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ABSTRACT

>

There is a widely held, but little tested. supposition thaf certain

characteristics and,uses of management accounting and cont¥ol systems

are retarding the adoption of flexible automation technologies such as .

robots and other computer controlled machines. This thesis describes

an empirical study of the rel;tionships between adoption of flexible

automation and those aspects of accounting systems most often cited as
S ) {

4

inhibiting adoption:.emphasis on eccounting measur:?\fh\managerfgl

evaluation, length of time horizons of evaluations and capital

budgeting criteria, emphasis on financial ¢riteria in Justifying

- . . . P

capital investments, and inability .of accounting systems to eapture

.

costs and beirefits of automation. As wellj by using pa%cial

N . . v .
correlations, ~the study examified the relationships between accounting
and adoption variables with decentralization held constant. Data were

collected with a 'mail questionnaire survey of 32 managers of plénts
. ] - : .
supplying paxts to General Motors of Canada. In addition, 29 of the

managers wey® personally intervitwed. A statistical analysis indicates

chac_tﬁe long-term time horizon of budget targets and répotts is the

only accounting variable significantly correlated vith adoption, and

that decentralization does not {mpact on the adoption-accouﬁiin - .

-

relatf{onships. The stqciQtiéql results are {nterpreted in'the}iléh;Aof

. ’ .
informat{ion gleaned from the face-to-face intervipws and plant visits.

D <. - .
After presenting an agenda for fyture research and argling the need
Ve

for more field :eiearch, the thesis congludes with the'reconqendntion
ka' N

that top management wishing to promote the ‘adoption of advanced ’

" technologies lengthen the time horizons of budget targets and reports.

" 2 .

. 111 _ .
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CHAPTER ONE |

a ”»

Chapter One {s divided into seven sections. Section I states the

research- questions addressed by this research ahd Section II discusses
+
<

the potential contributions of the research The next two sections
look at advantages of flexible automation and at evidence that Canada
is lagging in the adopéion of advanced technologies Section V
presents some key definitions, as;umptions and boundaries of the study

and Section VI lists the actuad hypotheses tested by the study The

.

final section outlines the remaining chapters of the thesis.

Section [: Research Questions

Critics have charged that obsolescent managerial accounting and control

systems are a barrier to the adoption of flexible automation in North

American manufacturing firms. Flexible automation includes robotics

and other 'computer controlled, reprogrammable machinery and equipmeht.

»

Traditional nnnaéerial accounting and control systems (MACS) are said

to be retarding the adoption of flexible automation in two ways:
1. The use of accounting measures to evaluate -

performarice forces managers to strive for short-term
results and ignore the long-term welfare of their
firmg. Because the adoption of flexible automation
may depress short-term accounting results, managers
who are evaluated by these results will avoid
adopting new technologies.

-



2 Many of the benefits of flexible automation are
difficult to quantify in financial terms Capital
budgeting systems that emphasize financial criteria
for justifying investments are thus biased against
flexible automation.

~

'A number of changes in the characteristics and uses of HACS have been
proposed to make these svstems more supéortive of flexible automation
Four of the most common prescriptions aré

1 Top management should place less emphasis on

accounting measures of performance {n their
evalustion of lower level managers

2 \ Top management should ensure that accounting measures
properly reflect the long-term objectives of the
. firm .
| : _
% Top management should place.less ewmphasis on

financial criteria in the justification of
investments in flexible automation.

4. Top management should make it easier to justify
investments in flexible automation by ‘considering
some of the less easxly quantifled benefits of new
technologies.

The validity of these prescriptions has been unsubstantiated by °

empirhﬁﬂﬁqssearch‘ This dissertation thus attempts to answer four

specific questions

1. Is the use of accounting measures to evaluate
performance related to rhe adoption of “flexible .
automation?

N

2. ‘Are the time horizons implicit in MACS related to- the

adoption of flex{ble automation?

3. Is the use of financial criteria in evaluating
capital budgeting proposals related to the gdoption
of flexible automation?

4, Are difficulties in quantifying flexible automation
benefits related to the adoption of flexible
automation? [

-

-

-



~
The research was conducted i{n 32 General Motors of Canada part

suppliers. Adgption was measured at the level of the manufacturing
plant. Self-administered.questionnaires and face-to-face interv;ews of
plant managers were ;sed to assess the MACS of each plant and each
plant's-adoptfon of flexible automation. Statistical tests were then

conducted to see if the characteristics and uses of MACS were related

to adoption

¥l .. Contribution to Management Practice

The ‘results of this research will be of interest to top managers who

want to promote the adoption of flexible automation in their firms. !
Two recent surveys demonstrate that Canadian managers are concerned

that MACS are retarding investment in new technology. The Thompson

Lightstone survey of 376 Ontario manufacturing managers found cost
justification ranked second, riéht after problems in finding quajified
people to operate new equipment, as a barrier to innovation (Ontario
Centre for Advanced Manufacturing 1986). In the second survey, .
conducted by the Canadian Institute of Metalworking {n conjunction with

the National Association of Accountants (U.S.), Canadian managers were

asked to list the obstacles that stand in the way of {improving

r

1 As Hill & Dimnik (1986) point out, it {s important that MACS be
— fine-tuned to support the amount and type of investment deemed
' necessary by top management. .



investment decisions in advanced manufacturing technologies. %wenty-
two percent of the respondents cited capital budget limitations, 19%
cited orientation towards short-term results. and 15% cited the
{naccuracy or unr:\inbility of cogt/benefit forecasts -Another
question in the same survey, asked respondents to list the obstacles to
improving performance measurement systems. The most frequently
mentioned obstacles were emphasis of management on short-term
’ L 4
financial results, inappropriate performance measurement concepts, and

conservative accounting and financial practices (Canadian CAD/CAM

Council 1957)

In Chapter Two, I will present ; wide-ranging literature that contends
that managers consider MACS as a barrier to adoption It is not clear
from reading the literature reviewed in Chapter Two, or from examining
the two studies ciéed above, whether managerial concerns about MACS and
adoption are grounded -in fact. It is one thing to say that managers
think MACS {s a barrier to adoption and another thing to show that
certain characteristics and uses of MACS are indeed related to tﬁe
adoption of flexible automation. One cannot even.be sure that managers
really believe that MACS are a problem {n adoption. MACS irp‘so often
criticized in the med{a that what passes as management oplnion may __

simply reflect what managers are reading.




- . »

'e

I1.B.Contribution to Accounting and Accounting Research

Commenting on the rcle of MACS in fostering short-term time horizons,

—

Merchaht & Bruns (1986) write:

In the first half of this decade, managers have been accused of
selfish actions and—managemént myopia. Managers allegedly
overemphasize short decision horizons. In most cases, these

allegations have been based on the presumed effects of

performance measurement and evaluation systems, which create
fituations where managers take actions that make them look good
in the short term but ace not good for shareholders, long-term
corporate hea.itn, or the national economvy (p.56,  Emphasis
Added) .

The Concise Oxford Dictivnary defines "allegation” as an "assertion
(especially one not proved),” and "presumed” as "assumed, taken for
granted = Research on the topic of HACS and adoption oé flexible
automation {s needed because criticisms of MACS and proposed changes to
MACS are based on Qg;ggé&jgﬂ; that MACS are retardi;g adoption and on

assumptions that the suggested changes would promote adoption.

In discussing accounting research, Ijir{ (1967) states:

L
Unless we can show that the different figures.(or, more
precisely, different patterns of figures) lead to different
dec{sions under & given set of conditions, there is no point
arguing the merits or demerits of alternative accounting
methods (p. 150).

There {s an onus on accounting researchers to show that characteristics
and uses of MACS make & difference in the adoption of advanced
technologies and to prove the efficacy of any proposed changes to those

S)VSCCIIS .

A



*

r .

" The intent and methodology of

9
.

”
L

Kaplan (1983) has argued that accounting researchers must face. the

challenge of d;visiﬁg "new internal apcountiﬁgzﬁystems that will be
-
supportive"of the adoption and inpleneniatioq of advanced

manyfacturing technologies. One of his suggestions {s to.

Identify U.S. firms that have been using non-financial

_performance measures for senior and/or plant managers, N
‘and] .compare thé performance of these firms (as measurgg
say, by stock price returns, market share, or product s T

{nnovation) relative to those of a comparabtie set of fir¥s

using mostly financial measures of performance’ (p. 702). .

3 .
this research Are congruent with Kaplan's

suggestion. The study compafés the MACS of Canadian plants. which have

<

achieved various levels of adoption pf flexibl utomation. * Given the

-

focus on plants and plant managers, it {s logical that performance "be

defined in terms of process innovatfon and that MACS include both
< ! . : . ‘e
performance measurement gnd capital budgeting systems

The goals of this thesis are also consistent with a number of other

.
N

proposed and ongoing research projects. In Clnada, the Canadian

* ~
CAD/CAM Council (1987) has recommended that the ‘federal government fund

a two-year, SiO0,000 project, to “"develop new metNhgds of calculating
. C . -
the financial justification of Computer Integrated Manu¥facturing By

recognizing modern competitive trends im marnufacturing.”

. A

- . /
In the United States, the National Association of Ac.ountants (NAA} has

¥
L]

~



_ undertaken three.scudies of MACS and advanced Cechnology.2 Two of the

projects are co-sponsored by CAM-I (Computer Aided Haﬁufacturing-

-

Interﬁhcio 1). The joint NAA/CAE~I studies have been applauded by
writers in various mamagement publications (Ashburn 1986, Rarrie 1986,
Port 1987).

A

Elsewhere, INSEAD (European Institute of Business Administration). has
. h [

iniciated a study of "Performance Indicators in the Technology

Function. ™ Initial cesults of the INSEAD project confirm the need for

more study of the role of MACS in the adoption and implementatiom\of

advanced technologies (Troberg 1986).

It is evident there is & need to study the relationship between HACé
and- adoption. I will now present some reasons why the adoption of
flexible automation is.an issue of Eonce:h“ I will begin by discussihg
several aspects of manufacturing.fleiibiiicy and then go on'to jpsc}ibe'
how flexible sutomation may serve as a competitive weapon and a
catalyst for organizational change. Finally, I will show that Canada

- A
lags its competitors in adopting flexible automation. ;
L]

-

2 The three NAA fuhded projects are:

The State of the Art of Cost Hanigzhent Systems Practice
The State of .the Art of Cost Management Systems Practice
(Literature Search) .o
3. Cost Accounting for \Factory Automatioh .

N -



~
IIT . A.Flexibility of Process, Product and Capacity

.\ : .v‘_:
\ NG : .

Flexible automation technologies share a common feature: _their

operation is controlled by cbmputer. Within certain limits, changes in

L

product or manufacturing process can be accomplished by chahging the

computer software that controls the machinery This software

”flexibilit§ may be compared with the flexibili?} of produgtion - -

. ¢ ,
technologies traditionally'used in job shop and mass production .

1

-

situations. , . . ‘

Through the intensive use of labour, job shops can produce a Qhriety of
parts in.small volumes. Within limits, changes in process can be
accomplished by changes in human software (ie. retraining). However

even mino}'p:pcess or product changes may require expensive and time

consuming hardware changes in a traditional, automated mass production

. system (Ayres & Miller 1983). . s
Besides having process and product flexibility, computer controlled .

- ’

equipment {s flexible in another sense. Flexible automation equipment
s

may be purchased in less “lumpy" amounts than hard automation

equipment. In other words, flexible automation capacity can be™

¢ adjusted in smaller increments tRan can hard automation capacity. _And,

because ' a variety of parts can be produced with the same equipment,




flexible automation may be better utilized than hard automation,

, -

Incremental capacity adjustments and maximum utilization of machinery

are particularly relevant i{n the context of the small Canadian market

+

.
(McGourty 1985).

. \ ~ ) ~" -
-- - ? N
The flexibility of computer operated machinery does not come without

. <osts. Fiéure 1.1 shows how flexible automﬁlion, applied to batch

volumes, trades off the advantages and disadvantages of job shop and

‘mass production. ) - .
: —~/

Figure 1.1 may|be summarized by saying that the use of computer-
controlled machines for batch production realizes. advantages of scale

ober.job shop prqduction and advantages of scope over mass production
L4 .

(Jelinek<& Goldhar 1983, Jelinek & Goldhar 1%84). ;

III.B.Flexible Automation as Competitive Weapon .

-

)Y

L : ¢
-Since the early 1980's, North American managers have been exhorted to
—_— . .
adopt flexible automation in order to survive global competition. -The

Canadian Manufacturers’ Assoéinﬁion (1982) states: ,
v
A'firm's most {mportant competitor in the 1980's may not be the
company on the other side of town, but a firm located across
the border or perhaps across the ocean. To be competitive now
means to be internationally competitive (p. 7). -



Figure 1.1
Flexible Automation Trade-Offs

High Labour Cost Per Unit ' Job Shop
High Precision ! (Manual Labour) .
High Flexibilicy '

~

N .
~—

Batch Production
” (Flexible Automation)

Low Labour Cost Pet.Unit
Low Precision " Mass Production
Low. Flexibility ’ ’ (Hard Automation)

-

Small Volumes------------ %----Large Volumes
Custom Made--------------- %\ ----Standardized
Low Invgntory Costs----High Inventory Coets

Adapted from:
Jelinek & Goldhar (1983)
Ayres & Miller (1983)

x

Jalkumar (1984) ¢
"/
\ A2

»
. ‘North American manufacturers are being challenged by foreign firms with

( .
low cost labour, by foreign firms with a-capability to respond quickly

-
-

" to innovation and by foreign f}rus which produce high value géon.

~

Flexible automation is seen a‘ the key to meeting these three

competitive threats.

10
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V.A Management Accounting and Control Systems (MACS).
- .

In this sgudy. the term "Management Accounting and Control Systems”
(MACS), refers to performance measurement and reward systems ané
capital budgeting systems. A perforuggce measurement and reward system
may {nclude budgets and. accounting measures of performance.
Capital budgeting systems play a direct vole in the adoption of;
flexible automation. A capital budgeting system provides a means of
sifting through alternative proposals to select those that best meet

top management objectives and it provides clues to project finitiators

and supporters about the strategic girection in which top management
may wish to take the firm (Hill & Dimnik 19867. -

_ S

Performance measureméht and reward syst®s play a less oPvidus role in

adoption:

An often oqerlooked {nternal characteristic which can be
manipulated to improve the capi:al budgeting process {s the
firm's reward structure.. THe path and concurrent rewards along
the path’ that a pro osal follows from its originator in *
operations to Its approval by top corporate executives can have
a great deal of influence on (1) the projects selected (2) the
quality of the cash flow and project lives estimates and (3) on
the post audit’infornation collected and utilized (Haka 1987,

p. 36). ——

<

Commenting on Bower's (1970) work, Caves (1980) writes:
5

Bower holds that a company's top management approves or rejects
projects but has little direct influence on how they get
defined or on which ones are pusiied through tH? firm's lower -
levels of decision-making to become claimants for top-executive *
approval...Top management cannot keep the character and
conponition.of the projects that rise¢ for their approval from
be{ng colored by structural context. Howéver, top mandgement
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. low labour cost foreign manufacturers. Instead, North American

manufacturers should take advantage of a well-trained and educated

workforce and concentrate on the production of high-value gocds. High-

value goods are products of high quality, made-to-order products and
"products that embody the newest technologies. Using flexible
automation is the most efficient way of prgducing high-value products

(Reich 1982, Ayres & Miller 19Y83).
ITI.C.Flexible Automation as Change Agent o

The adoptio; of even a single computer-controlled. mac.iine may
precipitate chﬁnge in what the firm does and how it does it. The
adoption of flexible automation may be a catalyst for closer
cooperation between nanaéers ot various departments, for a
rationalizatien of organizational structure and procedures (eg. just-
in-time), and for greater awareness of product quality (Ayres & Miller
1983, Arbose 1985, Regan 1985, Skinner 1986). In short, flexible
automation may make North American firms more like their Eufopean and
Japanese counterparts who are said to be better organized for global
competition. Thus, flexible - automation may not only help North

American firms compensate for organizatfonal shortcomings (Boltz 1985),

but the new technology may change the organizations themselves.

»
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IIT1.D.Summary of Flexible Automation Benefits

-~

Champions of advanced technologies maintain that North American

manufacturers must adopt new manufacturing technologies in order to

-

survive global competition. As Honeywell Inc CEO, Rod Bilodeau once

warned:

Make no mistake about it, we're in an economic war and {f we,
as a country, don’'t get off our birts and improse our
competitiveness, we're ‘going to losa this war dhd pay a heavier
price than we could ever imagine. (Canadian Manufacturers'
Association 1982, p. 1),

To put it even more succinctly, North American manufacturers must

automate, emigrate or evaporate,
.. . ¥

Given the apparent advantages of flexible automation, one might expect
there to be widespread adoption of these tedhnologlés. However, this
is not the case:

Canada's persistent lag in the introduction and use of
computer-based technologies is an urgent national problem of
major proportions. The diffusion of process technologies is
too slow. The capital investment needed for the Iintroduction
of advanced equipment {s also lagging seriously. Wtthout that
spending, process automation just cannot take place (Economic
Council of Canadd 1987, p.™8). °

In éhe nexc\few pages I will present evidence that Canadian firms lag
-4
. < .
behind firms in other countries {n the adoption of flexible automation

1?



3

technologles. I will begin with some statistics on the adoption of

computer numerical control machines (CNC machines).

As of 1983, Canada had 3500 numerical control machines comp;red to
Japan'; more than 300,000. 4&djusting for the fact that Canada's
manufacturing sector {s one-seventh the size of Japan’'s, Japan still
has a fitteen to one advantage in numerically controiled tools (Ontario
Ministry of Industry., Trade and Technology 1985). Furthermore, as
shown in Table 1.1, the gap between Canada and Japan may be increasing
?nly 4.4% of the new machine tools purchasea in Canada in 1983 were

numerically controlled compared to 38 1X of Japanese installations.®

&

3 A technology by technology comparison between Canadian and
. international adoption rates is presented in Litvak & Warner (1987).

4 Though numerical control (NC) machines need not be operated by
computer, they are considered reprogrammable. In any case, many of the
references cited in this thesis do not make a di{stinction between NC
and CNC (computer numerical rouirol) machines.

®

-
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Table 1.1
Numerical Control Machines as Percent of Machine Tool Consumption

Japan . . 38.1x
. United States 12.92
) United Kingdom 8.1%
Canada . ) 6.43

Note  Percentages calculated on a unit basis

-

(Ontario Ministry of Industry, Trade and Techﬁology 1685, p. 9

A similar pattern emerges when Canadian usage of robots {s compared to
other nations. Table 1.2 shows that as of Japuary 1, 1984, there were

only 3.7 robots for every 10,000 workers in Canada compsred to 32.1 in

¢
Japan, 20.2 in Sweden and 7.2 in West Germany.

~
Finally, looking at automated inspection and automated materials
handling éechnologies. about 602 of Japanese manufactu*ing firms ©
employing 100 or dore workers were using these microelectronic
technologies by 1982. Similar levels otadoption were not realhed in

Canada until 1985 (Economic Council of Canada 1987).

W
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Table 1.2
International Comparison of Robot Usage
{as of January 1, 1984)

¢
2
Country _Robots {n Use Manufacturing Robots per 10,000
Employed . Manufacturing

Employed

Japan 45,000 14 010,000 ) 321

Sweden 1,900 941,000 20 2 \

West Germany 4,800 'y 6.552.000 72 dy'

Czechoslovakia 1,845 . 2,554,000 7 2

France 3,592 < 5.172,000 6 8

Belgium 514 872,000 58

U.s. 9,400 19,946,000 a4 7

Italy 2,000 5,117,000 e 318

Canada 702 . 1.886.000 37

United Kingdom 1,753 5,661,000 31

(Ontario Ministry of Industry, Trade and Technology 1985, p 1IR-8)

-

Section V. Def{n{tjons. Assumptions and Boundarfes . o

Having established that Canadian firms lag in the adoption of flexible
automation and that this lag is undesirable, I will now return to a

’
discussion of.che research. This section establishes a framework for
the study of the HACSiadprion relationship by presenting formal
definitlon§ of thrée key terms: MACS, plaﬁt managets and flexible
nu;onation. In defining.these terms -] will circumscribe the boundaries

of the research and will explicitly state some major assumptions

After tihis is done, I will present the research hypotheses
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V.A Management Accounting and Control Systems (MACS).
< .

In this sgudy, the term “"Management Accounting and Control Systems”
(MACS), refers to performance measurement and reward systems an&
capital budgeting systems. A perforu§;c€ measurement and reward system
may fnclude budgets and. accounting measures of performance.
Capital budgeting systems pfay a direct vole in the adoption of;
flexible automation. A capital budgeting system provides a means of
sifting through alternative proposals to select those that best meet

top management obféctives and it provides clues to project initiators

B

and supporters about the strategic girectien in which top management
may wish to take the firm (Hill & Dimnik 19867. N

. Sty

Performance measuremdnt and reward syst®s play a less opvidus role in

 —

adoption:

An often overlooked {nternal characteristic which can be-
manipulated to improve the capital budgeting process {s the
firm's reward structure. . THe path and concurrent rewards along
the path that wa pro osal follows from {its originator in ¢
operations to its approval by top corporate executives can have
a great deal of influence on (1) the projects selected (2) the
quality of the cash flow and project lives estimates and (3) on
the post audit’infornation collected and utilized (Haka 1987,

p. 36). -

-

<

Commenting on Bower’'s (1970) work, Caves (1980) writes:
5

Bower holds that a company’s top management approves or rejects
projects but has little direct influence on how they get
defined or on which ones are pusiied through tH? firm's lower -
levels of decision-making to become claimants for top-executive *
approval...Top management cannot keep the character and
conposition.of the projects that rise for their approval from
being colored by-structural context. Howedver, top mandgement



can influence that structural context by means of the ~
organization chdrt.. . and the measurement and reward system jt
employs (p. 76}

Implicit in Haka's and Bower's views of the adoption prﬂfess is th?
‘idea of contriy, Capital budgeting and performance measurement and
reward systems may be thought of as management controls systems (Itami
1977). Looking at adoption from a management control perspective
requires the identification of controllers and controlled (Hofstede

F 1968, Tannenbaum 1968) There are two obvious choices of
con:roller/controllgd dyad' firm owners/top management or top
management/lower level management A study of the owner stop management

dyad would have to assume an open svstem perspective and examine some

very broad social issues
S
It's conventional wisdom now to say Canadian and American
companies try so hard to look gopd today that they devote too
little time and brainpower to how they'll do tomorrow There
may be some question, however, about the root of the problem
Maybe 'its less the fault of Big Business than of North

Americans in general Do we all-.workers. consumers. Investors
and governments--presf too hard to get {t now (McArthur 198¢,
p Fl1)? -

This thesis will not examine relationships between firm owners and top
management nor address the broad social {ssues that such a perspéctive
entails. The study {s testricted to the {nternal systems of firms., and

focuses on top management /lower level managrment control dvyads

0

The domain of the research-{s narrowed (n a secand way. The study (s
* ® - -

restricted to the role of lccount1n§é§é adoption Adoption or purchase

. ¥
of new technolxéj’-ay be viewed as the fi{rst phase of the (nmovation

<« - -
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process. Implementation or utilization of new technology follows

adoPtion (Zaltman et al. 1978, Marshall 1985).

&

Success or failure of implementing a new technology may affect the
fikelihoo§ of subsequent equipment purchases (Ge;win 1981). Fer
example, Northern Telecom did not purchase its fir;t robot until 1981
but had such positive results from the technology that {t had i;stalled
128 robots by 1985 (Meffe 1585). Thus, MACS may have b;ch a direct
impact on adoption and an indirect impact through implementation. In
terms of Figure 1.2, this research considers only the direct
relationships (Arrows 1 and 3), and not the indirect relationships
(Arrow 2). By studying how MACS relates to adoption, this research
complements‘the recént accounting literature which has focused on the

role of MACS in the implementation phase of innovation.?

L)

S

3 Examples of articles that deal with accounting and the
{mplementation of advanced technologies are: ‘Armitage & Skelton
(1987), Chalos & Badger (1986), Dilts & Russell (1985), Littrell
(1984), Seed (1984)". . : .

19
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aFigure 1.2
Direct and Indirect Effects of MACS on Adoption

MACS
1 . l 3 }
v & v “
= 2

Adoption|

> Implementation] >lAdoption

V B Plant Managers

' Plant managers are defined in terms of two criteria
T e

1. Ajglant manager i{s a person who makes capital bydge’
proposals to top management but does not have
author{ty to approve them.

2 A plant manager {s a person who {s responsible for
the operation of a manufacturing plant

In choosing to study plant managers, | make two assumptions that

S

plant managers pluy an important role {n the adoption of flexible
autaomation and that the use of MACS for performance measurement and

deci{sion-making {s appropriate to the produgtion fuhctinﬁ,

© 6 The people fdentified as plant msnagers held varfous titles 1;
the sample firms: general manager, director of operations, operations
sanager, manufarturing manager, director of manufacturing. vice-

president operatlonl_[prenldent, and of course, plant manager
< .

20
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Bessant (1982) deflees the adoption of a computer-controlled mmchine as
a2 "manufacturing innovation":
By this {s meant the type of innovation which changes neither
the product nor the basic process, but only some elements in J
the process. For example, despite its radical nature., the use
of an industrial robot does not change the way in which cars
are made; they are still welded together (p. 119).
Manufacturing innovations are a subset of process innovations. They
are equipment and contreol system changes of an increuenéal nature and
are relatively inexpensive. Though a manufacturing innovation may have

a strategic implication, purcpasing the equipment is usually a taqrital

decision and {s directly influenced by a plant manager (Bessant 1982).

Bessant’'s views on the role of plant managers ame supported by the
innovation literature which suggests that it i{s the technical core, the

people closest to the technology, that come up with proposals to change
~- ) A
that‘technology (Daft 1978, Kimberly & Evanisko 198 Zmu} 1982). 1In

the context of this study, plant managers would be ex ed to propose

projects within guidelines set by top management and present those

project proposals to Coy management for their approva1.7

Not all agree that investment in flexible automation is 'or should be a
tactical decision. Some argue that because of its complexity and
strategic implications, the adoption of flexible automation should be

under the purview of top management (Gold 1982, Tanner 1984). However,

even {f Jnvestment {n advanced technologies is not the direct
A

7 This is what Brealey et al. (1986) refer to as *bottom up”
capital budgeting and {s consistent with the capital budgeting models
described by Bower (1970) and King (1975). .
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responsibility of lower level management, these managers can set up ;
roadblocks to adoption by actively fighting against proposed purchases
of flexible automation, or simply by not initifating investment -

proposals (Haka 1987, Hitch%ll & Mabert 1986).

A second assumption i{mplied in the decision to study manufacturing
. . 4
managers is that MACS are an appropriate tool for managing the

manufacturing function MACS have an important but limited use in manv
j}tuations. but MACS are extensively, and appropriately, used {n £Fe
management of the manufacturing function (Hayes 1977, Otley 1978,

Merchant 1981). M.ZS are thought to be technically correct for

N

performance measurement and decision-making in situations where beliefs

about cau.e and effect relationships are complete and standards of

'deairability crystallized. Such a situatfon {s thought to exist in the

" buffered environment of the production core (Hayes 1977) . (

>

. " V.C Flexibl® Autogation

~

In this study, the term flexible automation is the name of a set which
includes the following manufacturing technologies: .

Robots: reprogramsable, multifunctional manipulators._ j o

designed to move workpleces or tools along various

paths '

Computer numerical control machines (CNC): “devices

which tool metal according to programmed {nstructions

« Prograsmable Controllers (PC): small, dedicated

computers used to controlhgr monitor a variety of
production processes, other than aetal machining .

-

22




Automated materials handling equipment: systems used
to automaticglly move and store parts and raw
materials throughout~the manufacturing process

Computer-aided }nspectioﬁ and testing devices:
programmable devices (including robots and PCs) used
to automatically measute or test production output '

[§]

CAD/CAM: integratidﬁ between computer-assisted design '
technologies (CAD) and computer-assisted )
manufacturing (GAM)

-

This definition of flexible automation is consisceng with the use of

“the te:m in the literature and in several recent surveys of Canadian

L4

manufacturers (Ontario Ministry of Industry, Trade angd Technology 1985,
.~ ¢ * 1
Automotive Industry Human Resoyrces Task Force 1985, Ontario Centre for

" - .

Advanced Manufacturing 1986).

.- .
® . ’ .
»

AdoPtion.of flexible, automation can be measured ‘at e¢ither plant or

pulti-plant (firm) levels. Fng%e 1.3 shows the various combinagions S
[ * . -

of ugit oq analysis‘and control dyad that were considered For this

-

research. Choobing to stuwdy plant managers naaggved,the alternatives

’ 4 .
to Cell 1 or 2 bug did not resolve the issue of whether so_ define
) . . . ..

.
-
L Y n

Qdopcion at plahc or firm level. . .

.-

f\:.

QO
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Figure 1.3 | * ‘
Choosing Informants and Defining Adoption

- )

~ T
Top Management/Plant Managers Cell 1 Celi 2
Control Dyads X
Owners/Top Management Cell 3 Cell o

. Control Dyads

. . \\\\ - Plant ’Hulti-é?ann

Unit of Analysis
\\for Measuring Adoption

[} .

A procedure consistent with Cell 2 would be to sur%fy?}mgeral plan

. ' k¥ .
managers in each firm Managers would proytde mult‘ble'ob?\rvatioﬁs on =
the characteristics and uses of MACS for each™{irm. These obs€k<:$10n9~...

