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I. ABSTRACT

An investigation was conducted, combining certain
applications of the theory of engineering valuation and
industrial engineering into an industrial training progrem.
The progrsm waa desligned especilally to assist amaller
industrial companies toward more effective cost reduction
work, The purpose of the program was to secure company-wide
eoﬂperati@n in identifying and eliminating wasted costs from
industrial products and processes, It had practical appli-
cation to production planning and control, and to purchasing
procedures, Problems of financial policy, selling methods,
organizational changes within the company, methods of wage
payment, and studies designed to mske workers work harder
were considered as outaside the scope of this investigation.

The experimental procedure used to attain the dbjectiver
was as follows: The persomnel who could most effectively use
the training were selected. Authority and responsibility of
the tralnees as a group was determined, Essential portions
of the theory of engineering valuation and industrial engi-
neering were selected, and parts not relevant to the accom-
plishment of the objective were excluded from the tralning
progrem, Keeping in mind the limited facilities avallable



2

for conduct of the program in smaller companies, training
aids were examined, snd those which might be used effectively
were selected., A training manual was developed for the
guiéande of the personnel participating.

The training program was experimentally tested in two
Industrial plantas, Following completion of the tests, an
evaluation of the results was undertaken, together with
description of new applications which have been made since
the program was completed,

It was found that smaller industrial concerns could
benefit financially by use of the training program, The
training could be effectively undertsken within the plant,
and without the use of elaborate training aids, Personnel
with widely varied tralning and experience backgrounds were
able to effectively participate in the same btraining group.
It appesred to act as & "eabtalyst" in securing improved
inter-departmental cooperation by those participating, and
1t furnished a definite procedure which facilitated

effective use of personnel in the problems Iinvestigated,



II, INTRODUCTION

The first record of mants efforts at industrisl cost
reduction has probably been lost in antiguity. The process
of chipping stons and molding clay to make anclent records
must have been very expensive in terms of time, if not in
labor cost, and the resulting product both heavy and urmwieldy.
It should be safe to conclude that neither stone nor clay
could stand competition from the lighter and relatively more
durable papyrus; which eould accomplish the gsame purpose, but
do it faster, and result in a much more compact and useable
record, Since then, many other innovations have appeared,
the effect of thelr competition becoming spparent with the
disappearance of products which could not compete.

One reason, perhaps, why this 1s so restless

and flercely competitive an age, is thaet new ideas

of democracy, new philosophies, and the great new

mechanical inventlons, have combined to unsettle

the old customs and caaste lines, so that everyone

1ls urged to a remorseless effort to excell, to

reach a goal whiech, because it is uniimited and

compebitiv g; mugt ba beyond the strength of all
but a few,

Is this competition always worthewhile? Perhaps notj
the world might be a betlter place if gunpowder had never been

-iﬂuttan, H. P. Prineciples of Organization., First
Edition, Melraw-Hill Book Company, New York., 1931. p. 207.
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invented, However, if people on one slde of a dlsagreement
usge it to force thelir will on others, the opposing sroup has
to accept and use it, or find something more powerful, if
they are to compete successiully, and survive.

More recently, with the vast expansion of our industrial
machinery, attentlion has been directed toward industriasl
economy, Back in 1911, Mr., Henry R. Towne, President of the
Yale and Towne Manufacturing Company, quoted from an sarlier
address he had made to the gra&ﬁaﬁing class of Purdue
Undversity as followss

The dollar is the final bterm In almoast every
equation which arises in the practice of éngineering
~_iIn any or all of its branches. « « « In other
~k” words, the true function of the engineer is, or
' should be, not only to determine how physlcal

problems may be solved, but also how they may be

solved nmost economlcally. « « « Therefore the

engineer 1s, by the nature of his vocation, an

economist, Hls function is not only to deslign,

but also so to dasign‘as to ensure the best

economical result,

Here we have one of the big problems of industry stated
very lucldly nearly £ifty years ago. Why is it that 1t has
not been solved satisfactorily before this time? No doubt
one main reason 1s to be found in the story of our techno-
lozical progress during the past decades, HNot many years
before Mr, Touwne's talk, steam winches, powering a plow, were

recommended by the Royel Agricultural Soclety, after a test,

MiTﬂwne, He Re PForward, In Taylor, P, W, Shop Manage-
ment, Harper and Brothers, New York. 1911, p. 6, T.
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as belng able to perform very satisfactorily both for plowing
fields and trenching, and show savings of up to 85 per cent
when compared with horse 1abar,1 Today we would find it
extremely difficult to find one of these machines outside of
a museum,

But our changing technology, with the development of
new and better machines, which can do more and better work
in the same time, and require less and leas skill from the
operators, can only provide part of the answer, New
materials, of uniform gquality, are also being developed
conbinually. Together with the machines, they are able teo
malke possible ever increasing output of constantly improved
products,.

Cur engineering technology has also been improving,

_Golleges and universities are constantly working to develop

new and better methods to keep pace with industrial develop~
ments, and conducting research to help lead the way to
greater economy. However, 1% has often been sald that there
has never been a surplus of management personnel who are
effectively trailned in running our industrlal enterprises,
Back in 1911, Frederlck W. Taylor, vho l1ls often referred
to as the Father of Industrial Engineering, pointed up ons of

the major problems,

hiAyplat&ns' Cyclopaedia of Applied Mechanics., Volume 1.
D. Appleton and Company, New York., 1880. p. 8.
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7
attentlon upon a single leading function, How then can we
effectively expect anyone to understand the true essence of
Taylorts sclentific management and at the ssme time fulfrill
the requirements set forth above?

is 1t relates to cost redu¢ticn in industry to date,
the tendency has been to centralize responsiblility for cost
reduction within individual departments, Larger companles,
employing meny workers are generally able to procure staff
assistance from within the organization to carry on the work
of cost reduction; or they may procure the services of out-
side technical experis, usually on a consulting basis, to
furnish the same service, At times these experts have
generously dedicated their prozrams to the publie by pub-
lishing complete information about them, More often, we
find that publication is incomplete or delayed, or is with-
held completely. This 1s particularly truve when the purpose
of the research 1s to improve the company's competitive
position in the industry., Here Immediate publication would
deleat that purpose,

Smaller companies often find themselves at a disadvan-
tage in this respect. Their staffs are not large enough to
allow individuals to spend much time away from current pro-
dugtion problems, Here too, the addition of a technlcally
skilled man is hard to justify on a permanent basis; besides,

the proportionate increase in cost 1s much greater for the



8

smaller companies 1 they use consuliting services or hire
additional staff, Therefore, many of these smaller companies
are unable to compete for business to the extent they would
like to,

While 1t is probably true that the same principles will
apply to all slzes of business organizations, this research
1s directed speeifically to assist the smsaller industrial

companies with a progrem of effective cost reduction,



IXI., REVIEW OF LITERATURE

Cost reduction, or the elimination of wasted costs from
production, has long been one of the goals of industry, Back
in Taylorts® time, the cost of labor averaged $1.15 per day
for an mkinm& workman, Recent published reports of the
Buresu of Labor Statistics? showed that the modern workingman
of the same classification receilved more than that smount per
hour, Therefore, 1t was not surprising to find that a great
deal of attention has been directed specifically toward the
reduction of labor cost, Taylor'!s approach may even have been
termed progressive for his time,

The writer has alrsady indicated that he thinks
the first object in management ls to unite high wages
with & low labor cost, He believes that this cbject
can be most easily attained by the applications of
the following principles:

(a) & Large Daily Task,

(b} Stendard Conditions.

tc High Pay for Success,

&) Loss in Case of PFallure,

When an establishment has reached an advanced
state of organization, in many cases a fifth element
should be added, namely: the task should be made so
diffiocult that 1t can only be accomplished by a
first-oclaas man,
iﬁ'ﬁﬂ@!‘; op. ¢lt., Pe 4T

3’(5, 8. Department of Lsabor, Bureau of Labor Statisties,
Monthly Labor Review, Wage (hronology No. 3. Unlted States
Steel Corporation. Vol. 72. No. 5. May, 1951. p. 563,

Bwayiar, F, W. Shop Management, Harper and Brothers,
New York. 1911. p. 63, 6.




10

Taylor set out to accomplish thls purpose by experimenting
to determine "what reslly constituted a full-day's work for a
first-class man; the best day's work that s man could properly
do, year in and year out, and still thrive under,"l That he
was successful in reducing labor cost is attested to in the
record of the third year of working under the plan, when
labor costas dropped to less than one~halfl of the old cast.2

Taylor didn't stop at this point, He felt that there
must be some definite, clesr-cut law as to the amount of work
a flrst-class laborer could do., After three series of ex-
periments, the data was given to Mr, Carl G. Barth for
analysis and interpretation.

In & comparatively short time Mr, Barth had

discovered the law governing the tiring effect of

heavy labor on a first-class man, . . « The law

i3 confined to that class of work in which the

limit of a man's capacity 1s reached because he

is tired out., . . « for each given pull or push

on the man's arms it 1s possible for the workman

to be under load for only a definite percentage

of the day. « « « a8 the load becomes lighter,

the percentage of the day undger which the man can
remain under load increases,-

During this interval, the techniques of securing effec-
tive stope-watch studies in the measurement of performance

were improved both in method and in precision of measurement,

gg iTaylmr, P. W. Principles of Sclentiflic Management., p.

zlbido; P. Tl
3%1@&’ Pe 57'
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Others, not directly connected with Taylor or the Taylor
Society became interested in his method and the spectacular

results which had been achieved, Taylor cautioned them
repeatedly.

The knowledge obtalned from accurate time
study, for example, is a powerful implement, and
can be used, in one case to promote harmony be-
tween the workmen and the management, by graduslly
educating, training, and leading the worlkmen into
new and better methods of doing the work, or, in
the other case, it may be used more or less as a
club to drive ths workmen into doing a larger
day's work for appraximateiy the same pay that
they received in the past,

More particularly he cited an example of what had
happened when his advice was 1gnored,

Several men who lacked the extended experience
which 1a required to change without danger of
strikes, or without interference with the success
of the business, from the management of "initiative
and incentive® to scientific management, attempted
rapidly to increase the output in guite an elaborate
establishment, employing between three thousand and
four thousand men. Those who undertook to make thls
change were men of unususl ability, and were at the
same time enthusiasts and I think had the Interests
of the workmen truly at heart., They were, however,
warned by the writer, before starting, that they
must go excesdingly slowly, and that the work of
making the change in this establishment could not
be done In leas than from three to five years, This
warning they entirely dlsregarded, They evidently
believed that by using much of the mechanism of
sclentific management, . « « that they could do, in
a year or two, what had been proved in the past to
require at least double this time. . « « The result
of all this disregard of fundamentsl principles was
a series of strikes, followed by the downfall of the

lIbid.' p. 133, 13!3-.
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men who attempted to make the change, and by a

return to conditions throughout the establiashment

far worse than thosze which existed before the

effort was made,

As mizght be expected, those fallures were given wide
yublieity.‘and while the persons responsible had acted con-
trary to the principles set forth, inevitably the whole
field of standards determinatlion fell into disrepute, each
succeeding misapplication of the techniques inereasing
resentment agalinast them until there were left only a few to
carry on the work, It has only been during the last decade
that time study has agaln returned to a position of genersl
respect in production and cost reduction work in industrial
soclety.

One of the early assocolates of Mr. Taylor was Frank
Gilbreth. While Mr, Gilbreth apparently felt no conflict
between his and Mr, Taylorts ldeas, his approach to the
problem was quite different. For a mumber of years he was a
building contractor, specializing in brick work, During this
period many bricklayers were immigrating to this country from
various European countries, and Gilbreth observed that the
methods they used in laying brick varied considerably, and
that the productivity of the men alsc varied, He set out to
find the one best way to lay brick, operating on the theory

lzbldog Pe 133! 1314"
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that i1f the workman is busy, and 1f he uses no waste motlons,
his productivity will naturally incresse, He felt that the
studies conducted in thils field were "but the begimnning of an
\ era of motion study, that will eventuslly affect all of our
__methods of teaching trades."l His advice in the teaching of
iwgpprenﬁiaas was very direct and to the point., "Teach them to
make absolutely no motions and to have their hands travel no
distance that does not give resulta,“a

Later ¥Mr. Gillbreth, together with his wife, Lillian M,
&ilbr@th, dld extensive work in the genersl development of

motion study, defining 1t as:

| Motion Study congists of dividing work into

most fundamentel elements possible; studying these

elements separately and in relation to one another;

building methods of least waste.s oot

The results of these investigations were summarized in
the therblig form of elemental anslysls developed from micro-
motion analysis, which is familiar to all students of the
aubject, Here the cleavage from Taylorts time study is more
definite, However, when one remembers that Taylor's goal was

to find out the time i1t ought to take a worlkman to do a job,

the differences are not contradictory. Fortunately, the same

1311breth, F. B, Bricklaying System. The Myron C,
Glark Publishing Co., New York. 1909, p. 140.

