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EXECUTIVE SUMMARY

Computer Aided Design and Computer Aided Manufacturing (CAD/CAM) refers to
any use of computer control in the design and manufacture of a product or
service. - It is part of the information revolution in the factory, and it is an
outgrowth of earlier technologies such as automated materials handling,
automated assembly, and computerized numerical control of machine tools. While
these technologies are an integral part of today's CAD/CAM, other aspects
include robotics, automated drafting, engineering computation, and total

~computer integration of the design and manuf_‘aétuping operations.

. This study ihvestigates the responses 6f 285 manufacturers from Ontarioc and

. Western Canada regarding their perceptions of CAD/CAM constraints, incentives,
-and impacts., In addition, the constraint and incentive responses are analyzed -

for 30 CAD/CAM suppliers and 16 educational institutions. The purpose of the
study is to provide background information for the formulation of policies. -

0f the 285 responding manufacturers, T0 (25 percent) are Present Users of

. CAD/CAM, 58 (20 percent) are Actively Considering its use, 109 (38 percent) said
‘they Might Consider its use in the next five years, and 47 (17 percent) said
- they Will Not Consider its use. The users tend to be the larger sized firms,
although many small firms also find the technology appropriate. Greater usage

occurs in the electrical manufacturing industry, while the apparel, paper,
lumber, and miscellaneous manufacturing industries tend to have lower use. In
higher-use industries, non-users are more receptive to becoming users

" themselves. This higher receptivity may be caused by the need to stay

competitive or by the existence of role models which a-firm can emulate.
Probably both forces are causing the higher receptivity.

Those who have adopted CAD/CAM, for the most part, experienced higher
productivity, increased sales, moderate to large increases in quality, and
shorter lead times. The larger firms tend to decrease employment when adopting -

" CAD/CAM, while the smaller firms expand employment. Amongst non-users, the

expectations of impacts are more pessimistic, although still positive. Those
Actively Considering CAD/CAM have expectations which are very close to the

‘actual experiences of Present Users,

The most serious constraints seen by Present Users were the unavailability
or high cost of capital and an inadequate return on investment. All respondent
groups rated these two constraints as being very serious. Those less inclined

. to use CAD/CAM, particularly the Will Not Consider category, saw the constraints

and barriers to be bigger. Important constraints amongst the non-user groups
include managerial. inexperience in implementation, high financial risk,
difficult integration into the present operations, management's lack of
knowledge with CAD/CAM technology, and the unavailability of trained staff. The

. Might Consider and Will Not Consider groups also felt that there was no

immediate need for them to change and that the technology was not yet
appropriate for their industry. "
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Tax incentives for capital investment were judged to be the most desirous

incentive. Except for a high rating placed .on the training of operators and
programmers, the importance of the incentives are in line with the severity of
the constraints., We would have expected incentives to train managers to have
been rated above operator training because management knowledge and experienoe
appeared as a more important constraint.

Small flrms reported that they expanded sales and employed more people
after. adopting CAD/CAM technology. They tend to experience fewer labour
problems and achieve easy integration. Larger firms, on the other hand, have
more complex manufacturing facilities, more computers, formal personnel systems,
and more rigid labour relations. For them, integration is more difficult, but
they benefit from higher productivity and increased quality. They generally
decrease the size of their workforce.

An analysis of leaders vs. laggards in the use of CAD/CAM revealed that the

main difference was in their perception of constraints. Laggards see inadequate

return -on investment, high financial risk, and unavailable or high cost of
capital as enormous barriers. These barriers, however, could be just

- perceptual. Laggards reported that their managerial team was unknowledgeable -
about CAD/CAM and inexperienced in its implementatlon. Their perceptions may be
. a function of their lack of expertlse. L

A comparison of suppllers, educational institutions and Present Users-
reveals that each perceives the constraints and incentives from the perspective:

of their own special interests. Suppliers place greater emphasis on factors

which affect their sales, while educational institutions see knowledge .

acquisition as an important constraint and requirement for future CAD/CAM
development

Recommendations which evolve from the study are made for manufacturers,
suppliers, unions, educational institutions and goverrments. To promote further
use and adoption of CAD/CAM, manufacturers can (1) carry out demonstration
programs, (2) provide consulting and CAD/CAM services, (3) rent out their
surplus CAD/CAM capacity, (4) merge into larger economic units, (5)

strategically specialize in friendly niches, (6) develop their own human
.resources, and (7) carefully plan their CAD/CAM purchases. Recommendations for
~suppliers are (1) to cooperate in the standardization of programming and
"hardware, (2) to provide linking software packages, (3) to improve leasing

arrangements, (4) to support training, and (5) to establish CAD/CAM centres.
Unions are recommended (1) to recognize the technology, (2) to work with it to

-achieve wealth redistribution, (3) to.argue for safety and good working

conditions, and (4) to promote retraining of their members. Educational
institutions should (1) train operators and managers, (2) act as diffusion
catalysts for the technology, and (3) undertake specific research and
development. Recommendations for governments are (1) to establish a stable

business environment, (2) to coordinate amongst their various levels, (3) to-

provide tax incentives for capital investment, and (4) to assist and encourage

small business to get on the CAD/CAM bandwagon. Recommendations for government~.

are made last because government should be the- agenoy of last resort.
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Chapter 1
INTRODUCTION

"Ever since .the Industrial Revolution, machines have allowed man, both
male and female; to perform more work with less effort. In the
industrialized world, mankind has been able to produce the goods and
services it desires with fewer working hours, higher standards of living,
and greater leisure., Assembly lines, automation, transport vehicles,
communications equipment, and special purpose machines have all contributed
to man's advancements. While human toil and effort was removed, human
knowledge to run the machines was still present. Man still maintained the

- information.

With the advent of the computer, a trend started which enabled man to

transfer information to a machine. Control of other machines could be given

to the computer machine. Information which humans supplied to make the
machine operate in a predictable manner could be given to the computer.. .
Thus, working hours could be fed into the computer, and another machine-
. could be directed to automatically print the payroll cheque with all

appropriate deductions. In a similar manner, inventory records, airline
reservations, funds transfers, statistical calculations, space trajectories,
knowledge bases, and simulations can all be handled in seconds as compared

‘to hours, days, and months by a human. The computer's ability to handle

complex calculations at enormous speeds has opened up new productivity

opportunities. It might occasionally appear that we are drowning in our own

proliferation of information, but the computer has kept us afloat.

The.first computers were large, slow, and bulky. Such is not the case .
today. Microprocessors, the latest miniaturized version of the computer,
are extremely small, capable of complex calculations in infinitesimal units
of time, inexpensive, and extraordinarily reliable. They have the capability
of invading all aspects of our lives and jobs -- from monitoring our homes, .
.controlling our cars, transferring our funds, cooking our meals, recording

our output, instructing our children, and advising our friends

. " Naisbitt (1982), in his best seller book Megatrends, has pointed out
- that we are undergoing a transformation from an industrial to an information

society. We are going through a type of Information Revolution in which

‘electronics, the microprocessor, communications satellites, data bases, and

information networks affect all aspects of our lives -- from work, to play,
and even sleep. In this new society, information is power, those who react
quickly and utilize the requisite information will succeed and prosper.

The Information Revolution in the Workplace

In the workplace, the information revolution has made dramatic inrbads.‘

Consider the word processor. In most offices today, the old typewriter ‘is
obsolete. Secretaries and specialty typists still use a keyboard, but the

-information is entered directly to a computer. Gone are the days of direct
"typing onto paper. .




In its computerized format, the typed document can be manipulated in
many ways. Corrections can be typed over, new insertions can be made,
blocks of information can be moved around, addresses or data can be accessed
from other files, titles can be centered, spelling errors can be found by
comparing the document to a computerized dictionary, and universal searches
~and replacements can be made for specified characters. The document can be
printed in several different fonts, or it can be sent over communication
lines to some other printer or computer at a distant location. 1In
publishing the document, instructions can be given to automatically feed the
information into a typesetting machine.

The use of word processors in this manner is part of the electronic
office. It is not something of the future -- it is here now. Other aspects
of the electronic office include electronic mail, facsimile transmissions,
audio and visual. conferences, decision support systems, expert systems, and
artificial intelligence.

The Informa Revo tio , e Facto

Just as the office has,undergone an electronic transformation, so has
the factory and other production systems. The analogy to the word
processing in the factory setting is computer aided design.

In the factory, old-style draftsmen, architects and engineers are
converting over to computer drawings. Using the graphies and word
processing capabilities of the computer, these people are now entering their
blueprints, designs, and other information directly into . .computer memory.
Here, they can qulckly make corrections, move graphic images around,
repetitively insert .common designs, and bring figures in from other files.
Since the object in computer memory can be represented in three dimensions,
it can be easily rotated so that it can be viewed from a different angle.
Parts and subparts can be 'exploded', magnified, and analyzed from different

perspectives, Kinetic simulations are even possible before the part is

produced, and advanced design of jigs and fixtures can be achieved by
Placing an envelope around the part. Once the design is finished, it can be
plotted onto paper, or it can be sent directly in the form of digital
instructions to numerically controlled machines or other automated tools.
In the same manner that word processing information can be sent directly to
a typesetting machine, so too can design information be sent to the
production machine. ' :

-The nse'of'the computer for design purposes is called computer aided’

design (CAD). The applications are numerous and probably still not fully
‘discovered. The most obvious applications are any situation where draftsmen
prepare two dimensional drawings. Thus, mechanical designs, architectural
drawings, electrical schematics, and flow process charts have all been put
on the computer. Less common is the use of CAD to undertake various types
of mapping such as a three dimensional display of an underground ore body, a
plan for town expansion, or a record of the land holdings.of a municipality.
Once the information is on the computer, various estimating and take-offs of
figures can be made.
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The use of the computer in the manufacturing process is called computer
aided manufacturing (CAM). Its origin springs from the numerical controlled
(NC) machine tool developments of the 1960's and subsequent computerized
numerical controls (CNC) where programmable computers run the machine tool.
When the data from a CAD system is fed directly to the programmable
computer, which in turn runs the machine tool, we get an integration of two
branches of computer technology called CAD/CAM

If the computer can be programmed to run a machine tool, then it can
also be programmed to aid in other aspects of production and operatlng_
processes. Robots, automated materials handling machinery, 1nventory
records, production scheduling, and manufacturing controls can all be
instructed without direct human intervention. Unlike CAD, the exact degree
and configuration of computer use varies according to the circumstances of
each company and industry. The essential point, however, is that both CAD.
and CAM involve a transfer of traditional production and operating processes.

~to new, electronically contr'olled processes. : . :

Various other ter'ms have been introduced to describe how the computer
is invading the non-office workplace. The merging of CAD/CAM with other
activities such as distribution, cost accounting, purchasing, pricing, and
inventory conjures ideas of the totally automated factory and what has;been
called computer integrated manufacturing (CIM). Similarly, the engineer's
use of CAD to simulate stress tolerances, test computerized prototypes, and

‘undertake mathematical calculations leads to the ter'm computer aided
" englineering (CAE). Agaln, the one thing in common is that new operating

processes are based upon electronically contr-olled information.

The term CAD/CAM has been adopted in this study to imply all computer
processes which aid the design and production of a product or service. .By

-including service oper'ations, 'a very broad definition has been adopted for

the concept of production. Thus, a consulting engineering firm may not
produce an actual product, but they may perform very valuable services in
designing a plant and testing it on a computer before it is actually built.
Similarly, McDonald's restaurants may be considered to be in food services,
but they may someday take your order with a robot in a similar manner as the
automated bank teller serves you money. Just as the computer has aided the
exploration of outer space, it also holds out promise for explorations of
our production and operating systems. Like exploring the moon, only the
surface has been. touched.

e i CA i

The benefits of CAD/CAM vary from increased productivity, higher
quality, shorter lead times, greater creativity and improved sales. In the

.uSe of CAD, the usual reports of productivity ratios are 3:1 to 4:1 for.

mechanical drawings, 6:1 to 10:1 for electrical drawings, and as high as
10:1 to 30:1 for complex integrated circuit drawings. One study of 33
CAD/CAM users in the United States said "... 90 percent of those surveyed
reported improved accuracy, 78 percent reported error reduction, 75 percent
reported increased productivity, 76 percent reported shortened cycle time,
and 70 percent reported reduced costs." (Datapro Research Corporation, 1984)
With such benefits, these CAD/CAM users are undoubtedly happy with their




decision to adopt the new technolbgy.

The decision to adopt CAD/CAM, however, is not an easy one. To‘many

who do not understand the new,@echnology,‘the transition can be scary. The

capital and retraining costs can be substantial, and the field is changing
so fast that a lower cost and more effective system may soon be available.

With such uncertainty, businessmen frequently opt for a delaying strategy.

Also, the transition can involve serious social problems if increases in
productivity require the company to lay off, transfer, or retraln employees
for other JObS.

But to continually resist the change could be economical heresy.
Information technology knows no political boundaries. If one nation gets a
jump on the others in using CAD/CAM to achieve substantial productivity and

quality improvements, then it is likely that that nation will capture -

markets which will be hard to displace. To wait too long or to lag in the
adoption of CAD/CAM may cause an erosion of the international
‘competitiveness of a nation's businesses. It is for this reason that wye see
numerous articles which say "Automate or Evaporate® (Computer Data, 1984),
"Investment in High-tech Must be Made Now to Help West Prosper Later"
(Blackwell, 1984), and "Step-by-step Automation Program Urged to Meet
Foreign Technical Advances® (The Engineering Times, 1984). .

