lowry, Maynard, 

and Stegemerten and is fully described in their book on time 

and ~otion study. 11 Use of this technique requires considera-



tion of four elements which are identified as skill, effort, 

conditions, and consistency. The first two of these are by far 

the most important. Each of the four elements carries a some­

what special or limited meaning and it is important that these 

meanings be understood before the technique can be applied 

with consistency. 

Skill is defined as "proficiency at following a given 

method". By means of this definition, method is excluded from 

the concept of skill. The time study man judges the level of 

skill by observing such things as hesitations, precision of 

movement, interruptions to the normal cycle by improper per-

formance, and the general coordination and rhythm of working 

pace manifested by the operator. Departures from average, or 

the definition of normal skill, are indicated by grades. Each 

of these grades is in turn defined and indicated in chart form 

as poor, fair, good, excellent, or super skill. Thus, the 

skill manifested is judged in terms of definitions and com-
. 

pared with the concept of normal or departures therefrom. 

Effort is defined simply as "the will to work". 

Effort is considered to be within the control of the operator 

at all times. It is not measured in terms of foot pounds of 

work done but rather is judged in terms of the spirit in which 

the operator attacks his job. Six gradations of effort level 

are defined including poor, fair, average, good, excellent, 

and excessive. Thus, poor effort is manifested by a slow 

motion style of working which is very obvious to the observer 
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or by the introduction of unnecessary work into the work cycle 

which obviously has an effect on method also. It is generally 

taken to be a result of poor attitude on the part of the work­

man. Definitions of the other gradations of effort are in­

cluded so that each may be easily recognizable and it is then 

possible to assign to each gradation a percentage plus or 

minus which may be applied to the overall rating. 

Conditions are narrowly defined as those conditions 

which effect the operator rather than the operation. Light, 

heat, and ventilation or rather the variations of these condi­

tions from what is normally provided for the given operation, 
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are included in consideration for leveling purposes. Corrections 

for this factor cover only minor departures from standard. 

Consistency is established primarily as a factor 

to call attention to the extent of consistency or lack of it. 

The recommendation is made that the cause of inconsistency 

should be determined and corrected rather than graded. No 

measure is suggested for the various grades since the extent 

of variation in elemental times from cycle to cycle will 

depend upon the nature of the element, the operators apptitude, 

and practice opportunity. The correction for perfect con­

sistency or poor consistency is a minor factor. 

Algebraic equivalents have been provided for each 

of the grades or levels of the factors. In order to determine 

the correction factor, or leveling factor, the assigned ratings 

for each of the four factors are noted and their respective 



algebraic equivalents are added algebraically. The result is 

added to numeral one and the resulting factor is applied to 
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the average of the observed times for the element or elements 

to derive the average (normal) time. By reference to the table 

accompanying an example of the leveling evaluation may be 

explored; ie; 

TABLE rr12 

SKILL EFFORT 

0.15 Al - Superskill 0.13 Al - Excessive 
0.13 A2 0.12 A2 
0.11 Bl - Excellent 0.10 Bl - Excellent o.o8 B2 o.os B2 
o.o6 Cl - Good 0.05 Cl - Good 
0.03 C2 0.02 C2 
o.oo D - Average o.oo D Average 

-0.05 El Fair -0.04 El 
- Fair -0.10 E2 - -0.08 E2 

-0.16 Fl - Poor -0.12 Fl - Poor -0.22 F2 -0.17 F2 

CONDITIONS CONSISTENCY 

o.o6 A Ideal 0.04 A Perfect 
0.04 B Excellent 0.03 B Excellent 
0.02 c Good 0.01 c Good 
o.oo D Average o.oo D Average 

-0.03 E Fair -0.02 E Fair 
-0.07 F Poor -0.04 F Poor 

a rating of B2 skill, Cl effort, E conditions, and D consistency 

would provide correction factors of plus 0.08, plus 0.05, minus 

0.03, and 0.00. The algebraic sum is plus 0.10, and added to 

one, the resultant leveling factor is 1.10. This in effect is 

a statement that the operator performing the given task is 

10% above the normal skill and effort for the given job. 

The important difference between leveling and speed rating 



lies in the attempt in leveling to relate the performance 

displayed by the operator to the causes which result in the 

various levels of performance. When the operator works in a 

particular manner, as indicated by the definition which de­

scribes his performance, the resulting productivity will differ 

from normal by the amount indicated by the algebraic values 

assigned to each gradation. Somewhat wider scope is thus 

assigned to the leveling procedure than in speed rating or 

effort rating where the judgment is limited to speed of move-

ments only. 

6. Synthetic leveling - 'Ibis procedure for deter­

mining the performance rate of the operator is presented by 

R. L. Morrow13 as a means for taking much of the need for 

judgment out of the rating procedure, thereby attaining more 

accurate and more consistent time values. The procedure con-

sists of comparing the times for as many of the elements as 

possible to known standards. There are usually a number of 

elements in a time study which are common to many time studies, 

and these at least may be compared. The relation of the 

elemental standard times to the observed elemental time.s in­

dicates the level of performance on this study for these 

elements. The rating is then extended to the entire study. 

It is important in the interests of accuracy that the elements 

compared contain the same work requirements. End points, 

method, and actual work requirements enter into the accuracy 

of the technique. The assumption that the entire study should 
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be graded alike is necessary also. 

RATING 'lliE STODY VERSUS ELEMENTAL RATING 
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There is some difference of opinion whether to rate 

the study as a whole, to rate the elements, or to rate the 

individual reading. When elemental times are as short as 0.05 

minutes, it is virtually impossible for the time study man to 

exercise a careful judgment for a succession of such elements. 

As the elemental times increase in length, the time available 

to the time study man to observe and record his readings will 

permit this detailed analysis to be carried out. In many cases 

an operator may be called upon to perform a cycle in which 

there are certain elements which are new to him while other 

elements have been performed often. These familiar elements 

are performed proportionately faster than the new elements in 

the cycle, After observing the operator for several cycles, 

and throughout the study, it is quite obvious to the observer 

that this difference exists. As a result, he assesses the 

performance of the elements separately. When such a situation 

pertains, it is possible and desirable to follow such a pro­

cedure. In short cycle operations consisting of only a few 

elements, all of which are familiar to the operator, it is 

usually satisfactory to assign one rating to the entire study, 

WHEN MUST 'IHE TIME STODY BE RATED 

The whole purpose of rating is defeated when a time 

study man works backward from a pre-conceived notion of the 

proper standard to the actual time used to do the work, in 



order to get a factor which will give him the desired answer. 

The answer is honestly found when the performance is assessed 

in terms of clearly defined standards of performance and the 

correction applied to the actual time observed. Obviously, 

the performance cycles to be rated are those which produce the 

readings which comprise the study. Therefore, the rating must 

be done simultaneously with the observation of the elemental 

times. 
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Some factories require that the foreman of the de­

partment check the performance at the time of the study and 

that agreement, or lack of it, on the level of the observed 

performance be noted on the time study. Any difference between 

the time study man and the foreman must be resolved at once 

or appealed for decision to a higher authority. The matter of 

foreman approval may extend considerably beyond performance 

rating and be required for method, quality of finished pieces, 

and other standards. In view of the fact that rating an 

operator requires a highly skilled and trained observer, it 

is to be doubted under most circumstances that it is wise to 

require a check rating by a foreman. In those cases where 

foremen are well trained in rating procedure, there is a 

probability that such a procedure of check rating will bring 

beneficial results. For other factors effecting the study, 

such as method, count, and quality output, the foreman's 

approval is undoubtedly a wise procedure. This is particularly 

true when it is realized that it is the foreman who must 



administ.er the rate structure and must, for that reason, have 

confidence in the rates before they are put into effect. 

Certainly there can be no argument that if' the time 

study is to be in fact what it pretends to be, then the rating 

must be done as a separate act, independent of' the final 

answer or any bias that it may invite. The actual leveling 

must be in terms of' some independent standard, uniform for all 

of' the organization. 

SUMMARY 

The subject matter of the previous pages has been 

set forth to highlight the manner and extent to which sub­

jective judgment plays a part in the stop watch time study 

technique. Although there has been valuable work done on the 

techniques of' taking the study, there is still no known method 

by which subjective judgment inherent in the rating procedure 

can be eliminated from the study. Herein lies what, in the 

writers opinion, constitutes the major drawback to setting of 

production standards by the stop watch technique. 
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CHAPTER THREE 

WORK-FAC'IDR PREDETERMINED TIME STANDARDS 

HIS'IORY OF DEVELOR!:ENT 

The original work which formed the basis of the 

predetermined elemental time standard system now known as 

Work-Factor was begun in the mid '.30's in Philadelphia, 

Pennsylvania, The accumulation of basic data was performed 

by a staff which varied from 12 to 25 engineers and whose work 

covered a span of approximately three years. The original 

work was under the direction of Joseph H. ~uick now President 

.3.3 

of the National Company of Malden, i!assachusetts, Quick's 

original work was assisted by William J. Shea :now Vice-President 

of H, H. Brown Shoe Company and later developments of the 

system were participated in by Robert E. Koehler now Plant 

Manager of the Capehart Farnsworth Corp, Following the 

original accumulation of data, the first actual shop appli­

cations were made at the RCA Victor Plant in Camden, New 

Jersey in 19.38. From this date until approximately 1945 

nearly 220 engineers were trained to use the Work-Factor 

system for setting production standards, These standards were 

set in machine shops, assembly plants, wood mills, plastic 

plants, maintenance shops and various specialty plants of the 

RCA Victor Manufacturing Company where approximately 10,000 

persons were employed, The factory employees were members of 

a National Union, Production quantities ranged from extremely 



34 

short order work (1 to 10 pieces) to mass production quantities. 

Both incentive and measured day work plans were in use. During 

the seven year period of shop application, studies were made 

to correct the data as problems became apparent through usage. 

During this period of time also there was some expansion and 

refinement of the tables of moving times and development of 

more elaborate rules of procedure. The time values were first 

published in McGraw-Hill's "Factory Management and Maintenance 

Magazine" in 1945. Since that time there have been few changes 

or additions to the basic tables, but there has been a con-

tinual trend toward further standardization in the rules and 

procedures for using them. 

PHILOSOPHY OF THE WORK-FACTOR SYSTEM 

The primary purpose of a predetermined elemental 

time system is to provide the user with a practical technique 

by means of which all manual work can be measured correctly 

and with a minimum of judgment. The Work-Factor system has 

accomplished this aim through the following process: 14 

1. A set of fundamental data was accumulated. 
The original data were made sufficiently 
fundamental that, so far as is known, any 
work situation can be analyzed and classified 
in terms of these underlying factors which 
create time variations in the work motion. 

2. A table of motion time values was established. 
The table was organized from the original 
basic data and arranged so that time values 
for motions effected by any combination 
of these underlying factors can be con­
veniently and accurately selected. (In 
illustration of its fundamental nature, 



it may be of interest to note that 
430 motion time values are so arranged 
that the table provides times for more 
than 4000 different individual body 
member motions). 

3. Extensive applications and tests were 
conducted. No time value in the 
original research data or in the tables 
was considered correct until usage in 
the factory and office confirmed it. 
No Work-Factor value has been considered 
satisfactory until its accuracy has been 
verified by use and until there has been 
sufficient use to engender de5criptive 
rules and definitions so that it can be 
used consistently. 

4. A set of rules, definitions, and procedures 
was prepared. These rules relate to 
variables which can be easily and accurately 
measured such as the body member used, 
the dimensions of the work place, and the 
weights and dimensions of the parts in­
volved. Since these are not controversial 
in nature, the analyst has sufficient in­
formation available so that judgment, for 
the most part, can be eliminated as analyses 
are made. 

5. Adaptations of the basic method were 
developed to cope with the practical aspects 
of predetermined elemental times for actual 
shop use. For work requiring minute and de­
tailed measurement, time values are in small 
units of time. For rapid and less precise 
measurement, time values are in large units 
of time. In setting up the Work-Factor 
system as outlined in the 5 steps above, it 
has been the deliberate attempt of its 
developers, that through careful expounding 
of the principals of work time relation­
ships, the prospective user, if thoroughly 
trained, can be equipped to measure all 
work situations with a high degree of accuracy. 

The previous pages which were devoted to a dis­

cussion of stop watch time study procedures were presented in 

such a fashion to acquaint the reader with the general pro­

cedures of stop watch time study techniques but were by no 

means meant to be complete in and of themselves, The following 
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pages will be dedicated to a presentation of the Work-Factor 

system of predetermined times in similiar detail so that the 

reader of this paper will have a sufficient knowledge of the 

manner of application of Work-Factor principles so that he 

may understand the differences between stop watch time study 

techniques and predetermined time study techniques. 

One of the exhibits which will be included with 

this paper will be the Work-Factor Motion Time Tables which 

supply values for measuring the time required to perform the 
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various movements and mental processes used by people in the 

performance of work. The tables alone, however, are inadequate 

for use unless the engineer is thoroughly acquainted with the 

rules and procedures of their application. The purpose of 

these rules and ~ocedures is to enable the user to maintain 

accuracy both within his own sphere of applications and in 

relation to the applications made by other Work-Factor users. 