2Ibid., p. 160,

3341breth, F, B, and L. M, Applled Motion Study. p. 3.
Original not avallable for exeminationi cited in Morrow, R, L.
Time Study and Motion Economy, The Ronald Press, New York,
1924-60 Pe 10.
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stigma which troubled Taylor snd his :ssoclates was never
applied to the Gilbreths' motion stud;' and mie¢ro-motion
study, so progress in productivity did not suffer,

Many others since Taylor and Gillireth have done much to
sdvance the science of inereassing and m»asuring.produativity.
Thelr works have been too numerous to examine in detail,
However, there has besn one major Iimp rovement which deserves
atbention, Several groups of analyst ., the latest being
Maynard, Stegemerten, and Schwab have carried the development
one step farther, and have set standa ds for normal perw
formance for the very short elements hat make vp human
mmﬁaana.i The approaches used by the different groups
varied, and the elemental breakdown o' the motions also
varied; but they all had one thing in common, that being to
provide a yardstick by which the most sconomical motion |
patitern could be determined, and equl able production
standards set, The end result was to increase productivity
and reduce labor cosis, In Methods-Time Measurement the
reader ls cautioned:

Experience has demonstrated that if sufficlent
analysls and study are devobted ) any given job,

the method for doing it can usus .ly be Improved, at

least until the point of fully aitomatic operation

is reached, In order to be prof (table, however,

the cost of the study must not eaiceed the savings
that result, Therefore, it is Liportant for the

1&3‘3&&1‘&, H, Bq,' $ﬁag&fﬁ$rtﬁﬂg G, J-, Sﬁhwab’ Jde L.
Methods~Time Measurement. First Editlon, MelGraw~Hi1ll Book
Company, Inc,, New York. 1948.
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methods engineer to regulate hls work so that, as
nesrly as possible, he devotes stffiolent time to
any study to obtaln as great savings as possible,
and yet not so much time that thire 1s no net
saving after t&a cost of making the study has
been defrayed.

Various formulas have been develiped by different
authors to serve as a gulde toward thi economical operation
of this t’mtién in an industrial comern, However, the
maln purpose and empheals is to opsrale from a departmental
or gtaff funetional basis and traln if1dividuals in the
techniques of methods improvement.

In most cases 1t 1s recognized tlat there muast be
liaison with other departments and un! ts in the company if
the improved methods are to work in practice, but the
responsibility and initlative have laigely been kept centra-
lized in one =mection, the methods aeecilon.

In order to determine which method of all of
those avallable is the most econimical, three
major factors must be btaken into consideration,

These sre 1, Machine cost, 2. Tool cost,
3. Labor cost,. Other rfactors a .se enter in, such
as floor space occupiled, power cinsumed, material
used, ete. In most cases, howevir, they are so
"“‘*‘* . similar for different methods thit they may be

‘ negleoted, If in special cases 'hey differ
enough to Justify ineclusion in tle analysis,

they may be included in the formila for the 2
determination of the most econom .cal method,

ek

Where the purpose is to improve 1iethoda, any changes in

mnaterial or design become, in s sense  obstructions to

Irvta., p. 195.
gxbiﬁu’ Pe 201.
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standardization, However, for the company as a whole,
economy in materisl is probably as Imortant as economy in
method, Many companles have paid cloie attention to
material cost, especially during peri»is of material
shortages and conbtrols such as we hav) been experiencing for
the past decade,

The General Electric Companr has set up a
"Yalue Analysis Division" of the purchasing
function to work with vendors as well as with
GeEe 's own mamafacturing and englneering per-
sonnel in the study of existing ind new products.
Ways are sought to lower costs t irough the
elimination, alteration, or simplification of
purchased parts or material items,-

Here the initiative was taken by the purchasing depart-
ment ino attempting to do thelr part t >ward economical
operation., An investigzation of the program initlated there
in 1947 revealed that effective cooperation between differ-
ent divisions of the company has been developed which
erosses department and divisional linss quite effectively.

It is obwvious that teamwork is absolutely
essential, Thils is not conference or committee
work, but a highly individualizeil responsibility.
The value analyst works directly with the respon-
sible engineer on items of engineering evaluation
or other engineering problems, Ie works directly
with the responsible manufacturing men on mater=-
lals, on forms of raw matberisal, on fabricating
problema, He 1s constantly working with the

T

Bethel, L. L. and others, Industrial Organization and
Management, Second Edltion, Mciraws-Hill Book Company, Inc.,
New York., 1950. p. 262,
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buyer, making sure that each elenent of {alua is

realized in the purchasing arrargements,

Here coordinastion between departuents in the company was
effected for the purpose of improving the value~cost rela-
tionship, by a speclalist, trained t¢ serve each of the
divisions, who suggested changes whele improvements might be
expected, Indeed, there was some precedent to Jjustify this
expangion of activities between the purchasing department and
engineering.

There 18 a blurred line belween the respon-
sibility of the purchasing depay tment for
materials-quality standards and that of the
engineering department concermed.

This expension and inberest in value may well have been
an outgrowth of the development of tre fleld of Engineering
Valuation., Valuation probably had its beginnings in the
general field of appralsal for tax ard other purposes,
However, valuation as uszed here carried a different meaning.

"valuation® is a process of estimating future
worth, and should be distinguisted from “appraisal,”
an esbimate of actual worth for the purposes of
taxation or insurance, Valuaticn is the anawer to
the questlon "will 1t pay?" which invariably arises

at once in any &i»aua§i@nvcf & rew project to
satiafy a humen need,

ﬁiVa1u¢ Anelysis., Purchasing Magazine, June, 1950.
Orizinal not avallable for examinaticn, Read in reprint only.

Zpethel, op. oit., p. 262. |

3ﬁ¢mv¢r, Ts J. The Economics of Mining, Stanford
ﬁhi;@rsity Press. Stanford Universitiy, California. 1933,
Pe . .
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Marston and Aggl set forth the fundamental basis of
value as the present worth of future net returns, The 4if-
ference here was the addition of a compound interest fac-
tor which dlscounted future returns to the present time,

This was also the subject of extended analysis by both

Grant? and Thuesen> in their texts or engineering economy,
Where economic alternatives needed t¢ be compared in order

to determine which would cost the lesst for equivalent wvalue,
& common basls of comparison was essential, taking into
account the time cost of money., Hoover emphasized the
importance of accuracy and completeness in these caloculations,

The past is strewn with glering mistakes in
estimating engineering projects as a reault of
not applying the engineering method with care
and discerrment, Of many of it: past performances
in this regard the profession heés no cause to be
proud; far too many underestimaties have been made
on future capital requirements ¢nd probable costs
of operstion, as well as overestimates of probable
revenues; nor have the sequelse of overproduction
been given due forethought. In every case the
mistake lay, not in the method jtself, but in its
application. And the errors do not so much ococur
in determining strength of structures or the
capaclty of machines, as in a lick of under-
standing of economic fectors, . . « The engineer

‘inargﬁona»aa. and Azg, T. R. Eigineering Valuation,
Flrst Edition., MNcGraw-Hill Book Company, Inec. New York,
19360 Pa 6.

zﬁranb, E. L. Principles of En; ineering Economy, Third
Edition. The Ronald Press Company, lew York, 1950,

BThnaaan, He G« Engineering Ec(nomy. Prentice~Hall,
Ince, New York., 1950,
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has yet muech to learn toncerning financial and

social plamning, but he would se:m to be in a

position at the present time, by edusation and

experience, to become probably tle most power-

ful unit for human betterment,l

Much of the literature of Engine ring Valuatlon was
devoted to problems of estimating the probable lives of
various classes of eguipment under va 'ying service conditions,
Also, as depreclatlion became an impor:ant source of expense
deduetion for tax purposes, much work was done to develop
satisfactory methods for depreclating groups of similar
units, as well as Aindividual units of property. Added impe-
tus was given to this phase of valuat .on with the codifica-
tlon of Inbternal Revenue Bureau pollc .es, requiring syste-
matic accumilation of evidence to suprort claims for depre-~
clation based upon averasge lives of e juipment different from
those set forth in Bulletin F.Z In ricent years, due pri-
marily to the requirements of State aid national utility
cormissions, public utilities have do e much developmental
work and cooperated in evaluabing varlous theories upon which
to base depreciation estimates,

The Iowa Engineering Experiment 3tation sponsored a
mmber of studies designed to further develop and to clerify

o

1&@@#&@, ope ¢ites pe 1l

2y, S, Bureau of Internal Revemue, Income Tax Deprecia-
tion and Obsolescence, Estimated Useful Lives and Deprecla-
tion Rates, Revised January 1942, U, S, Treasury Department,
Bulletin Zg”. U. S, Govermment Printing Office, Washington,
D. C, 1948,
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understanding of the various systems of depreclation, with
application to both industrial and public utility property.
Prior to that time, understanding of the importance of depre-
c¢lation in the industrial sense had not been very general.,
Production eguipment undergoes very rapld
and continuoua improvement in quality and
material changes 1n capacity and 1s continued
in service or removed from service in accor-
- dance with economic conditions or management
policies rather than because of 1ts physical
condition., Marthermore, in the case of cer-
tain equipment, masintenance practice affects
greatly the average 1ife realized, and, there-
fore, the experience of one company may be
graatly'dirfaiant from that of another similar
organization,
in partiocular, there has been little understanding of
problems relating to group depreciation of property.
Winfrey's analysis of this branch of depreclation accom=
plished & great deal toward the clarification of thia
aubjaet.a
When companies have felt the need for assistance in
handling technical problems such as those outlined in the
preceding psges, their recourse has been elther to hire
someone already qualified in thet particular fleld or to call

upon congsultants for specialized assistance, In the latter

sznrray, Re Statistical Analyses of Industrisl
Property Retirements, Iowa State Collegze, Engineering
Experiment Stetion Bulletin 125, 1935. p. 9.

2w1n£ray, R. Depreclation of Group Properties., Jowa
&éﬁta College. Engineering Experiment Station Bulletin 155,
3-9 2.



21

case, the recommendation has often been to send selected
personnel to speclalized schoolg, or to conduct training
programs within the company for personnel who are directly
concerned with the problem,

These industrial training programs for the purpose of
cost reduction have been held in many planta for many years,
In some, the general plan has been to avoid formalizing them
by the inclusion of the term training program, while in other
organizations, the formalized training program has become as
common as indoctrination procedures for new employees,
However, it appeared that the general tendency in either case
has been to restrict each program to the training of per-
sonnel in some specific technique to take care of a partlicu-
lar problem, The titles of some of those training programs
examined were quite revealing.

"The How Book of Cost Cutting Material Hendling."

"How to Set Up a Program for Motion Economy, "

"Poreman Training - Cost Reduction Thru Better Methods,"

"MTM Instruction Manual,"

"Industrial Engineerinz Cost Reduction Conferences."

"Forement's Time Study Manual,"

"Work Simplification,”

"Job Training E&nﬁal.“

Undoubtedly these training programs have been very suc-

cessful in accomplishing thelr stated purposes, In the
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introductions to many of these programs s statement simllar
to the following could be found,

In the past, progress in cutting production
cosbs has been limited largely to improved
mechanlization of specific processing operations,
But now industry must look elsewhere for addi-
tional production savings to meet intense compe-
tition in broadened markets and still provide an
equitable return on 1nVe&taa-eupit&l.l

Following the statement of the general conditions, a
tie-in with the specific problem was usually to be found,

Generally speaking, plant opersbors have
been engrossed in the job of perfecting pro-
cessing techniques, Few realize a material
handling problem exists Iin their plants, or at
least that it is a high cost factor. Only in
isolated cases have men been given the responsi-
bility for finding ways to cut the cost of
handling materials, . « « It's your money! You
want to get the fullest value out of each
mabariglshandling dollar, The question 1s
THOW? M

In another training program the fellowing was found.

