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ABSTRACT

The main obJjective fof this study was to. deterinine if the produc-
tion effectiveness '. of a manufactu:ri',ng cla_rganization is infiuén'ced by
demand and/or capital spéndi_ng. With 'r.e.ga.rﬂd‘_,; to tH‘e'.bv'erail oh.jﬂe.ctive
this investigation examined the possibility o_i'ff an organization eX-
Periencing differc;nt degrees of production -'effé:Ctiveness 1n conjunction
with th,.ef demand pattern it faces. Also the study sought a means of
relating differing rates of progress through the capital spending -
pattern. The power law form:ef the manufaeturing:progress- funetien
was the device utilized to -mé as ure the organization's productiqn ef-
fectiveness. Basic‘ally:,. the ‘app-r';a-ch taken was qualitative in the
sense that the demand patterns and capital spending patterns wgre
pPlotted and examined for general characteristics. The determination

of these general characteristics &id not” employ. statistical analysis

or-modelding techniques.

The findings of this investigation were based on producti on data
concerning five high technology products menufactired by the- Western
Electric Company, Incorporated. The results indi cat e the existence
of regional progress fun c-ti ons which infer that a manufacturing or-
- ganization undergoes ch'anges in production effectiveness. “.[hesé
changes in effeéctiveness coincide dwith.the changing.characteristies

in demand. In addition » the capital spending programs provided

insight in relating these changes in production effectiveness.




CHAPTER I

INTRODUCTION

Many -of those associgted with problems of industrial manufac-
turing recognize that as time passes and the manufacturing process
continues, the prbduct‘icsn: effectiveness of the concerned -o.rganiz'zation
incresases. ThlS --in;ctii"e ased effectiveness is the result of many
dif,ferent influencing factors which may be peculiar to the particular
industry under observation. ﬁowever » there is one problem common
to all :'L*nduSt:;r_;iée;s , how can this inereased effectiveness or progress
be measured? Considerable studies have been undertsken in an effort
to develop a relationship that accurately quantifies progress. One
particularly significant empirical relationship has evoived from
these studies. The relat ion;ship; links cost or labor requirements
and cumulative production .co.uﬁt.-;_ The vast majority of the studies

lative production were conducted in

that point to the cost-cum
the aircraft industry and they formulate the basis for progress

function theory.

Progress functions are also known as learning curves, experience

curves, and improvement curves. This author prefers the term
"progress function" as opposed to the traditional "learning curve."
It 1s the author's considered opinion that learning curve carries

| the connotation of operator leaining. While opersator learniné

does indeed contribute to the reduction of the cost and/or labor

requirements during the production process, it is a formidable
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SR | task to quantify its contribution, in addition to those of
engineering change, managerial innovation, pre-production planning,
methods improvement, and the like. For this reason, progress

function is considered to be & better descriptor of thé entire

At this point, it should be emphasized that the progress

function is not an universal or proven msthematical law. It is an

empirical relationship that Las been applied to various and sundry
1ndustr1es with different degrees of success. Also, the form of
the progress function may vary depending on the influencing
factors being considered.

The author does not wish to give the allusion that the progress
function is the only means of me asuring increased production ef-
complex relationships known as "production functions," which can be

utilized in measuring progress, However o this thesis will address

itself solely to progress functions.

e T ey o - L e s T -
S il st R e S i R
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CHAPTER IT
BACKGROUND

The concepts of the progress function stem from

Dr. T. P. Wright's [32] findings in.his 1936 study of the

" airframe industry. Wright proposed the following model:

‘Y=AXb

The term Y is the cumulative ayerage cost or cumulative average

~

direct labor hours per unit ass ociated with the total output or

‘production ecount ,» X. ' The »de:t;‘ining parameters, A and b , are to be

determined. The parameter, A, is the theoretical first unit cost

or labor requirement, t‘he-re;f@ré , Wwhen X has the value 1, the value .

of Y should be eq_nal to A The adjective "theoretical® is

necessary since the actual incurred first unit cost or lgbor re-

quirement is considered somewhst indeterminsble. The b parsmeter

is negatively signed and it may assume & value between 0 and 1.

With the aforementioned conditions on A and b, 1t becomes apparent
that Y is a decreasing funct ioﬁ of X. If the model was 'pl.otted as
Y versus X on Cartesian coordinates it would have the appearance of
a hyperbolic curve.

- Since Wright's expression assumes s power law form it exhibits

two attractive characteristics:

1. Through the use of logarithmic transformstions the

original formulation beccmes & linear relationship

involving logarithms.
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This characteristic engbles the analyst to plot the

a straight line.
2. TFor each constant percentage increase in the inde-
pendent variable, X,;thereriS a~cbnstantperceﬁtage
decrease (usually‘ not equal) in the d.e;pen‘iden‘t vari-
able, Y.
The actual value of b is not used to describe the rate of progress,
rather,4theicpmplementsOf”thezpercent decrease of cost or labo#
requirements result ing from the two-fold 1ncrease of the cumilative
production count . To illustrate by means of an example, a T5%
progress function implies a 25% reduction in the labor ,x,:eﬂzquirement-;s-
each time the cumulative output is doubled. The rate of progress
is also called the progress index or slope. It should be noted
that the term "s'lo_pe':'?"; carries its conventional methematical meaning
i.e., the first derivative of the function when referring to the
log-log model.
Wright's original model has led to many modifications, one of
the mere commonly used was proposed by J. R. Crawford [9]. Créwford' S
functional relationship also assumes 8 power law form and is givén

by:

Y = A'Xb
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where A' and b are parameters defined in .a fashiori similar to_thos’e
corresponding to Wright's model.
X 1s the total production count,

I' is the labor (cost) requirement of the > unit.

