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" CHAPTER I

TRADITIONAL PERFORMANCE STANDARDS:

EVOLUTION AND PROBLEMS

Performance standards are cited in the production and operations
management literature as one of the most widely used tools for the plan-
ning, organizing, and controlling of manufacturing functions. The proper
use of performance standardé aids in the planning of manpower needs, the
allocation of workload, the evaluation of performance, and in the control
of labor costs; |

An extensive literature search reveals that writers of both peri-
odic and textual material have not treated in any depth the order picking
and accumulation activity as a functional area nor as a potential locus
for the application of performance standards.

Purpose. The purpose of this dissertation is to seek methods for
the establishment of performance standards for indirect labor tasks. The
methods will be investigated and evaluated in the context of a specific
function (order picking and accumulation) in an existing firm. Indirect
labor tasks as used in this context are characterized primarily as those
whose elements do not occur in a predictable sequence. Under these con-
ditions companies have either not set specific standards or they have
modified the traditional work study methods to adopt them to this less

routine environment.
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2
This dissertation is designed to:
1. Determine appropriate methods for establishing performance
standards for non-repetitive tasks
2, Apply these methods to the order picking and accumulation
function in an existing environment
3. Demonstrate the relative efficiency of the methods applied as

contrasted with a traditional approach

Overview of methodology. This study first reviews the literature

on work methods and perfbrmance'éténdards to determine techniques that
have been applied, their limitations, and the conditions necessary for
their application.

The empirical portion of the dissertation examines the order pick-
ing and accumulation function in an eiisting manufacturing company. The
object is to determine appropriate cfiteria for performance standards in
that application and the environmental conditions in which the standards
are to be used. Following the job and environmental analysis, performance
standards are developed by applying techniques reported in the literature
and developed for the specific environment. These are evaluated on the
criteria developed in the literature and the job.analysis.

The general hypothesis is that effective, efficient performance
standards can be established for the order picking and accumulation
function.

Historical considerations. The formalized study and quantifica-

tion of performance standards began with the advent of the '"Scientific
Management' era. One of the more important societies that proliferated
with the spread of the Scientific Management movement was the "Efficiency

Society.' While short-lived, it was significant because its membership
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3
was comprised of a mixture of industrial and business managers as well
as management theorists;‘eduéators; economists and writers whose cross-
fertilization of ideas embodied much of what has since come to be known
as '"Production and Operations Manégement." Its name was unfortunate
since the word "efficieht&""had begun to have a rather abrasive impact
upon the general public. Chérleé Buxton Going, Managing Editor of En-

gineer Magazine, summarized the purposes and objectives of the society

as follows:

The essence of the Efficiency Movement is insistence upon a deter-
mination of standards of achievement--equitable and reasonable stan-
dards by which the ratio of useful result secured to the effort ex-
pended, or the expense incurred in any given case, may be compared
with the ratio that should exist in a normal utilization of the agen-
cies at hand. Efficiency does not demand nor even encourage strenu-
ousness. It does not impose nor even countenance parsimony. It
merely demands equivalence, equivalence between power supplied and
work performed; equivalence between natural resources utilized and
products obtained; equivalence between vital opportunity and indivi-
dual or national health; equivalence between attainable degrees of
security and the actual proportion of casualties; equivalence between
production capacity and finished product.l

The standards of achievement cited above as fundamental to the Ef-
ficiency Movement depended upon standardization. In one of the earliest
texts dealing specifically with industrial management, Davis states,

", . as a rule, the standardization of conditions must precede the
standardization of functions . . ."2

Barnes further suggested that the most effective functions were a

synthesis of the most effective motions. The motions he suggested be

standardized related to the application of the following motion principles:

Icharles Buxton Going, ''The Efficiency Movement: An Outline,"
Proceedings of the Efficiency Society, Inc., p. 13, 1912.

ZRalph C. Davis, Industrial Organization and Management (New
York: Harper and Brothers, 1940).
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1. The most effective method usually is a synthesis of a minimum
number of unit motions -

2. Hand motions may be classified in accordance with the kind and
number of body elements involved. They should be broken down into
the lowest classification with which the work can be done properly

3. There is a normal work area for each classification of hand mo-
tions. Materials and tools should be so located that motions are
held to the lowest classification possible

4. As far as possible, all tools should be placed where they can be
grasped in the least time and with the least effort

5. The motions of the arms should be simultaneous, symmetrical, and
opposed in direction

6. Rhythm in work tends to 1mprove coordination and reduce fatigue.

It is a function of time, rather than of distance

7. The hand is an inefficient holding device; hence, whenever
possible, it should be freed for more productive use by the pro-
vision of a mechanical holding device

8. Hesitation in making motions should be analyzed for it may indi-
cate faulty:relat%onships between motions, physical conditions,
work habits, etc.

In summary, early work in the determination of performance stan-
dards was centered upon those functions that were predictable both in
movement content and the sequential relationship of movement. The mo-
tions were analyzed and standardized; then measured. The first univer-
sally accepted method for measurement was time study which was performed
with a stopwatch.

Time sfudz. Current works which deal with the practice of time
study, as distinct from motion study, reflect the same insistence upon
the standardized and predictable sequence of operations that character-
ized the early motion study literature.

Mundel gave five distinct steps for defining the unit of mea-
surement in the setting of a performance standard by time study:

This nee&'be done only once for all studies in the plant
Recording the standard practice

1

2

3. Observing the time taken by a particular operator
4. Rating or relating performance to the standard

3Ralph M. Barnes, Motion and Time Study (New York: John
Wiley, 1937), p. 110.
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5. Application of allowances?

With reference to the standard practice, he continued:

A standard time is defined as a specified proportion of time neces-

sary to-accomplish a unit of work, using a given method, under given
conditions of work, by a worker possessing a specified amount of
skill on the job and a specified aptitude for the job, when working
at a pace that will utilize, within a given period of time the maxi-
mum physical exertion such a worker could expend on such a job with-
out harmful physical effects. It is further indicated that this
general definition listed the variables in the situation subjected to
time study measurement.

Any time study predicts either the previous existence of, or the
creation of, a written standard practice.

Before any other phases of the measurements for standard time are
made, the method and conditions should be recorded in sufficient de-
tail so that the job and the conditions surrounding it, may be re-
produced or examined at any time in the future exactly as they were
at the time of study. This is the'gui%ing principle for preparing
an adequate written standard practice.

In practice, it is usually desirable to break the task into steps
referred to as time study elements. These elements are the finite por-
tions of the job that are studied separately. Because they are studied
separately, care must be used in the selection and definition of these
elements. Mundel suggests the following criteria be observed for selec-
tion:

1. Easily detected and definite end point. This will facilitate
timing because the well defined end point is easier to note accurately.
The most desirable type of end point is one which permits some means
of anticipating its occurrence so that the time study man may prepare
to read his watch at the correct instant. For example, it is easier
to determine the instant a lathe chuck key is laid upon a bench than
the instant the worker is finished tightening the chuck preparatory
to removing the key. However, a compromise is sometimes necessary
when this requirement conflicts with one of the others which follow

2. As small as is convenient to time. When stopwatches are used,
the smallest practical unit is about 0.04 minute, or 3 seconds. Even
this, however, requires skill on the part of the time study man. If
motion picture films are taken and later analyzed or if time study

MMarvin E. Mundel, Motion and Time Study (New York: Prentice-
Hall, 1953), p. 261.

5Ibid.
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machines 1nvolv1ng constantly moving paper tapes. are used, a smaller
unit is. p0351b1e. However, this is.not yet common practlce and in
many cases is not necessary. Unless detailed basic times are to be
developed or unless the job naturally breaks up into many small ele-
ments, fine measuring techniques are not used nor are they necessary

3. As unified as possible. The element should consist of a well
unified group of motions such as reach for, take hold of an object,
move it, and place it, rather than part of a series of movements
with one object and part of another series with another object. The
worker usually tends to.perform such activities as a pattern, rather
than as a series of acts; hence, the motions should be timed as a
group and should not be divided at an odd place. Also, an operator
may possess different amounts of the different skills required by the
various steps of the job; thus, his performance on each step is best
judged when separated. In addition, breaking the job down into ele-
ments involving only manipulative ability, visual perceptions,
strength, and -so forth, facilitates the subsequent job of ratingb

4. Hand time should ‘be separated from machine time. Hand time
is subject to the control of the operator; machine time, with auto-
matic feeds or fixed speeds, is not. Even where hand feeds are used,
the proper time for the machine work_is determinable with a highly
mechanistic form of experimentation.’ Machine time also permits a
high degree of standardization and cross-checking from study to study.
Hand time is much more variable and harder to determine precisely.
Hence, these two types of times should invariably be separated

5. Constant elements should be separdated from variable elements.
The act of starting a machine is usually independent of the piece
being worked on. The act of setting aside a given type of material
box is often independent of the nature of the pieces in it, and is
usually independent of the operation performed. Elements of this type
should be kept separate from those involved in the actual handling
of the piece, which will probably vary with the size, shape and
weight of the individual piece, its location, orientation, and how
easily it may be handled

6. Regular and irregular elements should be separated. Elements
that do not occur in every cycle should be kept separate to facilitate
proper prorating. Often, considerable observatlon is required to find
them, but they are a valid part of the job8

The above criteria are recorded in detail because, having exam-

ined the shipping environment and documented its characteristics, each

6Rating is the process of determining how fast the person
studied is working as related to a concept of a normal work pace. An
analyst observes this pace, compares it with other paces and learns to
judge pace level as a percent of normal.

q. Rossmore, "A New Tool for the Time Study Engineer,' Modern
Management, Vol. IX, No. 1 (January 1949), p. 14.

8Munde1,'MbtiOn and Time Study, p. 276.
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7
point will be examined to determine the feasibility of utilizing time
study methods in the study at hand.
The entire process of analyzing a task in terms of the elements
involved leads to the first improvement upon the traditional time study
approach, i.e;, the evolutidn of Standard Data;

Standard data. Historically, as time studies were taken, it

became apparent that the descriptions of the élements were similar. For
example, studies of machining operations often contained an element
described as ''position piece in chuckl" Further observation revealed
that time values; repeatedly in studies, were approXimately the same;
hence, it became apparent that under certain conditions the results of
prior studies might be used rather than restudy the element in question.
As more and more elemental data were Collected; it became possible to
construct entire jobs from previously determined elemental data. In
addition to eliminating duplicate studies, Nadler lists the following
predictive capabilities of Standard Data.

1. Less time is required for direct observational time study.
Time studies will still be needed for establishing standard times on
completely different classes of work, as well as to check, maintain,
and extend present Standard Data

2. Production and office flow lines can be balanced and work-
loads established before output is required

3. Costs, schedules, and delivery data can be predicted before
any work is done on a product or to produce a service

4. Greater consistency is obtained in establishing standard
times. Standard Data tend to eliminate some of the random errors of
the time study and other data gathering procedures

5. Greater economy is achieved in setting standard times. Fewer
man-hours are required, and more activit%es can be pursued in devel-
oping better models of work measurements

The conditions required for successful application of Standard

Data are also commented upon by Nadler:

9Gerald Nadler, Work Design (Homewood, Illinois: Richard D.
Irwin, Inc. 1963), p. 464.
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Assumption #1. ‘Many research projects show that an individual,
accurate, independent, and universal time value for a particular
therblig10 is difficult to establish, and that the time value for
one therblig is highly dependent on and interrelated with other
therblig times.ll "This assumption means that a standard time must
be established for each basic motion with exactly the same pro-
cedures used in time study.t< -

The same limitations and environmental constraints that bound
time study also restrict Standard Data. Moreover, from early programs
of Standard Data came the concept of a more universal set of time values
which relate to the body instead of the work place.

Predetermined time systems. As companies developed their own

Standard Data, consultants and other profeésionals began to compare
these. Again, similarities raised the possibility that a set of values
not bounded by a given organizational environment might be calculated.
This evolution (from common times for work elements to common times for
body motions) served to greatly expand the usefulness of time study

analyses and research. In-depth studies of times for body motions could

10A therblig (Gilbreth spelled backwards) is a breakdown of all
activities of the hands into 17 separate identifiable categories.
See Edna Yost, Frank and Lillian Gilbreth, Partners for Life (New
Brunswick, New Jersey: Rutgers University Press, 1949).

11Some references include H. Schmidtke and F. Stier, '"An Experi-
mental Evaluation of the Validity of Predetermined Elemental Time Sys-
tems,'" Journal of Industrial Engineering, Vol. 12, No. 3, May-June 1961,
pp- 182-204; G. Nadler and J. W. Wilkes, "'Studies in Relationship of
Therbligs," Advanced Management, Vol. 18, No. 2, February 1953, pp. 20-22;
W. D. Seymour, "Experiments on the Acquisition of Industrial Skills
(Part 4)," Occupational Psychology, Vol. 33, No. 1, January 1959,
pp. 18-35; E. A. Fleishman, '"The Prediction of Total Task Performance
from Prior Practice on Task Components,'" Human Factors, Vol. 7, No. 1,
February 1965, pp. 18-28; R. O. Freedle, A. Zarala, and E. A. Fleishman,
"Studies of Component-Total Task Relations," Human Factors, Vol. 10,
No. 3, June 1968, pp. 283-296; R. Nanda, 'The Additivity of Elemental
Times," Journal of Industrial Engineering, Vol. 19, No. 5, May 1968,
pp. 235-242.

12Nadler, p. 465.
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be used universally on comparable motions, whereas time studies_qf
specific work elements were restricted to comparable work categories
or tasks.

The expanded usefulness of the data seemed to justify more sophis-
ticated techniques. Accordingly, time values for basic body motions were
determined primarily by micro-motion anélyses;’USing chrohocyclegraphic
and stroboscopié measurementé‘réther than by stopwatch Stﬁdies.

Frank and Lillian Gilbreth called the analysis of body movements
made with motion pictures and a timing device "micro-motion'" study. In
most cases, the spring drive mechanism of the camera is sufficiently
consistent to use a frame count as a timing device, although some varia-
bility is present. The most frequently used timing devices include a
synchronous motor drive attached to the camera, and a microchronometer
which is placed in the picture to be taken. The microchronometer's
large hand rotates at 20 r.p.m. and the small hand at 2 r.p.m.; thus,
each small division is 1/2,000 minute. This affords an accurate timing
of each movement through examination of the exposed film. The start and
stop of each movement are seen with the start and stop time on each frame.

The use of stroboscopic lights, in conjunction with the camera,
produces a picture showing the position of a person during various parts
of an operation. Such pictures are usable only as a general presenta-
tion of work methods and function, i.e., not to time movements but
rather to highlight wasted motions.

The chronocyclegraph, on the other hand, was devised to study the
motion paths of the hands; It uses a photograph of the work place with
the motion paths superimposed;. Although the paths are shown in two

dimensions, the photograph is an effective device for portraying the
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relative velocities of quy members. The chronocyclegraph was, and is,
used mainly on highly repetitive operations which require rapid and
skilled movement--such as sewing garments; clerical work, and many as-
seﬁbly jobs.

Advances in technology led to rapid growth in Predetermined Time
Systems; The systems that evolved had the same 0bjeétive, i.e.; consis-
tent time standards establishéd'from motion analfsis. All of the sys-
tems presupposed that movementé were sequentially definable and pre-
dictable.

Predetermined Time Systems may be classified into three basic
groups. These are:

1. Acceleration-Deceleration Systems, whereby recognition is
given to the principle that body motions, at their start and stop, move
at varying speeds. Time values for body motions using this approach
tend to average 40 percent of total time for acceleration, 20 percent
for constant speed and 20 percent for deceleration

2. Average Motion Systems, wherein recognition is given to the
typical or average motion difficulties that occur in manual motion and
operation |

3. Addifive Systems, wherein basic time values are used plus
additions for motion difficulties, i.e., for factors of muscular con-
trol required by the motion difficulties. Additions are made for the
specific motion difficulties as encountered, with additives ranging
from 10 to 50 percent

Evolution of the Predetermined Time Systems. The first practical
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Predetermined Time System was developed by A. B. Segur.l3 Research
began in 1919, assisted and stimulated by the ideas and recommendations
of the Gilbreths.l4 anwn as MTA, fof "Motion Time Analysis;" Segur's
time values are the most detailed of the acceleration-deceleration
systems.. Among the many outgrbwths from MTA were other‘accelerétion-
deceleration systems such as Walter'HblmeS‘ “Applied Time Study."15

Acceleration-decéleration sYstems éré not widely used for stan-
dards setting; although technically they‘pfovide one of the best means
for detailed methods analyses and standards setting. H0wever, Segur's
work aroused a great deal of interest and, directly or indirectly,
strongly influenced subsequent systems using average motions.