Today's profits will not come from lower
materials costs., They will not come from lower
labor costs, They will come from increased
operating efficlency.

In these and in other training programs, the emphasis
appeared to be to traln a speclalized group of workers or

supervisors in the working of some particular technigue of

iﬁhe How Book of Cost Cutting Materisl Handling., The
¥ale and Towne Manufacturing Cempany, Philadelphla, Pennsyl-
vm#.&. 19’;&6. Pe 3‘

21p1d., pe 3.

Bmeganaen, A, Ho How to Set Up a Program for Motion
Economy, Factory Management and Maintenance, Vol, 93, No,
1l. DNovember, 1935, p. 8~133,
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management, In two of the prograns there was an apparent
effort made to encompass company-wide participation., In one
of thﬁaagl the two main headings in the section devoted to
cost reduction were listed as "Ineffective Supervisory
Methods® and "Indifferent Attitude", This could lead one to
belleve that the approach used was more a study of mental
states and procesgses than a direct study of economy and cost
reduction.

The other was the purchasing value analysis progrem of
the General Electric Compeny, Here the training was highly
specialized, primarily being given to groups of buyers, Pre-
gentation to persomnel in other departments was restricted to
informational demongtrations to acquaint them with the idea,
with the hope that operating departments would request value
analysis aid when they recognized the need, However, an
additional feature of this plan was to make possible valua-
tionz of produets while they were still in the plenning
stage. This seemed to be a significant contribution,

Tt appeared that much has been done through ell of these
training progrsms to acquaint industry with different methods
of euét reduction, Theories and procedures have been out-
iimad for a great many applications, No one program could,
in a practical sense, offer technical training to all men,

lﬁ#ytag Management Development Program. VocaFilm Corp.,
L2l Madison Avenmue, New York. 1948,
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each for proficiency in his special function,

In the mualler companies each of the respective funcm
tlons are normally handled by one individual, These men are
probably well qualiflied in thelr own speclaliles, Is there
anything else that might be developed which could make their
aambin&ﬁ efforts more effective in the fleld of company-wide
cost reduction?

It 1 fa1€ that all operating and management personnel
could beneflt from training in the identification of all
Torma of wasted cost, and their measurement or estimation,
Also, that as a group, they would welcome & simplified pro=-
&aaﬁw& for coordinating each personts efforts toward uwililizing
the special skills he has, in order to secure for the company
maximm value for each element of cost,

It 18 hoped that the training program which has been
developed ag a result of thils investigation will aid Industry
in the fleld of cost reductlon,
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IV. PROCEDURE

The first problem in the development of a practical
industrial training progrem in cost reduction was to deter=~
mine its objective, "Most economical cost" here means mamimie
zablon of profits to the company. Each company has agsiba
main objective the production of its producte at the most
economical coast, ILilkewise, each division or department
within a company also has as an objective the accomplishment
of its share of the produstlon at the most economiecal cost,
It was essentlal that the program, as developed, assist in
the attaimment of those objectives, The successive steps 1n
iéa development follow. They are described in detall in the
sections following.

(1) Personnel to be trained,

{2) Their suthority and responsibility.

{(3) Content of the program.

(L) Selection of training ailds,

(8) Location and time required for training.

(6) Development of the training manual,

{7) gslaatien of the company to test the program,

{8) BExperimental testing of the training progranm,
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A, Personnel To Be Trained

It would not be possible for each individual in a
company to attend a training program such as this, There-
fore, one of the first requirements was to select the per-
aend:aé? who could most effectively make use of the trainix;g.
Simy this program was designed particularly to help smaller
eompanies, selection of personnel to be trained was greatly
simplified. In cost reduction work, primary sources of
savings in cost, or in the elimination of wasted cost, would
be from improvements in materlals and meth_eds, desizn
economies, end from improvement in the coordination and con-
trol of production., Personnel from these departments who
would most likely be affected would be (1) the purchasing
agent, (2) the methods or time standards man, {(3) the chief
designer or engineer, and (l) the superintendent of produc-
tion. A fifth member necessery for the proper functioning
of this group would be a representative from the cost account-
ing department, The :reaulta of this conmittee's efforts
would require translation of all costs into dollars and cents

for examination, comparison, and recommendation or decision.
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B, Their Authority and Responsibility

The degree of authority and responsibility which would
reasonably be assigned to those participating needed to be
determined, Most of the personnel listed above, as indi-
viduals in responsible charge of different functions in the
company, are normally given a sufficlent measure of respon-
8ibllity together with authority to accomplish their work,
It may be assumed that the exercise of theilr normal levels of
authority and responsibility would function just as effec-
tively in formal cooperation with the others in the group,
and that decisions which they would normally make could be
made Just as effectively in this instance, Where they would
ugually make recommendations individually to top management
for declsion, they could continue the procedure as a group,
and perhaps, lighten management!s task in coordinating and
resolving any difference of opinion which might appear in the
committee, |

The committee, 1 experienced, can function

almost as a singzle greater mind in visuslizing

and exploring all the facts of & complex situation,

To funetion thus, however, its members must be

capable of understanding one another's viewpoints

and problems, . « « This presence of different

ideas and experience backgrounds may make a

sultably organized committee particularly effec-

tive in an inventive capscity., For the likeli-

hood of productive combinations of ideas 18 in-

creased, when men of different experiences and
hablits of thought exchange ideas., One man makes
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a suggestion, which is taken up and given the right
twist by another, Neither could have produced the
result alone, For this reason, among others,

research groups find perlodical meetings for dis-

cussion usgeful, and industrial engineers customarily

hold staff discussions of 1Tpertant reports and
recommendations to clients.

If the above trainees, as a group, receive uniform
training in the identification of all forms of wasted cost,
they should improve thelr contributions both iIn quallty and
quantity in the solutlion of ecost problems, particularly those

involving more than one department,

Ce Content of the Program

The next factor for consideration was detemination of
the smount of engineering wvaluation and industrial enzineering
theory which should be included in this training program,

The main requirement would be to assurs that all essential
portions of theory were included, and at the same time to
omit any portion of theory not relevant to the accomplishment
of the stated objective, It could be assumed that each of
the individuals partiecipating was skilled in the theory and
techniques of his special function. Therefore, the program
did not include any training intended for individual members
of the group.

o
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There have been many speclial developments in engineering
valustion theory., Some of them were gquite complex in opera-
tion, For example, a gZreat deal of work has been done in the
development of different methods of depreciating group
properties, If, in thisz training program, savings might be
reglized from the replacement of any one unit in such a
group, those same savings could normally be applied to each
additional unlit in the group. Therefore, for the purpose of
cost reduction in production, the development of group depre-
clation theory for accounting purposes would not be necessary.

However, one of the more Important costs of production
was the depreclatlion cost of tools and equipment, particu-
larly for speciasl tools such as dies, Jigs, and fixtures, A
proper understanding of what depreciation means and how 1t
should be compubted was essential if costs are to be deter~
mined,

It was equally essential that each member of the group
have a clear understanding of common methods for making cost
comparisons between alternativeas, Since the basias for
recommendation and actlion arose from the cholce of the most
economical alternative, 1t was necessary that the group be
able to convert cost figures from the form 1n which they
were originally found to one which would permit equitable
comparison, Capital gains and sunk costs have frequently
been included in cost comparisons, Neither of them had any
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bearing on production cost. It was desirable that the group
understand what each of them was, and how to measure and
eliminate them from cost comparisons,

It was probable that nct’all members of the training
group would have had training in estimating costs, Some
costs were determinable, Many others, such as depreciation
and overhaad, had to be estimated. In order to have as
accurate costs as possible, systematlic means of estimating
should be ineluded 4n the training program,

If the group was ta‘be effective in 1its work, it was
essential that they have a definite procedure for investi-
gating problems and initiating action, This should not be in
conflict with any normal prmeeduraa which were in operation
in the company, but should supplement and facilitate use of
existing forms,

The field of application of this training program should
be broad eh@ugh to make 1t effective in improving the
handling of business crises brought on by production problems
where immediate action is required, It should also apply
equally well to routine problems, the solution of which might
well prevent the oscurrence of future production crises.
Planning future production presents many problems, If
planning is to be made more effeetlive, this training should
lmprove the efficlency of the trainees in recommending

action.
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D. Selection of Trailning Alds

The variety and kinds of training aids whiech might be
uged to an advantage in this program was another problem
which was considered, Most of the other training programs,
listed on page 21, emphasired the desirabllity of using as
many training aids as possible, Specisl mention of motion
picture £iim, film alides, charts, graphs, and other visual
elds was made, with 2 generasl recommendation that as many of
them as possible be ubilized, Most of these tralning pro=-
greams had been developed for large companies, Would these
same btraining aids be desirable or useful for training pro-
grams In maller concerns? Small companies usually have a
limited budget Lor trainiﬁg purposes. Perhaps it would
be possible to present an effective training progrem without
the use of high-priced visuwal alds, An additional reason
for omitting elaborate visual alds was that on previous
visites to companles of this type, no facilities had been seen
which could readily be adapted to requirements for showing
f4lm, Perhaps a training manual could be developed which
would effectively explain the material to be covered, without
recourse to expensive visual alds, Therefore, the training
aids developed for this program were (1) a training manual
for each of the trainees and {(2) a small combination black-
board and paper ped, 18 inchesa by 2l inches, which could be
mounted on a platform rigldly fixed to a photographic tripod.
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See Figure 1, This permitted adjustment in the helght of the
writing surface, enabling the instructor to work at it in
either a standing or sitting position. The blackboard was
designed for use when no record of the graphic work or cale
culations was necessary., The pad was to be used when later
reference to illustrations and ealculations would be
desirable,

In Jileu of other kinds of training alds, it was felt
that the participants in the training program would prefer to
work on problems with which they were all famillar. There-~
fore, 1t was planned that each member of the group be en-
couraged to suggest vaerious problems for group practice, and
to bring the product or part into the training session where
it would be visible, and where discussion could be more
readily directed to each of its features as value~-cost
aspects of it were examined., This should prove to be a very

effective way to stimulate group participation,

E, Location and Time Required For Tralining

A decision needed to be made as to where the training
should be done, Some of the programs previously mentloned
ineluded a recommendation that the training would be much
more effective if it could be completed away from the factory.

Others recommended one-the-job training as the more deslrable
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Years

Mgure 1., Portable blaskboard mounted on
camera tripod,
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method, In this case, considering the avallabllity of per-
sonnel who would take part, 1t seemed essentlial that the
program be designed for presentation In the factory, but in a
separate room,

In a samall industrial concern it would be difficult to
arraenge to have all of the trainees absent from their regular
work for teo leng at any one time, or for too much of any one
work week, Therefore, in order to make it possible for each
of the above individuals to take part in the training
program it was necessary to keep the total length of training,
and the length of each individual period, to a minimum, The
length of time for each training session wounld need to be
long enough to permit progress in the program, The frequency
of training sesslons should be close enough so that the
traineea would not rforget portions of the program studled
earlier, At the same time, all of the men would have respon-
sibiilities in thelr dally work which would preclude the
possibility of devoting a major part of any one day or of the
work week to the tralning progrem. It was felt that twoe
hour sessions, occcurring not more than three times a week,

would be most effective,
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F, Development of the Training Manual

Development of the training maenual to be used by par-
ticipants in the program presented a problem not commonly
found in thesis literature. Each member of the group would
have different skills as a result of his previous training
and experience,  However, some of the trainees would be
engineers, with highly technical training in that field,
Others would have a background more closely allied with the
fleld of business administration and accounting. Part of the
group would probably have completed their formal tralining
years before, and would also have a wealth of practical
experience to offer,

Still otherg of the group would be men who had received
the greater part of thelr education solving production prob-
lems in the shops; men who had progressed to positions of
authority in the company by virtue of the respect their
fellow workers had shown them over a perlod of years, They
might have horny hands, but the practical "know-how" which
they could contribute would do much to make the work of the
group effective.

Since the group could be assumed to vary widely in back-
ground training and experience, it was especlally desirable
to word the manual in such a way that 1t would be easily and
equally understandable to all of them, Current literature
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and texts were not of much use in thig problem, since most
articles and books implied familiarity with the meaning of
speclalized technical terms which might not be within the
special field of one or another of the group. The manual was
written and rewritten several times before the wording
appeared to be satisfactory in this respect, critiaism and
suggestions for improvements in the wording were solicited
from several staff members before it was experimentally
tested in industry. It was also planned thai the personnel
participating in the test be encouraged to comment on the

clarity of the wording.