. would be averaged in some way and each firm's MACS\scores would be

~

AN

averaging the flexible ‘automat{on technologies in the firm's plants AN

] o AN

The problem with this approach i{s that levels of adoption of flexible

_ related to an adoption vari{able which would {tself be calculated by

automation could vary widely n-éng plants within the same firms  And,
as shovn by Hopwood (1972), ‘ley (1978) and H{1ll (1984), the

characteristics and uses of MACS can also differ from plant to plant {n

the ";;:ED*'- Thus nnalyzing MACS and adoption at the flr- (or multi-

plant) level would confoﬁjd y relltlonshfp between MACS and ndoptlon

, , .

e



I therefore concluded that a Cell 1 approach would be the apprepriate

choice for this research and that adoption would be defined in.terms of
LT

flexible automation technologies at the plant level.8

EY

.

VI.A.Model A: Main Hypotheses

The research questions will be addressed by testing four null

hypotheses:
H1 Emphasis on accounting measures in evaluating
"o managers is not related to the level! of adoption of

flexible automation.

H2 The time horizon of accounting measures {s not
related to the level of adoption of flexible

automation. __

H3 Emphasis on financial criteria in jJustifying
nvestment in flexible automation is not related to
the level of adoption of such technrologies.

H4 ifficulty in quantifying the benefits of flexible
utomation is not related to the level of adoption of
such technologies.
Table 1.3 Yescribes the five main constructs in the study and presents

interpretations of high and low scores on the variables that will be

used to measure them. Figure 1.4 (s a pictorial representation of the

four‘hypotheses. /

8 In his study of the automotive industry, Abernathy (1978) argues
for the use of a special unit of analysis that ‘encompasses "both the
product and the characteristics of the manufacturing unf{t that produced
ft.* His unit of analysis i{s the "productive unit" which is defined as
"an irtegral production process that is located in one place under a
common management to produce a particular product line." Abernathy

25

notes that an automotive parts plant is an example of a prodyctive unit.

\ .
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Table 1.3
Model A Constructs

‘Construct Definftion

-

Meaning of High
.Score on Variable

]
Meaning of Low - ,
Score on Variable

emphasis on accounting mdasures
in performance evaluations

time horizon of accounting

mea.sures

emphasis on financial criterla
in‘justifying capital investments

difficulty in quantifying benefics
of flexible automation

level of adoption of flexible
automation

~
accounting used
to evaluate

accouniing ftocus
long-term

account ing
used to justify

benefits hard
to quantify

many computer-run
machines

accounting not
used to evaluate

accounting focus
short-term

A

account {ng not
used to justity

benefits easy to
quant L fy

no Comput er -run
machines

%

Flgure 1 4
Model A

Emphasis on Ti{me horizon
accounting of

measures in
evaluation

H1

accounting
measures

Emphasi{s on
financial
criterta (n
justlflcatinnJ

H?

H3

]

SRR NN AN NN

Diffleulty
cvant fty Ing
avtomation
henefits

H%

Level of Adoption of Flexible Automaiion

]




‘$

VI.B.Model B: Addit{onal Hypotheses

Several studies have looked at the relationship between MACS and
decentralization and between adoption and decentralization. Generally
speaking, - it is chought that a decentralized organizational structure
is positively related'to innovation (Rogers 1983), especially when the
innovation relates to the technical core or production process (Daft =«
1978). However, Zmud (1982) suggests thhat while decentralization may
foster the initiation of proposals for new products or processes,
adoption itself is more compatible with centralization. This may.be
especially true when lower‘level managers are opposed to an innovation:

Innovation may be compatible or incompatible with the interest

of organizational members where incompatibility might be linked

to irrelevancy, to fear of change, to the inconvenience of

change, to power shifts, etc. Given that a realm of innovation

was incompatible with an organizatian's lower-leval members, it

is unlikely than any "expansion” {n individual initiative

brought about by decentralization would result in {ncreased

innovation. More innovation, in fact, might be observed {f it

had been ordained by a centralized hierarchy (Zmud 1982, p.

1423). ' *
Thus., depending on whether top or lower level managers support or

oppose adoption of flexible automation, decgntralization may be

positiveiy or negatively related to adoption.

The relationship between MACS and decentralization i{s more
straightforward. Generally speaking, it {s thought that
decentralization is positively related to the use of'HACS (Bruns &
Waterhouse 1975, Merchant 1981). 1In decentralized organizations, top
management ;ely on MACS for measuring performance and making investment

decisions.




L

> 28\\<~
Herein lies the seed of an interesting problem. If the relationship
among the MACS wvariables, §ec€3tralization and adoption is as portrayed
in Figure 1.5, then decentralization might confound the pbserved
relationships between the MACS variables and adoption. A faflure to
reject Hl o; H3 may mean that an emphasis on MACS for evaluation or
capital budgeting is not a factor I{n adoption or that other fr-tors

-

such as decentralization are "interfering” with the impact of MACS on

-~
adopcion.gﬁ -
Figure 1.5

.,Assumed Relationships Among MACS, Decentralization and Adoption

Emphasis on accounting
measures in evaluation} Decentralization

= (+)

() - (+/-)

Adoption of "'Flexible Automation

Emphasis on financial
criteria in justificatton Decentralization

(+

(- (+/-)

Adoption of Flexible Automation

* .

9 The same argument holds {f Hl and H] are rejected Th served
relationships between the MACS and adoption vari{ables may be(due other

variables.
»

' s
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Mcdel B ;xamines the relationships among the Hl and H3 variables,
adoption and decentralization. The two additional hypotugses examined
in this study are:

HS There {s no relationship between emphasis on
accounting measures in evaluating managers and level
of adoption of ftfkible automation after the effects
of decentralizatlon are partidled out.

Hé There is no relationship between emphasis on
financial criteria in Justifying investment in
advanfed technologies and level of adoption of
flexible automation, after the effects of
decentralization are parfieled out.

Figure 1.6 diagrams the ifodel B hypotheses. =

< . ! ~

Figure 1.6
Model B

»

' Emphasis on accounting Emphasis on fimancial
measures ir ezéiuqcion criteria in justification
(with decentrallization (with decentralization
partialed out) partialed cut)

H5 T HE

Level of Adoption of Flexible Automation
(with deceqtralization partialed out)

i

VI.C.Assesgsing Threats to the Validity of the Results

.. . -

For completeness, and to resolve threats to the validity of this study

a nunber of other vurinbles were measured and other relationships
\‘
< - .
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testsd. These "other” variables are’introduced in Chapter Four and are

described in the context .of the discussions of Chapters Five and Six.

a i J
<

S . VIL: Outli f R {ni o
Chapter One has shown that this study i{s managerially and academically
relevant and has presented a framework for the analysis of six

l .
hypotheses of the relationship between MACS and adoption of flexible

&:tomation. Chapter Two reviews a literature that contends that MACS
blpck the adoption of: flexible autoﬁ&tidn Though this literature
¢ ° ‘ :

offers a number of ways of surmounting the MACS barrier. it never
. .
’

demonstrates that MACS are a barrier to adoption, nor does it provide

: Q
evidence that suggested improvements will resulct in higher levels of

- adoption. Chapter Three begins with a description of the research

‘methodology and of the sample chosen for the study This {s followed

by notes_on the four groups of Geﬁ%rai Motors of Canada part Supp?iers

that participated in the study. Chapter Four shows how.the variables
. ' o

in Model A and 8 were operationalized and Chapter Five summarizes the

research results and presents statg§cical tests of the six hypotheses

of Models A and B. Chapter Six draws some conclusfons from the study
L}

results and makes some recommendations for future

-

I~

¥

_—-
O
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CHAPTER" TWO

u

This chapter {s divided into three sections. Section I reviews the’

. ) - }
works of authors who are critical of the role of MACS in the adoption

—_— .

of advanced technologies and who prescribe changes to current systems.

The objectives of this section are tRree-fold: to demonstrate thereis
- . - :
a substantial body of literature that assumes that certain
characteristics and uses of MACS affect adoption of flexible
1 - automation, to” identify those characteristics and uses of MACS that are

thought to impact on adoption, and-to show the need for empirical

evidence to support the presumptions of this literature

Section II describes the few empirical studies that have examined the

role of MACS in the adoption of flexible automation and Section III

» ) .
» {j " summarizes the chapter. . ‘
Fe ) . v s!.
N
[
If, this section {s to meet its objectives, the works reviewed here must.
be seen as. being a fair representation of current views on management
accounting and adoption of flexible automatfon. An explanatfon of the
’ mannet in which the works were {dentified {s thus {n order. The

“literature review began with a manual search of recent periodicals and

was followed, in September, 1986, by a computer search of the
ABI/Inform Data Base which references more than 660 busines; and

-~ .
management publications from the United States, Canada, Europe,
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Australia and Japan. A computer search of two engineering data bases

1]

was also conducted. Though less productive, this search did identify

several engineering and production management journals that were
shbsequently invesfigated. The process of manual and computar searches

resulted {n a list of 34 books., articles and editorials which are

representative of the literature on MACS and adoption of advanced

‘&‘ s -
technologies 7

. J
-~> —

The materials identified in the searches were found to.be almost

Qttirely of a normative nature These materials were coded for content
and the results of the coding process are presented in Appendix A and

summérized in Table 2 1. . *

A {

Table 2.1 dembns€rates that two cggcerns pervade the literature that
accounting-based performance evaluations are‘'overly concerned with the
short-term and that accounting-based justification processes have
difficulty in supporting investments in advanced technologles ¥
Similatly, the coding process confirmed that most propdsed changes to
‘HACS may be classified*into one of the following four categorI;; [

1 Top management shoul‘d place less emphasis on ’

accounting measures of performance in their

evaluation of lower level managers.
L4

2. Top management should ensure that accounting measures .
properly reflect the long-term objectives of the
firm. :
) . ’ -
3. Top management should place less emphas.s on ‘

financial criteria in the justification of
investments {n flexible automation.

4. Top management shpuld make it easler to Justify “
investments t{n flexible automation by considering



— Toding Category

»

some of the less easily quantified benefits of new

technologies.

Table 2.1

Coding of the Normative Literature

Number

of Itemsx*

Problems with MACS.
Evaluation Period Too Short
Can't Justify Flexible Automation
Other
.
o)
Less Emphasis on Acco ing Measures in Evaluation

Longer Time Horizon for MACS Objectives

Less Emphasis On Financial Criteria In Justification
Less Difficulty {n Quantify Automation Benefits
Other

Model Building / Speculative
Personal Experfenced® / Anecdotes
Case Study / Survey

Source Jourpal:

Management Literature
Production/Engineering Literature
Accounting Literacture

L

12
26

16
14
19
10

16
10

13
13
8

-~

* In some cases items fall into more than one coding
category and thus category,total§ may not equal 34.

(Table 2.1 i{s a summary of Appendix A.)

i
N —
,

<

“Table 2.1 shows that oty 8 of the 34 normative works employed an

33

empirical ne:hodology.1 However, none of these empirical works studied .

-« -

1 Methodologies were classified according to a scheme adapted from

Kaplan (1986c) and Kelmstine & Maher (1984).

'



accounting and adoption of flexible automation per se. That {s, while
8 of the works were based ‘on empirical studies, those studies did not
specifically examine the relationship between MACS and adoption of
flexible technology. The authors of these works only dpeculated on
the role of MACS in the adoption of flexible automation

The final category in Table 2.£ i{s "Source Publications " Each of the
34 items of the normative literature were classified into one of three
tategories Aepending on Whether the item’'s intended audience was
genergl management, production/engineering personnel, or accountants

The remainder of S.ction I is an overview of the normative literature

organized around these three "target audiences "

’ -
1.A.The Management Literature

»

Picture this: a man in a three plece suit struggles in a thg of war

with a robot. The man leans backward trying to pull a bugdle of money
out of the robot’'s grip. The man’'s upturned face {s cofsred‘vith a
book. Looking closely you can se2 that the book is an accounting

ledger. And then you get the picture: here’'s a manager blinded by

—

accounting, refusing to {nvest {n flexible automation

The above {s a description uvf a drawing that {ntroduces an article in

Management Today (Sherldnh 1986). Sheridah criticizes managers for

maximizing short-term accounting objectives and for emphasizing return:

on-investmegt and cost savings in justification of advanced
~
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technologies. He suggests that top managers should use non-financial
criteria in performance evaluati{ons, that Ehey should adopt longer tiég
horizons, and that they should link evaluations of investments in new.
itechnologies with strategic thinking. He proposes that {nvestments in
flexible automatior not be Justified strietly on cost avoidance but
also on improved customer service, shorter lead times and increased

quality. Sheridan concludes:

-
The message {s one both for accountants and for general
managements. Accountants wust rethink their costing and evaluating
systems. Yesterday's systems cannot bc allowed to be a brake on
today's -- let alome tomorrow's -- technological advances ... But
accounting {s too important to be left to the accountapts. General
management too, must be aware of the drawbacks and deficiencies of
their current measuring systems and press for improvements. It is.
up to top management to ensure that the finance function plays xts
part (p. 75).

Sheridan’'s concern that MACS preseire maragers to aim for quick payoffs

A3

has been a theme in the management literature for decades (Banks &
Wheelwright 1979, Rappaport 19)8). However — the Insidious effects of
short-term accbunting geals on flexible automat{ion were first suggested
by Hayes & Abernathy (1960).' In their article, "Managing Our Way to
Economic Decline,” Hayes & Abernathy raise a number of alternative
hypotheses for vh;E they describe as the decline of North American

" manufacturing, but ultimately they lay a big part of the blame on MACS:

Having gever lost sight of the ‘need to be technologically
competitive over the long run, European and Japanese nanaEer are
extremely careful to make the necessary arrangements and
{nvestments today. And their daily concern with the rather basic
fssue of rong-term survival adds perspective to such matters as
short-term ROI or rate of growth. The time line by which they
manage is long, and it has made them painstakingly attentive to the
means for keeping their companies technologically competitive. Of
course, they pay attention to the numbers ... But they are also
awvare that tomorrow will be no better unless they constantly try to
develop new processed, enter new markets, and offer superior --
even unfique -- products (p. 77).
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It has been said that no other article in_the Harvard Business Review's

sixty years of publishing "excited quité the same degree of reaction”

) A

as "Managing Our Way to Economic Decline™ (Kantrow 15983). Indeed Hayes:

& Abernathy’'s views permeate the normative literature.

In a follow up to Hayes & Abernathy, Hayes & Garvin (1982) shift from
y ;

criticism of short term performance measurements to criticism of the
use of the discounted cash flow,GDCF} mfthod in evaleating {nvestments
in advanced gechnologies, Hayes. & Garvin argue théé although\che DCF
qechod may be suitable for evaluating tactical proposals (eg replaﬁing
a single machine), {t {s inappropriate for examining investments in
advanced technologies. Investments in fle#ible }utogat{;n must be
evaluated from a strategic perspective. Managers must c;nsider the
interdependencies between investments in flexible automation and how

these investments affect their firm's ability to competé.

-~

Tre aéz;ck.on DCF, one of the cornerstones of "scientific" managgment,

has in reaseg in thg p;st few years. However, few alternatives have
-’y ]

been offéered. The Hayes & Garvin "alternative” i{s lowering hurdle
rates: lower rates increase managers' time horizons and make flexible

automation more attractive. Pearson (1986) concurs with this advice

He suggests hurdle rates be lowered a few percintnge ﬁolnts -- a

"strategic discount®”™ -- for {nvestments {n advanced technology.

Y

A more radical alternative to DCF i{s the application of an options

pricing approach (Myers 1984, Kester 1984, Rizzl 1984, Hill & Dimnik

.
kS
?
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1986). -Though intuitively attractive, options pricing theory would be

difficult to apply'in a formal analysfg of real-world invesénents.

Kaplan (1986a) contends that there are no "logic” problems with DCF but
that there are problems in correctly applying DCF techniques. He ---
recommends managers calculate the net present value of proposed

investments in advanced technology using lowered discount rates and

*

fncluding all quantifiable costs and benefits. The (usually) negative
-»

Vvalue of a proposed investment should then be weighed-against the

unquantified nefits. If management can convince themselvgg.that'the

"other benefits” will exceed the cost, then the purchase should be

~.

made. In-practice, Kapian's’dbproach ends up being very similar to the

-

options pricing approach (Hill & Dimntk 1986).

C

-

In general, the proposed modifications and alternatives to DCF ask ~

managers to “tink investment proposals to overall market strategies and

to evaluate proposals on their contribution to the broad goals and

objectives of the orgadization. Such suggestions.nay fly in the face

of North American managements’ 'preoccupntlbn with analytic dEihehmeqt"

(Hayes & Abernathy 1980) but they are consistent withithe Japanese way

N,

of doing things: ‘ ;

Japanese firms generally appear to be much less "numbers Briven"
than companies in the United States. That i{s fortuitous, since
many Japanese firms are using I”ptecilefiﬁhlyticgl techniques

The {mplication is that the discussion Wid aralysis of underlying
assumptions may be more important than the numerical processing
technique employed .... It may be that Japanese firms have done a
better job of focusing attention on critical input assumptions
including possible scenarios and management- responses (Hodder 1986,

T p. 22).
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To summarize, writers in the management litefature see two problems

i with MACS: .ihe use of short-term accounting measures 1h.e011uating
management perfo;naﬁzz and the use of analytic techniques likw DCF for
strategic investments. Co;nonly proﬁosed sclutions are to lengthen

. mahagers’' time hof??pns by lengthening the time period for evaluation

and by lowering hurdle rates, and to employ non-financial, strategic

evaluations of. proposed investments.

s

I.B.Rreduction/Engineertng Literature

{ —_—

.The management literature reviewed above attempts to reconcile
aggressive technological strategies with fiscal responsibility (Hill &

Dimnik 1986). .Implicit in the management;lfterature i{s the

understanding that not gagll technolagy is good technodogy. This (s not

the case in the production/engineering literature where the absolute

~

benefits of flex{Wle automstion are taken for granted and the focus is

on-finding ways to convince top management of the ]6gic of I{nvesting in

[y

computer controlled equipmén:.

P
‘V.. /‘ ) \ \’ .‘
Canada (1936) starts qff his annotated bibliography on-Justification of Y

\ 7/
conputer-quegrated manufacturing (CIM) systems with the comment.
{

" Over the past several years there have been JAncreasingly forceful
statements by industry’léaders and authors regarding the~
inadequacies of traditionsl discounted cash flow as wel] as
accounting-based methddologies - for evaluating and justifying CIM
systems. The roots of the perceived weaknesses are that those |
traditional methodolégies (1) fail to‘-edequately quantify and -
incorporate the broad almost-pervasive benefits of CIM systems. and"’

ot . B 3 -t
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(2) often blind firms to the effects of status quo complacency (p.-
137).

" Canada’s bibliography ‘includes 52 entries that are “"subjective

overviews/guidelines on justification” and 35 items that demonstrate
'quantifative techniques/analysis methodologies for justification."
The "subjective™ vs "quantitative” dichotomy will be followed in this

summary of the production/engineering literature.
I.B.1.Subjective Overviews/Guidelines .

Many of the "subjective” articles in the production/engineering
literature are reports of executive roundtables. For example, thgf
‘(f§85) states that "traditional financiaf‘jus:ifiQation procedures

are quite likely the single grea&est barrier to the utrilization af new

matufacturing technologies by U.S. manufacturing industries,"” and theén

. »

goes on to ask a numbet of executives for their advice on surmounting -

the MACS barrier. One suggestion {s to include the many unmeaturable

"benefits e¢f advanced technologies in the justification process.
. .

Another suggestion {s cS&{Hsu:é the ln&estmeht process ls driyen’by a
long-range competitive strategy. ﬁubér concludes with a few brief &ase
studies of successful a&options. The cases show that top management
has had to de-emphasize traditfonal financial methods of‘ew;luatlon in
order to pronot; the aQoptioq of flexible automation. For example,
Alleanradley President J.T. O'Rourke says that his company's

investment in a computer-controlled production line would not have been

made had the project been evaluated on the basis of the "o1d ROA:

methods."®
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Similar sentiments are expressed in an article by Gene:al Electric
L4 - 3
executive, F. Curtis, who tells managers they must grasp two basic
concepts: traditional 'hard-nu‘%er" methods of economic justification

just don't work any more and one should not be afraid of "soft numbers”

(Editors of Material Handling and Engineering 198%)

1.B.2.Quantitative Techniques/Analysis Methodologles

The threatened abandorument of traditional gquantitative techniques has
caused some consternation in the ranks of experts on the topic

To ensure a progressive future, engineering economic analysis
*procedures and approaches must evolve to evaluate the-econdmic
aspects of -changing technology., or alternative techniques will be
found to justify new purchasds .and .fnnovative designs We already
realize some of these n techniques in the jusctification ef new
technology --.rxobotics, flexible manufacturing systems, software
systems, etc. -- by the use of vague reasons such as "technology . "
"labour replacement,” "competition,” etc., when classical economit
analysis shows the suggested design to be a poor or risky choice
(Blank 1985, p 227).

.

Blank (1985) discusses three ways {n which enginecering economics is

3

adapting to the-need for new methods of justi{fication 1ncorporn§{%x
element's of strategic-planning in lﬁtgsz‘::f analyses, laproving
vstimation and tracking of cost compgnents, and designing and using
.software systelswin analyzing {nvestment proposals

Uteckt (1986) and Pouella(lQBQ) fdentify some of the benefi{ts not
normally considered (n the'evnla;tiod of flexible ‘automation propoxals

Bernard (1986), while ugreeing with the need far strategy-oriented

methods of fﬁstifﬂcatlon, argues tHat such an approach {s not pesaible

w

-
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using the accounting profession’s "highly structured methods” of

L4

allocating resources:

Convincing top management of the need to invest in new
technology and then justifying it i{s often more of an art than a
science. Rather than relying on some type of "creative"” accounting
procedure to reduce all of the intangibles to dollars and cents in
order to calculate a precise economic answer using imprecise or
highly subjective source data, one approach is to use some type of
structured project methodology to analyze the relative advantages
and disadvantages to the firm (p. 52).

Bernard goes on to present a‘;on-financial. multi-criteria evaluation
technique for investments in new technology. Taking a similar tack,
}rszelle (19§5) and Sulliv;n (1986) recommend evaluation technigues
that require managers to identify financial and non-financial criteria
(eg. ROI, flexibifity, safety, compatibility, m;incaipability), to
subjectively weigh the ¢riteria, and to rank alternative proposals
according to the weightgd-criterla.

To sum up the production/engineering‘literature, there.is a consensus
that changes must be made, to current accounting practices. One group,
mostly production managers, suggests that investments in flexiSIe

management cannot be analyzed by conventional methods. They advocate

making investments on faith. ALadenlcs and professignal engineers are

LS

' respordirg to the criticisms of traditional justification methods by

suggesting improvements to those methods and by developing alternatives
to them. There {s general agreement that financial i{ssues should be
downplayed in favour of strategic issugs and that nofe of the "sofc*
benefits of flexible automation should be considered in the

justification -process.

41
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-

kaplan (1683) issues a challenge to management accountants to 'dev%se
new internal accounting systems that w:ll be supportive of the firm's
new manufacturing strategy * In part;cular.:he suggests the need for
non-finanéial and longer-term measures of managerial performance and

A}
for new measures of the less-easily quantified benefits of advanced

technologies that should be included in the justification process

-
“

~ Kaplan (1984b) argles that inadequacies in sxisting performance

measurement systems are hindering transitions to the organization and

> P

technology required for the "new industrial competition " He notes
that "a narrow-minded focus on short-term financial indicators” can

distort a firm's fixed gsset acquisitioﬁ program and that firms must

"de-emphasize the use of accounting profits to measure near-term
-~

performance.” Kaplan suggests that general mdnagers augment accounting,

-

measures of performance with direct observation -"Management by

k4

P-
Walking About will have to replace Managing by the,Numbers 2

o~

Kaplan (1985) testifies tha® the basic production model at fhe core of

-

management accounting research and analysis {s "an overly simplified,

perhaps obsolete repredentatfion of the producti{on s{tuation confronted

* .

by corporations in the 1980's." He poin?? out that “"so called optimal

;3 —

2 Bruns & Waterhouse {1975) equate degentralization with
"management by numbers” and centralization with "management by walking
about . * Thus Kaplan {s, in effect., advocating a sore centralized
management structure

-

s
~
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decisions” of a traditional management accounting model are optimal

"only if the conditions and parameters of the model are assumed to be

imautable with respect to managerial actiongy ™ As an example, Kaplan

cites how baRanese managers "stepped outside the hounds® of the

. traditional inventory model to ask not "what (s the optimal quantity of

.

., inventory” but."what conditions do we have to change to eliminate the

need to hold any inventory =t all."™ The implication for adoption of
'Y i .
flexible automation is that managers may havé to step outside

L]

4
trfditional accounting systems to make decisions aboyt purchasing,

computer-controlled machinery. .

14

- ~

Kaplan’'s work has not gone without comment. In Atkinson * Cumpings
(1986), Cummings argues that tfad}cional MACS are¢.not being used
properly: "if you use® numbers without knowing the facts behina them
and what the numbers jnean, you can make dumb mistakes."” 'Cummiﬁgs
downplays the suggestiop that MACS are causing major problem; and that

they are inappropriate for new technology. He points out that "most
B /

people are motivated, not only for this year, but for the next year and

the year after that.® It i{s difffcult for managers to short-change the

-
<«

future for shorc-cerm success because their reputations travel with

»

them. In any case, managers, like other people, are more concerned
with seturity and long-term survival than with short-term success.

Cumnings agrees with Kaplan that "innovation is something “shat i{sn't
7

measured at all by an accounting system,” and that this shortcoming can
. .

only be overcome by the direct involvénenc of top management.. However,

disagreeing with Kaplan, he argues that MACS can actually be a positive

e -
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force for adaptation to changing environments. For example, in
situations where managers are evaluated on the basis- of ROI, top

manggement can encourage faster asset replacement by placing higher

~

values on old as;Zc; (fe. depreciating them more slowly and narking\

them up by inflation indices).
\

Looking at some other works in the accounting literature., McLean (1986"
claims that British top management still see manufacturing as a "cost

sink” and not as a competitive weapon MACS emphasize dost control and

. d
\ - . 3 -
cost savings and do not provide information needed for stratéglc

decisions. Emphasis on.accounting measures makes cost avoidance a top

priority in manufacfuring and forces managers to avoid investing in

much néeded new technology. N

. T

McDonald (1985) says accountants should expand the scope of the

criteria used in assessing investments to include Strategic benefits

. ©
He uses the anajogy of airplane speed to show how inapproptlate

criteria can lead to bad declisiors Time spent travel{ing may bé a’
more appropriate criterion than speed when deci{ding mode of
tran;porcation. After factoring in time spent travelling to and from
airports and time %ﬁent waiting at airports, one might decide to choose

4

train travel over pléne travel. e
@ Merchant & Bruns (1986) suggest "different measurements that might lead
,to & cure for management myopia and selfishness " They first develop

criteria for evaluating measurement anlternatives and then recommend top

-
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management be rewarded "i{in proportiorto the returns realized by the

shareholders.” They have more difficulty devising performance meastyres

for middle managers and end up proposing a system that combines

-

.
features of a cash flow system and an economic return system.

- o —
-

The use of discounted cash flow analysis (DCF) has also come und;r
scrutiny in the accounting literaéure. Primrose et al (1984) defend
DCF and say problems caused by poor assumptions and misuse of the
technique may he rectified by using the authors’ computerized decision-

making program

Only ﬁne empirical study focuses_on the relationship betweep MACS and
the adoption of flexible automation. Woods et al (1985) {ookgd at the
capital budgeting procedures of §2 nechanical‘engﬁneering firms In the
U.K. and found significant differences in the investment appraisal
methods of adobters and non-adabters of CAD/CAM technolog;. Table 2.2
shows that.non-adopters were more likely to make use of non-financial %
and "other than DCF/Payback appraisal methods” than adopters. This
result appears to contradict the normative literature becduse it
suggests the adbpthn of advanced technology is positivelv related to

the use of tradiciqQnal justification methods.
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Table 2.2
Use of Investment Appraisal Methods

Method Adopters Non-Adoptefs
Numbecrs Percent Numbers Percent

Payback 36 57 10 3a
DCF Q o la 3 10
Both ? 11 3 10
Non-Financial G 6 “ e
Other K 1l & 21
Firms 63 100 24 1oe

From Woods Pokorny, Lintner & Blinkhorn (1%8%

However, when Woods et al looked onlyv at adopters and at the appra.sal

methods specifically used for CAD/CAM svstems. the,; {ound 3/ per cent

\
-

of the adopters did not calculate "specific costs expected revenues
and depreciated cash flows"” in justifving advanced technologies (See
Table 2.3) The authors interpret the results as signifving "a
recognition of the limited practical use of formal appraisal sethods

when dealing with risky or uncertai{n {nvestments -
. -1 Vs
r .

-



47

L4 i
Table 2.3
Appraisal Methods for Flexible Automation in Adopters
a—

Method . Numbers Percent
Pdyback 16 i 34
DCF ) é 13
Both 1 2
¢ Non-Financial 3 6
Other A 9
None 17 37
Firms a7 100

-

From: Woods, Pokorny, Lintner & Blinkhorn 0&985)

|
) L
The Woods et. al. study also found that of 30 firms that used flexible
payback periods to evaluate projects, "shortening of payback in
response to the risk association with new technolggy was the single
_most lmportant reason cited for payback flexibilicy." This resuit is

unexpected. If anything, one might expect longer payback periods taq be
h

positively associated with adoption of flexible automation.3
. N .