The pages following will provide a fairly complete insight 

into the essentials of the Work-Factor system. However, 

complete instructions and rules of application are found only 

in the Work-Factor text.15 It is believed that study of this 

presentation will enable the analyst to understand the prin­

cipals of predetermined elemental time systems and the Work­

Factor system in particular but under no circumstances is it 

to be considered that the treatment will be so complete that 

a reader of this paper may apply the principals of Work-Factor 



el~mental times to any particular work situation. A sound 

system of predetermined elemental motion times will benefit 

any organization if it is intelligently applied. It will, 

however, cause confusion or even serious harm if lightly or 

casually applied. Like other advanced tools or techniques 

it must be thoroughly understood to be effective. In order 

to understand completely the method of application of the 

Work-Factor predetermined times system it is necessary that 
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an analyst be trained thoroughly in the fundamentals of the 

system and it is further necessary that the analyst be 

thoroughly trained in methods and time study work under actual 

factory or office operating conditions. For that reason it is 

not intended that the material presented here be used by an 

inexperienced analyst in an attempt to analyze work situations. 

PURPOSE OF TIIE WORK-FACIDR SYSTEM 

The Work-Factor system is based upon the premise that 

the time required for identical motions should be the same 

regardless of date, operator, or location. Therefore, the 

system approaches the field of work measurement by analyzing 

all work in terms of separate and distinct motions. These 

elemental motions are assigned time valuas according to de­

finite rules. The sum of the times required to perform each 

elemental motion equals the time required to perform the whole 

job. Thus, it is the job that is studied and not the operator. 

GENERAL DEFINITIONS 

In order that understanding of the following pages 
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of discussion may be easier, it is advisable that certain 

terms used in connection with the Work-Factor system be defined: 

1. Sale ct Time - Sale ct time is the time required· 

for an average, experienced operator, working with good skill 

and good effort and under standard working conditions, com­

mensurate with good health, physical and mental well baing to 

perform an operation on one unit. Select time includes no 

allowances for fatigue, delays, or incentive payment. The 

Work-Factor Moving Time Table provides values in terms of 

select time. 

2. Work-Factor Analysis - The Work-Factor Analysis 

is the written record of a detailed analysis of each motion 

for each body member involved in the performance of a given 

task. The description of each motion involved in an operation, 

written in accordance with standard Work-Factor shorthand 

notations, and analyzed in accordance with applicable Work­

Factor rules, may be translated into an elemental time by 

reference to the Work-Factor Moving Time Table. The Work-

Factor analysis accomplishes the four steps of the stop watch 

time study procedure in one step. More completely stated, 

making a Work-Factor analysis requires recording of complete 

information concerning the operation, the analysis itself con­

stitutes a minute elemental breakdown of the operation, elemental 

times (which are the summation of times associated with each 

motion analyzed) are a by-product of the elemental breakdown, 

and since the operation, not the operator, is studied it is not 



necessary for the analyst to rate operator performance. 

3. Basic Motion - The Basic Motion is defined as 

that motion whose performance involves the least amount of 

difficulty for any given body member for any stated motion 

distance, and consequently results in the least amount of time 

which can be assigned to that body member for a move of a 

stated distance. From the Work-Factor Moving Time Table we 

can pick, as an example five different values for an arm 

motion of 10 11 
- the values are .0042 min., .0061 min., .0078 

• min., .0093 min., .0107 min. The basic motion value for this 

body member (Arm), for this distance (10 11
) is .0042 min., be-

cause it represents the most uncomplicated motion possible for 

this body member over this distance. The remaining times which 

have been chosen represent time values for Arm motions of 10 11 

distance which are more difficult than the Basic Motion and, 

therefore, require more time to perform. 

4. Work-Factor - The Work-Factor is a unit for the 

measurement of additional time, over and above basic, when 

motions are performed involving the variables of Manual Control 

and Weight or Resistance to movement. The values for 10 11 

Arm motions, cited in section 3 above, of .0061 min., .0078 

min., .0093 min., and .0107 min., take more time than the 

basic value because they represent motions which require 1 WF 

(standard abbreviation for Work-Factor), 2 WF 1 s, 3iVF 1 s, or 

4 WF 1 s.in order to reflect the effect of Manual Control, or 

Wetght, or Resistance to movement involved in a motion as 
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analyzed. 

5. Standard Element - This term is applied to the 

basic divisions of work involved in all manual work. These 

basic divisions of work are identified in the Work-Factor 

system as Transport, Grasp, Preposition, Assemble, Dis­

assemble, Use, Release, and Mental Process. 

FUNDAMENTALS OF TilE WORK-FACIDR SYSTI'lll 

The training of a competent Work-Factor analyst 

involves approximately 120 hours of classroom instruction 

followed by several months of on-the-job training in actual 

applications of the system. A full understanding of the 

principles of the system will, obviously, not be possible as 

a result of studying this pape~, nor is such understanding 

necessary to the accomplishment of the objectives of this 

paper. The amount of understanding necessary, however, can­

not be reached without a study of at least the fundamentals 
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of the system, and will be enhanced by a practical illustration 

of an analysis. The purpose of the following pages, there 

fore will be to lay the necessary groundwork for this under­

standing by discussion of fundamentals and a detailed dis­

cussion of a typical Work-Factor analysis. 

THE FOUR MAJOR VARIABLES 

The very basis of the Work-Factor system rests upon 

a consideration of the four major variables which determine 

the time to perform manual motions. These variables are de­

fined as: 



1. The body member involved in making the motion. 

2. The distance which the body member moves. 

3. The degree of manual control required by the 

motion. 

4. Weight involved, or resistance to be overcome, 

in the motion. 

Each of these variables will be discussed in sufficient 

detail to acquire a basic knowledge of the system. 

BODY MEMBER 

The Work-Factor system recognizes that the body 

member which makes a motion has an effect on time by pro-

viding six separate tables of values in the Moving Time Table 

for the following body members: 

TABLE III 
Basic 4" motion 

Bod;y Member Abbreviation or basic 180°FS 

1. Finger of Hand F or H F4 or H4= .0023 min. 
2. Arm A A4 = .0026 min. 
3. Forearm Swivel FS FS 180° = .0031 min. 
4. Trunk T T4 = .0038 min. 
.5. Foot FT FT4 = .0029 min. 
6. Leg L L4 = .0030 min. 

An exan ination of the Moving Time Table yields the values 

found in column 3 above for the condition specified, and 

sufficiently illustrates that time to perform a motion is 

dependent on the body member involved, 

The Work-Factor analyst determines the body member 

used by observation alone. Combinations of body members in­

volved in completing a manual motion (ie, arm motion to reach 

to an object 40" away will involve both an ann and a trunk 
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movement) are analyzed in accordance with specified rules 

which do not permit margin for error. 

DISTANC3 MOVED 

It is axiomatic that the distance a body member 

moves will have an effect upon the time to make the move. Re­

ference again to the Arm section of the Moving Time Table will 

illustrate the degree of effect caused by distance moved. Ann 

motions of 1" to 20" in 1" increments, 22" to 30" in 2 11 in­

crements, and 35" to 40" in 5" increments, show a spread of 

times of .0018 min. (Al basic) to .0081 min. (A40 basic) -

the 40 11 basic arm motion takes somewhat more than four times 

as long to accomplish as does a 1 11 basic arm motion. Similar 

relationships will be found in the other body member tables 

and will hold true whether motions are basic, lWF motions, 

2 WF motions, etc. 

The Work-Factor analyst determines the distance the 

body member moves by actual measurement with a scale, snd per­

forms his measurements in accordance with prescribed rigid 

rules which eliminate chance of error in any analysis. 

MANUAL OONTROL 

Manual control is the most complex of the variables 

influencing the time to perform manual motions. The Work­

Factor has been set up as a means of recognizing, identifying, 

and compensating for the several types, or combinations of 

types, and degrees of control. The manual control Work­

Factors, with a brief definition of each, are listed below: 
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1. Definite Stop - D - manual control required to 

terminate a motion at the will of the operator. A tossing 

action, where the hand does not actually come to a stop, would 

be a basic motion whereas a move to place an object on a desk 

top (unless the object were slammed against the top) would 

require a D WF, since the motion terminates in such a manner 

as to require operator control. 

2. Directional Control - S - manual control re­

quired to direct a motion through a limited clearance or to­

ward a small target area. As requirements of precision on 

the termination of a motion are progressively increased, a 

point is reached at which the operator must slow the motion 

down even further than would be the case if a D WF had already 

been applied - in such a case both the D and S WF 1 s would be 

applied to the motion, and the motion would consequently be­

come a 2 WF motion. 

3. Care - P - manual control required to prevent 

damage to a part or injury to an operator, or to maintain a 

specific motion path. Moving a full cup of coffee is an ex­

ample of a P WF motion for the motion must be slowed down 

both to prevent spilling the coffee and burning the fingers as 

a result of the spilling. 

4. Change of Direction - U - the motion path of 

normal arm movements is slightly curved, as illustrated be­

low: 
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FIGURE I 

B 

D 

c.. 
AC-straight line distance between 

points - 20 11 
two 

ABD - slightly curved motion path of 
normal arm movement - 22" 

For normal movements as illustrated above, WF procedure pro-

vides for measuring the straight line distance between the 

starting and stopping points of the movements and does not 

require application of the U WF. However, as the motion 

path becomes progressively more curved, a point is reached 

where the motion must be slowed down in order to compensate 

the operator for the control required to establish and main­

tain the curved path. Specific, well defined, rules limit 

and define the application of the U WF. 

WEIGHT OR RESISTANCE 

The effect of weight or resistance on the time to 

make a motion is treated as one and the same thing in the 

Work-Factor System. The symbol for this WF is w. Again it 

is axiomatic that manual motions will be slowed down by the 

effect of carrying weight or overcoming resistance. In 

accordance with well defined rules, the W WF may be applied 

to reflect the amount a motion is slowed in order to over-

come the effect of weight or resistance. 

STANDARD ELE2i\EN TS 

The Work-Factor System breaks all manual work down 

into standard elements of work which are listed below with 
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brief definitions: 

1. T.r>ansport - This element is the connecting link 

between the other standard elements. In 1he act of picking 
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up a part there must be a transport which carries the hand to 

the part and a transport which carries the part to the work 

area after it has been grasped by the fingers. A transport 

motion, the primary objective of which is to relocate the body 

member is referred to as a Reach (R), while a transport 

motion, the primary objective of which is to relocate a part, 

is referred to as a Move (M). Not only does the transport 

serve as the connecting link between the standard elements 

of work, but actually the standard elements themselves are 

composed of various combinations of transport motions to 

which any or all of the various Work-Factors may be applied 

in accordance with rigid and well defined rules. 

2. Grasp - GR - Grasp is the act of obtaining 

manual control of an object or objects. The Standard Element 

of Grasp begins after a transport motion which has brought 

the hand and fingers to a position where grasping motion may 

begin and ends only after manual control of the object or 

objects to be grasped has been established so that another 

standard element may begin. 

3. Preposition - PP - Preposition is the act of 

turning or orienting an object so that it will be in a usable 

position. Preposition begins immediately after a Standard 

El~ment of Grasp or visual inspection and terminates when the 



object has been so turned or oriented that it is in the re­

quired usable position. 

4. Assemble - ASY - Assembly is the act of joining 

objects together. It begins after a move which brings the 

plug to the target (or vice versa) and ends when the objects 

are so joined together that they can be released or another 

standard element can begin. 

5. Disassemble - DSY - Disassembly is the act of 

disjoining objects and is the opposite of the Standard Element 

of Assemble. 
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6. Use - US - The Standard Element of Use may in­

volve motions which can be analyzed in terms of moving distance 

and Work-Factors, or motions which are controlled by machine 

time, or machine time which does not involve body member 

motions. In either of the second two cases just enumerated, 

the time involved in this standard element must be either 

calculated from mathematical formulae or timed using a stop 

watch or other suitable timing mechanism. 

7. Release - RL- Release is the act of manipulating 

a body member so that it can move away from an object or the 

object can move away from the body member. More simply, Re­

lease is the act of losing manual control of an object and 

is the direct opposite of the Standard Element of Grasp. 

8. Mental Process - MENTO - Mental Process includes 

all time intervals which depend entirely or partially upon 

~ental reactions or nerve impulses. The most common mental 



pro9esses in industrial operations are visual reception, audio 

reception, making choices and decisions, and calculations. 

'IRE SIMPLE TIME STUDY 

With a knowledge of the Standard Elements of Work 

so fa.r discussed, it is possible to establish Select Time 
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for simple operations. Such simple operations are those in­

volving one hand, or two hands without the simultaneous 

occurrence of complex Grasps or Assemblies. Most simple time 

studies do not require a complete Right and Left hand analysis. 

The simple time study should contain: 

1. An accurate identification of the operation; 

part number, operation number, operation description, type of 

tools, and machines involved, machine speeds, department, date 

analyzed, and analyst's name. 

2. A precise description of each motion (or Standard 

Element). 

3. Listing of the Work-Factor Motion Analysis for 

each motion. 

4. Recording of the Work-Factor Time Units for each 

motion. 

5. Total Select Time. 

6. Conversion of the Select Time into Standard Time, 

pieces per hour, dollars per thousand, or other units, depend­

ing upon company practice. 