While recognizing that CAD/CAM can have some adverse side effects, this
study adopts the stance that.the information revolution is upon us and that
the computer will affect the way in which we produce goods and services.
The problem, then, is to study how the computer will affect us, what
difficulties our firms have in adopting it, and what assistance they may
‘welcome to help them make the transition. This report addresses this
problem. : : '

iy
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Chapter 2
THE SURVEY

The idea for a study into the constraints and incentives for CAD/CAM

development in Canada occurred in the spring of 1982. Mr. Ray B. Rebeiro,
Senior Associate of the IBI Group of consultants, suggested that . the

business and government communities should have a better understanding of

CAD/CAM developments in Canada and the factors which promoted or inhibited
its adoption. Mr. Rebeiro's contention was that Canadian policy makers,
both in the public and private sectors, are hampered by the lack of relevant
information., If Canadian industry is going to be competitive in the world
economy and if sound decisions are going to be made on the use of new
CAD/CAM technology, then more information is needed.

The Questionnaire

By the spring of 1983, support for a limited study on CAD/CAM
constraints and incentives was supplied by the Department of Regional
Industrial Expansion, Government of Canada. A questionnaire was designed
for a mail survey which would collect the following type of information:

1. demographic information on Canadian manufacturers,
both users and non-users of CAD/CAM technology.

2. actual and expected impacts of using CAD/CAM

_ technol ogy.

3. . constraints which have inhibited or would inhibit the
use of CAD/CAM technology.

4, incentives which have aided or would aid the use of
CAD/CAM technology. :

. Decisions were made to send the questionnaire to a representative
sample of manufacturing establishments in Ontario, the Prairies (Manitoba,
Saskatchewan, and Alberta), and British Columbia. The prime unit of
analysis was to be the individual plant rather than the total firm. Thus,

it is possible for a large multi-divisional firm to have responses to the
_questionnaire originating from more than one plant.

In order to get an additional perspective, the same questionnaire was
sent to other parties interested in the adoption of CAD/CAM. These included
manufacturers and suppliers of CAD/CAM equipment, educational and research
institutions knowledgeable in CAD/CAM, and trade associations representing
CAD/CAM technologists.

In choosing the industries to eurvey, a conscious attempt was made to
get a good cross section from all three regions. Resource and primary
manufacturers are more representative in the Prairies and British Columbia

while secondary manufacturers are more heavily represented in Ontario.

Also, there was an attempt to survey industries which represent a variety of

' different stages in the adoption of CAD/CAM techniques.



The Sample

Manufacturihg establishments listed in Scott's Industrial Directories

were used as the population of interest. Table 2-1 lists the industries’

surveyed, their SIC codes, and the number of establishments in each
category. There is about T0 percent duplication across categories, because
one plant may be listed as manufacturing products under more than one code.
Since these duplications are eliminated when drawing the sample, the actual
total population slze is about 16,965 establishments. This number
represents about. 65 percent of all Canadian establishments within the
clagsifications surveyed

TABLE 2-~1

Distribution of Manufacturing Establishments
By Industry and Location :

| s1c | | | | | | %or M1 |
| Code | Industry | B.C. | Prairies | Ont. | Total | Industries |
| | | | |- ! |
| 2091~ | Canned, cured, fresh or | 96 | 12 | 231 131 | R |
| 92 | frozen fish and meafoods | { i | | |
| | | [ | | { |
| 26 | Paper and allied products | 122 | o | 790 | 1016 | 3.5 |
| ! S | | | | |
| 24 | Lumber and wood products | 907 | 755 | 1645 | 3307 | 1.5 |
| | (except furniture) 1 - 1 | | |
| I | | o ] | ]
| 28 | themioals and allied | 2111 . 304 | 1640 | 2155 | 7.5 |
] | products ] ] | | | |
| | i |- | | | |
| 29 | Petroleum refining and | 341 62 | 1571 | 253 | 9
| | related products { | | | { {
| | | | 1 | | |
| 33 | Primary metal industries | 127 | 125 | 681 | 93371 3.2 |
| ] ] | - | | ] |
{ 34 | Pabricated metal products | | { | | |
| | (except machinery and io717 | 501 ] M43 | s421 | 18.8 |
| | transportation equipmont | | : | | | |
| [ | | { | | |
| 35 | Machinory (except | Bo4 ] 1126 .| 4755 | 66865 | 23.2 |-
| | electrical) | | | I | |
| | |- | ] | | |
| 36 | Electrical and electronic | | | | | !
| | machinery, equipment and | 222 | 226 | 1693 | 2141 | T4 |
| | supplies | | | | ! ]
| ] | | | | | |
| 37 | Transportation equipment | 326 | 348 .4 761 | 1435 | 5.0 |
| | | | { ] N |
| 38 | Measuring, analyzing and | } | {. | {
| { ‘control instruments, | | | | | |
] | photographic, medical | 90 | 36 0 T49 1 9715 | 3.4 |
{ | and optic goods, watches | | | | | |
{ | and clecks | I | | | ]
I [ | | | | | |
| 39 | Miscellaneocus manu- | 254 | 347 | 1295 | 1896 | 6.6 |
{ | facturing industries | | | | | |
| ] | | | | | |
| 23 | Apparel & other finished | | | | ] |
| | products made from fabric | 311 | 647 | 1534 | 2492 | 8.6 i
| | and similar produots | | | | | |
| | = | | 1 | |
| Tetal | | 4281 | 4693 | 19866 | 28840 | 100.0 |
| | | foms | | | |
I % f1u.81° 16.3 | 68.9 1 100.0 | |

The sample drawn from the target populatidn consisted of every third
establishment employing more than five people. The smallest firms employing
five or fewer people represent about 26 percent of the firms in Western

N
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Canada and 16 percent of the firms in Ontario. It was felt that nearly all

of these very small firms have neither the knowledge nor interest in
CAD/CAM. They were excluded, therefore, in order to lessen the cost of

- sampling.

: Theiquestionnaireé were sent to the top corporate officer listed at

" each manufacturing establishment. A total of 4,651 questionnaires were sent

to manufacturers, of which 178 were non-delivered (recipient no longer at
address), 14 were spoiled, and 285 were returned and usable (see Table
2-2)., Thus, the response rate is 6.4 percent of the delivered
questionnaires. This percentage is lower than desired, although not

unusually low for a mail questionnaire,.

TABLE 2-2

CAD/CAM Questionnaire Mailing Results

| | | | Non~ | Returned/ |
{ | Mailed | Returned '| Spoiled | Delivery | Delivered |
| J= | | I | |
| | | | | | : |
| Manufacturers | 4651 | 28 - | 14 ] 178 | 6.4% |
| o | | | | |
| Can, Suppliers | 123 | 21 | 0 | 15 I 19.4% |
I - | | | | | |
| Associations | 8 | 1 | 0 | 2 1 16.7% |
- | | { | | : |
| Research Inst. | 1| 1 - 0 | 1 | T.7% |
| | | | | | |
| Educ, Inst. | no| 14 | 0 | 0 | 34.1% I
| | | o | | |
| U.S. Suppliers | 33 | (f | 0 | 5 | 25.0% {
| : | | : { | . |
| U.K. Suppliers | y | 0 | 0 | 0 | 0% |
| ) | | | | ! l
| | ! { | | |
| TOTAL | usry | 329 | 14 | 201 | 70.4% ]

As also ié indicated by Table 2-2, two hundred twenty-three
questionnaires were mailed to CAD/CAM suppliers, research and educational

institutidns, and trade associations. Beilng more interested in the topic, .

the response rate from these organizations was much higher.

tionn: esign butio

The design of the questionnaire was preceded by an extensive search of
_the literature and interviews with experts in CAD/CAM usage. The first
version of the questionnaire was pretested in the fall of 1983. After

revision, additional pretesting, and further investigation, it was sent to
the printer in February, 1984. The final version is illustrated in Appendix
A. ’

Preprinted mailing labels were acquired from Scott's Directories.
After examining the lists and eliminating duplicate labels, the
questionnaires were sent out during the first week of May, 1984. Two months
were allowed for their return before the analysis began. Only one
questionnaire was received after the cutoff date. It arrived too late for
inclusion in the results. : : ‘



Respondents were assured. that the information they supplied would . be :

treated anonymously. As part of the mail-out, they were given a request
“form for a copy of the survey results. . They had the option -to mail this
request form with their questionnaire or to return it under separate cover.
Many respondents (62 percent) enclosed their request forms with their
qguestionnaires. Although these establishménts thereby revealed their
identity to the researchers; their anonymity is still being respected.

J‘_h,e_A_naixsi_s

The ana1y51s of the questionnaire data is presented in the remainder of
this report, The next section, Chapter 3, presents a profile of CAD/CAM use
in Ontario and Western Canada. The main category of analysis 1is by .the
degree of receptivity towards CAD/CAM -~ whether a Present User of
CAD/CAM, a firm Actively Considering its use, one which Might Consider its
use, or a firm which Will Not Consider its use. Besides understanding the
firms that are already using CAD/CAM, it also is important to evaluate those
who may adopt it and those who will not. The profile will give breakdowns
by location, size of firm, industry, forelgn vs. Canadian control, relative
position in the industry, and type of CAD/CAM application

Chapter 4 looks at the impacts of CAD/CAM, both experienced by Present

Users and expected by the various categories of non-users. Data are

presented on expectations regarding productivity, employment, sales volunme,
~lead times, and quality of product.

Chapter 5 analyzes the experienced and expected constraints towards the

adoption of CAD/CAM. It is a premiselof'this study that governments,
educational institutions, suppliers, and other interested parties can do a
good job. of promoting and easing the transition to CAD/CAM use only if they
first understand the constraints which are operating against Canadian
manufacturers. Once the nature of the constraints are undérstood, incentive
-plans can be devised. Chapter 6 goes on to document the value manufacturers
would place on various types of 1ncentives

Chapter 7 looks at theuspecial concerns of small firms. It compares
small firms with large ones to see if there are any differences in impacts,
constraints and incentives. Chapter 8 looks at the differences be tween
leaders and laggards in the adoption of CAD/CAM.

Chapter 9 takes a sllghtly different focus. It analyzes the
constraints and incentives as. seen by CAD/CAM suppliers and educational
institutions. These perspectives are compared to those .of the manufacturers
who are currently using CAD/CAM. :

Chapter 10 draws upon'data from the whole study. In it,
recommendations are made for facilitating the adoption of CAD/CAM techniques
in Canada. The recommendations are based upon the findings revealed in the
earlier chapters. :

x
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Chapter 3.
A PROFILE OF CAD/CAM USE

The definition of Computer Aided Design and Computer Aided
Manufacturing (CAD/CAM) used in this survey is a broad one. It includes any
use of computer control in the design and manufacture of a product or
service. To a certain extent, CAD/CAM is an outgrowth and advancement of
earlier technology such as automated materials handling, automated assembly,
and computerized numerical control of machine tools. While these
technologlies are an integral part of the today's CAD/CAYN, they are only a
portion of the plcture

Present day CAD/CAM goes much farther. It starts with the original
design of the product on a computer screen and in a computer's memory.
Input to the computer is done in an easy interactive manner -once the
‘designer has mastered the technique. The advantages of computer graphics
over manual drafting for the same purpose are precise numerical placement of
drawings, repeated placements of common templates, different displays from a
three dimensional perspective, optional scaling of drawings, kinetic.

- simulations, and very easy editing. These CAD advantages can be used in many

industries for drafting, mapping large areas, planning (display and modify
designs quickly), and control of operations (offtake of inventory or other
‘speoifleations)

The computer advantages do not stop there, however. Materials lists
may be taken off the computer drawings and inventory requirements

" calculated. Manufacturing jilgs, tools and moulds may be produced ahead of

time by taking the product specifications and designing the jig or mould

- around it. Manufacturing dimensions may be fed directly to numerically
‘controlled machines, and the part can be produced without having to perfornm

a separate input of data. Engineering or managerial data can be requested
from the computer, and calculations can. be made. All these uses are
examples of an integration of CAD with CAM. On top of all this, We have
examples of more pure types. of CAM such as robotics, computer controlled
assembly, computer visual inspection, and automated warehousing.

- With such a broad definition of CAD/CAM it is quite possible that somev
respondents may mistake the intended meaning. Some may interpret CAD/CAM to

‘be just the computer aided design portion. Others may not perceive robotics
‘as being a part of CAM. Still others may not see their use of numerically

controlled machines or automated techniques as part of the computer
technology of interest. To alleviate this definitional problem, the first

-page of the questionnaire contained a CAD/CAM description (see Appendix A).

CAD/CAM by Region and Use

Of the 285 respondents to the Questionnaire, 70 said they were already
Present Users of CAD/CAM, 58 said they were Actively Considering its use,

109 said they Might Cons;der its use, 47 said they Would Not Consider it,
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and one made no response. The T0 users are 25 percent of the respondents.
Most of them must be satisfied with CAD/CAM, because 61 of them (87 percent)

- sald they plan to expand its use.