‘e

Woods et al. summarize their findings:
. ' .
The survey ... 'shows .. ga widespread acknowledgement that risk
cannot be dealt with objectively in the context of a capital

_budgeting system and that instead, firms are more in favour of
—_—

3 The normative literature clnins that lowerid} hurdle rates and
increasing length of payback criteria would promote investment in
advanced technologies.
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subjective judgment and assessment of investment decisions,
abandoning formal investment appraisal altogeéther (p ¢3)

Two oéher'enpirical studies are peripHeraily related to the thesis
topic. Schwarzbach (1985) surveyed 112 nnnﬁfacturiog firms to see if

there were any relationships between automation and the wav the firms

accoanted for indirect costs Schwarzbach operationalized "level ot
b

automation® by asking the "perton most knowledgeable about cost
accounting” in each firm to rate levelzoé automation on a singlce iter
Responden}s were asked to circle a number from 0 to 10, {n response to,
the question -'To what extent is vour production process now
*automated?” Sophistication of the accounting system was

operationalized by measuring the kind of cost system used, the method.

of caleculating overhead rates and the methods of depreciation

Schwarzbach found no demonstrable relationship between level of

automation and the "sophistication of the accounting svstem -~

Kaplan (1986b) studied four American firms choseri for belng eithe:

"leaders in high-technology growth {ndustries or fi{rms {n mature

-

industries who were actively promoting productivity and new

'nanufacturlng technologies -4

Kaplan concluded, with some evident
surprise, that while the four f{rms ver:‘uuking dramati{c changes !n

their mechods of production, they were not making comparable changes {(1n

the{r “obsolescent” accounting and control systems Flsewxhere Kaplan

g

“-Ttoberg‘(l§86) soployed a similar methodology In hie study of
European companies and echoed manv of Kaplan's conclusions

8
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despite traditional accounting methods, becguse of traditional

49

(I984a) "has argued that historicllly'any accounting cnange that gave
its users an economic advantage has been quickly aeopted.> Given that
the four firms chosen for the study were "among *he best managed ahd
most successful U.S. corporations,” {t.scems rather peculiar that top
management of these firns would waste resources on “obsolescent”
systems. Though Kaplan's focus is on ﬁACSQand the implemen:atiqn of
advanced technologigs. he leaves one wondering about the role of MACS ,|

[ 4
in adoption: Are North American firms adopting flexible automation

7

accounting methods., or does accounting matter at all?

i? ¢ ) ~

A basic premise of the widespread literature on MACS and advanced
technelogies is that traditional accounting methods are inhibiting the
adoption of flexible automation. The literature review in this chapter

fidentified those aspects of accounting thought to impact on the

RS
.

adéption of flgxible automation. The review showed there is a

-distressing absence of evidence support¥hg the existence of any

relationship, positive or negative, between characteristics and uses of

accounting and adoption of flexible a;tonation. Despite their

Hil?lngﬁess ta, declare certain aspects of MACS as anathenaq to the

process of adoption, there are few authors who offer any realistic and

practical alternstives to the crisiclzed prnctices: Clearly, research
, . ¢

is needed to determine which, if any, aspects of MACS are related to

the adoption of flexible automation, and how MACS, or practical
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alternati@es to MACS, may sbe used to support automation strategies.

The next chapter describes a methodology f§r~;esearching some of these
\\

L3

issues.
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CHAPTER THREE -

This chapter {s divided into three sections. Section I, which pr:;ents
the research methodology. is organlzed'arodﬁd the decisions that were
made in developing ;ests of the hypotheseé outlined in Chapter One.
Section II describes the data collection procesg and Section IIf .
describes the fQur groups of automotive part manufacturers chosen Yor
the study.

A}

The four methodological decisions discussed in this section are:
? .
the decision’ to conduct empirical research, the decision to study

manufacturers of automotive parts, the decision to sample General

* Motors of Canada part suppliers, and the decision to use both maill

questionnaires and personal interviews tc collect data.

-

-
-

I.A.Choosing Empirical Research

As shown in Chapter Two, there is a dearth of empirical research on

'MACS and adoption of flexible automation. Kaplan (1%?3, 1986b) and

Troberg (1986) urge those who would study MACS and advanced
technologies to “"leave their offices and study the practices of
lnnoyncing=orglnizatlons.' Kaplan (1986c) states:

I too have expressed my concern with the lack gf field-based
research strategy Ain management accounting. Major changes in
the organization and technology of a firm’'s operations may be
making the accounting and control systems of corporations

)
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obsclete. Yet thebse phenomena will go unobserved and unstudied
by accounting researchers unless they uncertake studiges Tn
actual organizations (p. 430). \\,‘

I agree with these sentiments and therefore decided to study MACS and

" adoption in "actual” companies. Chapter One has already explained the

decision to 'focus on plant managers, and to measure adoption at plant

level, so I will now describe the process of selecting a population of

-
plants and plant managers.

I B Choosing a Population

Three criteria were considered ¥n selecting a population of plants tha:

coufd be used to test the hvpotheses
-

1. To control for "noise,” the plants had to be from the ' 5
same environment. Many factors external to the firm
can {mpact on adoption (Avionitis & Parkinson 1986,
Rogers 1983). It {s desirable to control for as manv
of these factors as possible (Merchant 1981)
Typically this {s accomplished by choésing a sample

" of plants from a single large firm (Hopwood 1977,

Otley 1978) or from a single industry (Merchant
19815 . .

2. For the sake of external vaYidity. the plants had to
représent a variety of mandfacturing processes
Adoption of flexible automation may depend on the
opportunities for automation presented In a
particular manuflacturing setting (Cook 19B6, Ayres &
Miller 1983) For example, the handling of hot
metals and heavy loads in a die casting plant mighr
present more opportunitieés and pressures for adoption
of robots than wculd the handling of cooler, lighter,
molded parts in a plastics plant ., If the conclusfons . ¢
drawn from this research are to be generallzable, tKs
population of plants had to represent a var{ety, of
processes . '

3. To ensure a fair test of the hypotheses. there had to :
be soame evidence that the population of plants had




some variability in adoption of flexible automation.
What was needed was a population where some, but not
all, plants were known to have some flexible
automation.

-

I.C.Chobsing a Sample of Plants and Managers

The population of Canadian plants that supply parts to automotive
assemblers would seem to satisfy the three criteria listed above.l The
automotive industry is one of only a’few'ghat can meet the third
criterion: evidence of some variability in levels of adoption. Table
3.1 shows the adoption levels of various flexiPle automation
technolrgies in the automotive industry as reported in two recent
studies. These adoption levels may appe}r.to be low, but the
auchotive industry leads mo;E other sectors in adoption of advanced
technologies .(Ontario Centre for Advanced Manufacturing 1986, Economic
Council of bahada 1987). For example, 76& of the robots in Chnada are

installed in plants in the automotive industry (Ontario Ministry of

Industry, Trade and Technology 1985).

i

! Firms that manufacturé automotive parts are often described as
"gsecond-tiered f{irms":

Firms, regardless of size, which have a ver
customers and are therefore selling in an ol ny...The
industry sub-get...includes firms that manufa automotive
equipaent, accessories, parts, components, sup s, or sub-
assemblies but do not assemble these items into complete motor
vehicles (Martin 1984, p. 3).

ted number of
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. Table 3.1 -
Flexible Automation Adoption Rates
; 2 of firms as Y of firms as
' reported by reported by
Automotive Ontario
Industry Centre for
Human Advanced .
Resources HanufaSCuring
Task Force - (1986)
Technology (1986)1 \\\\
T . Industrial Robots . 18% 182
" Programmable

Controllers 69 P2Eh

CNC Machines o182 371}

Computerized .

Material Handling 252 . 262 :

Computer:aided R : '

Inspection and Testing 431 Isz -

Computer-alided design

(CAD) 11% _—

Integration between

CAD and Computer-aided

Manufacturing (CAD/CAM) 41X 11

Notes:

1. Percentages.:taken from raw results supplied by the
Automotive Parts Manufacturers’ Assoclati{on of
Canada. ; .

2. Reported results are for SIC 37 which includes
manufacturers of automobiles., boats and airplanes

/ 3. Combines figures for NC and CNC equ!pment

4. Not reported
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IS . QO
Besides meeting the three formal criteria, the study of plants in the

automotive parts industry had two other things to recommend {t. The

-

automotive industry is a vital part of the Canadian and American

economies and the industry is a bellwether for global competition and

technological change.

After a preliminary investigation into creating a sampling Srame for
the study, it was decided to approach the management of Canada's
largest automotive assembler, General Mqtors of Canada (GMC), and ask
éor their assistance in identifying and contacti .their part

suppliefs.z Managers in the automotive indusggy are inundated with

requests for information from industry, government and academic
researchers. A study supported by GMC would likely be better received
than an unsponsored ;tudy. Li;iting the study to GMC suppliers gight
result in some loss ok generalizability but that loss would be offset
Sy the reduction oé eﬁvironmental noise and by the entree offered by

/
GMC . -p \

There are more than 250 squliers of parts to GHC.3 As explained later
in this chapter, a~decision was made to employ a two-wave data )

collection process: mail questionnaires gnd personal interviews/plant

visits, The reguirement to physically visit gach plant made it

2 General Motors of Canada Limited (GMC)Y is operaced as a division
of General Motors (GH)

3 There are more than 400 second-tier parts suppliers in Canada
(Automotive Industry Human Resources Task Force ‘986) More than half
of the second-tiered firms in Canada do some business with GHMC.
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necessary to select a much smaller sample of GMC part suppliers. The
process/gy which that smaller sample was selected is summarized {n
Figure 3.1 and described in detail in the folMwing pages.a
[ T

’ \!
Figure 3.1
Process of Selecting a Research Sample
(" h~
N 400+ Second-Tiered Firms in Canada
®
_I -
N &
250+ GMC Part Suppliers
I
< N -

- 51 Plants from Four GMC Product Groups : .
I.Selected for Study .

32 Plants and Plant Managers -

'4f{n Final Sample -.

[}

. T
9 >
-

In consultation with GMC management, [ ident{fied 51 plunt!'{n four

product groups that represented a wide variety of nanuchturkng

processes: metal ‘stampérs, plastic molders and finfishers, rubber parts

uanufacturek; and functional and decorati{ve die casters Loosely

-~

4 The term "firm” refers to & company with one or po::
sanufacturing plants To the best of my knowledge, the plantsg that
participated in the study are owned by 32 different firms and thug the
2ern "firm" and "plant” are usod interchangeably in thls context
! -~ .

"
. ~-.

<
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. .
speaking, each group could be called a commodities grgap) Blants in
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A

eééh group are not necéssarily competitors but they do\E&hufaccure

similar products and employ similar manufacturing processes.5

-

.
. . -,

- L
I.C.1."A Priori"’Measures of Adoption and Plant Pe$¥ormnnce
- o /’

s

Before contacting management of the Sl plants, I attempted to answer

. ) ’
- three questions' ¢ , )

-

off

1. Do top managers of the 51 supplier firms auﬁport the addption

of flexible agtomation? Differences in top management

preference for flexible automation may be responsible- for,

-

differences in levels of adoption. Ideally, to contral for : .

panagerial‘httit’.towards advanced technology, top
management of plants in the sample should support adoption of

flexible automation.® ) b

i
8

.

2. Do the 51 éinnt:_hnve sufficient varlnbili;} in adoptidn’ of

)> ) flexible automation? Earlier, I noted that :he'adtomotive

industry is one of only a-few that has.invested in fﬁfxible

dutomation. If top nhnigement of GMC part suppliers generally

- \J
i

‘ > There are no *ready-made” product groupings in the automotive
. 1ndustr§. The Automotive Industry Action Group, a voluntary ‘
Pog association of assemblers and suppliers, once set up a coomittee to ¢
devise a system of classifying suppliers but after a year of . )
deliberations, the committee gave up on the attempt. & '

-

. 6 This requirement is consistent with the Cﬁapter One discussion
of control and top management/plant manager control dyads.
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favour the adoption of flexible automation then most plants in

the sample may have similar, high levels of adoption and this
.3 cross-sectional study may not be able to distinguish among
factors related to adoption. There must be some varisbility

- in adoptiom. {

-

3. Is there a way of checbinh for self-selection bias in the
fdnal sample? Empirical research is often criticized for
response bias. “successful” firms are thought to Ye more

likely to participate Iin studies than "less successful” ones

>

Not all 51 firms invited to take part in the study could be

expected to participate and so there should be some check on
.whether the participating plants Qiffef from non-paécicipating
plants on two key measures: hdoﬁtion of fl;;ibleTRhtomation

and overall éerformance as GMC part supplieks: ?H;a3qres of -
" adoption and performance of pa;ilcibénts and-éon-parcicipants

‘ -‘ 4- would be r;quirea te :e;t‘re;pohse bias.

- .

. -
- ‘ n“. . - .
.

-

(%4

The isgh;s‘raised by thesa three questions will be addressed in'two

parts. First, I will present evidence that top management of GMC part

suppliers support the adoption of flexible ;utomatiop in their ffrms.
" Then, I will describe ; survey of GMC personmel that provided

information on variability of the adoption Variable and on response

bias.

¥




I1.C.2.Goxl Congruence in the GM Supplier Network

.

It is proposed that top management of GMC part suppliers support the

-
-

. adoption of flexible automation. Proof of this assertion would require
elther a survey of supplier top management or of those who could
comment on the attitudes :f these nanagers.7 Neither option was
feasible in che context of the proposed research Therefore, I will
provide circumstantial evidence that top managemént of supplier firms
support flexible automation. First, I.will show that GM management has
stated and implemented a strategy of investment in advanced
manufacturing techno;ogies. Next, I will sehow that this strategy has
been communicated to top management of part suppliers and finafly, I

-

will argue that it would be to the advantage of current and potential

GMC part suppliers fo embrace a high-tech manufacturing strategf.

Several studies have examined the automotive indﬁstry from gl6bal,

J
North American, and Canadian perspectives (Jones 1985, Natfonal Academy

of Engineering 198Z, Regional Industrial Expansion 1983). For all the

reasdns discussed in Chapter One, these studfes Bave recommended that

assemblers and their éupplLers invest i{n state-of-the art manufacturing

7 Plant managers should be able to commeit on whether their
superiors support the adoption of flexible automation and so I asked

respondents to agiee or disagree with the statement: Top. management of
this company wants more flexible automatfion. On a scale of l=strongly

disagree, 3<neutral, and 5=strongly agree, the mean response was 3.5,
indicating that top management of the firms in the sample support the
adoption of flexible automation. This result confirms the goal

. congruence }rgunent developed in this section but of course’ the result
was realized only gfter the survey was conducted. .
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technologies. GM management has taken the high-tech prescriptions to

-

heart.

Since the early 1980'% and his ascension to the Chairmanship of GM,
Roger Smith has pursued a high-tech strategy for his company. Smith

has been described as the CED who s "turning GM toward a technological
4

revolution” (Williams & Shultis 1984) and {n countless media interviews

he has declared that his "deepest passion™ i{s to upgrade GM's

-

technology (Greenwald 1985).

Smith’'s strategy has be reiterated b\\Bther GM top management GM
8) y o’ g

Executive Vice President Lloyd E. Reuss, considered a possible

>
successor to Roger Smith, {s quoted in an October 10, 1987, company
5
press release: .
If American business (s to meet the global competitive
challenges of the future, each company has to "search’
relentlessly” for new ways to cut lead times, exploit
technology and innovate faster [said Reuss]. Mr. Reuss said GM
attaches special {mportance to innovation and technology.
"We've made major technological changes at GM already -- and
we're going to make a lot more,” he sald. “A company should
not shy away from an aggressive approach to technological
innovation ... It's a key element in competing with low wage

8 .While the cited studies recognize the i{importance of
manufacturing innovations, they note that simply investing i{n new
technologies is not enough: .

Popular accounts of the emergence of Japanese producers as first-
rate, worldwide competitors-tend to emphasize the impact of the new
automation technology (eg. robotics), strong support of the central
government . .and influence of Japanese culture...There is no doubt
that these factors have played some role:. Yet, {t is our view that
the sources of the Japanese advantage are...rocted in a commitment
to manufacturing excellence and a strategy that uses manufacturing
as a competitive weapon (National Academy of Engineering 1982, pp.
99-100). )
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countries ... The end point of competitiveness i{s products of
increasingly high quality and value."

Note that Reuss’' statement alludes to many of the competitive &
advantages of flexible automation that were discussed in Chapter One.
Also note the expectation that other companies take a more aggressive

;pproach to technological innovation.

¢

The 1964, 1985 and 1986 Geperal Mofors Annual Reports trumpet GM's

investmen;s in flexible manufacturing. For example, the 1984 Annual
Report‘has 17 pictures of computer controlled manufacturing
technologies including robdtic welders, automatic guided vehicle
systems, and painting robots. The 1987 Annualvreports dQVOCes an
entire section to "Investing in the Future: Technological Advancement”
and the 1987 Geperal Motors Public Interest Report states that from
1980'to'i986, GM invested more-than $50 billion (U.S.) in new

facilities, tools and equipment.

GM has also upgraded its téchnology through purchases of several high-
Esfh companies (Electronic Data Systems Corporation and Hu-~hes A{rcraft
Company) and through joint ‘;ntures. An example of the latter {s GMF
Robotics, a joint venture with Fujitsu Fanuc, a major Japanese
~manufacturer of industrial robots. GMF has become fhe biggest U.S.

robotics firm. GM {s its biggest cuyégmer and thie world’'s largest user

of robots (Greenwald 1985). -

GM management has tried to {mpart {ts enthusi{iasm for advanced

manufacturing technologies to parts suppliers. For example, a



compunication to suppliers to the ﬁuick-Oldsnobile-Cadiliac Division
(B-0-C), notes that suppliers are expected to “actively institute plans
to upgrade technical capabilities and adopt new and appropriate
technologies” and "to remain abreast of state-of-the-art technology for
the commodities they produce”™ (B-0-C Document 1986). And in meetings
with supplier top management, GM nan;genent has hammered home the need
to utilize advanced manufacturing technologies (Ceneral Motors of
Canada 1986)‘ -
Through its media interviews and public announcements, through its
actions, and through its direct communications with suppliers., GM
management has clearl& and consistently stated its commitment to
flexible automation. Because of several industry trends, the GM
automation strategy would be expected to be endorsed by part supplier
management. One such trend is {ncreased outsourcing. North American
automakers are retreating from vertical inCegratio; and making ever
.larger purchases of parts and aégémbled components from outside
suppliers (Flynn 1987). It has“heen estimated that by the mid 1990's,
GM will be sourcing 60% to 70% of its parts from outside stpliers
(Courtis 1986). The prospect of uinnfﬁ; new business from CM would be'
an Incentive for parts suppliers to try please GM.

Just-in-time delivery, single sourcing and long-term contracts between
assemblers and suppliers are other trends that put pressure on

suppliers to-ronform to the demands, expectations and norms of their

customers (Jones 1985, Regional Industrial Expansion 1983). Given GM's

~

v
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emphasis on a technological strategy, and given the forces pushing

suppliers towards congruence with GM objectives, one would expect top

management of supplier firms to support investments in new technology,

~ {f for no other reason than to-BTEEEE“éHnajor customer.

<

R aior 9

I.C.3.Measures of Adoption Variability and Response Bias

»

To check for re:zponse bias and for variabiiity in adbption. I asked 26

GMC purchasing, quality assurance and engineering personnel to rate the

51 suppliers on several criteria. Table 3.2 shows the general format

of the questionnaire given to each GMC respondent. The first four

items in Table 3.2 are used to assess the supplier firms on adoption of

advanced technologies and the last two items are measures of overall

performance.

L]
-

L

. s When asked why their firms were adopting flexible automation,
many of the plant managers in the study said it was to meet customer

expectations.

This finding is discussed {n greatér detail {n Chapter Six.



64

. Table 3.2
N Items in Survey of GMC Personnel

In your opinion, compared to its competitors, the FIRM NAME plant’'s...

] Worst Below Average Above Best ‘
Average Average

investment in new machinery [
and equipment is ........... .. 1 2 3 4 S

use of state-of-the-art
production equipment is ...... 1 2 3 4 S

use of robots, CAD/CAM and
other flexible manufacturing
technologies is .... .. .. .. 1 2 3 4 5

use of computers in .
manufacturing is ........ .. ... 1 2 3 4 5

overall performance as supplier
to GM is . ... ... ... ... ... .. 1 2 3 4 5

chances of being a GM supplier
five years from now is ....... 1 2 3 o ) 5

“

Table 3.3 presenés each plant’'s mean score on the GMC measures of
adoption of automation and of performance, along with the number of
raters who evaluated each plant. Since GMC personnel were asked to
rate only those plants, and only on those criteria with which they u%re
familfar, the number of raters for each plant and for each variable s
differs. "Automation” is the mean score on the four advanced

technology items listed in Table 3.2, and "performance” is the mean
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score on the "overall performance” and "future chances" i€ems . 10 The
GMC ratings will be used later itn this chapter to test for self-
selection bias, but at this point, they will be used te check for

variance in levels of adoption of flexible automation.

The plant scores on the GMC measures of adoption of automation ranged
froi 2.00 to 4.47, with a mean of 3.22 and a standard deviation of .52
The Eﬁgﬂraters indicated that 16 of the 51 firms had "below average"
flexible automation. These statistics would evince that, from the
perspective of GMC personnel, there is variability in adsption:\\some
of the firms in the sample are, and others are not, adoptiné flexible

P
automation.

o
3

10 Because each score is the mean of two or more ftems, scores on
adopcion and performance may not be integeks even when there is only
one rater. For example, a single rater-may have scored a plant as a
"3*" on overall verformance and a "4" on chances of being a GM supplier
five years from now, In this case the performance gcore in Table 3.3

~would be "3.5%,




Plant ID
& (Group 1)

OO0~ WS W

10
11
12
13

Plant ID
(Group 2)

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Table 3.3

GMC Personnel Survey Results

Number of
Automation
Raters

FNWSITVLW OV PNV OA

Number of

Automation
Raters

RN RO W R W NN
-

Mean of
Scores on
Automation

3.38 '
3.67
3.17
3.08
31750
.39
.95
.71
.20
.36
.25
.36
75

N W W W

Mean of
Scores on
Automation

3.25
2.50
2.13
3.50
3.00
2.50
3.25
2.50
4.38
2.00
2.92
2.75

, 2.63
4.13

Number of

Mean of

Performance Scores on

Raters

WD W0 Oh OW N NN

Number .of

Performance

.00
.93
.57
.19
.10
.56
.67
A

17
.38
.83
.44
.50

WWwW R W WWN S WWWs

Mean of

Performance Scores on

Raters

¢
AR W R W W N

Performance,

.25
.00
.00
.67
17
.00
13
.00
.00
.50
.00
.33
.00
.00
.50

Y
W W W W W B WW W W W

Continued. ..
.
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Table 3.3 (Continued)
GMC Personnel Survey Results

Plant ID Number of Mean of Number of Mean of
(Group 3) Automation Scores on Performance Scores on
Raters . Automation Raters Performance

29 A 3.50 “ 3.88

- 30 5 3.35 5 4.10
31 4 3.50 4 i 4.00
32 4 3.31 5 3.90
33 4 3.44 S 3.70
34 2 3.75 2 3.25
35 3 3. 44 3 4 .00
36 4 2.56 4 2.38
37 [ 3.69 4 3,75
38 4 2.75 4 3.25
39 5 4.10 5 3.80
40 2 2.75 2 3.25
41 : 2.83 3 3 50
Plant ID Number of . Mean of Number of Mean of
(Group 4} Automation Scores on Performance Scores on

Raters Automation Raters Performance

42 5 3.55 5 3.70
43 1 2.50 1 3.00
44 2 . 3.25 2 3.00
45 3 3.33 3 4.00
46 3 3.08 3 3.67
47 3 3.42 3 4.17
48 S 3.45 5 3.60
49 3 3.33 3 3.00
50 4 - 3.13 4 3.75
51 4 6 .06 4 3.88

I1.D.Choosing a Data Collection Method
r Zs
As indicated earlier, th study collected data in two ways: plant
managers were sent mail questionnaires and after the questionnaires

were returned, managers were interviewed and their plants inspected.




There were several reasons for deciding to use a c;o-uave methodology.
To begin with, many of the key variables in Models A and B could be
measured with both mail and interview Instruments. Since personal
interviews would be condu.ted several weeks after the completion of
mail questionnaires, I expected to get estimates of measurement
validity across method and time. Theée were also some motivat!ional
considerations: plant maéagers would be more likely to return their
mail questionnaires knowing I would visit them.ll Finally, and
perhaps most importantly, 1 was persuaded by the argument that "the
external validity {of mail surveys] to be far too low for understanding
management accounting phenomena"” (Kaplan 1986c). By employing self-
administered questionnaires and field visits I expected to get a more

complete and accurate picture of the role of MACS in the adoption of

flexible sutomation.

The Director of Purchasing for GMC sent top management of each of the

51 firms a personal invitatigp to participate in the study. Appendix B

shows a copy Pf the letter of‘ig;itation, and the accompanying
information and response sheets. Thirty-two or 63X of .the firms agreed
to participate in the study. I contacted as many of éﬁe non-
participants as Possible to find out why they had decided not to

participate. The most often cited reason was plant manager

L'} +

11 A11 32 plant managers in the final sample returned their mail
questionnaires. ’
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A

unavailability. In one case, the plant manager had recently retired
and a new mdnager had not yet been app;intedu In" another case, the
plant manager was in hospital. In several instances the plant manager
was said to ;e too busy to participate. And finally, one supplier did
not participate in the study because. the firmyas in the process of

being sold.

I1.A.Tests of Self-Selection Bias

There is no evidence of self-selection bias in the final sample of 32

plaq:f. The mean of the GMC personnel survey automation scores of the
participating plants was 3.20 and of the non-participating plantsl

3.25. A two-tailed t test of means showed no significant difference
between participants and non-participants on this "a priori" measure of °
;ﬁoption of automation (p=.74). A similar test on g‘e means of the SMC
survey performance scores of tlre participating plants (3.47) and non-

participating plants (3.56) also showed no significant difference

between the two groups (p=.51). ~

To check if participation was independent of product group, I performed
a Cﬁi-square Test of the contingency table shown in Table 3.4 and found

participation in the study was independent of membership tn product'

group (p~.85).




&

- -
‘t
Table 3.4 e
Participation by Group
Declined t& Agreed to Totals
Participate Participate
. "Group 1 # ‘f =
Stampers ’ 6 7 13
. Groué 2
Plastics 5 10 - & L 15
Group 3 - - .
: Rubber 4 - 9 13
Group & s
Die Casters 4 6 10
Total 19 32 51

To sum up, on the key variables of automation akﬁ perfoA[ance, the 32

. .
participating plants are representative of the 51 plants in the

sampling frame.

~

I1.B.Data Collection Procedures

Table 3.5 summarizes the steps followed in collecting data for- the
study. I have already descrlbedt%he survey of GMC personnel and the

invitations genh‘to the Suppliéfs. and will now describe the mail and

personal [nterview surveys of the plant managers. .

. . -y



Table 3.5
Data Collection Process

1. Self-Administered Questionnaires Completed by GMC Raters

2. Invitations to 51 Firms to Participate in Study ° .

-
Id

3. Self-Admini§tered!Questidnnnires to 32 Plant Hanager§

4. Face-to-face Interviews with 29 Plant Managers L.

3
»

S. Tours of 24 Plants - .
4

P ' D

When éisupplier ;eéurned a response sheet and.agreed to participate in

the study, I sent out a package to the person identified as plant
manager. Each package included a cdver letter, instructions and a
questionnaire. Copies of the cover letter and instructich sheet are

presented in Appendix C. The questionnaire itself is described in

Chapter Four., Mail questionnaires Uere.typically followed by face-to-
faée interviews of plant managers and tours of.their plants. In two
1nstances,fnail qugstionnaires were completed gfter the face-to-face
1hce£vi;vs: In theie sftuations, the interview protocol, which {s also

described in Chapter ,Four, was slightly altered to .prevent *

contamination of the written quéstionnaire.

P N ) .\ . . ;~ . - |
) T v L . )
AR | 1 o )

plant visits, the data collection-proc;ss stretched out over six.

v



72

nonths.l2

All 32 managers in the final sample returned mail
que;tionnaires, 29 managers were interviewed, and 24 facilities were
inspected. Three of the managers who had returned mail questicnnaires

were not interviewed for the following reasons: top management of one

of the .supplier firms gave permission for the.plant manager to

-

participate in the mail questionnaire but asked that he not be
{nterviewed, one minager left his job shorely after he returned the
questionnaire, and one manager would not commit himself to an interview

even after six calls Five of the interview sessions were not followed

by plant tours for the following reasons: in three instances the
personal interviews took more than 2 hours to complete and the plant

managers did not have time to condyét plant tours, and in the other two

¥

cases the firms had policies:that restricted plant tours.

-

——

The plants in the sample were scattered along a 1,500 k; Srridor
between Montreal (Quebec) and Windsor (Ontario). Uheneger'possiblg, I
tried to arrange visits ;o seveng} plants in the same vicinity.

o .
Typically, I would ;Lsig two plané& in one day and spend 2.5 hours at

each plant. Half the time would be.spept interviewing the manager and
the other half touring the plant. The petsbnal interviews and plant
~

tours were conducted over a seven week period from late August to mid-

-

October, 1987. . Ty, ‘
° - ! ‘\. “

N
l‘ .

\ ‘ \

T < v

12 Jduring those six months there were h!g posca}qggxiﬁes. each
occurring at cfitlcal.gtages of the data collection prodass. Courier
services ilhinized\che problems caused by the strikes.
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Chapter Four will detail the {tems in the self-administered
questionnaire and the protocol for the face-to-face {nterviews. Before
proceeding with the description of the survey instruments, I will

present notes on each of the four supplier groups in she sample.

v

This seccio% describes general characteristics and manufacturing
processes of the four product groups in the sample. At the time of the
study, GMC made most of {ts gajor mechanical components in-house and
relied on external supplie;s for the production of ;maller. mostly

decorative parts. Suppliers {n the study manufactured parts-ranging in

value from a few cents, for small rubber or plastic molded parts. to

over $£150 for assémhl§d$sgmponents.