Crawford's curve is often referred to as the unit curve or marginal
cost curve and in general, it is thé more commonly used form of
the manufacturing progress function [23]. Concerning the criteria
for determining whether Wright or Crawford has the more appropriate
~model, Conway and Schultz state:

"Since proponents of neither model are sble to

establish their positions by logic, and empirical

evidence is far from sufficient to establish the

superiority of one alternative, the choice in usage

has been largely a matter of computational conveniencej....

Since in either case the two. curves are parallel for large

quantities of production, the difference is important

only during initial stages of production and hence for many

applications, not crucial [8]."

In comparing Wright's cumulative average curve and Crawford's unit
~curve, it should be noted that Wright's model has ‘the property of
‘smoothing perturbations, especially at the higher levels of pro-
..duction. In contrast, Crawford's model is more sensitive to
varistions in the data.

As previously stated Wright's model assumes a Iine ar reéletion-
ship between the natural logarithms of the labor requirements and
the total production count. This linear hypothesis has been
. - challenged by several factions ineluding . W. CGarr [5];.Boeing
Airplane Company [29], and Stanford Research Institute [29]. Tt

was Carr's contention,that the logarithmic form of the .cumulative

L
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average curve is S-shaped with three dist inc;t seg:nenfs . In
particular, Carr maintaingd that the first segment was concave
downward and it wé.s' the. result of new, unexpei'ienced workers at

the beginning of a program. The other two segments were the conse-
quence of introduciﬁg ‘additional unexperienced crews into the labor
force, g1v1ng the total work: un:ivei?se a non-uniform degree sz‘
learning. The S-curve concept was found to apply only to certain
" models in the girframe industry and is not a generaliz.aticm.qtg be
applied unl'versally

The Boeing Airplane Company developed & modification of the

- manufacturing progress function that has gained widespread appli-
. cation by the ;aerorsidace industry. This modification or the "Boe ing
Hump Curve" as it has come to be known, is similar to Carr's curve
in that it also is concave downward in the early stages of 'pré—
‘duction. The: Boeing Hump Curve doé‘s; not: ih'a;vé; & constant slope
(b value) over the éntire production progrem. It is usually broken
into two se gment S, ?Hoivefifer » “‘baée_d"‘ on Judgementseafpast “program |
performances, it may have as many segments as deemed necessary to
-accurately characterize the Pproduction situation. Each segment
will have its own slope.

Rese archérs at the S’c-.a.nifél‘ﬂ_.-iRe search Institute noted that
sets of airfreame data did not cOmpljr with Wright's classical progress

Punction expression. Rather than use a varisble slope condition

as Carr and Boeing did, the researchers introduced a new variable




whose purpose would be to provide a ,mé_asure of the experience or

carry-over progress st the outset of the manufacturing program. The

Stanford model took the form: -

Y= A(u+ X"

where :

Y = direct mean-hours per unit

s
1

= total production count

- an exponent that describes the asymptote of the .curve

B
i

A

- Pirst unit cost when u is zero

u = a constant number of units thst is determined emplrlcally
The reader should recognize that the b value from Wright's model and
the Stanford group's n value are equavalent. The mu, u , parameter
measures the carry-over progress in terms of a numbe I“i of equivalent
units. This is a constant number and 1t represents the quantity of |
mits a new producer. would have to éQinpl_et'é‘ in order to attain the
competence level of an experienced producer. The Stanford model
has not enjoyed widespread acceptance [17]. ° Hawéver‘,g it -did make -an
effort to consider the transfer of experience. Transfer of experience

is an importent concept in progress function 'a;pplicaticm » in parti-

.cular, it is of great value in considering dual sourcing (simul-
taneous production of the same unit by two different sources ). | o
Prior to the mid 1950's, virtually all of the development and

application of manufacturing progress functions was limited to the

aircraft industry. The"aerospace “industry acquired this "menopoly ™ -

-10-




since the progress function was conceived in the airframe industry
and the United States Air Force expressed an interest in using the
progress function as a production planning and control tool during

World War II. In'sdditiony the Air Fores spersered severalsin-< .

knowledge. ~ .. - !

In the last twenty years industry, in general , has slowly
recognized the value of the progress function. This increased
interest has prompted empirical studies by Andress [ 1], Baloff [ 3],
Billion [ 4], Cochran [ 6], Conway snd Schultz [ 8 ], Hirsch [15],
Hirschmann [16], and Iubell and 'B.e-quet%e [22] to name a few. These
studies have encompassed a wide variety of industries such as:
‘automotive, petroleum, textiles, mu51cal instruments, and electronics.
These studies and others have demcnrs,tratfe;}d that the progress functlon -
- does not belong solely to the aérﬁe;s;pfaCe industry, but to the entire
menufacturing envirdnﬁént . In addition, new :c‘o'n,.céf,pt s have been
- added '-tov the main body of progress . function knowle_dgé:

l Non-homogeneous 'producticn enﬁrdnmént

2. Two sour'cjés producing the same product

3. Ei‘:t’é ct of progress funttion on an incentive system
- Ir;i‘luén ce of variable 'product:ion lot sizes

2. Applicstion of progréss :f‘unction ‘theory~-to,.,o'1‘re-rhea’c;1*f

6. Effect of changes in production rate |

T. Relationship of total cost .‘prpg.ress function and vcompclnent’

‘progress functions.