The 167 establlshments stating that they were Actively Considering or
Might Consider CAD/CAM use represent 59 percent of the sample. Thus, there
is ample room for further use and adoption. Moreover, it is likely that the
47 respondents (16 percent) who said they would not .consider CAD/CAM's use
may have a change of heart in the future. :

The regional distribution of the respondents is presented in Table 3-1.

As would be expected, 61 percent of the responding users are in Ontario, 24 .

percent in the Prairie provinces and 14 percent in British Columbia. The .

larger number of manufacturers in Ontario also applies for the other
non-user response categories. More interesting, however, is that as a
percent of the respondents for each region, the Prairies and B. C. have just
as many users as Ontario. Nevertheless, the other non-user categories paint
a different picture. A larger percentage of Ontario establ ishments are
actively considering CAD/CAM use while the Prairies and B. C. have a larger
percentage who say they will not consider its use. Perhaps the publicly

visible technology centres in Ontario have made the firms of that area more

aware of CAD/CAM possibilities.

TABLE 3-1

" CAD/CAM Use By Reglons

Region‘ I Present Users [} Actively Considering Use || Might Consifier Use |} .Will Not Consider Use
{: Hun-] % of | % of }} -1 % Actively | % of i: un| % Mgt | 3 of %} Hume| % Will Not | § of
|1 bor | Users | Region || ber | Considering | Regj.on I} ber | Consider | Region Il_ber‘ ! 4Consi'der | Region

Ontario ii 13 : 618 ; 238 !! us { 768 .I U }=4 71 : 654 : 36% ,= 2% | 55% ! 148

Prairies |= 17 { 243 : 30% :; T : 12# ‘i 128 I: 22 : 20% = ‘398 :: 1 ! 23% { 193

nc.  ll1o | s | 2 1) 6 | 10 v 1 ose | s | oses flro | e | o

Gamaan 170 o BRI e TR T

Table 3~2 illustrates the respondent categories in terms of average
number of -employees, average sales, average number of production units per
run, and source of control. The table illustrates that it is the largest
establishments in terms of both number of employees and sales which have
made the greatest use of CAD/CAM. As the average size of the firm drops,
the interest in CAD/CAM declines. The typical present user has larger sized
production runs, although the effect of this variable on CAD/CAM use is leas
clear, Perhaps it is the larger firms who are better informed of CAD/CAM
capablilities. Consequently, they are the first to adopt it. Also, smaller
firms may be waiting for a later stage in the CAD/CAM life cycle when the
cost of equipment has declined.:

&
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TABLE 3-2

_ The Typical CAD/CAM Respondent

1 1K T Aotively I Might 1" Will Not I

I| “ Preassnt Users ” Considering Use || Consider Use Il Consider Use |

- ] ] |

: ” Mean l N ” Mean I N I Mean | N | Mean | N |

| ] ! H | |

| Number of || | I | - | ] | |

IEmployeas ” 336 I 65 ” 225 I 56 11 116 | 106 |1 42 TN
{ I | ] |

I SALES ” $27,7%40,300 : 67 ” $18,938,200 { 55 “ $10,646,800 | 108 |} $S.702.200 | 45 ||
: | . |

| Number of || | ] o 1] | 11 ! lI

| Units Per || 476 I 62|l 365 | 5111 398 I 99 I} 374 |4

|  Run | | I | ] ! i | |

| Il | I ! i ! I ! |

|I CONTROL H Nunmber II 3 H Number | % |l Nunber Il £ 1l Number | % |
| e H |

| =Canadian || is | 648 || 36 | 62% 11 78 1 728 || 40 | 85% :

| ~U.S. A 24 | 348 11 18 | 31% || 23 | 2158 || 6 | 13% |

| “European || 1 1% 11 4 7% 11 7 I 6% 11 1 1 2% |

Sixty-four percent of the Present Users and about the same percentage
of those Actively Considering using CAD/CAM are Canadian controlled. The
percentage Canadian controlled rises to-85 percent for those firms who Will

Not Consider the use of CAD/CAM. While it may appear from these data that.

foreign controlled firms are more receptive to the use of CAD/CAM, a more
probable explanat:i.on is the size of firm. Foreign ownership is less-in the
smaller firms, and it is the smaller firm which does not see the immediate
need to adopt the new technology

Breakdown by Size

Average f:.gures can indicate general tendencies or trends, but they
also can hide mahy important findings. This fact is proven by analyzing

Table 3-3 (respondents by number of employees) and Table 3-4 (respondents by

size of sales).

TABLE 3-3

Respondents By Number of Employees

b I I Actively I Might 1 Will Not |
Il Number of Employees IIII Present Users IIII Considering Use Il - Consider Use 11 ~ consider Use |
: ] 11 e |

| | 1} . | 8 of Size || | % of Size || | % of Size || . | % of Size |
| | Total || Number | Category || Number | Category || Number | Category || Number | Category |
{ T | T e A R
- o

i 1= .10 = 37 ” 4 } 1% . ” 5 ‘ 13% “ 14 ‘ 38 I 368 . |
, : 1 | |

: I n- 25 { 58 ” 8 ! 14% ” 4 I 7% ” 29 : 50% ” 17 I 29% |
: 26 - 50 % 4y ” 1 : 25% H 10 I 23% ” 16 { 36% IlI T 1 16% |
- | |

: 51 = 100 } 3{92(./.’5;:! 6 I 18% ” 9 l 26% H 16 : ws ol | 9% |
N . d y : : i | |
I| 101 - 200 % 49 H 13%” I 268 H 15 II 31% H 21 I By |l | of .|
e . Y | |

I 201 - 500 = 2'(,,,.»(]:: 10 ): 37% H -7 II 26% H 7 I 26% ” 3 : 11% |
Y - {

| 501 - 1000 | 1u§;.f” ’: L R L N
/ | K | |

| Over 1000 | 8 || s | 62% I 2 | 25% I 1 | 13% 11 o | (1} ]
| | i ! I ! i ] 1 ! {




- $ 1,000,000~%10,000,000 19%
31%

56%

27
¢ 18

24y 50 4ug
37%

193

*$10,000,000-850,000, 000 29¢

|

|

|

|

|

|

|
22 : Usg

!

!

23 |

|

|

|

Over $50,000,000 19%

72
TABLE 3-4
Rogpondentn By Size of Sales

| | . 1 Actively i Might i Will Not i i
| Il Present Users || Considering Use || Consider Use |{ Consider Use ' |} Totals |
| Salos i 1 - H H [FEEEE |
| i | $in . || | $4n || $4in | $in || |
1 ] | Sales |} . | sales || Sales || . Sales || ]
|- | Huaber | Range || Number | Range || Number | Range || Number | Range |} Number |
| H 1= H H H |
| 1 |1 ’ ] H ] |
II Less than $200,000 H 2 1% H o1 6% H 7 39% H 8 bug 1} 18 |
i |

| $ 200,000-% 1,000,000 || 6 122 |1 3 6% | i I 49 |
| ] | H 1] [FI |
| 11 i i i ] 1
| 1 1 ] ] H |
| ] H ] Hl i |
| 1l H H I i |
| 1 . I H I |
| H (NI ] ] H |

Both tables reaffirm the tendency for larger firms to have adopted CAD/CAM
or to be more interested in adopting it.  Both tables also affirm, however,
that small firms can make use of CAD/CAM technology. Twenty-three (35
percent) of the users have fewer than 50 employees and 30 (45 percent) of
the users have sales of less than $10 million per year. ‘

Being smaller does not mean that CAD/CAM is inappropriate. But being
smaller may mean that there are speclal factors inhibiting a firm from
making the plunge to new techniques. It may be a lack of awareness,
insufficient funds to undertake the plunge, a propensity to aveid risk, or a
number of other factors. Since special public policy initiatives are
generally set up to help the small firm, it is important to look further
into the special interests of ‘them. Such an analysis is presented in
Chapter 7.

CAD/CAM Use by Industry

The classification of respondents by industry is presented in Table

3-5. No replies were received from any of the firms in the fish processing

industry. Two replies from firms in the measuring, analyzing and control

instruments industry were added to the miscellaneous manufacturing industry.
All other industries had a sufficient number of replies for analysis.

As Table 3-5 indicates, the fabricated metal products industry has the
-largest number of respondents (30 percent),followed by miscellaneous
manufacturing (14 percent), electrical and electronic machinery, (13
percent), and non-electrical machinery (10 percent). All the othepr
categories have between three and seven percent of the respondents. Compared
to Table 2-1, it would appear that there is an above average response rate
from the petroleum refining, electrical equipment, and miscellaneous
nanufacturing industries and a below average response rate form the apparel,
fabricated metal products, and nonnelectrical machinery industries.
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How far-the respondents are along in the adoption of CAD/CAM can be

assessed by the plant receptivity score in the last column of Table 3-5.

This score is a weighted average from a 4 point scale, where a weight of 4

"is given to a Present User, 3 to a plant considering adoption, 2 to Might
Consider and 1 to Will Not Consider.

TABLE 3-5

Use of CAD/CAM By Industries

| ! Actively | Might | Will Not | Plant

I !
| Industry | Present | Considering | Consider | Consider | Receptivity |
| . | Users | Use ! Use | Use | .Score |
| |
R ) - | | | | | |
| Paper and allied products | 2 | 0 | y | 3 : 2.1 |
| | | | | . |
| Lumber and wood products | 3 | ‘3 : 7 : 4 : 2.3 . :
| | |
| Chemicals & allied products | 6 | 2 | 8 : ' : 2.5 :
1 1. 1 1 .
| Petroleum refining and | i | | | .
| related industries 16 | 0o . : 1 l' 2 } 3.1 {
| 1 | '
| Primary metal industries | 3 1. 3 | 6 | 2 : 2.5 :
1 | | | | :

- | Fabricated metal products 1 21 | 22 1 32 ! 9 | 2.7 |
| 1 | . | o | |
| Machinery_ (except eleotrical)] 5 ! 5 1 . 13 : 6 : 2.3 :
1 1 | | R . -
| Electrical and electronic | - | | 1 A
| machinery 1 12 ] 12 : 12 = 1 : 2,900 :
1 | 1
| Transportation equipment ! 3 | ] ! 5 = 1 ! 2.7 {
| ) 1 | . .
| Miscellaneous manufacturing | 7 : 6 : 19 | 9 | 2.3 =
1 . 1 - | | ’ '
| Apparel and other finished | | | | | o
| products i 2 ! 1 1 2 ] 5 1 - 2.0 |
1 1 | 1 1 1 l

%% Significantly larger than the average of all other industries
(p < .01, two-tailed t~test).

From the scores, one can see that theubetroleum refining respondents have
been the most receptive towards CAD/CAM (3.1 plant receptivity score),
followed closely by the electrical manufacturing respondents (2.9

" receptivity score, which is larger than the average receptivity score of all

other respondents by a statistically significant amount). The paper products
and apparel industries' respondents are much less receptive towards CAD/CAM
(receptivity scores of 2.1 and 2.0 respectively), although their receptivity
scores are not lower by a statistically significant amount.

Evidence concerning the degree of industry adoption of CAD/CAM is
presented in Table 3-6. The scores in the last column represent the degree
of CAD/CAM penetration as perceived by the respondents of each industry.
Using a scale of 4 to 1, where 4 means used by most firms in the industry, 1
means not used at all, and 2 and 3 mean intermediate use, an industry usage
score is calculated. The industry usage scores indicate that the
miscellaneous manufacturing industry has the least usage, and that this use
is lowér than the average of other industries by a statistically significant
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amount. The apparel, paper, lumber, and primary metal industries are other
low users., . The highest (and statistically significant) degree of
penetration has been in the electrical manufacturing industry. Overall, the
average scores indlcate that there still is ample room for further
penetration.

TEBLE 3-6

Porcoived Industry Use of CAD/CAM, Claassified By Industry

} Used By | Used By | Used By |

A : : | Industry |.
| Industries [ Most | Some | Few | Not Used | Usage |
o : | Firms | Firnms | Firms | At Al |} Score |
| - : - |
| . - A ! . | } |
| Paper and allied products | 1 | 1 | y | 3 | 2.0 |
| . } } | l | |
| Lumber and wood products 1. 2 | 3 | 6 ] 6 | 2.1 ]
| 1 | | | } |
| Chemicals & allied products | 1 | 5 | 1 | 3 | 2.2 |
| : | | | N P | |
| Petroleum refining and | | I | ’ | |
| related industries R 0 ! 5 | 1 | 2 | 2.4 ]
| | el | | | . |
| Primary metal industries | 0 l 1 o 13 | 0 { 2.1 |
| | | . 1 | | . |
| Fabricated metal products | 3. 28 | 38 ] 12 | 2.3 -}
| : . . | | | I | | .
| Machinery (except electrical)| 1 | 10 | 13 | ] | 2.3 |
| . ] ! | ! | |
| Electrical and elactronic ] } } | ) -
|  machinery - y | 21 | 8 | 2 | 2.p%8 |
| ] | : 1 | | |
| Transportation equipment ° | 2 | 3 | 7 | 1 | 2.5 |
| | | | | | |
| Miscellaneous manufacturing | 2 | 4 | 18, | 16 | 1.8%2 |
} | | | | | ’ |
| Apparel and other finished | } |- | | ]
| products | 0 (. 1 | 6 ! 3 1 1.8 |
l I | I | ! : |
&8 g4 gnificantly hi@:er or 16:19:‘ than the average of all other industries
(p < .01, two-tailed t-tost). : . .
TABLE 3-7
Perceived Industry Use of CAD/CAM, Classified
By Degree of Plant Receptivity
| ! | Retively | Mignt | Will Not |  Plant |
| | Present | Considering | Consider | Consider | Receptivity |
: | Users | . Use | Use [ “uUse | Score |
]
| | | | | | |
: Used By Most Firms | 12 | 3 I 1 | 1 | 3.5
) - | ) | | | | |
: Used By Some Firms | 31 | 21 | 2y | 6 | 2.9 |
. | | | | | l
: Used By Few Firms | 26 | 30 | 56 | 13 | 2.6 l
| | | | | |
| Not Used At A1l | 0 | R | 25 l 24 | 1.6 |
| ! | | | | }
l * |
! |
l }
| |

Industry Usage Score | 2.8 | 2.4 | 2.0 1} 1.6 | -
|

b

oy

.
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Table 3-7 indicates that the competitive effect, or at least the
demonstration effect,-may have a strong bearing on a firm's behaviour.