At General Electric; Engstrqm16 developed a system from studies
of punch press and stamping operations that became known as the Eng-

strom Tables for '"place' and ''get.' The Engstrom Tables were widely

13A detailed descrlptlon of this system can be found in R. M.

versity of Iowa, 1944) and the John Crerar Library, Bibliography of
Time and Motion Study (96 E. Randolph St., Chicago, I1linois, Iél?i
See also W. P. Kuhne, "Studien zur optlmalen Kraftreaktion an Maschin-
enbedienungselementen' (Studies on the Optimum Force Exerted on

Machine Controls), Industrielle Psychotechnik, Vol. 3 (June, 1926),
pp. 167-172.

14g. B. Gilbreth, Bricklaying System (Chicago: Myron C. Clark
Publishing Company, 1909). See also F. B. Gilbreth, Motion Study (New
York: D. VanNostrand Company, 1911); F. B. and L. M. Gilbreth, Applied
Motion Study (New York: Sturgis and Walton Company, 1917); F. B. and
L. M. Gilbreth, Fatigue Study . (New York: Macmillan Company, 1919);
F. B. and L. M. Gilbreth, Motion Study for the Handicapped (London:
George Routledge and Sons, Ltd., 1920); L. M. Gilbreth, The Psychology
of Management (New York: Sturgis and Walton Company, 1914).

15y, G. Holmes, Applied Time ‘and Motion Study (New York:
Ronald Press Incorporated, 1938).

16H. Engstrom, ""Development and Use of Standard Data for Setting

Time and Motion Study Clinic' (1941), pp. 33-37.
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published and strongly influenced additional research at General Elec-
tric and elsewhere. Upon Engstrom's earlier work, the Minneapolis-
Honeywell Regulation company developed the M-H System, and General Motors
the Work Time Measurement time values.l’ At about the same time, Barnes,
at the University of Iowa?:dévélbped'a large number of time values for
body motions from laboratory énd plant étudies;18

Captain Oisen; of the’Spriﬁgfield Armory, developed a set of basic
time values during Work wai IT whiéh were used by the Armory engineers to
set incentive standards.l9 Thé'mbtivation for the development of these
basic time values'appearé to have been an old government regulation going
back to Scientific Management Ei'a20 which prohibited the use of stop-
watches to set standards for United States Government employees.

In the early thirties, the Philco Corporation sponsored a study
series of selected factory operations as a direct result of union re-
sistance to stopwatch time studies. Philco engineers (Quick, Shea and
Koehler) developed these into a system originally called Motion Time
Standards. These engineers, along with others working for the Radio

Corporation of America, did additional research and the system became

17C. Sellie, Standards International, Inc., monograph 5 (Chi-
cago: 1974).

18p. M. Barnes, "An Investigation of Some Hand Motions Used in
Factory Work," Iowa Studies in Engineering, Vol. 6 (February 1936).
See also R. M. Barnes and J., M. MacKenzie, 'Motion Study Research: A
Study of Positioning Small Parts," ‘Factory Mdanagement and Maintenance
Vol. 98, No. 3 (March 1940), pp. 63-66; R. M. Barnes and T. D. Speidel,

'"Motion and Time Study in Dental Education," ‘Journal of Dental Educa-
tion, (May 1942). '

. 1980ciety of Industrial Engineers,'BibliOgraphy of Time Study
Engineering (New York: H. H. Wilson Company, 1943), pp. 40-42.

20y, A. Gomberg, A Trade Union Analysis of Time Study (Chicago:
Science Research Associates, 1948) pp. 10-14.
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known as Work Factqr.21
In the early forties, the Westinghouse Electric Corporation spon-
sored a series of studies of sensitive drill press work. These were de-
veloped by Maynard, Stegmerten'ahd Schwab of the Methods Engineering
Council. This data was called Methods Time Measurement (MIM). In re-
cent years, Master Standard Daté, Unified Data, énd Modapts have been de-
veloped in the search for simpler application. Average Motion Systems
are the most widely published and publicized of the three basic sys-
tems ., 22
Segur's tables and techniques for start and stop times also in-
fluenced the additive Systems; The Elemental Time Standards System was
initiated at the Western Electric Company in the early 1920's and has
since been perfected to a level at which it has gained extensive appli-
cation in a large number of the firm's plants..z3
At the General Electric Company, the Engstrom Tables were further
developed and refined to allow for extra controls. This system was called
Motion Time Survey. Based upon these data, a series of conveniently ar-
ranged tables for motion combinations were then developed by Geppinger,
of the same organization, to become the Dimensional Motion Time System.

These basic values called MIS or DMI are used for time and motion study

at General Electric and a variety of other companies.24

21"App1ying Motion Study Principles: R.C.A. Manufacturing
Company," Factory Management and Maintenance, Vol. 100, No. 8 (Aug-
ust 1942) pp. 128-129.

22y, B. Maynard, 'Methods Engineering Installation,' Modern
Machine Shop, Vol. 9 (July 1936), p. 62.

23Bibliography'of Time Study Engineering, p. 31.

241, p. Persing, '"Motion Study in the General Electric Company,"
Human Factors, Vol. 7 (April 1933) pp. 123-131.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

Basic Motion Times .(BMI) was developed by Woods and Gordon;
Simplified Motion Systems (SMS) by'Dill.'25 Both systems are designed to
simplify the compensation for stops aﬁd starts caused by motion diffi-
culties. BMT was strongly influenced by the RCA and Westinghouse sys-
tems. SMS was similariy influenced by RCA and Minneapolis;aneYWell
techniquesi

From an academic viewpoint, eéCh system appears to possess
strengths and weaknesses that must be weighed against'eXisting environ-
mental conditions;' From a pragmatic view, applications tend to indicate
that Acceleration-Deceleration systems tend to be used on production run
work. Additive Systems find favor in the job shop operations. Average
Systems are the most popular and find application in both manufacturing
settings. None has been successfully applied to the general shipping
function or specifically to order picking and accumulation.

Definition of shipping. The term '"shipping' broadly designates

the movement of goods to a customer. Sometimes shipping activities are
organizationally combined with those of receiving thereby providing some
common supervision and facilities to the receipt of goods from suppliers
and the movement of goods to a customer. Hence, the term ''shipping de-
partment" 1s not nearly as definitive as most other organizational units.
For example, when the Production and Inventory Control Department is
mentioned, one infers certain jobs, techniques, and organizational rela-
tionships. The shipping department; however, may be handling anything
from the movement of ore to finished products. The tools used in the

shipping function cover the entire field of material handling equipment,

25¢. Sellié,‘monograph 5.
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packaging materials, and fastening hardware.

Order picking and accumulation. The focus of this study is upon

those industries that manuféctUre and inventory.‘ The manufactured goods
are placed in temporary storage; generally with like items, and the

term "order picking and accumulation' applies to the activity that is
initiated by the receipt of an order. When the order arrives in the
shipping department, someone is aséigned to fill it. This means read-
ing the line items; associating the goods specified with positions in the
warehouse; moving to those positions; accumulating the number of units
specified; and finally moving, and/or causing to be moved; the completed
order to a dock for loading. This activity sequence is typical for
movement to the purchaser of consumer goods and a large portion of in-
dustrial goods. It is, therefore; the classic kind of activity sequence
engaged in by many shipping departments.

Although the order picking and accumulation function is common to
many manufacturing facilities, a review of periodic literature anthol-
ogies, from 1954 to 1975, indicates that no applications of incentive
systems to that function have been reported. During the same period,
other functions that are commonly designated 'indirect Labor' have under-
gone a number of work measurement investigations. A search of non-
periodic published sources yielded the following single reference to in-
centive payment for cost reduction and/or goal attainment:

Plans [incentive] based upon reduction of personnel and payment
for maintaining schedules. Pgssi?%e applications: storeroom,
routine maintenance and shipping.

This source suggests a subjective method for sharing the monetary

26G, B. Carson, Production Handbook, 3rd. ed. (New York: The
Ronald Press Company, 1967), p. 89.
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rewards of cost reductiqn‘and/or increased effectiveness. No systematic
methodology is discussed. Further, the shipping function is referred to
only within the context of other indirect labor areas, not the single
focus of the reference.

The lack of applications of perfdrmance standards to order pick-
ing and accumulation can belEXplained'in part by examining the condi-
tions that were Cited'earlier'in‘thié chapter as being basic to the his-
toric work measurement techniques. Mundel, as quoted on page 5, laid
exacting criteria for those conditions that must exist prior to measure-
ments being taken for standard times. His guiding principle was that all
methods and conditions surrounding the job be recorded in such detail
that they may be reproduced'ekactly as they were at the time of the study
at any time in the future. Unfortunately, the warehouse environment
seldom fits this criter;a. The dynamics of the market alone preclude
the satisfaction of replicability as a condition that must exist to use
time study techniques. New lines are added; old ones cut back or
dropped. As a result, product locations are varied. Indeed, all or
parts of the layout may be rapidly rearranged. If time study techniques
were used in the warehouse environment, any of the changes mentioned
above would require that the performance standards be restudied.

Limitations. With reference to the determination of time study

elements, Mundel's criteria are again quoted as a springboard for the
writer's comments.
1. Easily detected and definite end point. . . . The most de-
sirable type of end point is one which permits some means of anti-
cipating its occurrence.

This consideration would pose some difficulty in the time study

of an order picker. For example, in an element such as '"move to next
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item location,' the time study person--to be able to anticipate the
ending of that element--would have td‘khow the next item to be picked
and its location. The same difficulty arises for the next element which
presumably might be '"'remove goods from storage." In order.tq anticipate
the end of this element, the time study person would have to know how
many units were ordered.

2. As small as is convenient to time.;}..

This criterion poseé'nd problem since most logical elements will
be longer in thé'study of the order picker than in the similar study of
an assembler or machine operator.

3. As unified as possible. The element. should consist of a well
unified group of motions such as, reach for, take hold of an object,
move it, and place it, rather than part of a series of movements with
one object and part of a series with another object, . . . In addi-
tion, breaking the job down into elements involving only manipula-
tive ability, visual perception, strength, and so forth, facilitates
the subsequent job of rating.

The order picking job does not include a well-unified series of
motions. It can consist of disparate movements such as walking, lifting,
stacking, writing, manipulation of banding tools and labeling. The prob-
lem is further compounded by the fact that these physical movements are
interspersed with certain mental processes, primarily cognition and
association. The order picker must translate the symbolic logic con-
tained on the order into a stock item and then associate that mental

image with a location in the warehouse.

4. Hand time should be separated from machine time.
Hand time is much more variable and harder to determine precisely.

The activity of an order picker contains no machine time that
occurs in a predictable sequence.

5. Constant elements should be separated from variable ele-
ments. . . . Elements of this type [constant] should be kept separate
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from those involved in the actual handling of the piece which will
probably vary with the size, shape, and weight of the individual
piece, its location, orientation, and how easily it might be han-
dled.

The handling of units of some sort is the essential nature of
the order picker's job. Therefore, almost all elements would be con-
sidéred'variablé and each would require study. If two or more condi-
tions Varied‘simultaneously; the number of Studies‘reqUired could be-
come economically prohibitive;' As the number of variable conditions
that must be accouﬁted'for increase arithmetically; the number of stu-
dies required could increase geometrically; For example, in the simple
situation in which either of two carton sizes could be packed with one

- of two different products of varying weight, four studies would be
required.

6. Regular and irregular elements should be separated. Ele=
ments that do not occur in every cycle should be kept separate to
facilitate proper prorating. Often considerable observation is re-
quired to find them, but they are a valid part of the job.

The order picking cycle is regular only in that an order must

be acduired before it can be picked,‘and picked and accumulated before
it can be moved to a shipping point. Within these broad parameters of
sequential regularity, a great deal of irregularity occurs. Although
the element df-walking is predictable, the distance to be traveled is
difficult to predict. Having arrived at a new picking location, it is
hard to estimate how long the order picker will stay since that period
of time is a function of the number of units picked. Having picked the
correct quantity, one would then need to predict whether the worker will

move to another picking point or proceed to a shipping location.

Other traditional approaches. Examination of the aforementioned

criteria, in light of the realities of the shipping environment, sug-
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gests that the very nature of order picking may preclude the applica-
tion of time study techniques. Further, as previously quoted, Nadler's
observation that '". . . a standard time must be established for each
basic motion with exactly the same procedures used iﬁ time study" con-
stituted an impedance to the successful use of that technique.

Predetermined time systems constituted an evolution from common
times for work elements to those for body movements. Moreover, they
were not constrained by any given work environment; Still; they did not
provide answers to the order picking characteristics cited above. There
are two major problems in applying predetermined time systems. The
first encountered relates to the length of the elements studied. As
observed by Mayer:

One external source of standard data is the so-called predeter-
mined elemental time systems which have been developed by consul-
tants, educators, and independent research workers. Some of these
are the work-factor system, methods-time measurement, basic motion-
time study, and motion-time analysis. In essence, each of these
systems provides time requirements for elements which can be used to
describe many manual activities. Their distinguishing character-
istic is that the elements considered are much more basic and of much
shorter duration than those considered in stopwatch time studies.

In fact, they are on the order of therbligs. Because of the more

fundamental nature of the elements, they can be used to describe a
greater variety of jobs than can be described with the usual stop-
watch time study type of element.

One of the better known of these systems is methods-time measure-
ment (MIM).27 In this approach, use is made of time data compiled
for the following basic activities; reach, move, turn and apply
pressure, grasp, position, disengage, rele%§e, eye travel time and
eye focus, and body, leg and foot motions.

The application of these minute motion times to the order pick-

277 detailed description of this system can be found in H. B.

Maynard, et al., Methods-Time Measurement (New York: McGraw-Hill Book
Company, 1957).

28Raymond R; Mayer, Production Management, 2nd ed. (New York:
McGraw-Hill Book Company, 1962), p. 592.
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ing function could be done only if a great number of assumptions were
made. For eXample,'the'Usual application of MIM is made upon a care-
fully engineered work place. In order to apply MIM (or any other pre-
determined time system), the distance moved by the hands must be known.
The reach movement is graduated in one-inch increments from less than
one to thirty inches.  The body, leg and foot motions are differentiated
according to the following descriptions, each having several different
time values depending upon the circumstances:
Foot motion - hinged at ankle with heavy pressure
Leg or foreleg motion
Sidestep - Case 1 - Complete when leading leg contacts floor
Sidestep - Case 2 - Lagging leg must contact floor before next
motion can be made
Bend, stoop, or kneel on one knee, arise
Kneel on floor--both knees, arise
Sit
Stand from sitting position
turn body 45 to 90 degrees
Case 1 - Complete when leading leg contacts floor
Case 2 - Lagging leg must contact floor before next
29 motion can be made
Walk
Assumptions. A number of assumptions would have to be made to
apply these predetermined standards to the order picking function. First,
the activity site of the order picker is constantly moving. Each line
item on the order would indicate a different storage location; hence, po-
tentially varying conditions. If the goods are racked, the first item
may be in the front of the bottom rack while the second may be on top
in the back. Second, if the goods are being accumulated on a movable pal-
let or carton, the first'item might require stooping, while the last item
picked might require only a simple waist bend. In order to consider all

conditions, every possible circumstance would need to be anticipated,

29%Maynard, Meéthods-Time Measurement, p. 211.
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the standards applied, and some sort Qf‘grand average calculated. To do
that, further assumptions would have to be made. This requirement leads
to the second difficulty. Buffa states:

Universal [predetermined] standard data give time values for fum-
damental types of motions, so complete cycle times can be synthe-
sized by analyzing the motlons required to perform the task. Funda-
mental time values of this nature can be used as building blocks to
forecast the all-important time criterian, provided that the time
values are properly gathered and that the various minute motion ele-
ments required by the tasks are analyzed perfectly.

. . Many people feel that universal standard data lead to
greater con51stency of standards, since analysts are not called on
to judge working pace in order to develop a standard. This does not
mean that judgment is eliminated from the use of universal standard
data systems, however. A great deal of judgment is required in
selecting the appropriate classifications of motion to use in ana-
lyzing an operation; an .inexperienced person ordinarily will not be
able to perform these selections accggately enough for the purpose
of determining production standards.

As was the case in the application of time study techniques, the
inability to predict the sequential relationship of movements poses the
most formidable obstacle to the use of predetermined time systems for
setting the order picking function's performance standards.

A probability model base. The literature search uncovered a final

unpublished source that attempted to overcome the unique difficulties
described above in the shipping environment. The source suggested the

following approach:

An effective warehouse layout should minimize walking time. This
is accomplished by first analyzing the distribution of warehouse items
with respect to forecast demand. This analysis is so differentiated
that a probability analysis in conjunction with the warehouse layout,
the placement of goods is such that one may predict the sequential
probabilities of filling an order having traversed one aisle, two
aisles.