G, Selectlion of the Company te Teat the Program

The next problem was the selection of a company to test
the usefulness of the training program. It would be very
desirable that thilis company be of a size such as may be
found in a great many lowa communities, The company should
have a stable organization, having been in existence for a
number of years. Thelr production should include a variety
of' produets, at leagst some of which should have been produced
in quantity. Personnel in the company should be considered
as well treined in their individual responsibilities.

It would also be desirable for the company to currently
have in production products which had not changed
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appreclably for & period of time, and also to be confronted
with production problems on other items being manufactured.
It would, of course, be necessary for the company to choose a
time for the meebings so that each of the selected persons
could take part Iin the training progrsm.

In the development of this training program, a number of
companies were considered before preliminary investigation
narrowed the cholce to two. One could be desoribed as a jJob
shop type of metal-working company. A large proportion of
their business had always originated from competitive
. bidding for work from other companies., They produced a
great variety of metal products, especlally those involving
forming operations. The company has been in operation for
many years and has apparently enjoyed a substantially steady
growth in total business throughout its life, The plant
itself looked old, Most of the machinery in use was of a
general purpose type, and much of 1t had been in service for
a mmber of yaar$¢'

The other company had not been in existence for as long
8 period of time but had enjoyed more rapid growth, largely
accelerated by World War II conditions., The products manuw
factured there included both wood and metal fabrication,
Part of the production was of job shop type, but the greater
proportion sppeared to be mass production of items for the

retall trade, This company had recently purchased the
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business of another company which manufactured wheel barrows
for home and industrial use, and they were bu#y integrating
this new product into their production schedules, As might
be expected, they were experiencing a mumber of production
and cost problems during the process,

When the training program was described to management in
these two plants, personnel from each of them requested that
it be tested in their plants., Since problems 13 the two
plants apparently were not the same, & cholce between thenm
was particularly difficult, It was therefore declded that it
would be desirable to test the program in both plants, if a
time for training sessions could be arranged which would not

confliot. Those arrangements were completed,

H, Experimental Testing of the Training Progranm

In the two companies which cooperated in testing the
effectiveness of the training program, meetings were scheduled
on Monday, Wednesday, and Friday, for a period of three weeks
duwring February, 1953. In,onevcampany the sessions were
scheduled from 9:45 to 11:45 a.m., and in the other, from 1l:15
to 3:15 p.m.

The plant and office facilities of both companies were
in groups of rather old bulldings., See Pigure 2, Seemingly

every bit of space was being used continuously. In one plant,
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FMgure 2, View of one plant showlng outside storage area,
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the only available space for conducting the training program
was in a small lunchroom adjsecent to the offices on the
second flocr, The tralining group assembled around a ping-
pong table for the sessions., See Pigures 3 and l, This
lunchroom was located directly over one of the larger

presses on the main floor, Whenever the press was in opera-
tion, there was a noticeable vibration throughout the room.
This might have seemed to be disconcerting, but the members
of the group were so accustomed to the surroundings that
neither the vibration nor the other features of the room
appeared to distrect any of them in the least, The other group
met in the office of the Chief Engineer, seating themselves
around his desk., There was no vibration there, but the tele-
phone occasionally interrupted sessions, Closeness of the
offices turned out to be an invitation for interruptions by
all who wished to confer with any of the trainees, However,
1t was not & major problem, and might well be expected when
representatives of so many operating departments were taken
from thely customary dutlies at one time,

Both groups had been encouraged to bring sample parts
and products into the sessions to use as problems for group
‘sonsideration. From the problems offered, the groups
selected the ones they would llke to work on first, and
samples of the part or product were procured for examination

and analysis.



Flgure 3. Lunchroom locatlon of one training progranm,

Figure lj, Ping pong table used in treining.
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One of the groups brought a sample Christmas tree
holdar into the traininz session to use as a problem for
group consideration., See Figure 5, The group discussed its
features, and began an analysis of 1t to determine the value
which each parﬁ contributed to the product, The cost
accountant brought cost records into the meeting, and value=-
cost comparisons were made, It happened that, at this
seasion, the design engineer had been called away to attend a
meeting with other maﬁagﬁm&nt representatives, Whlle he was
- absent, many sugzestions were made of possible methods to
improve the value~gcost ratios of the different parts, and
each of the seemingly more desirable ldeas were recorded for
the design engineer's comments when he returned,

As soon as he joinsd the group, the ideas were descrlbed
to him, He immediately excused himself, and when he returned
a few minutes later, his arms were full of samples of
Christmas tree holders, He placed all of them on the table
ia front of the group, and proceeded to show that each of the
ideas had been anticlipated by one or another of the company's
competitors, Most of them were also patented, This, of |
course, seemed highly discowraging. However, the important
thing was that the group, made up of a methods men, a pro-
duction man, & purchasing agent, and the cost accountant had,

in one hour, and in a fleld of endeavor not usually considered
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as being withlin their area of consultatlion, thought of and
described clearly all of the ideas for economical desizn and
prméucbian that apparently were 1n.uaa in this highly compe-
titive fleld. Some further discussion took place, inecluding
an enumeratlion of the dasirabis features which a Christmas
tree holder should have for high value-cost relationship.
Following the dlsocussion, the matter was dropped for the
remainder of the session,

Two days later, wheh the group again met, the first aube
ject for discussion was the Ghrishmha tree holder, Eadh.mam-’
ber of the group had, in the 1ntarvéﬁ&ng time, thought of
some improvement whieh would be poseible, and which
gpparently would not infringe upon any of the outstanding
patents held by compebtitors, The composite result of the
suggestions was a holder which seemed both feasible and
economical bto manufacture, and which would contain desirable
features not found in any of ths types currently on the mar-
ket. For instance, the holder for a larger tree should have
a wider base than for a smaller tree; and, at the same time,
the same holder should be adjustable to varying sizes of tree
diameters, A very simple but pracstical solution to this
problem was among the ideas suggested in the group dlascusslon.,

A Christmas tree holder might seem to be a small i1tem,
but, in the aggregate, since planned production was estimated
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as 300,000 units for this year, the Iimportance of even
fractional penny improvements in unit cost became readily
apparent, The actual comparative cost flgures from this
problem will not be available for some time, because contracts
had already been signed, based upon the existing design; and
the advertising was already distributed, However, the
progress made in that one meeting toward improving the com-
pany's competitive position with respect to this product
elearly 1llustrated the value of the program.

Another product was suggested for analysis during later
gsesglions of the group. The company manufactures quantitlies
of metal~frame basement windows and dlstributes them to a
large number of customers throughout this section of the
country, The design of the window itself was not considered,
but comparative costs of packing and shipping groups of four
of these frames were studied, with the hope that suggestions
might be forthcoming which would improve the value-cost
ratio. In the past, bundles were made by banding four frames
together with steel banda, then shippling them by truck to
the various retall outlets., See Plgure 6, Quite often, the
window frames would arrive at their destinatlon with the
paint scratched, While complaints had not been very fre-
quent, the elimination of this scrabching, together with the
improved feeling which distributors would have toward a more
attractive package for this item, was deemed desirable, An
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Pigure 6, Present banded package of four window frames,

Figure 7, Detall of banding window frames and suggested
new package.



b7

improvement had been suggested of packaglng the four frames
in a kreft paper carton. See Figure 7, The estimated unit
cost of these cartons was 35 cents for four window frames,

At the time the problem was presented for discussion, no one
in the group would hold out any hope of reducing the cost of
packaging and shipping while using the cartona, The only
hope expressed was that value could be increased without an
sppreciable increase in cost., Most of the group were even
skeptical of the possibilities of doing that, However, the
methods man started to accumulate aectual material and labor
coats of packaging under the present method., It was not long
before he reported to the group that the costs whilch had been
considered as almost negligible, were, in fact, higher than
the coat of the new carton, In addition, although the com-
plete costs were not yet avallable at the time the program
was completed, a preliminary analysis of handling costs,
after packaging, indicated that there were definite possi-
bilitles of substantlal savings 1f the carton were adopted,
At the time the program was completed, arrangements were
being made to ship a sample carton of the window frames to
Chicago and back, bto test the effectiveness and durability of
the carton, Here agsln, possible savings, not readily
apparent, were found; and hidden costs In the present method
were brought to manasgement's attention for comparison and

declision.
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One model of wheel barrow was also used as a class
problem for snalysia., This particular model was called a
Home Barrow, and was designed for the home gardener,
Expected sales for this year totaled 5,000 units, Any im-
provements which might be made in this model could also be
considered for other models glso in production, Avallable
cost daba indicateé that the present production plan was not
economical,

A sample of the Home Barrow, packed for shipment, was
brought into the sesslion for analysis and improvement, See
Pigure 8, The group cut the steel banding holding the kraft
paper cover, and unpacked and assembled it for examination,
One defect was immediately apparent, While the kraft paper
protected much of the exterior, the interior of the tray
showed big scratches in the palnt., One could only speculate
on how much more 1t would have been scratched by the time 1t
arrived at & hardware store for assembly and sale,

Each and every part was examined in turn, and its value-
cost relationship eppraised for all types of improvements,
In this problem, it was interesting to note that suggestions
for reducing the cost were made for practlocally every part
in the sassembly., Questioning revealed that the company cur-
rently had on hand many of the parts for this year?!s produc-
tion; so it appeared that a more effective analysis could be

made if 1t wers planned for next year's production.
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Figure 8., Home Barrow packed for shipment.
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Accordingly, each and every part was agzaln examined to see
whether major changes in deasign would materislly affect cost,

To eite one example, the wheel assembly contained two
ball bearings. Everyone agreed that better value without an
increase in cost would be possible if the ball bearings were
replaced with a permanently lubricated bronge bearing. How-
ever, the sales department explained that sales appeal would
be much greater for the ball bearing wheel than for an ime
proved bronze bearing. They stated that hardwsare dealers
would hesitate to stock wheel barrows which could not be
advertised as equipped with ball bearingag Therefore, that
idea was abandoned; but when the size and cost of the present
ball beariﬁga were checked, it was diascovered that a small
change in the beariﬁg size to one more standard would make
possible a very substantial savings in cost without fmpairing
value, Since each person who would need to approve that
change was present in the session, only a few moments were
required to secure approval, and to start altered procurement
procedures,

A check of the rubber tire size revealed that it was
just larger than the minimum limit, and therefore subject to
a 10 per cent govermment exclise tax., Within the next week
the purchasing agent had completed preliminary negotlations
for & rubber tire which would be Just under the minimum size,
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and therefore tax exempt, but would function Just as well
for the purpose, The ball bearings transmitted the load by
means of a hollow shaft which had been finished on a center-
less grinder, Operations to make 1t were expensive and
added little to the value, The chielf englneer suggested a
method of cold upsettling mild steel rod, and then threading
the ends of 1t, This would eliminate the hollow shaft and a
bolt and nut assembly, and would cost little more than the
bolt and nut which had held the assembly together,

In 8 llke fashion the rest of the wheel barrow was
examined for improvements, Not all of the ideas turned out
to be useable, In some cases they depended upon the adoption
of other ideas, and in some cases they were not feasible or
wore not economlical compared with present methods and coats
of production.

