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ABSTRACT

Engineering Economy is the title applied to a body of
methods used to make the wisest and usually most economic
choice among several possible alternatives of such technical
complexity that englneering knowledge is essential. The most
usual and difficult engineering economy study presents 1ltselfl
ﬁh&n one of the alternatives is the sbtatus quo, 1.e., th@
presently existing machine or structure still capable of
rendering service if retalned. It 1s in this broad area of
replacement studles that much erroneous thinking has occurred.
Very little evidence of factual information in this area has
been found. None was found that was directly applicable to
Iowa.

The investigator desired to secure data about actual
replacement economy practices of manufacturing plants in the
state of Iowa. To fully describe the replacement economy
practices, 1t was also necessary to secure data on other
closely related practices including deprecisation, aeccounting,
and appraisal. The stated objectives of the investigation
were to secure data on the previously mentioned practices, to
compare this data where posaiblg with currently known data, to

interpret these data by comparison with conventional or suggested
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practice, and to report the results of the Investigation back
to the lowa manufacturing plants for their use. The study
was intended to be primarily descriptive in nature rather
than interpretive.

The total number of plants in Iowa that fell within the
scope of the study was known to exceed 2,100. Resources of
time and money were inadequate for a complete census of this
group. A sampling plen was evolved to contact a smaller
representative group of the total. The group of 300 plants
finally selected were sent the questionnaire by mail. Actual
data were taken from enswers to 26 quaatians; Best statisti-
cal procedure was rigidly followed in drawing the sample and
analyzing the responses. ‘

Response to the questiomnaire was 52 per cent of those
contacted which was considered excellent for a mall survey
offering no spaeial appeala. Evidence was found that the
non-respondent portion of the sample would give answers
essentlally simlilar to those of the respondent portion. The
average number of employees in an Iowa plant was 91, and about
195,500 persons were employed in manufacturing in Iowa.

The answers to all questions were classified by the size
of the plant from which the response came., Number of employees
was the measure of size. The practice under study in each

questlon was tested to find if any relationship existed to
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size. The more important findings and their relatlon to
éize, if any, were as follows:

1., Apprsisals, where made, were predominantly for
insurance. Large plants made appralsals more often.

2. Nearly one-half the plants caloulated depreciation
for income tax purposes only. Large plants deter-
mined depreciation for more reasons.

3. S8lightly over half the plants used the life values
from Bulletin F, U, S. Buveau of Internal Revenue
exclusively. Large plants relied more heavily on
their own experience and cpinion of life values.

lie Over four-fifths of the plants use straight line
depreclation, although an increase was found in the
use of the declining balance method, particularly
by small plants.

5. Although nearly half the plants were satisfied with
the 1life values in Bulletin P, nearly three-fourths
were in favor of a proposed mling to allow the\
plants to choose their own life values. Large
plants were less satisfied with the l1fe values from
Bulletin F, ,

6. Almost one-third of the plants would not consider
replacement of a machine that was not worn oub.

7+ The average pay-off period among those who use this

eriterion for signaling replacement was 3.0 years
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INTRODUCTION

Engineering Economy is the title applied to analytical
techniques and, more basically, to philosophies regarding
wise utilization of the assets or resources of an enterprise
by engineers. The title as such, however, is not widely
known and connotes different meanings to different persons.
Engineers acting in thelr professional capaclities seem of'ten
to lose sight of the necessity of considering the economics
of a situation on at least an equal level with the purely
technical englineering aspects. In our competitive economy,
imperfect as 1t may be, the engineer must select the most
economic alternative, or soclety will suffer the consequences
however long delayed. The generally good economic health of
the United States in the past which has allowed wasteful
practices ﬁaipasa scarcely noticed is not a ratlonal reason
to continue these errors of commission and omission. To the
contrary it may be expected in the future as our economy
matures further that the use of any resource or asset will
be more critically examined. Wellingtonts classic statement
(55, ps 1) that "an engineer can do with a dollar what any
bungler can do with two after a fashion" points up more of a

future promise than an actual present state of affairs,
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In the present orgenization of many enterprises,
partioulsrly in manufacturing, the engineer directly or
indirectly controls the spending of most of the money. He
designs and specifies the structures and equipment, he specl-
fies methods and processes, and he often controls and directs
facilities after the originsl implementation is accomplished.
Many times he has the opportunity to choose or suggest the
most economic of several alternatives. Englineers have some-
times been guilty of reticence in offering suggestions about
"purely business matters™. However, the opportunity
rapeatadiy pregents itselfl.

A working definition of Englneering Economy is proposed
as fallowﬁz Engineering Economy is a body of methods applied
to make the wisest and usually most economic choice between
several possible alternatives of such technical complexity
that engineering knowledge is essential. The subject is a
science because the sclentifiec method is applied as rigorously
as possible. The sclentiflc method has been defined in many
ways, but may be briefly stated as a systematic approach to
the solution of problems, based on controlled thinking, aimed
at establishment of general truths (9 ). The sclentific
method discerns explicitly or implieitly a certain series of
recognizable and verifiable steps including the working
hypothegis, the @b&ervation of data, the organization of the
data, and the generalization (30).
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The importance of economic considerations has been
pointed up by many writers in the past. The current emphasis
appears to be even atronger. Recognition of this importance
is apparent in the ever increasing number of engineering
colleges {36) that include a study of Engineering Lconomy 1n
the several curricula. Examinations for registration as
Professional Englneer in most states now raqni?e a knowledge
of Engineering Economy. ‘

The practice of Engineering Economy both past and
present has been as a micro-sc¢lence rather than a macro-
scilence for the most part. It has been applied most often
for very particular cases such as choosing the most economic
maahine from several possible machines or the best process
or the best method. It has been logically assumed that a
serles of most economic parts will result in the most egan@mic
whole. Such an assumption may be questioned at least, and
the "broad point of vliew" has been encouraged (28). The
approach by parts is both practical and expedient because
rarely are major enterprises created overnight. Expansion
or replacement of existing facilities is the principal area
where IEngineering Economy is and will be practiced.

The most difficult Engineering Economy study presents
itself when one of the alternatives under consideration is
the status quo, 1l.e., the present machine ér structure still

capable of rendering service if retained. Except for a new
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or expanding enterprise this situation is the usual situation
‘that will be faced. Funds currently avallable to business
for capital expenditure are reported (35) to be used 62 per
cent for replscement of worn out or uneconomic facillities and
only 38 per cent for expansion. The magnitude of this ratio
is verified in other studies. At least one writer feels that
in the future almost all caepital expenditure will be for
replacement of exlsting facllities éatber than for exéanaion
{50). This particular theory may not be completely defensible
as it 1s based on declining population growth which has not
yet developed. However, the importance of the replacement
situation seems well established.

It 1s in this broad area of replacement studies that
much erroneous thinking has occurred (17). It has been
stated that the natural tendency to cling to what is cur-
rently providing a necessary service often ever@awara the
rational results of an Engineering Economy study (51). Such
action is understandable because any new machine or structure
will be more eéanomical only if the forecasted savings
actually develop over the fubure period. Howa?ar, these

ceontentions are not documented and represent for the most

part individual observations.

The state of Iowa has historically been classed as
primarily agricultural. Recent compilations (53) show that
the worth of manufactured goods is approximately equal to the
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worth of agricultural commodities. This ratio is somewhat
dependent on the definitions of manufactured goods and agri~-
cultural commodities. When compared to other states,
particularly those to the east, Iowa is more agricultural in
nature and, hence, less industrialized. Reasons why Iowa
may never improve lts relative position have been advanced
(5). However, published information about the thinking of
Iowa industry on matters of Engineering Economy is lacking
and representsthe sphere of inbterest for this investigation.

With this brief introduction to Engineering Economy
pointing up the need for more information on the subject, the
objectives of this investigation may be stated.

l. A survey was made of manufacturing industry to pro~
vide basic data on Engineering Economy practices in the state
of Jowa. These data will give information of descriptive
nature which is of primary interest.

2. Certain practices in Engineering Economy may be com-
pared with available date to evaluate the relatlive position
of the state of Iowa. Because some of the data were to be
current, it may be posslble to ascertaln some of the desires
of Iowa manufacturing industry in phases of Engineering
Economy affected by legislation and govermmental edict.

3. Interpretation of descriptive data will be made in
some instances where accepted, conventional, or suggested

eriteria are established.
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i« A report to Iowa manufacturing industry from which the
data came wlll be made when the investigation 1s completed.

Certaln restrictions on the scope of the investigation
were imposed by limitations of time and money and by the areas
of interest of the writer. Thus, the scope of investigation
was to inelude only manufacturing industry in the state of
Jowa. Sampling methods were to be used rather than a complete
ecensus., The contacts were to be primarily made by mail
accompanied by a limited number of personsl contacts in a
few cases. As 1t 18 hoped that this fleld of research may be
developed in the future through Iowa State College, caution
with regard to personnel relations was necessary in this
initial investigation. Delimitation of the scope as stated
should not weaken the investigation, but should serve to
properly define the scope and make the investigation

reasonably managesble.



REVIEW OF LITERATUHE

Published information of direct bearling on the subject
of this &nvashigation’was limited to a few isolated
references, However, certain related literature has been
found valuable from the staﬁdpoint of techniques, comparative
data, and historical development. This literature will be

reviewed under the following classifications:

| Basic @ata on practices in engineering econony.
Historical aspects of engineering economy.
Statistical techniques of survey design and practice.
Other closely related literature.

Basic Data on Practice in Engineering EHconomy

The actual practice in englneering economy was knoun to
be variable (17, 51). Expositions of best techniques have
in the pﬁat been bullt upon certain assumptions thought to
be representative of actual practice. Passage of time has in
some cases indicated these assumptions to be far from actual
practice.

All previous investigations have used sampling techniques.
The first study that appeared to bs adequately documented was
made during the decade of 1929»1938 by Rautenstrauch (hl.).



This study was not primerily about englneering economy, bub
d1d delve into many closely assoclated topics including
depreclation and cost accounting.

A serles of six surveys of intimately related nature
have been made for Factory magazine (35). These surveys, the
laéﬁ of which was made in 1953, were primarily about total
eapital expenditure and are too general for specific applica-
tion. PFurthermore, the surveys were not made unﬁar a random
or even systematic sampling scheme and are heavily shaded
toward the very largest mamufacturing companies.

Perhaps the survey most closely akin to this investiga-
tion was made by Terborgh in 1948 for Machinery and Allied
Products Institute (32). Its primary subject was machinery
replacement policy. It sampled only members of MAPI which
is a trade association composed of machine tool manufacturers
and business consultants.

Another survey was made in 1947 by Iron Age (26). This
survey had three questions that were closely related to this
investigation. |

These surveys Just mentloned were reputedly national in
scope. No information has been found relating to any specific

area of the country and certainly not to Iowa.



Historical Aspects of Englneering Economy

Engineering economy was gilven its first real definition
by Arthur Wellingbton in a book that was rsvised six times
between 1877 and 1906 (55).. The technical subject matter of
the book was rallway design, but its real contribution was
to formulate a philosophy af,anginaaring economy. The fol-
lowing considerations or techniques are from this book:
recognition of the "time-value" of money, i.e., compound
interest; inclusion of interest on the investment as an
actual operabting expense; strong emphasis of the long~run
esconomy; reaagﬁiﬁiwn of the fact that many alternatives are
avallable to accomplish a single ultimate end and all need
to be evaluated; warning of social implications of engineering
decislons and eontention that the best decision provided
maximum good to all in the long-run; insistance that all
proposals be reduced to the common denominator of dollars,
There was a consplcuous absence of the subject of deprecla-
tion.

Soon after Wellington's treatise certain engineers
realized the need for training in business economies for the
engineering profession as & whole, Fish between 1915 and
1923 (16) came to the conclusion that the central préblam in
engineering economy was investment. He developed the so=-

called "bond market" model as an approach. In this method
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all proposals for investment of englneering complexity were
compared to a similar dollar investment in bonds. The bond
market model with only slight modifgaatian has been employed
by all authors to the present day, at least in the ingtanca
of long~lived investments.

Grant, writing first in 1930 and revising his 1ldeas last
in 1949 (17), has become the most widely recognized writer
in the fileld. He introduced techniques for short-lived
situations and also for the circumvention of compound
interest calculations. He has suggested the application of
certaln statistical methods to problems of enginsering
economy (18).

Three other writers (8, 52, 56) have produced works in
the last decade of basic similerity to Grant's. They are
characterized by\clever adeptations of the same methods.