-

%he four product groups represent a wide vdfiety of processes (mixing,
molding, machining, extruding, cutting, painting, plating, assembling)
and materials (aluminum, magnesium, steel, brass, fabrics, a variety of
plastics and rubbers).. The groups also t;presenc differept_stage; of

the product litecycle and different competitive strateglies. Stampers

vere in a mature phase of the product lifecycle. Plants were operated

as "cash cows," machinery vas\b{g;_and cost cutting was emphasized. In

contrast, plastic molders and metal die casters were in the growth

phase of the product lifecycle. Sales were iﬁcreasing, emphasis was on

product and process innovation, and machinery was newer. Plants in the

rubber group were so diverse {n product and proéiss that ne .




B

generalization {s possible. More specific descriptions of each group

follow. .

.

II1.A.Group 1 - Metal Stampers

R

In a characteristic metal stamping plant’ metal blanks were ‘cut from

large rolls of thin steel strips. The blanks were'stamagd into shape

by large metal presses and the stamped pArts were cleaned and then, in
. o, -
some cases, painted, machined or assembled (welded) into larger C e

components. The stamping process wWas noisy and sbmetimes ‘dangerous
’ L]

The presses were usually’ more than ten years old-but were well

>

maintained and had been upgraded with some automated festures and - .
safety add-ons. Compared to other parts, dimensional tolerances for

stamped psrts are not ‘high, though visible pérts (such as bumpirs) must

meet high appearance standards. To reduce costs and assembly work, -

efforts were beiné mdde” to redesign parts. For example, rather than

stamping two bumper Tomponents and then welding them together, some
.o -
plants were stamping one-picce bumpers. )

III.B.Group 2 - Plastic Molders and Finishers

I

Many of the plants in this group-molded gp! finished blazcic parts, but

some plants specialized in fiﬁishing. I will discuss molding first.

oo ! F . . A
‘ - : : . :
Thare are two-basic types of plastic molding, In thermoplastic
» T . ’ - W
molding, the raw wateri#l is mixed in advdnce and injected into a mold
T . o ik ; .
. s R . - ‘ -
- T e b >~ . B
.:'i‘ ¢ L4 ’ - " i -

74




75
where-heac and pressure form the plastic part. In rzaction-injection
aqlding, two or more different materials are injected into a mold ;here
they undergo a chemical reaction. Thermoplastic molding {s a more
forgiving.proqess: materials {n scrap and spoilage can be recovered.
Important to both processes is control of factors such as temperature,
humidity, and time in mold. And in both process, the mold;; part must

be deflashed. That is, excess materials must be trimmed from the part

after it is removed from the mold.

Plastic finishing includes painting, m;tal-plsting, and assembling It

is aifficulet to paint or plate plastic products One reason i{s that {
plastics cannot tolerate high temperatures, and many of the painting

and plating processes require coatings to be "baked" onto the part.

Pafnting and platiqg kroblems are compounded by the fact thav fimtshed "~~~ —
pl;;cics are "visible" parts ard are expected to have flawless

surfaces. -

A trend partfcularly evident in the plastics group was the assembly of -

parts into modules or systes-. 'For example, rather than shipping a
number of nnalf-signal light components to GMC, some plants were
manufacturing and nssenbliné complete signal light housings. An:

anof&nnt issue for firms {n the plastics group was coordinating

-

production and assembly of several parts within the same plant and

among sister plants. . , . «




III1 C.Group 3 - Rubber Parts Manufacturers - -

Plants in this group manufactured a wide range of products: tires,
gaskets, floor ma’s, tubing, and weather-stripping Most plants mixed
the{r own rubber compounds and then molded (engine mountings), pressed
(tires and floor mats) or extruded (door side-moldings) the mixture
into a tfinal form. Rubber molding and pressing processes are similar
to plastic molding and metal stamping respectively. 1In the excrus}on
process, soft rubber {s forced through a die in & continqu; process
and cut off in required lengths. Like plastic parts, most rubber parts‘
must be deflashed, but unlike most plastics, rubber must be cured.. If
plastic molding {s a science, waking rubber parts is an art. Rubber
manufacturers were reluctant to talk about their art lest they revealed

.

the secrets of their rubber recipes and curing processes.
. ra
‘ .

IIT.D.Group & - Decorative and Fumctional Die Casters

. T
In a characteristic die casting plant, a metal (usually aluminum) was

melted and the molten metal ladled into a mold. Molded parts were
cooled and deflashed :;d then sdhetimes ;achined or ;;semgled. Some of
the die casting plants had unplea?ant and dange%ous environments.

\ . -
The main difference between functional -and decorative die cast p;rcs is

that the former must meet certain critical dimegsional tolerances while

the latter must also nmeet high appearance standards. A tridnsmiwsion

76
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housing is an example of a functional casting and a door handle a

decorative casting.

IIT.E.Opportunities for Automation

»

Virtuqlly every process employed by pfants in the four groups can be

automated. To take plastics as an example, computer-operated equipment
can be used to: mix p{;s;iz resins, place the resins in molds, control
the molding process (Heac, pressure, time-:in moid), reéove parts from
molds, deflash parts, p!&nt parts, assemble_sevefal parts together and
test finished components. Different'plants, even those within the same
group.and producing the same product, used automation differently.
Things done by robot in one plant were being done manually in another

plant and vice versa. However, I can make some generalizations about

adoption of flexible automation across the four groups.

In iil four groups, computers were being used to test pf%duct quality,
Wh;ii sophisticacihn of comp;cerized inspection and testing equipment
varied, almost all plants had achieved some computerization in this
area.l3 Hold{ng of plastic,-rubber and metal was another area that

wes becoming increasingly automated beécause equipment manufacturers

vere autbzating molding machines. However, while plastic molders and

.metal die casters were making {ncreased use of robots to remove parts

from molds, this function had proved to be more diffiéult to automate

L2

. 13 10 help meet high qualfity standards, North Anerican’ autom-stive
asseablers have demanded their suppliers adopt computerized inspection
and testing equipaent. ' .
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in rubber plants.' Figally one process that war a high priority for
automation in every group was painting.  Autemating the painting
process increased the consistency of che procedure and protected
workers' health.

)
h
. -
v
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CHAPTER FOUK

This chapter explains the operationalization of the constructs in
Model A (relationships®between MACS and adoption) and Model B
(felationqbips between MACS and adoption with controls for

decentralization), and a number of other constructs that were

-

considered in the evaluation of those models. The chapter is divided
into three sections. Section I. presents the mail questionnaire {tems,
Section II discusses the.protocol and codings of the face-to-face

interviews, and Section III summgrizes the chapter.
LY
Table 4.1 lists the main variables used to test the Model A and B

Wpotheses. Othor variables that are referred to in Chapters Five and

Six are listed in Tabdle 4.12 and in Appendices D and E. -

As shown In Table 4.1, each of the constructs in Models 2 and B have

been given a label:

EMFEVL {s emphasis on accouneing measures for
’ evaluation of manager{al performance

3

TMHOR is time horizon of the MACS

EMFJST {s enphd§)s on financial criteria in
justifying {nvestments in flexible
automation

. ~ v

DIFQUN is diffifculty in quantifying automation

benefits in accounting terms

DECENT is degree to which lower levels of a firm
participate in decision-mzking and control
own work

79
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ADOPT is level of adoption of flexible auto;atibn
The instrumen;s used to tap the constructs are identified by labels and
by numer}c and alphgbecic suffixes. The numeric suffixes differentiate
among measures of a construct. In some cases, multiple measures are
indicated because there is more than one established instrument
associated with a construct. In other cases, the use of several
measures reflects the multidimensionality of a construct. The
alphabetic suffixes refer to method of data collection:
G - indicates a variable from the survey of
General Motors of Canada (GMC) personnel
M - indicates‘a variable from the Mail survey
of plant managers
F . indicatek a va;iable from the Face-to-face
interviews of plant managers
Thus, ADOPIM refers to a mail questionnaire measure of adoption and
ADOP2M refers to a different mail’questionnaire measure of adoption.
ADOP2G is the same instrument as ADOP2M, but whereas ADOP2M is a plaﬁt
manager mail survey measure, ADOP2G is a GMC personnei éurvey measure.
‘And,, as wilf be explained later, ADOP4FM {s a ratio witk a ngperator -
from the face-to-face interviews and a denominator from the mail
questionnaires..
]

In Table 4.1, the numbers under the heading "Table" refor to the tables

in thig chapter which depict the mail questionnaire items. The face-

-
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to-face variables are registered in Appendix D (Interview Protocol) and

Appeiyglx E (Interview Coding Sheet).

The references listed under "Sources” in Table 4.1 specify versions of
the instruments used in the study. For example, DECENTZM is a measure
of dgcentralization suggested by Hﬁge & Aiken (1967) and refined by
Dewar et al. (1980). Only Dewar et ;l. are cited in Table 4.1 because
their version of the instrument is used in the study. Measures

specifically designed for .this study, are indicated as being "New."

. a

The number of items in each measure and the procedure used tJ‘generate
a scale from the items is indicated under the Table 4.1 heading,

. v e
"Scale/Items."” In most cases, variables were created by summing the,
scores on the {items of a measure. The number of items, possible
scores on eache item, and the procedure used to generate a scaleﬁ
determine the range of each measu;e‘as reported in.the last column of

Table 4.1. For example, EMFEVL2M has four {items and each {tem can have

a score between 1 and 5 I{nclusive. Since EMFEVL2M i{s the sum of the

scores on the four items, the variable can range between 4 and 20. -
)
r
’
’
. o

| -

{

A
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Table 4.1

Main Variables in Models A and B

Construct Name Table| Instrument Name Scale| Range
and Definition and Source Items
EMFEVL 4.2 EMFEVLINM cx 1 1-4
emphasis on Brownell & Hirst (1986)
accounting
measures for - EMFEVLIF c 1 1-4
performance Interview version of EMFEVL1M
evidpatiens
\ L 4.3 EMFEVL2M S & | 4-20
Merchant (1681)
4.6 EMFEVLIM $ 10 {10-50
Merchant (1981)
TMHOR 4.5 | TMHORIM s 3| 3.20°
time horizon New
of accounting
measures 4.5 TMHOR2M S 3 3-20
New
4.6 TMHOR3M A 1l Open
Cook (1986) ~—
- TMHOR3F . A 1 Open
Interview version of TMHOR3M
EMFJST 4.7 | EMFJSTIM ' S & | 4-20
emphasis on New
financial
criterig in EMFJST2F . c 1 0-2
justification” - New - - | . ‘ .
=‘==;P‘ _ = = o
DIFQUN ¥ <, [*4.8 | DIFQUNIM S 6 | 6-30
difficuley 4n New VT
quantificatiopn
DECENT 4.9 | DECENTIM ‘ s 15 [15-75
decentral- ' Schroeder (1981)
ization Marshall (1985)
4.10 | DECENT2M ' . s 5| 5-20
i Dewar et al. (1980)
* Ca=coded response, S=sum of items, A-actual response, M-mean of items
Coptinued. ..

2w’
s

- B2



Table 4.1 (Continued)

Main Variables in Models A and B -
Construct Name Table| Instrument Name Scale| Range
and Definition and Source Items
ADOP 4.11 | ADOPIM S* 8 B-32
adoption of Cook (1586)
flexible Several industry surveys
automation
Neechnplogies | -3.2 | ADOP2M M o4 | 1-5
*Hi_~?P g
at plant New .
level
3.2 ADOP2G M o4 1-5
GMC survey version of ADOP2G
- ADOP3F A 8 Open
Cohn & Turyn (1984)
- . ADOP4FM - - -
Created by dividing ADOP3F
by number of plant workers
- ADOPSF c 1 1-5
New

* C=coded response, S=sum of items, A~actual response,

M=mean of {tems

[ 4

\

The mail questionnaire and the interview protocol were critiqued by

«

several colleagues' but for the following four reasons, it was thought

unnecessary to pretest the instruments on a sample of plant managers.
.

First, many of the instruments used in the study have been tested and

used {n previous studles. Second, respondents to the mail

questionnaire were encouraged to seek clarification of confusing items

at the follow-up meeting with the researcher. Third, because of .the

length of time between mail questionnaire responses and face-to-face

¢
interviews, mail questionnaire data could be anafyzed. shortcomings

~
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identified, and problems addressed in the follow-up dinterviews. |

Finally, conducting a pre-dpst on even a small fraction of the sample

L
would have severely reduced the power of the statistical tests used to

test the hypotheses.

tion I: The Mai uest aj

In Chapter Three, I described the procedures followed in administering

d ‘t\
the mail questionnaire tc the 32 plant managers. Copies of the
. ‘ -
introductory letter and instruction sheet that accompanied each

questionnaire are shown in Appendix C. In this section, I will present

the actual mail questionnaire instruments.

.I1.AEMFEVL (EMphsasis on accounting For EValLuation)

.

There are three mail questionnaire measures of EMFEVL: EMFEVLIM,

.-
EMFEVL2M and EMFEVL3M.

‘

. b ‘ P - / <N
" - ’ d
EMFEVLIM is Hopwood's (1972) measure of supervisor evaluation Qcyle.

’ -
Hopwood gave cost centre hefds of a large manufacturing firm lists of

eight criterfa that might be used to evdate their performance. He
. ~ - .
asked respogdents: *What do you think counts the fmost in how your
L

departmental supervisor evaluates your performance?"” Abong the

-

"criteria were "concerm with costg” and “meeting the budget." Hopwood

. .

(1972) classifi;d evaluation géyle into four categortes.

,; : Lo . "

i
%
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1. Nonaccounting style: neither meeting the budget nor
concern with costs ranked among the
top three criteria.

2. Profit Conscious style: concern with costs, but not meeting
' the budget, ranked among the top
three criteria. )

3 . Budget-Profit style: both meeting the budget and concern
with costs among the top three
criteria

4 Budget Constrained style meeting the budget. but not concern
with costs, ranked among the top
- three criteria.

There is an implied ordinal scale underlying this classifications
scheme, with Budge* Constrained style at one end of the scale and
Nonaccounting style at the other (Otley 19878). 1In a.Budget.Constrained
situation, accounting measures of performance influence all agﬁgcts of
the behaviour of a manager and his/her supervisor. In a Profit
Conscious situafion, managers and their superiors use accounting
measures for problem-solving, and managers are evaluated on financial
and non-financial criteria. In a Nonaccounting situation managers are

-
evaluated on non-financial criteria.

- / -
Hopwood's measure has been used by Ocley‘(1978). Brownell (1982),
Brownell & Hirst (1986) and Govindarajan (1987). /For this study, I
slightly modified the BrounelL\? Hirst (1986) ver%ion. Because I was

dealing with a number of different caapanies and could not be sure of

.
-

“the completeness of the list of criteria, I ndd?d a line for

respondents to write in criteria not included in the qug:tioﬁ. I also

changed the item "cooperation with individuals outside the firm" to
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-
<

read “keeping customers happy.* Table 4.2 presents the final forﬁ of
the measure.

The ceéding of r%sponses to EMFEVLIM follows Hopwood (1973), except that
{nstead of coding the top three criteria in each response, I followed
Brownell & Hirst (1986) and coded the top four. The inclusion of cthe
fourth ranked criterion in the coding is jdscified by the increase in
the number of criteria considered (Brownell & Hirst 1986). To
fllustrate, {f a responden& ranked budget but not cost as one of the
four most important criteria }n his evaluation, his response’uould be
classified in the Budget Constrained category and be coded as a "¢." A
scorte of :"3~ indicates a Prof%t-Budget Style, a "2* is a Profit Style
and a "1" {s a Nonaccounting Style. A higher score on EMFEVLIM

' fndicates that a plant manager's supervisor places more emphasis on

accounting measures in the evaluation of the manager's N
! .
performance. .




’

- . Table 4.2
EMFEVLIM

.
.

R

What do you think counts the most in how your boss evaluates
your performance? ~

N\
Put the number 1 next to the ftem you think counts the most.
Put the number 2 next to the {tem th_.t cpunts second most
Put the number 3 next to the item that counts third most.
Finally, put the number 4 next to the {tem that counts fourth most. z
How well you cooperate with co-workers

Your concern with costs.

~

How well you get =lbng with your boss.
How much effort you put into your job.
a_ Your concerﬁ with quality.

Meeting the budgsp.

Your attitude toward your work.

Your attitude toward your company.

Your abfility toward your company.

Your ability to handle your co-workers.

Your ability to keep “‘Yyour customers happy.

Other

P

There are two problems with EMFEVLIM. The first problea is

.-

interpreting the Nonaccounting Style. Forty-four percent of the

subjects in Hopwood's (1972)\ltudy were classified in the Nonaccounting

-




category. Hopwood dropped this group from his analysis but did so with
some trepidation:
It {s possible that in at least some of the so-called Nonaccounting
evaluations, the accounting data may represent an important means
of - feedback to a cost centre head, influencing his self-evaluation
and subsequent behaviour even though they are relatively
unimportant in his superior’'s evaluation (p.177).
The point i{s that even when financifal results gre not gi;géilx tied to
the performance measurement and reward system, they may be used by
managers themselves to evaluate their performance and the performsnce
of their peers, and by top managers to select people for promotion
(Bangé & Wheelwright 1979). A second problem with the Hopwood measure
' .
is that it employs only a single item and thus precludes estimation of
\ .
measurement error. These two problems have been addressed by the
.addition of two other measures, EMFEVL2M and EMFEVL3M. from Merchant
(1981).

The 4 item, EMFEVL2M, was employed by Swieringa & Moncur (1972) and by
Merchant (1981) to measure the extent to which managers are required to
explain budget variances to their superiors. It is choughs‘that
managers who have to ;Xplain their budget performance to supervisors

experience more pressure to achieve budget targets (Carruth & McClendon

1984). See Table 4.3 for the EMFEVL2M instrument.

1

.
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" Table 4.3
EMFEVL2M

Listed below are a number of activities related to your job

and use of budgeting. Please indicate how often each

activity takes place.

! Never Rarely Sometimes Often Aluays‘

I am required to submit an . .
explanation in writing about iy ‘
causes of large budget . -

varfances ............... ... 1 2 3 4 5

I am required to report

o actions I take to correct
causes of budget variances.. 1 2 3 4 .3
‘ 1

I am required to prepare y

reports comparing actual ,

results with budget......... 1 2 3 4 5

I am required to trace the .

caude of budget yariances N
to groups or individuals ,
within my plant............. 1 2 3 ) 5

The .10 {tems {n EMFEVL3M seasure extrinsic and intrinsic motivation to
\._score well on accounting measures of performance (Hackman & Porter
1968, Dermer 1575. Merchant 1981). The first 7 jtems in EMFEVL3M

. measure the extent to which budgeting systems are linked to corporate

\ - -

" rewards and tﬁe'lntt 3 ftems measure the extent to which budget

u“'pef%ornance is‘lingiﬂito personal satisfaction. I jusglfy combining

s

the extrinsic notlvition measure with measure of intrinsic motivation

because.Dermer (1975) concluded tﬁh two constructs are corequisites and

o . ) . »
. X ce

¢ .t
.~ v

>



N
* because the Spearman Rank-Order Correlation between the two scales is

.70 (p<.0l1l) in Merchant (198l1). Table 4.4 presents the 10 Likert-type

T N
items of EMFEVL3NM. .
4
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Table &4
: EMFEVL3M
" Please circle one number for each of the following statements about
budgets and budgeting in your company.
X ‘1Strongly - - Strongly

Disagree Disagree Neutral Agree Agree
Budget performance is T

I | I l
" an importame factor
in advancing my career..... 1 2 3 4 5

If I exceed budget
targets I will get
more responsibility...... .. 1 2 3 4 5

My job security will : ' '
improve {f I consistently —
meet budget targets....... 1 o 2 3 4 5

My pay increases are closely X
tied to budget performance. 1 2 3 - S

My talents will be better
recognized if I meet my
budget targets............. 1 : 2 3 4 5

I’ will have better relations T
with my boss if I perform well
in relation to the budgect.. 1 . 2 3 4 5

Other managers will thin

.more highly of me {f I

perform well in relatidn -
to the budget.............. 1 2 3 4 . 5

I get a great,.sense of -
_personal satisfaction when ’

my performance compares :
favorably with the budget.. 1 2 3 4 5

Good peffornénce on budget . .
targets gives me a feeling ’ - :
of accomplishment....... AR 1 - 2 3 4 S

Managing to achieve-budget . i .
., targets contributeg to ay

personal growth a .
. development................ -1 N 3 4 - 5



I.B.TMHOR (TiMe HORizon of accounting system)
c' N ‘

Three mail quesciqnnalre items Qeaéure TMHQR. TMHOR1M and TMHOR2M deal

. with the time horizons of performance measurement and reward sys:em?,

while THHOR3H.neasu;es the paﬁback criteria used to screen capital

budgéslng proposals. I will first discuss TMHORIM and THHORéh. and

fhen TMHOR3NM.

e

L3

; . N .
Lorsch & Morse (1974) uséd'a four item Iinstrumegt to measure the "time

dimension of formal practices.” They asked respondents to indicate the

time span of their business uhit’s.formal performance review, the time.

. -

span of its shortegt reporting period, Ehe range of time over which its-

oughput time: *Calling the

3 -

employees could commit resources and its

3

- . ,
Bl) used a similar

construct "information de;ail.' L |

»

fnstrument to measure the smallest block of time for which accounting

reports are prepared. In this study, ,I asked respondents to indicate

-

the time spans of budget targets, budget réports, and formal reviews of

performance. Because firms typically have mulciple targets, reports_.

-

and ﬁerfornance reviews, I asked respondents tc indicate the time

periods of all c;rgeCs.'reports and formal reviews.” To give managers a

Pl

focus for their respdﬁsesL ) J défined budget cwrgeés and reports. Table

-

4.3 shows the three 1ten£ in TMHORIM and TMHOR2M. Xhe lowest numbered

response to ‘each of the three items were summed to form the TMHORIM

variable and the highest numbered response to each of'che three itegs

»
" ¢ ~

t

r
€4

. "y
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were summed to form TMHOR2M.l Thus, TMHORIM and TMHOR2M =ay be

irterpreted respectively as measures of the short-term and long-term

time horizons of the MACS,

*

?»’

. l1f only one aunber was circled for any response, that nuamber was
used for both TMHOR1M and TMHOR2M. .Respondents who did not have budget
targets, reports or formal evaluations were not included in the TMHORIM
and TMHOR2M analyses. -However, as discussed later, the gdoption levels
of these respondents were invenciggted. ‘

A
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Table 4.5
TMHOR1M and TMHOR2M

Budget targets are cost, sales, profit and/or return on investment
goals set for your plant. For which of the following time periods do

you have budget targets? (Cfrcle more than one number if appropriate.)

Daily budget targets. o

Weekly budget targets.

Monthly budget targets. :

Quarterly budget targets (ie. targets for eac?ffhree month period).

Annual budget targets.

Budget targets for periods longer than one year.

Do not have any budget targets.
- ' »

NOYWVD WA

Budget reports are statements of costs, sales, profits, return on
investment and/or variances from budget targets. Which of the
following types of budget reports do you have for vour plapt? (Circle
more than one number if appropriate.) '

, Z

Daily budget repores.

Weekly budget repor*s.

Monthly budget reports.

Quarterly budget reports. _

Yearly budget reports.

Long range budget reports. -
Budget reports for each project or contract.
No budget reports.

W N . W

L4

How often.do you receive a formal review of your performance? (Circle -

more than one number if appropriate.)

Daily review of performance.
Weekly review of performance,
- Monthly review of performance.
"Quarterly review of performance.
Annual review of perfornaggg.
Formal review of performancg occurs less than once a year.,
Formal reviews for each proZect or contract. ‘

No formal review of performance. .-

»

QW EWN

TMHOR3M represents the fmplicit t{me dimension of the capital budgeting
[ ]

process. Thomsen (1984) argues that with high discount rates "the

.



distant future has practically no significance to the decision-maker -

who uses present value calculations.” A similar argument can be made
for payback criteria (Pike 1983). Higher hurdle rates and shorter

required paybacks for proposed lnvestments are expected to shorten

A

managers' time horizons. “

The items in Table 4.6 were adapted from Cook (1986). Interestingly,
almogt every manager indigated that capital investments were not
requireé to meet rate of return or hurdle rate criteria. This redule
was confirmed in the face-to-face igterviews. Plant managers were not
using discounted cash flow methods to analyze projects. Though," in
some cases, mpre sophisticated methods were used by corporate level

staff, plané managers themselves used only pa}%ack criteria to assess

2

potential investments. Therefore, onfy the two payback items of

Table 4.6 are relevant to this study. When managers indicated they

-
used different payback criteria for investments in flexible automation,

.

that response was used. Otherwise, TMHOR3M represents the "all

purpose”™ payback criterion.3

2 In many cases plant managegs were unfamiliar with the discounted
cash flow technique and had no idea {f anyene {n their firm used the
technique. In the few cases where managers were familiar with the
technique and knew that "someone at head office” calculated each
proposal’s net present value or internal rate of return, they cid not
know or would not say what the discount or hurdle rate was.

3 As discussed in Chapter Two, Woods et al. (1§85) found that some
~firms used one get of criteria and evaluation technique for assessing
fnvestments in regular equipment and another set for advanced

technologies.
! 4



Table 4.6
TMHOR3M

Are capital inve:;;;nts in youf plant required to exceed a certain rate

of return or hur rate? (Circle number.)

1 Yes ---> What {s the hurdle rate? 4

2 No ---> (Please skip next question.)

Are some capiial investments in flexible automation required to meet a
different hurdle rate than other investments? (Circle number.)

1 Yes ---> What is the hurdle rate for flexible automation? )

2 No

‘,‘

? -

Is there a required payback period for capité& investments {n your
plant? {(Circle number.) ’
-~

1 Yes ---> What {s the required payback? yeags

2 No ---> (Please skip next question.)

Are some capital investments in flexiple automation r quired to meet a
different payback period than other investments? (g}rcle number.)

1 Yes ---> What is th ed payback f;r flexible automation?
: yearm 5
.. .

2 NO ‘L < -
v

w,

I1.C.EMFJST (EMphasis on Financial JuSTification of automation)

1.D.DIFQUN (DIFficulty in QUaNtifying benefits of automation)

~

There are no established measures for EMFJST and DIFQUN, so Iinstruments

were developed to tap these two conscruécs. The measure, EMFJSTIM,

a
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4

P

displayed in Table 4.7, asks respohdents to agree or disagree to féur
scet;ments declaring that approv;l of i{nvestments in new equipment
depends on financlal {ssues . DiFQUNlH is a six item instrunént thés‘
asks respondents their opinien on how difficul& it i{s to estimate the
dollar value of automation benefits apd the extent to which automation
costs are easier to estimate than benefits. DIFQUNIM {s preseﬁted in

. Table 4.8. Scores on the first item of DIFQUNIM were reversed.

~ -

v/‘..

. * e
- : - 2

fhe {tems in EMFJSTIM and DIFQUNIM reflect issues raised in the

.
)

literature reviewed inAChapter Two. Because these measures are hew,
special effort was made in the face-to-face interviews to get a sense
of the importance of financial justification to the a%proval of
flexible automation projects and the difficulty in quantifying

automation proposals in financial terms.

’

-



Table 4,7 '
EMFJSTINM

.

Here are some statements about buying new machinery and equipment.
Please circle* one number for each statement.

\Strongly Strongly!
Disagree DisaTree Neutral Agree Agree |

Q .

I I

| |

I can get new equipment
only if 'I can convince

my superiors that the
investment makes financial .
sense . ................. ) 1 2 -3 .6 5

When it comes to new

technology. the only cthing -

top management wants to '

know is "How mug¢hfwiil it

cost?” ........ T lo 2 3 4 5

Plant performance is
measured by return-on-
investment ............... 1 2 3 4 5

Managers who want mew

equipment are expected to .

be able to show that the S - :
equipment will increase

profits «.......... ... . ... S| 2 3 4 5




o

Tl&le 4.8
DIFQUN1M . i

' R
Here are some statements about estimating the costs and benefits of

flexible automation. Think of the situation in your company when you
circle one number for each statement.

Strongly Strongly }
Disagree DisaTree Neutral Agree Agree
estimate the benefits of

flexible autométioq in \ ‘
dollars ......... e 1 2 3 6 5

It would be easy to

If you:blay around with -
cost and revenue esfimates,

you can make any investment i - S
in new equiptent look good . 1 2 3 4 )
It would be hard to estimate

the costs of flexible .

automation ........... - 0 °1 2 ' 3 4 S

Usually, top management is
suspicious of estimates of

the financial bepefits in . . S
proposals to buy new equipment 1 2 E t 5

There is lots of fléxibiliqx'
in what costs and benefits can
be included in a proposal to

invest in new equipment .... ~ 1 ‘ 2" 3 4 )
Top management expects N

managers to underestimate the .

costs of investments in new i - .
equipment .................. ) 2 3 4 5
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I.E.DECENT (DECENTralization) e
~ \
Centralization has been defined e&s the “"extent to which the locus of
authority to make decisions affecging the organization is confined to

the higher levels of the -hierarchy®” (Child :1973). The construct

"centralization” and {ts complement, "decentralization” have figured

O

prominently in both innovation and accounting literatures. Fot the
sake of coﬁsistency, I will use the term "decentralization”™ rather than
"centralization.” recognizing that the terms represest opposite ends of

the same scale.?

T -
<

. Three different measures of decentralization were considered‘fo£ this
study. Accounting researchers have typlcally used the abbréviated
Aston measures (Pugh et al. 1968, Inkson et al. 1970), while many
innovation researchers have employed the Aiken & Hage instruments
(Dewar et al. 1S80). Recently, several innovation séudies have used a
;key informant type of methodology" (Marshall 1985). I will discuss

each of these three measures of decencra}ization. . . .