" There appears to be a direct relationship between the degree of plant

receptivity and the 1evel ‘of industry usage. Those who have already
accepted the new technology perceive that CAD/CAM is being used by a fairly
large number of firms in their industry (usage score of 2.8). Those who are

‘compelled to Actively Consider CAD/CAM perceive more than just a.few firms

using CAD/CAM in their industry (usage score of 2.4), while those who Might
Consider perceive just a few firms using it (usage score of 2.0). Those who
Will Not Consider the use of CAD/CAM perceive very little usage in their
industry (usage score of 1.6). These firms probably are not compelled to
adopt CAD/CAM, because they do not see that many firms are using the
technology in their industry. -~Perhaps they have no compulsion to keep up,
or perhaps they have no role models to follow.

Another way to look at the same picture is to consider the plant
receptivity scores in the last column of Table 3-7. As can be seen,
receptivity is much lower if few or no firms in the industry are using the
technology. ‘

Next, consider Table 3-8. It demonstrates whether the respondents
consider themselves a leader or a laggard in the adoption of CAD/CAM in
their industry. Using a five point scale (where 5 means an industry leader
and 1 well behind competitors), we can calculate a leadership score for each
industry. This score indicates whether we have a representative sample for
each industry, since we would expect an equal number of leaders and laggards
from each industry and a leadershlp score which is very close to three, the
midpoint on the scale. As Table 3-8 shows, the sample may have a slightly
below average number of leaders from the lumber and non-electrical machinery

_industries.
TABLE 3-8
Perceived Leadershio in CAD/CAM, Classified By Industry
| Industry | Ahead of | On Par With.| scmewhat Behind | Well Behind | Leadership
Industry | Leader | Competitors | Competitors | Competitors | Competitors | Score

Paper and allied produots 1 0 » 34

] 1 | l
. ! ] 1
| | | | | !
] o | ] I |
Lumber and wood products | o 1. 2 ! 3 ! 5 ! 3 | 2.3+
o | E | | ' )
Chemicals & allied products | 0 ] 2 | " | 3 : 2 II R
‘ | | ! | )
Petroleunm refining and . ] ) 1 . | | } I »
related industries ! 1 1. e { 4 ! 0 ! 0 | 3.6
| | [ I '
Primary metal industries | 0 ] 2 | 6 ! 6 } 0 } 2.7
‘ [ ! ! | Ny
‘Fabrioated metal produots | 8 | 16 | 34 | 1 l 7 |I 3.1
| | I I -
Machinery (except electrical)| 0 | 2 | 14 | 7 ; 3 I 2.6%
| | | | )
Eleotrical and eleotronic 1 ! | 1 : ;
machinery = 2 : 9 .o | 12 ] 2 ! 2.9
. | | )
Transportation equipment | 2 | 6 1 0 ! n II 1 |I 3.3
: I | | | '
Miacellaneous manufacturing | y | L] | 2y | 3 |l 1 I 3.2
| I | i )
Apparel and other finished | 1 | | 1 :
products } 0 : 1 | y | y ! 0 I a2
I I | | 1.
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Table 3-9 shows that industry leaders tend to be the Present Users and
" those Actively Considering CAD/CAM. They are the ones with the. higher plant
receptivity scores. These would be the findings one would expect. What may
be disturbing from Table 3-9, however, are the 61 establishments (21 percent
of all establishments) who agree they are behind their competitors but who
Will Not Consider or only May Consider CAD/CAM. -These firms warrant further
investigation. Are they smart laggards, ones who are more profitable and
successful because they do not follow the crowd? Alternatively, are they

already less successful, and are they only laggards because they cannot.

afford the transition? Another possibility is that they may be siccessful,
but uninformed about CAD/CAM technology Chapter 8 will look further into
these questions.

TABLE 3-9

_ Perceived Leadership in CAD/CAM, Classified By Plant Receptivity

. Actively | Might - | Will Not | Plant

Well Behind Conpetitors 1 1 /Vyy 78 /7 1.8

3.6 .| 3.1 l 2.6 | 2.3 | -

Leadership Score

| - | 1
{ Position in Industry { Present | Considering | Consider | Consider | Receptivity |
| { Users | Use H Use | Use | Score {
| AN, ! I :
/7 /
{ Industry Leader lj//w v/ /(;///// ; ////,I 5 1 o | 3.3 !
v, / ’
: Ahead of Competitors :’/é ) ’//12// //51; 4 : 0 : 3.6 :
| ) 'nL// ///./////////' 1 | l
| On Par With Conpetitors 1 22 ! 31 ! 15 | 19 1 2.5 |
! ! I b i
| Somewhat Behind Competitors ! 5 | 9 I///éz‘écl,’/,n 77 2.1 |
P o | IV, ’///1//,'/ 770 |
I l i 7 I
1 | | |
| |
1 |
1 |
1 |

C App]. t

The various types of CAD/CAM applications are summarized in Table 3-10,
cross-classified by receptivity categories (user, actively considering,
might consider) and by whether the respondent is Presently Using,
Considering, or Might Consider that particular type of CAD/CAM application.
The numbers in the triangular shaped boxes represent incorrect responses.
For example, 12 respondents (7 plus 5 in the first row) said that they were
already using engineering computation by computer. They also had- answered
an earlier question saying that. they were not present users of CAD/CAM,

They said that they were Actively Considering CAD/CAM or Might Consider its ‘

use within the next five years. These people have a different meaning of
CAD/CAM than intended in the questionnaire. They are confused.

The confusion index in the last column of ‘Table 3-10 gives the
percentage of people who answered:inappropriately. In many cases, the same
respondents are answering inappropriately to different categories of
CAD/CAM. Therefore, there is some double counting in the confusion
percentages. Irrespective of this fact, notice that the highest degrees of

1
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confusioﬁ are in the definitions of automation techniques and computerized.
numerical control of machine tools. In the case of the confusion over

automation techniques, it is possible that the respondents' present form of
‘automation is not under computer control. If so, their reply would have been

correct, but the questionnaire would not have picked this up.
Notwithstanding this possibility, it is more likely that respondents
perceive the traditional and older aspects of CAD/CAM (i.e. what they have

. been doing all along) not to be part of the new CAD/CAM movement.

TABLE 3-10

CAD/CAM Applications

(,;8,57
| | I! Actively [I Might || ! |
| I | Present || Considering || Consider || | Confusion | -
| APPLICATION | Users || Use 1l Use || Totals | Percentage |
| | 1 1 1 | |
| | 1 ] | | |
| ENGINEERING COMPUTATION I 1 I I | |
| BY COMPUTER: I I : | 1 | |
| - Presently Using | 30 Il ] I 4w | 20% |
| - Presently Considering | 7 I 9 u 1 20 1 208 |
| - Might Consider | 5 I 2 I 8 15 - i
| I I 1 I | |
| I I ] H | |
. | CAD: I A 1 1 ! -
t& | - presently Using | 20 I 0 ] 1 I o2t | 5% |
| - Presently Considering | 10 I 13 5 1. 28 | 18% |
| - Might Consider | 4 1 2 1 7 [N & - |-
| | I 1 I | |
| : | I 1] I | |
| AUTOMATION TECHNIQUES: I N 1] I | |
| = Presently Using | 28 Il 0 (] 5 I .43 | 35% i
|. = Presently Considering | 7 I 0 It 23 | 43% }
| - Might Consider | 2 -1 . & I 3 I 9 | - |
| . | i i - | |
- | : . | ] I R | l.
, | COMPUTERIZED NUMERICAL I 1 I 1 ! !
- "), CONTROL: I I | I I !
@) (x’_/l - Presently Using | 30 1 8 1l 7 Il 45 | 33% |
T | - Presently Considering | 3 Il 5 3 I & 27% |
| - Might Consider I3 1l 6 " 16 | - |
| . | I ] I | |
| | ] I 1] | |
| INTEGRATED CAD/CAM: | ol 1l I | |
| - Presently Using | 6 H 1 ] 0 | 7T 1 14% |
| - Presently Considering | 11 || 9. 3] 23 1 138 !
| - Might Conaider I n I 6 1l 9 o 26 | -
| | I ' 11 - | |
| ] R I I | !
99 |, ROBOTXCS : | I L 1 | ]
¢ | =~ Presently Using | 8 1 1 -3 Il 12 | 258 |
| - Presently Considering | 15 [} = 6 7 Il 28 | 258 |
| - Might Consider | 5 ) 5 1 IWo15 | - l
| | H : 1] H l |
| | I . 1 ] ] |
| OTHER: . | H 1 i | |
| -+ Presently Using ] 5 11 1 H 0 ] 6 | 17% A
| - Presently Considering | 1 I 2 0 1" 3 1 1} |
} - Might Consider , o Il 0 H 0 { - ]
1 |




18

"The older forms of computer use in manufacturing -- engineering
computation by computer, automation techniques, and computerized numerical
controlled machinery -- . are the most common. Since those older

technologies are more mature and in common use, fewer firms are planning to
use them. For example, engineering computation by computer, automation
techniques, and computerized numerical controlled machinery each have about
43 users, but only about 30 establishments which are or might consider. them,
Conversely, fewer plants are using the newer aspects of CAD/CAM, although
these are the applications which most plants are considering. Computer
aided design, integrated CAD/CAM, and robotics have only 21, 7 and 12 users
.respectively. 1In spite of the small number of users, each of these
application areas have about 45 firms who say they are presently considering
or might consider adoption.

Summary.

The respondents to this survey are representative of the manufacturing
industries selected for analysis.. Sixty-five percent of them are from
Ontario, 25 percent are already users of CAD/CAM, and 20 percent are
actively considering its use. The users tend to be the larger sized firms,
although there are many small firms who find the technology appropriate.

Greater receptivity and usage of CAD/CAM has occurred in the electrical
manufacturing industry, while the apparel, paper, lumber, and miscellaneous
manufacturing industries tend to have lower use. Higher receptivity tends

to occur when there is also a high degree of usage in the industry. Whether -

firms react to competition or need role models to emulate is a matter still
to be explored.

The older aspects of CAD/CAM (engineering computation, automation.

techniques, and computerized numerical control) are the most common forms of
CAD/CAM application. Nevertheless, robotics, integrated CAD/CAM and

computer aided design are newer applications which are being seriously

consgidered by many firms.

B
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~ Chapter 4
" EXPECTATIONS OF IMPACTS

‘The’ questionnaire asked respondents to estimate the effects which

-.CAD/CAM would have on productivity, employment, quality of production,

volume of business and lead or set up times getting ready for production.
If they were not already a user of CAD/CAM, then respondents were asked to

give their best estimates of the potential effects.

- These impact data can be analyzed to get an idea of how CAD/CAM affects
Canadian firms. Before undertaking the analyses, however, one must

recognize that the data are very imprecise -~ except for the assessments

made by Present Users, the data are largely expectations of what is
possible.

Although we may place greater weight on the replies made by Present
Users, even here the data may be only approximate. The senior officer of
the establishment was asked to fill out the questionnaire, and he or she may
not have been the best person to know the exact impact figures.
Furthermore, the questionnaire asked to give the impact from CAD/CAM in
general, whereas the impact from different types of CAD/CAM application is
quite specific. For these reasons, we may use the Present Users' responses
as a more reliable benchmark, but we must still consider all the data to be
expectations of impacts rather than the actual impacts. -

An O ie

The overwhelming expectation is that CAD/CAM technology will increase

.produotilv,ity, boost sales volume, and improve quality. Lead times will be
-lowered and so will employment, but the expectation in these areas is not

unanimous. Although they have positive expectations towards CAD/CAM, those

less inclined to use it (the Might Consider and Will Not Consider

categories) do not see as 1arge a benefit.