~11-
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It 1s evident from various pub'li cations that the progress
function has become a tool of management with considerable value

and importance. Some of the specific ways in which menagement can

utilize the progress fur ction will be presented via a quotation

from Dr. S. A. Billion's article in the Ma.n'agemen't International

‘Beview. Dr. Billion states:

" .. the learning curve (p_rpgress function) makes possibleﬂ

that the amount of improvement is forecast on an objective
qQuantitative basis. The other cost elements are estimated
in turn on the basis of the man-hour forecast. Many large
firms use the time forecast for a menufacturing project

as the basis in estimating costs, pricing, setting delivery
schedules, determining floor space, tooling, inventory,
manpower, working capital, and other manufacturing needs.
It has also been used in meke-or-buy decisions, cost and
budgetary control, determination of economic lot size,

and evaluating facility pexrformance [ 4]."

Now that industry, in general, has é&wakened to the existence
and usefulness of the progress function » management should be aware
of its capabilities and Iimitations before applying it blindly to
every menufacturing Sltuation » Progress functions are ‘based on

empirical findings; therefore » these relationships are not wniversal

or mathématically proven laws. The nature of g manufacturing process

may 'bé; such that a progress function simply does not exist. Next .
since progress curves are the results of empirical studies, they
are subject t6 the problems of industrial studies, specifically —-

reliability of d'afa. Conway and Schultz state:

"The authors had had enough experience in industrial
situations to believe that mest firms which use individual
incentives such as piece rates for wage payments and control




purposes also create an environment in which output is
restricted, actual lasbor times are seldom accurately
recorded, and considerable doubt exists as to the validity
of operator times charged to direct vs. indirect accounts....
many accounting and cost accounting procedures also operate
in such a manner that the informstion necessary for such
studies 1s either unavailable in proper form or is buried

in a total that included irrelevant information...[8 ]."

The usefulness of the progress function can be quickly can celled if
it is not based on | current prodiictioﬁ condlt ions and the 'most '
accuragte data :ai‘r'iai'lable' . The third and last point to be mentioned
is one coneerning the statlstlcal analysis necessary to determinef‘
the values of the defining parsmeters of the progress function. It
is not the author's int entlon to outline the correct statistical
procedure » rather to simply point out that if basie techniques of
. data analysis are not 'éb:,s:érved » the empirical progress function may
be misleading, and any decisions based on it may be inaccurate and
unfounded. |

In a relatively brief time span , less than four decades , the
menufacturing progress function has evolved from & simple cost-quantity
expression to a powerful management device that énjoys almost uni-
versal acceptance in manufacturing environments. The forms and
uses of the progress function are as varied and widespread as the
nature of the industries to which it has been applied. The basic
concepts: of the progress function can be employed at all lewvels of
productl on, the foreman on the shop floor may ué,e & simple form to
help schedule his work I‘lc_)w v'rhile .an exe c_utiv_e-u may use | another

modification to determine his c‘:ompany's'position 1n contract




né_gdtiations. However, as with many relatively new techniques, the

Pprogress function has a few limitations which must be réc.ognized

in order to mske its results meaningful .
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CHAPTER III

STATEMENT OF THE PROBLEM

This thesis will address i;L:se,lgf to the measurément of "-production |
effe ctiv.ene‘ss as achieved by a manufacturing organization. The
‘measuring device utilized will be the power law form of the manu-
facturing progress function. This increaséd effectiveness or
progress may be attributed to many'factOrsﬁ.andlistE&;belOW“are
some of the more widely referenced in articles and journals [2T]:

1. TIndividual operator learning | -

2. Training

3. Management innovation

L. Inventory and quality control

5. Previous experience

6. Methods improvement

T. Preproduction planning

8. Advanced scheduling and routing techniques

9. Recognizing and seeking progress
I£4iS.nOt an'Objective=of’thisfinﬁest;gatiqnjtagquantify the indivi-
.dual contribution of each of the above mentioned factors, but to
investigate the possible influences of demand and capital spending
on manufacturing improvemént . Intuitively, demand and spending
a,re two somewhat related aspects of manufacturing that raffect
productiOn.efféctiveness. At this point it should be emphasized
that the expression "increased effectiveness" dénotes a reduction

of production resources, such as direct lsbor.

~15-
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Lapital Spending

- Spending is considered to be sum total of monies that ha've
been invested in or allocated for the acquisition and installstion |
of machinery, equipment, tools, and fixtures for a particular pro-

duction line. Based on the preceding definiti dn-, the term, capital

| :s_pe.n'din:g;,,: will be primarily used to dist inguish manufactﬁri_ng monies

from the preproduction research and deve lopment expenditures.
An glert management considers capital spent ‘during the manu-

facturing process to be of iprime 'impoxrt,an_:ce s Since --'man;agemen’c con-

tinually seeks an acceptable return for its investments , Or simply

stated, a better job done for the dollars s‘;pé"nt;. This "better job"
will be evalusated through the use of the m'anufacturing progress
function,. At this point the author wishes to introduce the concept
of technology class or product class. The t‘-erzﬁs > "'te.éhno'l_égsf class"
and "f'prdduct class " will be used interchangeably to denote what

degree of production improvement is available to the manufacturing

organization. If a product is in a high technology class, it is in

8 fast-moving state of the art with great opportunities for increased

. Production effectiveness. In contrast, & product in a low te chnology

class 1s in a slow-moving state of the art with relatively little
opportunity fof production betterment. The concept of techndi;ogy
class 1s important in conjunction with levels of spending. A
product determines its technol.ogr class and the level of spending
associated with that product deterﬁiﬁes the product's position |

within its technology class.  Taor exemple, transistors ‘would be

-16- o .
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Mcon81dered to be high te éhnolOgy products. + The manufacturing

Processes required to fabricate the transistor may utilize highly
_.«s-ophi,sticated and automated equipment for aés’embly,’ mechanical
testing, and -e.l;e;fctiri..éal. -t'esti_ngl In addition, depending on its

use, the transistor enjoys the advant.age of material subst-ifutiabfi'lity. ,
€.8., metal or plastic encapsulation. The degree to Whl ¢h the

manufacturing organization commits itself to these high technology

progress achieved.