It is very important that the description of each 

motion be written clearly so that no doubt can exist as to the 



exact nature and function of the motion, The following rules 

illustrate this principle: 

1. Each transport motion should be identified as a 

"Reach" or "Move", 

2. The exact destination of each Transport should 

be specified, 

For example: 

Reach to screw driver on bench (10 11
) 

Reach to screws in bin (6") 

Reach to starting switch (12") 

Move screw driver to screw (10") 

Move nut to bolt (4") 

Move bracket to slot in housing (5") 

J, The object being moved should always be specified. 

4. When a Right and Left Hand Chart is not used but 

both hands are involved in an operation, the hand which makes 

each motion is indicated using the abbreviations RH (Right 

Hand), LH (Left Hand), BH (Both Hands), 

For example: 

Reach to bolt on bench (10") - LH 

GR Bolt - LH 

Move Bolt to RH ( 6") 

Give Bolt to RH 

Move Bolt to Shelf (16") 

-LH 

~ BH 

- RH 

5. Weights requiring Work-Factors, Target and Plug 

diameters, ate., should be indicated in such a manner that 
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it is possible to understand the reasons for the particular 

motion analysis. 

For example: 

Move casting to bench (weight 15 pounds) 

Move spring to catch pin (Resistance 5 pounds) 

Tighten nut (Torque 10 11/pounds) 

Align pin (3/8") to hole (1/2") in case 

Move oil pan to shelf (full to 111 from top). 

A simple time study, describing the tightening of 
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a "5/8 11 Hex. Nut With Open End Wrench", with full explanation 

of the elements of the Work-Factor analysis, is set forth in 

Figures II and III following. In order that the reader may 

be able to understand the immediately following analysis, as 

well as others later in this paper, a few comments explaining 

Work-Factor shorthand notations are in order at this point. 

Briefly, Work-Factor shorthand notations are always written 

in the sequence of body member, distance moved, Work-Factors 

for Weight or Resistance, Work-Factors for Manual Control. 

Reference to the several pages preceding will refresh the 

reader's mind as to accepted abbreviations for body members 

recognized and Work-Factors used. The following examples 

should serve to clarify such notations: 

1. Al2D - Arm (A) motion over a distance of 1211 

with Definite Stop Work-Factor (D). 

2. Fl - Finger (F) motion over a distance of 1 11 

with no Work-Factors (Basic motion). 



3. VA12SD - Arm (A) motion over an average (V) 

distance of 12" with Steering (S) and Definite Stop (D) 

Work-Factors. 

4. Vl/4AlS - Average (V) of 1/4 Arm (A) motion 

over a distance of 1 11 with Steering (S) Work-Factor (AlS 

motions are referred to as "aligning motions" which are 

required in the Standard Element of Assembly. The number 

of such motions required will depend upon the relation­

ship between plug and target dimensions). 

.so 
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CONI'UY 

ZERO 

'

Section • .,.,Part lo. j s:~'J Oper. lo. 

56 J Y99-9 144 Housing Assembly 

op!ration ··- ' Oescription 
Tighten S/8 Inch Hex Nut 'With Open End Ire ncb (Nut previously' hand tigtltened) 

10. ELEMEITAL DESCRI~TIOM ANALYSIS Select Ti•IIO. 

-~~-t~ -L~ ll 16 2. 
~f---J.I wrench to nut on housing - ------------ --- RH - -ill~ --&S- -t 3~ 

4. Asy wrench ~o ;ut _ - S/6 11 nut, 11/16_"_ wr~~;-;;p~ Cpen~ge_t_____ ---- - _ ____ L-~-- L= 
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hh R to wrench on bench top ~ 
2. Gr wrench RH 

6. - - ---- 4• GIJ ~$( Vl/4AlS) 1 1 6. 
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s.~- ----· ? - --- - =-~--Ind- -- - ----· A2S-SO% t lS 8. 

'j. _____ __ __ _ ______ _ _ 1:_~ - _ _ ---f-.- Al 18 '}. 

~
0 ~-· ~ench to tighten _n_21!_l_l~resistance at end of _ _!.igh_t_eni~ove)__ _ ~H _ ---1- _ A3YIW _ . 4l=ttt' 10 

Relax pressure on handle !ttl 1/2.U\\ 13 11 
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12 ilsy WI'e_n_ch_ from nut_______ ____ _ ___ __ _ _ ___ __ _ _ ___ rtH___ _ _ A.l 18 12 

13 14 wrench ba~_for re-asy _ ___ _ _____________ --~l!___ _ ~)'>~ _ __hl_ L!lJ 
14 Asy wrench and___!:_ignten again _ ___ ___ _ ___ _!H _ _ _ L tn~ _ 111 14 

15 Apply pres~ure to final ~ightenj_1S# ~~~sur_=l_ ____ _ ______ !tH _ 1--- -~~ ~- ____!,~()___--+ 15 

16 Relax pressure _ __ _ -~1:1_____ _ l/2A1V. _j__ 13 I 16 

17 Day wrench and move to bench top RH Al21·~-65 17 
18 lU wrench _ __ _ ___ nrl 1/Ul _ 8 16 

Total -----+--- ___ __ 

--=t-- w 

~-- ------- - - I t - ---H 
--~- --- L =tj 

-·-- I ---I - = 
lllolti,l ier I TOTAL S.lec:t Ti• flu 

Ulorh- factor EJIQII£0 [DATE COMPA.VY 

Figure II 
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Explanatory Notes on timestudy for operation of tightening nut: 

!Element No. Explanation 

1 
2 
3 

Definite Stop motion according to Rule 4. 5 
Wrap around grasp. Rule 5. 7 
SD Work-Factors apply to all Moves which pre­

cede alignments. Rule 4. 14 and 7. 0 
4 Wrench is open target of 11 I 16" diameter, plug 

is 51 8". diameter. This is a PlugiTaraet 
ratio of >. 90 which is 1 I 4 alignment from 
the table. Rule 7. 8 

6 
7 
8 

9 
10 

11 

12 

13 
15 

16 
17 

18 

Wrench presents 4" Gripping Distance. Rule 7.14 
Rule 7.19 for Upright on all Ratios over . 90. 
According to Rule 7. 24 Indexing is required SOft. 

This is a 2" arm motion by Rule 7. 27 
Rule 7. 29 Insert of less than 1 ". 
Resistance of 10 pounds at end of motion, there­

fore 2 W Work-Factors. Rule 4. 33 
Necessary to relax pressure before wrench can 

be slid off nut. Rule 9. 3 
Basic motion, necessary only to clear nut, Exact 

distance and point where motion stops is not 
important. 

Same Rule as Element #3. 
There is no actual movement here, but applica­

tion of additional pressure is required to 
" seat nut. Resistance is 15 pounds, which i8 

3 W Wovk-Factors. Rule 4. 33 
Same as Note on Element flO 
Wrench is placed on bench in position for easy 

Grasp in next cycle. Therefore, Definite 
Stop. 

Fingers can move away as soon as partially un­
wrapped, therefore 1 I2F 1. Rule 10.'2. 

The above explanation is included here to show how the rule• 
are applied. Generally it is not necessary to write out such a 
description for ordinary timestudies. However, if a study 
requires explanation or has certain elements which could be 
misinterpreted at a later date, it is essential that such inforJD&• 
tion be written on the reverse side of the study sheet or that 
it be stapled to it. 

Figure III 



CHAPTER FOUR 

CONCEPTS AND ADVANTAGES OF WORK-FACIDR STANDARD DATA 

• 
BROAD CONCEPTS 

The practical aspects of work measurement are such 

that the industrial engineer must set his labor standards 

promptly, accurately and inexpensively. To do this requires 

that his measurement technique be suitable for the work he 

measures. 
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In actual Work-Factor installations the majority of 

the time values used in establishing rates for labor measure­

ment, estimating costs, method studies and the like are 

developed specifically for the class of work involved. These 

individual time values which are obtained from Work-Factor 

analyses are called Work-Factor Standard Data. As discussed 

previously, USE time values for machine or process elements, 

where not controlled by the rapidity of the worker's motions, 

must be obtained by mathematical calculation, through the use 

of mathematical formulae, from previously established standards, 

or by some suitable timing device such as the stop watch. 

For purposes of this discussion it is important that 

the reader distinguish between the term time value and time unit. 

The Work-Factor time unit is .0001 minutes. However, time 

value as used in the discussion of standard data refers to the 

tabular time values which are set up in a data system accord­

ing to the work elements which have been determined to be fixed 



and interchangeable for the specific class of work to which 

the standards apply. 
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In general, the larger the time values which can be 

used in the final standard data the greater the extent of the 

benefits of the standard program. For example, if the average 

work cycle is one hour per piece and the average time value com­

promising the standard data is five minutes then the average 

number of values which must be selected from the data to set 

each production rate will be one hour divided by five minutes 

or twelve values. If, however, the average time value com­

promising the standard data is one half minute, then the 

average number of values which must be selected from the data 

to set each production rate will be one hour divided by a half 

minute of 120 values. In the second situation, the engineering 

and clerical rate setting procedure is about 10 times more 

voluminous than in the first situation. This results in 

costlier work measurement effort, greater likelihood of error 

in applying the standards, and obviously reduced consistency 

because there must be a selection of 120 values instead of 

only 12. 

Examples of the use of time values of appropriate 

magnitudes is illustrated in the following two typical opera­

tions involving notching a corner from a small sheet of metal. 

In the first example, the operation is set up for a large 

quantity production. The metal plate to be notched is 211 by 

2 11 by .o5" in size. Refer to Figure IV for a list of the 



elements of work and their corresponding time values which 

would be involved for large ·quantity production in a typical 

press shop. The elements of work involved and the correspond-

ing time values for the same part being made in a short order 

shop, producing quantities from approximately one to ten are 

shown in Figure V. Obviously entirely different methods and 

tooling would be used in each case. The total times for the 

two operations and a summary of the number of time values used 

from standard data is as follows: 

TABLE IV 

Press Operation Press Operation 
for Large Quantity Minimum Quantity 
Production Production 

Total time for complete 
operation (one piece) .0259 minutes 15.50 minutes 

Number of time values used 
from standard data 5 6 

Average magnitude of values .0052 minutes 2.58 minutes 

From the above it is evident that once the standard 

data are compiled and tabulated the engineering effort to es­

tablish the production rate is quite small for both situations 

and is approximately the same for establishing the production 

rate for minimum quantity item as for the large quantity item. 
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This is true even though the overall operation cycle time for 

the minimum quantity item is about 600 times greater. By estab­

lishing the magnitude of the time values to accommodate the work 

to be measured, the standard data system resolves the specific 

problems of measurement losing little accuracy, yet maintaining 



Punch Press Operation - Notch Plate (2 11 x 2 11 x ,05") 

(Taken From Standard Data) 

- Large Quantity Productio~ --1 
Rate I 

---- --- --;---------T-----~--ro~ -~-~-~------~-~ i=' ~---------T- -
r Elem :Data 
- No. [Ref. _ 
' - I 

,. -·-'=:c.::.:t==:~_:-:c·- + 

l, H-0 
-------;--· 

a. H-1 

b. H-10 

c. H-ll 
------

d. H-20 ---
e, 

-------

2. 

a, 

b, 

c. 
i 
I d. 

r-~-

H-2 

o .. o 
0-2 

.0-6 

0-M 

0-21 

Description of work elements 

Hand ling Time 

Get hand full of pieces from tote box to 
. ··- --- -- -- -

Pick up piece from bolster (simo with 0-2) 

Preposition piece for tweezers (l Hand) 

Place piece in tweezers 

Change tote box 

Operating Time 

Place piece on die (nest-tweezers)withdraw 

Trip press to notch (,008- simo) 

Machine time (300 R.P.M. - ,0033 - simo) 

Remove piece from die (air) 

Total Se1e ct Time 

'Cycle - No. Unit ' 
'Time Pos. Select . 
: Time 

- ----j ------------------~ 

--- t 
.080 30 ,0026 

---- -····- --------- -·----

.0030 
------ ---- --··--

,0058 

.400 2000 ,0002 

j-· 

.0143 

1 .0259 

Figure IV-Punch Press Operation - Notching Plate 211 x 211 x ,05" - Large Quantity 
Production 
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Arbor Press Operation - Notch Plate (2" x 2" x .05") - Small Quantity (1-10) 

Elem. Data 
No. Ref. 

- ·-- --· . 

1. C-0 

a. C-1 

b. C-10 

2. S-0 

__ a~ .... __ S-7a 

b. s.~l 
-1 

3. 0-0 

a. 0-30 

b. 0-1 

Production Rate 
(Taken from Standard Data) 

Description of Work Elements 

Clerical and blueprint time 

Regeiv~ instructions - job card - punch in 
an ou 

Study print - determine process 

Setup time 

Get and return tools for setup 

Set guides-notch samples-cheCk dimensions 

Operating time 

Notch 1 corner 

Inspect and check with scale 

Total Select Time 

Cycle 
Time 

5.00 

4.50 

9.00 

n.oo 

No. 
Pos. 

2 

2 

2 

2 

1 

1 

1 

Unit 
Select 

Time. --c-• 

2.50 

2.25 

4.50 

5.50 

• 25 

.50 
15.50 

Figure V-Arbor Press Operation - Notching Plate 2 11 x 211 x .05" - Splall quantity 
production 

IJ1. 
-.1 
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low work measurement administrative cost. 

With proper organization of data, the industrial 

engineer can often set 40 to 50 production rates daily. In 

many cases, these are established in advance of production using 

only blueprints and manufacturing process information. 