The logic quoted is based upon the assumption that, although line

3OElwood S. Buffa, Moderﬁ'ProdﬁCtionZManagement (New York: John
Wiley and Sons, Inc., 1969), p. 458.
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items cannot be predicted with certainty as occurring in a given order,
there exists a probability that certain items will occur more often than
others. The basis for assigning a probability of occurrence on an order
is an item-by-item sales forecast. This forecast is usually some extrap-
olation of demand from a previous period that may be modified by sea-
sonal and cyclical variations or other knowledge of existing market con-

ditions that could impact upon the item demand for the period in question.

Warehouse layout. This demand model is then used as the basis

for the arrangement of goods in the warehouse. This is accomplished by
an array of all items in terms of probabilities'of occurrence. The most
popular item would appear first on the 1ist; the second most popular
second, and so on. the goods in the warehouse are then arranged according
to the array. If the first aisle (presumably the one nearest the load-
ing dock) could accommodate twenty items, the first twenty items on the
list would be placed in that aisle. It is assumed that, if the demand
model is fairly accurate, the order picking activity level and locus of
operation would be fairly predictable and therefore minimize the dis-
tance walked to fill an order. This approach, given an accurate pre-
diction of demand, would probably fulfill that purpose. It would require
the following, however:

1. That order pickers always start activity on the same aisle
and proceed in a fixed pattern

2. That ordér pickers have detailed knowledge of item location
since grouping of goods by product line will no longer be possible

3. That order pickers scan the entire order and be familiar with
each item ordered or the orders be printed in the same sequence as the

array of probabilities of demand
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If the above approach is also to be used for the determination of
performance standards, certain problems arise. It is true that the ap-
proach tends to minimize the completely random movement that was cited
as the chief impediment to the use of traditional methods for the deter-
mination of performance Standérds. However; more problems remain.

The next step in the calculation of performance standards is to
model order picker traffic patterns on the arrangement of goods in the
warehouse. The purpose; of course, is to apply some predetermined stan-
dard for walking so that the elemental time for travel can be determined.
The difficulty is that, while it may be possible to accurately forecast
the probability of occurrence on a shipping order for each item in in-
ventory, it is extremly difficult to predict the order in which they
might occur. This latter point is important for the determination of an
order picking standard since one must know the point at which the order
picker begins and ends his activity in order to determine the travel
involved.

Time constraints of a probability model. The model suggests that

the same logic used in predicting the probability of demand be applied
to predict the next item to be picked. this approach has validity only
if the time period used as a basis for the standard calculation is ex-
tremely long. To illustrate, if a given item occurred on ten percent

of all orders during the period used for the demand forecast, it does
not follow--even though a given period was exactly predictable--that

the item has a 10 percent probability of occurring on any given order.
Unfortunately; there will always be chance; short-run fluctuations which
would limit the pragmatic validity of that line of logic when used as a

basis for individual performance standards.
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The probability”mpdel.apprqach;represents an attempt to repli-
cate the conditions detéiled‘earliér‘that are prerequisite to the
successful application of the Stopwatch, Standard Data; and Predetermined
Time Systems approachesf It is important to recall that these approaches
assumed that the’enVirbnmeﬁt is Somehow repetitive and predictable.

Most direct labor appliéatidns rely upon either a repetitive motion
pattern and/or a substantive machine element upon which to base temporal
prognoétication..

These assumptions of repetitiveness and predictability are so
critical that most union contracts covering incentives state that stan-
dards may be changed if an alteration is made in equipment, method and/or
work place. When the last statement is considered in light of the dyna-
mics of the shipping room floor, any standard would be put in jeopardy
by seasonal and random demand fluctuations, stockouts, overruns and changes
in product mix. The reason is that the occurrence of all or any one of
these phenomena could cause an order picker to change his method of
picking and accumulation. This consideration is so decisive that if
one wishes to rigorously interpret the contract language, any one of
these conditions would be sufficient grounds for a grievance directed
toward a restudy of the standard. For example, should a pallet of goods
not be put in the space assumed by the probability model cited above,
there might be sufficient grounds for grievance.

If performance standards for order pickers are to be engineered,
the methodology to be used lies 6utside what has evolved in the tradi-
tional vein. The following chapter"ekplores reported advances in the
quantification of indirect performance using techniques that return the

observer to the work environment, but with a technique that reaches be-
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yond the limitations of the Stopwatch, Standard Data, and Predetermined
Time Systems.:

A time study approach’ to order picking and accumulation standards.

In this chapter the nature and characteristics of traditional time study
methods have been examined. ‘Although the research site will be examined
more c10§e1y‘in a subsequént chapter; certain general statements have
been made concerning the order picking énd accumulation task. It is the
purpose of this Seétion to examine the'C6nsiderations involved in ap-
plying traditional methods to the order picking and accumulation func-
tion; This hypothetical model will later be contrasted with the results
of the writer's reseérch.

When the order picking and accumulation function is reduced to a
basic description, the following elements appear to be common regardless
of the environment.

1. A source document is acquired that lists the items to be
picked and accumulated

2. Items are selected and accumulated by moving through a stor-
age area

3. The completed order is then moved to a staging area in prep-
aration for shipment

It is recognized that the source document may range from simply
a handwritten list to a computer-produced bill of lading. The items
stored may be inside or outside; palletized, bin stored; conveyorized,
etcetera. Movement through the area may be by walking; towmotor, truck,
or any variety of means. The critical point is that regardless of the
environment and the state of the material handling technology utilized,

the order picker must know what is needed, locate it, accumulate it, and
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ready it for shipment.

The task of determiniﬁg a standard for picking, and accumulation
can be reduced to quantification of the following time values:

1. The time allowed to move from the point at which the source
document is acquired to the point at which the first item picked is
located

2. The time alldwed to move from the location of the first item
to the location of the second item, from the location of the second
item to the'location of the third, and.so on, until the last item is
picked

3. The time allowed to move from the location of the last item
picked to a shipping point (or a point at which a new source document
is obtained)

Determination of the number of standards required. If the assump-

tion is made that the sequence in which the order is picked is the same
as the sequence in which the items appear upon the source document, a
general model can be used to determine the number of time studies re-
quired.

In the situation in which a warehouse contains only four item
locations, a sténdard would be required for the time allowed to go from
each of the locations below. (See 2 above.)

1. From location one to two

2. From location one to three

3. From location one to four

4. From location two to three

5. From location two to four

6. From location three to four
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Six standards would be required to be set for the movements among loca-
tions.

The general formula for COmbinétions of expected outcomes can be
used to determine the number'of‘time studies required for the determina-
tion of standards if the number of item locations is known. Since a
combination is é set of N elements, the number of different combinations
that can be formed from K elements' is given by

C o+ "":K.'.!"
Kn (Xn) I'n!

In the case discussed above; the formula would be applied by considering
K equal to the four item locations with n equal to two. What is to be
determined is the number of combinations of four-item locations that
occur when they are taken two at a time. The combination formula is
used rather than the one for permutations since the time from item loca- .
tion one to item location two is the same as the time allowed to go from
item location two to item location one. The item locations must be con-
sidered two at a time since each standard involves a beginning point and

an end point. Substituting into the formula the values K = 4, n = 2

C =(4 (3) (2) (1) =6
42 Y@M @ @

Model constraints. In order to complete a general formula to de-

termine the number of standards required, given the number of item loca-
tions, certain assumptions must be made about the acquisition of the
source document and the movement that takes place after the last item

is picked. This is necessary since the six studies calculated cover only
the actual picking and accumulation activities. If the assumption is
made that after the last item is picked, a movement is made to an order

staging area where a new source document is acquired, a standard must be
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calculated that quantifies the time alleed to move from each item lo-
cation to the point at which source documents.are acquired. The general
formula for calculating the number of standards required for K item lo-
cations becomes

Required ; K+ K
Standards ~ . (K-n)

LUK+ (KD) - K [2+(K-D] - K (K)
Tn ! 2 | 2 s

The number of standards required for the four-item example used is nine.
Nine time Stﬁdies'is not an overwhelming task, but as the number of
items increéses; the job becomes formidable. The research site dis-
cussed latef cdntained 1,400 item 1ocations; The general formula, when
applied to this environment, indicétes that 980,700 time studies would
be required.

Calculation and application. The standards required would most

efficiently be calculated by developing standard data. This approach
would substantially reduce the effort required to arrive at the standards.
The calculation would be a one-time job, assuming that the location of
the items was not altered. On the other hand, an equally formidable and
continuing task is the application of the standards.

If the application of the standards was done manually, each line
item would be considered in conjunction with the one that followed and
the appropriate standard applied. If a computer was used to print the
order, the application of the standards could be incorporated into
the order entry system. Assuming the standards were a three-character
number, the file required for storage--in addition to the problem of
assessing that volume of data--would be beyond the capacity of most
industrial computer installations.

In the final chapter the performance standard derived through this
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research will be compared with the traditional approach discussed
above. Special emphasis will be placed upon the relative ease of ap-

plication and maintenance of both standards.
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CHAPTER 11

LITERATURE SEARCH: NON-TRADITIONAL TECHNIQUES;
INDIRECT PERFORMANCE STANDARDS

The dividing line between direct and indirect work can rarely
be precise. In automation; for eXample, the only people involved may
merely observe the control cbnsoles and maintain the equipment. O01d
classifications of "direct' and "indirect' work would call these jobs
"indirect." However, since they are the only ones operating in the
activities, they could be considered the ''direct' working force.

Definition of indirect work. Perhaps a better definition of in-

direct work is that it involves situations where a measure of output or
work unit is difficult to establish. In many cases in industry, the work
unit is difficult to establish or not directly observable--such as X
number of units produced or so many cycles performed. Even then, some
tasks with seeming direct measures of output are not direct work. For
example, the number of pieces carried by a material handler on a fork
truck can be counted or measured. Of course, this would not necessarily
be the basis of a work unit for the handler because he may sometimes
make several trips with half the number of units carried on other trips.
The literature, however; does consider many categories 5indirect”
work. These include tool room éctivities, materials handling, drafting,
programming, office activities, engineering, maintenance; nursing activ-
ities, research and dévelopment, inspection, accounting, department store

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



31

work, set-up personnel, housekeeping, managers and executives, and so
forth. Nadler suggests that the term '"nonrepetitive activity'' best
describes this category of work; and further states that this work seg-
ment is ina:reasing.:”1

Whether the‘Order'picking function is direct or indirect activity
is debatable; If the nonrepetitive criterion is applied to those areas
of literature élassified as indirect labor, interest in the techniques

reported to set standards in those areas is heightened. For example,

order picking is usually nonrepetitive.

Performance standards for indirect work. Early literature sug-

‘gests that performance criteria for indirect work be established by find-
ing the actual work unit and relating indirect activities to direct work
output.

To determine a work unit for indirect work involves thorough in-
vestigation of possible relationships among the data obtained. Thus, the
elemental standard data procedure is the basic approach recommended. For
example, the fork truck operator may have a work unit related to number
of trips, total pounds carried, distance or any combination of these.
With predetermined motion-time systems, some available standard data,
and a few time studies, a standard data arrangement may be developed for
some indirect tasks. 2

It was also suggested that some classes of indirect work could be

related to the output of direct people. Indirect people in certain ac-

tivities--like die setting, housekeeping, and material handling--can be

SlNadler, Work Design, p. 355.

325, M. Robinson, ''Planned Repair Jobs Hold Down Costs,' Factory,
Vol. CXIX, No. 7 (July 1961), pp. 132-40.
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included in the group and operate with the performance criteria and/or
the incentive plan used for the people they service. Gold states:

This is an easy way of eétablishing.perfbrmance criteria, although it

should not be used just for this reason. Many indirect work situa-

tions can still have individual performance criteria_to permit each

operator latitude for exercising his own abilities.

For the reasons advénced'in the previous chapter, predetermined

time systems, standard daté, time studies or any combination thereof,
are not applicable to the order picking function; The second suggestion,
i.e;, relate the indirect task to some measurable direct task would ap-
pear to present insurmountable prdblems because order picking is usu-
ally quite remote from those activities that produce the items. Any

relationship to direct labor effort would be tenuous at best.

Performance standards for nonrepetitive work. When later litera-

ture concerning the measurement of nonrepetitive tasks is examined, it
becomes immediately apparent that the research to date has relied heav-
ily upon work sampling.

Work sampling is one of the most versatile tools for modeling
nonrepetitive jobs. Before its advent, the study of nonrepetitive
tasks was virtually nonexistent. Most nonrepetitive jobs involve peo-
ple with skills in which they take pride. Many of them frequently
complain that too many other activities do not let them utilize
their skills. Work sampling does not offend the sensibilities of
these people, and it provides a degree of motivation because some-
thing is bging done to find a way to utilize the skills more ef-
fectively.

The flexibility of work sampling provides a model for even the

most nonrepetitive activities.35 Specific applications include safe-

33g, Gold, Foundations of Productivity Analysis (Pittsburgh:
University of Pittsburgh Press, 1955) p. 123.

34Nadler’, p. 335.

35R. L. Shell, 'Work Measurement for Indirect Labor Activities,' .
Industrial Management, Vol. XIII, No. 11 (November 1971), pp. 4-7.
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ty,30 research workers, 37 executives of the company,38 supervisors,39

40 !

accounting,*” inventory control,”" professors in a university,42 com-

puter programmers,43 and hospitals (clinics, heart station, pathological

laboratory, operating room, nursing stations, and many others).44

Broom summarizes the advantages inherent in work sampling, as
against other means of producing similar information, as follows:
1. More information can be acquired in a given period than can

be obtained by any other method (A production study would elicit only
20 to 30 percent as much information in the same period)

367. Maguire, 'Work Sampling Sold Safety for US," FéCtory:Man-
agement and Maintenance, Vol. CXIII, No. 2 (February 1956),, pp. 92-93.

373, S. Herrick, "Using Work Sampling to Study the Activities of
Research Workers,' Journal of Industrial Engineering, Vol. X, No. 1
(Jan.-Feb. 1959), pp. 60-63.

38c. L. Brisley, "'Oral Communications in Executive Behavior in a
Medium Sized Company in Detroit, Michigan,' Ph.D. Dissertation (Wayne
State University, 1957).

395. s. Underhill, "First Line Supervisors--How Do They Spend
Their Time?'' Paper Number 56-A-54, American Society of Mechanical Engi-
neers, Annual Meeting, 1956; G. Nadler, 'What Do Your Foremen Do?" Mill
and Factory, Vol. LIII, No. 4 (October 1953), pp. 88-92.

40a. c. Rosander, ''Selected and Annotated References on Sampling
Applied to Accountlng Problems," Industrial Quality Control (June 1960),
pp. 11-18.

41B. M. Bowles, "Application of Statistical Sampling Techniques
to Life Inventory Evaluation,' Accounting Review, Vol. XXIV (April 1954),
pp. 244-250.

425, A. Ritchey, '"An Unusual Work Sampling Application,' Journal
of Industrial Engineering, Vol. X, No. 6 (Nov.-Dec. 1959), pp. 450-455.

43Detaa.led analysis of applications of work sampling to computer
programming can be found in D. A. Heckerman, "A Computer Program Develop-
ment time Estimation and a System Development Time Estimation Methodol-
ogy," Ph.D. Dissertation (University of Cincinnati, 1976). See also
R. L. Shell, 'Work Measurement for Computer Programming,'' Industrial En-
- gineering, Vol. IX, No. 10 (October 1972).

44y Littauer, ”Industrlal Engineering in the Hospital,' Hos-
pltals, Parts I and II (February 1960).
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2, Workers observed seem to resent the work sampling observer
less than they resent an engineer making a’ productlon study (perhaps

 because he is not present continuously)

3. The information provided by work sampling is.sometimes unob-
tainable by any other method or, at least, is 1mpract1cal to procure
by any other method

4. The information yielded by work sampling typically is ac-
curate .

5. Relatively untrained observers may be used to assemble data
by work sampling (Each supervisor can study his own department; in
fact, self-observation is possible.)45

Work sampling does;'hOWBver, present some problems of applica-
tion which must be solved. These problems can be summarized as follows:
1. An unbiased sampling process must be used
2. Qualitative classification of observations is required
3. Some knowledge of statistical theory is required in setting
up the work sampling study
4. When work sampling is utilized to develop production stan-
dards: |
a. A rating factor must. be determined
b. Allowances must be determined. (These problems exist
when other methods of standards developed are used; thus, they are not
unique to work sampling)
The utility and flexibility of work sampling may be demonstrated
by its use in the study of a nonrepetitive work situation which was re-
ported by Robert J. Paul.4® The technique was used for the analysis of

the activities of salespeople in a retail store, and the data were col-

lected by direct observation of randomly selected departments at random

.......

nois: Rlchard D. Irwin, Inc., 1967) Pp- 261 284

46R.obert J. Paul, 'Performance Standards for the Non-Manual Non-

Repetitive Activity?" The Journal of Industrial Engineering, XIX, 12
(December 1968), pp. 612-617.
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instants in time.