They do serve to bring engineering economy to a wider
sudience.

lesser in reviewing the conbtent and aim of engineering
economy (28) raised question aa 0 the validity of the bond
merket model. He did not offer an alternate model. He also
questioned whether tﬁa academicians are correct in continuing
to urge such techniques as compound interest when there
exists strong suspia;an that these techniques are not used in

induatry. This investigation aimed to provide some baslc

data on such questions.
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Statistical Techniques of Survey Design and Practice

Modern statistical method and theory has evolved
sampling methods that give a high ratic of information gained
 to cost of gathering the information (13, 25). Surveys based
on random or probability sampling have in some cases been
more relisble than censuses (2li). Surveys based on selective
or "gquota" sampling enjoy popularity, but allow no estimates
of sampling error {(13).

Deming (13) described survey theory and derived appro-
priate estimators of the mean and variance. Jessen and
Horvitz (25) have also presented this theory with appropriate
explanatory material. Neymen's treatment of stratification
of & sample was applied to this investigation {41).

Snedecor (L7) presented techniques of analysis of data
that were applisd to this investigation. Cochran (10) gave
methods of analyzing data {itting the multinomial distribu-
tion which arose in this investigation.

Lundberg {30) has reviewed and compiled a group of
recommended practlices in the area of questionnaire layout and
design. Included in this group were questionnaire length,
questionnaire layout and appearance, leading questions, and
open~end questions. Also dlscussed were methods to improve

the response bto mailed inguiries.
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Other Closely Related Libterature

- Articles in the appropriaﬁe journals have not been foﬁnd
of particular value to this investigation for the most part.
The greater share of these articles although indexed under

‘Engiaaarihg Keonomy fall into one or more of these classifi-
cationsi

as Specific applications of general methods to a

particular company

bs Compilations of cost data

¢. HEmpirical formulas for estimating cost

d. Popularized, shortened, or sensationallzed pre-

gsentations of the recognized books.
The many examples of each of these wili not be discussed and
only a representative group are cited (L, 12, 14, 15, 20, 31,
38, 39, Lo, 42, 43, L45).

The U. S. Census (53) has provided certain comparative
data and definitions. The Iowa Business Digest (5, 27) has
discussed In two recent articles the lncome and economy of
Iowa., Capital expenditure by manufacturing industry was
analyzed and compared with the agriculture industry. The Iowa
Business Digest also presented current data and some future
estimates of business activity in Iowa.

Economic theory, particularly that of oligopoly and

monopoly, 1s basic to a study of engineering economy. The



e
works of Stigler (48), Boulding (7), and Bain (3) were of
some application. However, the emphasls was placed on the
"gnort run", 1.e., a period of time short enough so fixed
regources of the @ﬁwswmwwwa)amw not be changed. IEngineering
economy has dealt principally with capital expenditures which
were long-lived, so changes in the fixed resources were baslc
to the sub ject.

Terborgh discussed capibtal replacement as related to
economic¢ maturity (50). This book was closely related to the
philosophies of equipment replacement. Terborgh attempted
to refute the contention of the Temporary National Economic
Committes of 1939 that investment opportunity in the United
wwmﬂam was dwindling. He m@ﬁ&mwm@a that normal replacement
and modernization offer mﬁmwwmmaﬁw investment opportunity
because industry has historically lagged with regard to
replacement of equipment. If replacements were made more

often, more inveatment funds would be absorbed by industry.
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DISCUSSION OF PROCEDURE

In many investigations apperatus and materials used in
- the experiment are of principal importence., In this
particular instance only the method of procedure was impor-
tant. Any success in the investigation depended upon & well
defined and rigorously followed procedure. Some of the pro=
cedure was statistlical in nature snd the estimates and con-
clusions drawn were tested where possible by statistical
methods. Wherever thls procedurs ﬁapérted from simple or
usual techniques, complete detall will be given. Reasons for
certain decisions concerning procedure are also dlscussed
where appropriate.

The original idea of this investigation was to obtaln
guantitative data about engineering economy and certalin other
closely related toplces in the manufacturing industries of
Iowa. The investigator desired to question Iowa manufac-
turing plants on whether appraisals were made, the agreement
between appralsals and balance sheebts, certaln relations of
depreclation to ilncome tax, the source 6f 1life values used in
depreciation caleculations, the relative usage of several
rules of thumb in replacement of equipment, and the actual
methods used to make replacement decisions. These desires

developed into a series of specifle questions that were to be
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has been established that many of the supposed inaccuracies
of mail ingquirles can be essentlally avolded by proper
techniques (24). Consequently, the meil inquiry was chosen
as ﬁh@»pfinaiyal method of contacting respondents. For pur-
poses of verification, the investigator chose a very much
smaller group to contact personally. The cost balance of
money avallable agalnst quantity and quality of data was
made as carefully as seemed possible.

2. Definition of the population to be sampled. Two
basic methods of sampling large areas such as Iowa were
known. One was area sampling in which areas from a map are
chosen at random to be a sampling unit. Then the particular
attributes under investigation are enumerated for each small
areas The other method was to work from a listing of
posaible sampling units such as a census. The actual sample
is then taken at random from the liabingﬁ The completeness
and correctness of the listing is important. A cholce
between the two methods depends to a great extent on the data
desired. In this investigation the manufacturing industries
- were not loglcally distributed on an area basis, so using a
listing was dlotated. Furthermore, a listing of essentially
the desired group was avallable.

The listing used was the 1951 Iowa Directory of Manu~
facturers (22). Any firm having a manufacturing plant
within the state of Iowa was listed. If a particular company
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were known, however, and were used to design the question-
nairve (30)., Responses, where possible, were to be "yea" or
"no", If open end questions were used, a small number of
possible answers wers to be given for the convenience of the
respondents and for clarity of analysis. Leading questions
were to be avoided In the investigation or else the responses
might be blased. Length of the questionnaire posed a prob-
lem about which past experience offered meager guldance. The
trend in general seemed to be toward shorter questionnaires
(30), perhaps because the questionnaire method has been used
much more in the past few years. The advantage of novelty
was thought to be less now than formerly (2).

A questlonnaire was developed subscribing to the prin-
eiples just mentioned. Prior to 1ts actual use, the
questionnaire was pre?testad by offering it for criticism to
a group of 15 people. The group included four college
professors whose interests were closely related %o the sub-
jeoet matbter and 1i ?ars@na who were elither engineers or
managers of businesses in Des Moines and Ames. Suggestions
ranged from grammar to subject matter. The final question-
naira which may be inspected in the Appendix inco#poraﬂed the
pertinent suggestions. The pre-test was considered (23) a
necessary atep in preparation of an effective questionnaire.

lis Drawing the sample and choice of size. The list as
printed of Iowa mamufacturing plants referred to in (2) of
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this section had been classifiled into szix siﬁa groups measured
by number of employees. Table 1 gives these size classifica-
tions with the distributions of the pmpuléhimn and the
sample.

Table 1
Distribution of Population and Sample by Number of Eﬁ@layaea

Size No. of ‘ Eb. of Pianﬁa P&mparhianataw No. of Plénta
Code Hmployees Iin Class Allocation Actually
: of Bample Sampleﬁ
A 1= 24 1203# 168 100
B 25- L9 362 51 50
¢ 50 - 99 278 39 50
D 100 - 249 186 26 50
E 250 - 499 sh 8 25
F 500 and over 56 8 a5
Total 2139% 300 300

#Heduced by 1,717 Food processing and prinbing plants
not inecluded.

The slize classifications as given were used without
change because any subsequent re-grouping between the groups
as shown could easily be done.

The total sample size eheﬂén was 300. This number
represented about 1l per cent of the total population., The

choice of sample size depended upon the desired precision of
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any estimates made and the cost of collecting the data.
Pr@@iai&n 1s proportional to the square root of sample slze
as given in theoretical statistics (47), whereas cost is
directly proportional to sample size. Hence, increasing cost
vﬁaas not incresase precision proportionately. However, sample
size must be maintained as large as cost will allow to give
the greatest precision possible. Thus, sample size is in
most instances intimately assocliated with available funds,
which in this case dlctated a ssmple size of about 300,

When some coriterion of classification is used, the
ssmple is usually drawn to glve what 1s called a stratified
rendom sample (47). The sampling within each stratum is
completely random allowing estimates of population parameters
for each stratum or group. It 1s also possible to make
unblased esﬁ&maﬁaa'for the whole population by welghting
schemes which are derived from theoretleal statisties. The
allocation of the total sample size to the strata may be done
according to any one of several criteria (25). One is
Yoptimum allocation", which proportions the total sample on
the basis of the standard deviations associated with each
stratunm. Symbolieally,

ng = = —
> GO
=1 271
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between size groups that were of essentially the same degree
of precision. The fact that group A has only about 8 per
cent of the total included in the sample, while groups E and
P have about 45 per cent, 1s not eritical (10)., This modi-
fication of proportionate allocation ls known as "dispropor-
tlionate allocation". It does not complicate calculations of
mean or variance if the proportion in each stratum of the
total sample and the nawww number 1in each stratum in the
population are known. Both of aﬁam&,a@ﬁ&u&u@ﬁh were met
here. .

Many of the questions anticipated in this investigation
were to be answered "yes" or "no"., Hence, the binomial dis-
tribution was appropriate to these cases, The theory of
stratified rendom sampling applies fully as well to finite
binomial populations with small adjustments in calculations
{47)+ The extension to the multinomial case is equally
appropriate although more involved (10).

With the foregoing declsions made, the actual mechaniecs
of drawing the sample proceeded. All names of companies in
the culled 1listing were consecutively numbered within each
group and a table of random sampling numbers was used to
select the particular companies. A card file was prepared
with names, ﬁﬁﬁ%@mw@m‘ and code numbers. This card file

served as a running correspondence record and typing list.
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5. Detail of mail contacts and interviews. A letter
was sent to the General Manager of each company introdueing
the survey and requesting cooperation. It did not include
the questionnaire and its sole purpose was to lay groundwork
for the survey. This letter is shown in the Appendlx.

Two weeks after mailing of the introductory letter a
second malling wes made. This mailing included the question-
naire and an explanatory letter which partially reiterated
the first letter.

As completed questilonnaires were received, the card file
was completed by including the name of the particular person
responding for the companies. Rebturns had stopped about two
months after the questionnalire proper was malled. At this
time a random aample of four non-respondents in each size
group was chosen to be contacted requesting personal inter-
view. The remaining non-respondents were sent a "follow-up”
letter and a duplicate copy of the questionnaire. The
- follow~up letter was actually two letters, one éointed
specifically at the size A group and one for the other five
size groups. These letters are also included in the Appendix.

The group drawn for personal interview totaling 2l
companies were actually interviewed by the investigator where
invited to do so. No attempt was made to secure any informa-
tion in these interviews except that requested on the

questionnaire.
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Throughout the conduct of this investigation the con-
siderations of tact were uppermost in mind. The survey was
intimately aaaoci&ted with the name, Iowa State College. No
speclal appeals, gimmicks, or undue pressures could be brought
to bear on the companies selected. Appeal was made by
promise of summarized results of the investigation when
completed and through the desire of the college to provide
service to the state of Towa. ZEffort was made to phrase all
mallings téward these ends., No more follow-ups were made as
it was presumed that three contacts would elicit response
wherever it might be forthecoming.

6+ Methods of calculation. Calculations made on the
data are purely descriptive in many insﬁaneeg. Where estl-
mates are made or hypotheses are tested, usual statistical
methods are used (10, 47) such as confidence intervals,
analysis of varlance, Chi-square tests, and regression.
These methods are noted where appropriate when the results

are presented and discussed.
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DISCUSSION OF RESULTS

The investigation used the questionnaire as the means
of securing data within the general area of the problem. A4s
26 questions were on the questionnaire, it was thought
desirable to divide the questions inbo smaller, closely related .
groups for presentation and discussion. The titles of the
groupings are as follows:

Summary of Hesponses

General Information

Accounting and Appralsal Practice
Depreclation Practice

Equipment Replacement Practice

Hypothetical Problem on Eqﬁigmanh Replacement
Rating of Questionnalre by Respondents.

The groupings were identical with the actual groupings
used on the questiommalire form.

In the analysis of the data certaln differences were
described as significant, This referred to a statistical
test of significance at the 5 per cent level, i1.e., in only
5 per cent of the aaaéa on the average could sampling varia-
tlon account for the difference.

Where tables of data were presented, the questions were
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not completely restated. Instead, a few key words from the
guestion served to identify it. The text gave a full state~

ment of each question just prior to the data table.