Work-Factor Standard Data are normally prepared for 

all types of work performed on a repetitive basis such as punch 

press, machine shop, foundry, mechanical assembly, finishing 

operations, and filing papers. Where the nature of the work 

is such that the elements of standard data would not be used 

repetitively, measurement rates may be established directly 

by detailed Work-Factor analysis. 

It has been found that, of the several techniques 

for establishing specific rates for labor measurement, standard 

data is the most practical for approximately 90% of the measure­

ment situations encountered in general industrial and office 

work. This percentage is based on the experiences of a number 

of qualified industrial engineers employed in a number of 

different industries as well as on the experiences of the 

author. 

DEFINITION OF WORK-FACTOR STANDARD DATA 

The term Standard Data as used in the Work-Factor 

system is a compilation of the elements that are used for per­

forming a given class of work together with the Work-Factor 

select times for each element. These are developed and filed 

in such a manner that they may be readily used for determining 



standard times for work within the class for which they were 

developed without making actual time studies or detailed Work­

Factor analyses. The scale of magnitude for the time values 

used may vary from extremely small values to very large values 

depending upon the purpose for which the set of data is 

developed, the characteristics of the work involved and the 

degree of accuracy and consistency desired in the resulting 

time standards, 

Standard data are classified as either general, 

standard data or specific standard data. 

The term general standard data refers to groups of 

time values which have been developed for relatively small 

elements of work which usually are not sub-divided and which 

in most cases, are not limited to particular types or classes 

of work. These may be likened to the individual bricks, 

boards, and nails which may be combined in various combina­

tions to construct an unlimited number of items such as a 

door, a fence, or a house, 
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The term specific standard data refers to groups of 

time values which have been developed for larger units of work 

of specific types. These normally consist of various com­

binations of the smaller elements classified as general stand­

ard data and may be likened to the chimney or doors of a house, 

For example: The operation of picking up a screw driver from 

a work bench is a repetitive element of work. A specific 

~tandard time can be readily determined for this work by list-
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ing the Standard Elements involved and applying the corres-

ponding time values from the moving Time Table. 

TABLE V 

Time In 
Motion Work-Factor 

Description of Motion Analysis Units 

Reach for screw driver Al2D 65 units 

Grasp screw driver l/2Fl 8 

Al2SD ~ units 
Move screw driver to screw 

Total 

In the above example, the time values for the 

Type of 
Standard 

Data 

General 

General 

General 

Specific 

elements Reach, Grasp and Move are general standards. The time 

for the entire operation (158 Work-Factor units of .0158 

minutes) is, however, a specific standard since it applies only 

to a specific element of work having certain characteristics. 

Persons who have had little or no experience with a 

system of elemental time standards often have the incorrect 

concept that a detailed analysis must be made for each standard 

time determined, This concept is incorrect since whenever a 

part of a job is correctly analyzed using the detailed techni-

que, the resulting time values may be employed over and over 

again for the identical work without the necessity of repeat­

ing the detailed analysis. 

ADVAN'rAGES OF WORK-FACTOR STANDARD DATA 

Predetermined motion times, in general, offer many 

unique advantages when compared to conventional stop watch time 

study practices. Such systems eliminate the inaccuracies of 
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timing and the variations of judgment which lead to rate in­

consistency in conventional time study, The engineer does not 

have to judge or guess the performance skill level of the opera­

tor when a time study is made using predetermined times, nor 

does he have to take into consideration whether or not the 

operator studied was a slow or fast worker. All that is re­

quired is the complete detail of the motions which must be 

made in order to accomplish the given task; as a result: 

1, Management is assured that rates are both accurate 

and fair; 

2. Workers are assured that all rates are established 

for the same level of performance and that one employer will 

not have to work harder to make his standard than will any 

other, 

There are numerous other advantages to be gained 

through the proper use of Work-Factor standard data, among 

the most important of which are the following: 

1. The elimination of the stop watch which promotes 

better labor relations and makes time study possible in plants 

where policy opposes the use of the watch; 

2. Increased accuracy which insures management that 

rates are as accurate, or more accurate, than any of their 

competitors; 

J, Motion economy which results in lower costs, 

Since the use of predetermined times demands the evaluation 

of every motion involved in the process. It is axiomatic that 



unnecessary and wasteful motions will be highlighted and as 

a result, the most economical work place setups will be 

oossible of design; 
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4, The ability to predetermine rates in advance of 

actual production which results in more accurate cost estimates. 

Where a company wishes to enter a field of manufacturing in 

which it has no previous cost standards to use as a guide, the 

ability to predetermine costs may well be the difference be­

tween success or failure; 

5. The opportunity to adjust rates for methods 

changes without restudy of. the entire operations which lessens 

the burden on the engineer and eliminates any question about 

the specific results of a methods change. In many instances, 

the effects of a methods change would be difficult to discover, 

and as difficult to substantiate were the stop watch the only 

method of measurement available. This is substantiated when 

we consider the inherent inaccuracies present with stop watch 

techniques where operator, skill and effort must be rated. 

These inaccuracies are admitted by even the most competent 

authorities to be of the order of+ or - 5%, even under ideal 

circumstances, It is quite common to find that a major por­

tion of methods changes encountered in typical assembly 

operations are smaller than the normal error inherent in the 

stop watch time study techniques thus making such changes 

difficult to spot, measure, or substantiate, 



6. Increased output from each time study engineer -

when standard data is used the work output of each engineer 
• is measurably increased. Standard data is particularly adapted 

to industries where operations of a similar nature are encount-

ered frequently so that data may be compiled in pre-rate form 

to cover the generally encountered variations in the standard 

operation. It is quite common in such circumstances for one 

time study engineer or technician, to set dozens of rates in 

the course of one eight hour day. It will be demonstrated also 

that the compilation of standard data using predetermined times 

can be completed more quickly and with greater breadth of 

coverage than by use of conventional stop watch methods; 

7. Accurate assembly line balance - when the assembly 

line technique is used it is axiomatic that the line will pro-

duce no more parts than can be processed through the position 

having the highest work load provided we assume that each 

station is only singly manned. It is economically mandatory 

therefore that the work load assigned to each station be as 

nearly equal as possible. Inequalities in work loading will 

result in lost time which may not be readily apparent since 

the line will accomodate itself to the most heavily loaded 

position. When the average time per position for an assembly 

line is on the order of a half minute or less, it is re-

latively more easy to achieve and maintain proper line balance 

with predetermined times than by stop watch since predetermined 

times are microscopic and stop watch data is comparatively 
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gross in nature. 

8, The repetitive use of proven time standards 

develops confidence in the rate structure resulting in a 

reduction of grievances; 

As the operator learns that the same proven times 

will always be allowed for the same element of work his con­

fidence in the time study system steadily increases. Although 

the operator, of course, maintains his right to question any 

rate, discussions normally pertain to whether or not the job 

is being performed as originally processed and rated, or if 

all necessary elements of work were considered. These questions 

do not usually involve judgment or the time standards them­

selves, but rather tangible items which can be readily checked, 

Rate questions in most cases can therefore be quickly re-

solved without the necessity of formal grievances. 

9. The standard data can be readily used in 

establishing standards for estimating costs and in sched­

uling and other control activities. 

The factor of time is so important in all activities 

that predetermined standard data can be used for many purposes 

in addition to establishing time study rates, They may be 

either used directly or as a basis for more simplified data 

such as standards for cost estimating. 

Correct predetermined time values are also of great 

value when used in conjunction with functions such as machine 

loading, production scheduling, plant layouts and facilities 

procurement. 

64 



10. Cost comparisons can be readily made for such 

purposes as design changes, methods improvement and the eval­

uation of savings resulting from employee suggestions. 

Progressive companies which are constantly search­

ing for cost reductions resulting from improvements in product 

design and production methods have constant need for correct 

and easily applied time standards to be used as a basis in 

cost studies and cost comparisons. Standard data fills this 

need exactly. The correct evaluation of savings resulting 

from employee's suggestions is, of course, necessary where­

ever such plans are in use. This is not always as easy a 

procedure as it might appear since the work involved may have 

been completed in production at the time the suggestion in­

vestigation is made or the improvement is such that it is very 

difficult to evaluate the savings by means of conventional 

stop watch time study. Use of standard data when available 

will provide the answer needed in most such cases. 

11. Greater attention is placed on good design, 

good tooling and good methods whenever a system of standard 

data is in operation. 

A good standard data program stimulates improve­

ments in product design, tooling and production methods. This 

results both from the detailed analysis and investigation which 

must be made during the period in which the original data is 

established and also from the great number of ways in which 

the resulting time data may be used in cost reduction programs. 
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DEFICIENCIES OF SroP WATCH TIME STUDY PROCEDURES 

Previously a study made by R, F. Hoxie entitled 

"Scientific Management and Labor" was referred to. More 

specifically mention was made of the 17 factors in time study 

practice which could be varied subject to human will - these 

17 factors as enumerated byMr, Hoxie, are listed below: 

1, The general attitude, ideals and purposes 
of the management and the consequent general 
instruction given to the time study man; 

2. The character, intelligence, training, and 
ideals of the time study man; 

3. The degree to which the job to be timed and 
all its appurtenances have been studied and 
standardized looking to uniform conditions 
in its performance for all the workers; 

4. The amount of change thus made from old 
methods and conditions of performance, e.g., 
the order of performance, the motions elimin­
ated, and the degree of habituation of the 
workers to the old and the new situation 
when the task is set; 

5. The mode of selection of the workers to be 
timed and their speed and skill relative to 
the other members of the group; 

6. The relative number of workers times and the 
number of readings considered sufficient to 
secure the result desired; 

7. The atmospheric conditions, time of day, 
time of year, the mental and physical con­
dition of the workers when timed, and the 
judgment exercised in reducing these matters 
to the "normal"; 

8. The character and amount of special in­
struction and special training given the 
selected workers before timing them; 

9. The instructions given to them by the time 
study man as to care and speed, etc., to be 
maintained during the timing process; 

10. The attitude of the time study man toward 
the workers being timed and the secret 
motives and aims of the workers themselves; 

11. The judgment of the time study man as to the 
p,ace maintained under timing relative to the 
'proper," "normal," or maximum speed which 
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. 12. 

13. 

15. 

16. 

should be demanded; 
The checks on the actual results used 
by the time study man in this connection; 
The method and mechanism used for ob­
serving and recording times and the degree 
of accuracy with which actual results are 
caught and put down; 
The judgment exercised by the time study 
man in respect to the retention or elimi­
nation of possibly inaccurate or "abnormally" 
high or low readings; 
The method used in summing up the elementary 
readings to r;et the ''necessary" elementary 
time; 
The method employed in determining how much 
should be added to the "necessary time" as 
a human allowance; and 
The method of determining the machine 
allowance. 

With the exception of factors 16 and 1l', which have 

not been considered in the discussion of either stop watch 

time study or predetermined time study practices in this 

paper, it is the experience of the writer that the balance 

of the factors still exist as serious drawbacks to stop watch 

time study practice. In order to combat the drawbacks re-

presented by these factors, industrial engineers have de-

veloped a reasonably uniform concept of normal pace; stop 

watch time study personnel have been trained to exercise 

proper judgment; and statistics have been used to validate 

the accuracy of stop watch time studies, etc. All of these 

have helped to build faith in stop watch time study as a 

recognized and accepted yardstick of measurement, The fact 

* The determination of such allowances is completely in­
dependent of the method used to establish the main cycle 
time. \Vhether the stop watch or predetermined times are 
used to establish the main cycle time, the establishment 
of allowances will be handled the same way for both systems, 
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still remains, however, that stop watch time study is a 

very rough measure which in no way compares 
16 

accuracy. 

to a vernier 

caliper or micrometer as to 

The first 15 factors cited by Hoxie can roughly 

be broken down into the following categories: 

1. Factors associated with the general attitudes 

of stop watch time study observers and of workers observed; 

2. Factors associated with the training of stop 

watch time study observers and of workers observed; 

3. Factors associated with job method and job 

training; 

4. Factors associated with the method of timing 

used by the observer; 

5. Factors associated with the problem faced by 

the observer in rating the performance of the operator 

observed. 

Of all of these drawbacks to time study practice, it is the 

experience of the writer that, to a greater or lesser degree 

in all cases, predetermined time systems, such as represented 

by the Work-Factor System, tend to eliminate such drawbacks 

from work measurement practices. The greatest advantages of 

predetermined time systems, and consequently the most serious 

drawbacks to stop watch time study practice, lie in the 

elimination of personal judgment on the part of the observer 

due to the necessity for performance rating, and the fact that 

proper analysis technique is a self-policing procedure for 

spotting and elilninating faulty methods. 
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CHAPTER FIVE 

BASIC CONCEPTS FOR A STANDARD DATA PROGRMl 

PLANNING 'IHE STANDARD DATA PROGRAM 

Since a standard data program is a vital and im­

portant part of all Nork-Factor installations, it is desira­

ble that it be well planned before analysis work actually 

begins. If car3fully worked out in advance, it is possible 

to develop more and better standard data within a given 

elapsed time and at a lower cost. The following simple 

general rules should be considered. 

1. Standard data should be established first for 

those operations in which the potential benefits are the 

greatest. 

2. All phases o1' the program should be scheduled 

in advance. Adequate time should be allowed for each phase 

to insure sun·icient attention to methods improvement and 

a high degree of accuracy and consistency in the resulting 

time values. 