Subsequent to the determination of standards, the data were
tested and finally utilized to reschedule salespeople with a net result
of a $300,000 decrease in payroll costs without loss of customer service.
Having utilized this approéch in a number of retail outlets, Paul draws
the following conclusions:

1. The method (work sampling) is adequate to examine the hypoth-
esis that it is possible to establish accurate, low cost performance
standards for nonrepetitive activities -

a. The work of the nonrepetitive employee can be defined in
terms of elements which are meaningful to the employee and also rela-
ted to the major objectives of the firm

b. The method can be applied to determine how each indivi-
dual worker spends his time as well as how the group spends its time

c. The data gathered from the studies are reasonably ac-
curate, and limits of accuracy can be determined by statistical
methods

d. The method produces information that might not be ob-
tained by other methods

e. Managers are interested in studies of this type and want
to know how their employees spend their work day. Managers will
accept the findings of this type of study and are cooperative in its
conduct

2. Administration of the technique is simple

a. Data can be obtained without disturbing the workers. The
method produces a minimum of distortion of normal operating routine

b. Data can be obtained either by department managers or by
outside personnel. Observers need not possess an intimate knowledge
of the business. Self-observation is also possible.

3. The method provides an efficient way of gathering data

a. If the purpose of the study is to determine how a group
of employees spends its time, the study can be completed in five
days

b. A study to determine how individual employees spend
their time may take longer depending on the number of persons ob-
served and the number of observations made in a day

c. A study to determine an accurate performance standard
would also vary in duration depending on the factors just mentioned

d. The length of time needed to complete a study using work
sampling is much less than that required by time study methods

4. The method is economical to administer

a. Only the observer's time was invested in the studies
conducted

b. The use of data processing equipment, if ai;eady avail-
able, could reduce processing time by about 25 percent

471bid. , P- 617
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Work sampling methods. In conducting a work sampling study, the

analyst takes a comparatively large number of observations at random in-
tervals. The ratio of the number of dbservations of a given state of
activity to the total number . of observations taken will approximate the
percentage of time that the“pfoceSS‘is in that given state.

For example, if 10;000'obseiVAtions at random intervals over a
period of seﬁéral weeks indicate thét a given automatic screw machine
was turning out work in 7,000 iﬁstances; and in 3,000 instances it was
idle for miscellaneous reaSons;'then'it would be reasonably certain that
the down time of the machine would be 30 percent of an 8 hour working
day, or 2.4 hours; and the effective output of the machine would be 5;6
hours per day.

The accuracy of the data determined by work sampling depends
upon both the accurate classification of elements and the number of ob-
servations taken.

Element classification. In its embryonic stages, work sampling

was known as ratio-delay because the results were reported as the ratio
that resulted when the number of delay observations were divided by the
number of working observations. The element description therefore was
simply a bi-modal set, i.e., "working" or 'not working.'" As the disci-
pline became more refined, more than two elements were observed. As more
elements were observed, classificatiqn of the elements became increasingly
important. For example, the basic question of exactly when an element
begins and ends must be answered priqr to observation. Although some
areas of work pose few problems with respect to classification, the area
of maintenance activity is particularly resistant to definitive classifi-

cation. To demonstrate the importance of classification and how it was
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handled in a study of maintenance activity, the following research by

Floyd S. Meck, Jr.48 s presented.

" ‘Application of element classification. The objectives of the

Meck study of maintenance work were to:

1. Determine the current work effectiveness of the maintenance
division craftsmen

2. Develop recommendatioﬁs to improve work effectiveness

3. Review the accﬁracy of time standards that had been estab-
lished much earlier! (Many chéngeé in methods; machines, tools, and
maintenance procedures had occurred since the original earned-hour in-
centive plan was installed.)

Each productive and non-productive category was completely de-
scribed, with examples, in writing and given to observers for study and
reference. Two examples of category descriptions follow which illus-
trate the detail of explanations used by Meck:

Productive work is the active procedure of producing or accomplishing
an assigned task and working toward its completion

Motion may or may not exist depending on the nature of the work.
(For example, a man holding a wrench on a bolt, while another holds
it in; or opening a press; or raising a lift; or spot welding; or
holding a ladder, while another works on the ladder, is considered
productive work.)

All time between ''preparation' and ''cleanup,' not covered by
elements classified as non-productive, is considered productive
time. (For example, a man cleaning a tool, while performing a job
not yet completed, is considered productive work.)

Walking between the job and a work cart or motorized vehicle, or
walking within the immediate vicinity of the work area is considered
productive time

"Attention time' is time spent physically attending a machine do-
ing productive work (no direct work being contributed by the man).
While attending, the man may be doing a nonproductive element such

48F10yd S. Meck, Jr., '"Work Sampling Study of Scattered Main-
tenance Workers," Industrial Engineering (January 1972), pp. 20-23.
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as reading, non-business talking, smoking, etc. 49
. Personal time is an element that can definitely be determined

as a person walking to or from a washroom, vending machine, drink-
ing fountain, cafeteria (or in a cafeteria), dispensary, personnel
or smoking area

A person in a smoklng area at a non-break time

A person eating and standing by a machlne where nothing is being
done and no tools are involved X

A general rule to follow is: personal tlme allowable comprises
those elements which the company allows within the pay structure,
and which are necessary to the man's immediate needs

The personal time element may occur only in the fgﬁtory or of-
fices, not in the craft shop of that maintenance man.

The data were 5ummarizéd“by'totaling the number of observations
by each productive ahd hoﬁproductive element for eéch craft. From this
summary an analysis of the performance of each craft was made. In it-
self, the body of data provided'a clear picture of work effectiveness
for each maintenance craft as well aé for the division as a whole.

Work sampling theory. The theory of work sampling is based on

fundamental laws of probability. If, at a given instant, an event can
either be present or absent, statisticians have derived the following
expression which shows the probability of x occurrences of an event in

n observations:

P+at=1
p = the probability of a single occurrence
q = (1 - p) the probability of an absence of occurrence
n = nunber of observations

If the above expression, (p + q)™ = 1, is expanded according to
the Binomial Theorem, the first term of the expansion will give the prob-
- ability that x = 0; the second term x = 1; and so on. The distribution

of these probabilities is known as the Binomial Distribution. Statis-

rpid., p. 22.
01bid., p. 23.
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ticians have also shown that the mean of this distribution is equal to
np and the variance is equal tO'hpq. The standard deviation is equal to
the square root of the variance.

The distribution is useful because a given condition of work
(element) either is or is not present when an individual observation is
made. If the element is ﬁot béing peffdrmed, all othér possible condi-
tions are treated simply as a non-bccUrrence of this element.

‘Binomial Distribution. As the number of observations (n) be-

comes large, the Binomial Diétribution approaches the Normal Distribution.
Since work sampling studies invdlve quite large sample sizes, the Normal
Distribution is a satisfactory approximation of the Binomial Distribu-
tion. Rather than use the Binomial Distribution with a mean of np and

a standard deviation of /npq, the distribution of a proportion with a
mean of p is used (i.e.; 2%) and a standard deviation of E%

(i.e., \/ﬁgg). In a work sampling study, a sample of size n is taken

in order to approximate p. According to sampling theory p (p = the pro-
portion based on a sample) of each sample cannot be expected to be the
true value of p. However, the p of any sample can be expected to fall
within the range of p + 2 sigma, approximately 95 percent of the time.
In other words, p can be expected to fall outside the limits p + 2 sigma
only about 5 times in 100 due to chance alone.

In random sampling procedures, there is always the chance that
the final result of the observations will be beypnd the acceptable toler-
ance. These sampling errors will diminish as the size of the sample in-
creases. The sampling error of a sample percentage may be expressed by

the following equation:

Standard deviation of a percentage = _/p(1l-p) where

n
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p = true percentage occurrence of the element being sought
eipressed as a decimal
n = total nunber of ‘random observations

By approximating the true percentage occurrence of .the element
being sought (which is designated as p) and knowing the allowable stan=
dard error permitted; it is possible to substitute back into the aBove
eXpression and COmputé n}

For example,'assﬁme é researcher wants to determine the number
of observations requiréd'with 95 pefcent confidence so that the true
proportion of perSonél and unavoidéble delay time is within the inter-
val 6-10 pertent; It ié eipected that the unavoidable and personal de-
lay time encountered in the study is 8 percent.

In this case, p would equal .08 and the standard deviation of the
sample percentage would equal 1 percent or .0l1. Using these values, n

can be calculated as follows:

.08(1 - .08)
(.01)2

n

736 observations

Confidence interval. Frequently it is desirable to express the

interval of the element being sought as a percentage element tolerance,
rather than an absolute percent. .This is especially true when the element
is small and the absolute interval might equal or exceed the true element
percentage. If the element percentage is 8 percent an interval of an
absolute + 10 percent would be misleading. In the example given, a +

25 percent element tolerance is used (.02/.08). After the initial es-
timate of the number of dbéervétions has been obtained, a more accurate

estimation of p may be computed. By using the above equation, again, the
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achieved accuracy is computed. If the achieved accuracy is as good or
better than the desired accuracy, E'is'accepted as the true value of
the population value "p." If the desired accuracy has not been obtained,
more observations are taken and the process is repeated.

Although the basic Sampling theory has been known, the real im-
petus for itS“applicétion to.wbrk measurement was provided by the com-
puter. The discuésion which folldwé‘will demonstrate the use of the
theory when applied in conjunctioh with the computer.

‘Impact of the computer upon work sampling. With reference to

the computer, Henry found it valuable not only to process the observa-
tions but also to initiate the study and provide ongoing feedback con-
cerning the confidence level being achieved at any point in the study.
The often-used theory below is applied to determine how many observations
should be made in a work sampling study to achieve i_S percent confidence

level:

1537 (p) (1 - p) where

=
Il

=
i

the total number of observations, and

the number of occurrences of the activity being studied di-
vided by the total number of observations.

Two problems arise, however.

1. What should be the estimate of p?

2. If the study is terminated before the desired number of ob-
servations, what will be the level of accuracy at that point?

A relatively simple program (70 Fortran statements) was formu-
lated. Sampling data were accumulated on a Fortran coding sheet as ob-
servations were taken. Input data were keypunched directly from these
sheets. After the program is run, the individual input data as well as

the old matrix are disregarded since all that is needed for the next run
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is the new matrix which.is punched onto cards during the program run.

The computer program is run every few days. The output not only indi-
cated what the confidence limits were at the 95 percent confidence level,
but how many observations were required to reach + 5 percent confidence
limits for each activity.”l

This approach obviously eliminates the need to estimate the p
value prior to the study.

A similar computer application was used by the Naval Weapons
Station at Seal Beach, California. The aim was to increase efficiency
and develop data necessary to reevaluate staffing allocations. A com-
puterized work sampling approach was chosen. For purposes of work samp-
1ling, data identification, collection, and computation, the following
control factors were made an integral part of the study:

1. All observations were construed as falling into one of five
major element groupings, each of which has its own coded work ele-
ments. The five groupings were: productive, non-productive non-
avoidable, non-productive avoidable, personal and out-of-area

2. In addition to the measurable productive work elements, a
special out-of-scope element was established to cover productive work
performed that could not be directly related to a specific work unit

3. IBM Port-a-Punch equipment was used to record observed data

4. A computerized data computation sgstem was specially pro-
grammed for processing the data compiled®

The computer produced the listing of the number of observations
and indicated the percentages of observations as applied on a daily and
cumulative basis. The weekly printed report included a breakdown by in-

dividual element codes, recorded on a daily and cumulative basis, for

each area. It also provided a summary of the five major categories by

: Slpavid P. Henry, "Computer-Aided Work Sampling,'" Industrial En-
gineering (July 1973), pp. 14-16.

SZEric Frank, "Low Cost Standards for Indirect Labor," Industrial
Engineering (August 1970), pp. 27-29.
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day and a cumulative summary for each area. In addition, a summary was
printed indicating the percent of observations as a total for the depart-
ment as a whole. Cumulative confidence levels by area and for the de-
partment were computed and printed as part of this report. The random
observation sheeté were Cémpuﬁed'ahd printed by computer.

Standardé were devélbped'for eéch.productive work element which
included the raw time per'ﬁnit and adjustments for personal allowance,
unavoidable delay, and a leveling factor: The relative value of each
work element was then estébliéhed'by percentage of occurrence. The se-
lection and use of one of the established work elements and its applica-
tion as an overall control standard was then made possible because of the
interrelation of all elements in contributing to the performance of the
department's basic functions. This control standard is used as a tool
for measuring department performance efficiency and thereby becomes a
staffing guide.

Other applications of work sampling. Heiland and Richardson®3

set forth a proposition pertaining to all work sampling. Its essence is
that the percentage of observations that find an employee or machine idle,
working, or in any definable and observable state, reflect with a known
degree of accuracy the average percentage of time actually spent on that
element in that universe of work. The only prerequisite prior to reaching
the above conclusion is that sufficient observations be randomly collected
over a sufficient period of time. ("Sufficiency' will be discussed later
in the chapter on methodology.)

Early applications of the proposition above were reported by Wolf

53R. E. Heiland and W. J. Richardson, Work Sampling (New York:
McGraw-Hill, 1957).
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and Riordan.”* They studied the activities of non-supervisory and su-
pervisory engineers. The historical importance of their study lies in
the fact that it established that work sampling techniques could be
used to study professional perSonnel;

Geisel55 ekpanded'upon the methodology of Heiland and Richardson
to study supervisory wbrk.' In this study three techniques were used to
gather and verify the data; Work SAmpling was used as the primary re-
search,technique: .A11-déy time stﬁdies’were randomly used to cross ver-
ify the data; All-day time étﬁdies‘were randomly used to cross-verify |
the results of the work sampling: And, finally; personal interviews
were conducted with the férémen'in an attempt to elicit their reasons

- for allocating their time aé they did. This represented the first re-
ported combingd use of time Study wbrk sampling and personal interview
in the study of supervisory activity.

Although most work sampling applications reported involve a mass
of data collected from the observation of a large number of people and/or
machines, Beegle and Bricker report a successful application of the work
sampling techniques to the study of the activities of one person. They
state:

Direct measurement by ordinary time study methods hardly suffices
in highly nonrepetitive indirect labor areas. The cost of direct
measurement in these areas would eventually outweigh any benefits
derived from the incentives. This is especially true where only one
or two indirect people are involved. To establish indirect labor

standards, in such a case, that are economical to use and still give
a satisfactory measure of the work content, we used work sampling

54M. Wolf and D. P. Riordan, '"Work Sampling in an Engineering
Design Department,' Journal of Industrial Engineering, 12 (May-June
1961), pp. 175-181.

>3], M. Geisel, "A Method for Measurement and Analyses of Super-
visory Work," Journal of Industrial Engineering, 19 (April 1958),
pp. 175-185.
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and multiple correlation analysis.

The'area'df study in thié case was the tool crib in a welding
department. The attendant's work is essentially maintaining productiv-
ity of direct labor empldyeeS'in the welding department. It was felt
that some variables are neceséafy which have an influence on the amount
of work the'Weldihg tool cfib atténdant does; These were found through
careful analysié during an eight4déy work sampling.

The study revealed that the variables controlling the work of
the crib attendant were direct down time; direct labor earned hours by
the production employees; and the number of weld setups completed by the
crib attendant. When the direct labor down time increased, more work
content was noted in the crib attendant's work elements. Similarly, when
the direct labor earned hours increased, the productivity and turnover of
weld jobs rose, resulting in further work for the crib attendant. The
same was true for setups completed.

The problem, then became one of determining a methematical model
that would correlate the allowed hours to perform the crib attendant's
work with the three variables. Assuming their independence, a mathe-
matical model was developed using the method of least squares. Applica-
tion of an analysis of variance indicated that the correlation (0.983)
did not occur by chance.

The incentive plan has been in effect long enough now to con-
clude that it is working. The authors' report recommends that the same

technique be applied to tool crib attendants in other operating depart-
56

56, B. Beegle and T. J. Bricker, '"One Man Incentive Plan,"
Industrial Engineering (August 1972), p. 21.
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Analysis of variance in work sampling data. In the previous

discussion, it was demonstrated that work sampling could be effectively
utilized to determine the prdportion any element constituted of a given
activity pattern. It can and has been used in those areas in which
traditional methods were eithef'not applicable or too ekpensive; Al-
though knowledge of the'prdpbrtion each element of a given activity
pattern represents is valuable;'work sampling leaves unanswered the
question of why each element constitutes a given proportion.

For eXample,'in the study df the tool crib attendant, work samp-
ling simply quantified é number of elemental times. The causative re-
lationships between these elements and the activities of the tool crib
attendant and his work envirohment reméined'unanswered. It should be
noted that these causative vﬁriables'were outside the activity pattern
of the attendant. In fact, most human activity called work is affected
by a number of variables, some of which are endogenous, but most of which
are exogenous to the work itself, being largely a function of the environ-
ment in which work is done.