Summary of Responses

The questionnaire was sent to 300 plants 1n Jowa. OF
the total, 152 responded in some manner and 138 of the 152
gave usable information. The total sample size was reduced
to 291 because nine plants were no longer in operation.
Table 2 reports the response data in full.

The overall response of L7.l4 per cent compared
favorebly with other surveys of this nature (2l). Response
to surveys of farmers on crop ylelds usually have run aboub
25 per cent of the tobtal sample., A survey of farm equipment
dealers was only 10 per cent complete after the original
gontact although 1t improved to aboub 30 per cent with
several follow-ups. Readership surveys by popular magazines
have sesldom exceeded 10 per cent response. One survey of
program preference on radio station WOI by rural listeners
drew about 90 per cent response. In the field of socilal
studies Lundberg (30) reported that a response of 50 per cent
was considered excellent and above the average..

Group A with 2l or fewer employees was below all other
groups in percentage response. After the original contact
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only 11 per cent of group A had responded. The follow-up
letter to group A was phrased to encourage responses from
this grﬁup. Some success was noted as the total response
increased from 1l per cent to 21 per cent, an increase of 91
per cent, In all other groups the follow-up letter succesded
in raising the responses from L7 per cent to 55 per cent, an
inecrease of 17 per cent. The follow-up letter gave addi-
tional data, but not as much proportionately as the first
contact. No more contacts were made.

The gsample for perscnal Interview was a‘strahifiaé
random sample from the non-respondents after the original
contacte There were 2l in this sample, four from each size
group. Exactly half of this interview sample allowed an
interview to be completed or answered by mail., Five more
declined or deferred the interview, and the remaining seven
did not aeknawledgé the Interview reguest.
| To test the hypothesis that no difference in response
peraantagé existed between size groups, the adjusted Chi-
square test was used. The calculated Chi-square exceeded
the expected value at the one per cent significance 1@?&1;
Hence, the hypothesls was rejected and it was concluded that
a difference between size groups existed. Sampling variation
would not explain so large a vaiua of Chi-square.

Enowledge of plants no longer operating was obtained

from mall returned by local postal offices. Over a period of
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original sample of 300 in this investigation was drawn
according to best techniques of stratified random sampling.
The actual returns which were far less than 300 cannot be
considered as 3us£ a smaller, but still random sample unless
evidence shows 1t to be true.

Statistical methods were available to approach thils
problem {244). The method was based on the fact that all data
were not collected in one period of time. After several
weeks had elapsed following the initial mallling, an arbitrary
stop on time was called. The data gathered in this perlod
known as the "first response” could be analyzed, e.g., the
proportion answering "yes" to a certain question. At the end
of this first time periocd the follow~up contact was made and
all data received were then called the "second response',
These second responses permlt separate analysis giving inde~
pendent estimate of the proportion answering "yes" to the
same guestion. If these two estimates did not differ signifl-
cantly, l.e., their difference can be axplaine& by sampling
variation, it was concluded that the time of answering did
not affect the answers. Although more follow-ups were nob
used, 1t was belleved the non-respondent portion of the
sample would have shown similar answers to the respondent
portion if enough money had been spent to get complete
response, This matﬁ@d of analysis was not thought to insure

complebe rellability. However, it did increasse the
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reliability of estimates based on only the respondent portion
of the sample.

The personal interviews provided a "third response” in
this investigation. By extension of the methods used for two
responses further informetion about the effect of time was
available. The adjusted Chi-square test was used for emumera-
tion data and analysls of variance was used for measurement
data, By thls particulsr treatment of data it was apparent
that 50 replies to the first contact, LO replies to a second,
and 10 replies to a third yielded more information than 100
replies to only one contact.

The questionnalre was composed of 26 gquestions. The
above technique could be applied to each question, but
sempling techniques were again suggested (2l). Hence, seven
questlons were chosen at random from the 26 and analyzed.
Table 3 presents the results of this analysis. None of the
questlions in Table 3 showed a significant difference between
' the three types of response, The 5 per cent level of signi-
flcance was used. Hence, time of answer did not have an
effect on answers to questlomnaires. This increased confi~
dence in using only the respondent portion of the total
sample. As cases are on record where time of answer did have
an effect (2l), the foregoing analysis was necessary to

validate this investigation.
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Table 3
Anglysis of Effect of Time of Answer on Selected Questlons

Cuestion? . Number re‘l 1ng® on Significant
Number First  Secon Ser : Difference
Contact Contact Contact at 5% level
A=5
Average no.
employees - 320 iy 297 Fo
Awb ‘
8 88 17 10
b 6 i 1 No
¢ 8 2 -
Bw%(a) 46
[os 13 2
No sy 10 8 Fe
i) 5l 6
o8 ‘ 12
No L7 11 I No
c=8
Yos 67 1 7
No 19 7 1l No
No response - 16 5 l
D=1 6-
Yes 7 8
¥o 24 1% 2 No
D=3
a 1 3 1
b a.g 18 8 | No

“Question statement not given. Refer d
detail of guestion. & ‘ to Appendix for

b
Except Question A«5 where average number of employees
are given.
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General Information

The First section of the questionnaire put seven

questions of general descriptive nature to each prospective

respondent. The other three sections discussed later were

composed of a total of 19 specific questions related to the

investigation. The exact statement of the gqueatlons of the

first sectlion was as follows:

1.

2.

3.

e

5.

6.

Name of company.
Address of this plant (this location only if a branch).
Name of person to whom correspondence about this
sbudy may be sent.
Brief description of products manufactured (only
those actually made).
Average number of employees during past year (this
logation only if a branch),
Is the company organized as a

(a) Corporation or stock company,

(b) Partnership,

{¢) Sole proprietorship?
(Note-~This question concerns only those companies
that operate a plant in more than one location. It
is suggested that parts B, 0, and D be completed
before checking this question.)
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(a) The poliecies in parts B, C, and D are
generally those of the company as a whole.

(v) The policies in parts B, C, and D apply
only to this one branch of the campany.

{¢c) The policies in parts B, C, and D are a
combination of (a) and (b) of this question.

The first three questlons were asked to provide a cor-
rect list for fubture malllings. All respondents were promised
a concise summary of the investigation. Complete confidence
regarding responses was pledged from the outset and has been
maintained. There was no measurable evidence that identifi-
catlion of the responses reduced the returns of the question-
naire. It has been contended (30} that completely anonymous
responses may be less rellable and masy result in fewer
returns. Observation of the cover letters accompanying com~
pleted gquestionnalres iIndicated that most companles preferred
to be identified and accepted the promise of confidence as
sufficient protection.

Question No. l4 provided data on the type of industry as
classifled by the product manufactured. The Iowa Directory
of Manufacturers used in the investigation divided the come
panlies into 19 types which are commonly used for classifica~
tian‘punpeses in the U. S. Census. Thelr llsting was

regrouped Into eight types as follows:
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1. Apparel and clothing; leather; textile mlll products.

2. Machinery, electrical and mechanical; primary metal
1ndusnrias; fabricated metal p:oduc%a; ordnance;
transportation equipment.

3+ Chemical and sllied products; petroleum and coal

products; rubber products.

Lhe Food and kindred products; tobacco products.

. 5, Furniture and fixtures; paper and sllied products.

6. Printing, publishing, and allled industry; photo~

graphic equipment.

7. Lumber and wood products; stone, clay, cement,

gypsum, and allied products.

8. Miscellaneous manu?aaturad\praﬁuabs.

Table l. compares the proportion of sach type in the
sample with the proportion in the population as. calculated
from the llsting in the Iowa Directory of Manufacturers. The
agreement bebtween the sample and population was unusually
high as the sample was not drawn to be random with regard to
product classification. No significant difference exlsted
between the sample proportions and the populabion proportion.
Thus, a two way classification of the data might be made; one
way by number of employees and one way by product classe.
However, a three times larger sample would have been necessary
to make estimates of similar preclsion as compared to the one

way classification by employees. Previous evidence (17),
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Table L

Classification of Respondents by Product Manufactured

Size Group,

Product Class®

no, of

employees 1 2 3 ¥ 5 6 7 8
A, 1-2l 3 8 3 - 2 - 7 3
B, 25«49 1 7 - 13 - 1 1 1
¢, 5099 3 8 5 10 2 4 3 2
D, 100-249 - 7 2 11 2 2 3 2
B, 250-499 17 2 3 1 - 1 -
P, over L99 - 10 2 6 - - 1
Total no. 8 L7 i L3 7 9 15
Total, % of |

sample 5¢3 30.9 9.2 28.3 L6 5.9 9.9 5.9
Diatributimn,b

% calculated

from

5.8 32.0 8.6 22.4 5.8 Tt 12.2

population

5.8

B3ee p. 36 for deseription of industries included in

each greéuat class.

by omitting all plants under 25 employees.

Corrected in A-l and A~6 where population was reduced
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though slight, indicated more value would result from an
analysis based on size rather than product.

Results of Questions No. 5, 6, and 7 are presented in
Tgble 5. The number of employees in the average Iowa mamu-
facturing plant was shown in Table 5 as the sample average.
The welghted average based on the number in each size group
in the population was 9l.l4 employees per plant. Neither the
welghted or unweighted averages was considered mﬂre’ﬁhan a
summery value, Of more importance was the estimate of tobal
number of persons employed in manufacturing in Iowa. The 95
per cent confidence inbterval on total employees was 195,500 A
15,500, Plants employing under 50 persons represented 72.3
per cent of all plants and had 12,5 per cent of the employees.
Plants employing over 250 persons represented 5.1 per cent of
all plants and hed 55.0 per cent of the employees. 6 Nation-
wide deta for 1947 (53) indicated that plants employing under
50 persons represented 72.l1 per cent of all plants and had
15.9 per cent of the employees. Plants employing over 250
employees represented .2 per cent of all plants and had 59.l}
per cent of the employess. A best of these percentages for
Towa plants against the natlonw«wide percentages showed no
significant difference. The largest single plant in Iowa in
the sample had 6,000 employees and the smallest had two

employees.
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Table 5

Size and Organizational Aspects of Respondents

‘ Total
Question® 'y p = i n ail ’
1-24 25~ 50~ 100~ 249~ Over sizes

bW 99 249 W99 499

Size Group, no, of employees

S. Size

Aver. size,

no. , v
employees 1l0.5 32.6 92.5 205 387 1543 333.7
‘8td. error
of mean 1.9 L6 13.9 L1.0 HJo.7 302 63.2

6. Organization

Corpora~ , .

tion 7 20 29 25 15 19 115
Partner-

ship 7 1 2 1 - - 11
Sole prop. 6 3 )} - - - 10

' rgliay

{ ampanyﬁ

wide 3 7 9 11 8 13 51
Local - - 1 - - 2 3
Combina- ;

tion - - 1 2 1 1 5

‘aﬁnly Question No. and key idantifying words given., See
P« 34 for complete questions.
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Capital 1nvestmeﬂt in manufacturing plants has been
shown to be related to the number of employees (12). The
investment per employee ranges from $7,000 to $12,000 with
an average at about $10,000 (12). Large plants show a
| higher investment per employee than small plants. No estimate
of total investment in Iowa manufacturing plants was made in
this investigation, but an approximation was in the order of
magnitude of two billion dellars. |

Orgenization of JTowa industry was found to be predomi-
nantly of the corporate form except in the smallest size
group where partnerships and sole proprietorships were of
equal magnitude. Exeluding the smallest size group, 93 per
cent of the plants were under the corporate form. Including
the smallest slze group and weighting on the population pro-
portions, 59 per gent of the Iowa plants were under the cor-
porate form. Nation-wide, about 55 per cent of all mamifacw
turing wes under corporate form (53). It was concluded from
this and the data on size of business that Iowa did not
depart widely from national averages. Iowa 18 not known as 8
manufacturing state because 1t has fewer plants than other
states (53), but the plants 1t does have are similar in
organization and size to plants of the United States as a
whole,

The last question of this section dealt only with plants

that were a branch of a multi-plant company. The degree of
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a@ntrmi over policles on engineering economy by the local plant
management was requested of such plants, The percentage of

all plants qualified to answer this question was 3.0 of which
86.5 per cent stated they operated under company-wide poli-
cles., Of the remaining 13.5 per cent, only 5.0 per cent

stated that all policles were of local instigation, and 8.5
per cent stated that the policles were of combination of
company~wide and local. The larger’planta were allowed more
local control by the parent organization than the small

plants.