3. The scope of each phase of the program should 

be established definitely. 

4. The industrial engineers assigned to the pro­

gram should be well versed in the Work-Factor techniques 

and have considerable experience and ability in improving 

methods. 

OPERATIONS TO BE STANDARDIZED FIRST 

Most production activities are divided into in-
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dividual departments on either a type of work basis, by 

type of product produced, or on some combination of these 

two types. For example: 

TABLE VI 

Company A Company B 

Department 1 - Fabrication Department 1 -All operations -
Product w 

Department 2 - Finishing 
Department 2 - All operations -

Department 3 - Sub-assembly Product X 

Department 4 - Final assembly Department 3 - All operations -
Product y 

Department 4 - All operations 
Product z 

The type of organization used normally depends upon 

such factors as type of products manufactured, processes in-

volved, degree to which parts and components are manufactured 

or purchased and general company policy. In any case, like 

operations are not always performed in the same department. 

Before reaching a decision as to which operations are to be 

standardized, an overall bird's eye view of the entire pro-

duction activity should be prepared. Information concern-

ing the following factors should be obtained and considered: 

1. The types of operations performed throughout 

the plant should be listed in detail by machine or activity. 

2. The number of operators in each department 

performing each of the above types of operations under a 

normal factory load should be listed in a simple manner. 

This gives a clear picture of the types of work performed 

and the relative importance of each from the standpoint of 
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labor involved. 

3. The complexity of the various types of work 

from the standpoint of establishing standard data should be 

considered. Due to the variations which usually exist be­

tween the types of work performed in the average plant some 

operations are relatively simple to standardize while 

others are more difficult. For example: Some areas may 

employ a relatively few operators, but due to short order 

production, a great variety of operations, part numbers, 

types of motions and the like may be involved. This type 

of activity is naturally more difficult and requires more 

time to standardize than an area where many operators are 

producing a large number of relatively few items and the 

operations and motions involved are of a simple nature. 

In other areas, such as hand operated still tank or barrel 

plating, the motions may be relatively simple and repetitive 

from cycle to cycle, but since more than one piece is 

normally handled at one time, accurate quantity standards 

are required in addition to time standards. These may be 

more difficult to establish than those relating to time. 

4. Within any given plant, certain operations 

and departments usually stand out as having the best 

methods while others lag behind. The better the methods 

at the start of the standards program, the easier will be 

the task of establishing standard data. Poor methods must 

be improved before standard times are established. Once 
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improvements are effected, however, and the standards com-

pleted, the savings will probably be substantial. Since 

establishing standards in a given department greatly stimu-

lates and accelerates methods improvements, it is best to 

schedule such areas for early analysis. This is especially 

true where the improvements do not require radically differ-

ent machine tools, but can be put into effect without delay 

using improved jigs and fixtures, simple tools, better work-

place layouts and so on. The ability and cooperation of 

the personnel involved is most important. The difficulties 

of getting the program underway are minimized by choosing 

those areas where the personnel will assist rather than 

buck the program. 

SCHEDULING THE PROGRAM 

The time required to establish a set of pre­

determined time study standard data varies considerably with 

such factors as: 

1. The complexity of the work to be standardized. 

2. The amount of methods improvement needed prior 

to making the detailed analysis • 

• 3. The degree of accuracy and consistency desired 

in the standard data. 

4. The capabilities and experience of the engineers 

assigned to the program. 

Although it is difficult to evaluate these vari-

ables accurately, it is possible to establish some form of 
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simple schedule which is helpful in planning the program 

and in making certain the various phases are completed with­

in a reasonable time, Without a well planned schedule many 

man hours may be wasted on a project of limited importance, 

Also projects of great importance offering large potential 

savings may be completed without adequate attention to 

methods improvements and related factors. 

SCOPE OF EACH PHASE OF THE PROGRAM 

When planning the standard data program, the 

scope of each type of work to be standardized should be 

carefully determined and recorded. This is necessary to 

insure that all desired work is completed and to avoid 

performing any work which is impractical or which should 

be deferred until a later date. For example, it might be 

decided that certain work in the given department is not 

to be standardized at this time since in the near future 

new types of machines are to be substituted for those now 

in use, Standardization of short order work on certain 

parts might be deferred due to the small quantities in­

volved at the present time. Normally standard data should 

be developed only for those operations or portions of opera­

tions which are performed on a repetitive basis. 

The degree to which various types of work are to 

be standardized should also be clearly defined. For example, 

if a certain hand operation currently performed in the sub­

assembly department is to be eliminated soon due to a design 
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change, the operation would not be standardized. It might 

be decided to establish standard times for all operations 

on models B, C, and D, but to disregard those operations 

which are peculiar to model A since production on that model 

is to be discontinued in the near future. 

ASSIGNMENT OF COMPETENT PERSONNEL 

The industrial engineer to, be assigned full time 

to developing the standard data program should be chosen 

with great care. Not only must such an individual be well 

versed in Work-Factor analysis techniques, which includes 

both formal training as well as shop application experience, 

but also he should have wide experience in methods im­

provement work. No less important than these qualifications, 

if the standard data program is to move with dispatch, the 

analyst selected should be as thoroughly versed in all 

company manufacturing procedures as possible. 
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CHAPTER SIX 

DEV.t'.:LOPING WORK-FAC'IDR STANDARD DATA 

SETTING THE STAGE WITH SUPERVISION 

Upon completing plans for the standard data program, 

the analysis work is begun.. '!he development of standard 

data requires considerable observation and analysis and it 

is necessary for the analyst to spend a large percentage 

of his time on the production floor. Discussion with the 

department head or foreman involved is essential to make 

certain he is familiar with the standards program and to 

inform him that analysis work will begin. To insure maximum 

cooperation from the personnel working in the area, it is 

important that the department head have complete information 

at all times. The foreman himself, in turn, should discuss 

the program with his key personnel including the shop 

steward. 

PROPER ME'IHODS 

Standard data should be developed only after an 

objective appraisal has been made of existing work methods 

to determine whether the proper procedures are employed. 

In most cases it will be found that certain improvement 

possibilities present themselves immediately while others 

will be found during the analysis. After consideration of 

the quantities on order, tooling costs, and other factors 

of importance in the particular case, all practical im-
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provements should be effected, The standards should then 

be based on the final improved method. Over one half of 

the time on the average standard data program is devoted 

to the methods aspects of the job, 

USE OF APPROPRIATE WORK-FACTOR TECHNIQUE 

Detailed Work-Factor is used for developing 

standard data in the majority of cases. Right and left 

hand analyses should be made Where a high degree of 

accuracy is desired, or where there is doubt as to which 

is the controlling hand, Since this form of analysis 

high lights idle time and costly motions a further im­

provement in methods often results, The Work-Factor Right 

and Left Hand analysis form should be used for all such 

analyses. When it is evident that one hand performs con­

siderable waiting or holding which are unavoidable, the 

other hand is obviously the controlling one from the stand­

point of establishing operation time. In such cases it is 

only necessary to analyze the motions performed by the con­

trolling hand using the Work-Factor Single Hand analysis 

form, 

INITIAL ANALYSIS 

Once the desired method has been established and 

is in effect the analyst should obtain a clear picture of 

all the details of the operation. This is best accomplished 

by observing a number of cycles and then making a Work­

Factor analysis using the appropriate technique. This pro-
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cedure also brings to light any further improvements in 

the job that should be considered such as rearrangements 

in the work place, changes in the sequence of performing 

elements, and revisions in the work assigned to each hand, 

In addition, much of this initial analysis can be used as 

part of the standard data. An example of a simple opera­

tion, illustrating the basic plan of attack to a standard 

data problem follows: 

First Step 

List the elements and the variables involved in 

the performance of the primary cycles "assemble wooden dowel 

pins in to holes in wooden panel". 

Elements of Primary Cycle (1) 

No. Description of Motions or Elements 

1. Reach to bin of dowel pins (time varies with 

reaching distance to trays), 

2. Grasp one pin (time varies with pin dia­

meter and pin length). 

3. Pre-position pin (not required - pins 

are same on both ends). 

4. Move pin to hole in panel (time varies 

with motion distance from trays). 

S. Assemble pin into hole (time varies with 

pin diameter and hole diameter). 

6. Release (time does not vary within 

limits of this example). 

For simplicity, the secondary cycles such as change trays, 
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get panels, dispose of panels, and so on are not considered 

in this example. 

Variables of Primary Cycle 

No. Description of Variables 

1. Number of pins per panel - from 2 to 50. 

2. Pin dimensions - 1/16 11 dia. x 1/2" long, 

to 1/2" dia x 4" long (as pin diameter 

increases, pin length also increases in 

proportion so that the ratio of length 

to diameter is never less than 8.0). 

3. Hole Dimensions - 1/16 11 dia. x 1/8" depth 

(as hole diameter increases, its depth in­

creases, so that the ratio of depth to 

diameter is never less than 2.0. Hole 

diame~ers allow pin to enter freely -

ratio of pin diameter to hole diameter 

is .940). 

4. Reach and Move Distance - Shortest 6" 

(average) - Longest 30 11 (average). 

Second Step 

Analyze each variable (Moving Distance, Grasp 

time, and Assembly time) within the entire range of the work 

for which Standards are being established. 

Analysis 

Referring to the primary cycle, the elements No. 

1, "reach" and No. 4, "move" will vary with the distance 



moved. The Work-Factor analysis for these two elements 

with variations in average reaching distance from 6" to 30 11 

is as shown in the detailed analysis as well as variations 

in assembly time (Figure VI). Incorporation of the results 

of the analysis into a table of standard data is shown in 

Table VII. 

MANUAL MOTIONS CONTROLLED BY OPERATOR 

Another consideration in dividing an operation 

into elements suitable for standardization is to determine 

which portions of the operation are completely under the 

control of the operator and which are dependent entirely 

upon the machine or process used. Standard times for all 

portions of the operation which are manual motions or mental 

processes and which are entirely under the control of the 

operator are established using detailed analyses. 

ELEMENTS CON'IROLLED BY MACHINE OR PROCESS 

The time for those portions of the operation 

dependent on the machine or the process must be based on 

mathematical calculation, mathematical formulae, or, in 

some instances, stop watch readings. Since the development 

of standard data for machine or process elements is not con­

sidered as being within the scope of this paper, it is 

suggested that the reader refer to other texts which have 

already covered various phases of this subject. 

EVALUATION OF VARIABLES 

The next step is to divide the variable portions 
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! Pin Size 
Hole Size-Depth 6" 8" l1o 11 

j 
1211 

TABLE VII 

Dist~nce 

14 tl · 16 II 18 II 
Moved ., 
: 20" 
' 

2211 24" 26 11 28 11 30" 

Pin-1/16" X 1/2" 
Hole-,0664" x .133" 369 386 : 401 . 412 421 429 436 444 451 457 465 471 477 

Pin-1/8 11 
X 1 11 

Hole-.13911 x .278 11 302 319 · 334 345 354 362 '369 '377 '384 390 398 404 410 

Pin-3/16" X 1 i/2 11 

Hole-. 200 11 x .400 11 278 295 310 321 330 338 345 353 360 366 374 380 386 

Pin-1/4 11 X 211 

Hole-. 266 x .532" 

Pin 5/16 11 
X 2 1/211 

Hole-.333 11 x .666 11 

Pin-3/8 11 X 3 11 

Hole-.39911 x .798 11 239 256 

Pin-7/16 11 
X 3 1/211 

Hole-.466" x .93211 

Pin-1/211 X 4" 
Hole-.532 11 x 1.064" 

271 282 291 299 306 314 321 327 335 341 347 

Note: To determine total select time for the operation studied, select the value from 
the table corresponding to average distance of Reach or Move, and pin and hole 
size involved, and multiply by 1/2 the number of holes to be filled per panel 
(each table value represents the time to get and assemble 2 pins, one in the 
LH and one in the RHJ. 

! 

Example: Average R or M distance - 10" Table Value-334 W.F. units •• 0334 Min. 
Pin Size - 1/8" x 1" (x) 40/2 20 
Hole Size - ,139 11 x .278"Deep Total Select Time : ,6680 Min. 
No. of Holes in Panel - 40 

Q) 

1-' 



DISTANCE 
MOVED 

2·~ 29 
3" 32 ... 38 
5" 43 ... 32 ;(1 
7" 35 51 
8" 38 5. 
9" •o 58 

10" 42 61 
11" •• 63 
12" .. 65 
13" 47 67 

'"" •• 69 
15'1 51 71 
16" 52 73 
17" 54 75 
18" 55 76 
19" 56 78 
20" 58 80 
22" 61 
2.4" 63 
26" 66 
28" 68 
30" 70 

. 38 .. 
41 ... 55 

5" 62 ... 47 68 
7" 51 ,. 
8". 54 79 ... 58 .. 