In the determination of a measurement or unit of work, it is of-
ten necessary to understand the relationships that exist between the unit
of work and the variables that are affected by or affect it. Classic
time study approaches recognized this requirement. Jelinek and Steffy57
commented on the time study approach and some of its restrictions.

In their work [however] the classical operations analysts and time
study practitioners have found it useful to obtain the relation-

ships between some of the factors under investigation. When only
- two factors are considered, the approach used has generally been

STR. C. Jelinek and W. Steffy, "Use of Multi-Variate Techniques

gineering (February 1966), p. 106.
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simple in nature, consisting of plotting data points on a graph and
fitting a curve through the points thus obtained. The problem be-
comes more cumbersome when the effects of two or more independent
variables on the dependent variables are to be investigated, but the
practitioner still has been able to cope with this problem'by in-
vestigating the effect of a single independent variable while hold-
ing the remaining ones constant. In addition to the practical diffi-
culty of keeping certain variables constant, this approach requires
a large amount of data.

The use of this approach makes it impractical to consider more
than two or three independent variables simultaneously. As a matter
of fact, the complication brought about by the consideration of only
a second variable usually leads the practitioner to simplify the re-
presentation of the real situation by considering the effect of only
one independent variable. An example of this is in the area of per-
formance rating. Although the performance factor consists of varia-
bles such as the operator's work pace, his aptitude, his motivation,
and his skill, the rater generally judges the net effect of all
these factors on the performance time without considering the ef-
fects of the individual variables.

The approach recommended by Jelinek and Steffy is multivariate
regression analysis. This approach has been applied by others to the
measurement of work that was felt to be affected by a number of indepen-
dent variables. The reasons this approach shows promise are explained
next. A brief description of the theory will precede a discussion of
specific applications of the technique to work measurement.

Theory of regression analysis. Regression analysis is the pro-

cedure that attempts to derive a numerical relationship between two
groups of matched observations so that, by having information about one,
the value of the other can be predicted. The procedure is therefore
designed to reveal:

1. The nature of the relationship between two Variables, that
is, what formula can be used to determine one from the other

2. The strength of the relationship, that is, how widely deviant
are the real values likely to be from the predicted ones

3. How well the observed sample of values replicate the real na-
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ture of the relationship; that is, whether a large enough sample has
been observed so that the real relationship will not be distorted by
one factor varying independently from the other(s)
Although there is a statistical relationship between regression

and correlation58

regression can eipreSS’the'relationship between two
variables without reference to correlation. Regression is best deter-
mined by the method 6f least squares which keeps to a minimum the devi-
ation of observed points from the fegression curve. The equation for
straight-line regression is:

Y =a+ bX
a (the Y intercept) and b (the slope of the line) are found by simul-

taneous equations:

2
4 EXTY -~ EXFEXY
an =
a I'IZX2 - (f.X)z

The equation for parabolic regression is:

Y =3+ bX + CX2

and the simultaneous equations involved in finding a, b, and c are:

$Y = na + bX + crx?

arx + bLX2 + ch3

arx® + brx’ + erxt

Xy

]

2
IXY
In the discussion above, only two variables were considered. One

of these was the dependent; the other, the independent variable. The first

.........

58, C. Bryant, Statistical Analysis (New York: McGraw-Hill Book
Co., Inc., 1960), p. 133.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49

purpose of the analysis was to construct an equation with which to es-
timate values of the dependent vafiable'from given values of the indepen-
dent variable.b This is the.regfesSion equation. The second purpose is
to measure the closeneSS'of the relationship between the two variables.
This is done by‘meané of the coefficient of correlation and its square,
the coefficient of determination.

Frequently, estimates of one variable made from values of one
other variable are not sufficiently close to be satisfactory, and it is
often also the case that there are other possible independent variables
which help in the estimation of the dependent variable. This is es-
pecially true of nonrepetitive tasks whose elements and elemental times
may be dramtically influenced by independent variables that are exo-
genous to the work itself. Multiple regression analysis makes it possi-
ble to use more than one independent variable at the same time. Often,
when two or more independent variables are considered jointly, the es-
timating procedure is far more accurate than when only one independent
variable is used. The coefficient of multiple correlation measures the
closeness of the rélationship between the dependent variable and the joint
simultaneous configuration of independent variables.

The methods for multiple regression usually begin with the as-
sumption of linearity in the relationship among the variables. This
assumption can often be verified or disqualified by simply plotting.
When the relationships are non-linear, one or more variables are trans-
formed into functions for which the relationships are linear.

The equation (assuming three independent variables) for multiple

regression is:

X1(234) = a + bzXZ + b3X3 + b4X4
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X; (234) 1S the value of Xl estimated from the regression in

which Xz; XS; and X4 are independent variables
a1(234) is the constant in the multiple regression equation in
which X; is the dependent variable, and Xy, X3, and X4
are the independent variables.
b is identified'by‘éubstript of the'indepehdent variable
of which it is thé' 'coefficieht |

The problem in this illustration was to estimate the time required to pro-
duce spools of.fabric. The fabric in its initial form consists of a
large rectangular piece of material called a "web.'" The web is cut or
divided into strips called '"bands' which are then wound onto spools and
shipped to customers.

The time required to wind each spool depends on a large variety
of factors. The type of material is one for the spooling machine opera-
tor handles cotton, nylon, orlon, nylon-banlon, and nylon acetate dif-
ferently. The bands have a multitude of widths and lengths that also
affect spooling times. In addition, some bands are sewn end-to-end or
would side-by-side on a spool. Other influential factors include the
type of wind; the part of the web from which the band was obtained; the
method of creating the bands (cut or thread drawn); and the number of
specific operations needed for each band. These factors are listed be-
low.

Band width

Number of bands sewn end-to-end on each spool

Band length

The part of the web from which the bands were obtalned

A time code to indicate whether the job is standard or off

standard :
The type of fiber, i.e., cotton, nylon, orlon, etc.
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The number of bands wound side-by-side on a spool -

Any special sewing needed for each band

The type of web-thread drawn or cutter

The surface area of the bands

The list does not include all possible factors related to the
problem; however, it does contain those factors thought most important.

The'traditidnal way of handling this kind of problem would be to
isolate each indepehdent variable and exclusively study it; Therefore,
for each of the'factofs listed'ABQVe,'é separate study would be taken.
Since the factors are not mutually exclusive, the number of combinations
possible present a time study task of imposing proportions.

It is also interesting to note that some of the independent vari-
ables are quantitative and some are qualitative. This approach allows the
researcher to enhance the empirical validity of the model. The quantita-
tive variables have measurable values; Abranovic, who conducted the re-
search, handled the qualitative variables by assigning values of either 0
or 1 to indicate the presence or absence of the attribute. Also, addi-
tional variables were considered in the analyses which were transforma-
tions of the original variables.

Regression analysis provided a practical means for combining sub-
sets of factors in the list as estimates of production time. The depen-
dent variable was defined as y;. The subscript i denoted the particular
observation on the time to wind a spool. Historical data included n
observations of y; and the independent variable defined as Xi,1»

Xi20 v 0 Xk where i =1, 2, . . . , n. The estimate of the de-

pendent variable was written'yi, and defined as:

y; =b
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The values for the b's were calculated from historical data using the
method of "ordinary least squares;nSQ |

t variables. One of the most fundamental

problems that a researcher faces with this method (or any work measure-
ment approach) is the‘éelectiqh of a subset of independent variables to
be included in the'predictioﬁ edUétioh. A number of literature sources
are available to aid in thié decision. A most fundamental and compre-

hensive discussion is given by Draper and Smith.60

More current and
specific considerations involved in choosing the "best' subset are given
by LaMotte and Hocking,61 Kennard,62 and Gorman and Toman.%3 On the

other hand, Purnival64

proposes methods for computing all possible re-
gressions. The problem of choice 6f variables has also occupied re-
searchers in the social sciences. For example, Beale, Kendall, and Mann%>
explored the implications of discarding variables in the interpretation

of biological data.

For the textile problem just discussed, 800 observations were

59wynn A. Abranovic, '"Production Time Estimates for Spooled Fab-
rics," Textile Research Journal (August 1974), p. 574.

60N. R. Draper and H. Smith, Applied Regression Analysis (New

York: John Wiley and Sons, 1966).

61L. R. LaMotte and R. R. Hocking, "Computational Efficiency in
the Selection of Regression Variables," Tecthmetrics, 12 (1970), p- 83.

62R. W. Kennard, "A Note on the Cp Statistic,'" Technometrics, 13
(1971), p. 899. '

63J. W. Gorman and R, J. Toman, "Selection of Variables for Fit-
ting Equations to Data," Technometrics, 8 (1966), p. 27.

64G. M. Furnival; "All Possible Regressions with Less Computa-

65¢. M. L. Beale, M. G. Kendall and D. W. Mann, "The Discarding
of Variables in Multivariate Analysis," Biometricka, 54 (1967), p. 357.
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made on spooling time and related factors. Four hmdred observations
were taken for the bands that were divided using draw thread, and ano-
ther 400 were taken for bands that were cut from the web fabric. The
former were called thread-drawn web data and the latter cutter web data.
Some of it produced equatidné;of a predictive nature; the remaining were
used for the validation of resUlts?

The data were analyzed in three ways. Thread-drawn web data
only; cutter web data only; a mixture of thread and cutter web data. In
each case a multivariate regression equation was calculated. It was de-
cided that a correlation coefficient of R, greater than or equal to 0.7,
and a standard error of the estimate less than one third of the overall
mean indicated a favorable response estimator.

Under the criteria set forth above, the results demonstrated that
the thread-drawn web data only, and the mixture of thread-drawn and cut-
ter web data, were good for prediction purposes. Those factors which ap-
peared frequently as significant independent variables were: the time
code (to indicate whether a job is standard or not); the fiber type;
multi-rows of bands; the square root of the quantity-number of bands
sewn end-to-end multiplied times the band length; and the web part. The
fact that these factors were shown to be highly correlated with the pro-
duction time provided useful information for both performance appraisal
and production scheduling. In the words of the researcher: 'The results
provide the basis for establishing a wprk incentiye System."66

Regression analysis has been demonstrated to be a powerful tool

in many research efforts. 'Industrial engineers are just beginning to

66Abranovi¢, p. 577.
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appreciate its potency for analyzing and understanding those areas of
work which refuse to be bounded by the normative parameters,of tradi-
tional time study. Before it.is‘embfaced'as a panacea, the observations
of Crocker should serve as a’caVeaf;

Despite the forebodings of the timid, regression analysis is coming
of age in industrial engineering. It is helping the change agent
and the absorber-of-uncertainty to better understand the complex sys-
tem in which he operates. When treated with proper respect and un-
derstanding, useful exploration can be undertaken with regression
techniques that are not possible any other way.
A Final Plea

Regression is held in ill repute by many for good reason.
Through abuse and ignorance, analyses bordering on statistical lar-
ceny have been conducted, both to furnish and digest data. A re-
gression analysis is about as prohibitive as a phone call. But the
conclusions drawn will be no better than the data, care and thought
that are invested. Successful analysis demands a carefully chosen
goal, a thorough knowledge of the elements of the system, and a
carefully conducted diagnostic evaluation at each step. The f%;st
step in curing any disease is the recognition of its presence.

67p. c. Crocker, "Intercorrelation and the Utility of Multiple
Regression in Industrial Engineering,'' Journal of Industrial Engi-
neering (January 1967), p. 84.
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CHAPTER III
HYPOTHESIS AND RESEARCH SITE

Having reviewed the limitations of traditional work measurement
techniques and the theory and épplication of work sampling and regression
analysis to nonrepetitive work, the major hypothesis of this research
shall now be stated.

The major hypothesis is based upon the assumption that tradi-
tional time study methods and non-traditional methods for measuring non-
repetitive work are, in and of themselves, insufficient for the determin-
ation of work standards for the order picking and accumulation function.
It holds that by combining time study, work sampling and regression an-
alysis, efficient and effective work standards for the order picking and
accunulation function can be established.

To demonstrate the validity of the above hypothesis, a research
site was chosen that evidenced characteristics commonly found in order
picking operations. The site is described next in some detail to dimen-
sion any environment constraints to broader application of the methods
used.

Background. In order to make the results of this research as
widely applicable as possible, the following criteria were established
for the research site. The product that is picked and shipped must be:

1. Manufactured to stock rather than to order

2. Subject to seasonal and random demand

55
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3. A consumer good

4. Relatively low unit cost

5. Characterized by a wide-iaﬁge of discrete and different items

The rationale for establishing the above is as follows:

1.> Goods thét are méde tb order are often not stored and hence
do .not present the problem of cléssificétion, storage and subsequent re-
trieval that dictates'the'pétterns of movement of order pickers

2; Conétant demand patterns tend to stabilize an order picking
work force. By seeking out a product with a fluctuating demand, the
man-power planning considerations could be incorporated into the research

3. A consumer good was desired since it was more likely to evi-
dence more dramatic demand variations

4. A low unit cost good was sought so that any given order might
have as great a mix of items as possible

5. A large number of different items carried was thought to be
the most challenging test for the research model being developed

Characteristics of site. The research site finally chosen was

the shipping department of a midwestern company that manufactures and
distributes window shades. The goods are shipped directly from the
factory to retailers in every part of the country. From the point of
view of satisfying the criteria established above, all orders were filled

from inventoried stock; no item cost more than $6.00 at the retail level;

drawing bulk vinyl or vinyl-coated material from stock. This material is
mounted on a large spindle and, as it is unrolled, exact shade sizes are

cut and stacked on a truck. The cut stock then moves sequentially through
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operations that (1) sew. (or heat seal) a flap on the bottom to enclose
a wooden stock, (2) mount the shade to a roller, and (3) occasionally
sew or trim the bottom; The finished shades are wrapped in a plastic
sleeve, then packed six shades to a carton. The cartons are manually
removed from the conveyor and étacked on pallets. When the pallets are
full, they are moved by 1lift truck to the storage area where all goods
remain until picked to fill customer orders; In large measure the pro-
cess could best be'deécfibed as a conversion rather than a production
operation; The only part that is manufactured, in the traditional sense,
is the roller. Wood dowels are turned and drilled, wire is wound into
springs, and coil steel is stamped and pierced to make components for.as—
sembly into the roller. |

Product mix. As stated previously, 1,400 finished shade products
appear in the company's catalog; These products are differentiated by
color, gauge, size and, in a small portion of the product line, by special
trim. These shades are all made from slightly over one hundred different
colors and gauges of vinyl that are carried as a raw materials inventory.
Generally, any one type of raw material vinyl could appear in an average
of fourteen different finished goods items, while the most popular raw
material vinyl is so differentiated that it appears on twenty finished |
products. In other words, by varying size, trim, roller type and pack-
aging, one hundred types of viyl become 1,400 discretely identifiable
finished goods items.

Raw material. It is important to point out that the average in-

process time--from the issue of a manufacturing order, until receipt of
the goods on the shipping floor--is less than twenty-four hours. (The

plant operates on a three-shift basis.) This unusually short in-process
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time is in contrast to the time that elapses frqm issuance of a purchase
order to the arrival of the raw material.

" Because all of the unfabricated vinyl goods are purchased from
Taiwan; the in-transit time from issue of the purchase order to receipt
of the raw material varies frdm four tO'Six months. This unique logis-
tical consideration makes the determination of order point and order quan-
tity for each finished item rather delicate. For, in addition to the
usual worries related to setup, ordering and carrying costs, the decision
maker must be concerned with the impact a finished goods decision has upon
the raw material inventory.

For example, if it is decided to increase both the order point
and order quantity for a given finished item, it follows that more raw
vinyl will be used for that item than previously. This means that less
of this vinyl will be available for other finished goods that could have
been fabricated from it.

Inventory policy. Although this point seems readily apparent, it

was not considered in the firm's formulation of inventory policy. A brief
history may be helpful here. The inventory decisions that related to the
reorder point and reorder quantity for finished goods were organizationally
under the aegis of the vice-president of sales. His customary reaction

to a finished goods' stockout was to increase the amount requested from
manufacturing and to increase the frequency with which requests were made.
(Both the order quantity and order point were increased.) This alterna-
tive solved the short-run problem of the item in question but in many

cases created long-range difficulties for those items that required the
same raw material vinyl.

Organization changes. Late in 1971, the order quantity and order
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point responsibility was taken from the vice-president of sales and as-
signed to the vice-president of manufaéturing. The latter immediately
established a Production and Inventory Control Department. At the same
time, he commissioned the Industrial Engineering Department to conduct
an intensive study of the’Shippihg Department.

N The study indicated that the Shipping Department had grown in a
rather haphaZérd manner. The'firét’brder'of priority was an in-depth
study of the manner in which Ofdéré'wére’accumuléted'énd of the impact
the physical layaut had upon both the'efficieﬁty and effectiveness of
order accumulations.