One interesting problem was attempted while the tralning
program was in session, One of the members of the group
mentioned that the packaging materials for the Home Barrow
were almost exhsusted, and that they should either be re-
ordered, or changes agreed upon and the new materials ordered
without delay., The entire group went to the packing depart-
ment in the factory, and endeavored to improve the method and
materials in order to lower costas, Due to the fact that so
many of the handles had already been fabricated, this pre-
sented a difficult problem, No one was satisfied with the
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present method, and yet repeated trials to make changes
without changing the handles were unsuccessful, The net
result was that all agreed to leave the method and materisls
alone pending design changes in the wheel barrow for next
year, The project was written up, the recommendation made;
all signed 1t, closing it off within s period of two hours,
This exaemple was c¢ited and described in order to
emphasize one point, This training program was not designed
to be, and no claim was made that 1t would be a panacea for
all the production problems which confront personnel in a
company., Jt assisted in initiasting group action; and in an
orderly and systematic fashion, assisted in the definition
of the problem, the development of possible solutions to 1t,
and the selectlion and recommendation of the most economical
of the different alternatives, This was accompliehed
through the cooperation of persommel who would most often
be concerned, and the result was their collective judgment

ags to the best solution for the company as a whole,

The training manual, which is presented 4in the next
section, is intended to serve as a guide, and a nmucleus upon

which to build the training progran,
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V. RESULTS

The training manual which is presented herewlth includes
basic material considered to be essential to the success of a
training program for this purpose. In different companies,
many questions of a varied nature may well be expected. It
18 essential that the instructor have a good understanding of
related toplcs, as well as of the text materisl. It is also
highly‘ﬂaéirabla to have top management indicate its support
of the cost reduction program by actively participating in
the initial training session, and in subsequent periocds if
possible,

Because of the particular shop language used in indus-
trial plants, and considering the background of personnel who
would come Into contact with the training program which
follows, the language in this training manual on pages 54 to
88 has been designed to meet this shop usage., It includes
trade terms colloqulally used, and other wording as suggested
by Mr. D. G, Stohlmenl and others who have had extensive

experience in condueting training programs in industrial
planbs,

i,
Stohlman, D, &, Loulsville, Kentucky. Comments on
wording of tralning manusl. / Private communication,/ 1953,
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PURPOSE

To secure company-wide cooperation in identifying and
eliminating wasted costs from industrial produets and

processes,
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JUSTIFICATION

Increasingly keen competibion is forelng us all to
auﬁaﬁanﬁly look for methods of ilmproving our products and
processes, in order that we may compete successfully for a

fair share of the mavkebs.
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INTRODUCTION

Esch division in a company is charged with the respon-
sibllity of accomplishing its objJectives in the most |
economical way., As new products or models are brought into
the productlion plan of the company, they often require many
changes, Attention is immediastely directed to the cost
aspects of these changes in order to assure that the new
addition will contribute as much net revenue to the company
as possible, At this stage of planning, ideas will be wel-
comed, and everyone will ccoperate in completing the planning,
Soon, a satisfactory and economlical method of production will
have besn worked oubt, and the Job of organizing it into a
definite procedure will begin,

As soon as production gets under-way, there is probably
Just as strong a tendency to opposze any more changes, When
an additional change 1s proposed, we often hear someone say
let 1t alone, it's making money for the company", It seems
natural for production men to hesitate to disturd any part
of the production which is a “"going concern®, and contri-
buting revenue to the company., When the suggestion might
involve several dilvisions of the company, this is especlally

true; because any chsnge would requlre coordinated action
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from each of the divisions concerned, Also, sometimes a
combination of ideas 1s needed in order to make any of them
work satlisfactorily.

Costs may rise in some departments, and we must be able
to show how we can save that extra cost in additlon to the
cost of installing the new improvement, Even when that is
possible, people in the departments where costs would
increase are naturally hesitant about approving changes which
will improve other depariment's cost statements, partially at
thelr deparimentts expense, in addition, we know, or should
know, our costs for the present method; but we can only guess
or estimate the cost effect of each change,

The result which often happens 1s that the improvements
are plgeon-~holed, and production is maintained without change
until it is found to be no longer profitable, Then a
decision must be made to either atop production, or to
change the product or process; s0 a study is hurriedly made,
the results sumarized, and decislon reached,

| Meanwhile both good and bad ideas have been ignored for
such a long time that most of them are lost, and the people
who thought of them are discouraged rom thinking of others.
One often hears someone say, "I thought of that improvement
two years ago, and told the boss, but nothing came of it, . .
Now they are finally getting around to adopt it.® Perhaps it
i8 the same idea; perhaps not, What is important is that the
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workman thinks so.

What is proposed in the following training program 1s a
means of checking and acting on these ldeas, and more
Important, directing attentlion toward problems where ideas
will have the most value, without waiting for a business
crisis, The development of this program is not intended in
any way to belittle the efforts or the results of work of
exlsting groups or individuals in the eampény (such as
methods units), which are charged with cost reduction
responsibilities, Insteamd, the work outlined here should
help %o make their efforts more effective,

Repreaentatives of each main division in the company are
included in this group for the following reason., A problem
which appears at first glance to be exclusively one of
methods will, in many instances, have a solution which is
found only through cooperation with some or all of the other
departments. Any change which 1s made will seldom involve
just one department or division of the company, In
addition, each member of the group will secure a better
understanding of the relationship of his department's work to
the others as he works with the group in solving problems,
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SCOPE OF STUDY

The program which follows has practical application to
Production Planning in both design and methods, to produc-
tion eonﬁral, and to purchasing procedure, especially in
mmaller companies,

Certailn probliems must be consldered as outside the scope
of investigation, They include: any study desligned to make
workers work harder; questions involving financlel policles
of the company; selling methods; organizational changes in
the company; methods of wage payment; and problems of
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VALUE VERSUS COST

Everyone knows what cost 1s =« the amount paid for some
ltem. Suppose the item is not purchased, but 1s manufactured
by the company, Then cost becomes more of a problem, The
total cost of material used and the direct labor expended in
making the units are both parts of the cost of production,
In addition, so 1s a falr share of the other expenses of the
business, the indirect and overhead costs,

Each time some money is spent on a unit, there is an
addltion to the cost of it., But each time money 1s spent,
there may or may not be anything added to the value of the
uwnit,. Value has been described in many ways, but one which
has stood the test of time is that value 1s the worth of
something, the exchange worth, Accordingly, an item might
cost five dollars or fifteen dollars, and yet in either case
it might be worth ten dollars., Cost has little relation to
value other than that often expressed in industry, "when it
costs more than it is worth, we cannot afford to make 1it",

Years ago when copper and brass were less expensive,
many items were designed, using one or the other of them for
materials, No doubt that was the most economical way to pro-
duce the item at that date, As time passed, the relative
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cost of these materials increased in comparison with other
and equally useable ones, There were complaints sbout the
inereased cost, but in many cases nothinz was done until the
shortage of both copper and brass during the war forced
govermental regulation of their use, Various companies then
found ocut that thelr competitive position would have improved
earlier if they had been forced to make the change years
before, That is, while they made money on thelir product,
they could have furnished a product of equal value, but
costing less, with a change to other materials,

Machine speeds and feeds of past years were determined
generally by the tools and materlials avallable at those times,
More recently, newer tools have been developed which permit
much faster and more accurate machining, yet result in
longer tool 1life., With these improvements, it would appear
that methods changes in processing would also have taken
place, However, we find many of the new tools being used
without sny inecresse in the speed of machining, When we ask,
we are told that the power capscity of the machine is not
adequate to utilize the tool to its maximum, and besides, we
are already effecting a saving due to the longer life of the
tool when 1t is run at the reduced speedl

The questlon really 1s: Are we or are we not opserating

in the most economical fashion? In order to answer that, we
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must be able to mnswer questions of design, methods, materials,
tools and equipment, and of costs, whether parts or product
are purchased or produced, And we must furnish facts and
figures which will stand up under the most eritical serutiny.
We must be sure that value 1s adequate, and that costs are at
a minimum, Each of you has been accustomed to solving

certain of the problems which arise, so as a group, you have
been selected to train and work together, coordinating the
information your depertments may have, and your special

akills, to achieve the greateast economy in produetion for

the company as a whole,



ANALYSIS PROCEDURE

The steps listed below briefly outline our analysils

procedure,

I,

II.

I1I.

Classlfy products, parts, and other items into groups

according to the total planned labor and material cost

in them, Thia serves as a gulde toward those which

of'fer the best chances for improvement in coat,

Select one item for investigation.

Get facts about the item selected.

8. Quantlities produced in the past, and planned
future production (time and quantities).

be Plant productive capacity for the item.

¢e Present method used to produce 1it,

d. Materials used,

8. Bguipment and tools used,

fe Production space and storage space requirements,

Determine and tabulate those elements of cost to prow=

duce the item that are avallable., Estimate those ele~

ments not determinable, Separate the different ele-

ments of cost in a form which will facilitate compari-

son for economy studies.
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IV. Examine the ltem carefully; ask yourselves and each

other all of the following questionsl which have appli-

cation to the problem, The answers to the questions

will be the gulde to economy that we are looking for,

1.
2a

3.

e
5.
6.

Te

9.

What funetion does 1t perform?
Does 1ts use contribute to value?

Is its cost proportionate to its usefulness?

Are all of 1ts features necessary?
Can any part of it be eliminated--or combined with
another part to facilitate manufacture?

Ias there anything better for the intended use?
Can a standard item be found which is usable?

Can a usable part be made by a lower cost method?
What other materials could be used? thelr costs?

Are present machines belng operated at the most

sconomical speed? rleed?

Is 1t made on the proper tooling, considering

volume?

ghaz jigs or fixtures would facilitate manufaeturo?
ost?

Can tha desired finish be produced by other meana?
less costly?

Are design tolerances too close for the accuracy
needed?

Will any changea in design simplify fabricaticn
without Impairing 1ts value?

Is the flow of production balanced to best utilize
machines and men?

Do materials, reasonable labor, reasonable overhead
and reasonable profit total its costs?

B

Included in the guestions are the "Ten Tests for Value"

developed by the General Electric Company. Original not
avallable for examination, Reprint from June, 1950 Purchase
for Profit lssue, Purchasing Magazine, 205 Eaat §2nd Street,
New York 17, N. Y.



66

10. What other machines could be used to produce 1it?
Could any of them be used to advantage? currently

avallable?

1ll. Can annﬁher dependable supplier provide it for
1@&5? Can anyone buy it for less?

12. What can be done to reduce cost of handling?
paoking? ahipping? record koeping?
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SELECTION OF A PROBLEM

The following peragraphs are intended as a guide to help
direct our attention toward the better cost reduction possie-
bilitles, It seems reasonable to expect that items which
regquire a larger annual expenditure also offer better possi-
bilities for realizing a net saving, when analyzed for
possible cost reduction, This would always be true 1f each
operation, part, or product offered equal chances for
improvement, However, some changes may affect several
departments, requiring consideration by more people, and a
higher dégrea of execubive approval, When this happens,
gosts of analysls are greater, and savings must also be
greater if we are to succeed Iin our purpose, For the above
reasons, the accompanying graph has been prepared to help us
direct our attention toward problems which should present the
best chances for net savings., See Flgure 9,

On. the graph, each of the curves join points of equal
(combined material and labor) costs, We will assume that the
average cost of an analysis is $400. Por instance, we
examine a part for possible improvements and we feel that we
ought to be able to reduce the cost of making it., Planned
future production is 20,000 umits, The direct material and
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labor costs (prime costs) average 20 cents per unit, We plot
the 20 cents and 2&;&09 uniﬁa on the graph snd £ind that we
are on the $1,000,00 cost curve., If the cost of securing that
expected saving is $100.00, we must expect savings greater
than 10% or we will not accomplish what we set out to do.
Plotting possible studies on the gzraph ahaulé simplify the
selection of those studies which seem to offer the beat

chances for cost reduction,



70

COMPARING COSTS

PRESENT WORTH METHOD

Whenever we wish to maeke comparisons between two or more
alternative ways of'deing work, we must be certaln to make
the comparisons equitable in every way. To illustrate,
assume that we have estimated the annual gavings of asome
methed "A" to be $0, $#0, $500, and $500 respectively for the
next four years. By using method "B" the savings are esti~
mated to be $250.00 each year for l§ years., Which of the two
methods is preferable? and how many dollars better? The
method we use to rind“tha answer 18 to compare the ialua of
both sums of money at some one time, usually the wvalue now,
called present value. Let's assume monsy costs 6% if we
boﬁraw it, and that the company's rate of return is the sanme,
The present worth of the two methods 1s as follows:

Method A

500 to be received at the end of three years is $419.80
500 to be received at the end of four years is 56,05

Total -
Method B
$250 to be received at the end of one year is $235.85
$250 to be recelved at the end of two years is 222,50

250 to be received at the end of three years 1s  209.90
250 to be received at the end of feurageara is 198.0
Tﬂt‘ .
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The difference, $50.1.3 represents the smount of extra
interest discount if method "A"™ were chosen, Whether or not
we have to borrow the money from the bank, interest charges
should be included iIn costs, because money counld be earning a
return somewhere else 1f we did not tie it up in this opera-
tion, If the interest rate were higher, the difference would
be greater; if lower, the difference would be less., If money
did not have any interest cost, both methods would return the

same amount, $1,000.00.