“The Aston instrument presents subjects with a list of 23 standard
decisions and asks them to indicate the level of the organization at
which those decisions are made., Variations of the Aston measure have

‘been used by Bruns & Waterhouse (1975), Merchant (1981) and Chenhall &

Morris (1986). The Aston instrument was thought to be inappropriate

4 To restate Child (1973), decentralizatfon {s defined as the
extent to which the locus of authority to make decisions affecting the
organization is confined to lower levels of the hierarchy.

| :
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“
by

for this study because few of the 23 standard delisions relate to the

investment decision per se. As well, because of the variety of firms

Th the sample, it would be difficult to construct meaningful labels for

equivalent hierarchical levels at which decisions are made.

In the key informant instrument, respondents are presented with a list

L
of common activities and asked to state the leveleof the organization

—

responsible for making decisions about.those activities (Zmud 1982,
Marshall 1985). The key informant instrument differs from the Aston
measure in that activit;es and hierarchical levels are more closely
tailored to respondents Using a-key informant approach would provide
a decision list more relevant to plant managers and the adoption
process, but it wolld not solve the problem of finding meaningful and

equivalent hierarchical levels.

There are tQOfﬁiken & Hage measures of decentralization: one taps
decentralization ogidecisions about organizational resources aéd the
other taps decentralization of work control. The fl;st measure,
'decentraliza?ion of decisioqs,' lists four standard decisions and
asks, not at what level each decision {s made, but how frequently
rcspondents participate in those decisfons. The scale {s thus a
measure of the respondents' participation in decision-making. The
second instrument, which has also been called a "hierarchy of

authority” scale, {s a five item measure of the respondents’

perceptions of the control they have over their own jobs .
S

N
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Pugh et al. (1968). claim that the Aiken\6 Hage insgrunents are “"too
perceptual” or subjective. Closely re}ated is Marshall’'s (i985;
concern that scores on the participation scale are dependant on who the
respondents are, or more precisely, on the respondent;' hierarchical
positions in their organZzétions. My own concern with the )
participation scale is that the type of decisions listed in the

Anstrument are i{nappropriate to a manufacturing setting 3

In this study., decentralization was operationalized by two {nstruments:
one to measure decentralization of decision-making (DECENTIM) and one

to ;easure the degree of"job control (DECENT2M). DECENTIH:comSines
features of the Aston, key informart and Aiken & Hage participation

measures. DECENTIM lists a number of tactical and strategic,

‘Sanufacturing-related decisions and asks respondents how frequently

they participate {n those decisions. The list of decisions in DECENTIM
comes from Schroeder (1981) though sim;lar lists can be found {n other

operations management texts.
N

f

DECENT2M (s a slightly modified version of the Aiken & Hage ;hlerarchy

LY
of authority” or "decentralization of work control” scale (Dewar et al.

1980). -

The DECENT1M and DECENT2M measures are presented {n Tables 4.9 and

4.10. To be consistent with DECENTIM, the scores on DECENT2M were

5 The four decisions listed in the Aiken & Hage participation
scale are: hiring new staff, promoting professianal staff, adopting new
policies and adopting rtew programs (Hage & Aikeh 1967), '
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reversed. A high score on either of the two measures indicates a
decentralizéd organizational structure.
. » . * .

~
~
\

: (3

Because this study surveys only one manager from each firm, the R
vaiidit) of the decisﬁralxzation measures rests on the assumption thset
the managers in the sample are, fron approximately equivalent |
hierarchical levels. If respopdents are” £rjih different levels, .
decentraliiatiog seores ofay conve§ more informatior® about respondent

4

position thar organizational structure. For this Beason, respondent
\‘A - ‘

position was assessed in the face-to-face interviews. The measurement

-\

and impact of resp.fident hierarchical level are discussed in Chapter <
Five in the context of the yalpﬁkty of the DECENT measures. o ’N\\

' ) ) /.

- ' ~

¢
< N

' . a hN

oY
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Listed below are a number of decisions affecting production.
do you usuﬁ}ly participate in-ea

‘one number” for each @eclsion.)

Setting prices of products

Dedidirg whether or not to.
manufafture & new product

' Changing product design ......

-

] .
Setting produccioﬁ’schedules

Deciding whether or not to
bid on a contract to supply
parts to a custo@er ..........
Choosing suppliers of raw
materfals ....... ........... ..

Setting inventory levels agd.
policies ............... P

Setting manpower levels " .....
Changing plant layout ........

Deciding how much to spend
on new machinery and equipment

- Deciding on what new equipment
and machinery ta buy .........
p . .

Choosing from whoam tb buy new
equipaent and machinewy ......

Setting quality leVel;:and

procedures ....................

Setting maintenance.policies

- Deciding to build a new plant.

Table 4.9
DECENTIM

ch;ﬂf these decisions?

How ofgen
(Please circle

3

’Nevtr Rarely :Sometimes Often Always]

- .

5




» . Tabfe 4.10
DEGENT2M -

Here are a few general statements about how decisions are made In some
- ) companies. How true is each stafement about your company? (Circle one
number for each atement.) : . .

-

Lt

Definitely More False More True Definitely
False Than True  Than False True . -=e
There can be liitle

l - ra A r . - -
\S ——
-
action taken here

until a supervisor -~ A s
approves the decision . 1 2 3 G

People who waq} to ) -
make. their own ’
decisiony would pe

quickly discouraged
here .................. 1 2 3 .4

. Even small matters have
. to be referred to ' .
-someone higher up for a

final answer .......... 1.

N/
(O8]
&

In this company people L e .

have to ask their bosses i -
before they do almost ¢

anything .............. 1 e 2 3 4

- Every decision ﬁas to
have a supervisor's )
approval .............. 1 2 3 4
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1.F.ADOP (ADOPtion of flexible automactdn)

Innovation studies typically measure adoption in one of four ways:

adopt/not adopt, -delay in adoption, é;tént of adoption and number of
e . - \ = )
fnnovations wdopted (Cohn & Turyn 1980).° The most commonly used
meqgure in studies of adoption of flexible automation is a‘f‘(&ariacion of
]

thé adopt/not adopt dichotomous variable: purchased flexible
automation technology/not purchased technology (Avlonitis & Parkiﬁﬁ%n

- 1986 . Cook 61986) argues againstAdichotomous,measures of adoption of

e automation:

e extreme is a dichotomous measure that equates adoption
to having the technology anywhere on site. At the other
extreme {s a dichotomous measure where the téchnology must be
fully implemented for the plant to qualify as an adopter (p.
59). -

Because flexible automation can be purchased and {mplemented in small’
-\

~.

. increments, Cook (1986) advocates a finer measure bf‘adoption of these
technologies. In his study of robot adoptioﬁ'be asks respondents to

date the start of planning and the start of operations of first, |

second, and third robotige projects. ‘
.

LY
.

N

The self-administered questionnaire incorporated two measures of -

:doption. ADOPIM, as shown in Table 4.11, cpnceptualiies adoption as‘.
_ the purchase of a flexible automation technoiog& but distinguisghes

between & pilot project and "substantial use"of the technology. This

3

measure thus addresses some of Cook'’'s concerns.

3
. o -
-

p—erams’
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Table 4.11
- ADOP1M .

i

~

Flexible automation refers to any of the manufacturing technologles
listed below. Does your plant have any of these technologies? (Please
¢ircle one number for each technology.)

-

_ Would Applicable In Trial Substantial

Have No But Rot Or Limited Use In
Use In Used In Use In Your Plant
Your Plant Your Plant Your Plant °

Industrial

Robots ......... . e 1 2 3 A

. 4

Programmable

Contréllers ...... R 1 2 3 4

Nymerically controlled -

mach{ngs (NC) ..a..... 1 2 3 4

S’mputer'copcrolled

C machines (CNC) .... 1 - 2 3 4

Computerized material

handling equipment ... 1 2 3 4

Computer-aided

inspection and testing

devices .............. 1 < 3 4

Computer-aided design

(CAD) ............. ... * 1 2 3 4

Integration betwe.n/

CAD and computer-aided .

manufacturing (CAD/CAMY 1 2 3 4

cr - .
The mall questionnaire also {nhcluded a four ites measure, ADOP2M, which

asks respondents to compare their plants’ adoptior of flexible

s T

107
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automation with that of competitors. ADOP2M is the mean of each plant
-

manager’s score on the same four automation items that were %;?d in the

survey of GMC personnel and shown {n Table 3.2.6

)

e
I.G.0ther Variables

‘A number of other items were included in the mail questionnaire. These
items are presented Iin Table 4.12, and discussed in the context in

which they are applied in Chapters Five and Six.
-

3

v

. ‘ Table 4.12
Other Items in the Mail Questionnaire

At the present time, how many people

are employed full-time at your plant? people - -
- . . s

About what percent of your plant’'s total

sales last year were made to General Motors? e 4 ,

How many years have you been with your company? ——— years

-

How many years have you been in your current position?
- k]

years

—~

6 There is one difference between ADOP2G and ADOP2M. As shown in
+Table 3.2, the anchors of the ADOP2G scale are "Worst" and "Best."
These terms may be appropriate for external raters, but to avoid
communicating a pro-technology bias to plant managers, the ADOP2M
anchors were “Lowest” and "Highest."
L g
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II . A.Collecting and Coding the Intcrview Data

The protocol used in the personal interviews .As presented in Appendix
D. All but two ot the 29 interviews were tape-recorded. One of the
interviews was not recorded because of high noise levels in the
manager's office and another was not recorded because the manager
appeared to be very tense about being intefvieweq After all the
interVLe:s were completed, I reviewed and coded the information from
the plant visits using the coding sheet shown in Appendix E The
reliability of the coding proc;ss was enhanced by two factors. First,
the coding process incorporated three sources of information' notes
taken dufing the interviews, tape-recordings of the interviews, and
information gleaned from the plant tours Interview notes were
checked against igterview recordings, and, where possible, notes and
recordings were checked against observatiods from the plant tours ~

Second, the coding process was conducted in a consistent and methodical

fashion during a one week period after all data had been collected
I1.B.Face-to-face Interview Varlables

A ngnbé; of interview and plant visit variables figure in the \
deliberations of Chapters Five and Six, but, {n this chapter, 1 wi{ll
only describe those variables which appear {n Table 4 1 and which are

used in main tests of the Model A and B hypotheses



.EMFEVL1F {s the interyiew version of the Hopwood measure of "supervisor
evaluation style. " élant Banagers were given cards, on which were
printed the 11 criteria of EMRWLIM, and asked to rank the criteria in
terms of importance in their evaluations. Managers often had to be
pushed to priorize the criteria. In some cases, managers had to be
asked directly if accounting measures were used to evaluate .-
performance, and if so, which criterion, "meeting the budget” d;
"lowering costs," was most important.

TMHOR3F {s the incervi;w version of TMHOR3M, which asked managers to
report on +he payback period used to assess potential investments In
f%ex[ble automation, and EMFJST2F is a mea?ure of the importanceiaf
payback in justifying proposals ‘to purchase new equipment. kesponzenc
replies to the question, "How important is payback in getting spproval
to buy new equipment?” were coded O (not important), 1 (somewhat

-

fimportant) and 2 (very important).

ADOP3F i{s a count of each plant’'s flexible automation technologies. A

plant with $ robots, 1 CNC machine and 2 computerized testing wmachines -
. 8 *

would score 6 on ADOP3E. Because, all things being equal, larger
plants could be expected to have higher scores on ADOP3F, another
variable was created by Adjustiag ADOP3F for plant size. ADbPAF& is a
ratio calculated by dividing a plant's ADOP3F score by tht nusber of
plant workers as reported in the maf{]l questionnajire.. A plant with an

ADOP3F pcot; of 6 and 100 workers would register .06 on ADOP4FM.

“w




One final measure of adoption, ADOPSF, {s a single, 5 point item
anchored by "Low Flexible Automation Adoption” and "High Flexible
Automation Adoption." ADOPSF represents my rating of the flexible

automation levels of the 24 production facilities that I personally

L

inspected.
ection JII:. Chapter Summary

This chapter described the mail.questionnaire and face-to-face
interview instruments that were used to measure the variables that test
Models A and B. The operationalization of the constructs {n Models A

and B was gulided by two principles: where possible, I used established
) T
instruments, and where possible, I employed multiple measures and

multiple methods of measurement. Because it i{s.a critical variable in

studies of this type, I paid specfal attention to developing measures
of adoption of flexible automation. Having presented the history and

form of the mail and interview variables, I will now analyze the'

3

results of the study.

~

111




—

_CHAPTER FIVE

This chapter presents the results of the statistical tests of the
hypothéses. The chapter is organized into six sections. §Ect£dn I
explains the decision to use non-parametric statistical tests. Section

II examines some descriptive statistics of the participating plants and

uaﬁégers that demonstrate the sample {s appropriate and unbiased.

Section III discusses .meaBurement issues and Sections IV and V present
the actual tests of the Model A and 8 hypotheses. Section VI

¢

summarizes the chapter.
S : 1. Statistical Methods .
l

Most of the measurements used in this sctudy meet the minimum

requirement for paraﬁecric tests of S:Fnificance (Kerlinger 1973).
However, some of the éeasures are only ordinal and, with missing data,
the number of cases in some analyses dips b8137 30. Therefore, to be
consistent and consetvaciée, I tested the hypotheses with non- .
parametric statistics. I would note chgt tests of all major

hypotheses with parametric alternatijfs lead to exactly the same

conclusions.

Unless otherwise stated, all statistical tests use the Speardab,rank

correlation coefficient. This non-parametric statistic i{s about 91X

as efficient as the Pearson correlation. That'is, {f a correlation

between two variables does exist in a populngion,.the Spearman

(S
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statistic will have the same level of significance in a sample of 30 as

the Pearson statistic has in a sample of 27 (Siegel 1956y .1

’
Y S

When presenting correlation coefficients, 1 will also report the number
of cases in each analysis (n) and the significance levels (p) Numbers

of cases differ from analysis to analysis because cases with missing

values are eliminated on a pairwise basis That is, cases are omitted
only in those analyses in which data is missing Wpere nonrésponso was
a potential problem, I checked for patterns of nonrespdnse and found no
evidence of] nonrandomness. Key correlations were recalculated.usfng
listwise deletion and these correlations were consistent with the

casewise deletion results

this thes{s explores a much discg;sed

.

In keeping w\:? the argument that
i

-

but little studied area, I use two-taided statistical tests Even {n

y

tests of the main hypotheses, where the literature clearly predicts the

expected sign of relationships, I maintained a conservati{ve two-tafled

approach .

<

*
Since some statistical power has already been sacrificed by using non-

parametric techniques, I opted for a significance criterfon of p=.10
A two-tailed test with a rejection level of-p- 10 is as powerful as a

one-ca@led test at p=.05 (Cohen 1977). With two-tailed tests, p~.10,

113

1 pata analyses were performed with SPSS* (Version 2 2), on the
Queen’s University IBM VM/CMS mainframe
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and sample sizes of absur 30, correlatfohs would have to be-greater °

than .30 to be judged significant. Cohen (1977) suggests that

correlations of .30 indicate "medium effect size.;

<€
3
. * v

To sum up, given a sample sf{ze of about 30, the statistical tests used

. - #
in this study are powerful enough to refect the hypotheses if any of

the MACS variables have at least a "medium-sized” correlation with

»

adoptioa. To put it in another way, the tests are powerful enough to
reject a hypothesis if the MACS variables rassociated with that

hypothesis explain at least 10% of the variance in the level of
*

adoption. The literature reviewed in Chapter Two assumes that MACS

.

play a major role in adoption. It shg?ld not be too much 2: expect

that {f MACS are an issue in adoption of flexible automati the MACS

variables should explain at least 10X of the variance in adoption.

Y o
Section II: Sampling Issues .

. . S~
I have already addreéged one of the most iqgorcanc sampling i{ssues:

self-selection of participants. As shown in Chapcef Three, there was
-

mo significant diff?rence between participants and non-participants in

terms of the GMC personnel survey scores on automation and success.

-
.

In this section, I will examine a number of other plant and managerial
. characteristics that relate to the appropriateness of the sample. I
will frame these sampling issues in a ser{es of questions, first nbo&t

—

the plants and then about the mAnagers.
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I1 A.Plant Sampling Issues

To what extent are the plants in the sample suppliers to General
)

Motors? One of the reasons for studying a sample of GMC part suppliers
was to control for environmental 'noiéﬁ " GCM was expected to be &

major customer of plants in the sample But {f sample plants are too

dependent on GM business., the external validity of the study would be

-
™~

reduced Therefore, a "good” sample would be one with plants that
f -

depend on GM for some, but not all of their sales 2

Of the 32 plants in the study, all have some dealings with GM Sales
%o GM range from 3% to 951 of plant saless Only 7 plants depend on CM
for less than 30X of sales and $nly 5 for more than 70X The mean
percent of sales to GM {s 451 and the median 471 These re#ults
1n&1cate that while the sample plants represent GM suppliers, theyv also

*

represent suppliers of other assemblers Furtheirorv_ the sample

.plants are typical of most Canadianh parts suppliers in that they hqv}

more than one major customer

- .
Are the plafits typical adopters of flexible automation? | choke to

. B

study adoption of flexible automation in this sample because. "as shown

in Chapter Three, there (s some evidence of adoption of flexible

K]

115

B .
2 some plants shipped parts to both GMC and Ameri{can ll;i bly
plants. For the purposes at hand, 1t was sufficient to knoW ger cent
of total plant sales to all GM asseably plants

AN

o
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automation in the automotive industry in general, and in these plggts
in particular. As a further check on patterns of adoption in the |
sample plants, I comparegd some sample and 1ndustr§ statistics.

Table 5.1 is similar to Table 3.1, except that a,third:;olumﬁ has been
added for the results of this Study.3 Table 5.1 shows that sample
adoption rates are higher than industry rates for roSots. programmable
controllers, computer-é[ded inspection and testing devices, and CAD
Computerized material handling equipm;nt adoptiom-rates are comparable
across the three studies, while CNC rates are lower in the sample.

None of the plants {n the study had a working CAD/CAM system, although

7 of the plants had CAM systems with potential }or CAD interface.

]
3 Only the 29 plants which I personally vi;}ﬂsd are discussed
here. The mail questionnaire did not address adoption {n such detail.




>

h]

X of £irms as

reported-hy
Automotive

Table 5.1
Flexible Automation Adoption Rates

¥ of firms as X of plants as

reported by

reported by

Ontario this study

. Industry Centre for v
Human Advanced
Resources Hanufacturlng
Task Force (1986)
Teghnology (1986)1
Industrial Robots 182 15%x & 591
Programmable
Controllers . 452 272 B6X
CNC Machines . 181 3723 101
Gomputerized
Material Handling 251 292 2412
Computer-aided
Inspection and Testing 431 352 761
Computer~aided design N
{CAD) - ) 111 5534
Integration between ™
CAD and Computer-aided
Manufacturing (CAD/CAM) 41X 371

Percentages taken from raw results supplied by the Automotive

Reported results are for SIC 37 which {ncludes manufacturers of

Includes off-site installations accessible to plant.

Notes:
1.

Parts Manufacturers’' Association of Canada
2.

automobiles, boats and airplanes.
3. Combines figures for NC and CNC equipment.
a.
5.

Seven of 29 or 24X of the plants had CAM lyltenl with potential

for CAD interface.

]

01°
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The lower CNC adoption rates in this study can be explained by the fact
that CNC teshnology £5 usually applied in t‘% machining of metal, and
few of the plants inhche study machined metal.

Othet®differences between industry and sample rates of adoption‘can be
explginbd by looking at when sample plants first purchased flexible
automation technqlégies. The twe industry surveys referred to i{n Table
5.1 were conducted sev;ral years ago. Forty-seven percent of the

robot adopters in this study had purchased their first robots within
the past year and 5% within the past two years. And 62X of the plants
with programmqblé”contrbllers had adopted this technclogy less ghan two
years ago. Many of the computerized inspection and testing machine’s
and CAD systems were also new. Recent purchases of advancaed N
technologies explain why some of the adoption rates reported here are

htéher than rates reported in previous éCuQies. —
\

A S

»

To ansrer the question at hand, s there are no major,
unexplki?ed differences between the patterns of adoption of flexible

automation i{n the study’'s sample plants and in 7E;Tindustry infgeneral.

II.B.Respondent Characteristics
Iy

-

Are the survey respandents plant managers? All 29 managers who were
personally interviewed met the formal definition of plant manager:
they were responsible for the 2£Pratlon of their plants and they could

initiate but not n;Provc capital budgeting ‘proposals. Nevertheless
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respondents were clearly nqt all alike. Some were responsible for both

. ' . L4
manufacturing and sales, others only for manufacturing. Some were part
owners of their firms and had a direct say in capital expenditures,

others only initiated proposals. Some reported directly to top
LY

L] ~
management, others were four or five levels below top management. I

captured these differences in two managerial position variables:

ﬁANPOSlE (hierarct}cal level) and MANPOS2F (cost/pfoljit centre).

Summary statistjcs of MANPOS1F and MANPOS2F are displayed in Table

5.2.4 While the respondents were, by definitior, plant managers,
there is sufficient variation {n the two hierarchical vgriables to
warrant controlling for MANPOS1F and MANPOS2F in the tesés of the Hodei
B hypotheses, and as will be argued shortlyi also {n the tests of the

Model A hypotheses. . ’ ‘ .

A 1

4 As-a test of the validity of the MANPOSIF and MANPOS2F measures,
.1 checkecd the correlation between the two varfables and found that, as
might be expected, upper-level managers are more likely to manage '
profit centres than lower-lével managers. The correlati{on between
MANPOS1F and MANPOS2F {s .61, n=28, p-.00.

- -
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~ « -~ Table 5.2 -
Frequericies of Hieraichical Variables ‘

MANPOS1F
1 = lower-level manager 5 respondents
2 = aid-level manager 9 respohdents
3 - ugper-level manager ", 15 respondents
. MANPOS2F ,_
1 = no 'sales responsibilicy 18 respondents N
2 = some responsibility for sales 2 respondents
3 = responsibility for sales 8 respondents

. o
: L

N

How long have respondents and their supervisors held their current
. ) ., - __»‘
‘posirions? Job tenure could affect the'results of this study;in two.

- 1

+ways: a respondent only recently appointed :6 hid posithn'ﬁight give

less acgurate ropoéts of the variables of interest, and recent-éhanges

. " N ) . -
iq.thb rqspondenc/supervisos dyd&d could mean changes in how MACS are
! N

. used (Hopwood 1973). . My Eonc&qgions afq Ghlid only in so far as the

- -

neqsﬁred characteristics and uses of MACS are thdse ahéécigted with the

adoption of fléxible sutomation. If there had begn\changes to a MACS
’ ’ - . ~ « -

after the adoption of flefible:nutonatidn: it would be misléading to

associate the new characteristics and uses Qith the adopéionu

Y .
The mai{l questionnalire relpoﬁsas showed that on average, the 32

managers in the study had been with their firms, 9.5 years and in their

current positions, 3.6 years. However, 5 of the respondents- had been

with their current company one year or less and 8 respondents were {n

[
<

-\‘ L

NP

TN
A}
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their current position one year or less. There was an obvious need to

check the accuracy of responses to key quesgions and to ensure that

.

adoption measures were matched with the appropriate MACS variables.

Verification was accomplished in the face-to-face interviews.

)
The interview process revealed that respondents had no problem in

providing the {nformation required for- the study. The interviews also

confirmed that despite changes ig personnel, the characteristics and

uses of MACS remained stable over time. That MACS are stable is not

surprising when one considers the forces that work to keep a MACS from

’

changing: functicnal fixation (Ijir{ 1967), the preservation of power

. (Markus & Pfeffer 1983), and contagion effects (Hopwood 1973). In .

several cases, even changes in firm ownership had not changed the

-
HAdS.5 And, in the few ipstances where long-time plant managers
" reported some chapges gg‘the MACS, %‘ascertnined that the changes i{n
.the MACS had preceded the adoption o flexible automation. I would
therefore conclude that\ﬁob tenure of plant uanagers~was\not a factor

-

in this stuay.

- b

\ To b'e“Sflr. changes in plant ownérship were all very recent

(o
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II1.A Measures of MACS and Decentralization

III.#.) .Reliabilicy

Table 5.3 summarizes the reliability checks performed on the measures

I
. _9of MACS and decentralization. After discussing the reliability tests,

I will look at the measures’ construct validity (convergent and
discriminant validity).

As shown in Table 5.3, all multi-item measures have Cronbach's alphas
greater than the minimum standard of .50, but three measures have
alphas below .70.6 I will discuss the low reliabilities of these
three measures: TMHORLIM, TMHOR2M and EMFJSTIM.

TMHOR1IM and TMHOR2M are formative rather Ehan reflective measures

(Fornell 1984). That {s, I do not posit an underlying latent variable

.that "causes” TMHORIM and TMHOR2M. Each of these two constructs is

defined as a sum of three posﬁibly independent items. For example,

TMHORIM {s the sum of scores on the following items: the period of

time covered by the most frequent budget reports, the time horizon of

f

6 The lower .limit of acceptability for Cronbach’s alpha is .50
(Merchant 1981, Nunally 1967). However, Nunally (1978) suggeésts a more
stringent criterion of .70 for measures used {n the "early stages of
research."” e

-
o ~
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the most immediate budget targets, and the shortest time span of the
formal evaluations. Logically, scores on these three items need not
be correlated and low {nter-{tem correlations result in low reliability
cocefficiepts. Since there is no reaspn for the i{tems in Tﬂ'ORlH and
TMHORZ2M to be correlated among themselves, the low reliability of.these
two measures does not imply low vaiidity. However the low reliabilicty
scores do igﬁicate a need to test not only the relationship between the
two variables and ADOP, but between the individual® {tems in the two

measures and ADOP

The third measure with low reliability {s EMFJSTIM The reliability of
this scale can be raised to .63 by dropping the i{tem "When {t comes
to new technology, the only thing top management wants to know {s ‘How

much will it cost?'." However, the improvement in Cronbach's alpha {s

+ saa

marginal and the item has face validity, so {t {s retained in the
&

scale.

123
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Tadble 5.3
Reliability Tests
Internal Consistency
Measure ’ Number of Items Cronbach’s Alpha
EMFEVL2M 2 4 .76
emphasis on budget variances
EMFEVL3M _ 10 . .92
budget motivation
TMHOR1M . 3 .55
lower limic time horizon
TMHOR2M : 3 61"
upper limict time horizon
EMFJSTIM 4 .59
emphasis on financial
Justification
DIFQUNIM 6 ' 71
difficulty in quantifying
costs/benefits
DECENTIM | 15 -«
decentralization of
decision-making
DECENT2M 5 .70
"decentralization of
work control )
Replicated. Measures Spearman r Sample Size Significance
EMFEVLIM and EMFEVLLF .39 n = 22 p - .04
TMHOR3M and ‘TMHOR3F .63 n = 22 p~ .00
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Before groceeding further, I would comment on the appropriag;ness of
) Ealculating Cronbach’s alphas with small samples. Nunally PiQé?)
suggests internal reliability tests should have 5 to 10 times as many
cases as items pel measure. Reliabildity estimates may be over-
estimated for those measures that do not meet this requirement (Peter
1979). However, a comparison of the Cronbach’s alphas {n Table 5 3
with those reported by other researchers shows that over-estimation of
reliabi{lity {s not a problem in this stuayi Merchant (l198l) repo~ts a
reliability of .84 for EMFEVL2M and reliabilities of .79 and 74 for
the two subscales of EMFEVL3M Dewar et al (1980)‘repo:l Cronbach's
alphas ranging from .70 to .96 in several applications of DECENTZ2M. .
However, the reliability estimate of .96 comes from a sample size of
8nly 16 and may overestimate true reliability The reliability -
estimate of .70, from a sample of 72, {s more accurate and is
cogiistent with the alpha 'of DECENT2M {n this study.
Moving on to the alternate form/test-retest reliabil{ties, the low
correlation between replications of EMFEVLl casts doubt on the
reliability (and hence validity) of these I{nstruments The low
correlation of .39 between EMFEVLIM and EMFEVLIF, can be partially

”~

explainea by the t{me span between replications, which in most cases
was about 2 mo ;15. And of course the two measures were administered d
by different ‘SZhods: EMFEVLIM by mail questionnaire and EMFEVLIF by
personal interview. As well, the results of the mall questionnalre

were highly sensitive to.che coding scheme. For example, two of the

~

.managers ranked "cost” as the fourth most 1n?6rtnnt criterion in how
-

-
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they were evaluated. They were classified {n the Profit Oriented
category 8f EMFEVLIM._ However, the perscral int;rviews clearly showed
them as bel?nging ;o the &onaccounting category. A different coding
scheme for EMFEVLIM, which considered only the top three criteria,
would have correctly identified the role of MACS in the evaluation of

these twif;anagers,7 .

Although low correlations between EH;EVLIH and EMFEVLLF may mean that
either or both of the instruments are invalid, there is evidence of two
fundamental probiems with the mail version. First, 6 of €he 32 or 13%
of the respondents did not properly complete EMFEVLIM 8 They assigned
numbers from 1 to 4 to all 10 criteria. That is, they listedqtfveral
crigeria as being most {mportant 1q their evaluation, several criteria’
as being se;ond most important, and so on. Theﬁe multiple respoases
could not be coded. A few of the improper responses may have been
caused by a ;isunderscanding of the instructions, but in the face-to-
face interviews {t was found that many managers are evaluated on
multiple, equally important, criteria and judging from their reactions,
these managers tould not easily priorize evaluation criteria.