The means by which capital is allocated to a product is highly

management inclination, and the availability of the desired equipment.
This thesis, in its examination of capital spending programs, will

not attempt to model the spending. programs, instead it will examine
spending qualitatively. This qualitative examination of capital

inve _.Stme..nt:- will be primari 1y concerned w1th the general characteris=
ties .such as: i’ncr‘easés , stabllization, 'a.nd cutbacks.

In order to .,.Aaut_horizé monies for a manufacturing-'p'r_c')gram
management requires justification which mey vary from industry to
in.duétry'. However, most industries anticipate a steady or in-
%cref'as.ti;ng; dema.nd for the product to warrant any sizable investment,
and hopefully such;»'a demand will allow the organization to utilize
the .ecor.l-omies of s'cale, i.e., more efficiently employ the faétors
of production. The better empleyment. of the factors of production

demonstrates a short term application of demand while anticipated

-1T~-




demand as a long term consideration will influence spending 4 .
decisions and the effectiveness of the concerned organization.

This aspect of mé,nufacturip~g will be discussed.

Demand

- The demand pattern of a product is defined as the various
quantities of | the product per unlt of time the consumer W‘ill rémGVe
from the market [20]. The manufacturing organization realizes the
influence of demand through the production requirements it must
meet. Admitte dly, th:e. actual demand for a product and the ér.ogra.m
,re;qui;remerits may not coincide due to schedule changes and the like.
However, this thesis will not address itself to & 8ystem involving
E?aékor.der.s', holding costs, ete., rather, its main concern is the
“general demand a product ‘faces. For this re ason, the production
program is considered to be a suitsble indication of demand.

P. D. Lubell and J. W. Bequette fp2 ] conducted a study to
determine the effects of production programs on an organization's
improvement. Iubell and Bequette used a modified form of the
progress function which included a production rate wvariable in the
log-linear form of the function.

In addition to the Lubell a.ﬁd Bequette study, demand patterns
or growth patterns. have been the subject df considerable interest
in the trade journals and periddica,ls.j Many consider demand
patterns to be generally S-shaped with respéét to time. The S~shape |
indicates a rapidly increasing early growth which gradually flattens

out. This A:t‘.'_l.attening out denctes a saturation of the market.

_18_




Demand, prior to market saturation , has been mat'hématicallfy modelled
with the exponential form being..the, most popular [13]. In addition

to the exponential form, empirical studies have shown that demand

mey be of a power law [13] or a ...-l‘o'gizst;ic t2 ] nature. This author
does not intend to model growth or statisti cally analyze demand,
rather, simply describe qualitatively the demand for a product.

In summ ary , the overall objective of this thesis is to examine

the demand and capital spending patterns of a pmdﬁct‘ion—oriented
'Or'gan.irz,'ét='ion a.n d dete:r'mme if they influence the ~manufacfuring ef-
fectiveness of the organization. The capital js'pendiﬁg and demand
patterns will be described by general characteristics as opposed to

a stringent statistical analysis and the increased e ffectiveness of

the organization will be determined by means of ‘the unit value form

, of the manufacturing progress function.




- CHAPTER IV

PROCEDURE

| ' The environment in which an organization exists may vary among

! " different industries. Since the ‘progress an o.rganizé.t ion realizes
is highly dependent on its oper at:.‘i‘ng'. envi ro'nment; all the 'yiprodﬁét ion

data that forms the basis of this thesis came from the same industry ,

i.e., electronic devices. There are several techniques ;available

to fit a progress function to a set of dats. Thé technique 'S'EI;efcte_dl
was the logarithmic varlance ,,sﬁ’df’abfii-l{i-zing transformation on the

ori glnal dsta. Such a transformation converts the orlglnal power

law form of the function into a linear relationship. Now that a
linear relationshipuexists,'thégstandard.linearﬂleastsquares
technique can be employed. .B‘e;fiore the regression was performed the
data was examined for outlying obseryations. An outlier or maverick

point could exert a strong influence on the final est imates of the

slope and first unit labor requirements (the b and A parameters,
| -:r?.'-e?~_s_pe:fctiifvell'{yf’),- and as a result possibly provide misle ading information.
For this reason, if a datum point was determined to be an outlier .

it was removed from the data set.

One of the crucial as sumptions of the linear fleﬁ'é;st squares.
technique is. that the errors or residuals of the linesr model are
additive and normelly distributed with a mean Ze_rq and some constant

variance, o 2, When the linear relationship involving the

logarithms is transformed back into its power law form, this‘ error o ) z

structure becomes a multiplicative. This biss can be removed if the R ‘
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estimate of the residual variance from the .1in'e"ar regression is known.

A i e 1 i ia 1,

For a more detailed explanation of this pro'cedurel the reader should

%

consult reference [30].