ANNUAL COST METHOD

Another method of cost comparison is often used for work
such as we are engaging upon. It is called the Annual Cost
Comparison Method, and 1s especislly useful where equipment
of both methods is expected to last the same length of time,
or where réplaeam@nt of the shorter~lived equipment cen be
made at the same price the firat units cost. If we can
gather together all of the costs, and express them in terms
of an equivelent anmial charge which will juat equal the
tobal expense, then we will be able to compare alternatlives,
determining how much more or less the annual cost of any one
method will be when compared with any other.

To 1llustrate, perhaps we wlsh to compare the cosis of
two ways of doing an operation, One method, "A", would use
portable power tools, which would last an estimated ten



72

years, and cost $1,000. Daily productive capsacity would be
200 units each 8ehour day for easch production center, The
other method "B" requires use of a machine costing $20,000,
which will be used for an estlimated two years, TUsing this
machine, productive capacity would be 1,000 units per day.
Our planned production is 2,000 units per day. We would need
ten production centers using method "AY, or two centers using
method "BY, Let's assume labor cost at $1.50 per hour for
both jobs, and 2,000 hours (50 weeks at 4O hours) per year of
production. To simplify caloulation, let's assume that the
other charges - materisal, power, malntenance, space rent and
all over head charges wlll be the seme for either method, and
amount to $30,000 per year., The snnual depreciation costs

" for the two methods would be as follows:

Annual depreciation cost = §%§§%§g§%£§§%%ELf§E§§§

The total deprecisble cost 1a the cost new (installed)
less net recelipts from salvage or scrapping the unit at the
end of production, Let's assume that scrap value equals cost

of removal and disposal, Then our depreciable cost ias the

tobal cost new for each of the alternatives,

ts each

Annual depreciation cost method "AM = 5 Jorrs

= $1,000 per year
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Annual depreciation cost method "B" = {2 vnits)}$20,000 each)
‘ 2 years

= $20,000 per year.
We also need to determine the cost of keeping money invested
in these machines, the interest cost, It is the amount which

could be earned if the averazge capltal cost were invested

elsewhere, lLet's assume 6% as a falr return, One way bo

figure the average investment 1s to add the cost when new of
the egquipment and its worth (net value) when it 18 sold or

acrapped; then divide the total by two,

Average investment, method "AR =
(10 units){($1,000/unit + $0/unit)
= $5,000,
Aversage investment, method ®B" =

= @20, 000,

The Armmual interest charges for the two methods are as
followss
Ammuael interest charge, method ¥a" = (6%)($5,000)
= $300.
Anmual interest charge, method "B" = (6%)($20,000)
= $1,200.

The annual labor costs for the two methods are as follows:
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Annusl labor cost, method "A" = (no., workers){hours/year)
{(rate per hour)

= (10)(2,000)($1.50)
= $30,000.
Anmual labor cost, method "B" = (2)(2,000)($1.50)
= $6,000.
A comparison of the total annual costs of the two methods is

as followss

Item Method "aA" Method "B
Depreclation $ 1,000. $20,000.
Interest on investment 300. 1,200,
Labor , 30,000, 6, 000,

Material, Maintenance, Power,
Space Charges, Overhead 30,000, _30,000
$61, 300. $57, 200,

As the comparison now stands, there is a $4,100., annual
advantage to be gained by using method "B", This advantage
would hold true for the period of our planning, assuming no
change in costs as set forth., However, one can seldom pre-
dict the market demand for an item btwo yesrs, to say nothing
of ten years, in advance, Availabllity of capital, alterna-
tlive uses of the machinery, and market and employment trends
are all factors which would be given proper consideration,
before a decision 1s reached, For our purposes, 1t is
desirable to think only in terms of the planned production
period, after which any special equipment which might have

| been acquired, should be salvaged., In the above case, 1f the
planning 1s for one year, either $9,000. of the equipment of
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method "A", or $20,000 of the equipment of Method "B" would
need to be galvaged, The $lii,100 advantaze shown by using
method "B" is dependent upon how well we would be able to
reaslize the full amount of aalvage.‘

DEPRECIATION

From the illustration of annmual cost determination we
can see that when we measure the depreciation of a machine or
other plece of squipment, we do not necessarily mean that we
wlll wear the equipment out in use before we dispose of 1it,
If its purchase and use for a shorter period of time are
indlcated as the most economic¢sal procedure, then unless its
use on other production is Indicated by a later sgtudy, we
must plan to dlaspose of it when our planned production is
concluded 1f we are to realize the savings we planned,

What do we depreciate? Custom applies the term to
egquipment and durable h@ula'whieh are used to make the
product but do not become a pasrt of it, The word 1is slso
applied to factory bulldings and other durable possessions.
Common causes of depreciation includes

1. Physical Causes - wear and tear in use, deteriora-

tion with the passage of time, and damage from

aceldents or catastrophe.

2. {a) Changes in the atyle of equipment, (b) Develop-

ment of new units which accomplish the same purpose
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at less cost.

3., Causes from outside the company. (a) By goverrment
rule or regulation. (b) Bankruptey or fallure in
the business. (¢) Reduced demand for the product.

e Decision of Mansgement,

In these studies we are concerned directly with the wear
and tear effect, and less directly with the others, limiting
them to an estimation of their effect upon the salvage value
of the equipment at the end of our planned use.

Therefore, the total amount of depreclation to us is the
in-place cost of equipment, minus net receipts from disposing
of it at the end of its period of usefulness, Please note |
that we are referring to depreciation In terma of the cost to
gsecure and install equipment; and its net salvage or exchange
worth when we dispose of it. Our aim is to determine and
estimate all costs as accurately as possible so that we may
plck the most economical altermative, Therefore, we estimste
the total smount of depreciation which will take place and
then divide it by the time it is in use, or by the total
produstion, in computing a depreciation rate.

The Internal Revenue Department has set-up schedules
which show 1tz estimate of the average life for each of many
different types of equipment, and the corresponding deprecla-
tion rates whiech they will accept for use in depreclation

ecaleculations, Our depreciation rate for a cost-reduction
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study may or may not correspond to this figure, Remember, we
are considering a particular piece of eguipment « which
probably does not correspond to the average they speak of,

BOOK VALUE - CAPITAL GAINS - SUNK COSTS

Let's lock at another problem we will probably face,
Assume bthat we now have one surface grinder which cost $1,000
ten years ago., It works perfectly, and we plan to use 1t for
future production, However, two machines will be needed, s0
we atart to find a second one, We discover that the cost of
a new grinder (installed) i1s now $3,000 and that it has an
expected life of 20 years, the same as the old one, We shop
around, and find that we can get used machines of like age
and condition as our present one, but that they cost $1,200.
Our present grinder 1s now carried on the books at $500 (book
value), Everyone says that it 1s a pity we didn't buy two
grinders ten years ago, and save the $700. Besidea, we
wonder 1f the higher costs using eilther the $1,200 machine or
the new one would cut savings below the level of economical
production, What should we do?

Our choice should be madefin the way that will help the

company most of all. The economy we look for is economy of

production, What would we do if the original cost of the

first grinder had been $3,000, present book value $2,000, and



n@TPPes, 03 XTI ©q J,upTnos 3T °(3JBJIOJTE 3BQUOD UT 938T08q0

geuidue odlg aertedoad epevwm Arueppns seupdue gef sevyn Leam

owes OUj Ul) €39T08q0 ouUC 3SITJ OYJ SOYBW PUR JONJIBW OUF WO

sxvedde eupyovm posoxdmy we Txoquwl WG JJOUS V  *OWTy 4vYY 3@

eTqeTTeA® oUO TEOTWOUODe 480w oy 8® fyjiwy poo¥ uy ‘pesevycand

8T eulUdewm ¥ ‘sowfauesqo ‘*sunoum Lfuw ul Bupfueyo edw weofad
uoym Lyreidedge fanovoo Levw BUCTIBNLTE eseU] JO JOULTH

*oTQUMOTTE ATTeSeT svn REO0T UYL UeUM DPOWFBTO sBA

1T pveptaodd *fgegodand xX®y J0J 3Ipeas e80T Teatdso ¥ euwoey

PINCO pus 3800 NUNS B 8¢ PTAOM @0USIBIITP 000°TE oul “000*2¢

oJem onTBA X00q oyl PuUE Q00°T¢ X0F 3T PTOs em JI uped

Te3tded 8 6uooeq PTNOM (TRACWRI JO 3800 8ROT) onBA }00q JIVAC

00LE ou3 *002°T¢ JoJ depuad eyy TTOE 09 oJem em JI “*sesod

~xnd xe3 JgoYy L£em JEYL W] SHOOG OYq U0 pelaavo *‘repupad ey Jo

4800 pegwloeadepun juesead ouz 87 31 *saussesded enTwRA HOOQ
VYN PUBGBIIPUN oM JT UOFen3 s eyl OTpusy TTTIS uwd o

*pesn oq 09 gpoou

pur *Axog08I YL Ul J00TTF eUy ©q pelioq Lpwesre 8T Jopulad

suC “Lepoq JONJIVW OYJ UO 480D UPYY 8HOT IO SIOW ST SNTBA

Rooq 847 JeyjeyM *asaemMOly *umyy UL TA Lsuom 9wos LWem pUe

yose Q001§ v saepulad omy Lng 04 juem em fxepulad g8aLy

4uy) UyaTa of ques Loys Supuysfue op pTnoo Luedwoo oys 3wyl

L8 o4 4de oq pInom oM “Lpnge ane oqul eswyudand gty eun

JO 43RO00, BAGXS oUg Laxwd Of JUBM 4, ,UPTROM OA UTE3JI00 eq weD

nox  L000%TE <0J qesmdew U3 UO STETIBAB 4T ONIT Souc pesn

gL



79

our economy study with the extra costs of obsolesecence, and
it wouldn't be fair to clalm savings resulting from past pur-
ahaéea whiah turned out better than anyone expected., They
are both matters for financlal policy determinaticn outside
the ascope of aur»ahuﬁy.

The result is that we should not use the book value of
existing eguipment for our studies « we use its "falr exchange
worth", If any eguipment is "under-valued® on its books, the
compeny will then get the benefit of that extra wvalue, as
well as the savinge shown by the valuationeeconomy study,
Just as if the old machine were sold and the "new" one pur~
chased and installed, Added tc that saving 1s the expense of
removing the old machine and instellling the new one, both of
which are avoided. 1If the machine 1s over-valued on the
books, it may be necessary to dlspose of it in order to claim
the capitsl loss, This is a guestion which depends upon the
depreciation method used by the company, and Internal Revemue
Bureau policies relating to that form of loss., The question
can best be answered when the situvation actuaslly occurs, and
its determination is not necessary for our work. To be on
the safe side, our best method 1s to calculate costs as if
all of the eqﬁipmanﬁ used must be purchased now, and to use

current market price plus installation charges for our base

cost, deducting only the emount we expect to net from

salvazing or scrapping the equipment when its use is over,
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The difference between those two figures becomes the total

depreciable cost we need for use in our studies,

BREAK-EVEN POINT CALCULATIONS

When planned production may vary considerebly, 1t is
desirable te have a continuous record of cost at all produce
tion levels, When we wish to compare the costs of two or
more methods of production, plotting both gets of costs on a
single graph facilitates comparison, It 1s also possible to
plot net receipts from sales on the same graph, and to com-
pare revenue with produetion costs, estimating the net profit
or loss which might result at any given level of production,

Our costs are divided inte two classifications. Fixed
costs are those which will ocour whether or not any goods are
produced, Variable costs are those which vary directly with
the amount of goods produced,

To 1llustrate, let!s assume a part - a gear. Our total
anmuel production is uncertain, but may reach 60,000 units
per vear, We can make the gear by cutting 1t on a hobbing
machine; or we cen use plastics, and mold it. If the selling
price 1s 32 cents per unit, at what production will the
profit be greatest? At what production will costs be the
same regardless of the method used? At what productive level
will receipts Just equal axpanaas?ﬂ Assumed costs are used in

the example which follows to simplify the cealculations.
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Ttem Metal Plastic
Pixed Cost {(per year, per )
machine ) $3,000.00 $7,500,00
Variable Cost (per unit
produced) 0.10 0.02