)

A second fundamental problem with éHFEVLlH is that i{ts validity depends

on the assumption that respondents interpret words like "cost” and

7 As indicated in Chapter Four, I used Hopwood's coding scheme
but, as suggested by Brownell & Hirst (1986), considered the four
highest ranking criteria. . :

8 In Brownell (3982), B of 48 or 17X of the respondénts lnproperly'
completed the Hopwood evaluative style measure (EMFEVLIM).
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'gudgec' the same way. EMFEVLIM was originally designed to survey

manufacturing manageérs within a single large coaﬁany and so Hopwood

] -
{1973) and Otley (1978) tailored the instrument for the company In -

-

which {t was applied: For example, Otley translated Hopwood's "concern
for tost™ to "concern for efficiency.” Other researchers have tsed

'HFE\’LIH in mail questionnaire studies of managers of manufacturing and

.
non-manufacturing departments of the same firm and managers of business

units in several different firms (Brownell and Hirct 1986, Govindarajan
J ~ )
1587). Results of this study would suggest that {t may be

inapprcpriate to use the mail questionnaire version of EMFEVLL to
survey managers {1 different firms From the interview sessions 1t
became obvious that managers had différent interpretations of

Al

evaluation criteria. For example, some managers interpreted‘"budgets"
to mean cosg objectives while others defined -budgets as detailed plans
for achiéving targets for sales, costs, return on invgétment, worker
safety, and custcmer satisfaction Differences i{n interpretation of

EMFEVL] criteria could only be reconciled through persongl interviews

-

I therefore decided to use EMFEVLIF as the definitive mvasure of-

evaluative style and dropped EMFEVLIM from the study

L8
>

Rcferfépg to Table 5.3 again, and the last
there {s a high correlation (.63, . OR3M and TMHORIF,
the mail questionnaire and pefsonal interview measures of payback In
the irterviews, managers often different{ated between formal firm
pdypaok criteria and personal, rule of thumb, payback. For cx‘nple.

one manager who had reported a 24-month payback criterion on TMHORIM

? - -
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admitted to using a 12-month payback to evaluate projects because he

vantsd to make sure he had "winners.® When interviewed, managers
differentisted between personal and fira.payback cricteria, I coded

," TMHOR3F with the personal criteria. Thus, TMHOR3M could be interpreted
as :he formal, firm payback critexia and TMHOR3F as the informal;

personal payback. criteria Since TMHOR3M and TMHOR3F are highly

¥
«

corrglated, and since there is not much diffegence in the means of the

¥

-~

two Beasures I retained only one of the measures.> I chose TMHOR3F
because it represents the actual payback criterion used by the plant
manager The TMHOR3M response was used in cases where TMHORI3F was

missing.

To recap this discussion of reliability, all multiple-item measures met
’; minimum standards for internal re{iabilicy. However, analysis of the.
"low alternatq form rgliability of EHFEVLl indicated problems with the
instrumeﬁt #fd led to the abandonment of the mail questionnaire
version, E&FEVLlH. ,. < oL -

N -' - g

IIT.A.2.Construct Validity

S

-

Kidder (1981) says that construct validity requires agreement on scores
obtained with instruments measuring the same construct (convergent

R .
validity) and some differges on scores obtajned with instruments

measuring different constructs (discriminant validiiy). Though there

9 The mean TMHOR3M payback {'s 28 moriths and the mean TMHORIF

payback‘ 27.4 months.
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are-no set criteria for establishing construct validity, correlations

among measures of the same construct shJle be larger than correlations

among measures of different constructs. A look at Table 5.4 shows that

the -pattern of-correlations among ‘the MACS -and decentralization
variables generally supports construct validity but that there are only
small differences between convergent and discriminant correlations

For s;amplet while the correlations %ggng\the EMFEVL and EMFJST

variables are generally higher than the correlations §g&gggn'EHFEVL and

A%

EHFJST'variablés,;the average correlation among measures of EMFEVL is
Y . A}

only .38 and the average correlation between EMFEVL and EHEJ?f-;easures

is .23, < - -

One of the conclusions that may be drawn from Table 5 4 is that each of
the measures used in this study represents.related but separate

. A
constructs. Thus, even though I use the shorthand EMFEVL for “emphasis

on MACS in evaluating maregers”, I am actually referring to three
constructs: performance evaluation style (EMFEVLIF), emphasis on
budget variaﬁces (EMFEVLZM), and intrinsic and extrinsic motivation of

budgets (EMFEVL3M). In other words, I am defining "emphasis on MACS {n
<
evaluating managers” ln terms of EMFEVLIF, EMFEVL2M and EMFEVLIM.

-

Sinilar 1nterpretations may be made of the TMHOR, EMFJST and DECENT
10 ‘

4

10 This is common practice. For example, Merchant (1981) labels
the three sulti-{teas varlables, "required explanations of variances.k"
“reactions to expected budget overruns®” and "link with corporate reward
system,” as measures of "{mportance of meeting budgets *

L

.o
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I would make two other observations of Table 5.4. First, TMHORIM and
TMHORZM are uncorreI%Ced. A MACS that i{s rated high on TMHORIM may be
racted high or low on TMHOR2M. Managers can make separate decisions on
the length of the short-ferm MACS time horizon and the length of the
long-term MACS time horizon. Second, there may be a methods b%as or
methods factor operating on EMFISTIM. EMFJSTIM tends to correlate
more highly with mail questionnaire measures than with face-to-face

measures

)

In concluding this discussion of construct validity, there is nothing
in the patc;rn of relationships among the MACS énd decentralization
variables to indicate that the measures are ;::Jvalid. However, an
analysis of the correlations among the variables from the perspecéive

of convergent and discriminant validity does suggest that the variables

shou be interpreted as measures of separate constructs.
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IIT.B.Measures of Adoption ,

Six instruments were used to measure adoption: an elght {tem scale from
the mail questionnaire (ADOPIM), n~four item assessment by each manager
of his plant's level Sf automation (ADOP2M), a four item assessment by
&HC personnel of each plant's level of automation (ADOP2G), a count of
flexible automation installations from the face-to-face iﬁterviews
(ADOP3F), a ratio created by dividing ADOP3F by the number of plant

-

workers (ADOP4FM), and my rating of the adoption levels of the 24

plants I toured (ADOPSF).

ADOP2M and ADOP2G have Cronﬁach's alphas of .89 and .93. The other
muléiple item instruments are simply equipment counts and require no
tests of internal reliabilirty. R - ,

Taéie 5.5 shows that five of the six measures are significantly
correlated among themselves.ll The one exception {s ADO?2G. There are
two reasons why ADOP2G, the GMC rating of adoétion. is not
significantly correlated with the other variables. First, the GMC
survey was conducted several months befbre the survey of plant
managers. .As noted earlier, iuny of the flexible automation
tacﬁnologlnt counted in this study had been 1:p1ene6ted very recently

and may not have been known to the GMC raters. As well, GMC raters may

’

11 s{nce the direction of the relationships among the ADOP
variables can be expected to be positive, Table 5.5 shows one-taliled
frobabilicies. A significant gorrelation {s one with a probability .
lower than .05. *

¢
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have only incidental knowledge apout supplier technologies. Things
like quality, on-time de{ivery, and price would be of more immediate

\

concern to raters. i

SN
. Table 5.5 -
Convergent Validity of Adoption Measures
(One-tailed Probabilities) - '
ADOP2M 47 Lt
n 29 -~
p .01 *
ADOP2G 27 .18
n <8 n 31
p .37 p .15
ADOP3F .63 B V2 R N
n 26 n 29 n 28 ha
p .00 p .00 p .20
ADOP4LFM .57 .56 .27 - 66
n 26 n 29 n 28 n 29
. p .00 p .00 p .08 p .00 .~
ADOPSF .67 .67 ~ .26 .78 -1
n 21 n 24 n 23 o 24 n 24
p .00 p .00 - p .14 p .00 p 00
ADOPI1IM ADOP2M “ADOP2G ADOP3F ADOP4FYM

,
;
\
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-IIii'.
L]
L]

I considered conbfning the five correlated measures of adoption into
one scale, which would have "a Cronbach’s alpha of .82, but this .
spproach would have several shortcomings. Only 21 plnﬂgzxyad a
/
" /

complete set of scores on the 5 measures. Another alteinative,

analyzing 5 separate sdoption measures, would be too unwieldy

.
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Therefore, through a process of elimination, I chose two of the "best”

variables to represent ADOP.
W\

ADOPSF, which is my assessment of the level of adoption of'fléxible “~

v

automation of the plants I toured, may be the best-single measure of, -

adoption but it has too many missing values (n=243% ‘ADOP1M has fewer

‘missing values (n=29) but I have some reservations about the vaiidity

s
of the measure. In my interviews with managers:- I discovered they had

very different interpretations of the: phrases "in trial or limited use

in your plant” and "substantial use in your plant.” In one case, a

plant with one yet-to-be unpacked robot scored the same on tH& robot

~. .

item of‘ADOéiH'as a plant\with a dozen operating roboc§: As well, some
managers confused "plant” with "firm." In the most ;xtreme example,
one manager reported substantial use of -all eight technologfes listed
in ADOPIM. bpon Qisiting the plant I discovered that aimost al] of the
cechnologigs were being used by a nearby, sister plant, which~opérated
an entirely different business. Finally, AﬁOPlH-;s a more "lumpy” or

"less tine” measure of adoption than the actual machine counts of

-

ADOP3F and ADOPGFM. ] T,

-

The remaining variables, ADOP2M, ADOPBFtnnd ADOP4FM, are ail

satisfactory measures of adoption, but for the sake of parsimony I use¥”"H
. . -
only ADOP4FM and ADOP2M. 1-Ehos® ADOP4FM because, as Table 5.5 shows,
_ N S S ' .
the two external ratings of\:doption (ADOP2G and ADOPSF) correlate more™ ..
o )

highly with ADOP4FY than with ADOP2M and ADOP3F. On this basis,

ADOP4FM has the highest face validity.
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I chose to use ADOP2M, respondents’.self-ratings, as the second ned&urQ

of adoption because it provides a.d{fferent method triangulation on
-~

ADOP4LFNM . Furthermoré, while there are_ADOgsg scores for all 32 plants,

ADOP3F has three missing values. Finally, because ADOP2M {s highly
correlated with ADOP3F (.78), ADOP3F may be dropped with little loss of

unique variance. ' )

\

Summing up, after going through the process dés&;ibed above, I chose to

use AQQEZH and ADOP4FM as measures of adoption. Together, these two

~
;
very different.measures, give a better representation of the construct,

"adoption of flexible automation,” than would any single m€asure.

LS . e

Table 5.6 presents summary statistics of the main var{ables {n Models A

aw B. Along witgh the’ie@n: possible range, actual range and stdndard

deviation, the table also shows a theoretical mean for Likert-scale
instruments with neutral midpoints. -For example, each of the six {tems
.of DIFQUNIM {s scored on a 5xpoint scale with l-strongly disagree and

S-scropgky agree. The nidﬁBlht, 3, is-lnbeled "neutral . " DIPQUNIM's
N A} /J/I

theoretical mean of 18 is thus a rough guide i‘:to whether respondents

lgig! or disagree with the propbl%tion that {t {s difficult ‘to quantify
\ “ .

r S~

costs and benefits of flexible automation. Since the mean score on J

DIFQUNIM ts 16.5, {t can F;Znnld that, {n general, re-poﬁdontl disagree
L . o : ’
with statements that {t {s difficult to quantify the benefits and costs

p— S ~
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of flexible automation. This may explain why so few of the managers 1I
[ interviewed volunteered criticisms of the role of MACS in justifying
. advanced Cechnologies.12
- . -
!
. Table 8.8
. - Suamary Stetistics of Variables in Models A and B
Variable Mean Theoretical Actusl Possible Stendard Valid
° - ’ Meap Range Rsrge Reviastion Cases
EMFEVLLF 2 20 1 - 4 1 - & 878 28
EMFEVL2M 16 43 7 - 20 ¢« - 20 3 39¢ 31
EMFEVL3M 36 03 30 0 19 - &7 10 - 53 $.739 31
TMEOR1M 8 15 5 - 12 3 - 207 2 357 25
TMBOR2M 15 38 11 - 20 3 - 20 2361 25
THROR3F 28 07 & - 60 o0 - - 13 372 28
EMFIST1M 13 85 12 0 ¢ 7 - 19 4 - 20 2 7385 3t A
EMFIST2F 1 26 o - o - s8¢ 27
‘\ -
DIFQUALM 16 &8 18 0 Q- 24, .6 - 30 3,855 3t
[
DECENTIM $6.26 37 - 78 1s - 75 8 780 31
A DECENT2M 15 84" 12 3 12 - 20 s - 20 - 2172 32
ADOP2M 328 1o 2 - 475 1 -5 838 32
ADOP&FH . 081 - 0 - .33 o - - .082 29
\\ ' b - ) .
- N . '| '
o._ - A' -
] Here are interpretations of other comparisons between actual and- .
R N
theoretical means: L
. .
i ¢

-

12 Fully 772 of the mail questionnaire tenpondentl had, uéan‘ncores
of 18 (neutral) ‘or lower (dillgree) on {tems suggesting {t s difficult
to quant{fy costs and benefits of flexible automation. . oo

‘ ’
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*HF&JH On average, respondents agreed that budget

perférmance was intrinsically and extrinsically

\ motivating. . .
EHFJST M On average, respcndents agreed that financial
jusgpification was. {mportant for approval of

investments in flexible automation.

DECENT2M On average, respondents agreed that there was
decentralization of work control.l3

ADOP2M on average, respondents rated their plants as
having more flexible automation than
competitors

.

cti V: Te del -
IV.A Main Hypotheses

Table 5.7 shows the correlations between the adoption variables and
each af chre- MAES variables. The correlation coefficienté\do not refute

. )
the rull versions of Hl, H3 and H4. The MACS variables representing

those three hypotheses are not related to adoption Therefore, .I must
gccept the folloyi;g hypotheses:
H1l: Emphasis on accounting neasd:;s in
Soption s tlenible auconation ]
H3: Eaphasis on financial criteria in

justifying investment in flexible
automation is not related to the adoption
of such technologies.

13 Thére was no labelled sidpoint in the DECENT2H {tems
Respondents were forced to agree or disagree with each statement
However, there (s an implied midpoint of 12.5. Since DECENT2M
responses were reverse coded, a ¥c¢ore greater than 12 5 would {ndicate
a. respondent felt he had control of his own job,

137
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HG: Difficulty in quantifying the costs and

benefits of flexible automation is not

related to the adoption of such

technologies. .
The correlations between TMHOR and ADOP partially refute H2. While
the MACS short-term time horizon (TMHOR1M) and the length of payback
criteria (TMHOR3F) are not significantly correlated with adoption,
these two variables do have consistent, positive relationships with
adoption. However, TMHOR2M is significantly correlated with both

) .
measures of adoption. This suggests that firms with longer time
horizons for budget reports, performance evaluations and budget targets
)

do have more flexible automation. To res€®¥te H2:
- s

. . o “
The time horizon of accounting mehsures pay be
related to the adoption of flexible automation.
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Table 5.7

Tests of Model A Hypotheses

-

ADOP2M ADOP4FM
EMFEVLLF -.28 -.08
n 29 n 29
p .14 p .66
— EMFEVL2M| .06 .02
H1 n 31 n 28
p .74 p .93
EMFEVL3M .03 - .16
n 31 n 28
! p 87 p .42
=
" TMHOR 1M .16 .33
n 25 n 22
p .45 p .l4
H?
TMHOR2M .59 .73
- * n 25 n 22
p .00 p .00
TMHOR3F .18 .12
n 28 n 25'4
p .36 o .56
EMFJSTIM|| - .07 .13
n 31 n 28
p .71 .52
H3 =
o EMFJST2F| - .31 . .04
n 27 n 27
p .11 p .85
. DIFQUNIM| -.19 ..09
Ha n 31 n- 28
p .30 p .63
*

.

Only variigge significantly correlated with ADOP.

¢

139



&

- N *

« To better understand Ehe H2 results, I will look at the correlations
between adoption and the six individual {tems in TMHOR1IM and TMHORZM.

Table 5.8 lists the one-tailed probabilities of the time horizon

~
. ~

variables with ADOP2M and ADOP4FM.1% This table makes three points.

First {t shows that:
The  longer the longest time period for which budget
targets are set, the greater the adoption of flexible
automation. :

The longer the longest time span of budget reports,
the greater the adoption of flexible automation.

The longer the fangest period of time for which
formal- evaluations are conducted, the greater the -
adoption of flexible automation. * .

Second, Table 5.8 shows that the correlatiéa betwe:n the LONGEST FORMAL

s

EVALUATIONS variable and ADOP2M {s not §ignificant at the .05 level,

though the correlation between LONGEST FORMAL EVALUATIONS and ADOP4FM
" 3

is significant. Both of the LONGEST FORMAL EVALUATIONS correlations

must be interpreted with caution because 6f reduced sample size; 6 of -

the 32 respondents reported no formal evaluatLons.15

-

14 Having established the direction of the relationships, one-
tailed tests are appropriate. To maintain the same power as for the
two-tailed tests, the significance criterion has been get at p-.05.

15 1 checked if there were differences in adoption levels between
those plants whose managers are formally evaluatad and those plants
whose managers are not. Non-parametric Mann-Whitney U lests show no

. differences between the two groups on ADOP2M and AD%PQFH (p=.44 and
p=.062).

r
L]

-

—
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Table 5.8 .
" Correlations Betwesen Time Horizon Jtems and Adoption
(One-tailed Probabilities) -
v
ADO% N ADOP4L M
TIME PERIOD OF .08 .22
SHORTEST BUDGET n 30 n 27 L
TARGETS p 36 p .13
TIME BERIOD OF 00 l 22
TMHOR 1M SHORTEST BUDGET n -3C f n 27 h
REPORTS p .50 ’ pola
TIME PERIOD OF ' 26 j 28
SHORTEST FORMAL n 26 n 23 j
EVALUATIONS B p .07 p 10
— 1 ]
TIME PERIOD OF _ | 45* o a5*
LONGEST BUDGET n 30 n 27 ,
TARGETS p 01 p 0l
¥ 5
TIME PERIOD OF L93%* 60*
TMHORZM LONGEST BUDGET n 30 - n 27
REPORTS p 00 . p 00
TIME PERIOD OF .30 S8*
LONGEST FORMAL h 26 n 23
EVALUATIQNS p .07 . p 00

Sign.ficant ¢orrelations with &borp.
’

The third nt {llustrated py Table 5.8 {s that the t{me periods of
the shortest targets, reports and evaluations are not correlated with
the adoption variables. Automatfon is related to max{pum time periods

rather than sinfuum time periods of budget‘targets and r%porta For an

{dea of the effect J%fe of long term time hor{zons on adoptién. -

consider that the vafiable, LONGEST BUDGET REPORTS, by itself, explains

252 of the variance of ADOP2M and 31% of the variance of ADOPGFM

lal
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IV B.Respondent Rank and Model A

Earlier, I presented evidence that respondents were at different”
hierarchical levels It {s possible that the MACS variables refleco

not only the characteristics and uses of MACS but also respondent
° .

position To assess that possibility, the Model A relationships were

retested with statistical controls for MANPOS1F and MANPOS2F

>

Table 5.9 compares the Model A zero-order Kendall rank correlation

+

. - = ‘. -
coefficients with first-order Kendall partial rank correlation

coefficients. There are no large differences between zero and first
8

order correlations. se it appears that HANPOS‘F and MANPOS2F do not

affect the observed correlations between MACS and adoption. 16

¥ 16 gpssx _was used to calculate zero-order Kendall correlations
from which wvere calculated Kendall part,ial rank correlation
coefficients (Siegel 1956, p. 226). Since the sampling di{stribution of
the Kendall partial correlation {s ndot known, tests of significance are
not possible. However, Siegel (1956) gives an example where, on the
basis of a small difference between zero and first-order correlations, .
he concludes that the relationship between two variables i{s relatively . .
independent of the influence .of the control varlable. The discussion
of partial correlations continues in Section V: Tests of Hodel B. .

[y

’ %




EMFEVLLF
EMFEVL2M
EMFEVLIM

.. TMHOR1M

NTMHOR2M
TMHOR3F
EMFJSTIN
EMFJST2F
DIFQUNIM

EMFEVLIF
EMFEVL2M
EMFEVLIM
TMHOR 1M
TMHOR2M
TMHOR3F
EMFJSTIM
EMFJST2F
DIFQUNIM

Table 5.9

Mode! A (Controlling for MANPOS)

Q-order
Kendall r
with ADOP2ZM

First-order
Kendall r
with ADOPZM
(MANPOS1
Partialed
Qut)

-0 25 -0 26
0 Q5 0 05
0 03 0 03
0.13 0 13
C 47 0 u?
0 15 D 15
-0 04 -0 Ou
-0 27 -0 27
-0 13 -0 13
First-orﬁgr
Kendall r
with ADOPGFM
O-order (MANPOS1
Kendall r Partialed
with ADOP4LFM Out)
-0 05 -0 06
0.01 -0 00
-0.11 -0 12
0.29 0 26
0 57 0 957
0 0% 0 09
“ 010 0 10
-0 03 . -0 03
-0 08 © .0 o8

2y

First-order
Kendal!l r

" with ADOP2M

(MANPOS?
Partialed
Out)?

20
Q%
0‘4
18
ab
¢ 1{

DO OD

-C 25
-0 15

First-order
Kendall r
with ADOPuFM
(MANPOS?
Partialed
Out)

07

01

12

25

S/

9]

10

03 -
08 .

COOOO0OQOOO02D
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IV.C.0Other Tests

) For the‘final test of this section, I used non-paramectric Mann-Whitney
U tests to see i{f there were any differences in the MACS variables in

plants with, and plants without, {ntegrated installations of flexible

automation. As I mentioned in conjunction.with the discussion of Table
5.1, seven of the plants in the study had installed integrated

.automated manufacturing systems that had the potential of interfacing

with CAD systems. Rather than replacing one function with a robot or a

programmable controller, these firms had automated entire lines or

complete manufacturing processes. I classified these firms with a
dichotomous variable (CAMUSE).l7 Compared to other plants, plants with}

-~
integrated systems have made a greater commitment to flexible

automation. 18
Using two-tailed Hann-Uﬁitney U Tests, and setting the level of

significance at p=.10, I found the two CAMUSE groups differed on only

one variable: \THHORZN. Plants with integrated flexible automation

L]
17 see Aﬁpendix E: Interview Coding Sheet. .
18 o5 & rough guide, the least expensive i{iegrated system in this
sample cost about 10 times as much as a stand-alone robot. Integrated
systems are complex and require much more management involvement than
. stand-alone {mplementations. In short, investing in an {ntegrated
systems is more of a strategic decisfon than a tactical one.
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have longer time horizons fér formal evaluations, budget reports and

budget targets (p-.07).19

To recap this section, the tests of the Model A hypotheses clearly

indicate that TMHOR2M, and {n partf{cular the length of budget targets
and reports, is relared to the adoption of flexible automation None
of the other variables were significantly correlated with adoption,

leaving me to <conclude that emphasis on accounting measures for
8
performance evaluation. emphasis on financial measures in
justification, and difficulties in quantifying automation bernefits are
’ ‘/
not related to the adoption of flexible_ automation ’
v

.
/s

d

S

V A Maln Hypotheses

e

ation to be related to characteristics

—_

Studi%s_have shown decen

I -

and uses of MACS and to adgbtion of 1nn6§h1f6n9~.\55 reported in

!

Chapter 2, decencralizequirms make greater use of MACS for control:

14

and decision-making undfdecentrnlizatlon may be a pos{tive or negative

influence on adoption:: Therefore, to determine the “true” relatf{onship

19 The str&kg relationship between TMHORZM and ADOP {n the 7/
plants with integrated flexible automation may mask the true
relat{onship b tween TMHOR2M® and ADOP in the other firms When only
plants without/ integrated technology were considered, th¥ correlat!ion
between TMH M and ADOP2M dropped to .39 (p= 12) and the correlation
between TMHOR2M and ADOP4FM dropped to 69 (p= 00) This demonstrates
‘the consist¢ncy of the relationship between adoption and TMHOR?M in
both CAMUSH groups.
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between ADOP and EMFEVL and ADOP and EMFJST, the effects of

decentralization must be partialed out. Here aéain are the two
hypotheses represented by Model B:

H5: There is no relationship between emphasis on accounting
- measures in evaluating managers and adoption of flexible
sutomation after the effects of decentralization are partialed
out. .

H6: There {s no relationship between emphasis on financial
criteria in justifying investment in advanced technologies and
adoption of flexible automation, after the effegts of G
decentrali{zation are partialed out.

L
n
Partialing out the variance due to a variable may be thought of as
holding that Variable constant. Hypotheses 5 and 6 may thus be seen as
tests of the relationship between MACS and adoption while holdipg

decentralioation constent,

Comparisons between =:ro and first-order correlations in Table 5.10
show that decentralization has lﬁttle impact on the relﬁtionship
between MACS and adoption. For example, the Zero-order correlation
between EMFEVL1F and ADOPZM is -.25. With DECENTIM pa}tialed out, the
correlation remains unchanged at -.25. With DECENT2M partialed out,

<

the correlation drops to -.22. In liy(lar fashion, Table 5.10 compares

the ze{:;?rder correlation between EHEFVIF and ADOP4FM (-.05) !’d‘the
correlations between those two variables when DECENTIM and DECENT2M are
controlled (-.07 and -.05). Because there {s little difference between

zero and first-order correlations among the variables represented by H5

and H6, I must gccept the two hypotheses.

/e
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Table 5.10
Tests of Model B Hypotheses
First-order First-ordet
Kendall r Kendall r
with ADOP2M with ADOP2#M
O-order (DECENTIM | (DECENT2M
Kendall r Partialed Partialed
with ADOP2M Out) Out)
EMFEVL]F ) Qs .0.25 .0.22
RS EMFEVL2M 0705 0.0S 0 04
EMFEVL3M 0 03 0 03 0 03 {
H6 EMFJST1IM <« -0 04 -0 05 -0.05 H
EMFJSTZ2F -0 w7 -0 27 -0 28 i
-~ . &
=Y 1
- ! First-order First-order - |
Kendall r Kendall r }
with ADOP4FM || with ADOPu«FM |
O-order (DECENTIM~ (DECENT?M
Kendall r Partialed Partialed
with ADQP4FM Out) Out) ]
. EHFEV{}F ‘ -0 05 -0 07 -0 05 -
H5 EMFEVL2M o} 0.01 0.02 0 01
EMFEVL3M -0.11 -0 11 -0 11
J
HE EMFJSTINM 0 10 0 07 010
EMFJST2F -0.03 -0 09 0 01 j

‘e

As stated earlier in this chapter, the non-pnrai}trlc Kendall partial

rank correlation coefficient has an unkpown distribution and theretore

statemants such as "there s little difference between zero and firse .
) L ]

order correlations” are subjective To put some perspective on

differences between the zero and first -order correlations {(n Tahles 5 ¢

and 5.10, I present the si{sulation in Table 5 11 Table 5 11 shows how

~
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zero and first order Kendall correlations between MACS and ADOP may o
differ under various assumptions of the relationships between MACS and

DECENT and ADOP and DEZCENT. .J will explain Table 5.11 by discussing

each of the columns in the -table: l

Column 1 Tests of Model A have already established that, with the
exception of TMHOR2M, there are no significant
correlations between the MACS variables and ADOP,

- Therefore, as suggested by the literature, I assume a
negative correlation between MACS and ADOP and
arbictrarily choose a valuelof -.20 to represent the MACS-
ADOP relationship.

3

Column 2 Cohen (1977) defines small, medium and large correlations
as .10, .30 and .50 but he notes that "one rarely if ever
encounters [correlations of-.10] on samples large enbugh
to yield standard errors small enough to distiaguish them
from [correlations] of zero.” For the purposes of the
simulation, I define a small correlation to be .20, a
medium correlation to be .30 and a large correlation to
be .50. As suggested by the literature, MACS and DECENT
are assumed to have a positive relationship and in Column
2, the relationship i{s allowed to vary between .20 and
.50.