How weéll a progress function fits a set of data. will be defined

D e e

through the use of the following criteria:

1. Cb'rrel ation coefficient

3. Deviations
The correlation coefficient measures the degree of association

between the two variables, cumulative Production count and unit

lebor requirements. In general, the correlation coefficient can
.assume values between zero and one, with a value of one :melylng
a perfect linear fit and a value of zero implying no linear relation-

ship. The sign of the correlation coefficient may be either positive

or ‘ne gat i'V'e 5 fOI‘ progress function usage . j_-t; sho d 'be negative
denoting an increase in cumulative production results in a decresse

in unit labor requirements. Values between ~0.7 and -1.0 will be

considered acceptable.
Serial independence of the residuals from the linear model is

='an;dt_her important assumption of linear regression. If the residuals

or error terms are not serially independent, they sare said to be
autocorrelated. The presence of gutocorirelation:as a medel hag three.

" main consequences:




1. While the va.l_ﬁes of the slope and first unit parameters
are unbiased estimates, they are not necessarily thé
minimum varianced estimates.

2. The t and F distributions, v}hi ch are often used in meking
confidence statements, lose the-irf' validity.

3. '»The expression fo.r the variance of an estimate is no longer
accurate, and may I‘esult*ln & serious underestimate of the

true variance V[ll]--s- |

The Durbin-Watson statistic measures ‘a.utcjcgrré.l,a,tizqn and its values

‘are tabulated based on the sample size and number: of independent

verisbles. As & general rule of thumb, a value between 1.5 and 2.5
is desirable in progress function analysis.

In addition to the previous statistical eriteria, héw well the

function predicts with respect to the -actual production data will be

considered: The term . "deviation o " wi 11 be used to describe the
difference in the actual and forecasted values of the power law form

of the progress function. The reader should dist inguish between

the terms, "deviation" and "residual." The term, "residual,"

applies to the difference in the actual and forecasted values of
the logarithmic linear form of the function. The sbove eriteria and
considerations are ised tov evaluate how well a progress function

fits a set of data.

Cepital Spending and Demand Patterns

The approach selected to examine the capifhal spending and

demand p_a.tterns will be qualitative one. The aﬁproach is

~D0.




qualitative in the sense that patterns will be inspected for regions

vwhich display unique characteristics. This approach is to be dis-

Y

tinguished from a -quantltatlve approach where the pa.tterns would be

expressed as .e-xact mathematical expre-sslons: which explicitly relate
demand to time and capital to time. .F-o.'r'? both petterns, each set of
data must be of g time se quenced ;n.atfm"ﬂe y and the wnit of tlme con—
sidered, days, months y Or years, must be the same throughout the
entire range of the dats. However, the unit of time consi dere.d

may differ “b'é’t;-Wéen sets of data, e.g., the program ré qu;i}_f.-emént;s for
widgets may be in units per day, while wadget demand may be on an
annual basis. The demands and spending levels are then plotted with
respect to time and examined for general characteristics such asy
increases, saturati on, marked drop, and the like. -

After obtaining the production data and performing the required

- mathemstical manipulations to convert the raw data into a usable

form, the overall progress function, demand pattern, and capital
spending pattern were determined. The demand pattern, in particular,

was scrutinized for the general characteristics previously mentioned.

The pattern was then divided into two or more regions with each region

- demonstrating one particular aspect of the program requirements.

Fach of the demand reglons were then related to its associated inter-

val of p-roductlonx. That portlon of the cumulatlve production was

| ;nvestlgated for a "regional" progress. i‘unctlon until the entlre
range 6f the original data was cover'ed by these regional functions.
Conceivably, there could be an overlap of the regional functions,

i.e., one function may use a datum point - in an adjoining region.
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Due to the dy;nawzg;ichnatﬁre of the manufacturing process and the
- v:Lrtua.l impossibility of adjusting to an abrupt demand increase or

.decre;ase‘ ingt antaneously, this overlap 1s reasonable to expect.

‘Then the overall progress function and the regional progress functions

'~ 'were' compared. The capital spending patterns would _give- insight
as to how well the organization prbgressed. during its entire pro-

duction program and how it performed when fsced with intervals of

differing program requirements.

To summarize, the procedure used in this thesis entailed the

determination of an overall progress function that covered the
entire range of the production data available. In addition, a set

of two or more regional progress functions was determined, whose

components covered an interval of production that coinci ded with

} a particular aspect of the production program requirements as

| demonstrated by the demand pattern. The overall function and the

{ regional functions Wé re compared in connection with the capital
spending pattern of the manufacturlng o‘rga.n'i*zatio;’l,. This procedure
was adoPted as part of an empirical study into the possible in-

| fluences of demand and capital on the progress of an organization as

measured by Crawford's form of the manufacturing progress function.