" In total, 234 respondents said productivity wouid increase, three said

it would decrease and six said there would be no change (Table 4-1). The

average increases range from a 62 percent increase as stated by present
users to a 29 percent increase as stated by the might consider category.
0ddly, 77 percent of those who will not consider its use said productivity

. would increase by an average of 32 percent. Perhaps a 32 percent gain is

not sufficient to cause a shift to CAD/CAM.
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TABLE 4=1

Ex’paotationa of Impacts by Respondent Grodpo ]

Aotively'

. © Might
Considering Use

Consider Uae

Will Not

Present ilaeré Consider Use

PERFORMANCE MEASURE .
: | A&verage

] I K] 1 H

} H H H 1

] H e ] - H

| ] 11 | Average || | Average || | Average

II ” Number II % Change’ H Number : % Change “ Number : % C'hange.“ Number |I % Change

| PRODUCTIVITY: - Inorease |l 64 | 628 Il s4 | s28 1l 95 | 295 Il 21 - [ 328

1 - Dacreoase || o | - |l o | - | 1 | - I 2 | =30%

| ~ Ho Change 1| 11 -t I 0o | - 1l 1 - I 4| -

| H ! 1 mene | I | H !

| SALES VOLUME: - Inorcase |} 48 | 388 11 un | 365 1148 | LT 2 R & 163

! . ~ Deorcane |} o | - 1] o 1 - H o | - H o | -

] ~ No Change || b - 1 5 | - [ & I R i 7 -1 -

| - > ] | I | I | ] |

| QUALITY: h] ! H ! t ! - |

| I l. . ! H | N ]

| Deorease Increase 1l } i |- I | tH |

N e e s L e N | H | H ] | 1

|-3 -2 -1 o 1 2 3 || | H 1 ] | H |-

| ’ ) I | i 1 1 | : I |

1 : - Increase |} 64 | 2.54 |1 56 | 2.48 |1 96 | 2.20 I 22 | 2.4

] 1 = negligible =~ Decreass || o | - i o | - N 1 | ~-1.00 ] 2 | =-2.50

| 2 = moderate ~ No Change || o i - I 0o I - 11 0o i - 1 3 1 -

| 3 = large ] 1 i | 11 | tH |

| Hee | I | = | | ! ] |

| LEAD TIMES: - Inerease |1 12 | 95% {1 -2 | 185 Il 23 | 268 I w | 748

| : -~ Deorease || 41 | -47% Il 4o | =308 | 64 | ~-22% || 8 | ~-6%

| - No Change 11 1 | - 4 51 - It 3 - o2 -

| : 11 | e | | | R | |

| EMPLOYMENT: 1 | Average || | - Average [} | Average || | Average

| K] | Change |l | Change I | Change |1 | Change

| - # Chango is the change in || Numbor j-weemme—ea H Number |-e-mmmmecs 1 Nunmber |~ecicemane 11 Number jem—eewoman
|  the number of people em- || | #1 8 Il P #1 35 I | #1 % [ .#1 % |
| .ployed at the glven plant. || e | | fomeml I |rms fonmmn ]| | fRame]| |
| - $ Change is the change in - }| I H | | - | |- H | | |
I the affected workforce of || | [ DR ¥ | | (A | } H | | |
| the planb ] ! -l ! 1N | } H | | !
| - Increase || 22 | 81,1881} 20 | 111451l 30 | 4} 2381 9 | 21|28 |
] - Docrease |l 27 ]-19 |~=138 4l 17 | -6 | ~7% i} 40 |-12 |-13% ] 16 | -3 }|-23% |
| - No Change !} 9 I -4 - Il 8 I ~1 ~ 1 W | -] -}l 3 ) -«

Nobody sald that sales volume would decrease, although 13 percent of
the respondents said that there would be no change. The average increases
range from an increase of 38 percent in the Present Users' category down to
a 16 percent increase in the Will Not Consider category. On average, those
Actively Considering use felt: that sales volume would incérease almost
exactly what the Present Users indicated that it did increase.  Thus, those
Actively Considering CAD/CAM have a fairly realistic picture of how the
lower costs, higher quality and quicker gervice from CAD/CAM can be
transformed into higher sales. -

Three of 244 respondénts said that quality would decline, and another
three said that there would be no change. All other respondents said that
quality would increase. Using a seven point scale, where zero equals no

change, 1 equals negligible change, 2 moderate change, 3 large change, and

the plus and minus signs the direction of change, we can calculate a quality
change score. The scores indicate that the dégree of increase averages out
to be between moderate and large, although decreasing slightly as we
progress from the Present User category to the Will Not Consider category.
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One hundred respondents (46 percent) said employment would decrease as
a result of using CAD/CAM, 81 (38 percent) said it would increase, -and 34

. (18 percent) said there would be no change. The 100 who said employment

would decrease indicated that the absolute size of the decline would.be
about 11 people per firm, which is about 14 percent of the affected
workforce. The same figures for the 81 who stated employment would increase
is 7 people per firm and 25 percent of the affected workforce., The
differences indicate that it is the larger firms who decrease employment

. when going to CAD/CAM. The smaller firms probably have to acquire the

expertise to run the CAD/CAM equipment. Consequently, they increase
employment. kChapter T, these differences between small and large firms
etail. )

Impacts by Industries

" Of the different types of respondents, the Present Users are the ones
with first hand experience with the impacts of CAD/CAM. Undoubtedly, their
responses are the most accurate, and we can safely analyze their replies for
further insights. '

Table 4-2 presents the impact expectations of Present Users by
industries. In some industries there are only one or two Present Users, and
it is difficult to draw inferences for the industry as a whole. Where there

.ﬂ are five or more replies, industry results can be analyzed.

A1l industries experienced productivity increases. The highest

_ increase was in the petroleum refining industry (104 percent).followed

closely by miscellaneous manufacturing (98 percent) and electric and
electronic machinery (84 percent). As Table U4-3 illustrates, the petroleum
refining industry is a heavy user of engineering computation by computer,
CAD, and other techniques such as process fluid control. Miscellaneous
manufacturing has benefitted from computerized numerical controls while the
electronic industry has made the greatest use of automation techniques and

engineering computations.

The average increase in sales volume for all Present Users is 38

| percent. In two of the industries, petroleum refining and transportation

equipment, only one manager replied to this question. Both of these
respondents said that CAD/CAM has no effect on sales (i. e. neither
increased nor decreased sales). The effect in all other industries is for
sales to increase. The industries with above average increases in their
sales volumes are the fabricated metal products and non-electrical
machinery. . Their primary use of CAD/CAM is computerized numerical control
machinery and computer aided design. _
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TABLE 4-2
Avorage Impacts on Present Usars, Cl'aasified'by Industry -
| ] 1 I ] 1] Empl oyment [
| INDUSTRY I [l sales {l| a |l Lead Times || : I
1 || Productivity || Volume || Quality :II || Mumber | Percentage |
| H - 1 I : | |
| Paper and allied ' products H 508 ¢ (1) H 108 & (1) H 2.50 ¥ (2) H 50% ¢ (1) H -t 4 (1) ‘I - (0) :
| ‘ : ‘ )
| Lumber and wood produots il 133 ¢ (2) H 118 % (2) H 2.33 4 (6) H 19 % (@) |l =154 (2) : =88 ¥ (2) :
| | ]
| Chemicals and allied products I: 556 ¢ (5) Hamz W H 2.33 1 (6) H ~158 ¢ (3) H 0 (5) : 2% ¢ (5) :
| - B | N ' .
| Petroleun refining and H H Rl H Sl | |
| related industries 11.1048 ¢ (6) H 0 (1) ” 2,331 (6) H 2508 4 (2) H ~12 4 (5) : -143 4 (W) I
| ’ o 1 .
| Primary metal industries H 385 ¢ (2) H 158 2 (1) ” 2,00 % (3) H -15% ¢ (2) H 14 () : 38 % (2) :
| : . , : ’
| Fabricatéd metal products I 5134 (15) H 55% £ (15) H 2.69 % (16) H =315 4 (13) || -4 J(12) : 108 1(13) :
| : ] ) ] L
| Machinery (except eleotrical) H 3086 & (W) H ‘555 & (3) H 2.75 9 (%) ” -358 § (2) H =24 § (2) } 8 4 (2) I
. ’ :
| Electriocal and eleotronia H 1 I ] . | |
| machinery {I 8ug ¢ (8) H 328 ¢ () H 2.70 * (10) H -933 } (8) H ~14 (N : 182D :
| i ‘ . o
| Transportation equipment Ii 382 ¢ (2) H 0 (1) H 2.33 % (3) H 8 r (2) I: -22 | (3) : -17% 4 (3) |
| ’ | M oo
| Miscellanecus manufacturing ” 98% T (%) H 115§ (4) H 2.67 1 (6) H «198 ¢ (4) || -8y (W) | 794 (4) |
! . I | |
| Apparel and other finished 1 I I ’ I I | |
| products ’ Iho1oz § (2 1130872 (1) 112.50% (2 10082 (D] 212 65.4 (1) |
n= nuxﬁb'ers.in brackets
o -3 -2 =1 0 1 2 3
% Quality Scale: | ] | ] i | |
' large moderate  negligible no negligible moderate large
decroasa deorease decrease change inerenso inorease increase
TABLE 4~3
Applications of Present Users, Classified by Industry
| | Engineering | | [ | | o -
| INDUSTRY | Computation | | Automation | Computerized | Integrated |} | |
| | By Computer | CAD { Techniques II cue : CAD/CAM | Robotics | Other |
i | |- i | - ! |
| Faper and allied | | ] ] ! | | !
| products | 0 | 1 | 1 | 0 | 0 | 0 i 0 |
| . | | i | o | | | |
| Lumber and wood | i | | ’ | | | |
| products i 1 | 1 ] 1 | 0 i 0 | 0 | 0 |
| ! | l. | ] | | |
| Chemicals and ] | | | | | I |
|- allied products | 1 | 0 | 5 | 1 : 0 | 1 | 1 .}
! . ! ! | | | | !
| Fetroleum refining | | | : ! | | ! |
| & related industries | 4 | 3 ! 1 | 0 | 0 | 0 | 3 |
! | ! | | | | | |
| Primary metal ] | | R | | i |
! industries | 0 ! 0 | -1 | 1 | 0 | 0 | 1 |
| ) | | | ! ! | ! |
| Fabricated metal | | | | Co | | ! |
: products " : : 9 II h : 4 : 127 } 3 | 3 | 0 !
, / | | |
| Machinery - (except | | | | | | | |
] electrieal) : 2 ! 1 | 2 | 3 | ] ] 0 ' 0 |
| | ! i | | | !
| Rlectrical and N | : \ | | | | !
| electronic machinery | 7 | 5 | 9 | 5 ! 1 | 1 | 0 |
i | | : | ! | | ! |
| Transportation | ! | | | l | |
| equipment | 2 | 1 2 ! 2 | 0 | 2 | 0 |
i . | | | | ! | | 1
| Miscellaneous | | ! | | | | |
II manufacturing : 3 : 2 l. 2 | 6 | 1 | 1 | 0 |
| ' | | | | |
| Apparel and other l | | } | . | | |
| finished products | 1 | 2 I 0 ! 0 | 1 | 0 | 0 |
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It is interesting to note that the fabricated metal products and
non-electrical machinery industries, the ones with above average sales
increases, also experienced above average increases in the quality of their
output but slightly below average increases in productivity. The
implication is that quality of output, not necessarily lower prices as a
result of productivity improvements, is what leads to higher sales volume.
If such is the case, then those adopting CAD/CAM can increase sales at the
same profit margin and realize higher profits. The increase in sales
" - probably comes at the expense of those who do not adopt CAD/CAM. '

All industries reported increases in quality as a result of using
CAD/CAM. As mentioned, above average increases are reported for the
fabricated metal products industry and the non-electrical machinery
industry. Other industries experiencing above average increases are the
electrical and electronic machinery industry and the miscellaneous
manufacturing industry. These latter two industries are heavy users of
‘engineering computation by computer, automation techniques, and computerized
numerical controls.

The response regarding lead times was mixed. Some firms said lead time
would increase dramatically, while others said it would decline. Perhaps
the interpretation of lead time caused.the differences, or perhaps it was
the suitability of the concept of lead time to different industries. For
example, the petroleum refining industry tends to have continuous
production, and lead times do not make much sense to such firms., Also, some
firms may interpret lead time as the period taken to conceive a product,
design it, and get it manufactured. Other firms may understand lead time as
the period taken to get machines set up and running between batch runs.

The employment impacts by industry are mixed. In most industries,
especially those with more than five respondents, the average number of
workers declined. Although an increase was recorded for the apparel and
primary metals industries, the sample. sizes are too small to enable us to
- say that these industries have a tendency to use more employees. Whether or
not CAD/CAM causes an increase or decrease in employment is probably a
function of the size of the firm. The overall tendency is to use fewer
people, but small firms tend to require more.

 Impacts by Applications

_ Another way to look at impacts.is by type of application. It would be
very useful to know whether one type of CAD/CAM has a bigger impact than
. another and whether a particular effect is associated with one type of -
application, Unfortunately, the questionnaire did not ask for impacts by
specific applications. Rather, it requested information on overall impacts
- of CAD/CAM. Consequently, the impact effects are a composite measure of a
number of applications.

We do know, however, the degree of overlap of one application with
another. For example, all of the users of robotics also use at least one
other type of CAD/CAM. Eighty seven percent of them use three or more other
types.” Thus, we cannot be sure whether the impact measures for robotics are
really attributable to that type of application. On the other hand, from 57
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to 66 percent of the respondents to the other types of CAD/CAM used just

that type of application or one other.” Thus, except for robotics, there is
relatively good uniqueness in the impact scores for all applications.

Table Y4-U4 shows the average impact measures by applieation; Since the

replies for robotics are closely intertwined with the results of other

applications (primarily autdmation techniques, computgrizedlnumerical
controls, and engineering computations), they will not be analyzed.
Similarly, the number of respondents to the integrated CAD/CAM (primarily
expansions beyond initial CAD or CAM systems) and other categories are too
small to allow reliable analysis. Only the categories of engineering
computation, CAD, automation techniques, and computerized CNC have both
adequate numbers and sufficient uniqueness to allow more detalled analyses.