Accounting and Appralsal Practices

Data applied by a particular company to solve its prob-
lems of equipment replacement often comes from the historical
records of the company (17). Of principal use are accounting
and appraisal records. Hence, the second sectlion was directed
toward securing information of practices in these two areas,
Pive questions were asked as follows:

1. {a) Do you have a Balance Sheet drawn at least once a
year? Yes or no. /

(b) If "yes", is it prepared by a professional
accountant? Yes or no,.

2. (a) Have you ever made or had made for you a detalled

appralsal of your complete company? Yes or no.
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{b) If "yes", what was the reason for this appraisal?
Please describe briefly.
3. If 2{a) is snswered "yes", how much variation did the
appraisal show when compared to the Balance Sheebt?
(a) Less than 5%
(b) 5 to 15%
(¢) 15 to 30%
{d) Over 30%

li. How often on the average do you physically inventory
materials, supplies, goods in process, and finished goods on
hand?

5. How often on the average do you inventory machinery,
equipment, and properties? Machinery Equipment Other
Properties.

Tables & and 7 present the results of this section of
the questionnaire. Over 98 per cent of the respondents
reported a balance sheet was made once a year or oftener. In
83.5 per cent of all cases a professional accountasnt made the
balance sheet. The smallest slze group indlcated a smaller
percentege of professional service, but the difference
between size groups was not significant,. ?ha respondent was
allowed his own definition of a "professional accountant”,

As several added the Information that the accountant was a
company employee, but not professional, it sppeared that many

presumed that an oubtside Certified Public Accountant was the
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Table 6

Accounting and Appraisal Practices of Reap@ndenta

question®

1=  25- 50= 100~ 250- Over sigzes
2, 49 99 29 499 499

1(a) Balsnce sheet

Yes 18 24 32 25 15 14 132

:ﬂ@ 2 . - | - - 1 3
1({b) Profeasional

accountant

Yes 9 22 27 21 12 17 108

No 7 2 5 3 3 1 21
2{a) Appraiaal | 4

~ Yes 8 1% 18 8 9 61
~ No 12 20 1l 6 7 9 72

2(b) Why appraisal |

Insurance 5 2 L 11 1 6 33

Tax 1 - 2 1 - - g

Operation - - 2 3 2 1

Sale - - 1 1 - 1 3

Re~organize = 2 3 1 1 - 7

Other 1 - 1 - - - 2

Ko resp. , 1 - 1 1 w 1 I
3. Appraisal variastion

to gaéanae%shaat g

nder 5% - 1 ‘ 3 - - 9

5—15%5 - 1 1 2 Iy 1 9

15-30% - - 1 g 1 2 7

Over 30% It 1 2 3 i 22

No resp. b 1 5 2 - 2 k13

“ﬂnly Que&tian No. and key 1éantifying words givan. See
Pe 41 Tfor complete questions.
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Table 7

Inventory Practlices of Respondents

Question® — ; ~ % T
le 26« 50« 100~ 250~ Over sizes
2l 49 99 249 499 499

. Inventory ocurrent

supplies
Perpetual - 1 1 - - 1 3
Weekly - - - 1 - - 1
Monthly 1 1 9 7 - 5 36
Quarterly 3 2 2 i 3 - 31e
Semi-annually 2 2 5 g 2 % 20
Anmaally ‘13 5 i 10 58
Never 1 - - - - 1 2
5. Inventory
eguip., mach.

Perpetual 1 1 5 3 - 3 13
Quarterly or

oftener - 3 1 - - - L
Semi-annually 1 - 1 - - - 2
Annually 10 17 13 16 7 9 72
5 years - - 2 2 L 3 i1
10 years - - 3 - 1 ~ I
Never 3 2 h 2 1 2 1l
Variasble - - - - 2 1l 1&
No response s 1 b 3 - 1

V“iny Qnaatian No. and key identifying words given. See
pe 42 for complete questions.
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only "professional’. Thus, 83.5 per cent was felt to be a
minimum on the acbual percentage of balance sheets prepared
by competent accountants not necessarily certified,
Accounting practice in Iowa appeared to be consistent with
certain minimum standards (11).

Appraiaala had been made by L5.8 per cent of the
respondents whieh is squivalent to the welighted average of
3.9 per cent for the population. There was a highly signi-
ficant difference between size groups on the making of appral-
éala. The larger the plant, the larger the percentage of
plants where an appraisal had been made. Only 3l per cent
of the three smaller size plants had made an appraisal, but
62 per cent of the three larger size plants had done so. The
reagson for the appraisal was requested from those who had
made one, and appraisal for insurance was overwhelmingly the
principal reason. Insureance accounted for 58 per cent of the
total, sound business operational policy and business reor-
ganization accounted for 26 per cent, and taxabtion, sale, and
miscellanecus for the remaining 16 per cent of the total. No
published data are known for Jowa or the nation on the dis-
tribution of reasons for eppraisal of memufacturing plants.

Appraisals of property are made by specialized personnel
usually for the purpose of determining a present value
measured in dollars. Value has been discussed by many

authors (6, 3k, 37). Value is stipulated in some instances
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by statutory law, government commissions, and judlelal
review. Usual definitions have searched for synonyms such

a8 worth, desirability of ownership, and exchangeable pur-
chasing power. Many methods to determine value have been
proposed snd used including actual sales of similar property,
capitalization of prospective earnings, and cost to purchase
less a reasonable depreciation allowance. Where cost has
been used, the cost may be original cost when the asset was
built, produced or dedicated to service, or the cost may be a
reproduction or replacement cost which in 1ts simpleat conno-
tation means original cost converted to current dollars.
Value has been elusive of definition because it has been
assoclated with the future which ls subjeoct to all vagaries
of predlictlon. Indications of value come from the past,
value is detemined for the present, and action based on the
value will be in the fubure. Personal opinilons, though
expert, have caused similar iftems to be valued differently
by different persons.

When the variables affecting value are considered, a
variation may be expected between an appralsal and an
accountant's balance sheet. The balance sheet 1s basically a
record of original cost which 1s only one of the several
methods of indicating value. The respondents who had made an
appralsal were asked in Question No. 3 to compare the appral-
sal rwauita with the balance sheet. In the sample, L7 per
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gent reported the sppraisal varied from the balance sheet by
30 per cent or more and 62 per cent reported the varlation as
15 per cent or more, The average varlation of 'the appraisal
from the balance sheet was 19.8 per cent. The direction of
the veriation was not ascertained, but price trends in the
United States have been upward for the past 20 years. No
significant difference between size groups was found on
~analysis of this question.

Invsntafy'praatiaas for both short term and long term
assets were requested of respondents in Questions No. L and
5. Inventories provide basic data for both appraisal and
accounting. Short term assets including materlals, supplies,
goods in process, and finlshed goods were inventoried annually
or oftener by over 98 per cent of the plants. Although I3
per cent of the plants inventoried annually, many plants made
these inventories more often than annually, and the weighted
average time period betwesen inventories was 0.55 years. Only
2 per cent of the plants indicated a~parpatual inventory was
kept.

Inventory practice for long texm assets such as
machinery, equipment, and structures was found to be signifi-
cantly different from short term assets. Although 52.5 per
gent inventoried these items annually and 13.8 per cent mors
often than annually, the remainder of 33.7 per cent inven-

toried only at perlods greater than one year., The weighted
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average time period between inventories was 1,37 years. In
the sample 10 per gcent said they have never made an inventory
of machinery and equipment. No significant difference

between size groups was found for either inventory question.

Depreclation Practices

Depreciation has been discussed for several hundred
vears, principally in works on accounting (29, 46). Depre-
ciation was embraced by the courts of the United States in
1909 in litigation over rates of a public uﬁility {33).
Depreciation beceme the everyday concern of all sizes of
business and some individuals in the middle thirtles when the
Bureau of Internal Revenue, U. 3. Treasury Deparitment, lssued
Treasury Decision uuaa, since revised, and Bulletin F (9).
However, for many years prlor to the lssuance of T.D. h.22
well managed businesses had calculated and used depreciation
to better manage thelr business. |

Depreclation has been defined by many authors, but the
féllaw&ng three definitions summarize and include most (6, 34).

l. Depreciation is the loss in value of some item of

ﬁr@p&rﬁy that oceurs through time.

2. Depreciation is the stepwise recovery through time

of the cost of some item of property, 1.e.,

amortization.
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3. Depreciation is indicated physical condition or
impaired serviceability.

These definitions have been identified in order as value
depreciation, cost deprecistion, and physical depreciation.
Cost depreciation has also been called accountant's deprecla~
tion {(344). One of the results of these divergent definitions
has been the development of several methods of calculating
depreclation. Although value depreciation has been desired
ideally, methods to calculate depreclation have been based on
ecost. Obsolescence has been defined as a reduction in the
usable 1life of the item of érwperty primarily through progress
in the arts and sclences. Obsolescence 1s a value concept,
therefore, and does not fit into cost depreciatlon. Bulletin
F circumvented this incompatibility by defining depreciation
ag o reagonable allowance for the exhaustion, wesar, and tear
of property used in the trade or business, inecluding a
reasonable allowance for obsolescence (9). Reasonebleness
has been adjudicated by the Bureau of Internal Revenue in the
case of federal income tax. Federal income tax aspects Qf‘
depreciation have overshadowed other aspplications and
obstructed rational investigations of deprsciation (19, 51).

Bmpraaiatian\ia of prime Importance bto engineering
economy studies because through depreciation calculations the
first cost of leng-lived equipment is reduced to an annual

cost. Depreciation 1s one of the several possible costs that
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must be considered in an engineering economy study. The
period of one year is ﬁha most used common denominstor in
englneering economy studies. As depreciation 1s an unsettled
subject, this investigation devoted a section of eight
questions to depreciation practices. The questions were as
follows:

1. (a} Do you c¢alculate depreciation for any other
- reason than Income Tax deductions? Yes or no.

{b) If "yes", for what reasons?

2. {a) Do you use the U.3. Treasury Dept., Bureau of
Internal Revenue, Bulletin "F" as the source for "useful
lives" or "depreciation rates" regardless of the reason for
the depreciation calculatlion? Yes or not solely.

{b) If "not solely", what other source of lives or
rates de you use?

3+ What method of depreciation do you use? Check the
one or ones.

(a) Straight line
{(b) Unit of Production
{¢) Declining Balance
{d) Sinking Fund
(e) Other (please name)
e Do you ecalculate depreciation on
{a) the Original Cost of the item to you, or

(b) on some other Basis of Cost (please explain briefly)
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5. What is the basis upon which depreclation is ocalcu~
lated? ,
{(a) Purchase price of equipment alone
(b) Purchase price of equipment plus installation
{¢c) Purchase price of equipment plus installation
plus overhead charge.
6., Do you in calculating depreciation
{a) Group similar items together
{(b) Pigure each item separately
{c) Use a combination of these two methods.

7+ For your perticular business do you feel that the

useful lives given in Bulletin "F" are on the aversage
(a) About correct
{b) Too long
{¢) Too short?

8. Would you favor an income tax ruling that allowa you
to use values of useful life that are less than "true life"
(true life may be thought of here as being that pericd of
time that actual experience shows the equipment will be used)?
Yea or no.

The first question, Table 8, in two parts inquired about
the reasons for calculation depreclation. The respondents
indicated that 6.2 per cent calculated depreciation solely
for income tax purposes. The remaining 53.8 per cent was

divided into five groups: 28.li per cent caleculated depreciation
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Table 8

Depreciation Practices of Raa§mndgnns
{Question Nos. 1 and 2]

. ; Total,
| B : F all
1w 25« 50= 100~ 250« Over salzes

2, b9 99 29 499 499

Qnasﬁian@

1{a) Depr. for
- income tax only

No 8§ 1 18 17 6 12 72
Yes 12 13 1 7 9 7 62
1{b) Other reasons
for depr. calc.
Value 5 2 Iy 3 - - 1%
Pinancial 2 7 11 9 5 % 3
Costing i - 1 5 1 16
Replacement = 1 1 - - - 2
Sale - 1 1 - - - 2
2{a) Use Bull, F.
only for life
Yes 9 10 9 6 6 L7
No 5 10 20 17 9 13 74
No resp. 6 I b - 16
2(b) Other source
of life ;
Experience =~ 1l 12 10 g & 33
Perasonal 7 g 6 ; 6 32
Negotiated BIR
- 2 1 - - - 3
Other 1 - 1 1l - - 3
No response 1 - 1 - - 1 3

®0nly question No. and key identifying words glven. See
pe 50 for complete questions.
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to prepare financlal statements, 12.0 per cent for purposes
af correctly pricing the product, 10.l4 per cent for aid to
business judgment, and 3,0 per eent for signaling replacement
or for determination of sale price for the company. The
reagons aside from income tax f&r determining depreciation
may in many cases Justify its calculation. However, nearly
half the respondents apparently would not calculate deprecia-
tion if income tax did not exist. There was a signifiicant
difference between size groups with regard to calculation of
depreciation. The larger companies caloulated depreciation
for more ressons than the smaller companles.