The procedure fbf shipping was standard. The orders for the
following week were sent from the computerized'Order Processing Depart-
ment on Friday evening. The eight pickers were issued a stack of orders
each morning and worked on them until they had finished. No work was al-
located by the department foreman nor was a record kept of the number of
orders accumulated by each man.

With an order in hand, the man would seek out the goods desired.
There was neither logic nor consistency about the location of an item.
When a pallet of finished goods arrived in the department, it was placed
in any location that was available. Having located the goods, the order
picker would move his pallet to the location by means of a manually oper-
ated pallet mover. All cartons contained six shades and were of uniform
size. Having loaded the proper number of cartons from the storage pallet
to the accumulation pallet, he’wohld proceed to the next item. This
sequence of operations continued until the order had been completed.

At this time the order was banded to the accumulation pallet. A

shipping stencil was cut from the information detailed on the order and
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each box top was stenciled. the pallet moved to the accumulation area
to await pickup. The process was repeated for each order.

At the same time that the Industrial Engineering Department began
the Shipping Department research, the newly created Production and Inven-
tory Control Department issued a carefully calculated list of order
quantities and order'poinIS‘fbf each finished goods item; This list was
the result of rigorous application of the most up-to—déte inventory con-

~ trol theory coupled'wiih prevailing wisdom concerning the demand patterns
for the items. However, the list and the quantities dimensioned for each
item precipitated a new'cbnsideiatioﬂ.

The past warehousing policy followed the practice of storing all
finished goods on pallets;‘ For the slower moving items a single'pallet'
might represent an entire year's supply. A partial pallet may represent
the proper inventory amount but poses a warehousing prdblem since no
other pallet may be stacked on top or accessibility is lost. On the
other hand, a partially full pallet represents a misuse of potential
storage space. Hence, unless a new approach was taken, the alternatives
included a partial pallet that resulted in poor space utilization or the
more likely situation which occurred when another pallet of dissimilar
goods was placed on top, jeopardizing accessibility. Neither alterna-
tive was suitable and a rethinking of warehouse policy engendered the
following plan of action.

WarehbuSe'changes. With the newly calculated order quantities

and order points in hand, an average expected stock level was determined.
The results indicated that the most active items would require two or
more pallets to be kept in inventory. The area set aside for these was

designated Area A. The next less frequently demanded items required a
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single full pallet. Racks were purchased that would accommodate two
pallets. These were set up and designated Area B. Area C consisted of
three high racks for partial pallets of the slowest moving items.

The next focus of attention was upon the traffic patterns within
and between each area. The goods were arranged in each aisle eXactly in
the order in which they appeared‘on‘an array arranged according to de-
mand in the'past'sik months. The traffic was to move only one way so
that aisles could be made narrower;l The order picker always started at
the point in Area A at which the most active goods were stored and pro-
ceeded past the next most active item; etcetera.

A programming change was made so that the items appeared on the .
order in the same sequence as on the original array (i.e., from the most
active to the least active). Prior to this change in the warehouse ar-
rangement, the goods were roughly grouped first by brand, then by size.
Under the new arrangement all brands and sizes were mixed. The new ar-
rangement required a learning period for the order pickers. It was felt
that after two to three months the adjustment would have been made and
that it was reasonable to expect a 20 to 30 percent decrease in shipping
costs. |

One year later no discernible change in costs had occurred. The
only index that reflected a positive change was a slight decrease in
shipping errors. At the end of the second year, the impact was the same.

Results of changes. At least two questions might be raised con-

cerning the fact that all the changes that were made in the warehouse
yielded no tangible cost reductions. The most immediate question con-
cerns the changes themselves, i.e., perhaps the wrong things were changed.

The second question is whether or not changes in the physical layout--
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even if it were for the better--could be expected to eyoke'the kind of
behavior modification in the order pickers that was anticipated by man-
agement.

The answer to the first question is not definite. A literature
search revealed little ih the'ﬁay of cfitefia. Certain guidelines, how-
ever, were available. It ié against these that changes made were re-
flected.

The literature suggests that a great deal of effort has been in-
vested in the development of what is sometimes termed "'automated order
picking." Chisman reported recently upon such an effort.

A large textile-manufacturing firm built a warehouse in which
severai thousand items were inventoried in a quarter of a million square
feet of space. In the planning stages of this warehouse, a computer
program was sought for:

1. Routing pickup vehicles through the warehouse to fill their
péllg?s Placing the pallets in a particular position on the shipping
11ne3. Loading the orders from the shipping line into a truck so as
to minimize the d%gtance traveled to perform these phases of the

shipping function

Solution procedure. In order to optimally route order pickers

through the warehouse, the author found it was necessary to develop a
"fairly accurate' matrix which listed the travel distance between every
pair of bins and between every bin and a central pqint in the shipping
area. Optimal assignment of shipping lines was not considered because of
the complexity involved and the réndomness of both carrier arrivals and

loading times. -

68J. A. Chisman, "Optimizing the Shipping Function," Industrial
Engineering (March 1977), pp. 38-41.
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Having identified the routing policies and associated problems
the available operations research programs were applied in an attempt to
formulate a solution. After a seven-week study the author concluded
""That an optimal routing roUtine;ﬂif possible; would be too costly to

develop and could not be run on available computer facilities."09

mated facilities have come.to the same conclusion. Many have been suc-
cessful. Sims observes that the most successful systems have generally
been favored by the following characteristics:
1. A uniform package size
2. A relatively limited range of package sizes which can be en-
veloped within one or a few standard common denominator handling
units (tote box, pallet, carriers, etc.)
3. Exceptionally high item access requirements
4. Exceptionally high transaction activity levels
5. High value merchandise
6. In-process operations with good control of input-output
rates7
It would appear that the Shipping Department used for this re-
search might be a likely candidate for the installation of an automated
system. The items are uniformly packaged and each order is accumulated
on a standardized pallet. In the other criteria, however, the research
site does not stand the test. The Sims artic1e71 further specified that
very basic techniques should be used .
Where the transaction rate is relatively low (fewer than 200

orders per day) and

Where the merchandise complexity is fairly limited (fewer than

691bid., p. 38.

70g. Ralph Sims, "Practical Order Picking,' Material Handling
Engineering (November 1971), p. 52.

711bid., p. 53.
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1,500 items)
These techniques.should:
1. Move the man to the point 6f selection
2. Move the picked merchandise away from the point of selection
3. Provide the man with adequate picking information

4. Keep him in close contact with the merchandise

Conisideration of c¢fiteria. The research site did, in fact, have
fewer than 1,500 items and pfoceSSed'fewer'than ZQO orders per day in an
area of 1e55'than 20;000 square feet: Howevér; careful examination of
the firm's new layout revealed that it incorporated the techniques sug-
gested by Sims; The one Sims' requirement that was lacking was in-
process operations with good control of input-output rates. It was felt
that if this control could be achieved it would, of necessity, be
based upon some method of work measurement; It was further felt that
this quantification of expected performance could be used to evoke the
behavior modification discussed in the second question posed above, i.e.,
the reduction of costs that changed layout had failed to achieve.

These consideratiqns precipitated the writer's research. The
following chapters will concentrate upon the research methodology em-
ployed to test the hypothesis that was stated at the beginning of the
chapter. Also, the results of the research and the implications of the
approach to other order picking functions in other organizations will be

presented.
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CHAPTER IV
METHODOLOGY OF THIS RESEARCH

The purpose of this dissertation is to seek methods for the es-
tablishment of performance standards for indirect labor and apply these
methods to a specific function (order picking and accumulation) in an
existing firm.

To achieve this purpose, the following issues regarding perfor-
mance criteria are addressed:

1. What measures of productivity for the order picking and ac-
cumulation function are to be used?

2. What data sources exist for the selected productivity mea-
sures?

3. How are the data sources to be validated?

Since performance standards imply not only output but output within some
time constraint the following questions are treated next:

1. What data sources exist to determine the man-hours spent on
the order picking and accumulation function during the period under study?

2. How is this data to be validated?

The final phase of the research,involves three considerations:

1. The determination of the appropriate methods to be used to
determine the order picking and accumulation standards

2. The application of these methods to the data selected

3. Determination of the effectiveness and efficiency of the

65
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methods applied

“‘Order picking and accumulation output. As stated, the research

site selected was occupied by eight order pickers whg”acCumulated fin-
ished goods from inventory lqcatiohs to fill retailers' orders. To es-
tablish any performance standard, the most fundamental task is to iden-
tify output. In the order picking function the'most'obvibus output is
orders picked, i.e,; an order picker's purpose is to acquire item(s) for
shipment. Some Ordefs—-particulérly'small reqUests-;are quickly com-
pleted while others take 10nger;  HenCe, the number of boxes contained on
an order would be a measure of output. The kind of boxes was not a
variable since all were the same.

An examination revealed that certain small orders (in terms of
the number of boxes ordered) contained as many items requested as large
orders. It was therefore reasoned that the number of line items on an
order would be a measure of output since each time a line item appeared,
a movement to another inventory location was required.

Beginning with these three measures of output, namely (1) num-
ber of orders filled, (2) total line items on the orders filled, and
(3) total number of boxes picked, the next step is to find data concern-
ing them. The resultant data can be used to construct a model that would
test the premise that the time required to pick a group of orders could
be accurately predicted if given the fqllowing:

1. The number of orders in the group

2. The total number of line items on the orders in the group

3. The total number qf boxes called for by the orders on the
group

A performance standard should accurately forecast the task's re-
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quired time. The data required to construct such a performance stan-
dard and the'methodologies'used to obtain and verify such data are the
subjects of the next sections;l

Data source and validation. Time sheets were the primary data

source for past output; Tt had been standard practice in the firm to
require each brder’pickervto fill out é daily time sheet. This listed
the hours worked that day; total ofders picked; number of boxes picked;
time spent out of the department; énd the number of line items picked.
The foreman of the Shipping Department made no particular attempt to veri-
fy thé figures presented to him by the order pickers; but he did question
anything that in his experience appeared to be unreasonable. |

Because of the lack of any rigorous procedure for authentication,
an additional analysis was perfbfmed for the present study. The bills
of lading for all shipments during a 100-week period were audited. These
were compared with the time sheets to validate the data from the time
sheets prepared by the order pickers. The bills of lading are prepared
by the dock foreman and signed by the driver for the common carrier.
The comparison showed that:

1. The report of the number of accumulated orders was within 4
percent of those shipped

2. The report of the number of ques accumulated was within 3
percent of those shipped

3. The report of the number Qf line items accumulated was within
4 percent of those shipped
‘Although the shipment data did not eXactly match the figures submitted
by the order pickers, it was felt that a total error of 4 percent (+ 2

percent) was acceptable.
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'Manéhguis. The validatiqn,qf the fourth variable,.the number of
man~h6urs worked each day, was performéd'by'an audit Qf the records Qf
the Payroll Department. Each department, in additiqn'to other data, re-

‘ported its man-hours and the'related'employee names; This infqrmation
was used to determine if an’brder picker had been reassigned to another
department without reporting it.

The same 100-week period used for the validation of the reported
number of boxes and line items was chosen. It was found that in some
instances an order picker's name appeared in the Shipping Department as
well as in some other department. The exact amount of time spent out-
side the Shipping Department had not, therefore, been correctly reported
and constituted a major obstacle to the eventual testing of the - perfor-
mance criteria model since any unexplained variance could be due either
to inadequacies of the model or to inaccurate initial data. Since the
existing organizational records offered no information that might resolve
the inconsistency, both time study and work sampling were utilized.

Introduction to the time study. Three days of continuous time

studies were taken. During that period, the number of order pickers
varied from six to eight.

Prior to beginning the time study, a separate meeting was held
with the foreman. the next day the order pickers were assembled for dis-
cussion. The purpose of these meetings was to reduce anxiety since such
a reaction could result in abnormal behavior patterns; The purposes of
the time study; how the data collected would be used; whether some sort
of disciplinary action would result; and similar matters were explained.
Although the company had used time study in many other manufacturing

departments, none had been made of the order pickers in this or any
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other job.

The level Qf concern was so great that the questions posed were
recorded in writing; The following day these, along with management's
answers, were distributed to the order pickers in a company memorandum.
Another meeting was held several days later further to clarify any re-
maining questions to the order pickers who were not necessarily in favor
of the'Study; After the second meeting they stated that they had no
further'questions. 

Selection of plckers Having informed the group to be studied

of’the'purpdses'of the research; the next task was to determine eXactly
which order pickers should be'choéen; Most time study texts address
themselves to the question of ''choosing an operator," or in this case,
an order picker. Niebel, for example, states:

If more than one operator is performing the work assignment on which
the standard is to be established, several things should be taken
into consideration in selecting just which operator to use in taking
the study. In general, the operator who is average or somewhat above
average in performance will give a more satisfactory study than the
low-skilled or highly superior operator. The average operator will
perform the work consistently and systematically. His pace will tend
to be in the approximate range of normal, thereby making it easier
for the time study analyst to apply a true performance factor.

Of course, the operator should be completely trained in the method
being used and should possess a liking for his work and an interest
in doing a good job. He should be familiar with time study proce-
dures and practice, and have confidence in time study methods as well
as in the time study analyst. It is desirable that the operator
have a cooperative spirit, so that he will follow through willingly
with7§uggestions made by both the foreman and the time study ana-
lyst

The criteria suggested by Niebel were rather difficult to apply
to the writer's research since there had been no previous performance

evaluation. It was therefore impossible to objectively select an "aver-

72Ben3am1n W. Niebel, Mbtlon and Tlme Study,Srd ed (Homewood
I11.: Richard D. Irwin), pp. 236-237.
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age' order picker and the best alternative was to rely upon the opinion
of the foreman. Training mith'resUlt in employees using a standard
method, but there had been neither training nor any particular 'proper'
method espoused. To make matters more difficult, none of the order
pickers had ekperieﬁce or cdnfidenCé in time study procedures. It was
therefore decided that every ofdér picker would be studiedl No further
attempt was made to apply other ériteria sﬁchjas coopérative spirit or
willingness to follow through.
tinuous time stu&y. Unlike the traditional time study that features a
worker-machine interface which can therefore be taken in a rather well
defined geographic area, the order pickers could move through the entire
warehouse when filling an order. This would normally require that the
time study analyst follow the order picker, but the warehouse studied had
a balcony encompassing the entire order picking area which could be uti-
lized for observation. All time studies were taken from this vantage
point and each randomly determined order picker was studied for one hour.
In addition to allowing the time study analyst to easily switch from one
study subject to another, the balcony minimized the probability of the
order picker modifying his behavior because of being observed.

The time study made differed from traditional time study methodol-
ogy in that no attempt was made to pace rate the order picker being stud-
ied. The process of pace rating involyes'the'comparisqn Qf observed
movement with a concept of what a standard work pace should be;

The time study resulted in a determination of each element; a
basis for consolidating the eleméhts for the work sampling study; and

the determination of primary data required for the calculation of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



71

number of observations required for the work sampling study.

- 'Element classification. It was found that all order pickers'

work could be conveniently divided into. the elements listed below.

1.
2;

o) S ¥ N

~3

10.

11.

12.

- The
in order to

1.

Secure a new order

Move to correct picking location

Pick a carton off storage pallet and place on shipping pallet
Band é shipping pallet -

Prepare a shipping label

Affix the shipping label

Move completed pallet to the loading dock

Deposit completed order with the Traffic Department

Out of the Department (other than lunch or break)

Confer with the foreman

Talk with co-workers

Visit rest room

following verbal descriptions of each element were formulated
facilitate observation during the work sampling study:

Secure a new order (all movement that occurs from grasping

the new order until the first box on that order is touched)

2.

Move to a new picking location (all movement that occurs from

the point at which the last box of the previous line item is stacked on

the shipping pallet and the first box of the next line item is touched)

3.

Pick a carton off storage pallet and place on shipping pallet

(all movement that occurs from touching the first box on the storage pal-

let to depositing the last box on the shipping péllet for any given line

item)

4.

Band a shipping pallet (all movement that occurs from plac-
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ing the last qu on the shipping pallet to crimping the banding clip)

5.. Prepare a shipping'label'(all movement that,Qccurs from the
crimping of the banding clip to:moistening of the shipping label)

6. Affix the shipping-label (all movement that occurs from the
moistening of the 1ébe1't0‘touching the handle of the pallet mover in an-
t1c1pat10n of the movement of the pallet to the loadlng dock)

7; Mbve completed pallet to the 1oad1ng dock (all movement that
occurs from touching the pallet mover handle until the handle is released
when the‘Shippiﬁg'péllet'ié deposited on the loading dock)

8. Deposit completed order with the Traffic Department (all move-
ment that occurs from depositing the previous order on the loading dock
until the new order is grasped)

9. Out of the Department (all time during which an order picker
is not physically present in the warehouse--other than lunch, break time
or in the rest room)

10. Confer with the foreman (all time during which the foreman and
order picker are face to face)

11. Talk with co-workers (any face-to-face contact with anyone
other than the foreman)

12. Visit rest room (all time involved in the movement to the rest
room until the order picker arrives back at the work place)

With the above element descriptions in hand, the work sampling
study was undertaken.