10" 61 88 

.11" 63 91 
12" 66 .. 
13". 68 91 
14" 71 100 
15" 73 103 

16" 75 105 
17" 78 108 
18" 80 Ill 
19'' 82 113 
20" .. 116 

IUorh-/acler SYMBOLS 
W -Weight or Re•lstance 
S - Dlr.ctlonal Control (Steer) 
P - Core (Pr.c:awtlon) 

U - Change Dlr.ctlon 
D-DeRnlte 

COPYRIGHT 1952. Copyright under 
ln .. rnatlonal Copyright Union. All rlghfl 
reMrved under Pan American Copyrlgflt 

•o 
•• 
50 
58 
65 

60 72 
65 78 
70 8. ,. 89 
78 93 

81 98 
85 102 
88 105 
90 109 
92 113 

•• 115 
96 118 
98 120 

100 122 
102 124 

106 128 
109 131 
113 135 
116 139 
Tl9 142 

•• 58 
53 •• 60 72 

. 70 .. 
7~ 95 

87 105 
95 114 

101 121 
107 128 
113 135 

118 w 
123 147 
127 Hl:i 
130 158 
133 163 

1'36 167 
139 170 
1.2 173 
145 176 
I.S 179 

TYPE 

General 
Restricted 

DISTANCE 

4 
MOVED 

•• I" 21 
50 2" 23 
57 3" 26 .. ... 30 
75 5" 34 

83 ... 37 
90 7" •o 
96 8" ., 

102 ... .. 
107 10" •• 
112 11" 50 
117 12" . 52 
121 13" 5• 
125 J4" 56 
129 HI'' 58 
133 16'' 60 
137 17" 62 
1.0 18'' 63 
142 19" 65 
1 •• 20" 67 

148 22" 70 
152 2.4" 73 
156 26'' 75 
159 28" 78 
163 30" 81 

35" 

67 
73 
82 

• • 109 

120 
130 
139 
147 
155 

162 
169 
175 
182 
188 

193 
199 
203 
206 
209 

WALKING TIME 

Analyze 
from 
Table 

30" PACES 

2 OVER 2 

260 
300 

120 + 80/Pace 
120 + ~00/Poce 

Add 100 for 120• -:- 180' Turn of Start or flnlah 

30 
.33 
37 
• 3 

•• 
5. 
59 
63 
66 
70 

72 
75 
77 
80 
82 

8. 
86 
88 
90 
92 

96 
99 

103 
107 
110 

Union 1910 by 1-----------------------j 
1 T!iE U/ork-FadorcoMPANY Up Stept (8" RIM - 10" Flat) 

Down Stepl 

Table VIII 

126 
100 

4 

•• 53 
51 58 
57 65 

•• 76 
75 86 

•• 83 95 
75 90 103 
80 •• 110 
85 102 117 
89 107 123 

•• 112 129 
97 117 134 

101 121 139 
103 125 1.4 
106 130 1.9 

108 133 153 
Ill 135 158 
113 137 161 
115 140 16. 
117 142 166 

121 U7 171 
126 151 175 
130 15.! 179 
134 159 183 
137 163 187 

173 197 
182 206 

•o 
•• •• 
58 

Toe 
4• 
48 55 
55 63 .. 73 

at Knuckles 
32 ., •• 52 58 
57 65 

VISUAL INSPECTION 
fOCUI 

ln1pect 

Read 

Head Turn 

20 

30/Polnt 

20 

""' .co, 90' 60 

1 Time Unit = .006 Second 

= .0001 Minute 

= .00000167 Hour 
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of the job into suitable standard data elements. The 

variables that effect each of these elements are then es­

tablished. Some of these have particular importance in the 

job being studied, some are important only under certain 

circumstances, while others although present have a 

neglible effect. The latter, of course, need not be con­

sidered. However, where a certain variable may first 

appear to be important but after study its effect is found 

to be insignificant, it is well to mention this fact in the 

written material which will accompany the standard data. 

This will help to eliminate questions which may come up 

later when the values are applied. 

In some cases important variables may vary over 

such a slight range that a constant value representing the 

average condition may be used. This may be an arithmetic 

or weighted average of several analyzed times or it may be 

obtained by merely analyzing the motions occuring under 

average conditions. 

SIZE AND CONTENT OF STANDARD DATA ELEMENTS 

Although it is impractical to prepare rules 

covering all situations, certain guides can be established 

concerning the size and content of standard data elements. 

Individual standard time values should be as large as 

practical after consideration of flexibility of application, 

accuracy and consistency desired. This simplifies the 

application of the standards and reduces rating costs. 
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Elements common to a number of different operations should 

be considered individually. Elements which may be classed 

as material handling should also be kept separate. vVhere 

practical, an element should begin with the start of work 

on a given part and end with the completion of work on a 

given part. 

The following factors should be considered when 

dividing manual work under the control of the operator in­

to elements: 

1. Nature of work 

2. Suitable break points between elements 

3. Length of elements 

4. Form in which standard data will finally be 

presented 

5. Determination of certain elements common to 

other operations. 

Fabrication work usually involves elements such 

as the following: 

1. Picking up material or object and moving to 

machine or fixture 

2. Loading or fastening material or object in 

machine or fixture 

3. Starting machine 

4. Machine time 

5. Stopping machine 

6. Repositioning object in machine 



7. Unloading or unfastening object from machine 

or fixture 

8, Inspecting completed work 

9. Moving finished object aside 

10, Miscellaneous elements such as oiling, adjust­

ing, and moving material and finished objects to 

and from the work area, 

Assembly work involves the joining together of 

various parts and components. This is often done with the 

help of a fixture or holding device. In such cases in­

dividual elements usually will be established for each part 

going into the assembly. Figure VII is an example of a 

typical assembly operation which has been divided into 

elements and in which analyses of variable elements is 

indicated. 

PRESENTATION OF STANDARD DATA FX>R EASY USE 

When all of the analysis work for a given opera­

tion has been completed, including both primary and second­

ary cycles, consideration is given to the best way of 

publishing the resulting time values in the form of standard 

data, The pre-rate form and the standard data summary form 

are the two basic methods used. 

THE PRE-RATE FX>RM 

It frequently is desirable to establish standards 

in advance of the start of production. Many factors affect 

a company's ability to do this. Clerical routines, extent 
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of advance knowledge of tooling, methods and product charac­

teristics and the like will aid or hinder a pre-rate program. 

One of the most important elements of a successful 

pre-rata plan is close coordination between the tool engineers, 

the methods engineers, and the standards analysts. Standardi­

zation of types of tools, machines, fixtures and methods is 

necessary so that rates set in advance of production can be 

based on methods which actually will be used on the pro­

duction floor. In the evant that the supporting systems, 

coordination and knowledge are available for pre-rating it 

is usually well to take advantage or them. 

A desirable feature of a good standard data 

system is the pre-rata form. The purpose of this form is 

to so simplify the rata setting procedure that the tables 

of time values and the actual work study form itself is one 

and the same. This feature along with the other benefits 

of standard data eliminates or minimizes to a large extent 

the following steps normally required in setting a time 

standard by means of the conventional stop watch procedure, 

1. Description of Operations -

These are standardized and printed on the 

Pre-rate form. 

2. Reference to Tables of Time Values -

These are printed on the pre-rate form and it 

is necessary for the engineer to simply check 

or encircle the values used, 
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3. Actual Time Study Work on the Production Floor -

Time Values having been standardized and 

printed on the pre-rate form as explained 

previously eliminate the need for stop watch 

study. 

An example of a pre-rate sheet incorporating the above 

principles is given in Figures VIII and IX, with background 

data supporting the analysis in tables provided in Figure 
-~ 

XI. 

When the pre-rate form has been filled in by the 

engineer it establishes a complete, accurate and impartial 

record of both the method used and the time required for 

the operation. It replaces the conventional time study 

form entirely and can be filed or otherwise incorporated 

in the paper work system as such. 

A pre-rate form is normally prepared where the 

time standards for a given operation are such that they can 

be put in the form of simple tables and individual values, 

all fitting on both sides of one sheet of 8-1/2 inches by 

11 inch paper. The time values should be typed in an 

orderly manner and, where, possible, in the same order as 

the work is performed. Spaces are allowed at the top of 

*These, and other examples have been selected to demonstrate 
the wide range and variety of work which can be measured 
through the use of Work-Factor based standard data. Since 
each example was compiled to cover a specific set of working 
conditions in a specific plant, they must not be used for 
measurement purposes in any other plant. The reader is 
therefore cautioned not to attempt to apply any time values 
presented herein. 
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Apprond Engineer Supersedes E!.f.ac.t.i Te Sheet ~.n. 11o. 
WM-PJ:C'l'OR . ~!~co•c JJ2L2SLS2 lL~LS~ 1 or 3 1..1 .. '7.1 S'1'A.NTllRn nATA 

CA'mODE-MICA ASSEMBLE AND TAB (PRE-RATE SHEET) 

ork Place Layout Date Rate No. 
• Aside tray Std. Pes. !'Hr. Price I /C • Mica supply 
• Welder Type 
• Tab spool or cut tabs Engineer • Cathode supply 

~& 
Plant 

Operation Cathode-Mica Assemble and Tab 

~ - ·~ 

~Cl lEFT HAND RIGHT HAND ~AL !till 
Slide completed assembly to position Get cathode (between bead and coating) Table l 

in tray-get mica, pre-position be- with tweezers - pre-position when nee- 1 
tween fingers and move to work area. eseary and move to mica in LH. Val1l~ 

> Same as El la. plus pre-position mica Same as El la. labii 
!or ID hole, etc. 2 

Va].~ 
Same as El la. plus pre-position mica Same as El la. 'fal;l-; 
either side up-one edge forward. 2 

Slide completed assembly to position Get cathode (between bead and coating) 
v~~ 

'·~· in tray-get.next assembly, position with tweezers - pre-position when nee- 1 
between fingers and move to work area essary and move to mica in LH. Val1l~ 
Slide eomple~ed assembly to position Get cathode (between bead and coating) 'f'ag,i 
in tray-get next assembly, position with tweezers - position seam when nee- 3 
between finger,s and move to work area essary and move to mica in LH. Val111 
Hold mica in position for start cath- Start cathode into mica with tweezers- Table 
ode into mica-place index finger on complete assembly of cathode into mica h 
top o!' cathode and assist assembly. and release tweezers. Val1le 

Move assembly to welder and assemble Get tab wire !rom reel with tweezers 
over pin to electrode - seat against and position over center o!' cathode on 

34~ electrode. electrode pin parallel to cath.~iea 
Same as El 3a. Get pre-cut tab w-ith tweezers and posi-

tion over center of cathode on elec-
trade pin (parallel to cathode). 553 

Same as El 3a. Same as El 3b. except tab is parallel -- to mica. 532 
Double Cathode onll Double Cathode onlz 
Hold assembly in position for weld- Hold tab in rosition over cathode and Table 
after weld remove from electrode and weld (1 or 2 - release tab after (1st) 5 
move to work area. weld and get 2nd cathode - pre-position Val-

when necessary and move to mica in LH. 
Double Cathode onlz Double Cathode onlz Table 
Same as El 4a. plus bend tab. Same as El 4a. 6 

. ·- · Va1n• 
Double Cathode only Double Cathode only Table 
Repeat El 2a. Repeat El 2a. 4 

V-.I.u11 
Double E:athode onll Double Cathode onlz 34_5* 
Repeat El 3a., 3b.' or 3c. Repeat El 3a., 3b., or 3c. 553 

532 

Figure VIII 
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pproved Effective Sheet Engineer 

WCRK-FAm'OR M'T 
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Supersedes 

Table 1 Table 2 
w~~w Graspable length of cathode 
cath. 0-.106 .107-.156 .157-.18o 
at 

Width Graspable length ot cathode 
IElem of 

0-.106 1 .107-.156 .157-.lBo Cath. Noo 
Grasp Effective Thickness of Cath. 
Point f<.07 ~.07 <·07 ~.07 <·07 ~.07 

at Effective Thickness of Cath. 
Grasp 

<.O? ~.0? <.07 12. .07 1<..07 ,~._o:r_ Point 
.U..Lj..l 

to 
388 362 362 336 286 26o .0630 

lb .0131 450 424 424 .398 .364 .361. 
to 

lc .0630 422 .396 .396 370 .3.36 1136 
.Obj.l 

to 
388 362 362 336 362 336 .1130 

lb .0631 450 424 424 398 424 398 to 
lc .1130 422 396 396 .370 396 3to 

.1131 
to 388 362 388 362 388 362 .1874 

lb .1131 450 424 450 424 450 h. to 
lc .1874 422 .396 422 396 422 396 

Table 3 Table 4 

Width Gras~ble Length of Cathode 
of 

0-.106 I .101-.156 Cath .1)7 -.18o 

Cath. 
Hole 
Size Round Non-Round 

at Effective Thickness of Cath. 
Grasp 

~ .07 Point <·01 (.07 ~.07 <·01 ~.07 

{Use minor Cath. Cath. 
Diameter) 

.U..Lj..l 

to · 472 433 446 4o7 370 331 .0630 
To .074 191 217 

.0631 
t::> 472 433 446 407 446 407 .1130 

.015-.124 178 204 

.1131 
to 472 433 472 433 472 433 

.1874 
.125-.174 152 178 

,,, 
Table 5 Table 6 

Width 
Graspable Len~th of cathode of 

Cath. 0-.106 .107-.1561 .157-.180 
at 

Grasp Effective thicl'ness. of cHth 

Width Graspable length of cathode of 
Cath. 0-.106 .107-.156 .157-.lBo 
at 

Grasp Effective thickness of cath. 
Point <·07 ~.07 <.07 ?.O'j (.07 ~.07 Point 

<·O'i ~.07 1<.07 ~.07 1<..07 ll.07 
.0131 .0131 

to 430 4o4 404 378 ~· 302 
.0630 

to 
.0630 469 443 443 417 367 341 

.0631 .Obj.l 

to 
430 4o4 4o4 378 4o4 378 .1130 

to 
469 443 443 417 443 417 .1130 

.1131 .1131 
to 

430 4o4 -430 4o4 4.30 404 .1874 
to 

469 443 469 443 469 .1874 443 

Figure X 
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the first side for writing in the name of the operation 

to be rated, the operation number, date, engineer's name, 
• 

department number and other pertinent information. Space 

is allowed on the right side of the sheet for writing in 

the time values chosen during the rating of a specific job. 