The annual deprecistion charge has been m function of
time in methods ocommonly in use. Hence, a forecast of the
time some item will endure has been necessary. Thia timé\
period has been called "life"., For a specific item some
mmerical value of life usually measured in years was
required, Most companles had nelther the past data nor the
kn@wiadga necessary to forecast lives for their own proper-
tles. Actual compilation of lives for public use have been
incomplete with the Qxaeptian of Builetin F. This bulletin
has been vigorously questloned as to correctness and
applicability (19). Nevertheless, it has not been supplanted
by any other compilation. The second guestion about depre-
elation Inquired into the acceptance of Bulletin F«. Of the

respondents 38.8 per cent used the life values from Bulletin
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F without exception for any depreciation calculation. On a
welighted population basis 53.4 per cent used Bulletin F
solely. Of those who stated other values of life were used,
half based the forecast of life on thelr asctuasl plant
experience. The other half based the forecast on personal or
expert opinion. UNone of these three ways to assign a
numerical value to life has been considered necessarily cor-
rect or infallible. It would be proper if more plants would
combine thelr own experlence and opinien into compiling
appropriate values of lives. A significant difference
exlated between size groups with smaller plants tendlng to
rely more heavily on Bulletin F, It has been shown (19) that
a plant need not be large to accumulate evidence to forecast
life of property.

Depreclation methods have been devised for several dif-
fering assumptions as to the wasting of property. Any method
is correct if the assumption is accepted. After reviewing
business experlence, 1% has been stated (19, 3l4) that only
four or five methods are in general use. Question No. 3,
Table 9, requested a statement of the depreciation method
used. On both a sample and weighted population basis, 81.5
per cent used the straight 1ine method, 1l.5 per cent used
the declining balance method, and the remaining 7.0 per cent
used the unit of production, the sinking fund, or some other

method. There was no significant difference between size
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Table 9

Depreciation Practices of Respondents
(Question Nes. 3, L, 5)

Question® T

B G B E F ‘
p 25« 50w 100« 250« Over sigaa

24 b9 99 29 U499 499

Depreciation method

3e
Straight line 1l Y 26 20 1 18 106
Unit. of Prod. = 2 - 1 1 - L
Declining Bal. 3 i g 2 - 1 15
Sinking Fund = - - 2 - - 2
Other 1 1 1 - - - 3
No response 2 3 1 2 - - 8
i+ Cost basis ”
Original - 18 22 32 23 i5 19 129
Other - - - 1 - - 1
No reaponse 2 2 1 2 - - 7
5. Depr. basis | ‘
Equip. only 6 9 8 5 3 2 33
Eq. and inst. 11 1 23 17 11 16 92
Eq. and inst,
and overhead = 1 1 2 1 1 6
No response 3 - 1 2 - - 6
80nly Question No. and key identifying words given. See
Pe 50 for complete questions.



5

groups. The widespread use of straight line depreciation
was previously noted in 1928 by Rautenstrauch (i) who found
the stralght line method used by 92.0 per cent and the
declining balance method by 2.l per cent. The growth in the
use of the declining balance method has possibly been due to
income tax benefits resulting from its use under certain
conditions (19). Theoretical consideratlons have indlcated
{3l) that the tax benefits are illusery and do not actually
exlst, particularly for large companies., In this investlige-
tion 13 of the 15 who used the declining balance method were
in the smallest size groups.

In the llterature of accounting and appralsal, the basis
of cust to be used to caleulate depreciation has been dise-
cussed at length (46). Accounting standards have prescribed
original cost of the property as a basis. Depreclation cal-
éulatians for inaame’hax purposes have been regquired by law
to use original cost as a basis. The principal other basis
suggested for dapréaiatimn has been reproduéﬁioﬁ or replace-
ment cost. Reproduction cost has been found by pricing the
existing item of property at today's prices, 1.e., as if new.
Question No. I} of this section asked if original cost or some
other basls of cost was used as the basis for depreciation
ealeculations. Over 99 per cent used original cost.

In the definition of original cost it has been conven-
tional to include more than the bare price of the item of
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property. One addition has been installation cost which
includes freight charges, sales or excise taxes on the item,
and direct labor and materlal ahargaa necessary to put the
ftem in "ready to produce" condition. Another addlition has been
overhead cost which includes planning and englneering costs
not directly allocable to the iltem of property. Question No.
5 inguired about the handling of these costs when eatablixhing‘
the cost basis for depreciation calculations. Bare price of
the item was used by 25.2 per cent, 70.5 per cent also
included installation cost, and the remaining 4.3 per cent
included both installation and overhead cost. Best practice
has nmtybaen defined in the literature for private manuface
turing firms. If more costs are included in the basis for
caleulation depreciation, then‘leéa cogt is included in cur-
rent expense., Hence, the rebturn of the installation and
overhead costs would be accomplished over the life of the

item rather than in one year or less. No significant dife
ference sxisted between size groups.

Many plants have several units of one particular item of
property, e.g2., 20 lathes of the same size and type. The
depreciation ecan be caleulated individually for each of the
similar units or the simllar units can be grouped and a
single depreciation caleulation @ada, The group method has
been used where appropriate and has also been approved for

income tax purposes (9). Question No. 6, Table 10, inquired
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Table 10

Depreciation Practices of Respondents
(Qﬁ&ﬁti@ﬁ Hos. 6, 7; 8

& Size Group, no. of employees , wétal.
Question - D all
1~ 25« 50« 100~ 250« Over sizes
2y 49 99 249 499  L99
Grouped 8 8 10 9 7 8 50
Individual 6 g 11 8 5 7 )
Combination 3 7 1 7 3 4 35
| No response 3 - 1 2 - - 6
T« Bull. P lives
Setisfactory 8 6 11 7 5 3 4O
Too long 1 8 17 10 7 9 52
Too short 2 8 2 ,% 1 a 20
No response 9 2 3 : 2 ' 25
8. Any life for tax " 14 12 15 8
Yes : 4 2L , )
Ko 5 lg 8% 6 2 3 27
No response 11 5 3 L 1 1 25

#0nly Question No. and key identifying words given. See
ps 51 for complete questions.
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into the extent of this grouping procedure. On a weighted
population basis 38.0 per cent of the plants grouped units
where possible, 35.2 per cent calculated each unit
individually, and the remaining 26.8 per cent used a com-
bination of the two methods. No significant difference
existed between slze groups. |

The last two questions about depreciation were pointed
at the current income tax regulations on depreclation calcu~
lations, Income tax implications of depreciation have been
thought te confuse other applications of depreciation to
business management (51). Question No. 7 asked for a rating
af‘tha values of life given in Bulletin F previously shown
to be widely used. Of those who responded 35.7 per cent felt
the lif@ values were satisfactory. However, 18.2 per cent of
the plants that returned questionnaires did not respond to
this particular question. Other questions on the question-
naire except C=-8 did not show any appreciable percentage of
non-respondents. The conjectural nature of these two ques~
tions may have accounted for the non-respendents. Including
non-respondents to this particular question, 29.2 per cent
felt the life values were satlsfactory, 38.0 per cent felt
the life values were too long, 1.6 per cent felt the life
values were too short, and 18.2 per cent did not respond,
Expresslons of opinion on this matter (l, 19) have mainbained
that 1ife values in Bulletin P were too long which resulted

in smaller and inadequate annual depreciation deductions for
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ingome tax purposes. These contentions were not completely
correct as this investigation showed almost ljli per cent
thought the life values satisfactory or too short. There was
a signifiaant difference betwesn size groups on this quashion'
As size of the plant increased, plants became less sablsfied
with 1ife values from Bulletin F. As slze af the giant
inereased, more plants felt life values were too long.
Proposals have been made and are pendling before the
present Congress that liberalize the regulations of Bulletin
Fin ealwuiating depreciation. These proposals have included
(a) allowance of any value of life the taxpayer chooses,
{(b) allowance of daelining balance methods with a higher
annual rate, {(¢) allowance of two-thirds the life values in
Bulletin ¥, and (d) allowance of one~third to one-half of the
cost in the first year followed by regular straight line
depreciation. The proposals have been similar to the extent
that all resulted in a larger depreciatlion deduction than has
been &llowable in the past. Question No. 8 asked if the
»raap@nﬁent favored an inecome tax ruling allowing the use of
lives shorter than those given in Bulletin F. Although 18,2
per cent of those returning the questionnaire did not respond
to this question, 62,0 per cent favored such a ruling and
19.8 per cent were not in favor, In a survey made in 1947 on

a nation-wide basis (26), 72.3 per cent sald that an income



61

tax ruling of this nature would "help" their company's busi-
ness position. The nature of the ﬁhalp“ was not deseribed.
A significant difference exlsted between size groups. How-
ever, 1f Group A was excluded, there was no significant dif-
ference between the remalning size groups. Group 4, the
gmallest size plants, had many non-respondents. All other
groups were more positive in favoring the use of shorter lives.
Some analysts of business manasgement have recently warned
(LO) that rapild depreciation of property for income tax pur-
poses may be dangerous to the long-run success of the business.
If property remains in service after it is completely wfihteﬁ
off, 1% will provide no tax benefit. This effect has been
complicated by income tax rates that have varied from year to
years

The inquiries abﬂutyéepreaiatian were felt by this
investigator to be lmportant bea&uaa engineering economy
studies usually 1naluds depreciation caleulations. 4 better
understanding of the thinking of Iowa industry Qith regard
to depreciation was necessary to understand engineering

economy prectices.

Equipment Replacement Practices

The final section of the questionnaire had six questions,
the first five of which follow.
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1. Will you ever seriously consider replacing a machine
that 1s not worn out and still capable of doing its Job? Yes
or no.

2, Do you have a general policy as to the "paywoff
period" for new equipment (pay~off period is defined as the
number of years necessary for the savings realized by the use‘
of the new machine to equal the cost of the new machine)?

(a) 1 year or less
{b) 2 years

(¢) 3 years

(d) How many years
{e) o poliey.

3. In decisions regarding machinery replacement which
of these two factors is the more apt to determine the decislon
to replace or not:

(a) Securing the necessary capltal
(b) Consideration of the savings {or extra profit)
to be expected? | o
Note: It is undmrstamd that both factors are
important.,

e In decisions rag&ﬁding’rap&aﬁemant of meachines {or
expansion of capacity) how far in most instances do you
attempt to estimate future conditions affecting your business?

{a) Less than 2 years
{b) 2 to 5 years
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(c) Over 5 years
5, (a) Do you use any formulas or standardized proce-
dures {such as those of the Machinery and Allied Products
Institute) to assist in machinery replacement problems? Yes
or no.
(b) If "yes", will you briefly describe these pro-

cedures or give a reflerence to them?

The sixth question of this section will be discussed
separately in the following section because of its unusual
nature and analysis.

Equipment replacement practice has been in many lnstances
guided by "rules of thumb" (17, 51). Perhaps the crudest of
these rules of thumb has been the "replace when sctually and
finally worn out" rule. This rule has led pl&nts to retain
obsolescent equipment thereby sacrifleing savings that might
be made with newer, more eofficient equipment. When asked in
Question No. 1 of this section, Table 11, if consideration
was ever given to replacing equipment before it was worn out,
31.3 per cent answered no. A survey (26) made six years ago
on a nation-wide basis found 13.0 per cent answered no to the
same question. Thus, it appeared that an appreciable number
of plants do not ﬁisbinguish between physical life and
economic life. Hconomic life may be defined as the period of
time over which a machine has equal or smaller total cost of
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Table 11

Equipment Replacement Practlices of Respondents
?Qﬁaation Nos. 1, 2, 3)

Question® m— 7 T F
| 1- 25~ 50« 100~ 250~ OQver sizes
2h, b9 99 29 U499 W99

l. Ever replace before

worn oub ,
Yes 10 16 22 2L 12 i ¥18 98
No 7 8 10 1 3 5 3k
2. ?aimaff period
yr. Or less = - 1 - - 1 2
2 years - - 3 1 g 1 10
3 years 1 - 7 2 2 2 U
. years - 2 - 1 - 1l %
> years - 2 - 1l - 2
Actual 1ife - - - 1 - - 1
Variable - - - - 1 3 . L
No poliey 16 19 21 17 7 9 89
No response 3 1 1l 3 - - 8
3+ More important ;
Secure capital 3 8 2 1 1l 19
Expected saving
1& 19 23 22 il 18 109
No response ‘ 1 2 2 - - 9

= , , .
Only Questlion No. and key identifying words given. See
Ps 62 for complete guestions. '
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operation than any other machine which might be used as a
replacement. Malntensnce costs have generally increased with
age. ‘Tha progress of the arts and sclences have been
apparent. Both maintenance and progress have tended to make
a machine more expensive to operate as the machine became
older. Hence, economic life has usually been shorter than
physical life. A significant difference between slze groups
exlsteds. Larger companies were more willing to conslder
replacement prior to the end of physical life.