Wbrk,Samgling; The purposes of the work sampling study were to

provide a basis for correction of the man-hour data reported on the time
sheet and to discover the proportion of the worker's time that consti-

tuted avoidable and unavoidable delay.  The latter is needed for the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



73
final determination of the performance standard;

With regard to the estimated occurrence of each element, the per-
centages derived from the time Study were available. This information
was used to determine the number of observations required; The formula
suggested for the determinatioﬂ of the ﬁumber'of observatibné needed for

a 95 percent confidence level is:

\ep D

© )%
P

where

allowable standard error

Q
T
(]

P estimated percent occurrence of any element 73

Careful examination 6f the formula indicates that for a specific confi-
dence level, the number of observations required increases dramatically

as the percentage.occurrence of that element decreases. For example, a

p of 10 percent would require 3,600 observations at a 95 percent confi-

dence level, while a p of 1 percent would require 39,600 observations to
achieve the same confidence level.

As will be seen, the results of the time study showed that one
of the elements occurred only 1 percent of the time. To rigorously con-
firm through work sampling that percentage of occurrente,'39;600 obser-
vations would be required. Since that number of observations was too

great for present purposes, the elements that represented common activity

73Heiland and Richardson, p. 135.
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were combined in accordance with the'reasoning below.

The discussion vaoutput earlier in this chapter dimensioned
three variables. The three measures of output were:

L 1. . Number of orders filled
2. Total line items on the orders.filled

3;’ Total number of boieé'picked'
The activity of the order pickers would affect these independent varia-
bles, i.e;; as the number of orders, line items and boxes increased, the
time (dependent variable) required to pick and accumulate the orders would
also increase. Since the elements derived from the time study dimensioned
what an order picker does, these elements were examined to determine if
they could be related to the independent variables previously defined as
output. (See the twelve-point listing of elements on pages 71-72.)

Element consolidation. It appeared that the following elements

depended upon the number of orders picked, and they occurred either because
an order was finished (thereby requiring a new order to be secured) or
by the acquisition and processing of a new order.

1. Secure a new order

4. Band a shipping pallet

5. Prepare a shipping label

6. Affix the shipping label

7. Move completed pallet to the loading dock

8. Turn over completed order to the Traffic Department

One could eXpect that the total times for these elements would be
affected by the number of orders processed. Element two; on page 71,
"move td a new picking 1ocatibn," is a direct function of the number of

line items per order. If an order contained seven items, seven location
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moves would be required. Element three, 'pick a cartqn_off storage
pallet and place on shippiﬁg'pallet;" ié directly related to the number
of cartons the order contains. The more cartons in an order, the more
time would be required to pick them off the storage pallet and place them
on the shipping pallet. |

The remaining elements;'oh page 71, were:

9. Out of the department (other than lunch or break)

10. Confer with the foreman

11. Talk with Co—wbrkers

12. Visit rest room
These normally are unrelated to either the number of orders, boxes or
line items. The time out of the Department was of particular interest,
however, siﬁce it could potentially be used to resolve the discrepancy
between payroll data and the man-hours reported in the Shipping Depart-
ment.

The work sampling study was therefore constructed so that the

elements were regrouped and classified as follows:

Designation Element (s)
O (Order related) Secure a new order

Band a shipping pallet

Prepare a shipping label

Affix the shipping label

Move cqmpleted pallet to the
loading dock

Turn over completed order to
the Traffic Department

L (Line item related) Move to a new picking location
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Designation - ~ Element(s) -
C (Carton related) Pick a carton off storage

pallet and place on
shipping pallet
A (Absent) Out of Department (other
than lunch or break)
U(Unrelated to the
independent variables
chosen) Avoidable delay

P(Personal time) Visit rest room

With the regrouping of elements, designation A became the smal-
lest percentage element that related to the data to be used for regression
analysis. Therefore, designation A governed the number of observations
required. Substituting into the equation:

“p_(l-ﬁ)
n= (@
P

(.08) (.92)

(.004)2

0736
. 7000016

=
3]

= 4,600. observations

=
i

To determine the frequency with which observations . could be made,

a number of test observations were made. A complete tour of the ware-
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house took approximately nine minutes. Random numbers from Fisher and
Yates' statistical tables were used to determine observation times.’?

‘Observation routes.- ‘Having randomized the periodicity of the

observations, the viewing route‘Waé next considered. The work sampling
technique requires that every event being observed has an equal oppor-
tunity to occur; Kay insured random observations by fiXing the route but
varying the Starting points.,: Hié study; however, dealt with the obser-
vétion of activities at fixed work stétions!75 The order pickers; of
course, have no fixed work Statidns and follow a pattern dictated by the
orders upon which they'are working: It was felt that a fixed route, that
would allow each picking aisle to be observed and would be reversed on
return, would not bias the results since the order pickers might be
checked at any point on the path.

The study was conducted continuously and no work day was skipped
for a one-month period. To hold consistent observational bias, one ob-
server--the writer--conducted the entire work sampling. The results of
the studies and subsequent data analysis are the subject of the next

chapter.

, 74Ronald A. Fisher and Frank Yates, Statistical Tables for Bio-
logical, Agricultural and Medical Research (Darien, Conn.: Hofner Pub-
lishing, 1970).

"SThomas G. Kay, "Timeless Work Sampling,'" Industrial FEngineering
(June 1972), p. 30. ‘ ' ‘
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CHAPTER V
RESEARCH FINDINGS AND ANALYSIS

' OVervieﬁf’ The‘research‘methodologies utilized in this study were
time study, work Sampling; and regréssion énalysis; The final product
was an equation that expresSed’tﬁe'felationship between independent var-
iables and time, the dependent vafiable;’ The independent variables
were:

1. The number of ordefs shipped

2. The total number of line items contained on the orders shipped

‘3. The total number of boxes called for by the orders shipped

The results of each research methodology are reported in the order
in which the study was performed.

Validation of data. Time sheets, submitted by the personnel per-

forming the order picking and accumulation function, were the primary
data source used to initialize the research. The information reported
included the totals of hours worked that day; number of orders picked;
number of boxes picked; number of line items contained on the orders
shipped; and number of hours assigned outside the department.

To verify the data for the independent variables, bills of lading
for all shipments during a 100¥week.period were audited. The audit
showed:

1. The report of the number of orders accumulated was within 4
percent of those shipped

78
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2, The report of the number of boxes accumulated was within 3
percent of those shipped -

3. The report of the number of line items accumulated was
within 4 percent of those' shipped
Although the shipment data for the independent variables did not exaétly
match the figures submitted by the Order'piékers, it was felt that a
total error of 4 percent'(£ 2 percent) was acceptable.

The validation of the dependent variable, the number of man-
hours worked each day, was perfofmed'by*an audit of the records of the
Payroll Department. The same lOOéwéek'period was chbsen'as that used for
the validation of the'repdrted'number of orders, boxes and line items.
The data éource used wés a déily repoft prepared by the department head
that listed the employee's name; the time that the employee was assigned
to the Shipping Department, and the time the employee was assigned out-
side the Shipping Department. It was found that in some instances»an or-
der picker's name appeared in the Shipping Department as well as in some
other department. It was concluded that time study and work sampling was
needed to determine the amount of time spent outside the Shipping De-
partment.

Time study. Three days of continuous time studies were taken.
During this period, the number of order pickers varied from six to eight.

The purposes of the time studies were to:

1. Determine the accuracy of the data reported as the man-hours
assigned outside fhe Shipping Department

2. Determine whether there exist activities in the normal regi-
men of order picker'activity‘that’wpuld*appear to be unrelated to the

three independent variables described above |
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3.. Serve as a basis for partitioning into observable cate-

gories the order picking activities for purposes of the work sampling

study and.to calculate the sample size required for work sampling

’Time‘sfudY’results. The three-day time study yielded the follow-

ing:

Percent ‘of Time

3.0

3.0

2.0

4.0

1.0
2.0

31.0
35.0

8.0

2.0
5.0

4,0

100.0

 'Element Description

Prepare a shipping label

Band a pallet

Secure a new order

Move completed order to the load-
ing dock

Affix the shipping label

Turn over completed order to
the Traffic Department

Move to a new picking location

Pick a carton off storage pallet
and place on shipping pallet

Out of department (other than
lunch or break)

Confer with foreman

Talk with co-workers

Visit rest room
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The time observed outside the department constituted 8 percent
of the total observed time. This finding will be compared with the more
comprehensive results of the work sampling study.

Element simplification. The partitioning and combining elements

prior to the work sampling were done as follows (see Table II, page 82):

The major consideration in the determination of the number of
observations required was the percentage of time that order pickers
were assigned outside the department. This must be accurately deter-
mined in order to validate and/or correct the data to be used for the
dependent variable prior to the regression analysis.

The number of observations was so calculated that a precision
interval of plus or minus 10 percent of the true population value was
assured at a confidence level of 95 percent. For a p of 8 percent the
required number of observations is 4,600.

Work sampling. The work sampling study was conducted without

interruption for a one-month period. To hold consistent observational
bias, one observer conducted the entire work sampling. All eight order
pickers were observed by following a fixed route. The frequency of
observations, however, had been randomized.

The purpose of the work sampling was to accurately determine the
time the order pickers were assigned outside the Shipping Department.
The results of this finding were used to modify the time that had been
reported as having been spent outside the department. This modification
was necessary to resolve the discrepancy discovered during the valida-
tion study of the data to be used in the regression analysis.

Work sampling results. The results of 4,600 work sampling ob-

servations were (see Table III, page 83):
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Designation
O (Order related)

L (Line item related)

C (Carton related)

A (Absent)

U (Unrelated to the
independent varia-
bles chosen and

avoidable)

P (Personal time)

82
Table II
Hlenent(s)
Secure a new order
Band a shipping pallet
Prepare a shipping label

_ Affix the shipping label

Move completed pallet to
the loading dock
Turn over completed order to

the Tfaffic Department |

Move to a new picking
location

Pick a carton off storage
pallet and place on
shipping pallet

Out of the Department
(Other than lunch or

break)

Confer with Foreman

Talk with co-workers

Visit rest room

"Percent of Time

2.0
3.0
3.0
1.0

4.0

2.0

15.0

31.0

35.0

8.0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



83

Table III
o o o o
Classification P (percent occurrence) P
O (Order related) 0.143 £ .006
L (Line item related) 0.286 £ .007
C (Carton related) 0.332 + 007
A (Absent) 0.114 + ,004
U (Unrelated to the inde-
pendent variables
chosen) 0.084 + .005
P (Personal time) | 'Q;Qil + .004
1.000

The A designation was found to be 11 rather than the 8 percent
of the time used to calculate the number of observations required. This
finding indicates that a recalculation need be performed to assure that
a sufficient number of observations have been taken. As in the previous
calculation, the sample was so designed that a precision interval of
plus or minus 10 percent of the true population value was assured at a
confidence level of 95 percent. The number of observations required
upon the assumption that designation A is in fact 11 percent is 3,075.
The study therefore exceeded the number of observations required.

The resélution.of the discrepancy in the data to be used for the
dependent variable was accomplished by reducing the time clock hours
for each picker by 11.4 percent for the 100-week period under study.

Regression model I. The purpose of the regression analysis is
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to determine the nature of the relationship between the independent
variables (number of orders shipped, number of line items contained on
the orders shipped, and the number of boxes shipped) under study and
the working time reported by.the order pickers.

Using data reported by the order pickers (having corrected for
the time reported outside the department), a multi-variate regression

~ analysis was performed. The'définitioﬁS“of the variables follow:

Y = time (hours)

<
i}

1 = number of orders shipped

te
[N)
it

number of line items contained on orders shipped

<
(93]
|

= number of boXes'shipped

The regression equation that resulted from the analysis is:
Y = 43.71969 + 0.41222X4 + 0;43634X2 + 0.-29835X3

where
Multiple Correlation Coefficient 0.671
F-value for the Analysis of Variance 44.710

and

Regression Standard Error of Re-  Computed
Variable Coefficient gression Coefficient F-value

Xy 0.41222 0.12236 16.687
X, 0.43634 0.10681 50.512
Xq 0.29835 0.04198 11.350

Since the number of orxders, line items, and boxes shipped are
related not only to the amount of time it requires to ship them, but
also one to another, multicollinearity was considered.

Milticollinearity. Multicollinearity refers to that situation

in which some or all of the independent variables are very highly in-
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tercorrelated, Multicollinearity can cause difficulties with respect

to the following:

1. If at least one of the independent variables is a perfect
linear function of one or more other independent variables in the
equation, the coefficients may not be uniquely determined

2. Estimates of the regression coefficients from sample to
sample may fluctuate markedly

3. One of the uses of multiple regression as an interpretive
tool is to evaluate the relative importance of the independent
variables. The situation is somewhat paradoxical, however. The
more strongly correlated the independent variables are (excluding,
of course, extreme multicollinearity which prevents the coeffi-
cients from being calculated at all), the greater the need for
controlling the confounding effects. However, the greater the
intercorrelation of the independent variables, the less the relia-
bility of the relative,%mportance indicated by the partial re-
gression coefficients.’

The correlation matrix indicates that there is a higher degree‘
of correlation between variables one and two than between any other com-
bination of independent variables. The issue then becomes, which varia-
ble is to be dropped, one or two?

Consideration three above was of particular concern. Of the
independent variables considered in the regression model I, it is safe
to assume that, as the number of orders increase, so also would the
number of boxes and the number of line items. According to Green and
Tull:

There are three basic procedures for dealing with multicollinearity;
(a) ignore it; (b) delete one or more of :the "offending' predictors;
and (c) transform the set of predictor variables into a new set_of

predictor variable combinations that are mutually uncorrelated.’’

Correlation matrix. Alternative two was pursued, i.e., an '"of-

76N..H. Nie, C. H. Hull, J. Jenkins, K. Steinbrenner, D. H. Bent,
Statistical Package for the Social Sciences, 2nd (McGraw-Hill Book
Company; New York 197Q).

777P. E; Greén and D;’S; Tull, Research for Marketing Decisions,
3rd. ed. (Englewood Cliffs, New Jersey: Prentice-Hall, Inc. 1975),
p. 479.
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fending"'predictqr was deleted. To arrive at a decision as to which
independent variable t0‘delete;'é cbrrelation matrix was calculated. The
matrix is designed to demonétrate how closely the independent variables
are correlated; one'with.énother.' For purposes of this calculation, the

variables were defined as fqllow:‘

Variable Definition
1 Number of orders
2 | Number of line items
| 3 v Number of boxes
4 | Man-hours

The correlation matrix that resulted from the calculations
was:

Variable  Variable 1  Variable 2 ~ Variable 3 ~ Variable 4

1 1.00000 0.58984  0.01319 0.42404
2 0.58984 1.00000 0.15548 0.50528
3 0.01319 0.15548 1.00000 0.46913
4 0.42404 0.50528 0.46913 1.00000

Independent variables for regression model II. It was decided to

drop orders shipped. The reasoning involved in the decision was (1)
each order shipped demanded the same amount of time in order related
activities; and (2) it made no difference what was on the order when only

the following elements were considered:

Designation » " 'Elements
0 (Order related) Secure a new order

Band a shipping pallet

Prepare a shipping label
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Move completed pallet to the
loading dock
Turn over completed order to
the Traffic Department
On the other hand, each time a line item appeared on an order
a movement to a new warehouse location was dictated. If an order were
given to the Order'picker; the time involved for order-related activi-
ties could be predicted ffom timé study alone. It remainé the function
of regression analysis to expléin the variance on time required to ship
that.results from considering the line items shipped.

Regression model II. A second multi-variate regression analysis

was calculated. The variables were reduced by one and defined as follow:

Y = time (hours)

X1 = number of line items contained on orders shipped

X2 = number of boxes shipped

The regression equation is:

Y = 50.84199 + 0.65047X; + 0.28443X,

where
Multiple Correlation Coefficient 0.642
F-value for the Analysis of Variance 57.76792
and | '
: Regression Standard Exrroxr of Re-~  Computed
Variable Coefficient  gression Coefficient F-value
Xy 0.65047 0.08850 54.027
X, 0.28443 0.04306 43,622

The net effect of dropping the variable, number of orders

shipped, was to slightly reduce the variance ekplained’by’the regression
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equation and to increase the F-values for the overall analysis of
variance and for the regression coefficients. The regression equation
of model II explains approximately 40 percent of the variance but at a
- greater significance level fdr both the overall equatign and the variable

coefficients. It can be concluded that part of the variance explained
by Model I was due to the correlation that existed between the number

of orders and the number of line.items;

Non-linearity. Regression analysis assumes that the underlying

relationships among the variables are linear and additive: It is possi-
ble that a linear relatiohship for the data being researched is inap-
propriate; To test for non-linearity, successive powers of the indepen-
dent variables were introduced into the Model II regression equation
along with the original variables. The purpose of this test was to
determine if the introduction of polynomial terms resulted in signifi-
cant increases in the variance explained by the equation (Rz). Since
the ultimate goal was to obtain the simplest equation that adequately
describes the relationship, the polynomial terms are introduced in steps.
At each step the increases in RZ are assessed so as to find the point at
which no substantial improvement of fit is obtained.