The values are taken from the tables and individual values 

on the pre-rate form. As certain values are chosen, they 

are circled in pencil before being copied on the right side 

of the form. A record, therefore, is readily made of the 

values used in the rating. Space is allowed at the bottom 

of the last page for totaling the operation time, applying 

various allowances, and calculating the final time stuqy 

rate. The pre-rate form not only serves as a summary for 

time standards but also is used as a work sheet for 

determining rates of specific operations for Which tbe 

standards apply. Once a pre-rate form is used to establish 

a standard for a specific operation it should be filed for 

future reference as a record of how the standard was deter-

mined. 

The term pre-rate form is used because it makes 

possible the establishing of standards before the work 

reaches the production floor. This generally is done using 

blueprints together with written processes or operation 

sheets describing how the work is to be performed. 

The pre-rate form may also be used on the production 

floor for establishing standards or checking operations at 



the time production is actually under way. 

In certain cases pre-rate forms cannot be pre­

pared simply because there is insufficient space to type 

all the time standards involved in the particular opera­

tion. In such cases the pre-rate form refers to tables of 

time standards typed on standard data summary forms. The 

time values are obtained from these forms and the pre-rate 

form serves chiefly as a guide in finding the appropriate 

tables and as a work and record sheet. Occasionally it is 

practical to design a form as a combination of the above 

two types. In this case all of the simple time standards 

are contained on the pre-rate form while the larger tables 

are included with the standard data summary forms and a.re 

merely referred to on the pre-rate form. 

'lliE STANDARD DATA Sl:IDIARY FORM 

Standard data summary forms are used where the 

time standards for a given type of work require a number 

of lengthy tables plus written matter which together will 

not fit on both sides of an 8-1/2 inch by 11 inch sheet of 

paper. The standard data summary forms are merely a number 

of pages on which time standards are typed in a neat, easily 

used form and in the sequence in which they are normally 

required. Figure XI represents typical Standard Data 

presented in summary form. 

INSTRUCTION SHEETS 

Written instructions for the standard data 
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--------~------~r----------.----------r----------+----------~~--~---,~~·~ Superse .. es Effective Sheet S.D. Jo. Engf.neer 

WJV,GBM 

Approved 
WORK-FACTOR 
STA1ftlARn DA.TA 

1/28/52 6/20/55 1 of 5 ~.1.0.3 

~e following elemental times are republished :from "Standard Elemental Tilles tor Jlowlt.iD&" 
Ia ted 1/28/52. These times, as presented, should serve as a guide in dete:naining the 
.egi tillacy and accuracy ot stopwatch time studies as veil as Work-Factor analyaea. It 
:hould be noted that these times are, by their description and presentation, aYerace 
,imes covering average conditions. It would be reasonable to use these times as pre­
,ented for estimate setting PJ.rposes. The times should not be used as presented tor rate 
,etting purposes without careful checking. 

Right Hand 

A 'mODES - Bant. or Min. 
Hold assembly (or jig or mount) 

Add: for obstruction 

Left Hand 

Pinch end ot cathode with tweezers 

for tight pinch to close ~thode completely 

*Hold assembly {or jig or mount) 

*Hold 
*Kelp RK 

*Help RK 

Add: for each additional cut 

Get scissors, cut end of cathode, 
and drop scissors 
Position tweezers and ream cathode 
Position mount and ream cathode 
on fixed reamer 
Position cathode and weld top 
mica staple to cathode 
Grasp cathode staple at top and 
position out of way tor heater 
insert 

Get scissors, cut end of tab {etc) 
and drop scissors 

Relp .RK position mount Weld one eyelet 
Add: for each additional eyele in line 

for each additional eyele requir1.ng turning mount 
for positioning bottom mi ~ 

!LAMENTS - 1.4 Type Bant • 
Hold mount, then tap munt on bench to 
drop fi.lament 
Position mount 

Position mount 

Hold mount 

Get filament with tweezers and 
assemble to mount 
Grasp filament at bottom with 
tweezers, position, and weld 
Grasp filament at top vith tvz. 
and weld hook 
Inspect and adjust filament 

*8o, 5Y3 Type 
Hold munt Get formed filament {heavy t.ype) 1c 

as semble through two mica boles 
for long (floppy) filamen Add: 

Position munt 

Add: for weld other leg 

Grasp one filament leg and weld to 
stem lead 

for positioning due to cl se spacing {per leg) 

Figure XI 

IUDUtea 

.0150 

.005t 

.0050-

.0100 

.o6o0 

.0300 

.0250 

.0050 

... oliGo 
.0100-
.0200 

.0300 

.0150 

.0200 

.0200 

.()900 

.o850 

.o650 

.0500 

-~50 
.0050-
oOlOO 

.0300 

.0300 

.0050-

.0100 

---------------------------------------~--------------------~--------~------~ 



·summary form are advisable to insure that the standard 

data is used properly and with the desired degree of 

accuracy and consistency. These should be as brief as 

possible and yet complete and easily understood. Several 

examples of representative applications of the data should 

be included. See Figures XII, XIII, and XIV for examples 

of typical instruction sheets. 

STANDARD DATA ANALYSIS roRMS 

As analysis forms, pre-rate forms, standard data 

summary forms, and instruction farms are completed, they 

should be placed in a suitable loose leaf binder for easy 

reference and to insure that none of these papers are lost 

prior to final typing: 

1. Each analysis form should contain the issue 

date, name of the analyst, a title indicating the set of 

standards to which it pertains and a page number; 

2. Sufficient descriptive information to insure 

that the derivation of the standards can be readily under­

stood and followed; 

3. Identification of all machines, special tools, 

and fixtures used in the operation; 

4. Sketches of work place layouts, floor layouts, 

special fixtures, and the like where it is felt that other 

means of describing the operation are inadequate; 

5. Work-Factor analyses for all standards time 

values developed. 

95 



I 

WORK-FACTOR 
STANDARD DATA 

llo-wances 
~. General 

Approved Engineer Supersedes 

GHM,CO'C 10/5/55 

GRID STRETCH 

Effective 

3/26/56 

Sheet 

1 of 5 

-- - - -, 

a. Usual procedure is to get approximately 4 trays from grid supply storage and 
place by machine. Operator works from top tray of this stack and asides grid 
to top tray of a stack of finished part trays. 

b. Types of Trays 
1 , Corruga. ted metal trays - 24 grooves 

'J;'ype I - 8 l/16" X 5 1/8" X 5/8" high 
Type II - 8 1/16" X 5 1/8" x 1 3/16" high 

2. Cardboard trays 11" x 5" x l" 

2. Tray and Ticket Allowances 
a. Type I metal trays (usual type) 

Aside empty tray to bench (from top of stack of supply trays). Turn top suppl7 
tray to preposition staggered legs if necessary. Aside ticket to bench froa top 
supply tray. .o4oo/occur 
Get, initial ticket, and place ticket in finished tray. Get empty tray and 
place on stack of finished part trays. ·0930/occur 
Get approx. 4 supply trays from grid supply storage @ .oBOO/occur or .0200/tr&7 
Aside stack of approx. 6 finished parts trays to top of bench 

@ .0900/occurrence or .0150/t~ 
Total Time .lbBQ aiD. 

b. Type l metal tray and cardboard tray 
Type !.metal tray 
Aside empty tray to 
tray to preposition 
top supply tray 

bench ( from top of stack of supply trays) 'furn top supply 
staggered legs if necessary. Aside ticket to bench !rom 

Get appro((". 4 supply trays from grid supply 
.0400/occur 

storage 
@ .o8oo/occur or .0200/traT 

Total Time .0600 idn. 
Cardboard Tray 
Get , .initial ticket and place in finished tray. Aside finished parts cardboa:nl 
tray t o house. r~t empty cardboard tray from house and position on bene~ • 

c. Type II metal tray (high lip ) and cardboard tray 
Type II metal tray 

. 1430/occur 

Aside empty metal tray to ben<;:.h , Get and position metal supply tray on 
bench . As ide ticket from supply tray to bench .1000/occur 
Cardboard Tray 
Get, initial ticket and place in finished tray. Aside finished part cardboard 
tray to house . Get empty cardboard tray from house and position on bench • 

d. Type I metal supply and finished parts tray - supply tray not stacked 
• 1430/occur 

Aside empty tray to bench . Get and position supply tray on bench. 
Aside ticket from supply tray to bench 
Get, initial ticket and aside to finished tray. 
on stack of finished parts trays 
As ide stack of approx. 6 finished part 

.1000/occur 
Get empty tray & place 

.0930/occur 
trays to top of bench 

@ .0900/occur or 
Total Time 

e. Pack metal or cardboard tray in plastic or glassine bag before 
placing aside 

Figure XII 

·m§/tray 
• min. 

.2000/tray 
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WORK-FAC'l'OR 
STANDARD DATA 

!Approved 

I 
Eng~neer 

GHM1 CO'C 

::>upersedes .l!:rrect.lve 

10/5/55 3/26/56 

::meet. 

2 of 5 

~~.D.~. 

2.2.2.1 

GRID STRETCH 

N.B. Use of flat 2 plastic tray to which grids are transferred prior to stretching -
This type of tray handling differs from that described under Section 2 a. of this data 
in that a flat plastic sheet (larger than the tray in length and width) is placed over 
the top of the supply tray after which the supply tray is inverted to position the 
grids on the plastic sheet. The grids are placed behind the stretcher directly in 
front of the operator and the empty tray is placed on top of the stack of finished 
part trays to receive the grids as they are stretched. Depending on the number of 
grids per tray, the time for this handling w.lll be approx •. 0003 to .0004 min. greater 
than the tray times obtained using the method of 2 a. This increased tray allowance 
[s offset by a corresponding reduction of approx •• 0003 min. in the actual cycle time 
since the nature of the grasp is changed. Since these differences are compensating, 
~t is not felt that this data should be further complicated by additional time values 
~ntil this method has proven itself, particularly with regard to the claim that such 
treatment results in decreased grid shrinkage. 

3· Inspection 
Occurs simultaneously with manual movements and does not normally require an addi­
tional time allowance. 

~. Description of qperation 
Grid is assembled over stretcher mandrel which is composed of two jaws and a 
tapered plunger. Pressing of foot pedal or hand lever causes the plunger to 
move upward between the vertical jaws forcing the two jaws to move outward. 
This action causes the major O.D. of the grid to increase and pulls the grid 
lateral wires tight against the stretcher jaws decreasing the grid minor O.D. 
Stretching action may be accomplished by either: 

1. Power (compressed air actuated by foot pedal) 
2. ' Foot pedal pressure 
3. Hand lever pressure 

D• Interferences 
a. Maintenance and changeover- .0005 min. This allowance, in combination with~ 

unavoidable delay allowance, which is part of 1~ R & D compensates the operator 
for miscellaneous maintenance and changeover interferences which are normal to 
the operation. These miscellaneous interferences are for periods of less than 
5 min, duration. Longer per.iods of interference will be compensated for by 
lost time in accordance with cGmpany policy. 

b. Retrim - .0015 min. This allowance compensates the operator for necessity of 
retrimming loose turns which is normal to the operation. Excessive occurrence 
of retrim requires remedial action at WSCT. 

c. Unavoidable Shrinkage -No unavoidable shinkage is allowed for Class I grids. 
These grids are so rugged as to be impervious to damage when handled with even 
less than normal grid care. Allowance for Class II and Class III grids compen­
sates the operator for unavoidable shrinkage (from WSCT or caused at stretch 
operation) whi ch is a function of the relative fragility of the grid. Shrinkage 
causing loss of product beyond the allowances included are considered to be -

l . Avoidable (caused by operator) 
2. Caused at WSCT (requires remedial action at WSCT) -

and will not be paid for. 

>. S_pecifi cations 
All specifi.cations as Usted in the lower left hand corner of the pre-rate sheet 
~appear on the rate sheet. 
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Approved Supersedes Effective Sheet 
WORK-FACTOR 

STANDARD DATA 

Engineer 

GHM1 CO'C 10/5/55 3}26/56 3 of 2 

S.D.Bo. 

2.2.2.1 

7· 

GRID STRETCH 

Special Condition 
Normally, a grid from WSCT will have a minor and a major diameter which are~ the 
corresponding dimensions of the stretcher mandrel. In extremely infrequent cases 
either the minor or major of a grid from WSCT may be smaller than the corresponding 
stretcher mandrel dimensions. When this occurs, the stretch operator will be re­
quired to assemble the grid to a "tight" mandrel. Under such conditions, additional 
time is required to perform the stretch operation and an allowance of 88 units will 
be added to the appropriate (Class I, II, or III) cycle times for power-or foot 
pedal operated equipment and 8o units for hand lever pressure operated equipment. 
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The analysis forms pertaining to a given set 

of standard data should be identified with the corresponding 

standard data summary forms in some simple manner. 