Another rule of thumb that has enjoyed wlde acceptance
has been the "pay~off period” rule (51), This rule is
applied by determining the saving due to a proposed replace-
ment over an existing machine. The Installed cost of the
proposed machine is dlvided by the saving. The quoblent has
the dimension of time; years if annmusl saving 1s used. A
maximum acceptable value 1s given to this quotient, the "pay-
off period", usually by arbitrary decision. If the calcu~
lated pay~off periocd exceeds the chosen value, the proposed
replacement 1s re jected. The method proper has not been
eriticized so much as the adopted maximum value for the pay-
off periods. Pay-off periods of one, two, or three years have
been common {51) even though foresseable economic life may be
many ﬁimga longer. An adoptlon of a short pay~off periocd has
been interpreted as a "safety factor", i,e., the replacement

will pay for itsell quickly. An even shorter pay~off period
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has been thought by some to provide more "safety" in the
replacement decision. Carried to the extreme, this rule of
thumb has not allowed replacement untll the old machine was
inoperative. The reasoning behind the "safety factor"
approach was fallacious as it often caused the retentlon of
an uneconomic machine. If all costs of operating the equip-
ment were properly considered and if cepital was available,
the retention of an 0ld machine with a higher operating cost
eéuld‘wnly reduce the net income. The cost of "safety” has
been unreasonably high in a large percentage of cases (17,
51)s GQuestion No. 2 asked what pay-off periocd was used. On
a population basis, 69.0 per cent said no fixed policy was
useds The investigator felt that this response was a con-
venlent "out" to a possible embarrassing guestion. This
response of ™o policey"™ should not have been included on the
gquestlionnaire. Of those who did respond positively the dis
tribution was that 5.0 per cent used one year, 25 per cent
used two years, 35 por cent used three years, 10 per cent
used four years, 1l2.5 per cent used five years, and 12.5 per
cent used a variable period not over five years. The
average pay~off period was 3.0 years. One survey on a
nation-wide basis showed a very similar distribution and an
average pay-off perliod of 2.7 years (35). Another survey on
a nation-wide basis showed an average pay-off period of 3.3

years (26). Thus, Iowa had essentially similar practice
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compared to the nation as no significant difference existed.
Data were insufficlent to detect the effect of size group on
pay-off period polley.

In replacement economy studies a new machine challenges
an existing machine on the basis of estimated btotal costs of
operation of each. If the new machine shows a lower cost of
operation, the replacement should occcur. However, the new
machine will entall an immediate outlay of capital for the
purchase of the new machine. Business does not have unlimited
capital or unlimited ability to borrow. The availabillity of
money becomes a very real problem in replacement declsions.
’Han@e, replacement may not oceur even though the new machine
has an egonomic superlority. OQuestion No. 3 asked respondents
to state whether securing capital was more important to the
replacement declision than anticipation of savings. BSecuring
capital was more important to 1.8 per cent of the plants.
Hence, a larger proportion of the plants, 85.2 per cent,
implied they could probably secure capltal to purchase equip~
ment that would show fubure savings. This is an im@lisation,‘
but it tends to indicate that the replacement economy study
is important because 1t shows the future savings. A signifi-
cant difference existed between size groups with the larger
companies Indicating less consideration for securing capital,

No comparativé data were found on this subject.
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Engineering economy studies compare the alternatives
over a future period. As the future is not known with cer-
tainty, estimates of future costs, sales, and business eon@
‘dihiona,arn necessary. Question No. lj, Table 12, inquired
how far into the future these estimates were made for purpose
of replacement decisions. A period of less than two years
was used by 27.0 per cent of the plants, a perlod of two to
five years was used by 48.3 per cent of the plants, and a
period of over five years was used by‘E&.Y per cent of the
plants. The average could not be stated unless an assump-
tion was made as to the distribution of rasp@nsaa,within the
three groups. The average was in the ordar of magnitude of
three to four years. A significant difference existed
between size groups on tha periad of estim&timn; Smallex
aize\planﬁa used the shortest perlod of estimation to a
greater extent than larger sized plants. The longest period
of estimatlon was used to about the same extent by all sizes
of plants except size D which had a higher proportion of
plants that used the longest period of estimation. A nation-
wide survey in 1953 (35) asked an almost identical question
and found 37 per cent used less than two years, L7 per cent
used two to five years, and 16 per cent used over five years,
The survey juab‘eitad was heavily welghted toward large com~
panles, Iowa practlice about the period of estimation did not

differ markedly, although the comparison was not made on
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Table 12

Equipment Replacement Practlices of Respondents
{Question Nos. L and 5)

aiza;G?muﬁu no. of employees e TOTEL,

Question® 8

1. 25«  50= 100~ zSow‘ Over sizes
2 49 99 249 499 499

he Estimate future

gconditions
e 8 9 L1 4 3
2 yra. ,
2toS5yrs. 4 11 16 9 10 11 b1
Over 5 yra. L L (3 10 3 L 31
No response L - 3 3 1 - 11
5{a) Use replace-
ment formulas
Yes - - 1 - 1 3
¥o 16 23 30 25 1L 16 12
No response I 1 2 1 - -
S{b) PFormula used
Private - - - - 1 2 3
Salesman - - 1 - - - 1
No response = - - - - 1

aanly Question No. &nﬁlkay ldentifying words given. See
pe 62 for complete questions.
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exactly gimilar samples.

Writers in the fleld of engineering economy have deplored
the reputed practice of using formulas to asslst in replace-
ment daaisimns {17, 51). Other writers, however, have continued
to develop and publish such formulas (38, 39, S5l). Question
No. 5{a) asked the respondents if they used any formulas to
agaist in meking replacement decisions. As 96.1 per cent of
the plants did not use formulas, the practice was negligible
in Iowa. Four of the five plants that did use a formulas were
in the two largest size groups. Three of these four submitted
a sample of their formula which was found to be a detalled
set of Instructions prepared by the company for its own use.
The formula prepared under the auspices of the Machinery and
Allied Products Institute (51) has been widely publicized
{15, 31, 43). Not one instance of its usage was reported in
this investigation. |

Hypothetical Problem on Egquipment Replacement

The last questlon of the section on Equipment Replace-
ment Practice is discussed separately because of its unique
nature and scope. The question was a hypothetical, though
typical, problem about equipment replacement. Actual number
data were glven and the respondent was asked to submit his
solution with all computations shown. It was hoped that the
problem would be the equivalent of several individual
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Floor space requirements, power costs, taxes, and
insurance costas are not axpeatad‘ta change 1f the new machine
is purchased,

Maeny different solutions to this problem were expected

and found., Before describing and summarizing these soclutions,
a recommended solubtion will be shown in complete detall.
This recommended solution i1s bssed on the investigatorts
judgment of what represents current best practice. The method
of solution is described at length by Grant (17).

Recommended Problem Solution. All costs are reduced to

annual basis.

Item Present Machine Proposed Machine
Depreciation 400 - 100 _ - 5 2100 = 100 _ 00

{8traight line basis on
present market value and

expected useful life)

In:::a::araga invest= * % § ? é?'l; 2 iégé?g??{ggililo
ment at 10% rate)

Labor Costs | 2700, 2000,

Malntenance Costs 150, 100,

Total | $2925. $21,10.
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Difference in annual costs in favor of
Proposed Machine = §$515.
The Proposed Machine should be installed.

Pay-off Period =

Proposed Machine will repay its cost without
interest in 2.8 years.

There are gseveral places in this solution that bear
explanation. Mirst, depreciation on the present machine is
dét@mminaé on its present market value of {§00., not on its
straight line depreciated book value of $700. Many analysts
add the difference of $300., to the cost of the proposed
machine. The new machine should not be expected to carry
this sccounting difference which hes no relation to its
economy. Second, the $I00. that could be received if the old
machine was sold is not deducted from the new cost of the
proposed machine. The $00. could be put in government bonds,
for example, without affecting the relative economy. Third,
an annual interest charge is made ageinst each machine on the
average amount invested. This interest is synonymous with
return on the investmént. The average investment, if stralight
line depreciation 1s assumed, is one-half the new cost less
salvage value. This 1a due to the fact that funds laid aside
through depreciation are free to be used elsewhere in the

business. The interest charge against the machine is based
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on the assumption that each component part of the whole
business should earn its proportionate share. The average
investment as one-half the new aost iz a simplification of
the method (17) that replaces one~half by ‘n~*:1. where n
is the useful life in years. As iﬁﬁ§§§l approaches one~half
as n increases, and as the factor ls ﬁa&ed on the assumption
that depreciation is written off only once sach year, this
factor 1s little more defensible than one~half. Fourth, 1t
was necessary to assumé & desired rate of rebturn. A rate of
10 per cent was used because corporation taxes would lower
the realized rate %o the range of 5 to 7 per ecent. The rate
used In engineering economy studies should be about equal to
the rate of return of the particular company. The choice
could vary from company to company. Fifth, the pay-off
period was calculated by é@nsiﬁaring only the savings in
laebor and maintenance costs. The cost of the capital and
its recovery was omltted as is often, though not ideally,
done.

Another method sometimes used is to assume & pay-off
perlod, say three years. The economy study is then made
using three years as the expected 1life., If the proposed
machine has lower total cost, it is saild ta’pay off and would
be selected. A4s previously discussed, the arbitrary cholce
of too short a pay-off period may postpone investments that

other methods would indicate to be economically correct.
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Tables 13 and 1lli summarize the results and an&lyéis of
the hypothetical problem. Although a solutlon was time con-
suming, 81.2 per cent of those who returned the questionnaire
also submitted a solution to the problem. Of this group 51.2
per cent detailed their solution and 48.8 per cent merely
answered yes or no as to whether they would choose the pro=-
posed machines Of those who dataile&<ﬁhair solution 73.k4 per
eent chose the proposed machine. Of those who did not detail
their solution T70.3 per cent chose the provosed machine. No
significant difference exlsted between these two groups. The
possibillity that one group made the calaulgﬁiana mentally or
elsewhere on paper bnt‘nmt on the returned questlonnaire may
be one explanation of tﬁia'elasa agreement. Furthermore, no
significant difference existed between size groups when only
those who did not detall were considered. However, the group
that did detall thelr solutlon exhibited a significant dif-
ference betﬁaan size groups. This significant difference was
due prineipally to size group F, over 500 wmpléyeéa. Although
the data are meager, only 25 per cent in this size group chose
the new machine when the solutions were detailed. The pro-
portion who chose the proposed machine in this group was sig-
nificantly different from all other groups. The rather low
percentage of these large companies who chose the proposed
machine indlcated a reluctance or conservatism not altogether

surprising to this invaétigahar. Large companies with
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Table 13

Analysis of Hypothetleal Problem
{Detalled and undetailed responses)

Item of Analysis ~——p=g . % -
1« 25« 50~ 100« 250~ Over sizes
2k 4 99 29 499 99

No. responding 12 20 29 21 13 16 111
No. showing ocale. g‘ 8 17 11 9 8
No. omitting calc. 12 12 10 L 8 54

Of those who omltted calc.
No. who chose
proposed machine L 10 7 9 2 6 38
Ne. who refused

proposed machine I 2 5 1l 2 2 16
0f those who showed caloc.