- RESULTS

The results: of this investigation are based on data obtained from
three manufacturing locations of the Western Electric Company, Incor-

porated. For proprietaxy:reaSOnsg;the'exact_§ESériptions'of'the;prbdem

ucts, the plant locations, and the periods of time over which the data

was collegted¢must:be.Withheld. In addition, thé original raw data

was coded in order to protect'tﬁé“identity*of'the“products. However,

in ne-Way devthe: aféremenitioned restrictions:eof:diselosure: compronises

the wvali dity of this investigation.

function for each product. The adjective "overall™ is used to infer
the fact that the function covers the entire range of the original
producfion:data as opposed to the regioﬁal function which covers only
& portion of the original data. . Table I is aéSummanyuﬁf the results
of fitting the original data to the power law model. All five of
the products exhibit very good correlation coefficients which indi-

cate s strcﬁg degree of association between labor per unit and

cumulative production. The Durbin-Watson statistic (abbreviated D-W)

for the products under consideration had a wide range of values (O.NS

to 2.75). Recall that the acceptsble values of the D-W statistic are

- based on sample size and number of independent varisbles. As a re-—

sult'anvalid.statement concerning-autocorrelation can be made in
connection with products I, III, and IV because these products do

not meetvthe'minimum.sample'Sizé!requirement of fifteen. Products

:@f i
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II and V did meet the minimum sample size requirement, however, "che'

progress 'funétion-models; for these products. did shoic signs of auto-
correlation whehl tested at a 5% level of significance. It has heen
this auth.o;rf'*s' experlence that progress functlens tradltlonally have

~values of the D-W statistic which 1nd1cate the presence of autocor-

relation.

The plots of the demand and capital spending patterns are locateéd
in the Appendix; - Hewever s Table TT iswas summary of the-demand: pattern
:‘ch'arac.te.rizs-t-i cs. The demand pa?tter_n .Qf each pfoducft was divided into
fWQ or more regions based on the characteristics the pattern dlspla.yed
In every case ‘r'egi_c_n,,r,:gf 1 was characterized by steadily _in"creas’ ing demand.
The traits &is'p'»ﬁlj_a,ye d by subsequent regions varied, e.g., permanent
saturation, temporary saturation ’-a;ci;eompaniezd by an upswing, and asbate-
ment. Then the period of time each region covered was related to its
respective portion of the original production data and the re gional

- function was fit to that portion of data.

Table III %s a comparison of the correlation coefficients of the
overdll and the regional progress functions. In progress function
analy51s the correlation coefficient indicates what proportion of the
variation iﬁ the dependent variable, direct lsbor per unit, can be
attributed to the linear relationship of the independent variable,
total production count. Examination of the cdrrelat-ion coefficient
values reveals that the médel for product V in region 2 had the mini-
mum percent of explained' variatidn, T5.7%, while the‘ vast ma,jorit&

“of the other regions considered had percentages excecding 90%.
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The "V’a_fl-ue,sr.-vof the D-W statistic for the overall and regional
pProgress functions are summarized in Tablé' IV. Siﬁce ' it was previously
noted that the overall progress functlon for products I, IIT, and IV
were based on sample sizes nat meetlng minimum réqulrements, thereby
precluding {any ju_dgem'ent.s on serial correlation, the same reasoning

~applies to the regional functions of these products. The overall
o funetion for _ﬁpr_.o_dﬁct_s’. IT and Vv did show s1gns of | serial :co;rr:elatfifén

at the 5% leval of significance. In Product IT the serial effects
were removed in 'r'e;giQI.lf 1l but continued to exist in: regjiqn;.,z. | Stmi -
larly, inl the product V the serial effects were reduced in region 1
while region 2 did not meet the minimum sample size requirement, and
region 3 continued £o show signs of serial correlation.

Table V is a suigxlnary of the comparisons of the overall and the
regional progress function slopés. The reader should be warned not
+0 anti cipate any relationship betweén the overall and ‘the regional
slopes. For this 1nvest1gat10n the value of the slope-of: the; - Progress
function is a relative measure of the constant decreases of the direct
labor with respect to constant proportional increases is total pro-
“duéti .outpuﬁ-.'-* This constant decre ase is m'ainf ained throughout the
entire range of the function. It is not ‘necéssé.ry that any definite
relationship conceming these constant decreades should be sustained
when comparing portions of the original data set to the original
data set 1n its entirety. The reader's attention is directed to the

the slope value{s) of the region(s) subsequent to region 1 is(are)

.;-'--27.-"




et o e ey

: leQS“than that,qfregiqn 1. In~progress:fvnctiqn énélyaia a smaller
slope value indicateala.largeripércent'iméroveﬁEnt,:therefbre, a more
désiréble rate of progress. Consedténtly, thé'région(s)'following'
region 1 had better'ratés'of progresgl' In thé'casé'bf products‘III_
;and-IV*the"opﬁosite conditipn existed, i.e., the'bettér rate-of

"prggressexisted iﬁ region 1. o

Based on thenregions'identified_in,the'examiﬁation of tBe detend
iPaiternS,'theccépital.spen&ing‘datafWas partitioned into similar
regions. These regidnS‘were.scxuiinized for general:characpefistics
and these findings are summarized'ianable'VI. For the most part, - -
all the products displayed sharp rises in capital spending during
region 1, however, product IIT did have a~SﬁHdéﬁ:d5cline in spending
at the end of region 1. The levels of spending in those regions
subsequent to region l.fbr~productsII,EII,andV'weresmaintaine&¥
at those levels attained during region 1. Products I and IV demon-
strated increased capital spending in region 2 over the levels at-
tained in region 1. -
all function and the regional functions waS.performedan-a‘frequency'
basis. The comparison revealed‘thatfinathe=case.of-each.prbduct
60% to 80% of the deviations from the regional functions were less
than those resulting frbm.the'associated;over&ll function.