CHECKING STANDARD DATA 

Before being finally issued for application, all 

standard data including the analysis forms should be thoroughly 

checked by the analyst and reviewed and approved by the 

supervisor of the Industrial Engineering Department. 'lhe 

following aspects should be verified in particular: 

The production methods used in the factory or 

office should be identical with the methods upon which the 

analyses are based. If deviations are found, either the pro­

duction method must be changed to meet the analysis or tba 

analysis and resulting time values must be revised to agree 

with methods in use. In any case tba methods actually used 

in the factory or office should be the best possible con­

sidering such factors as quantities to be produced. It is 

much better to delay the issuance of standard data for 

several weeks than to issue data based on poor or out-dated 

methods. 

The analyses should be correct in all aspects and 

compiled in accordance with the rules set forth in the Work­

Factor Manual. 

All mathematical additions and other calculations 

must be correct. 

Standard data summary forms and pre-rate forms 
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should be arranged so that the determination of rates is 

as simple as possible and the procedure may be taught 

readily to new engineers. 

All standard data summary forms should be accompa­

nied by analysis forms which are complete yet simple to 

follow and understand. All standard data should be typed 

and issued in the proper form. 

In addition to the above, the standards should 

be spot checked by actually applying them to specific jobs 

in the plant. This final test will show whether they are 

complete, usable, and apply with the desired accuracy to 

all situations arising within the scope for which they were 

developed. 

Standard data developed for a specific class of 

work should be complete in all aspects. It should contain 

in its final form all the time standards, instructions, 

examples, pre-rate sheets and standard data summary sheets 

necessary in establishing standards for rating any operation 

which may occur within the scope of the work class. The 

data should be so complete that in no case during the 

application of the standards should it be necessary to make 

actual stop watch studies in order to determine missing time 

values. 
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CHAPTER SEVEN 

CRITIQUE OF PREDETERMINED TIME STANDARDS SYST.Eli!S 

It may seem to the casual reader that this paper 

constitutes a complete condemnation of stop watch time 

study techniques and that, therefore, there is no further 

need for the stop watch in modern work measurement practice. 

On the contrary, however, there is much need of the stop 

watch in modern practice - predetermined times are simply 

another, better tool for certain specific applications. 

Karger and Bayha17 place the use of the stop watch or 

predetermined times in proper perspective in their ex-

cellent treatise on work measurement in the following 

manner: 

Neither stop watch time study nor motion study 
with therbligs have been superseded. In 
current methods engineering practice either 
or both procedures are often used as the sound­
est approach to the most practical solution of 
a particular production problem involving 
methods work and the establishment of labor 
standards. 

It is also obvious that only the manual, or 
operator-controlled, part of work cycles is 
evaluated by predetermined time systems, The 
time required by process - controlled elements 
must still be found with the aid of a timing 
device. Process time is that consumed when 
the machine, material characteristics, or 
other physical or chemical changes (not them­
selves dependent on an operator's manual 
motions) control the working time ~ only 
timing devices will measure it directly. The 
stop watch is far from obsolete, it must 
merely be used in a different manner. 
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There have been many critical articles written in 

opposition to predetermined times based to a large extent 

on the assumption made by predetermined time systems that 

to each basic, qualitative unit of work, a universal time 

value can be assigned for standards setting purposes. Prof. 
18 

H. 0. Davidson has made a comparison of three of the more 

well known predetermined time systems* and indicates statis­

tically that "differences among (these systems) of standard 

data are so great that, if any one of them is accurate, the 

others definitely are not 11
• To the sta ternan t attributed 

to satisfied 

"works", Dr. 

users of predetermined times 
19 Gerald Nadler answers: 

that the system 

Much depends on the definition of "works 11
• 

For example, some companies claim that the 
basic motion standard data system works, 
yet what actually happens is something like 
this: The company analyst determines a 
standard with the system, and it is pre-
sen ted to the union, or applied in the shop. 
If the union agrees to the standard, or the 
operator does not complain about the standard, 
it goes into effect. If not, management and 
union bargain over the rate. When a standard 
is agreed upon, the company analyst rewrites 
the basic motion breakdown to arrive at the 
agreed-upon standard. Incidentally, there is 
no consistent difference between standard (s) 
set by the company analr,st and the union. 
Although the system is 'working", it is 
probably doing so in spite of, rather than 
because of itself. 

In answer to Prof. Davidson's critique, none of 

the systems of predetermined times were developed in pre-

-*M~, Work-Factor, and Holmes system. 
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cisely the same fashion so that it is only to be. expected 

that there will be individual differences between seemingly 

identical work elements. To attempt to compare such 

seemingly identical work elements in different systems to 

each other is an erroneous concept which is doomed to 

failure from the start. It has been the experience of 

the writer that time standards developed by more than one 

system of predetermined times for the same job content 

will check out within plus or minus 5% time study accuracy 

provided the analysts are well trained in their particular 

system, and provided that they are competent methods ob­

servers, or use all the tools at their command (camera 

techniques, etc.) to specify the method. In short, the 

total result, rather than comparisons of microscopic parts 

of the whole, has been shown to be accurate within accept­

able limits of accuracy regardless of which of the better 

developed systems is used. 

Dr. Nadler's critique contains within it the 

implied charge that users of predetermined time standards 

are unethical in their approach to setting of standards 

and consistently tailor their analyses to what ever extent 

necessary to suit their own ends. From my own experience 

of over 10 years working with both the Work-Factor and 

M1M systems of predetermined times it has never been a 

practice of mine, nor of my associates, to tailor an 

analyses to fit a pre-conceived notion of the correct 
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time to be allowed. In this period of time, I have set 

hundreds of rates and developed complete sets of standard 

data for extremely complex assembly and fabrication opera­

tions. These rates and standards have been proven to 

"work" by results of operator performance in manufacturing 

operations where labor to material ratios equaled or ex­

ceeded a 50-50 split - a fact which attests to the import­

ance of correct measurement of labor content. During this 

period of time, there have been occasions When standards 

developed have been challenged by the union - in only one 

case, which went to the extent of arbitration, was the 

standard loosened (by the arbitrator) where no basis for 

so loosening could be determined validly. The looseness 

forced by arbitration was incorporated in the rate and 

so identified - no attempt was made to tailor the analyses 

to fit the arbitration ruling. 

Each and every critique of predetermined time 

systems which it has been my privilege to study has been 

based on the "unscientific" nature of such systems- ie., 

rather than seeking scientific foundation upon which 

postulates might logically be based, postulates were 

assumed and then techniques developed to support the 

assumed postulates. I believe these critiques have a 

legitimate basis in fact, but they overlook the advantages 

which obtain from the proper use of such systems. 

Scientifically these systems are subject to criticism, but 
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pragmatically they answer a need in work measurement which 

has not to date been answered by any other technique - the 

stop watch is adequate in many applications, where pre­

determined time systems provide answers within acceptable 

limits of accuracy. 
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CHAP TSR EIGHT 

CONCLUSION 

The foregoing paper has attempted to explain a 

predetermined time standards system (in this case, the 

Work-Factor System) in sufficient detail to generate an 

understanding of its basic philosophies and to further the 

understanding of such a system by comparing it with stop 

watch time study procedures, The advantages of predetermined 

times and procedures for development of standard data using 

predetermined times have been set forth in detail. 

In the pursuit of these purposes, it may appear to 

devoted practitioners of stop watch time study procedures 

that an unduly harsh judgment of the deficiencies of such 

a system has been made, It has not been the intention of 

the author to do more than point out what appear to be short­

comings of the stop watch procedure, and to show in con­

trast advantages Which accrue to management from use of a 

predetermined time standards system when operating con­

ditions justify the use of such a system. In the discussion 

on stop watch time study procedures, it was pointed out that 

a major inherent weakness lies in the necessity for the 

observer to employ subjective judgment in the rating of 

operator performance. This weakness,however, does not con­

stitute an insurmountable barrier to successful use of stop 

watch time study procedures - it merely constitutes an 
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obstacle which can be successfully overcome by proper 

training of competent observers. It will be pointed out 

shortly, as a major conclusion of this paper, that there 

are areas of work measurement in which stop watch time study 

procedures prove to be the most economically sensible 

solution to work measurement problems, and that under no 

circumstances is it feasible to dispense with the stop 

watch entirely. It is hoped that these clarifying re-

marks will permit the reader to view stop watch time study 

in proper perspective as an indispensable aid in work 

measurement problems which compliments, and is complimented 

by,a predetermined time standards system. 

The conclusions which may now be drawn from the 

preceding pages are as follows: 

1. Predetermined time standards have not super­

ceded stop watch time study techniques. Systems such as 

Work-Factor supplement stop watch tec~~iques in many in­

stances, while in other well defined areas definite ad­

vantages accrue from the use of predetermined times in 

comparison to stop watch procedures. Under other equally 

well defined conditions, the stop watch is the most eco­

nomically feasible method of work measurement. Under no 

circumstances is it possible, nor desirable, to completely 

eliminate the stop watch. 

2. In work measurement, just as in other areas 

of management, the wisest procedure is to use all the tools 
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a-t one 1 s command to accomplish the desired purpose. It is 

not wisdom to refuse to use e. stop watch when economic 

considerations indicate it will yield e. proper answer in 

the shortest possible time. We might liken the use of 

stop watch procedures or predetermined times to the decision 

which management must constantly make on possible production 

methods - the decision in most cases will be largely in­

fluenced by the size of the production run. If only a few 

pieces are required, they would probably most economical~y 

be produced on versatile types of shop equipment requiring 

special set ups but little additional investment in machinery 

or equipment. If a large quantity of parts is required it 

is probable that special purpose tools and equipment would 

be capitalized in order to most effic!ently meet the long 

run requirements of the job. 

To further pursue the analogy, therefore, it is 

wisest and most economical to use stop watch time study 

procedures when production is short run and non-repeti­

tive, it is equally wise to use predetermined times when 

production is long run and highly repetitive. 

3. Whether production runs are long or short, 

if the sub-elements of the work are repetitive, it makes 

good management sense to develop standard data in such a 

fashion as to be applicable to many different jobs having 

similar work content even though the work elements may be 

arranged in different sequences. Even under such condi-
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tions, although predetermined times will yield more con­

sistent, more accurate, more economical, and quicker coverage 

results, the stop watch is an invaluable tool which should 

be used to check standard data as it is developed, and 

must be used for determination of process or machine con­

trolled elements. 

4. In the pre-planning phases of production, 

predetermined time standards systems are invaluable in 

determining the capacity of the humans who must operate 

the system under consideration. Automatic and manually 

controlled operations are frequently installed in a com­

plex series of operations, the slowest of which may be 

fully automatic, fully manual, or a combination of both. 

Obviously, the limits of human performance must be known 

to even design and cost such an installation, to say nothing 

of operating it. 

It follows, therefore, that one must have avail­

able a system for measuring human capacity to operate such 

complex installations which experience has shown to yield 

answers which are within the realm of acceptable accuracy. 

Based on the experience of the author, there does not 

appear to be any way of achieving such measurement know­

ledge in the system design stage of development, other 

than through a predetermined time standards system. 

In the absence of a predetermined time standards 

system, management control and planning for new production 
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processes and systems degenerates to the level of guess 

work. Control is the prime characteristic of management­

good or bad control depends most directly on the degree of 

objectivity which executives exercise in deciding courses 

and modes of action. Objectivity of decision must neces­

sarily depend on the facts involved in situations, in so 

far as facts may be determined by measurement. 

Although there are situations in which measurement 

data gathered by means of stop watch time study is quite 

adequate, there are even more situations when such in­

formation may be unattainable. This is readily understood 

when we consider that stop watch techniques require that 

the object to be measured must actually be in existence­

predetermined time standards systems permit the visual­

ization of operations still in the planning stage, thus 

permitting more realistic planning for the assignment of 

manpower, materials, and equipment. 

5. The criticism frequently expressed that pre­

determined time standards systems lack scientific foundation 

is a partial truth. Such systems were developed on the 

basis of an assumed postulate, rather than coming into being 

as the result of scientific experimentation which would 

permit the statement of postulates based on the experi­

mentation. Although this statement cannot be disputed, 

much validation of systems of predetermined times has taken 

place since their inception. This validation has taken the 
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form of independent laboratory research set up to test the 

accuracy of portions of the systems as they were meant to 

be applied, The results of such validation have served 

more to strengthen predetermined time standards systems 

than to weaken them. 

It should be pointed out also, that each of the 

predetermined time standards systems was subjected to a 

period of intensive testing prior to being issued in its 

final form. During these periods of testing, standards 

developed by the system were exhaustively checked against 

stop watch time standards for the same operations-the result 

was validation under actual operating conditions. Granting 

that this is not the scientific approach to the problem, 

it is the acid test of any system or procedure. Scientific 

inquiry into such systems and further validation of them 

will and should continue in order that coverage and methods 

of procedure in their use may be improved and expanded, 

Work measurement offers one of the most reliable 

avenues or aid·s to scientific management to achieve the 

benefits of increased production at lower cost for the 

advantage of everyone. It behooves wise management, there­

fore, to take advantage of all work measurement tools 

available, basing their use on the test of their economic 

utility-that tool which makes the highest return on the 

investment involved should be exploited to its maximum 

advantage. 
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