Ro. who chose

proposed machine 3 L 10 9 8 36

No, who refused '

proposed machine 1 1 3 1l 6 13

No. who gave not

pertinent answers ~- 3 - Iy 1 - 8
Of all pertinent responses

No. who chose , 1 1g 18 10 8 Th

3 2 3 8 29

No. who refused 5
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Table 1l

Analysis of Hypothetlcal Problem
(49 Plants that gave detailed solutions)

Size Group, no., Of employees Total
Item — &k B e ! , ' all
1w 25= 50~ 100~ 250« Over sizes
2l 49 99 29 L99 499
Plus score on test
questions®
; L - ‘ - L. L - 1 1
2 1 1 5 2 1l 2 12
3 2 “h 3 3 3 3 15
R 1 3 3 3 1 1 12
5 - 1 2 2 3 1 9
Average plus ‘
' seore 3.0 3&8 3.1 305 3.7 29 3.3
No, using pay-off
period of 2 or
less years 1 1 1 2 Iy 5 1l
Dlaawap&nay of calw
culated pay-off
perlod with stated
pay=off period 1 - - - - 3 L
No. who improperly
handled sunk cost
In present
machine L 5 13 10 8 8 48

BSee Pe 71 for test questions.
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possibly more checks and balanaas in thelr organizabtion may
move slowly, because a decision not to replace now is in
reality a decision to postpone the replacement. Do companies
become conservative when they grow large, or do they grow
large because they are conservative? This question could not
be answered by thils investigation, but might well be a sub-
jeet for future investigablon.

Those respondents who detailed thelr problem solution
provided information for further analysis. To rate each
solution on a relative scale, the investigator set up elight
| test questions to be applied to each solution. Hach test
guestion covered one appropriate step in a replacement
economy study and was phrased so bthat an affirmative answer
indicated inclusion of the step. The questions were as
follows.

l. Has the cost of the machine been included in some

manner so that it is recovered over the life of
the machine, or some period shorter than life? This
is usually handled as depreciation.

2« Has an Interest charge, i.e., return on the invest-

ment, been included in the solution?

3. Have the costs of lebor and maintenance been

included in the solution?

lie Has the dirfaraﬁca between actual present value and

caleulated book value of the present machine been
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regarded as a sunk cost not influencing the economy
of the new machine?

5. Has the actual present value of the present machine
not been deducted from the cost of the proposed
machine?

6. After analysis, has the more economical machine been

| chosen?

7. If a pay-off period was calculated, was the pay-off
period chosen reasonable? (A period of lesa than
three years was adopted by this investigator as
unreasonable.)

8. Has the solution been given in the concise and easy
to follow manner expected of a competent engineer?

In rating each problem solution a plus was given for

each affirmative answer to a test question. Thus, a maximum
plus score of eight could be attained. As Question 7 in the
1ist was not necessary to a complebte solution, a score of
4;avan would be considered satisfactory. No solution rated as
high as six with 18.3 per cent rated at five, 24.5 per cent
rated at four, 30,7 per cent rated as three, 2.5 per cent
rated two, and 2.0 per cent rated at one. The average plus
geore was 3.3. No significaent difference exlsted between
size groups with régard to plus score. No comparison of this
rating of lowa practice could be made because of the unique

method of rating.
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More dats on the pay-off period were avallable after
this analysis. In the direct queation previously reported,
30.0 per cent stated a pay-off period of two years or less
was used, and in the y&ublam solution 28.5 per cent actually
used a pay-off period of two years or less. Once agaln the
large companies, slze group F, used a shorter pay-off period
in ealculations than they had stated in answer to the direet
question.

Sunk cost has been defined (17) as a previously incurred
expense that is irrelevant to an economy study whlch deals
with only the future. The problem used in this investigation
provides en example. If the present machine is deprecilated
by the straight line method, its book value would be {T700.
after four years. At this same date its market value 1s
stated to be $400. The difference, $300., 18 not relevant to
the economy of the proposed machine which depends only upon
the proposed machine's price and operating characteristics.
However, many analysts add the $300.00 to the cost of the
proposed machine. This procedure makes the proposed machine
bear changes in estimates of value from the time the present
machine was installed to the present time. The book value of
$700.00 is academlic in a sense because it is based on an
arbitrery depreciation assumption. Hence, the $300.00 dif-
ference 1is also academic and 1s an accounting figure, some-

times unfortunately called "loss on sale". Pubture profits of
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the business will be greater if the more economiec machine is
chosen regardless of the book difference of §300.00. Previous
investigators (17, 51) have observed the reluctance of
analysts to recognize that sunk costs are really sunk. Past
errors of estimation or poor judgment should not be carried
into decisions for the future.

This investigation confirmed the previous observationa
regarding sunk cost., All but one of the 9 respondents who
detsiled their problem solution handled the sunk cost of the
present machine improperly. The practice of Iowa industry
was consistent on sunk cost, but not in agreement with

recommended practice.

Rating of Questionnalire by Respondents

Investigations of this type have been 0 rare that
little puldance was avallable from experience. Respondents
in this Investlgation were gilven an opportunity to offer
eriticism of the questilonnaire and the investigation. A
queatieﬁ was appended on the last page of the questionnaire
for the eriticlsms. The question was as follows:

If you have been unable to respond to any of the ques-
tions, we will appreciate your response to this one queatidn
and the reburn of the questionnaires

{a) Response was not possible because some of the
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questions did not fit our company. Which ones speclifically?

{b) Response was not possible because some of the

questlons were not phrased so that they were understood.
Which ones?

| {c) Response was not possible because some of the
qu@aﬁions would divulge information considered confidential.
Which ones?

(d) Any other reason for no responses?

Of the 138 who submitted usable gquestionnaires, 16
marked this gquestion in some manner. Three companies, all in
slze group A, sald nané of the questlons it their company
because they were btoo small. The remaining 13 singled out
one or two questions for eriticlsm. Question Nos. C-7 and
=8 which pertained to depreciation for income tax purposes
wore the only questions consistently critieized. Only one
respondent sald he could not answer some questions becsause he
did not understand the questions.

As the criticlisms of the questiomnaire were relatively
slight, the investigator was encouraged to bellieve the
questionnaire design was satisfactory and that the investi-
gation was cordially received by the respondents. It was

obviously not so cordially received by the non-respondents.
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FINDINGS

The primary purpose of this investigation was to secure
basic data abmﬁt engineering economy aﬁd relaﬁed practices in
Iowa. As these practlces were to be related to the size ofl
the plant where possible, data on size and form of organiza-
tion were alse secured. The investigatlion, therefore, was
deseriptive in nature rather than interpretive. For this
reagon the sectlon has been given the title "Pindings® rather
than "Conclusions". Interpretations and conclusions were
drawn in some instances but were not the primary reason for
the research.

Listed bélaw are the findings of this investigation
which the author felt were worthy of 1&@1&319&&3 Certain of
the attributes reported were related to the size of the plant,
The relationshlp was tested by the proper statistical techni-
que using the 5 per cent level of significances Where the
relationship was significant, it was so ldentified. Exact
paraéntagas reported in the Discussion of Results have been
stated ag the closest simple fraction. The findings were as
follows:

l. Response to the questionnaire was significantly
related to the slze of the plant. As the size of the plant

inereased, the proportion of responses to number sampled



8L

i{ncreased,

2, Evidence was found to indicate that the non-respondent
portion of the sample would give essentially the same answers
as the respondent portion of the sample., Therefore, the
uncertainty due to some questionnaires not belng returned was
reduced. |

3. The organization of Iowa plants into corporations,
partnerships, or sole propristorships waes essentlally in the
same proportion as the United States taken as a whole,

is VWhere a plant was a branch of a larger, multi-plant
company, only one~eiphth of such plants were allowed any
local volce in wawuawma regarding englneering economy.

5. The average number of employees in an Iows manufacw
turing plant was 91. The estimate of the total number of
employees engsged in manufacturing in Iowa wes 195,500 %
15,500 (the 95 per cent confidence interval).

6. The distribution of the number of plants in each of
the slx size groups was essentially the same as that of the
United 3tates taken as a whole.

7+« Iows had approximately two billion dollars invested
in manufacturing plants,

8. Appraisals, when made, were @%maoéaﬁmwwww for the
purpose of insurance valuation. Appralsals were significantly
related to the slze of the plant. More large plants had made
appraisals than small plants.
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9, The average appralsal gave a valuation that varied
20 per cent from total assebs as shown on the balance sheet
for a particular plant, -

10, VNearly hslf the plants caleulated depreciation for
only one reason, namely, income tax deductions. Larger plants
were significantly different from smaller plants, as the
larger plants listed several other reasons for determining
depreciation,

1l. Slightly over half the plants used life values from
Bullaﬁiﬁ P, U, 8, Treasury Deparitment, solely. This practice
was significantly related to the size of the plant. Larger
plants used Bulletin F to a lesser extent than smaller plants.

12. Over f&ur~r1rtha of the plants used stralight line
ﬁepraeiabion exclusively.

13. An increase in the use of dealining balance depre~-
clation, particularly by smaller plants, was found by come
parison with data reported 15 years ago.

1, About one~third of the plants calculated deprecia~
tion separately for each individual item. About one=-third
grouped similar items of property together wherever possible
and calculated depreclation for the group. The remaining one-
third combined the individual method and the group method
according to the poliey of the particular plant,

15 Nearly one-half the plants stated that the values of
useful life given in Bulletin F, U, S, Treasury Department,
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were satisfactory or too short. This finding was contrary to
much published opinion. A significant difference between the
various sized plants was found. As the size of plant
increased, the satisfaction with the values of useful life in
Bulletin F decreased.

16, Almost three-fourths of the plants favored & pro-
posed ruling by the U, S. Treasury Department that would
allow the plants to galculate depreciation for income tax
purposes with a useful life of their own ehposing and shorter
than those given in Bulletin F.

17. Almost one-third of the plants would not consider
replacement of equipment that was not worn out . A slgnifi-
cant difference between the various sized plants was found.
‘As the size of plant increased, the willingness to consider
r&plaﬁamant’in&raaaa&,

18. The average pay-off period among those who use it
as & oriterlon for signeling replacement was 3.0 years. This
average for Iowa did not differ significantly from two
reported U. S. averages of 2.7 years and 3.3 years. Over
four-fifths of the plants stated they had no policy on the
length of the pay-off period.

| 19. Securing capital to finance economlic replacements
was a more important problem to one-eighth of the plants than
showing the economy of the replacement. A significant dif-

Terence was found between the various sized plants. As the
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size of the plant increased, the problem of securing capital
deaw@aaed in Importance.

20, Plants in Iowa attempted to estimate conditlons
affecting an engineering economy study three to four years
into the future. A significant difference between various
sized groups was found. As the size of plant increased,
estimates of conditions were attempted farther inte the
future.

21, Formulas for determining replacement decisions were
used by less than one-twenty fifth of the plants, Where for-
muilas were used, they were an analysis form developed by the
plant for 1ts own use.

22. The hypothetical problem ylelded information equi~-
valent to several direct questions. The problem technique
with further development could be a useful davice in studies
of this nature. Some findings from the problem were as
follows.

e Actual calculations were observed to be widely
variable.

b. Rated against an arbitrary scale of good pracw
tice, the quality of problem solutions was not
related to sigze of plant.

G For the specific data of the problem almost
three~-fourths of the respondents chose to
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replace the present machine with the proposed
machine. The problem data were chosen so thab
& replacement was definitely indicated.

d. BSome evidence was found that the largest sized
plants were more conservative about replacement
decisions than all other sized plants.

8+ Sank costs were improperly handled or not con-
sldered at all by every respondent who showed
caleulations except one.

The objectives of thils investigation as stated in the
Introduction were or are being attained. Considerable basic
data of descriptive nature on enginesring economy and
related practices in Iowa have been found and reported. These
data were never before avallable. Iowa practice has been
compared, when possible, with reported practice for the
United States on the whole. The pr&atiaaa have been
interpreted in some instances by comparison with conventional
or suggested practices. The report of the investigation to
the respondents 1s being prepared for distribution not later
than August of 195,
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TOWA STATE COLLEGH
GENERAT, ENGINEERING DEPARTMENT

Survey of certain Business and Engineering Practices
in Towa Manufscturing Industry

This study is being conducted by asking'a representative group of
Towa's some 4000 manufacturing plants the following group of questions.
Your responses are, of course, confidential. The primary objectives of the
study are: 1) to secure objective information in the subject area of this
questionnaire, and 2) to make such information available with the sincere
hope that helpful ideas will be suggested.

There may be questions here that do not seem to fit your company.
The more of the questions that you can answer, the more valuable will be
-the final results. If you can not respond to & particular question, please
do not feel that you should omit the others.

Please underline, check, or complete the blanks where necessary.

A. GENERAL INFORMATION

1. Name of Company

2. Address of this Plant
(This location only if a branch)

3. Name of person to whom correspondence ahout this study may be sent.

L, Brief description of products mepufactured (only those actually made)

5. Average no. of employees during past year.
(this location only if a branch)

6. Is the company organized as a:
(a) __ Corporation or stock company
(b) ___ Partnership ‘ ‘
(¢c) __ Sole proprietorship ( a single owner ) ?