TABLE 4-4

Average Impacts on Present Users, Classified by Application

| | Average % | Average ¥ | | Average § | Average. | Average |
| | Producti- | Sales | Average | Lead | Employment | Employment |
| APPLICATION | vity | volume | Quality | Times | (Number) | (Percentage) |
I | Increase II Inorease | Increase | Decrease | Deerease | Decrease . |
[EEE | | ~— | | |-
| | | | | | | |
‘| Engineering | | | | | | I
| Computation | 78% | 22% I 26 | 1% | -10 | - 7% |
! by Computer | | . | | | | ]
- . | | | | | | |
| CAD | 1018 | 29% | 2.4 | - 8 | -8 | ~35% |
i - | : | R | | | |
| Automation | | I ] | | |
| Techniques | 80% | 18% 1 2.6 | -55¢ | -6 ] - 682 |
I | . A | | | | |
| Computer- | | i | | | | - |
| 1zed QIC { 85% | 56% | 2.8 | -49% ! -2 | - 6% |
! | | I | | | |
| Integrated | | | | : | | |
! CAD/CAM | 17% ! 223 | 2,2 I -35% | -6 | - 8 |
! | | | | | | |
| | | | | o | |
| Robotics | 1048 ] 21¢ I, 2.8 | -23% | -13 | -16% |
i | | | | | | |
| | | I I | |. . |
| Other | ug | 13% | 2,2 |. -8 | -1 | - 3% I
: | I I [ I | |

-3 -2 -1 0 1 2 3
I ! | | | | |
Large Moderate HNegligible Ho Negligible Hoderate Large
Decrease Decrease  Dacrease Change Increase  Increase Inorease

2 Quality Scale:

In terms of productivity improvements, all four techniques generate
large increases, especially CAD. Adopting computerized numerical controls
seems to produce the largest increase in sales volume and the largest
inecrease in quality. This evidence seems to back up the previously

mentioned point that sales increases are greatly enhanced by quality

improvements. HRegarding lead times, it would appear that all techniques
help to lower lead times, but that the effect for CAD is not as great. This

finding is somewhat surprising. It could be attributable to differing
interpretations of lead time.
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For employment, the largest average decrease in the number of employees
(10) occurs with engineering computation. Since this number represents only
7. percent of the affected workforce, it means that engineering computation
does not cause large displacements. " Since an average decrease of 8 with CAD
represents 35 percent of the affected workforce, it means that CAD has can
cause major displacements in a drafting department.

Summary

For those who have adopted CAD/CAM, the benefits have been major.
Productivity has risen markedly, sales‘haVe inecreased, and quality has
improved. In most firms, lead times have been lowered and manpower
requirements have. been lessened, at least for most of the larger
establishments. These general impacts are similar in different industries
and for different applications. :

Why, then, would some firms still be in the non-user categories? The
reason has to do with their expectations of impacts. As we look across the
user categories, from those actively considering CAD/CAM to those who will
not consider it, we witness a decline in expectations. Those less inclined
to use CAD/CAM do not perceive the benefits to be as great. To get a better
understanding of how these respondents differ from the present users, we
turn to an analysis of perceived constraints and incentives.
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Chapter 5
PERCEPTIONS OF CONSTRAINTS |

Just because CAD/CAM technology can yield some major benefits does not
mean that it will be adopted by all firms. Acceptance and implementation of
_ the technology requires many obstacles to be overcome. If these constraints
or hurdles are too high, then the benefits will look less desirable and the

technology will not be adopted.

The questionnaire asked respondenfs to rate sixteen different types of
constraints. They could say that a mentioned constraint was (1) an

unimportant factor when considering CAD/CAM, (2) a not. so important factor, .

(3) an important factor, (4) a very important factor, or (5) a critical
factor, The numbers beside these rating can be used to calculate an average
constraint score for various classifications. The higher the constraint
score, the more severe the constraint.

This chapter analyzes the constraints to CAD/CAM. It pays particular
attention to how the different categories of establishments perceive various
constraints, and it also analyzes the data for any regional differences.

Constraints by User Categories

The data on constraints are presented in Table 5-1. " They are listed
in order of severity as perceived by Present Users. As indicated by the
statistically significant rank Qrder" correlation coefficients at the bottom
of the table, Present Users, those Actively Considering the use of. CAD/CAM
and those who Might Consider its use have similar rankings. Those who Will
Not Consider CAD/CAM rank the constraints in a very different manner.

The Present Users are the ones who have already experienced the
adoption and use of CAD/CAM. Thus, we may look upon their evaluations as

more accurate reflections of what happens when CAD/CAM is actually used. By

making statistical comparisons between the average scores of ‘the present
users vs. the other categories of respondents, we can get an idea as to
whether or not these other categories have different perceptions or

misconceptions regarding the technology. We can also look at the absolute .

value of the scores to see which constraints are more important.

Present Users rated unavailability or high cost of investment capital
as the most serious constraint, followed closely by inadequate return on

investment. The other respondent groups also placed high ratings on these
constraints, although those less. inclined to use CAD/CAM, the Might Consider
and Will Not Consider categories, rated inadeguate return on investment as
extremely important. Their average scores (4.03 and 4.32 respectively) are
larger than the Present Users' score (3.44) by a statistically significan
amount. :

w



n

27

TABLE 5~1

Average Constraint Ratings of Respondent Groups

| ! 11 ] e Might Il Will Not |
[ || Present User || Considering || Consider || Consider |
| CONSTRAINT 11 1 I 1 |
: o :l Scors : Rank H Soore I Rank ” Score I Rank H Soore | Rank :
- |
| Unavailable or high cost of oapital I35 1 1 1353 1 1 11397t 2 11395 | & |
| Inadequate return on investment - LE3.84 1 2 1) 3.484 | 3 |1 4.03%%] 1 || §,32%8] ¢ |
| Lack of system software support 11327 3 11300 | 6 {1320 | 6 Il 321 | 12°}
| System incompatibility in exchanging data I1'3.23 | 4% 11 2.90 | 12 || 2.49** 15 || 2.80 | 15 |
| Management inexperienced in implementation 11320 | 65 {1300 | 8 |13.38 | & |l 3.80%#} 7 |
| Lack of atandardization - . 11319 | 6 11300 1 7 112.8 | 13 Il3.53 1 10 |
.| High financial risk , . 10345 | 7 1134 | 2 |l 3.76** 3 || 3.80% |- 8 |
| pifficult integration into present operations || 3.11 | 8 [l 2.8 | 13 |1 3.08 { 10 |} 3.91%% 5 |
| Management unknowledgeable about technology || 3.11 | 9 {13.08 | 5 |l 3.39 | 4 || 3.80%#] 6 |
| Market volatility : 1 3.00 | 10 {12.96 | 10 {I3.23 § 7 I13.03 | 14 |
| Unavailable resources to atudy CAD/CAM 11 2.98 | 11 {1290 | 11 J13.23 | 8 |} 3.42°} 11 |
| Fast obsolesocance of technology 112,96 | 12 11347 | & {1305 | 11 |} 3.12 | 13 |
| Trained staff unavailable 11295 1 13 11300} 9 11314 | 9 1] 3.61%%] 9 |
| No need for immediate change 1l 2.5 | 14 {1 2.22 | 1% || 3.02%%} 12 || 4,0508] 3 |
| Potentisl labour conflict 11202 -1 15 |1 1.66 | 16 1l 1.82 | 16 |1 1.78 | 16 |
| Not yet appropriate to industry }l 1.58 | 16 H 2.,10% | 15 l= 2,848 14 ” 4,13%8 2 }
| | |
| . 11 52 11 50 I 95 ] 30 |
B Range of n 1 [ 1l ! 1 1 d |
! I 66 11 55 | 107 I 40 1
| 1 i - H 1 |
| Spearman's Rank Correlation Coefficlient i - I .66 H .60 [} N !
1 2 3 u 5
Scale: | | et | : ! | -
_ Unimportant Not So . Important Very Critioal

Faotor Important Factor ~ Important Faotor

Asterisks indicate a significant difference (gorrélation) batween the average ratings (rankings) of
respondent groups: * =p < .05 #% = p < .01, two tailed, t-test (Spearman's aignificance test).

At the other end of the scale, Present Users said that'questions‘about.
.the current appropriateness of CAD/CAM was the least important constraint.

. This constraint, as it turns out, is the best one for distinguishing between

the four respondent groups. Its severity and statistical significance
steadily rises as the the inclination to use CAD/CAM .drops. Present Users
say the current inappropriateness is unimportant (1.58), those Actively
Considering say it is not so important (2.10), those who Might Consider say
it is important (2.84) and those who Will Not Consider CAD/CAM say it is
very important (4.13).

Those less inclined to use CAD/CAM (Might Consider and Will Not
Consider categories) also place statistically greater weight on high
financial risk and no need for immediate change. Both Present Users and
those AotivelyfConsidering.CAD/CAM place about the same weight on financial

.risk and the need for change, whereas the Might Consider and Will Not

Consider categories say that these constraints are significantly more’
important. The greater risk aversion amongst the latter two groups means
that they would reguire a higher rate of return to adopt.the new technology.
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Given that all respondent groups had fairly positive expectations about
the impacts of CAD/CAM (Chapter 4), we wonder why inadequate return on
investment appears as a serious constraint. Is it a true inadequacy of
return or is it just an artifact of misperception about no need for
immediate change or inappropriateness for the industry? Some credence for
- the inadequate return on investment argument is indicated by the serious
rating which Present Users placed on this .constraint. Why would Present
Users adopt CAD/CAM if they see an inadequate return on investment as being
a serious threat? Since nearly all of them are planning further additions
of CAD/CAM, we doubt that they are dissatisfied with their earlier decision.
More likely, the inadequate return barrier is related to the unavailability
and high cost of capital. At the time the questionnaire was mailed, the
economy was just coming out of a serious recession. The tightness and high
cost of capital was probably foremost in the minds of all businessmen.
Since the CAD/CAM decision is a capital intensive one, a high cost of
capital has an adverse effect on the return on investment. When capital
costs decline, the return will rise, and more firms will adopt the
technology.

Other constraints judged to be serious are lack of software support,
data compatibility problems, management team inexperience with
implementation, integration difficulties, and management's lack of knowledge
about the technology. As compared to Present Users, the Will Not Consider
respondents see some constraints to be a much higher barrier.. This is the
case for management's experience with implementation, integration
difficulties; management's lack of knowledge about the CAD/CAM, and
unavailability of trained staff -- the scores for these constraints are
statistically higher for the Will Not Consider group.

As a general tendency, those less inclined to use CAD/CAM perceive the
barriers to be higher. TFor two constraints, however, this general tendency
does not hold. Present Users see data compatibility problems to be more
severe than the other groups; and in comparison to the Actively Considering
group, they place higher weight on the dlfficultles of integrating CAD/CAM
with present operations. In fact, the data compatibility score for the
Might Consider group is smaller by a statistically significant amount.
Since Present Users have already experienced the problems of the transition
to CAD/CAM, we may conclude that the other respondents are under a slight
delusion as to the compatibility and integration difficulties they will
encounter if they ever take the big step.

" The only constraint which all agree is not very serious is potential
labour confliect, For some flrms, especially small nonunionized ones which
must increase employment minimal labour conflict can be expected. But as
was shown in the last chapter, 46 percent of the establishments said that
employment would decline and 18 percent said there would be no change. We
would anticipate these firms to experience greater labour strife when moving
to CAD/CAM.- For them to say otherwise implies that labour change can be
managed or else labour's strength in resisting technological change is
minimal. The low rating placed by Present Users on labour conflict
~indicates that it has been managed in the past. Nevertheless, we must
remember that poor economic conditions had lessened labour's bargainlng
power at the time when the questionnaire was distributed.

in
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The average constraint scores for Ontario, the Prairies, and British
Columbia are illustrated in Table 5-2. We can test for significant
differences between regions by comparing a region's score with the average
score of the other two regions., If the difference is large, then the

~statistical significance will be indicated.