Column 3 Because the literature suggests that DECENT may have a
positive or negative relationship with ADOP, for the sake
‘. of completeness, correlations between the two variables
- are ‘allowed to vary from -.50 to +.50. Lo

Column 4 This column presents the partial correlations between
MACS and ADOP under the various assumptions of Columns
1,2, and 3. o

d -~

Column 5 This column shows the differences between zero and ‘first-
* order correlati{ons. Differences are calculated by , ’
subtracting Column 4 correlations from Column 1
correlations. B

~
L3

Column 5 in Table 5.11 shows that partial correlations can te very

different from corresponding zero-order correlations. For example, if

the correiatlon between MACS and DECENT was +.50 and the correlation

- -
o

>
between DECENT and ADOP was +.50, ?olding DECENT constant would

increase the observed correlation between MACS and ADOP from -.20

[4]
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to -.60.  In this case, decentralization could be said to have & large-
impact on the observed relationship betweeﬁiﬁ§é§ and adoption
In the simulation of TaSIe 5.11."differences between zero and first-
order correlgtions range from .00 to .40. Looking at the actu;I
results, the largest ;1fference between zero and firstrorder
correlagions is .05 ir®Table 5 9 and .03 in Table 5.10 1f we are to
use simulation differences as ay yardstick, observed differences between
zero and first-order correlations {n Table 5.9 and 5.10 are very small
Thus, the simulation supports my earlier st;tement that controllin; for
MANPOS has ilittle «ffect on the observed relationship between MACS and i
ADOP. And the simulation supports the contentioa thar Hypotheses S5 and
6 cannot be rejected. I muif conclude that the relationship'between

MACS and adoption is independent of decentralization 20

———

LA

&

20 ap analysis of the survey data reveals that there are no
significant correlations between the MACS and decentralization .
variables and between the adoption and decentralizat{on variables In
terms of the definf{tion usedain the sfmulation, all zéro-order
correlations sre “amall”



Column 1

Assuaed
Kendall r
Betwesm
MACS and
ADOP

-3 20
-0 2%
-0 20
-0 29
-0 20
-0.20
-0 20

-0 20
-0 20
-0 20
-0.20
-0.20
-0.20
-0 20

-0.20
-0.20
-0.20
-0.20
'}0.20
-0.20
-0.20

Note:

Tadble 5.11

Sisulation of Partiel Correlations

hY
Coluan 2 Coluan 23 Coluan & Coluamn 5
sendall ¢
Assuced Assumed Betwesen Differsnces
Kendell r Kendall r HACS end Betwesn
Between Between ADOP with Zero and
MACS and ADOP and DECENT First-Ogsder
DECENT DETERNT . Partialed QJut Correlations
- -
0.50 -0 3¢ 0 07 -0 27
g 52 -0.30 -0 08 -0 14
o 50 -0 29 -0 12 -0 08
9 52 - 0 00 -0 23 0.23
0 50 0 20 -0 35 0 15
0 50 0.30 -0 42 0.22
0 %0 D 50 -0 69 C «2
. ’
0 30 -0 50 -0 06 -0 14
0.30 -0 30 -0 12 -0 08
0.30 -0.20 -0 18"~ -0 0%
0 30 0.00 * -0 21 0 01
0.30 0.20 -0 28 0 o8
0 3¢ ¢.a0 -0 22 0 12
0 30 0.50 . -0.42 0.22
0.20 -0.50 -0 12 © -0 08
0 20 -0 30 -0 15 -0 05
‘ 0 20 -0.20 -0 17 -0.03
0.20 o 00 -0.20 D 00
0 20 0.20 -0.25 0.05
0.20 0.30 -0 28 0.08
0.20 0.50 -0 35 0.1%

The same range of differences is produced when the siges of the

essuasd correlations io Columns ! and 2 are sllowed to vary.
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V.B.Respondent -Rank and Model B

In Chapter Four, I stated that the validity of the decentralization

measures depends on respondents holding roughly equivalent positions in

their firms. As noted in Section II of

this chapter. fespondents

differed on the two measures of hierarchical position, MANPOSIF and

MANPOS2F To complete the analysis of Model B,

for interactions between the DECENT and

shows there are no significant correlations between DECENTIM and the

two variables measuring respondent rank

4

DECENT2M measure is not correlated with

MANPOS wvariables .Table 5 12

I must theretore check

151

It is not surprising that the_

hierarchical level because

DECENT2M is more a measure of firm culture than of respondent

respansibility and authority However,

does not-correlate with respondent rank

participation In decision-haking to be related to his or her position

B

in the firm, €

it is a surprise that DECENTIM

One would expect & managpetr’s

Table 5.12 -
Correlations Between Decentralization and Hierarchical Variables

MANPOS1F
DECENTI1M .11 -
n 28
p .58
N DECENT2M - 22
n 29
p 26

MANPOS2F
04

n 28

p 84
28

n 278

p 16
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A clOser look at DECENTIN suggests a reason why the measure is
. ) independent of EANPOSIF and MANPLS2F. A correlation thble'of the 15
items in DECENTiﬁ suggests, and a factor analysis confirus.‘that the
measure has two dimensions. Nine items load on "participation in
strategic decisions®” (DECENT1A), ‘and 5 items onr'pgrcicipation in
tactical‘issues' (DECENTlB).Zl This {s not surprising. Recall that
- the items in DECENTIM were culled from lists of strategic and tactical
decisions for which manufacturing managers are responsible. Table 5.13
shows that DECENT1A and DECENTLB g;é related to respondent position,
but in different directions. Mangers who score more highly on
participation in tactical issu (DECENT1B) hold lower rank. Mangers
who score more highly on part cfbation {n strategic issues (DECENT1A)

hold higher rank. It appears that DECENTIM {s not-related to

respondent position because it has a built In control of respondent

level.

Since both DECENTIM and DECENT2M are free from respondent rank bias,

I

21 ppe ftem, "participation {n setting quality levels and .
procedures™ is not relared to eius:r factor. Because of the {mportance
of quality in the automctive induftry, many firms have a separate

quality control department. - .-
N =
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3
both measures may be used with some cdmfidence in the Madel B
analysis.z2 4
\ -
Table 5.13
Correlations Between Subscales of DECENT and MANPOS /’
HANPOQI MANPOS?2 DECENTINM DECENT2M DECENTI1B
’ - . -
DECENT1A .36 - .32 .87 059 .09
n 28 n 28 n 31 n 81 n 31
p 06 p .10 p 00 p 79 p 63
~ -
DECENTAB - .40 AN .51 .16
* n 28 n 28 n 31 n 131

p .04 p .02 p -00 p .32

= , ’ , ‘

A}

22 As ane final test of the Model B hypotheses I considered
calculating correlations of the form:
cmy ’

£12.(3.4), where 1=MACS, 2=ADOP, 3=DECENT, 4=MANPOS.

~Thgt is, I considered partialing out respondent level variance from
DECENTIM and then using this res{dualized variable as a control for the
correlation between MACS and adoption. At about this point I was
.reminded of Ward's (1969), tongue-in-cheek sePond law of data analysis
- If results of a meaningful analysis do not agree with expectations,
than a more meaningful analysis must be performed. (p. 473-6474)
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\ 4
section VI Chapter Sumpary
- [ ] - A
-
5: L This chapter began with a discussion of the appropriateness of the
R ' sample and of the measures of MACS, decentralization and adoption of
‘ ’ . .
. - flexible automation. Insights from the face-to-face interviews of
blan; managers were especially helpfuls {n resolving vsalidity and ¢ Y
reliability issues. Analysis of the data followed, and I found that-
1. The greater the longest time per?pd for budget reports and -~.
oa . ' objectives, the greater is the adoption of flexible
. automation. . . t) :
: 2. The length of the shortest time period for budget reports and
~ L]
objectives is not related to the adoption bf flexible
- \ - ‘ . h
Q automation. 1 . . . . ..
3. Use of accounting measures for exaluating managers and , o
v - . ..
emphasis on financial argumen\g:for justifying new investments
v
are not related to the adoption of flexible aufomation. e
‘ -
% . Plant managers do.not have difficulty in quantifying costs and
benefits of flexible automgtion de, in any case, difficulty
in quantification {s not related to adoption of‘flexibLe .
automation. ' . .
o+ . ’ A
5. Decentralization {s not a factor in the relationship between
MACS and adoption of flexible automation. |
8 .
[ 4
» * [ .-
[~ oo I will expand-on these findings in Chapter Six. , i




° CHAPTER SIX

This chapter i{s divided into four sections. Section I re-examines the

six hypotheses in‘the light of the personal interviews and plant v{sits
and offers some explanations of the statigticgl results. Sectién I1
suggests some opportunities for future research and Section III looks
at the assumption that flexiblé automation is "good" for firms <

~ Finally, Section IV makes some recommendations for managers and

-

researchers, and'brings the thesis te a conclusion

S . L. I . l S: . : ‘]E ]t'

In Chapter Five. I presented fhe mail survey results along with the

{nterview data that could be coded or quantified. In ghis section I

.

will present some of the more subjective conclusions drawr from the

- r' . .
personal interviews and plant visits. Thes®e conclusions should be

interpreted as theories that might explaim the ,statistical*results.
.o .

- .

]
. - *

i uill Seéin by'q;:shgllihg evidence that éupports the results of the
sfhgésciéﬁl tests of-.each éf the-Ho;el A and B hypochesgs. For all but
one of.the'hypélheses, I will suggest reasons why the null was not
rejected. The exception is H2, the time horizon hypotﬁesis. For H2, I
will suggest mechanisms by ;hlch budget targets and reports may impact

-

on adoption:
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I.A. Hl: EMFEVL not related to ADOP

Almost all the respondents said they wanted more flexible automation

for their plants. Many of the managers noted that the key to getting

- ,

F‘g‘ the flexible automation the;,uanted was to have a good “track record "
"Heavy hitters” or "managers with good batting averages” were more
likely to apply for, and get, advanced technologf:s. By itself,
emphasis on HA%S for performance evaluation may not be related to

/ .

adoption of flexible automation But the interaction term, (EMFEVL x
actual performance on MACS measures) may be related to adopti;n. T
Consider a8 situation where MACS measures are not used to evaluate
managers. In such a situation {t may be difficu{t for a manager to
demonstrate competency. A history of good pérformance as recorded by

- the accounting system may make {t easier for managers to get new

machinery and eqdipment because they are able to demonstrate they have

’ L]

1

done well with what they have been given in the past.

The relationships among sdoption, use of MACS for scorekeeping, and
managers’' track record, may be affected by other contingencies. For
example, #he time span of performahce neasﬁremenc may be related to.the
develop;en; of track records. The automotive industry i{s cyclic in
n;ture and the longer the time period over which evaiuaclons age made,

the better can top nanigenenc assess performance of plant iinagers. of

1 gee Pinches (1982) for a discussion of how top ninagenenc
perceptions of § project sponsor’'s record affects capital budgeting
criteria and threshold levels. .

’
H
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course, this assumes top managers are sophisticated users of‘HACS.
Based on the comments of plant managers, that would be a fair

assumption. -

Thus, Hl may not have been rejectéd because the relationships among
EMFJST and ADOP‘variables may be confounded by a number of factors.
Future research should test whether managers of plan:s with high levels.
of flexible automgtipn are evaluated in terms of MACS objectives, over ‘
long periods of time, by superiors who factor out industry performance

.~

from managerial performapce

&' I.B H2: TMKOR2M-is related to ADOP

L 4

I have already referred to the possibility that long-term budget
targets and reports may assist managers in creating track records But
an explanation of the relationship between TMHOR2M and ADOP must -also

consider managerial motivation and planning  resources.

Many nanagefs stressed that successful adoption of flexible a?tomation
occurred only when new technologies were 'fmplemented in conjunction

with new programs (ie. the manufacturing of new parts). Attempts.to

add flexible automation technalogies to un-going programs ofteg failed.

I hypothesi{ize that managers with longer MACS time horizons are more B
likely to be ;;are of and concerned about the economics of future
production and thus more likely to consider incorporating flexible
automation {n new progrn;s. For example, in making an 1nput to his

.
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firm's bid on a new part for GMC, one plant manager, who had long-range
budget targets and reports, discovered that the only way he could
recoqcile rising labour costs with GMC’'s expectati{ons that prices
decrease each year of a long-term contcact, wa¢ to apply flexiGI;
automation to the manufacturing of the part. The firm made a bid on
the part using costs based on flexible automat{on, won the long-term
contract, and adopted the flexible sutomation €Competitors for the GMC
contract had.;horter MACS time horizons and did not address the issue
of rising costs and falling price§. _Theér bids were based on simple‘
extrapolations of current prices and current technologies. The point
is that managers with longer MACS ti;e hd;izons-may be more motivated
to do "what {f" analfses and so be more likely to adopt and
sugcessfully-implement flexible automation. At the same time, these
managers may have more resources to conduct long-range planning. Where
long-term objectives, budgets and evaluations are the norm, it may be
more acceptable for managers to commit time and money to the planning
process. “As one high-adopter put it: *“You have to plan to have some

time to plan.” 1In this respondent’'s firm, lower level managers hold

regular strategy and planning sessions on Saturday mornings. Contrast

_ _this culture with the one {n many low-adopting f(rus where managers

—_—

. N
speiﬁ little time making long-term plans and are not expected to "waste

time” worrying about the distant future.

l :

“r

In the {nterviews {t was discovered that some managers who iiad reported
bigh scores on TMHOR2M had i{n fact only nominal commicments to their

long-term budgets and objectives. The managers in these firms had -
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little confidence {d their long-term plans which were merely pro-forma
extensions of thgir current budgets and objectives. Understandably,
they spent iittle effort producing and using their plans. The already
significant correlation between TMHOR2M and ADOP might be even larger
if the firms with pseudo-plans were to be withdrawn froa future

analyses.

I.C. H2. TMHORI3F not related to ADOP

The fact that payback criteria were not related to level of adoption
may be explained by the ubiquity of short-term payback criteria.
Managers cited three reasons for utilizing short payback périods to
assess investment proposals. ?roposals, especially proposals for
larger investments are time-consuming. As one manager put it, "I'm not

going to spend hundreds of hours working on a proposal I know is going

w 2

to be shot down. To avolid wasting time, managers only request

monies for projects they know will be approved: projects with quick

paybacks. A second reason managers use very short ﬁ{zpack criteria is
! . \
because they believe their superiors may be reluctant to continuocusly
upgrade equipment:
If you're not tough on your payback and your competition is,
you'll'be in trouble. If a better mousetrap comes along, -you
won't be able to get that better mousetrap because you've got
this piece of equipment and you're waiting for your five year
payback on {t. So this new mousetrap’s out there and you can’t

Y

2 Managers’ comments about supporting only those  projects. they
know {n advance will be approved confirm the view that MACS'are
especially {mportant in the early (lnltintlon) stages of cupltcl L.,
budgeting (Bower 1970, Pinches 1982). - . .



get it because you’'ve got the old model and you still have to>
rationalize it.

A third reason for short p&ybacks is risk aversion. Several managers
described personal strategies of a;oiding projects with marginal
paybacks. They stated they would not propose or support projects that
marginally exceeded the formal payback criteria. In other words, given

the choice, managers preferred to “go for the sure thing"” and the "big

winners. "

Short-term payback thresholds almost certainly impede Investment in
advanced technelogies., but for the reasons cited above, almost all
managers use very short payback criteria. Because there is so little
variability in TMHOR3F, this variable has little explanatory power for

the ADOP variables.

I will conclude this discusefon of payback with & comment related to
the recommendation, often cited i{n the literature reviewgd in Chapter
Two, that top management can promote adoption of flexible automation by
increasing the time period of formal justification criteria such as
pa;back. In‘ChaPCer Five, I made a distinction between formal payback
criteria (TMHOR3M) and personal payback criteria actually used by
managers (THHORBF): This study has shown that personal p;ybnck
criteria are not related to level of adoption. That i{s not to say that

increasing formal payback thresholds would not promote adoption. It

would be interesting to study changes in personal payback criteria and

in adoption of new technologies in firms whose top management has

lengthened the formal payback requirements. In the same vein,




increasing the MACS time horizon (TMHOR2M) might also be considered as

a way of lengthening personal payback criteria. As Table 5.4 shows,
TMHOR2M {s the only variable signifimantly correlated with TMHOR3F

1

(p=.09).
I.D. H3: EMFJST not related to ADOP

I will discuss three possible reasons for the low correlations among
ADOP s? EMFJST variables. First, the reason for the low correlations.
between EMFJST2F (importance of payback h1j¢g$ificacion) and ADOP may
be similar to the vne used in explaining the insignificant
relationships ‘between TMHOR3F and ADOP: most of the managers
considered payback to be very important in justifying inVQSCment
proposals and therefore high and low adopters could not be
distinguished by scores on EMFJST2F. Second, FHFJSTZF and EMFJSTIM
(émphasis on financial {ssues in just{fying flexible automation), may
figure only in the adoption of offensive integrafed flexible
automation. And third, EMFJSTIM may be a poor measure. The two latter
rationales will be discussed in greater detail. - The explanations which

follow are theories, and either, neither, or both of them may be true

or partially true.

I1.D.1.Different Types of Investments

)

In Chapter Five, I noted that installations of flexible pufonation may

be-.classified as {ntegrated or stand-alone and that most of the:
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installations in this study were of the latter type and thus relatively

simple and finexpensive. In discussions with managers. another
investment dichotomy became evident: offensive and defensive
Investments. Here is how one manager distinguished between the two
types:
fensive investments are those we have to make if we want to

stay in the business we're in now. Offensive i{nvestments are

for new business and we .examine the payback on those very

carefully.
An example of a defensive investment 1s the purchase of a robot to
replace a human operator in a paint room bgcause the room’s environment
does not meet government health and safety standards. An example of an
offensive investment is the purchase of computerized equipment for

<
testing a new part to convince customers that the firm is serious in

its bid to manufacture the part,3

It may be that EMFJSTIM and EMFJST2F are f;ccors in adoption only when
the investment being considered {s an offgnsiQe fnvestment and involves
purchase of {ntegrated autoqatfcn fechnology. Investment proposals of
a defengsive nature, whether for integrated or stand-alone machinery,
require little justification. And, justification of an offensive

’ .
investment in stand-alone machinery is fairly straightforward: such an
investne;t would represent either a replacement for curtent machinery
or a nigor extension of current business. However, an offensive

investment in integrated flexible automation is a strategic decision

and requires much more effort to justify. It may be, as shown in

3 Similar offensive-defensive dichotomfes are noted by Bessant
(1982) and Brealey & Myers (1986).
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Figure 6.1, that EMfJSt is a factor only in the consideration of

offensive investments in integrated flexible automation.

Figure 6.1
Role of MACS in Justifying Invectments

EMFJSTIM is EMFISTIM is
Integrated not related to related to
Machinery . ADOP ADOP

EHFJST{;\is EMFJSTIM is
Stand-alone not related to not related to
Machinery ADOP ADOP

Defensive Projects Offensive Projects

Figure 6.1 suggests that the relationship between financial
Py 4

justification apd adoption is confounded by type of project. A
"worthwhile question for future study would be: Is financial
justification related to the approval or rejection of integrated,

offensive {nvestments in flexible automation? Research that attempted
&>
‘
to answer this question would require a sample of plants whose
N . .
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management has considered offensive investments in integrated machinery

and some of whom adopted the technology and some of whom did not. %

I.D.2.Semantic Problems with EMFJSTM
In the interviews, the two most often cited Teasons for adopting
{lexible sutomation were to "improve quality” and to "increase
capacity.” However after some probing, it became obvious that when
some managers talked about quality improvement they really meant
lowering costs by reducing spoilage, waste and scrap. Typically, these
managers manufactured products that require expensive unrecyclable
. .
materials.”- Other managers meant "improved customer relations" when
they talked about quality. These managers felt the adoption of
flexible automation demonstrated their commitment to quality:
The customer says, "You mean to tell me you can't find a single
reason to embrace this modern technology that everybody is
getting." Well, the answer {s obvious. If everyone else says
it's a good idea, they can't all be wrong. Surely you can get
some [flexible automation] too.
There are similar interpretation problems with "capacity." Conhsider,

for example, the manager who stated that major investments in flexible

automation had been justified because they “increased capacity without

4 As described in Section II of Chapter Two, Woods et al. (1985)
studied fifms that approved and firms that rejected investments in
integrated/ flexible automation. However, the authors made no
distinctidgn between offensive yand defensive proposals.

5 Material costs ranged from 22X to 70X of total costs and
averaged 49X, Even plants in the same group differed widely on
material costs. For example, reaction-injection molders in the
plastics group have high material costs because they cannot reuse
material after it has been injected into a mold. Thermoplastic-
injection molders, on the other hand, c&n recycle scrap and spoilage.

164
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increasing the number of workers.” Further discussions with this
manager revealed that by increasing capacity he meant not only
Increasing volume but also widening product mix (ie. increasing
flexibility). And since labour costs were essentially fixed, and since
his plant was a cost centre, by increasing volume this manager was able

to reduce the per part cost of labour.

Since quality and capacity both have financial implications, managers
may have had trouble interpreting some of the items in EMFJSTIM. This

may explain the low reliability of EMFJSTIM and the concomitant low

correlations between the variable and ADOP.
1 E. H4: DIFQUN not related to ADOP

A% reported in Chapter Five, ghe managers In this study generally

disagreed with the proposition that {t is difficult to quantify the

costs and benefits of f'exible automxtion. The interviewees seemed to

be quite happy with their MACS and with their accountants. ‘
o .

That satisfaction can be partiully explained by the faft that managers

did not have r~ depend solely on their MACS foregenerating the rnumbers .

required to justify flexible automation. For example, one manager

ordered engineering time studies of a plasgic molding operation and .‘

found large variances in the cycle time of the manually operated

machines. The manager was able to justify an investment in automation

4]
)
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by showing that robots would save a few seconds on each part and pay
for themselves in less tha; two years,

.

In general, the plant managers in the sample seemed to have little
trouble quantifying the benefits of the projects they wanted and the
costs of those they opposed. What difficulties there were appeared to
be less related to sh;rtcomings in the MACS than to managerial
commitment to a particular project. This is not to say that managers
were able to justify any technology. Management of one fira e;ula—;oc
justify a project with a Fraditional approach, so they hired outside
consultants te® evaluate their proposal. ' But after Call;ing up their.
estimates of costs and benefits of the project, the consultants, who
were also in the business of selling and installing advanced
technolo‘gies, advised against the invesgent. For that ‘firm, trying to
duplicate the hand-eye co-ordination of human operators with
computerized machin;ry was simply uneconomical. In terms of DIFQUN, if

respondents’ comments are taken at face valus, current MACS supply

sufficient information on costs and benefits of flexible dutomation.

- -~
-

A final comment ;n quantification concerns the role of accountants fa
the justification process. In many cases, respondents described thelr
accountants as "proof readers.” The accountants’ role in capital
budgeting is often limited to verifying that numbers in formal

{nvestment proposals are reasonable and consistent. Limited

interaction ocetween accountarits and plant managers may explain why

-~
¢ -~
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- : S
there was so little. evidence of conflict between%ese two groups in

regards to the investment process. ”
el -
IS . I.F. HS & H6: DECENT does not agfect H1 & H3 results

: b4 -
As shown in the Table 5.11 simulation, if-controlling for DECENT was to
a%fect the relationships <between EMFEVL and ADOP, and EMFJST ‘and ADOP,
DECENT gould have to have at least a "medium sized"” correlation with

} -~y
those variables. This was not the case and Hypotheses 5 and 6 could

not be _ rejected. I have no explanation for the low correlations
rl

between DECENT _.and the MACS vari‘ﬁ?es, but I can speculate why DECENT

gnd ADOP were not more highly correlated.
7

As recounted in Chapter One, decentralijation may have an impact on

adoption only when either top managers or lower level managers are

opposed to a particular, innovation. In this study;‘anagers and their

supervisors generally held positive attitudes towards flexible

6

automation. In one or two g£ases respondents were opposed to

immediately installing flexible automation because they felt their

a

firms lacked the necessary technological and organizational

infrascFUECures.7 However even these manarers supported the adbption_
L
of computefized machinery on principle. v ] i
J A

6 In their study, Cohn & Turyn (1984) found that a "relative
absence of conflict over adoption decisions” was a major factor in
reducing the {mpact of decentralization on adoption of new technologies.

7 H{1l & Dimnik (1986) discuss the organizational and : . L
technological infrastructures needed for successful implementation of -
flexible automation.

'

A | 8
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Section II: Future Resesrch

Throughout Section I, I commented on the need for more research on’

particular aspects of the MACS-adoption relationship, "In particular,

research i{s needed to discover: ‘ *
-
7 1. If interactions between MACS and other variables axe
: related to the adoption of flexible automation.
£ - ()
. 2. If changes in time periods of budget targets and
f; "reports, and changes in formal justification
4 ) criteria, affect managers’' personal time horizons and
, decision heutistics and, if so, if changes .in
personal time horizons and decision heuristics affect
¢ adoption of flexible' automation.
. 3. If emphasis on financial justification-impacts on
decisions to invest in offensive, integrated fNexible
automagdon.
Future research of the relationship between MACS and adoption of
- » flexible automation would have to address the problem of :
. .
operationalizing EMFJST. Though EMFJSTIM meets minimum standards of
reliaﬁllity and construct validity, the instrument could clearly be
. < N . l -
fmproved and the discussion of H3 in Section I gives some insight as to
. ' . . 1]
. 2  how this aight be accomplished. Future research should, of course, be

conducted on samples from other industries. I will resist the L
traditional exhortation that future research be conducted on larget
sanples. As long as the fgleatch methodology involves, as it should,

plant vitit:_aﬁd face-to-face interviews, it will be difficult for

! A individual researchers to survey Timples much larger than 30.



- In addition to the research agenda pregented above, two other
hypotheses might be addresgsed uture studies.
Hypothesis: Sophistication in the use of MACS, and the "fineness" of
MACS, are not related tec the adoption of flexible

automation.*

~

It i{s my impression that high adopters of flexible automation have
"finer” MACS and are‘mpre sophisticated users of these MACS than low
adopters. I use "finer” in the same sense as Ijiri (1967). Hiéh
ad;pters may have more numbers to work with. Their MACS may convey
more information bfcause costs are broken down into smaller categories.

Paradoxically, high adopters may also interpret their "finer"” MACS with

greater skepticism. They may use the numbers generated by ‘their MACS

but they do not use them blindly. In this study, several of Ehe‘htghm.

adopter managers were former accountants. They had played a role in
designing‘the MACS, and were fully aware of the poteﬁtials and piéfalls
\‘ -

of their systems. "These managers felt their knowledge of accounting .

had helped them aéquﬁre and manage advanced technologies. Alluding to

the I{ncreasingly sophlsticaéed‘techniques needed to manage Iincreasingly

-

sophisticated technologie?. one former accountant said: 3

The ;ld-tipe plant managers were peopie yHo ~ould yell the
loudest and beat everyone up but nov’a‘k don’t need people who
o A )

can shout and fight, you need people re good financial
maragers. '

o
. LS ]
In conjunction with the plén{ visits, I‘colleéted samples of each

firm’s accounting reports. An intere g future project would be to
) v

operatidnalize "fineness" and then test¢ Jﬁbtber the fineness of -the

. \ . -

L

& s - . o
Y - - \
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reports used by plant managers i{s correlsted with adoption of flexible

automation. - ‘

»
adoption of flexible automation.

Hypochesi,:_ The use of growth-oriented MACS i{s not related to the.

Many of the low-tech plants in this study were being managed as “"cash
cows.” Some of these plants had generated profits for decades with
very little investment in new machinery and equipment. Wringing ewvery
last drop of profit from capital investments may have beeg an
appropriate:sbeategy for the automotive industry when it was in the .
mature phase of the product 1ifecyc1;. However, the automotive
industry {s now "dematuring® and players in the industty need
strategies more appropriate to the growth phase of the product
lifecycle (Jones 1985). Changes in strategy should be matched by -

changes in MACS and changes in management gefsonnel (Govindarajan

1987).

Management of several of the firms Iin the study were abandoning their

. .
.

cash cow strategies and undertaking to invest more aggressively irt new
technologies. It would be interesting to see if the MACS of these‘
firms and 6the:g\iife thea are ch;nging to ;cconnodate the new
ntrnc‘gies and circumstances, and {f the new strategies and systems

affect {nvestment {n advanced tuchnologies.
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I descriﬁed some of the potential benefits of flexible automation when

1 presented the rationale for this research in Chapter One. The

R

findings of this study zay be of academic interest whether or pot the
benefits of adopting codputer operated_lachines outweigh the costs,

however costs and benefits are defined..;But from a managerial poirt of
N W
view, {f there i{s rc advintage in automatton, there is no interest.
. . s - ’

.

It is not possible”for a cross-séctional &study to demonsgrdte vhether * *
or not dutomation is "good” for - firm. Even if "better™ werg.dgfined
as "more profitable” and firms with more flexible automation were found

W

to be more profitable, that result might sioply mean that profitable "

8

«

firms 'have more resources to spend on flexible.automation. ‘Howeyer,

if we were to assume that profit is an appropriste surrogaca'fér a

number of facte: - that define success, then the test of the value of

flexible autoaation would be whetuer or not it enhances firm profit
. - *
over some fairly long periocd of time. Restated in {ts most fundamental

form, the question {s whether more highly automated *firms have a bette
. ’ *

chance vf survival than firms_vith less automatiorm.

." 8 *Good for the firm" can be defined {n many ways (lgwe & Chau
1984). As I will shortly show, there is a spate of current articles
suggesting flexible autosfation may not be all that good for firms.
Critics of automation ‘are using the same measures of "goodness"” that

, yerb critia}zed for retarding the adoption of flexible automation. For
" example, a few years ago, top management of General Motors was
criticized for being too enamored with short-term profits and thus slow
. in «dopting flexible automgtion. Now that the company has invested
heavily in advanced technologies, critics argue the strategy is a bad

_orte becausp/short-term profits are down. *
- ’ . - - -
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Recent articles have questlioned whether flexible automation is
profitable. Arnholt (1986) claims that the automotive industry's
"high-tech honeymoon is over® and Winter (1986) states that high-tech,

which was ‘"pumped up in the late '70s and early ’'80s as the Superman to
-
save” the North American automotive {industry "hasn’'t come close to

meeting the extraordinarily high--and often unrealistic--
expectations.” An IMEDE mail_quescionnaire study of 128 plants in 30

different countries concludes:

In perhaps the most controversial results of the study,' there
appears to be some doubt about the worth of some aspects of the
drive for increased automation. Given the specific character
of the results, it appears that for new technology to be
effective it must be well integrated into the process flow.
Heavy investments {n just any technology do not seem to lead to
higher productivity gains. This finding supports recent press
articles which caution against too much devotion and dependence
on technology as a cure-all for disappointing manufacturing
performance. This {s clearly a subject that requires careful
study (IMEDE 1987). o

Pity the poor manager who a short time ago was urged to adopt advanced
technologies and i{s now told to be more cautious and not to “automate

for automation’'s sake."

My plant tours convinced me of the absolute value of flexible

automation. The visits showed me that even when the benefits of

automation are less than expected, there are still many benefits. To

expand on this point, I will briefly contrast one low adppter with one

high adopter in the same product éroup. .To préserve ;onfidﬁntinlity,‘l
. : .
will not name the group. -
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Low Adopter Plant o

The first thing that strikes a visitor to the plant is the
noise. The machines are loud but louder still are the radios
blaring out from several work stations. The second thing one
notices is that the plant is dirty. The floor i{s filthy with
oil and waste material. The machinery looks old but {t is not.
It is dirty and unpainted. In one corner of the plant a group
of people look throigh boxes of the previous night's
production. Workers 'had not noticed a flaw in the protess and
so the shift's entire output {s being manually inspected.

There is a sense of urgency in the voices and manners of the
‘managers and supervisors. A late shipment to one customer has
closed down the customer’'s assembly line and a second shipment
is running behind schedule. To try to prevent delivery
problems, the firm is constructing a bublding mext to the plant
to store finished product. The plant mﬁnager admits that
relations with workers are poor. One of the reasons is that
workers are hired and laid off with fluctuations in 'the
industry.

High Adopter Plant - - .