Capacity per machine (annual) 15,000 units 50,000 unita

At 60,000 units production
the number of machines required i 2

The breake-even points between receipts from sales gsnd
cost of manmufacture of the metal gears occur at points 1, I,
5y and 7, on Figure 10. Note the increasing erea of possible
profit following each successive bresk~sven point, The
break-even points between receipts and costs, using plastic
molding occur at points 2 and 6, At point 3 on the graph
costs by the two processes are the same; bul both costs are
nearly $2,000 higher than receipts., HMaximum profit would
result from the capacity use of one plastic molding machine,
At this production, profit would total $7,500. Increasing
produetion above 50,000 units, and adding a second machine
eliminstes all of the profit until production again
increases,

From the above analysis,we see that much useful infor-

metion can be gained by the development of these charts,
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ESTIMATING AND DETERMINING COSTS

Most people feel that the job of accumulating costs
belongs exclusively to the Accounting Department, It is
probably true that first responsibility usually rests there;
but it is also true that other departments must furnish the
informetion necesgary for cost accounting to properly identi-
fy costs, The form in whleh this information 1s furnished
usually makes accounting's job easy or difficult, and the
results more or less usable,

If we know what Iinformation is necessary, then it 1s
easier for us to furnish much of it in its most usable form,
This saves both the operating departments and the accounting
department tlime and trouble., It reduces the cost of making
these analyses, and makes them more effective,

Estimating has been described in many ways. We estimate
whenever we do not know and cannot determine the exact
snswer to a problem, To some people, estimating means to
"pull the answer out of a hat", To others, it becomes a more
exact process, We are fortunate in this regard because our

procedure for estimating costs starts out the same as 1t does

when we determine cosbts,
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Our first step ia to gather all the avallable cost
information that will help us., Next, we sort 1t into ussble
form, and gee if any costs are lacking. For those costs
#t1ll missing, we try to discover some other source which
will yield the desired information. We wish to leave to
Judgment only those elements of cost we cannot determine, so
we now gather all data that we need to help us make a
reasonable estimate, Especlally useful is any information
which will help us to set "limita" on the figure we are
seeking, To 1llustrate, suppomse the cost we are seeking is
(although we do not know it). If we are able to deter-
mine that the figure we seek is not less than $350, or more
than $4150, we have improved our ability to complete the cost
estimate., We arrive at these limits by listing all costs
which we know are included in the estimaste, This totasl then
becomes the lower limit., Hext, we llst costs which we know
are only partly chargeable to the cost of the ltem we are
seeking., The total of these costs plus the previous total
becomes our upper limit, Now we are in & position to exer-
eise our judgment as to the degree or per cent by which each
of this second group of costs should be included. Developed
1tem by 1tem, our cost emtimate has now become one we can use

with a good measure of confldence,
The general groupings of cost which will require some
estimating may include those for both material and labor.
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However, it 1s in the allocatlon of our indirect expenses -
the overhead cost - that we will f£ind greatest use for the

estimating procedure outlined above,
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COST REDUCTION REPORT

The cost reductlion report is one form we may use to sume

marize the results of our work and secure sction on them,

Its purpose ls to ppesent all pertinent information in a way

which will sssist management in arriving st a sound decision.

The report should ineclude both the factors which favor the

recormmended alternative and any disadvantages or limitations,

Its perts should includet

1.
2.
3e

b,
5e

6.
Te

A comparison of the present and recommended methods,
A comparison of the operating costs of both methods,
An analysis of Anvestment requirements involved in
the change, |

An estimation of the expected savings,

A desecription of the specific action required in
order to accomplish the proposed changes,

The proposed time schedule to make the changes,
Spaces for recording the approval of those in
authority.

Some companies have adopted forms for initiating and

approving cost reduction projects. When that is true, it is

suggested that an attempt be made to adapt any existing form,

‘making coertaln that i1t includes each of the above items, For
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companies which are currently without a form, an adaptation
of the sample form on the following page is suggested, See
Mgzure 1l.
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COBT«REDUCTION REPORT

Description of item invelved, Date
Dept.

Operatlion

Object of Analys

Present Mekhmdﬂ T Proposed Method

Machine Machine
Toolse Tools

Deseription Description

Gost of operations involived — Gost of eperations involved

Labor Labor

HMaterlals Materials

Misc, Hiac,

 Total of above items Total of above items

Estimate of Saving
Saving with proposed change %

Probable yearly requirements

Estimated savings per year (based on)

Esbimated cost of change Changes reguired
Desliagn
Egquipment
Installation

Total cost of change §

Signature Approved Disapproved

Pigure 1l. Suggested Cost-Reduction Report
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VI. DISCUSSION

Evaluation of a program such as that developed in the
preceding sections might best be made on the basis of the
dollaré and cents saved in production following completion of
the training. It might also be made by observing the
character of the improvements dlscovered, and by analyzing
them in terms of the principles and practices included in the
training progrem. An additional indication of the value of
the tralining might also be gained by observing the feelings
of those who were included in the program,

Analysis of the change in packaging of steel window
frames has just been completed. The analysis itself cost
nearly $200, and 1t is estimated that an additional $100 will
be expended for installation of the change, The estimated
savinzs by the use of the recommended method i1s $2.46 per
thousand windows, Armnual production for the past few years
has averaged 300,000 units, On the basls of that estimate,
for the coming year savings will total $738.00 for an invest-
ment of $300.00. There is no reason to suppose that produc-
tion will change in the near future., The product is a stan-
dard basement window, which should be in demand in direct

proportion to the amount of home constructlon undertaken,
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where the design includes a basement,

In this study, material cost for the carton was appre-
clably higher than the direct maeterial cost of the banded
products In fact, the increase was so pronounced that the
purahasing agent was very pessimigtic about recommending that
item for sbtudy, However, he readily cooperated in carrying
the study forward after the group had agreed to try it., The
deazign of the cartons, including dimensionsl and strength
specifications, was of immediate interest to the design
engineer and the methods engineer. It was readily apparent
that labor time for assembly into the carton would be less
than that required for banding window frames together, so the
methods engineer was ineclined to be enthuslastiec., Since
weilght of the windows was one controlling factor in limiting
the number which might be packed togqther, the company'!s part
in aesign of the carton was rather simple, Prospective
carton suppliers handled the strength specifications to
insure that the carton would conform with shipping regulations.

The other controlling factor in carton design required
the desizn engineer to contact the sales deparitment and make
sure that cartons, which would hold the same mmber of wine
dows as were being banded together, would be satlsfactory for
the customer. The ides was received with enthusissm, and

approval granted on that basis,
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The produection representative was concerned from a
number of standpoints., First of all, change in the method
would also change the balancing of the production lires,
After the method analysis was completed, 1t was discovered
that the result would be an improved balance, In addition,
extra handling would be eliminated, slnce the window frames
could be packed in cartons as they were taken off of the
paint drying conveyor. The old method had involved stacking
and moving them to storage before banding them together, The
cartons counld be moved to storage without further handling;
and also movement from storage to the loading dock and
elther into truck traller or railroad cer could be aceonm-
plished by mechanical means for the packaged carton, The new
method would also result in much faster loading of traller or
rallroad car, and inerease the capacity of the loading dock,

The main problem in assembling accurate costs ceccurred
in determining present labor costs, and estimating cost
~aspects of changes in the proposed method, It was 1n this
part of the analysis that many of the "hidden™ costs in the
banding method were discovered and measured, To 1llustrate,
please refer to Figure 7. Tension from the banding steel
would bend the metal flange of the windows at both ends of
the bundle., To protect the flange, & smell wooden block has
been placed between the two end flanges under each band., See

srrows on FPlgure 7, Tolerance on the size of the blocks was
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so close that the operator who cut them was able to make only
658 per hour,

The operation of positioning the blocks and holding them
in place until the band was tightened also contributed to the
present high labor cost,

It was agreed by all of the group that if cost by the new
method could come close to matching cost by banding, the
change would be worth-while, Not only was that objective
accomplished, but an actual cash saving was shown to result,
Would this improvement have been accomplished without the
training program? It might have been possible, but its
probability would be very questionable, No one in the group
held out any hope of savings when the probable cost of the
carton was first announced, However, the group agreed to
carry out the analysis as one test of the effectiveness of
the progrsm, All costs were very carefully measured or
estimated, The result was a recommendation to management
which showed definite promise of reduced cost, The methods
engineer was especially enthuslastic about the cooperation
everyone showed in making the analysis, The recommendation
of the group, contalned in the report of the study, showing
both cost and savings, has gresatly improved chances for 1its
acceptance by top management.

An application of the program to cost-value anaslysis of
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paper work was suggested during the last tralning session,
At the beginning of the perilod, the cost accountant mentioned
his lack of success in eliminsting a certaln efficiency
report required by management at that time. It represented
an expenditure of more than 38 man~hours of work every week,
and currently was being completed about four weeks later
than the work belng measured, He had attempted to secure
its elimination, but had been told to continue to prepare it.

The group set down the essentiasl facts sbout it on a
cost reduction report form, but suggested a short delay in
action, because strong personal feelings had been evidenced
during the discussion, Sometime later, the project was re-
opened, and approval secured to subastitute informstion which
would be equally adequate, but more easily secured, This
one éhanga, requiring about flve hours of analysis, resulted
in a saving of 38 hours per week, or more than $200 per
month., In additlon, the information is now beilng compiled
within 2l hours of the production, instead of the four week
delay which had previously existed. Members of the group
expressed the opinion that this improvement would not have
resulted If left to individual action,

No data were avallable comc erning improvement in the
Christmas tree holder, It was stated that re-design, in line
with the recommendations of the group, was progressing; but

had not been completed. At the time of the training program,
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estimated production for this year had been 300,000 units,
Two months later, orders on hand totaled 750,000 units, This
would seem to indicate that any savings which may result from
ideas developed by the group will have even greater value
next year,

While & complete re-design of the home barrow has been
delayed until next year, certain improvements were possible
in this year's model, The wheel mounting assembly was one of
these, See Figure 12 for an exploded view of the old and
Improved parts. In the old method, the assembly was made up
of a bolt, & hollow sleeve with a centerless-ground outer
surface, and a lock washer and nut, The Improved assembly
oansisted of a plece of hot-rolled steel rod, which has been
"necked down" at each end and threaded for a lock-washer and
mt,

The nﬁw.aasambly contained one additionea) part, It was
also probable that the assembly time has been increased
slightly. Would this change have taken place without the
impetus of the training program? At the time the assembly
was Inspected and 1ts value-~cost aspects assessed, several
members of the group expressed the opinion that the ball-
bearing wheel réquirad the use of a sleeve such as the old
assembly Iincluded, Only one mﬁmher of the group was able to
suggest a possible change, that being the cold upsetting of a
rod to furnish the bearing surfaces for the bearings, Later
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L IMPROVED
o .

Pigure 12. Wheel mounting assembly,
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investigation disclosed difficulties in obtaining such a part
this yeasr. However, the new part could easily be made on
auvtomatic sorew machines, and was readily obbtalnable at a
very reasonable cost in this area., That fact has led to its
being adopted as a modification for current production, with
a resultant saving, and without impalring value,

In other types of ﬁvaining programs, would a change such
as this one be likely, oOr would training such as thls program
contained enhance the poasibility of developing the improve-
ment? The old part functioned perfectly well. There had
been no ccomplaints regarding its cost, which was not un-
reasonable for s hollow sleseve with a ground exterior
surface, Methods men would not be gpt to discover the
fmprovement since the new method involves additional motions.
Purchasing agents might be required to seek a substitute if
ground parts were unsvallable, but they would not be expected
to have the technlcal know-how to reallize thet all of its
features were not absolutely necessary. Deslign men would not
be apt to know that the cost of the machine screw part would
be less, and that 1t would be more readily avallable for pur-
chase in this area, |

One additional advantage of the new pert was also

evident, Round steel rod would be more readily available in

other sizes too, If the bearing size 1s changed in next

vear!s model, any standard size rod will be readlly adaptable,
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where procurement of the hollow sleeve in other sizes might
present additional difficulties and added cost,

It would appear reasonable to assume that, in view of
the above analysis, chances for an improvement such as this
one would be greatly enhanced when analysis was done by the
group inecluded in the training progrem. Their attention was
specifically directed to guestions of value, as well as of
cost, And the technical questions involving the several
departments were more readily settled within the group. Also
they all shared credit for each of the improvements which
resulted,

Another improvement which has been developed and
ineluded in the assembly was in the wheel itself, The
attempt to re~design the wheel, described earlier, has not
yet been completed, However, a different wheel has been pro-
cured which has resulted in a substantial saving in cost,
although the exclse tax has not been eliminsted,

The combined effect of the Improvements adopted to date
has resulted in a decrease in cost amounting to more than
$0.33 for each unit. Production for the year had been esti-
mated at 5,000 units. During the two month interval since
the training, the estimate has been conastantly revised upward,
Shipments durding the third week in April totaled 3,000 units,

and at that time there were orders on hand for more than

3,500 more of the home barrows, The old stock of parts had
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been used up prior to that time. On the one week's shipment

mentioned above, savings totaled appraximatelyf$l;000; Proge
pects are good for an increasing emount to be saved in future
shipments,

A description was given earlier in the thesis about an
attempt to improve the packaging of the home barrow. At that
time no improvements were discovered, and decision was made
to delay action until later, Subsequent to completion of the
training progrem, the group met and reconsidered the problem
in connsction with an additional factor, The problem pro-
posed was to incresse capacity of the semi-trailers used by
the aﬁmyany'tn.diabrihute the wheel barrows to dealers
throughout the U,S.A.