7. (Note: This question concerns only thoge companies that operate &a

plant in more than one location. It is suggested that parts B, C, and

D bex completed before checking this one question).

() __ The policies in parts B, ¢, and D are generally those of the
company &8 & whole. ’

(b) __ The policies in parts B, ¢, and D apply only to this one
branch of the company. _

(c) ___ The policies in parts B, C, and D are a combination of (a)
and (b) of this question.

(Please see back of this sheet)
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B. ACCOUNTING AND APPRATSAL PRACTICES

1. (&) Do you have a Balance Sheet drawn at least once a year? Yes or no.
(b) If "yes", is it prepared by a professional accountant? Yes or no.

2. (a) Have you ever made or had made for you a detailed appraisal of
‘ your complete company? 7Yes or no.
(b) If "yes", what was the reason for this appraisal? Please describe
briefly

3. If 2(a) is answered "yes", how much variation did the appraisal show
when compared to the Balance Sheet?

(a) less than 5%
(b 5 to 1%
(C)amem15 to 30%
(a) over 30%

4. How often on the average do you physically inventory materials, supplies,
goods in process, and finished goods on hand?, '

5. How often on the average do you inventory machinery, equipment, and
properties? Machinery.—— Equipment Other Properti es

C. DEPRECTATTON PRACTICES

1. (a) Db‘you calculate depreciation for any other reason than Income
Tax deductions? 7Yes or no.
(b) If "yes", for what reasons?

2. (a) Do you use the U.S. Treasury Dept., Bureau of Internal Revenue,
Bulletin "F" as the source for "useful lives" or "depreciation
rates"” regardless of the reason for the depreciation calculation?
Yes or not solely.

(b) If "not solely", what other source of lives or rated do you use?

3. What method of depreciatiofl do you use? Check the one or ones.
(a) Straight line
(b) Unit of Production..
(¢) Declining Balance
(d) Sinking Fund eeeee
(e) Other (please name)

4. Do you calculate depreciation on
(a) the Original Cost of the item to you, or
(p) on some other Basis of Cost (please explain briefly)

5. What is the basis upon which depreciation is calculated?
(a) Purchase price of equipment alone
(b) Purchase price of equipment plus installation
(c) Purchase price of equipment plus instellation plus overhead charge

6. Do you in calculating depreciation
(a) Group similar items together
(b) Figure each item separately or
(c) Use a combination of these two methods
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For your particular business do you feel that the useful lives given
in Bulletin "F" are on the average

(a) about correct

(v) too long

(¢) too short?

Would you favor an income tax ruling that allows you to use values of
useful life that are less than "true 1ife" (true life may be thought
of here as being that period of time that actual experience shows the
equipment will be used)? Yes or no.

D. EQUIPMENT REPLACEMENT PRACTICES

l.

2.

Will you ever seriously consider replacing a machine that is not worn
out and still capable of doing its job? TYes or no.

Do you have a general policy as to tha "pay-off period” for new
equipment (pay-off period 1s defined as the number of years necessary
for the savings realized by the use of the new machine to egual the
cost of the new machine)?

(a) 1. year or less

(p) 2 years

(e) 3 years

(d) How many years ____

(e) No policy.

In decisions regarding machinery replacement which of these two factors
is the more apt to determine the decision to replace or not:
(a) securing the necessary capital
(b) consideration of the savings (or extra profit) to
be expected?
Note: It is understood that both factors are important

In decisions regarding replacement of machines (or expansion of
capacity) how far in most instances do you attempt to estimate
Puture conditions affecting your business?

(a) Jess than 2 years

(v) 2 to 5 years

(c) over 5 years.

(a) Do you use any formulas or standardized procedures (such as
those of the Machinery and Allied Products Institute) to assist
in machinery replacement problems? 7Yes or no.

(b) If "yes", will you briefly describe these procedures or give
g reference to them?

The following situation, while purely hypothetical, might be a typical
problem facing your company on the subject of equipment replacement.
Actusl data are given on the back of this sheet and space is provided
for celculations and a solution thaet you make. There is no "qne way”"
that is absolutely correct, so much latitude in the solutions is
expected. The problem statement is: PFor the data given, would you
replace the present machine with the proposed machine?

(Please see back of sheet)




Present Machine Proposed Machine

Physical condition ‘ Good New

Cepacity Adequate Seme as present
Cost new, installed $1100. $2100.
Estimated salvage when retired $ 100. $ 100.
Expected useful life when new 10 yrs. 10 yrse.
Present age , .k yrs. -
Present value on 2nd hand market $400. -
Estimated annual labor cogt

incl. Soc. Sec., pensions, etc, $2700. $2000.
Estimated annual maintenance $ 150, $ 100.

Floor space requirements, power costs, taxes, and insurence costg are
not expected to change if the new maschine is purchased.

IMPORTANT: Tf you have completed the questionnaire, please refer back
to questlon No. 7 on page 1.

If you have been unsble to resgpond to any of the questions,
we will appreclate your response to this one question and the return of
the questionnaire:

(a) Response was not possible because some of the questions did
not fit our company. Which ones specificelly?.. .
() Regponse was not possible because some of the questions were
not phrased so that they were understood. Which ones?
(¢)e— . Response was not possible because some of the questions would
divulge information considered confidential. Which ones?
(a) Any other reason for no responses?
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[OWA STATE COLLEGE

OF AGRICULTURE AND MECHANIC ARTS
AMES TOWA .

August 17, 1953

DEPARTMENT OF GENERAL ENGINEERING

Dear Towa Manufacturer:

As & research project of the General Engineering Department
of Towa State College which has ag its purpose service to Iowa
industry, we are doing a study on certain current business and
engineering practices among various Iowa manufacturers. This
letter will gerve only to introduce the project to you. Later
you will be asked to answer a few questions on certain of your
business and engineering practices by mailed questionnaire,
Personal interview, or both.

Your company has been selected asg one of the representative
manufacturing firme in Towa. It is our intention to group in-
formation obtained from all firms so that a correct ides of
current practices may be obtained permitting you to compare
your firm with the group. With msny companies of all sizes and
types pooling this information through & common clearing-house,
it will be possible to suggest new ideas or revigions of current
busginess and engineering practices. Fach company that partici-
Pates will receive the completed report as soon as it is finish-
ed. Any information you provide will be held in the strictest
confidence.

The usefulness of the results depends primsrily upon the
cooperation of all the companies selected. About ons hour of
time by someone in your company who is acquainted with your
policies and practices will be necessary to complete the ques-
tionnaire. You will receive it in about two weeks. May we
urgently request your cooperation?

Sincerely yours,

J. P. Mills
Asgigtant Profegsor

JPM :drs
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OF AGRICULTURE AND MECHANIC ARTS
AMES, IOWA

DEPARTMENT OF GENERAL ENGINEERING Augu.st 29, 1953

Dear Towa Manufacturer:

On August 17, 1953 we wrote to you about our study of certain
business and engineering practices of Iowa manufacturing industry
and adviged you of our gelection of your company as a representative
Towa manufacturing firm. Enclosed with this letter you will find
the actual questionnaire. It inquires into Accounting and certain
Engineering topics including Appraisal, Depreciation, and Equipment
Replacement. We will appreciate your placing the questionnaire in
the hands of the person or persons best qualified to complete it.

As we mentioned in our previovs letter, the success of this
study will depend on your responses. We have already had indicatlons
of enthusiasm from numerous ITowa firms. Your cooperation in returning
the questionnaire will, indeed, be appreciated and will give us the
information that may be summarized and reported to you.

Strictest confidence will be maintained, Responses to particular
questions will be summarized in the form, "72 out of 168 answered
Yes to No. 2". Thus,.it will not be possible to identify your
individual answers. Your company’se name appears on the questionnaire
80 that we may send the summary to you when it is compiled.

This study is intended to be of service to Iowa manufacturing
industry. On this basis we appeal for your participation. We take
this opportunity, also, to thank you in advance for your cooperation.
We hope to begin our tabulation of information on September 15.

Sincerely yours,

J. P. Mills
Agsigtant Professor

JPM:drs
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OF AGRICULTURE AND MECHANIC ARTS
AMES, IOWA

DEPARTMENT OF GENERAL ENGINEERING November 20, 1953

Concerning: Towsa State College business survey
Dear Sir:

During August of thisg year, we wrote you introducing a research study
on buginess and engineering practices of Towa companies. We then sent a
guestionnaire to you hoping that you would respond to the questions and return
it. To this date we have not received your reply.

We want this survey to be falr, especially to the smaller companies of
Iowe. As & matter of fact, one~third of the guestlonnaires were sent to
randomly selected companies listed by the Iowa Development Commission as
having less than 25 employees. There are spproximately 3,000 such companies
in our state, so you can appreciate what an important segment of Towa manu-
facturing industry these companies represent. Resgponses from this group,
of which you are ong, are as highly prized as any others.

Perhgps you felt in reading our originsl letters thet this study was
not for you. May we assure you that it most definitely is. If some of the
dquestions do not geem sppropriaste, omit them, but please consider and answer
thoge that you can. To reiterate, our primary objective in this study is
service to Iowa industry, if we can possibly give service through the results
of the study.

We are taking the liberty of enclosing a duplicate copy of the questions
naire should the original be misplaced. We wish to thank you for your time
and consideration and we hope for your reply in the near future.

Sincerely,
j . F 077008,

JPM: Jjre J. P. Mills
Enclosure Aggistant Professor
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OF AGRICULTURE AND MECHANIC ARTS
AMES, IOWA

DEPARTMENT OF GENERAL ENGINEERING November 20, 1953

Concerning: Towe State College bupiness survey
Dear Sir:

During August of this year, we wrote you introducing a research study
on business and engineering practices of Iowa companies. We then sent &
guestionnaire to you hoping you would respond and return it. To thisg date
we have not received your reply. .

, If our study is to give a true picture; we nesedcinformation from &
high percentage of the representative group of which you are one. The
responses to date have been encouraging, but with more responses we could
expect greater religbility of the results. You may remember that our
objective wag to provide & service to Tows manufacturing industry, but the
necessary data mugt come from you, its only source.

To thie end, we are taking the liberty of sending you a duplicate copy
of the gquestionnaire, shouaﬁkthe original be miplaid. The answers will be
held completely confidential, and your response will be most highly prized.
Mey we suggest that your Accountant or Cost Engineer or the pergon closest
to these functions is perhaps the person bept qualified to complete the
questionnaire. z . O

We wish to thank you fof your time and consideration and we hope for
your reply in the near future.

Sincerely,

JPM:jre Jd. P. Mills
Enclogure Agpiatant Professor
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General Manager
Hame of Company
That tom, Jowa

Desay 8ir:

Tate in August I .aﬂag you gga%ag & swrvey of Business and
Engineering practices b conducted through the General Engineering
Department of Iowa mﬁ# aeﬁ.% A gquestionnaire followed this introduction,
My records show that to date no response has been received from your company.

You can appreciate that if the results of our survey are to be as correct
as possible, we must have completed returns from the compenies included in the
gurvey. In order to sccomplish this coverage, I have selected from the group
that did not respond a smaller group to actually interview, This is the pur~
pose of my writing to you at this time,

If you are irteresied in cooperating with us on the completion of the sur-
vey, I would appreciate your response to this letter, which is asking you to do
one of two things. Complete the enclosed questiomnszire, which is s duplicate
of the one your company received before and return it 1o me by mail, o« permit
me to come to your plant mnd sssist in completing the questiomnmire. If you
prefer the personal interview, I would like to know the name of the person
within yow company whom I should contact upon arrivel, Pessible times of ny
srrival would be Menday, Des. 73 Menday, Deec. 1l Tussday, Dec. 155 ar Friday,
Dec. 18. As my travel will likely cover owr state from east to west and from
noxth to south, it would be difficult fur me to specify a particular day that
I might arrive at yowr plant, This is, of ¢ourse, contingent upon the condi-
tdon of the highways which is certeinly unpredictable at this time of year.

You will remember from my previous letters that the primary purpose of
this survey is t0 be of service to industry in the state of Iowa, We really
need your cooperation to muke the survey as effective as possible. Replies
are completely confidential. If for any reason, however, you do not feel that
you can supply this infermation, such decision will have no bearing upon any
other relationships with the college. The college desires to be of service
t0 you whensver possible.

I an looking forward to your response to this letter, mnd sincerely
sppreciste yow consideratien. ,

Cardially yours,

| de Pe Mills
TP e Assistant Professor

Enclosure
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