Test for non-linearity. The independent variables used in the

test for non-linearity follow: (see Table IV, page 89);

The combination of variables that best fit the data were X3 and

Xy. This combination resulted in the following values:

Multiple Correlation Coefficient 0.67965
F-value for the Analysis of Variance 70.82426
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" Table IV
Variable Definition
Xl Number of line items
X, ' Number of boxes
Xz " Number of line items squared
X4'_ Square root of the number of line items
Xg Numbér 6f boxes squared:
Xﬁ Squafe root of the number of boxes
: Regression - Standard Error of Re- Computed
Variable Coefficient  ‘gression Coefficient  F-value
X4 0.00792 ' 0.00092 74.414
X, 0.26869 0.04138 42.161

This resulted in the regression equation:

Y = 64.69768 + 0.00792Xz + 0.26869X,

Variance explained by this équation (RZ) is 46.2 percent. The
introduction of any other variables was pursued but rejected because of
the reintroduction of multicollinearity and the minimal impact upon RZ,

Therefore, the non-linear regression equation that best explains
the variance in the data researched and serves as the model for the de-
termination of order picking standards is:

Y = 64.69768 + 0.00792X; + 0.26869X,
where Xz = number of line itemS squared

X2 = number of boxes shipped

Y .

il

time (hours)
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‘Implications of the final regression equation. The equation in-

dicates an intercept on the Y axis is 64.69768 hours. Rigorously inter-
preted, this statistic would indicate that if no orders were processed,

a fixed cost of 64 plus hours would be incurred. One explanation for this
is the curvi-linear nature of the model. The regression equation is

built upon data that fits only the middle range of the curve. To extra-
polate it in the lower range yiélds én intercept on the Y aXis that is
pragmatically untenable.

The same danger lies'iﬁ ektrapolating the curve past the origi-
nal data at its upper end. If the regression equation were used as the
basis for incentive payment, an upper limit at the border of the curve
bounded by existing data would need to be imposed as an ''a priori' con-
dition. The reason is the ekponential impact of the line items. As
work load increased past the portion of the curve bounded by existing

data earnings could become unreasonably and inappropriately high.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Conceptual basis of the model. The purpose of this dissertation

was to seek methods for the'establiSBmént of performance standards for in-
direct labor tasks. Various methods were applied to a specific function
(order picking and accumulatlon) in an ex1st1ng f1rm As a result of

the application of these methods, a quantitative model of the order pick-
ing and accumulation function was developed.

The ultimate value of such a model would be that it could be
used to determine performance standards for the order picking and ac-
cunulation function; Such standards are the base upon which to plan
manpower requirements, quantify measures of performance and provide feed-
back concerning how effectively the order picking and accumulation func-
tions were being performed.

The role of performance standards in organizational theory. Much

controversy exists in the literature today concerning the root causes of
unsatisfactory employee performance. At least three fundamental theore-
tical positions underlie the research and writing in this area. The first
springs from the human relations movement that emphasizes physiological
and psychological well-being of the employee. Following the investigations
at Western Electric, a great numbexr of Studies were cqnducted.which,at-
tempted to identify productivity as correlates of high and low job satis-
faction, This interest in job satisfaction,developed not .so much from

91 -
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charitable considerations but from the continued desire to. increase
human productivity. Simply stated, this opportunity for improvement
hinges on the belief thét the degree of job satisfaction felt by the
employee is positively related to the employee's performance. The pop-
ular version of this tenet is‘''a happy worker is a productive worker."
At the theoretical level, VrOom's.valence4fbrce model is an ekample of
the theoret1ca1 support for the sat15fact10n~causes~performance case.’8

.......

Performance causes satlsfactlon More recently; the work of

Porter and Lawler has proposed that job satisfaction is not the cause of
performance but rather the effect.”? They propose that satisfaction is
a function of performance reléted rewards. Further research by Bowen
and Siegel,80 and Greene8l tends to support the Porter and Lawler hy-
pothesis. In both studies, relétively strong correlations were found
between performance and satisfaction expressed later. These were sig-
nificantly higher than the correlations between satisfaction and perfor-
mance which occurred during the subsequent period. .

More recent research reinforces the theoretical position of Por-

ter and Lawler but considers both satisfaction and performance to be

78yictor H. Vroom, Work and Motivation (New York: John Wiley §&
Sons, Inc., 1964) p. 136.

79Lyman W. Porter and Edward E. Lawler III, Mdnagerial Attitudes
and Performance (Homewood, Ill.: Richard D. Irwin, Inc., 1968)

80ponald Bowen and Jacob P. Slegel "The Relationship Between
Satisfaction and Performance; the Questlon of Causality," paper pre-
sented at the annual meeting of American Psychology Association, Miami
Beach, September, 1970

81Charles N. Greene, "A Causal Interpretation of Relationship
Among Pay, Performance and Satisfaction," paper presented at annual
meeting of the Midwest Psychology Association, Cleveland, Ohio, May,
1972,
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functiqns of rewards. In this view, rewards cause satisfaction, and
rewards that are based on current performance cause subsequent performance.
In other words, merit pay was identified as a cause of satisfaction
and was found to be a significantly more frequent source of satisfaction
than dissatisfaction. The results of this'study further revealed
equally significant relatignships.betWéen (1) merit pay and éubsequent

performance and (2) current performance and subsequent merit pay.82

...................

Implications for management. These findings have several im-

portant implicétions; Far the'manégér who desires to enhance the satis-
faction of subordinates'(perhéps for the pﬁrpose of reducing turnover),
the implication of the finding that rewards cause satisfaction is self
evident. If, on the other hand, the manager's interest in a subor-
dinate's satisfaction arisestfrom a desire to increase performance, the
consistent rejection of the satisfaction-cause-performance proposition
has an equally clear implication, i.e.; increasing subordinates' satis-
faction may have no effect on performance.

Performance standards are critical. The above arguments pursue

what Greene83 defines as the three definitive theoretical positions that
address the issue of worker satisfaction and productivity. It is diffi-
cult to conjecture whether history will prove any of these to be correct
or serve to introduce a new idea for future generations to research. The

critical point is that each approach assumes that performance is mea-

82pavid J. Cherrington, H. Joseph Reitz, and William E. Scott,
Jr., "Effects of Contingent and Non-contingent Reward on the Relation-
ship Between Satisfaction and Task Performance," Journal of Applied
Psychology, LV (December, 1971) pp. 531-36. = o

. 83Charlestreene,'"The'SatisfaCtioanerfbrmance Controversy,"
Business Horizons, 15 (October, 1972).
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surable and that performance standards can be established.

Greene mentions the difficulties involved in appraisal (based
upon performance criteria) when he discusses the findings of the satis-
faction-performance research.

If these implications are.to be considered as prescriptions for
managerial behavior, one is tempted at this point to conclude

that all a manager need do in-order to increase his subordinates'
performance is to accurately appraise their work and reward them
accordingly. However, given limited resources for rewards and
knowledge of appraisal techniques, it is all too apparent that the
manager's task is not easy.

Although this research is not specifically designed to make the
shipping manager's job easy, it does provide the basis for determining
order picking and accumulation standards. As such, it not only ad-
dresses the problem of productivity in an area that had been previously
unreported, and affects the_ job satisfaction of order pickers. The
following considerations are involved in using the regression model
described earlier as the basis for performance standards in order pick-

ing and accumulation function.

Determination of performance standards. As stated earlier,

this dissertation was designed to:

1. Determine an appropriate methodology for establishing per-
formance standards for non-repetitive tasks

2. Apply this methodology to the order picking and accumula-
tion function in an eXisting environment

3. Demonstrate the relative efficiency of the method applied
as contrasted with a traditional approach

The methods utilized have been discussed in Chapter IV; the
application of the methods and the results appear in Chapter V. What

remains is to demonstrate the effectiveness and efficiency of perfor-
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mance standards that are based upon regression analysis.

" 'Effectiveness of ‘performance standards based upon regression

énélzsis. When'regreséion analysis is used in the physical sciences,
the primary consideration in appraising a regression equation is how
well it explains variance in'the data; The reason for this emphasis
in the physical scienCes'is thét cause and effect are predictable. At
a given temperature énd preéSuré a certéiﬁ reaction is forthcoming,
assuming that the proper predictor variables have beén'inélUded;

This comfortable ésSumptidn does not necesSarily hold for data
that is affected by behﬁvioral considerations. In the case under study,
the non-linear regreésion equation

Y = 64.69768 + 0.0079X,% + 0.26869X,
explained 46;2 percent of the'variénce in the data. The variance left
unexplained may be due, as in the case of the physical sciences, to the
fact that other predictor variables were ignored. Or it may be, unlike
the cése of the physical sciences, that given a certain number of line
items and boxes to ship, the order pickers do not always react in the
same way. It must be remembered that the data used in the regression
analysis came from an environment in which no performance standards were
present. No expected work pace had been established and all kinds of
environmental factors that are both.endpgenous and exogenous to the work
itself could affect work pace. The crew may be understaffed or over-
staffed; reduced work in the future énd slow down may be expected; or an
unanswered grievance may be pending. ‘These and other considerations could
have a dramatic effect upon the time éXpended,

The variance left unexplaihediby'the regression equétion may

therefore be variance in human behavior rather than the residual var-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



96
iance left unexplained by not considering the proper predictor varia-
bles.

" Decision criteria. The literature offers no assistance in de-

fining the "goodness of fit'' that is required for a regression equation
to be effectively used as é‘basis for performance standards. From an
empirical point of view Abranovic decided that a correlation coeffi-
cient of 0.7 indicated é‘favoréble'responée estimator. Having completed
the study and installed time Standérds; the same researcher concluded:
"the‘resulté [of the‘regreésion aﬁalyéis]'providé the baSiS for estab-

lishing a work incentive system."84

In Abranovic's study a regression
equation that explained 49 peréent of the variance (R2) was deemed ade-
qute not only for establishing performance standards but also as the
basis for an incentive system.

The question as to how much unexplained variance is tolerable in
the regression equation is the central issue that must be decided before
the regression equation can be used as the basis for performance stan-
dards. Since the literature offers little by way of guidelines, the
practitioner will need to rely upon subjective analysis in deciding whe-
ther the regression equation, and particularly the variance it explains,
is adequate as a basis for standards. One tool that can be of assistance
is called rating.

’ ngQg? Rating is the procedure commonly used with stop-watch
time study techhiques; It is a technique for equitably determining the
time required to perform a task by the normal operator after the ob-

served values of the operation under'étudy have been recorded. A '"nor-

84Abranov1c,'p. 577.
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mal" operator is defined as (1) a qualified, thoroughly experienced
operator, (2) working under conditions as they customarily prevail at
the work station, (3) at a pace.that is neither fast nor slow, but re-
presentative of average.85

The rating technique evolved as a very necessary part of time
study. Having time-studied'aiperSOh and carefully calculated the time
each element of a task took;'the“duestidn arose, should this time be
established as a standard? Thiénquestion raises other issues that have
to do with.the'pace'ét which a person is working. It became obvious that
some subjective technique that allowed the time study person to evaluate
or rate the work pace need be developed. This technique is called rat-
ing.

A parallel exists between the dilemma of the time study person
who uses carefully timed obserVatibns to arrive at both elemental times
and the total time to do a job; and the researcher who uses regression
analysis to construct a model that uses time as the dependent variable.
The time study person must decide whether the time values that were ob-
served vary significantly from the normal work pace. The researcher must
determine whether the variance left unexplained by the regression analy-
sis is too great to allow it to be used as a standard. Rating can aid in
the researcher's decision just as it aids the time study person.

Rating applied with work sampling. Rated work sampling is per-

formed in the same manner as conventional work sampling but has the added
feature that each observation has a pace rating. The pace rating is as-

signed to the work sampling observation just as it is assigned to an

855, W. Niebel, p. 265.
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element in time study. In work sampling an instantaneous observation
is made, and the analyst decides if the worker is productive or idle. Or,
if it is detailed work sampling, the analyst would indicate the element
the worker was performing ahd'shOW'a pace rating. Not every observation
needs to be rated. 80

If there exists a wide'Variance in the rating upon summarizing
the rated activities, it is safe to assume that this may be part of the
variance left unexpléined'by’the'regfeSSion equation; On the other hand,
if the ratings arve fairly consistent over all elements performed by all
operators (order pickers), one WQuld.be more reluctant to use a regression
equation that leaves a large part of the variance in the data unexplained
as a basis for performance standardé. This is because variation in be-
havior is not apparent and could not be said to contribute in major part
to the unexplained regression variance.

In the research under discussion; the ratings varied from 50 per-
cent to 90 percent. This variance in rating of 40 percent approaches
the variance left unexplained by the regression equation. It was con-
cluded that at least part of the variance left unexplained by the re-
gression equation was due to variance in order picker performance.

Performance standard. To determine the performance standard, the

rating must be applied to the regression equation. In some cases the
ratings are averaged.87 If extremes are present, especially on the low
side, a more conservative approach would be to use the median as a mea-

sure of central tendency. In the research reported here, the median was

- .. 86Charles Travis, "Trouble-Shoot with Rated Work Sampling,"
‘Industrial Engineering (September 1970), pp. 19-23.

87Travis, p. 20.
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most appropriate since no-one '‘normal'! qpefator (order picker) was studied.
All were studied. The'median'réting wﬁs .75 perCent;:'

Since the rating was determined to be 75 percent, the perfor-
mance standard was:

Y = .75 (64.69768 + 0,00792X32«+ 0.26869X,)
If great variation had beenifoﬁnd in the ratings, a more rigorous ap-
proach would have been to:apply:the’rétihgs to the data prior to the re-
gression analysis; Since'the'ratiﬁgs shdwed little variation, the re-
gression analysis was performed and the rating applied to the regression
equation. The point of concern is the impact of the rating upon the

residual.

lysis. In a previous section the number of line studies required to de-
termine traditional standards in the shipping department being researched
was calculated. It was determined that 980;700 time studies would be
needed.

The combined time study work sampling regression analysis ap-
proach described here required six man-months. This approach, however,
presupposed the existence of data pertaining to the required independent
variables.

To aid in comparing the relative initial cost for initializing the
performance standard program, one might consider that a prominent prac-
titioner states that '"'a top notch time study person cannot set more than
fifteen standards per'day; and this is the outside limit."®® This would

mean that in .excess of 65,000 man-days of time study would be required to

88C11fford Sellie, speech presented at the 1970 Industrial Manage-
ment Annual Clinic. Reprints available from Standards International, Inc.
(Chicago, Illinois).
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establish a standards program based only upon time study techniques.

The regression eduation would require that one calculation per
week be made to determine the.performance of the order pickers relative
to the performance standard.

The traditional time-approach would require that 980,000 stan-
dards be storediand be Capable_bf‘being randomly accessed. 'In addition‘
it would require that an informétion system provide each materiél lo-
cation from which a movement was begun and the material locétion at
which the movement ended; Ah individﬁal calculation would then be re-
quired for each such mbvément in order to determine the performance

against standard.

Maintenance of the performance standard system. Perhaps the

greatest contrast in relative efficiency occurs in maintenance costs.

In the traditional time study system; each change made in the
work environment requires at least one new time study. Many reasons
could cause this effort, such as a stock overrun or stock out, etcetera.

This is not the case with the approach utilized in this research.
The data used for the regression equation were taken from a period in
which any environmental variation that might happen was allowed to
happen. There was no attempt to '"mormalize" the environment to conform
to the predictability required by traditional time study. Change is
therefore inherent in the model. No change, other than a dramatic re-
layout of all itém locations, would réquire another study to be made.

’ConélusiOns.. Regression énélysis provides an efficient and ef-
fective means for determining performance standards for the order picking
and accumulation functions. The major constraints to more widespread util-

ization of the methods used in this research are (1) the existence of data
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pertinent to the proper predictor variables, and (2) the lack of guide-
lines with which to determine the ''goodness of Fit" required for per-
formance standards application.

The first limitatioﬁ iﬁ.enVirdnmentally determined; The rating
approach suggested by the writer provides a valuable approach to aid in
deciding wﬁether’or not to use'é given regression equation as the basis
for determination of sténdafd§ fﬁr indirect wofki

In the final aﬁalysis,rhOWeVér; mahy more applications must be
undertaken before discreté criteria ére evolved. The subject is worthy
of further'research: not 6n1y BeéauSe’of the large portidn of work
activity that is classified as indirect; but also because of the promi-

nent position that performance standards occupy in management theory.
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