TABLE 5-2

Average Constraint Ratings, Classified by Region

i . {| ontarto || Prairdes ||  B.C 1
1 CONSTRAINT i L H -
| || Score | Rank |} Score ] Rank }! Score | Rank |
| : - i 1 | i ] {
| Unavailable or high cost of capital 11 3.68 | 2 ” 3.79 ; 1 I: 3.74 : 2 ;
] . ] | i : 1.
| Inadequate return on investment H 3.77 : 1 H 3.78 { 2 H 3.95 = 1 {
| : . .
| Lack of system software support ” 3.20 ’l 7 H 3.10 ; 7 H 3.43 : 6 :
|
| System incompatibility in exchanging data l: 2.87 { 1% ” 2,51 ; 13 H 2.88 ; 14 :
| . I
| Management inexperienced in implementation ” 3.36 : L ” 3.20 : b l: 3.33 = 8 :
| ) )
] Lack of standardization “ 3.15 = 9 “ 2.62"{ 12 “~3.32 : 9 :
i ‘ ;
| High finanoial risk “ 3.58 : 3 H 3.36 { 3 H 3.63 ! 3 }
} . . i
| Difficult integration into present operations “ 3.30": 6 :l 2,82¢ : 1" H 2,89 : 13 |
| - -1 1
| Management unknowledgeable about technology || 3.3M : 5 ” 3.18 { 5 ” 3.44 = 5 :
| : : H -
] Harket volatility “ 3.09 : 10 “ 2.96 : 9 “ 3.26 : 1 :
| . . .
| Unavailable resources to study CAD/CAM “ 3.07 : 11 ” 3.0% ! 8 “ 3.46 : 4 =
|
| Fast obsolescence of technology :I 2.95% : 12 “ 3.16 : 6 “ 3.410 : T {
[ |
| Trained staff unavailable ” 3.19 : 8 “ 2.88 I 10 ” 3.21 : 12 :
| No need for immediate change H 2.89 } 13 “ 2.47# = 14 “ 3.30% : 10 :
|
| Potential labour conflioct 1.8 : 16 “ 1.85 : 16 ” 1.8% : 16 :
| - : . .
] Not yet appropriate to industry ” 2.68 | 15 H 2,33 | 15 “ 2,77 | 15 l
| > i ]
| : : ] 159 H A5 i 3% |
| Range of n 1 I 1] { ] 3 |
| H 178 I 50 H 39 }
} - - H 11 I }
| Spearman's Rank Correlation Coefficient ] - H g7ee 1] 768 |
1 2 3 ] 5
Scale: | | l | !
Unimportant Not So Important Very Critical

Factor Important Factor Important Factor

Asterisks indicate a significant difference (correlation) bstween the average
ratings (rankings) of the other two regions (Ontario for the rank order oorrelation):
®.= p < ,05; " = p < .01, two tailed t-test (Spearman's significance test).

Fdr the most part, there are only a few differences between the
regions. Ontario establishments seem to be less concerned about fast .
obsolescence, but more concerned with the problems of integrating CAD/CAM
with their present operations. Establishments on the Prairies seem to be
less concerned with integration problems and the lack of software and
equipment standardization. They are also more convinced that there is a -
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need for an immediate change and that CAD/CAM is appropriate for their
industries. British Columbian establishments, on the other hand, are more
complacent. They do not see an immediate need for change. Perhaps it is
because they .are more concerned about fast obsolescence. They may be
walting until the technology matures and the possibility of fast
obsolescence is lessened.

Summary

As the inclination to use CAD/CAM lessens, the constraints'and barriers
become bigger. The most serious constraint seen by Present Users was the
unavailability or high cost of investment capital. It received an average
score of 3.52 which places it between important and very important on the
rating scale. In comparison, those respondents who said they Would Not
Consider the-use of CAD/CAM in the next five years ranked 10 of the 16
constraints higher than 3.52. For the Might Consider category, it was 3 out
of 16, and for the Actively Considering category, it was 1 out of 16. As
can be seen, the constraints are more severe in the less inclined groups.

We must ask ourselves, however, whether the barriers are real or
imagined. The respondents who said they would not consider CAD/CAM were
very convinced that CAD/CAM ‘did not provide an adequate return on
investment, that it was not yet appropriate to their industry, and that
there was no need for immediate change. The same feeling exists amongst the
Might Consider group, except to a slightly lesser degree. Both of these
groups also feel that there is a high financial risk in going to CAD/CAM
technology. With such perceptions, there is good reason for them to have no
desire for change. :

- The Will Not Consider category also felt much stronger about several
other constraints. In particular, they said that management's lack of
knowledge about CAD/CAM and management's inexperience in system
implementation were very serious impediments. . If management in these
establishmerits was knowledgeable and experlenced then we would place much
greater trust in their perceptions that CAD/CAM provides inadequate returns,
is inappropriate and not needed. We feel more knowledge would cause them to
shift into one of the other categories which are more receptive to CAD/CAM.

I
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Chapter 6
PERCEPTIONS . OF INCENTIVES

The ppevious chapter documented ‘the various types of constraints which

_deter manufacturers from adopting CAD/CAM technology. - This chapter looks. at
‘the other side, at the incentives which may encourage more firms to take the

plunge. It considers various incentives which may be provided by federal or
provincial agencies, suppliers of equipment, educational institutions, and
other manufacturers. :

Incentives by Types of Rggggﬁggng

Table 6-1 illustrates the average incentive scores for'the,four
categories of respondents. The incentives are ranked in order of perceived
importance by Present Users. Except for the incentive ranked lowest by

Present Users, -all incentive scores are larger than three, meaning that they
are all judged to have some desirable impact.

TABLE 6~1

Average Inoentive Ratings of Respondent Groups

| I (] Il Might |l Will Rot |
| . || Present User || Considering || Consider || . Consider |
| INCENTIVE 1 { = Il l1- |
: III Score I Rank ” Score : Rank ” Score | Rank || Score I Rank |
A== - : | Il |
| Tax incentives for capital investment Il 436 | 1 jlu30 L 1 [ 4348 | 1 1l 3.88"] 2 |
| Suppliers train operators and programmers 1407 | 2 il %23 | 2 Jl428 ) 2 |13.91 | 1|
| Suppliers standardize software and hardware || 3.88 | 3 [l 3.78 | . 6 11393 | 4 || 3.68% | &6 |
| Educational institutions train operators 113.85 | 4 (1379 | 5 Il . | 511358 | 8 |
| Educational institutions train management 11376 1" 5 11375-1 8 [1376-1 9 I|]3.818 " 3|
| Government funding for feasibility studies M3.72 | 6 1138 | 3 [l3.9% | 3 [I370 1 -4 |-
| Govermment funding for innovative.programs 11368 | 7 I13.82.1 4. (1370 1| 11 [}3.61 | -7 |
| Manufaoturers share information and insights || 3.64- | 8 [} 3.7 | 9 11 3.81 | 6 13701 5 |
| Industry collaboration in R&D 113.62-1 9 [l3.4 | 12 I[371 | 10 |]342 | 12}
| Change CAD/CAM tariff arrangements 1134 | 10 (13.33 | 13 || 3.54 | 13 || 3.28 | -13 |
| Government funding for on-the-job training I13.43 | 11 11376 | 7 13771 8 II353 ] 10|
| Suppliers train management 11 3.38 | 12 |1 3.4 | 11 [l 3.79%*%| 7 || 3.45 | 11 |
| Educational institutions research CAD/CAM 11338 -} 13 [13.00 | & I1345 | 14 |l 3.23 | 13|
| Practical sessions on othera' equipment 11 3.21 | t4 [l 3.53 | 10 || 3.68%%| 12 || 3.56 | 9 |
| More regional CAD/CAM ocentres 11308 | 15 1 3.11 | 15 (I 3.20 | 15 -] 3.16 | 15
lI Oovernment seminars and conferences - ” 2.98 | 16 I: 3.17 | 14 |1 3149 | 16 |l 3.00 | 16 |
: | I Il |
] \ 1 60 I 49 ] 93 I 29 |
] Range of n 1 $ I J I 3 I R |
: :: 69 ll 57 :{ 105 i "33 - |
| Spearman's Rank Correlation Coefficient 1 - hi . G5 Il . Boun ” N:rL L :
1 2 3. ) i 5
Scale; - | | | [EEE |
Undeairable Little Some Very Essential For
Impact’ Impact Desirable Benefioial Increasing
. Impact Impact‘. CAD/CAM Uaa

Asterisks indicate a significant difference (correlation) between the average ratings (rankings) of
respondent groups: * = p < .05; "* = p < .01, tvo tailed, t-test (Spearman's aignifioanve teat).
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As compared to perceptions of constraints, much- greater concordance
exists amongst the respondent categories regarding the importance of
incentives. "The high and statistically significant rank order correlation
coefficients at the bottom of Table 6~1 illustrate this fact. As a general
rule, the Will Not Consider group placed slightly less importance on the
incentives. This is opposite to how they rated the constraints.

The highest rated incentive is increased tax incentives for capital
investment. It, along with assistance from suppliers for operator and
programmer training, is judged to be somewhere between very beneficial to
.essential for CAD/CAM implementation. Other incentives which receive very
high ratings are standardized software from suppliers, increased. training
programs offered by educational institutions for operators and programmers,
CAD/CAM management education offered by educational institutions, funding
assistance from govermnments for feasibility studies, govermment funding for

innovative application programs, shared information about CAD/CAM successes

and failures, and industry collaboration in research and development.
Everyone ranked development of regional CAD/CAM centres and government
seminars as very minimal inoentives for the development of CAD/CAM

Within Table 6-1, there are some comparisons be tween Present Users and
other respondent groups which are statistically significant. The group
which said they would not consider CAD/CAM over the next five years placed
significantly less emphasis on tax incentives for capital investment and
standardized programming languages and hardware from suppliers. This
finding is in keeping with the lower ratings which this group placed on most
of the incentives. ,

The other significant differences associated with the Actively
Considering and Might Consider groups indicate a stronger desire for certain
incentives. The Might Consider respondents place greater emphasis on
govermment funding for on-the-job training,'supplier—sponsored management
training seminars, and practical experience sessions on other people's
equipmnent. The Actively Considering group also evaluated. practical
experience sessions on other people's equipment as being significantly more
important. Since two groups judge this latter incentive to be significantly
more important, it should be thoroughly investigated as a measure to promote
further use.

es b em]

A breakdown of incentives by regions is given in Table 6-2. Except for
three incentives, no significant differences are indlicated between the
reglons. ° : :

Ontario establishments place significantly more emphasis on government
funding for feasibility studies and innovative application progranms.
British Columbia establishments, on the other hand, place significantly less
emphasis on tax incentives for capital investment, government funding of
feasibility studies, and government funding of innovative application
programs. '
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TABLE 6-2

Average Incentive Ratings, Classified by Reglon

Prairies

i ) : ) II ‘Ontario || I B.C |
4 INCENTIVE i H i |
! . 11 Score | Rank || Score | Rank || Score | Rank |
| - - I | H | | e lomamm]
| Tax incentives for capital investment TR 315 I -1 :l §.29 : 1 l{ 397 | 2 |
| ’ 13 t | I ' | |
| Suppliers train operators and programmers H ¥, 20 | 2 {l o8 | 3 (&1 | 1|
] . . . . N | I Il [ B
| Suppliers standardize software and hardware |1 3.82 | " & [id.07 | 2 11377 '] 671
| H [ H P I I
| Educational institutions train operators . i 3 8o | .6 ” 3.65 { T III 3.9 t+ 3 |
| I | | - |
| Educational 1nst1tutions train management :I 3.75 | 8 11393 F 5 |13.86°] & |
| | | I | 1] | |
| Govermment funding for feasibility studles 13940 |3 :I 3.7Th I A H 3.u9% | "9 |
| o ol | AU B R
- | Govermnment funding for innovative programs. || 3. 82' { 5 H 3.58 | 10 l{ 3.32% II 13 }
o ' . | | N b
|. Mapufacturers share information and insights H 3.7 [ H 3.67 | 6 =l 3.67 { T :
| . . . : | [ | )
| Industry collaboration in R&D Il 3.57 | 12 l'l 3.47 | 11 {1 3.81 | 5|
|- . . : St | | I |1 | |
| Change CAD/CAM tariff arrangements . {I 3.46 | 13 I: 3.47 ll 12 'I 3.28 { 14 :
- Co . .l b Sl -
| Goverment funding for on-the~job training H 3.69 { 9 ” 3.64 : 8 H 3.53 : -8 {
| . . :
‘| Suppliers train management }l 3.60 | 10 l; 3.62 : .9 l; 3.37 = 12 =
‘l ' . | | | | :
| Educational institutions research CAD/CAM }l 3.28 | 14 |} 3.38 ! 13 H 3.4%0 | 10 ; _
A | | I .
| Practical sessions on others! equipment “ 3.58 : 11 Il 3.3 : 18 ” 3.39 = 11 {
| : I
| More reglonal CAD/CAM contres }I 3.1% | 16 I: 3.13 : 15 |= 3.17 : 15 :
| | | I .
| Govermment seminars and conferences 1317 | 15 |= 2.93 | 16 ” 3.03 | 16 :
| - I =1 - .
N ' I 159 I a3 1 29 |
| - Range of n i $ I ¥ 1] v |
| ] 177. I L1] It 37 |
| : I I I =|
| Spearman's Rank Corrclation Coefficient I - ] J9ee ] Lo |
. 1 2 3. 4 5
Scale: (B | | | I
Undeairable Little Some Very . Basentlal For
Impact Impact . Desirable Beneficial Increasing

Impact Impact CAD/CAM Use

Asterisks indicate a significant difference (correlation) between the average
ratings (rankings) of the other two regions (Ontario for the rank order correlation):
= p< .05; ¥ = p < .01, two tailed t-test (Spearman's significance test).

The reason why B. C. businessmen want less government involvement and
assistance in their affairs warrants further investigation. The first point

‘to note is that respondents from British Columbia stated that the need to-

immediately change to CAD/CAM was not high on their priority list (Table-
5-2). Secondly, B. C. respondents may be suspicious of government programs.
Many of them feel that most government programs are a waste of their tax
dollars and that federal government expenditures are misallocated to other
parts of the country. . Finally, B. C. businessmen, being far away from
Ottawa, are not attuned to various programs offered by the federal
government. It is-as though the mountains create 'a psychological barrier
between the west coast and the rest of Canada. ’




34

Sugmary

The sixteen different types of incentlves analyzed in this study all
were rated as having a desirable or very beneficial impact on the
implementation of CAD/CAM. Only the Will Not Consider group and British
Columbia respondents rated some: of -the incentives lower than average. Their
" ratings, although lower by a statistically signiflcant amount were still in
the desirable to very beneficial’ range.