The'empirical-resUlts:of this; inveStigation'ha&e been summarized
in Tables I through VI located at thé'énd ofwthis.cha@tef; These
results.hawe'been considered'and conclusions drawn WhiChfw111 b§

stated in the succeeding chapter.
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TABLE I

i

AL, PROGRESS FUNCTION SUMMARY

Number of Correlation Durbin-Watson Iwmoe L,
Prodict Observations = Coefficient Statistie Slope(%)

I 8 -0.993 2.68 61.9

IT 60 .- -0.961 1.1k 68.9

III 13 -0.991 2,02 © 69.9
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| - DEMAND PATTERN CHARACTERISTICS

~ Product 'Region ' " Characteristic:

I 1 Increasing steadily
2 - Saturation |

Increasing steadily
Temporary saturation
followed by an upswing

Increasing steadily
Slight increase fol-
lowed by a fall off

i "

1 IIT
| e’ i ol
;
i .

N

Increasing steadily
Temporary decline fol-
lowed by an upswing

Increasing steadily .
Saturation
Renewed increase

'
i

T




Product

IT

11T

IV

CORRELATION COEFFICIENT COMPARISON

lNﬁMbér,of

_Regions -

TABLE III

- =0.993 "

~0.961

-0.991

-0.993

-0.975

- 'Regiondl Function

-0.991

- =0.995

-0.938
-0. 895

-0.981

- =0.989
-0.958

-0.971

-0.757
-0.946




TABLE IV

* . COMPARTSON OF DURBIN-WATSON STATTSTIC VALUES

‘Product T Qverdll - Function - 'Region ‘Funcetion

I - 2.68 3.34
IIT - 2.02 2.23 "
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TABLE V -

SLOPE. COMPARISONS OF PROGRESS FUNCTTIONS

R R T T R e T

Product Overall ‘Siope (%) Région Regional ‘Slope(%)

no

N -
foNeR ]
W o
R

III 69.9

n,
\O
\O

N =
-3
oo
Qo

1 T
2 60.8
3
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TABLE VI

CAPITAL SPENDING CHARACTERISTICS o

Product Regipn : Description

_ T SR 1 Rises sharply
y 2 Continues to rise

1T .

Rises slowly
Steble with slight
increase -

N

IIT 1 Rises sharply, sud-
. ~den drop .
2 Stable at lower level

3 - e e o e+

IV Rises sharply

Continues to rise

N

2 Stable at region 1
- level “
3 . Rises again




CHAPTER VI

CONCLUSIONS

The primary objective of this inVestigation*ﬁasftbdeﬁérmine the
influence of demand and capiﬁal spending on the productien éffeétive_
neSS~0ffa~manufacturing organization. «In-conjunction'withthé primary
objective there were two particular aapeéts of_manufacuuring to be
examined:

1. Does a manufacturinqurgaﬁizaﬁi@n"&Xhibit different

degrees of production effectiveness based on the

demand it faces?

2. Can-these'differing degrees of production effective-

ness be related thrdugh‘capitél spending?
revealed that edch pattern had at least two ,reg-i;ons%’: that exhibited
digtinctivE“chafacteristics. Based on the correlation coefficients
and the values of the Durbin-Watson statistic, it was Judged thatz=a
regional progress function existed over the interval of production
that coincided with ‘the regions displayed by the demand patterns.
Inﬁaddition; the'regiOnal progress functions within each,product‘did
not have the same slopes, ergo, the:manufgcturipgwcfganizaxians-éx;~
perienced different ratesof'progress.'-Thué, the production effec-
tiveness 6f each organiéation'was altered as it was subjected to
different demand trends. Based on this study, it appears.that*an-?
- organization caﬁ expect its rate of improvement to~¢hapge éftér the

orgenization has experienced an initial period of steadlly increasing
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demand. However,‘theﬂstu&j-did nqtindicate.thelduratiqn_qf this ini-
tial period of inCreaSinéldéﬁand.”

*Theftapital spending pattérn for éachfproduct”was dividedﬁiﬁto
‘the same regions as indicated by: th.é .déma.nd ﬁattér'ns and thé lévéls
of‘Spending'ﬁithiﬁ these regions éiaminéd'to associate thé'difTérént
brogress rates..Recall that products I, II, and IV had more desirable
progress rates ingtheAregion(s) subseguent to region 1, while préducts
III and IV had more desirable rates of progress in region 1. All of
the products, with the exception Qf'III,vhad‘spending pa£terns‘that
indicated continual investment of capital..This continual investment
of capital reflects fherérganizatiens’ attitudes to advance their
levels of technology. Such an attitude was not evident in<the;spending.
aSSOGiatedﬁwithprcduct;III, Spécifically,’in~an effort to substitute
another product for product III, capital investment and :pr.ogram re-
quirement were cutback markedly. Since the product III had a peerer
_prdgres--s. rate in period of time that encompassed cutbacks in demand
and capital investment, it appears that these gurtailments%réducea
the organization!s production effectiveness. Conversely, the ~1?ema,in-.-
der of the prodﬁctshad:demand.patterns that demonstrated increases
or maintenance of the demand level achieved during the initial periéd
of growth. In addition, the amount of capital invested associated
with these products continued to increase. Therefore, it appears
that a steady demand and continuous investment of capitél-may increase
an organization's production effeetivenéss.EfEﬁeduéﬁVIVGisﬂaﬁReieep—

- tion to the preceding premise in that, despite:anﬁiﬁér@age;éfféaﬁitag;
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it has a poorer rate of progress in that rggi?n-succeeding the initial
growth of thépf;duct. During the period.offlesSer prodﬁction effec-
tiveness tﬁe organization was participating.in~a.program:to improve

the quality of theyproduct. The program was not concerned with bet-

tering theﬁgroductivity_df*the-prbduqtiQn line or yields of the pro-

¢ess but raﬁherﬁto-exteﬁﬂ’fhe,performance characteristics of the

product. Specifically, the organization sought to increase the 1ife

of" the product in an effort to meet striCter’manufacturing-réquire_

ments of the future. The program required large amountSiOf“Qapitgl
yet its results were not reflected in the progress rates since the
organization's direct labor per unit did not decresse. Therefore,
capital spending coupled with its motivation and objectives does
provide an insight into the relationship.of“pnogress;rates during
different demand trends.