The carton ides was again suggested, and approval was
gained to permlt packing more than one uwnit in a carton,
Details of the new paak&ging-ara shown in Flgure 13. The
three trays were stacked together, nesting compactly in. 4
plece of cardboard wae placed in the top tray, and the
accessory parts placed on it. This eliminated the seratchim
of paint, discussed earlier, The three sets of handles were
placed on top, the covers closed, and the entire unit banded
together, See Figure 1li, The top unit in the picture was of
a single home barrow in s carton. The others, under it on

the pallet, were box=-type cartons, each contalning three

barrous.
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Pigure 13, Detall of improved multi-unit package.
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Pigure lli. Single and multi-unit packeges.



101

Single unit packaging is now used only to complete
orders lor wheel barrows which are not in multiples of three,
Limitation on the number which may be packsged together is
now the welght of the completed package, These packages are
éaail? loaded into a semi-~trailer, and result in a load
capscity three times as great as before, 3See Figure 15,
When it is realized that shipments are being sent to the East
and West Qﬂﬁahsiﬂanﬁ to the Gulf of Mexico, the importance of
this saving in e¢st becomes evident,

Would this improvement have been possible without the
benefit of the tralning program? Probably yes, However, all
who took part in the program agéasd that they were able to
approach thls problem and £find a satisfactory solution much
faster, after the training, Each of the different depsrt-
ments was directly concerned in the change, and 1t is likely
that the value~gost approach was useful to them in preparing
and presenting thelr recommendations to management,

In response to a direct question from one of the parti-
eipants in the training program, the followling analysis was
presented to the group. The gquestion asked was "how cost and
revenue could be related in order to determine the most eco-
nomi ¢ production, It developed that the gquestioner meant

the meximizing of profit to the company was intended when he

described 1t as the most economic production.



102

Magurs 15, Loading packages into semi-trailer.
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Thess men Werse all production men. However, they knew
that when they had to ask thelr men to work extra hours at
over-time rates in order to meet production schedules, much
of the company's profit was lost in the higher labor cost
gchedules, Then later the same men would be called "on the
carpet™ to explaln those higher costs. None of the men felt
that there was anything they could do about 1t, but they were
curious about the relationships.

At all times, they spoke of other companies as competi-
tors who were able to affect their firm's business, However,
they also defined production conditions as being fixed as
soon &8 the initial planning was completed, The company
would plan & certalin minimum production; then if sales fore-
casts proved to have been conservative, asdditional production
would be scheduled following completion of the initial
orders, If not, then the productive capacity would be
diverted to other products where demand was increasing, or
production would be curtailed.

Generally speaking, no major re-design of production
methods would be expected to accompany any inerease in demand.
This may have been because re-tooling for larger productive
capacity might well take more time than could be permitted

before orders would need to be filled., However, it might, of
course, have some influence on production planning for next

Joalr.
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It appeared that the dharactér of the demand curves for
their products might vary considerably, but that at any one
time, while production planning was belng completed, its
character was essentlally downward sloping, and probably not
linesr. It also appeared that the average cost curve was
probably also downwsrd sloping, at least until near capacity
production was reached, From that point on, the marzinal
cost curve probably rose rapidly as production increased.

In order %é answer the question, the following linesr |
and non~linear cases were developed, using hypothetical data,
The linear case was presented first in order to illustrate
the most simplified conditions, and the non-linear case
developed for the following perlod., All members of the
training group showed a great deal of interest in 1it, and
stated that they could develop thelr cost curve; but they
dlaplayed an equally strong feelling that the sales forecasts
they received were almost never sufflciently accurate to use,

It appeared that the discussion at least partially
clarified their thinking, and perhaps verified thelr feelingsa
concerning the effects of production at over-capacity levels
in decreasing profit, However, 1t was felt that the material
was not generally essential 1in the conduct of the training
program, and therefore it was not included in the training

manual,
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Teble 1, Price~production determination under simplified
(static) conditions (linear)

Sales~Froduction Schedule

Unit Humber Total Additional Marginal
Price  Seold Revenue Revenue  Revenue
Beo 3 g 48 38
8 , 6 6
| , ) b b
Z 5 39 2 2
5 6 30 0 0
I 1 28 2 o
2 34 ‘ s
2 9 1 :8 :8

1 10 10
Cost Schedule
Number Average Total Additional Marginal
Produced Cost Cost Cost Cogt
1 $'§ $ i( $ g $3
3 3 9 2 7
L Iy 16 9 9
g 2 3% 11 11
2 , ég 13 13
8 g Iy 15 15
10 0

B

e 19 19

In the Sales-Produection Schedule above, 1t has been
assumed that for each given unit price, the customer demand
would permit sales es indicated,

In the Cost Schedule above, it has been assumed that
average costs will inecrease uniformly with increased produc-
tion, thus permitting straight-line (linear) graphical
analysis,.
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Table 2, Price~production determination under statie
conditions (non-iinear)

Sales-Production Schedule

Unit Numbex Total Additional Marginal
Price Sold Revenue Revenue Revenue
1.5 0 ' ;
% 1 ' u‘i #1h ¥y
12 6 72 3 11
B B 18 : g
9 21 189 39 6.50
8 28 22l ] s
7 36 252 8 3. 50
6 15 270 2 £
h 66 26} -1 -l
Cost Sechedule
Humber Average Total Addltional Marginal
Produced Cost Cont Cost Cost
o 5 ‘
g %g *53 $50 $10
10 6 60 10 2
15 l1. 60 69 9 1.80
25 he25 106 20 5.20
30 5 150 L 9.20
5 6,50 227,50 7750 15,50
40 8 320

In the Sales-Production Bchedule above, 1t has been
agsumed that for esach given unit price, the customer demand
would permit sales as Indlcated,

In the Cost Schedule above, 1t has been assumed that
average costs will be as indicated for the varylng amounts
produced, Overtime labor charges, premium cost material,
and bottlenecks resulting from over capacity production are
assumed bto result in an increasing average cost for the

higher production levels,
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Derivation of the economic lot quantity formula was
considersd for 1n¢luaian in the training progrem. The
traiﬁin@ group wag asked whether they were Lfamiliar with the
ealﬁuiatianﬁ. Several men saild that they were; but that
ﬁhey felt that 1t had had no uselful application for the past
12 years, ’@hey explained that governmental controls and
shortages had caused them to buy whatever material they could,
and than process it as fast as 1t was received,

In the other training group, although some of the men
claimed familierity with 1;, they watched it with interest;
but at 1ts conclusion, indicated that they felt it was &
factor over which they had no effectlive control. They said
that thelr plant had been operating at capacity level for a
long time, and they were plagued with a shortage of materials
almost continually. The watchword had become "to buy as |
much material as they could get, especlally of steel; and as
soon as it was delivered, to £ill as many of the more urgent
orders as they could",

Other factors which the men mentioned as further indi-
cations of its limited application were: Machine breakdowns
were too frequent, and often necessitated shifting the pro-
duction of many mechines, Also, that orders from top
management fregquently disrupted the planned production
schedules, The trainees felt that some of this dAlifficulty
could be taken care of by improved methods of accumulating
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the extra cost which esch interruption occasioned, Here the
training program could help. But for the present, 1t
{Economic lot determination) remeined a part of the theory
which could only apply when other factors ceased to exert
any pronounced influence.

These two plants, selected for experimental testing of
the training program, were not a randomly selected sample.
On the contrary, they were carefully selected as companlies
which would probably have problems whilch might be described
a8 typical of those facing management in smaller industrial
concerns, If a statistical analysis were contemplated, not
only would i1t be necessary to secure a much larger sample for
testing the training program, but it would also be necessary
to secure cooperation in gathering cost informatlion from
another group of plants which would not receive the tralning.
It was felt that simple comparisons of cost of training and
estimates of the reduction in cost which resulted would be
the best practical measure of the effectiveness of the
tralning program, Since there were so many factors which
influenced the success of the tralning program, accurate
measurement of them would be extremely difficult and expen-
sive in terms of time and money, requiring the sctive coop-
eration of many industrial concerns,

However, even if it wéa not practicable to embark upon

such extensive tests, 1t appearsed that the program could be
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successfully applied to other concerns, and perhaps, expanded
in scope to include problems in advertising, maintenance,
personnel administration, wage administration, and many other
problems which management must face,

A number of factors contributed toward the success of
this training program, The program enabled members of
"middle" or operating management to get a new perspective of
the overall operations of thelr organization, This may have
resulted, in part, from temporarily taking them away from
their normal duties so that they were able to view problems
with a different perspective, A portion of its success could
also be atiributed to stimulation resulting from the many
different viewpoints expressed by members of the groups during
analysis of problems,

Without a doubt, the individual techniesal skills of the
mnembers of both groups contributed much to the effectiveness
of the training programs, The training supplied some new
knowledge to members of the two groups. Instituting the pro-
gram resulted in the development of new channels of communie
aatien in both of the companies, These channels of communi-
cation enabled the groups, functioning similarly to commit-
tees, to be utilized as special management devices, with the
power to act in joint ventures, It also provided them with
an improved position with respect to the problems inherent in
initiating operating changes, The active support which top
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management in the companles displayed toward their training
program was also a factor which contributed to itas sueccess,

To some extent, the success of the program may have been
due to use of an "oubsider" to lead the zroups, This elimi-
nated one possible source of friction; the chance that
personal pr@juﬁices among members of the group might limit
the cooperation smong departments, and imperil the success of
the training, It was necessary that the program director be
well trained in both the primary areas included in the
manugl, and In related toplcs which could reasonably hecome
Important in the solution of particular problems,

It would be very difficult, if not impossible, to deter-
mine the amount that sach of the above factors contributed
toward the reduction in costs on projects which were Initiated
by the two tralning groups during the perilod when the
training program was being experimentally tested, However,
realizing that many influences were present, and that only
some of them ecould be directly attributed to this training
program, the following table (Table 3) has been prepared,
listing the reductions in cost which have been estimated for
projects initiasted during that period. In all of these
projects, 1t 1s well to note thsat value has either been
maintained or improved while costs were reduced, Projects
initiated since completion of the tralining have not been
included in the table or btotals.
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VII. CONCLUSIONS

The results of thils investization indicate that within
the limits of the experimental testing of the training prow-
gram, the following conclusions are valid:

1. Emaller industrial concerns may benefit financislly
by use of the training program,

2., The training can be effectively undertaken within
the plant, and without the use of e¢laborate tralning alds,

3. Personnel with widely varied training and experience
backgrounds sre able effectively to participate in the same
training group.

e It sppears to asct as & "ecatalyst" in securing
improved interwdepartmentsl cooperation by those partlci-
pating, and it furnishes a definite procedure which facilli-
tates effective use of personnel in the problems Investigated.

5, The results secured may be attributed to the
following factors, some of which are a direct result of the
training; others are contributing factors.

as The stimulatlon of group actlon,
bs Technical skllls of individual members of the

Zroups,
c. Now knowledge for members of the groups,



d.

Te

h.
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A new perspective for members of the groups.
Hew channels of communication within the
companles,

Use of an "outsider" to lead the trailning,
Active support from top management,

Greater facility in Initiating operating
changes,
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