The plant is noisy but not auncomfortably so. The floors are
cleari and though the plant {s small there seems to be lots of
room. The plant walls bave been recently painted. The
machinery is highly automated and workers spend most of their
time examining output as it is produced. .Everything seems to
be under control. Workers and managers appear to be cool and
calm. The plant {s undergoing substantial renovations Lp order
to rationalize flow of raw materi{als and finished product. The
plant manager clalms that relations with workecrs are good.
Workers are considered to be skt1Ted and skilled labour is
expensive to ffind and train. When automotive sales drop, the
workers are kept busy with stepped-up manufacture of non-

. aytomotive products and with machjine Qnd plant -:éntenance (eg.
paintfng walds). A number of plant people are cd?op students
from a near-by'unlversity. They are supervised by the ——
permanent workers. The plant manager claims these students
bring in information on jtate-of-the-art manufacturing
processes and serve as a non-threatening means of in-house
training for the permarfent staff.

I have chosen plants at polar extremes to {llustrate my point, but to’
varying degree, the more highly "automated plants seemed to be quieter

and cleaner tpnﬁ :h; less automated plants. The high adopter pltncq’ -

L)
-

were more likely to be undergoing renovations to improve Produc::ftvl\\\_.

N : -

'

- . !
/
!
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and were more likely to manufacture non-automotive products in addition

to automotive parts. High adopter managers and workers seemed to be

.

calmer and more purposive and, perhaps as a conséﬁuenge of their

environment, more satisfied and committed to their plants and

» . -
’

companies. ¢

One of the arguments against emphasis on technological innovation is
that “people., not machines, are the ansyer" to productivity problems
-(Arnhola'1986). My impression is that adoption of flexihle automation
has a direct impact on the efficiency of the manufacturing process and

an indirect one through increased worker commitment and motivation.

Furthermore, the installation of flexible automation seems to serve as

9 Even

a catalyst for improvements in work flow and product design.
when managers felt the initial installation of flexible automation td
be a failure, they argued that .che experience had given them new’

insights and motivation to improve the production process.
L4

That {s not to say that flexible automation is without its drawbacks. .

On the downside, major Iinvestments in advanced technologies have proven
to be more expensive than expected. In several publicly held firm§,

high adopter plants were reporting low returns on assets employed and

in some cases were bef{ng divested because their top management felt
. q

they could achieve better returns elsewhere. It may be argued that in

these situations the MACS is undervaluing the high-tech plants. While

-

‘ 9 Ayres and Miller (1983) present a model of how adoption of
advanced technologies can catalyze organizational and technological

~ change.
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this may be true, and-it may ifllustrate a shortcoming in the MACS,'a
_nore'likély explanation of the divestment strategy is demands of
shareholders and fears of take-over. If this is the case, then the
problem, if there is one, may lie with external reporting or financiasl

accounting and not internal MACS.

A more prosaic problem_facing adopters of new technology is keeping
their high-tech machinery running. 1 rarely found flexible automation,
especially integrated automation, tr be fully operational during my
visits. In describing his integrated system one manager noted:
We have five or six robots and PLCs in that cell and each
machine is up 95% of the time. But all of them have to be
working for the cell to work. So tf you compound all the N
downtimes, the cell is only working 60X of the time. Which is
still better .than the uptime on our old machines, but less than
we expected with the new equipment, .
Without.being too glib about the utilization problem, in most cases’
where uptime was an Lssue, the technology was new to the plant. As

experience with the new machinery increases, so too shoulg uptime.
ct V.

“This study aimed to answer four questions:

-

1. | Is the use of accounting measures to evalyate
performance related to the adoption of flexible
automation?

2. Are the time horizons {mplicit In MACS relaced to the

adoption of flexible autdmation? - i

- 3. is the use of financial criterifa in evaluating
e cepital budgeting propouls‘elated to the adoption -
’ of flextble automation?

-



4. Are diffiéulties in quantifying flexible automatiori
benefits related to the adoption of flexible
automation?

The answer to questions 1, 3 and 4 {3 a qualified "no." The study
shows what the ch%racteristics and uses of MACS addressed by those
questions are not related to adoption. Only question 2 may be answered
by a qualified "yes." The length of time incorporated in budget
targets and reports appears to be related to the adoption of flexible

.
automation.

The outcomes of this study are somewhat unexpected considering the

.widely held view that accothing systems are impeding investmznt in

)
advanced manufacturing technologies. However, the finding that MACS

time horizons impact on adoption may be seen as supportive of the
normative literature which recommends that top management employ
accounting measures and procedures that reflect the long-term
objectives of their firms. Though this study looked only at a small

sample of managers and plants, the findings may apply to the adoption

of stand-alone flex&kle automation technologies in the automotive parts

industry as a whole, and perhaps to investment in advanced technologies
in North American manufacturing firms in general. But even If one wgfe
to dispQ:e the claims of generallzability, the results of this study
chnllénge Ehe allegations lgainsg management accounting. it the very

. v P
least, this study should prompt further empirical research in the area

- of MACS and adoption of new technologies. ’ ¢

L p




a

r

IV.A.Recammendations for Top Management

Throughout this thesis I have presented evidence supporting greater
investment in advanced manufacturing technologies. The plant visits
convinced me that top managers of North American manufacturing firms

should promote investment in flexible automation within their firrs.

This research indicates that nct much need be changed in current MACS
in order to create a more positﬂve environment for adoption. The key
is+sto extend the timé horizon of\the MACS. A first step would be to
set budget targets %or periods longer than one year. For example,
rather than setting only monthly or yearly profit targets, top
management could set profit targets for two or even three year periods.
A'second, related step, would be to provide managers with feedback on
their performa;ce on long-range targets. For example, the MACS might

generate reports that track performance over several years: two or

‘three year budget spmmaries rather than annual reports.

Top management must support the extension of.the MACS time horizons in
two ways. First, lower level managers must be.fewarded on their
performance on long-term objectives as reported in formal accounting
reports. Second, lower level managers must be given resources for
planning, Providing managers with time, staff, and training for long

range planning should promote technological innovation.
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Top management who implement che;b recommendations will have standards
against which to judge nanggers?);££acquecords.' Managers with good
*batting averages” will be more confident in initiating change and will
be more likely to receive ;pproval of their investment iniciatives. 1If
these recommendations were adopted, top management can spend less time
evaluating investment proposals and more time eval;acing sponsors of
proposals. And instead of conducting post audits on an invéstment by
investment basis, top management can examine the portfolio ;f
ianstments controlled by each manager. Longer MACS time horizons may
eventually lead to a more decentralized organizational structure where
managers closest to the technology have greater‘fesponsib111Cy for
initiating and implementing technological change. In the end, this may

result in more aggressive investment in advanced technologies.

-

‘1 would point out that in recommending only "minor" changes to MACS, I

am responding to those who advocate that major changes in MACS are

.

+needed to promote adoption. There may be any number of reasons why top
"managers wish to review and alter their MACS. My argument is that top.

managers should concentrate on time horizon, {ssues {f their objective
?

fs to create a more positive environment for manufacguring innovations.

» !
, i
!

j
IY.B.The Need for Field Research

r . /

i

‘ / ‘ .
Having already made /several specific proposals for future research I

/

would now stress ch# rieed for field research. While ma{l surveys have

I
_some definite uses and obvious advantages, thefresults of mall surveys

e .

7

P . ..
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must be checked against the findings of field research. There are
insights and understandings of MACS that car only be obtained through

interactive and open-ended research methodologies. In conducting the

%

personal interviews I came across a good example of how on-site

—

observation of management practice might Iinform the normative

literature.

The normative literature on the implementation of advanced technologies
argues that since the competitive environment is changing, and since

production processes are changing, there should also be changes in

MACS. It s presumed that managers are wasting resources on, and are
being misinformed by, obsolete MACS. An often cited example of an

obsolete accounting practice is the allocation of overhead on the basis

. ]
of labour hours or dollars, even when labowswcosts are a small ‘

proportion of total costs (Seed 1984). Mail syrveys confirm that many

firms st{ll allocate overhead to labour kSchwarzbach 1985), and that

many managers still spend considerable time and effort investigating

labour variances, even when labour costs are a small fraction of‘total

-
Y .

[ = . - - +
costs. These resul:s’&euld\be,used,to suppor€ the proposition that the

= -
“allocation of oveshead on a labour base is forcing managers to focus on

animportant lebour costs and make less than optimal decisions (Kaplan

»

1984b).. And yet, in this sample, the managers who analyze labour

variances where”labour is only 5% to 10X of total costs, do not use

their MACS naively. Because of thulr experience with~their

manufacturing process and an understanding of the relationship between

the process and accounting numbers, thesd managers make gond use of

{
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thefr MACS. Minute labour variances alert the nanageijjto specific
production problems. The managers focus on labour:cbsts. not because
overhead is applied on a labour base, .but because labou:r variances help
them control the production process.

[ 4

Some changes in MACS, for example allocating overhead to machine hours
instead qf labour hours, might not pose problems for gxperienced
managers. But if MACS were to be drastically altered, until they came
to understand the new systems, managers would be managing blind. And
there is no guarantee that new untested systems will better represgnf’
the relationships between costs and cost drivers than the systeﬁs
atready in place. Responsible prescriptions for change must be based
on field study. To conclude, a key message of this thesis concerns
method of research. Understanding the role of MACS in the adoption of
flexible automation®ill only be achieved by field research, or as v
Kaplan (1986¢c) says, by speaking directly with managers and colligting

\ b4

data from actual organizations. N

IV.C.Thesis Summary

re
M

Critigs have charged that obsolescent managerial accounting and control

systems are retarding the adoption of flexible aufomation. A nogpative )

literature prescribes that top management should blace less emphasis on

e
accounting measures of performance in @valuating lowel level managers, °
- - - »
that the time horizond of accoﬁnting performance measures and capital
’ ’
. A
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budgeting criteria should be lengthened, that less emphasis should be
placed on fﬁpancial criteria in justifying investament in flex®ble
aut;;ation, and that less easlly quantified costs and benefits of
flexible automation should be considered in appraising investment
proposals. The validity of these prescriptions was tested in a sample
of 32 GMC part suppliers. Self-adoinistered quesc:onnaires and facel -]
to-face interviews of plant managers were used to assess .
characteristics and uses of accounting systems and levels of

-

automa;ion. Statistical tests showed thgt the only,variablﬁ
significantly correlated with automat{:n is the ;long-term time horizon
of budget targeCS and reports.” The results were interpreted in thé
light of plant manger interviews and plant tours.- Rather than making
major changes in their accounting systems, top management wishing to
promote investment in new technologlies, were advised to extend the time

horizon of their MACS. The thesis then concluded with a discussion of

: ‘ - e
future research opportunities and a call for more field research.
: . .- .
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ARRENDIX A: LITERATURE REVIEW CODING
CRITICISMS and PRESCRIPTIONS
CODING _

Management Literature
Production/Engineering Literature

3 = Accounting Literature
Problem: 1l = Evaluation Period Too Short
2 = Can't Justify Flexible Automation
3 = Other
’
Solution. 1 = Place Less Emphasis on Accounting Measures in Evaluation
- 2 = Longer Time Horizon for MACS Objectives’
3 = Less Emphasis Omr Financial Griteria In Justification
4 = Less Difficulty in Quantifying Automation Benefits
S5 = @ther
Method: 1 = Model Building / Speculative
2 = Personal Experiences / Anecdotes
3 = Case Study / Survey \
AUTHOR(S) TITLE CODING
-
Alvonpis & The Adoption of Flexible Source: 2
Parkinson Manufacturing Systems In Problem: 1 2
(1986) P British and German Companies Solution: 1 2 4
Method: 3 s
Ayres & Miller Robotics: Applications.and Source: 7 —
(1983) Social Implications Problem: 1
Solution: 2 5
- Method: 3 :
Banks & Operations vs Strategy: Source: 1
Wheelwright Trading Tomorrow for Today Problem: 1
(1979) Solutfon: 1 2
‘ : . Method: 3
Barrie (1986) A Fresh Look at Accounting ' Source: 2
: Problem: 2
Soluction: 3 4
. Method: 1
Bernard-£1986)- Structured Project Mechodology Source: 2
Provides Support for Informed Problem: 2
Business Decisions Scluction: 5
Y . Method: 1




AUTHOR(S) TITLE CODING
Blank (1985) The Changing Scene of Economic Source: 2
Analysis for the Evaluation of Problem: 2
Manufacturing System Design and Solution: 3 4 5
Operation > Method: 1
Bylinsky (1986) A Breakthrough in Automating the Source: 1
Assembly Line Problem. 2
Solution 3
Method: 3
Canada (1986) Annotated Biblioéraphy on Source: 2
e Justification of Computer- - Problem: 2
’ Integrated Manufacturing Systems Solution: 3 4
4 Method: 1
Editors of Integrated Manufacturing: Source: 2
MHE (1985) America’'s Competitive Strategy Problem: 1 2
' Solution: 2 3 4
o ? . Method: 2
Frazelle (1985) Syggested Technieques Enable Source: 2
Multi-Criteria Evaluation of Problem: 3
Material Handling Alternatives Solution: 3
Method: 1
French (1984) Management Looking at CIMS Must Source: 2
Effectively with These 'Issues Problem: 2
and Realities’ Solution: 3
<« o, Method: 1
Gerwin (1982) " Do's and Don'ts of Co1puterized Source: 1
Manufacturing Problem: 2
i Solution: 3 -
A Method: 3
Gold (1982) CAM Sets New Rules for Production Source: 1
. Problem: 2
Sofution: 2 &
Method: 3
Hayes & - ‘Managing Our Way to Economic Source: 1
Abernathy Decline . Problem: 1
(1980) L Solution: 2
Method: 2

184



AUTHOR (S) T~ TITLE CODING
Hayes & Managing as if Tomorrow Matters Source: 1
Garvin Problem: 2
(1982) Solution: 2 &

. *Method. 1

" 5
Hayes & Restoring Our Competitive Edge’ Source: 1
Wheelwright Competing Through Manufacturing Problem. 1

(1984) .. Solution. 2 4 5
: N Method: 2
Hill & Dimnik The Accountant's Role in Cost- Source: 3
(198%) Justifying New Technologies . Problem: 2

Solution: 2 5
- Method: 2
Hodder (1986) ° Evaluation of Manufacturing - Source: 1
Investments: A Comparison of U.S Problem: 3
and Japanese Practices Solueion: 3
Method: 3
Huber (19895) CIM: Inevitable, But Not Easy Source: 2’
* A Problem: 2
b Solution: 2 4
Method: 3
Huber (1986) Justificat@®on: Barrier to Source: 2
Competitive Manufacturing Problem: 2
Solutfion: 3 4
. Method:, 2
Kaplan (1984a) The Evolution of Managemegt (85urce:'3'
Accounting ' | Broplem: 1
" Solutien: 1 2
Method: 1,
Raplan (1984b) Accounting and Control Systems © Source: 3
' for the New Industrial Problem: 1 2
Codpetition ’ olutfon: 1 3 4
Method: 1.
v .
Kaplan (1986a) Must CIM Be Justified By Faith . Source: 3
Ajone? ' Problem: 2 .
( Solutjon: 3 4 §
Method: 2

I’
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AUTHOR(S) TITLE
McDonald (198%) Modern Systems Demand f;esh Look Source: 3
-] at ROI Concepts -Problem: 2
Solution: &
. Method: 2
McLean (1986) {—Manufacturing: Competitive Edge Source: 3
or Corporate Millstone Problem: 1°
Solution: 2
. Method. 1
Merchant & Measurements to Cure Source: 3
Bruns Management Myopia Problem: 1
(1986) N + " Solution: 5
Method: 1 -
Pearson (1986) The Strategic Discount -- Source: 1
\ Protecting New Business Projects | Problem: 1 3
< Against DCF t Solution: 2 3~
, Method: 1
Port (1987) Making Brawn Work with Brains Source: 1
j> Problem: 2
Soluti{on: 4
Method: 2
Powell (19é6) Turning Costing On Its Head Source: 2
Problem: 2
Solution: 4 .
Method: 2
Primrose, The Practical Application of ‘Source:. 3
Bailey & Discounted Cash Flow te Plant Problem: 2
Leonard Purchases Using an Integrated Solution: 4 5
(1984) Suite.of Computer Program Method: 1
Rizzf (1984) Capfital Budgeting: Linking Source: 1
. Fidancial Analysi{s to Corporate Problem: 2
Strategy Solution: 4°5
. Method: 1 _
Sheridén-(1986) How to Account for Manufacturing Source:’1
Problem: 1 2 3
Solution: 1 2 3 4
Method: 2

Py ' : v
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_AUTHOR(S) TITLE . CODING <
- h . - . M
Sullivan, ‘W.G. "‘Models IEs Can Use to Include Source: 2
(1986) Strategic Non-Monetary. Factors Problem: 2
in Automatic Decisions, = . +50lution: 3 5
- s Method: 1 ;
Utechi: (1986) Need Help Justifyiy Automation? Source; 2 ‘
‘ . ’ . Problem: 2
. _ |Solution: 2 4
' , Method: 2
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APPENDIX B: INVITATIONS SENT.TO GMC SUPPLIERS

1.

.

Letter of invitation from GMG

- N .

-
-

Information Sheet

-

Response Sheet
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I am writing this Jetter to ask you to participate in a research study.

Mr. Tony Dimnik, a doctoral candidate.at the School of Busihess,
University of Western Ontario, is studying General Motors rts

suppliers, The purposeof’ the study is to develop accounting and .
contyots s that promote efficiency and innovativeness.

R o 2 " .

I"tRink ‘the‘results of the research will be of interest to you and to

{

Information abeut your company will be held in the strictest confidence.
General Motors and the participants in the study will receive only
general statistical summaries of the results. All participants in the
study, including General Motors, will receive the same summary, repert of

the findings. .

Attached, are an information sheet about the prqoject and a response
sheet. Although not mandatory, we would appreciate your participation
in this study. If you e]ect to participate, please ffll in-the response
sheet and return it in the envelope provided. :

If you have any questions, please telephone Mr. Dimnik at

(519) 679-2111, extension 5184. ‘ .
Thank you. ' - ,
-Yours‘ trui'y,
) 5 M
. W.F. (Bil1) Eagen
Director of Purchasing
:bd

YR

Attachs. =~ w )
. : ! e}

- N »

215 Witham Street East Oshawe Onl)uq‘&lG 1K?

2
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The University of Western Ontario 190

DOCTORAL PROGRAM RESEARCH At
Schoo! of Business Admunstration

London, Canads

N6A 3K7 Y

~ INFORMATION SHEET

Promot1ng Innovation and Efficiency
© Wlth

- e e e e T e e e o ——— e ———— —

The study focuses on four groups of suppl1ers to General
Motors of Canada: .

1. Large/Medium Metal Stampers

2. Thermoplastic Injection Molders

3. Rubber Parts Manufacturers

4. Functional and Decorative Die Casters

We have chosen 6 representatxve plants from each group for a
total of 24 plants.

The managers of these 24 plants will receive questionnaires
which should take less than one hour to complete. Mr.
Dimnik will visit the plants to pick up the questlonnalres
and to conduct interviews ®ith the plant managers,
Interviews shodld take less than 90 minutes.

Data from the questionnaires and interviews will be
summarized and ‘interpreted in a report which will be sent to
General Motors. and to all participating suppliers.

1Y
The data will also be used in a PHD thesis and in articles
in academic and management journals.-

The information from each plant manager will be held in the
strictest confidence. No information that could identify
any individual plant or manager will be released to anyone,
including General Motors. Results will -be reported only as
statistical aggregations. ' 4

P m e o m e a . . PN st eml M bt borss 1o o DD amisPoanmnom?® fome tha B N Mamcas
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RESPONSE SHEET

We need the name of the plant or manufacturing manager for PLANT NAME
The person selected for the study should meet the following criteria:

1. fﬂe person should be someone who makes capital budget proposals .to top
management but does not have authority to approve them. .
2. The person should/ﬁi'responslble for the operation of the plant.

Please print the name, telephone number and address of the plant or
manufacturing manager who will participate in the study:

. NAME :

TITLE:

. PHONE NUMBER:

. «
MAIL ADDRESS: »

Mr. Dimnik will contact the person named above.

Please print your name and title:

~

‘j -

Please return this sheet in the envelope provided.

Thank you. -




e

€ APPENDIX C:*MAIL QUESTIONNAIRE DOCUMENTS

1. Questionnaire Cover Letter

: . - .
2. Questionnaire Instructions
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DOCTORAL PROGRAM RESEARCH
School of Business Adminmtration ’

DATE

J

NAME .
TITLE ¥
COMPANY NAME

ADDRESS * '

ADDRESS

POSTAL CODE

{r

/Dear .

’ ®
You are one of a small group of managers that has been selected fpr a study of
eﬁ{iciency and Innovation {n the automotive industry. CEO NAME suggested your

name to us. .
L

Plant managers of current and potential suppliers of barts to General Motors of
Canada have been sent coples of the e:closed questionnaire. The questionnaire _- a
will be followed up by personal interv:ews. . . i ¢

]

Because oply a small samhle of managers has been setlacted. formthis study, tt fs
{mportant that you compbbte the questionnaire and return it in the envelope
provided. -

‘:::)ig:fnformation from each manager will be held in the strictest confidence. No
fnformation that could identify any company or any manager will be released to
anyone, including General Motors. Results wiil be reported only as statistlcal

aggregations, .

When the project is completed you will receive a.copy of the report sent to
General Motors. I will also give you a complete explanation of the research

when we meet {n the next few weeks.

1 would be most happy to answer any of your questions. My telephone number f{s
(613) 545-2315. - »

Yours truly,

Tony Dimnik .
Doctoral Candidate ‘ .

Research by Doctore! Tandrdates is 8 Requirement for the Ph O Degree




Instructions

This Juestionnaire should take 1e$§aghan one hour to complete.
: Most of the guestions can be answgggﬁ simply by circling a
number.

If you don't understand a guestion or can't answer it, please
leave it blank and put a guestion mark (?) in the margin.

Questionnaire responses will be followed up with personal
interviews later in -September.

Data from the questionnaires and interviews will be summarized
and interpreted in a report which will be sent to Generzl Motors
and to all -survey participants. The data will alsc be used in a
. PhD thesis and in articles in academic and management journals.

The infarmation you give rfe will be held in the strictest
~ ccnfidencg. .

~+ Each gquestionnaire has an identification number for mailing
}Rﬂposes,only. This is so that I may check your name off my list
when. your questionnaire is returned. Your name will never be

.« pPTaced on the questionnaire itself. , : .

No information that could .identify you or your company will be

released to anyoné, including General Motors. Results will be

reported only as statistical aggregations. -

-

Please complete and return the guestionnaire as soon as possible.
] . ..

-
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This interview will have two parts. First I will ask you some questions
and then I'll explain what we're hoping to accomplish with this study,

As I stressed in my earlier correspondence, anything you say to me will be
held in the strictest confidence. No one will be able to identify you or
your company . -.

I would like to tape-record our session I will be the only person to
tisten to the tape I find tapes helpful {n making sure I have the
correct information, but I won't use the recorder unless you feel

comfortable with it May I use the recorder? .
- ~ ~
‘Bo you have-any questions befote we start? )
f



I'll begin by asking you some questions about the flexible automation
technologies you use in your plant.

[FOR EACH OF THE FOLLOWING ASK:]
Does your plant have. ...
How is the technology used’
How long has the technology been in place? —
Has it been successful?
)

Industrial Robots

Programmable Controllers -

<
Numerically controlled
machines (NC) )

Computer controlled NC
machines {(CNC)......

Computerized material .
handling equipment.. ......

v

Computer-aided inspection
and testing devices......... °

Cpnputer-aided design (CAD).

EL]

Integration between CAD and
computer-aided manufacturing )
(CAD/CAM) . ... ....... ... .... .




Y

Do you think your plant could use more flexible automation?

.IF SAY YES, PROBE] What's holding you back?

- top management
- accounting system
- other reasons

Are you ever frustrated when you want to buy some few machinery or
equipment and can't get approval?

I would like to talk about your latest purchase of flexible automat:ion
What is the newest flexible automation equipment in your plant?

When was it purchased?

Whose idea was it to get it?

Did the equipment purchase have to go through a formal approval process?
Cescribe that process....

[ PROBE |

-

- did anyone have to do a formal financial analysis
- role of accountants in process (any conflict)
- plant manager's role in process

198

- top management role in process (top down/bottom up)

o)

™
'

Was this phtchase of machinery typical? How does {t differ from norms?



L,

- A

Afe capital investments in your plant required to exceed a certain rate of
return or hurdle rate?

What {s the hurdle rate? r % .
How important is hurdle rate in getting approval to buy new equfpment7

Are some capital investments {n flexible automation required to meet &
different hurdle rate than other investments?

re

What {s the hurdle rare for flexible automation? .

4

-

Has the hurdle rate changed in- the past few years”’
Does it change with inflation rate?

Is there a required payback period for caplital investments {n your plant?

What is the required payback? ~ years

Are some capital investments in flexible‘automation required co-meet a
different payback period than other i{nvestments?
What is .the payback period for flexible automation? .years

Has the pnyback period changed in the past few years?
Does it change with Inflation rate? .G

Y
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MMAND OVER'CﬁRD AND ASK -TO COMPLETE WHILE EXPLAINING CHOICES)

Please explain choices as you go along....

What do you think gounts the most
performance?

Put the number 1
Put the numbe
Put the number 3
Finally, put the

aext to the ftep
next te the item
next to the item
numbgr 4 next to

. How well yoﬁ

. Yoar concern

w

in how your boss evaluates your

you think colnts the most.
thaet counts second gaost.

that counts third most .
the item that counts fourth most

L}

cooperate with-co-workers

with costs.

L, - How well you get along with your boss
How much ef{fort you put into your job.

Your concern with quality

L} : /

‘Meeting the budget.

Your attitude toward your work.
Your attitude toward your company.
YdLrAayifzty to handle your workers.

' [
Your ability to keep your customers happ

* Other

N o o

) : .
[PROBE] Ate there any {tems on the list that should be there?

*
5 [PROBE] What do you see as the difference between ’'concern with costs’
and ‘concern with budget’? ) X . : .
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In the last question we talked about your bess...who {s your‘'boss?
Name

Title

How long has your boss beén in his job? | years o

— - -

Any changes in the way you are evaluated in past few years?
(PROBE IF EVALUATION CHANGE WITH CRANGE IN BOSS]

~

Let’s talk a bit about your job.... How do-you define your.job?
(PROBE DUTIES, AUTHORITY, PROFIT/COST/INVESTMENT CENTER?)-

How far ahead do you plan?

4

*

What sort of information, do you keep track of so that you know uhat
going on in your plent?

o s’
Do you keep your own personal records td make sure every&hing s goxng

well?
— - [PROBE] -
- what {nformation .
- what form (pencil/paper, computer‘etc.)
L . . >
. _ How important i{s accouting information for you?

- for evaluating your workers
’ - for making decisions
; - to know what's going on

Are you satisfidd with the finnncill'lnfornationlyou!:e geteing?

-

"Are you satisfied with the way the financial information is being used by
your guperiors, by co-workers?

2 -~



Please give me a description of your manufacturing prdcess
' [PROBE: TYPE OF PROCESS
i BATCH SIZE . . e
INVENTORY LEVELS
TYPE OF MATERIAL USED
TYPE OF LABOR USED (SKILLED OR UNSKILLEDX

\

-
v

S .
- / < » b : >
Can you give me a Tough fdea of your costs...For your major pioducts, what
percent of yqur togal costs are: . v
\ -

--»-- . raw materials . .~

----- labor -7 - SN

----- overhead *

A}

What are the key success factors for your®plant? What do you have to do
well to be successful?

~

< » -
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ID-GROUP-PLANT - -

number of robots _ robnum
earliest date of adoption in months (October=0) robtim
success ,of robot applications (l=none 2-some 3=lots 9=unknown) robsuc
number of programmable controllers connum
earliest date of adoption in months (October=0) . contim
success of PC applications (l=none 2=some 3=lots.9=unknown) consuc
number of CNC machines - cncnum
earliest date of adoption in months (October=0) cnctim
success of CNC~applications (l=none 2=some 3=lots 9=unknown) cnesuc
/
use of computerized material handling (none=0 some=l) .- __matuse
earliest date of adoption in months (October=0) ’ mattim
success of material handling (l=none 2=some 3=lots 9=unknown) matsuc
use of computerized ih.pection {none=0 some=1) insuse
earliest date of adoption in months (October=0) instim
success of comp Inspection (l=none 2=some 3=lots Y=unknown) inssuc
use of CAD (none=0 outside~l head-coffice=2 onsite=3) caduse
earliest date of adoption in months (October=0) cadtim
success of CAD (l=none 2=some 3I=lots 9=unknown) " cadsuc
' 4
integrated computerized manufacturing (none=0 some-1) camuse
earliest date of adoption in months (October=0) camtim
success of CAM (l=none 2=some 3=lots 9=unknown) camsuc
could use more FA  (O=no le=lukewarm 3=positive Seenthusiastic) morefa
)
frustrated {n proposals (0O=no l=some 2=-yes) frustr
3 1
payback on FA (in months) TMHOR3F
payback {mportant (no=0 some=l very=2) EMFJST2F

N —
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\

budget constrained=4

budget/profit=3

profit=2 — EMFEVLIF

non-accounting=4
-]

respondent level (l=low 2=middle 3~upper) MANPOS1

-

responsible for sales (l=no 2=some 3=yes) MANPOS?

Job Definition

satisfied with financial info (O=no l=quite 2=very) satfin
* ¢

raw materials (X of fotal costs) matcos

labor (X of total costs) labcos

overhead (2 of totat costs) . ovrcos

Key Success Factors

visited/not-visited plant (O-nd'l-yes) —_vispla

[FROM PLANT TOUR] .
low flexible automatfon--(1l to 5)--high flexible automation __ ADOPSF
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