All of the products that;formedvthe'basiszafzthis inveétigation

belonged to the electronics industry and were considered to be high

technology class products. The slopes of the overall progress func-
tions ranged from 61.9% to T7.7% with four of the five products having

rates of progress less than T0%. The progress rates encountered in

this study indicated that manufacturing organizations have taken adi
vantage of good opportunities for production improvement in the past

The good 0pportunities'couplédxwith'the,fast-moving state of the

Layt%a5sbc1ated with these products make their classification as high

technology products reasonable. There is one inherent assumption

of this investigation that should be brought to the attention of
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the 'r.e-a;de_r", The as;s,;umpt:ipn is that throughout the time span of the
study the technology class of the pfoducts remains unchanged. There-
:f_'-ofé, changes 1n progress rates are prim;.rily dependent on 13he prod-
ucts' demand and capital spending as opposed to changes in technology
class. -

‘TQrsummariZéjzthis-invesﬁigétidn:indicatedﬁﬁhgt the production

organizationsiexperienced.different~degreesidf~manufacturing effec-

tiveness when confronted with changing demand. patterns. This in-:

creased effectiveness was not discernable in the overall manufacturing
progress ﬁunction but thraugh*ﬁhe~exigtencehbfﬁpegional progress
functions whose intervals of production coineided with the distinctive
demand regions. Ganeraily,;during-theainitialFPeriQd of growth
the,organizatipn.eXpérienﬁed;a:progreSSnrate different:fromnthejppog-
ress rate of the succeeding period. The methods and objectives as-
sOciéted With'the‘éapital,speﬁdiﬁgprpgramsprovided-aimeaningful

liﬁk.in-aSSOCiatipg“thefVariouswrates'ofgprogreSS, ThiSfinveatiga—;

tion gave an indication that a manufacturing orgamization may ex-~

periénce improved rates of progress during periods of stable or

increasing demand following an initial growth stage as long as the
organization maintains a capital investment program to improve pro;

ductivity. In conclusion, the reader should note that this empirieal

study has pointed out, possible influences of demand and capital
spendihg on production effectiveness and before any industry-wide

applications are attempted more analysis is;géquiréd?;ﬁTﬁégsueééeding

chapter indicates areas for further study.
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CHAPTER VII

AREAS FOR FURTHER INVESTIGATION

As preViousLy;stated, many‘relaxionShips;may-bé’Used:to.meaéure
- thé production effectiveness of anrqrganization; This thesis con-
céﬁned itself solely with the power law form of the manufacturing
progresS function.. Ah.area for further study wouwld entail the:use:
of s diffErent form of thétﬁrogress function to measuré effectiveness.
One form of the progress function that appears particularly appli-
cable is the‘SténfOrd:modeliu~The‘Staanrd.model includes a ferm
that allows for the carry-—over or: retainéd. experience of-an: erganiza—
tion. The Stanford model ‘would be best a.gpp_l'ied to the region(s) sub;
sequent to the initial pegion, since we assume the organization has
no prior knowledge to draw from.
.Ajp#Ogregs.functiOn,.regardléssOfits form, is.limited in its

application since it is based on empirical findings. Therefore, it

be measured by any form of the progress function. Another ares for

further investigation would utilize a rélationship other than a prog-

N,
ress function to measure the-orgamization's tyme effectivenGSSﬁ

This thesis}inyestigated electronic products that were considered
to be in kigh technolegy classes. By extending this thesis to in-
clude not only products from other industries but also products from
other technology classes, it cbuld'be ascertained if the resulss of
this study were applicable to industry in général or restricted to

certain types of production organizetions. Such.an.extenSion'wou1Q'
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- make. addltlonal contrlbutlons to the body of emplrlcal progress func—

! . t ; ) P »

tion: knowledge .

The products selected to: form the.féundation of “this: investiga= -

| | ~ tionm were chosen on the basis that eébh.product'was-thé'SOIé output
-of its organization. Often an Qrganizationproducés'oné'basic prod-
-ubt“WittheVéralImOdificatiQns;or;cod634 if this was the case, the
product mix was reviewed to insure that it did not change. By re-
moving the above "r=estri_cti;.o-r~1¢s on .output the various combinations of
thendémandgpatterns‘Would'prOVide‘an-interesting areaifbrfstudy.

The final area to be~c@msiderédiisw@neiamncerninguggpnpadh;;f
'Thé-Qh&litative-apprbabhemployed.by"thiS'theSis.prOVidEd a means of
aiding‘aﬂmaHUfactﬂring organization:(at the product level) in asses-
sing its position with respect to demand and capital spending. A
quantitative approach would allow its findings to be applied at
higher levels. The QUantitative~anrQaCh-thldfréqui:eﬁstatistical
modelling of the patterns and examination for speeific and exact rela—

tionships, e.g., is the rate of change of demand related to the progress

rate. The qualltatlve approach prov1des a foundatlon for subsequent

FE . - P -

quantltatlve analysis.
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