Tax incentives for capital investment were judged to be the most
desirous incentive. Given that the ‘unavailability or high cost of
investment capital is the most serious constraint “this desire is logical
and consistent

Except for the high rating placed on the training of operators and
programmers, the importance of the incentives are in line with the severity
~of the constraints. Respondents said that the avallability of trained staff
was an important constraint, but that incentives to train such people were
much more important. We would have expected incentives to train managers to
have come out above operator training, because management knowledge and
experience appeared as a more serious constraint. Perhaps the questionnaire
did not ask for opinions on the correct incentives.

ve

«
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3Chapter'7
'SMALL VS. LARGE FIRMS

The profile presented in Chapter 3 demonstrated that CAD/CAM use is
‘more prevalent in large firms, but not solely the domain of large firms.
. Thirty-five percent of the CAD/CAM users in this survey have fewer than 50
" employees and thirty percent have less than $10 million in sales per year.

This chapter makes .special analysis of these small firms and compares them

to their larger counterparts.

The definition of small adopted for this study is any f‘irm with sales
less than $10 million per year. Those respondents reporting sales over this
~amount were automatically classified as large firms. Those reporting less
than this amount could still be large firms, because the survey requested
replies from establishments rather than firms. It is possible for a small
plant (establishment) to be part of a 1arge firm.

To separate the small establishments of large firms into the large
category, the researchers analyzed the request forms enclosed with the
questionnaires. Sixty~two percent of the total sample (178 respondents)
enclosed their request forms. One hundred six of these firms had annual

sales less than $10 million, and a thorough examination of them revealed-

that 16 (15 percent) were actually subsidiaries or branch plants of large
firms. These sixteen were moved to the large category. If the same
misclassification rate is applied to the small plants which did not include
their request forms, then it is possible for 7 percent (11 firms) .of the
total small firm sample actually to be large. It is unlikely that this
_potential misclassification is substantial enough to distort the results.

_ . 51 Firns

Table T-1 shows the average constraint ratings for large and small
f‘irms, ranked in order of perceived importance to small firms which are
Present Users. The Spearman correlation coefficients at the bottom of the

table test the overall correlation between how the small and large firms
" rank the constraints. Statistically .significant correlations are found for
three of the four user categories, implying that perceptions of constraints

are very similar for small and large firms in the Actively Considering,-

Might Consider, and Will Not Consider categories. The insignificant rank

correlation between small and large Present Users suggests that more 4

substantial differences in perceptions exist between them .

Between small and large siz ed Present Users, only two constraints have
statistically significant differences. Small firms found it much less
difficult to integrate CAD/CAM into their operations and had much less
labour conflict. By comparing these two constraints with the responses of

non-users, it would appear that large firms underestimate the labour:

conflicts and integration problems they will have when introducing CAD/CAM

technology. Small firms who are non-users tend to overestimate the’

integration problems.
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TABLE T7-1

Averaga Constraint Ratings of Small and La}ge Firms

| | o | Might | Will Not !
| . | Propent User | Considering | Conaider |  Consider ]
| CONSTRAINT ] d | | - | - |
] s | v | 8 | v } s L | 8 | n |
| | L | - | : | !
| ) ! | | ! | | | | 1
| Unavailable or high coat of capital 1 3.52 | 3.44 | 3.92 | 3.09% | 3.81 | 3.68 | 4.16 | 2.67v#|
| Lack of system software support . 1 3.38° 1 3.03 |} 3.20 | 2.71 | 3.42- | 3.08 | 3,22 | 3.17 |
| Hanagement inexperienced in implementation .| 3.26 | 3.10 | 2.92 | 3.08° | 3.43 | 3.28 | 4.03 | 3.17. |
| Market volatility . 13.24 12,88 |3.12 | 2.61 |3.29 |3.11 | 3.14 | 2,50
| High finanoial risk 1319 | 3.11 | 3.63 | 3.12 13.90 | 3.47 |-2.89 | 3.17 |
| Inadequate return on investment 1 3.19 | 3.52 | 3.30 | 3.4 1 3.90 | 4,27 | 4,33 | 8,17 |
| Management unknowledgeable about technology | 3.15 | 3.00 | 3.12 | 3.00 | 3.%8 | 3.19 | 3.97 | 3.50 1
| System incompatability in exchanging data 13.13 13.23 | 272 | 2.91 | 2.25 | 2.83 | 2.75 | 3.00 |
| Lack of standardization . 1 3.08 | 3.14 1 3.24 | 2.78 | 2.84 | 2.94 | 3.53 | 3.50 |
| Fast obsolescenco of technology 1 2.88 1 2.91 {3.40 | 2.74% | 3.13 | 2.86 | 3.17 | 2.83
| Unavailable resources to study CAD/CAM 1 2.83 | 2.97 | 3.32 | 2.46% | 3,33 | 3.00 | 3.5% | 3.33 |
| Trained staff unavailable : . . .ba2s2 1 3.00 | 2.96 | 3.04 |3.15 | 3.08 | 3.63 | 3.50
| Diffioult integration into present operations] 2,57 | 3.44w#| 2.85 | 2.84 | 3.00 | 3.2% | 3.90 | %.00 }
{ No need for immediate change 2,05 | 2.53 | 2,20 | 2.26 | 3.05- | 2.97 | 4.14 | 3.50
| Potential labour confliot 1 1.65 | 2.27¢ | 1.50 | 1.70 | 1,77 | 1.91 | 1.69 | 2,00 |
| Not yet appropriate to industry 1 1.58 | 1.50 | 2.12 } 2.17 : 2.717 : 2.95 . : 4,09 } .17 :
| | | )
i R | | | |
| . : Il 19 | 30 | 24 | 23 | s8. 1 31 | 24 | |
| Range of n A A A Py Ly by 1l 1 oe
| : 26 . | 371 : 27 | 25 : 67 | 38 } 33 | }
|
| Spearman's Rank Correlation Coofficient | .28 | .53% | .B6ee | 6588 {
1 : 2 : 3 ) 5

Sc&e: { . | ; | ] o : .
Unimportant Factor Not So Important Important Factor Very Important Critioal Faotor

Asterisks indicate o signifioant difference (correlation) botwoen the average ratinga (rankingi) of omall vs.
large firms: # = p < ,05; ** = p < .01, two tailed t-test (Spearman's signifioance test)

Although not statistically significant, small firms using CAD/CAM tend
to place different weights on certain constraints. - While high cost of
capital, lack of software support and management inexperienced in
implementation are the most important constraints for both small and large
firms, small companies find market volatility and unknowledgeable management
to be more important and an inadequate return on. investment, untrained
staff, and no need for an immediate change to be less important.

In the non~user categories, there are some statistically significant
differences, although the overall pattern of differences between small and
large firms is not as distinct. Smaller firms perceive the high cost of
capital to be a greater impediment to their adoption of CAD/CAM. Similarly,
they are more concerned with the potential fast obsolescence of the
technology and the unavailability of resources to study and evaluate CAD/CAM
systems. They are less concerned than large firms with the compatibility of
the technology with other computer systems which the firm already has. With
worries of high capital cost and fast obsolescence, small firms are likely

to be sitting on the sidelines until the technology matures and the price
declines. - -

I
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Incentives by Small vs. Large Firms

If small firms have peculiar differences which inhibit them from
adopting CAD/CAM, are there any special incentives which they desire? Data

| which help to answer this question are presented in Table 7-2. Again, the

incentives are listed in order of their importance to Present Users of small
firms. : A S

.TABLE 7-2

Average Inoentive Ratings of Small and Large Firma

| | | | Might <1 W11l Hot |
| | Present User | Conaidering | Conalder | Consider |
| INCENTIVE | | | | -]
| - | 8 | L | 8 | L | 8 | L | s | L |
| | | | | |
| ) | | | | | |. | |.
| Tax incentives for capital investment | 450 | 4,24 | 4,36 | 4,19 | 4.38 | %.27 | 4.00 | 3.20 |
| Suppliers train operators and programmers | 3.92 | 4.13 | 4.11 | 4,38 | 4.27 | 4.18 | 3.96 | 3.60 |
| Government funding for feasibility studies | 3.80 | 3.61 |3.96 | 3.73 | 3.94 | 3.95 |3.74 | 3.50-| .
| Manufacturers sharé information and insights] 3.73 | 3.48 | 3.62 | 3.92 | 3.90 | 3.65 | 3.67 | 3.83 |
| Government funding for innovative programs | 3.72 | 3.62 | 4.00 | 3.62 | 3.66 |3.76 |3.77 | 2.80 |
| Suppliers standardize software and hardware | 3.72 | 3.92 | 3.96 | 3.58 | 4.00 | 3.81 | 3.69 | 3.60 |
| Educational institutions train operators |3.60 | 3,97 |3.78 13.85 |3.88 |3.65 |3.65 | 3.20 |
| Industry collaboration in R&D : | 3.60 |3.59 | 3.32 13.56 | 3.74 | 3.65 | 3.28 | 4,00 - |~
| Educational institutions train mansgement | 3.56 | 3.81 | 3.63 | 3.92 |3.73 | 3.78 | 3.85 | 3.60 |
| Government funding for on-the-job, training | 3.56 | 3.32 | 3.96 | 3.60 | 3.75 | 3.81 | 3.62 | 3.17 |
| Change CAD/CAM tariff arrangements | 3.54 |3.33 |3.31 |3.32 |3.58 | 3.53 | 3.28 | 3.25 |
| Eduoational institutions research CAD/CAM | 3,52 | 3.16 | 3.12 | 3.16 | 3.50 | 3.35. | 3.19 | 3.40 |
| ‘More regional CAD/CAM centres 13.26 | 2.95 13.07 13.15 13.25 | 3.11 |3.23 | 2.80 |
| Suppliers train management . 13.23 | 3.47 | 3.31 |"'3.56 | 3.86 | 3.65 | 3.50 | 3.20 |
| Practical sessions on others' equipment 13.13 |3.30 | 3.58-]3.50 |3.75 | 3.54 | 3.54 | 3.67 |
: Govermment seminars and conferences = 2.79 { 3.05 } 3.31 { 3.08 } 3.23 } 3.14 : 3:04 | 2.80 |
| |
| | | | | |
! Il 23 1 33 1 25 | 22 | 59 | 38 | 25 | 5 |
! Range of n [ [ [ A B I ) [ ) 1 |
l : 28 | 38 { 28 | 26 { 68 | 37 { 2T | 6 |
|
|:  Spearman's Rank Correlation Coeffioient | .g2ee 1 300 | LU 1 .22 |
- i ¢ 2 . 3 : . L] 5
Scale: | | . 1 | |
Undeairable Little Scme Desirable Very Benefiocial Easantial For
Impact Impact " Impact Impact Inoreasing
CAD/CAM Use

*® Significant oorrelation between the rankings of amall and large firma: %% = p < .01,
Spearman's significance test. '

As Table T-2 illustrates, small and large firms evaluate the incentives
in a very similar manner.: There is a statistically significant correlation
between how small and large firms rank the incentives for all categories of
users except those who Will Not Consider CAD/CAM. For the latter category,
the small sample of Will-Not-Consider large firms may account for the lack
of significant correlation. Within the table, there are no statistically
significant differences between the individual ratings of incentives by
small and large firms. -

Tax incentives for the investment of capital are at the top of the list
for both small and large firms, with small firms placing slightly greater
weight on them. -Given that the high cost of capital is a greater concern to
small firms, it is understandable that they are looking for a tax break.
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All of the incentives were judged to be desirable to very beneficial in
promoting the use of CAD/CAM. After tax incentives, the higher ranked ones
were suppliers training operators and programmers, provincial or federal
governments funding feasibility studies, manufacturers sharing information
on their successes and failures, the suppliers standardizing programming
languages and hardware, and educational institutions training operators and
programmers, Obviously, firms see the standardization of software and

hardware compatibility as a means for overcoming their percéeived problems

with lack of software support. Given that the unavailability of trained
staff was not a high rated constraint, it is somewhat surprising that firms
place so much attention on outside training of operators and programmers.
It also is somewhat surprising that training programs for managers is not
ranked higher when management being inexperienced in implementation is one
of the major problems.,

'ImDacts by _Small ys. Large Firms

CAD/CAM tends to affect small and large firms in a very different
manner. Although there is an overall tendency for increased productivity,
quality, and sales and decreased lead times, the degree of the effect is
very different (Table T-3). Statistically significant differences are found
amongst the employment and sales impacts. . The most noticeable difference is
in how CAD/CAM affects employment ~- small firms increase the number
employed, while large firms decrease employment.

TABLE 7-3

Expactations of Impacts by Small and Large Firma

| H ] i 11 Will Not i
! | : Presont User || Considering || Consider || Consider 14
| | H I - I ]
| s I w4 s v s | v s Lol
| i oo | I | i | 11 | ]
[ - ] | I | ] | I | I
1 Average % (hange in Productivity Il 61.3 | 63.1 . 1] 58.8 | 45.8 |} 28.1 | 30.0 |} 21.1 | 5.0 }I
| | i | I | ] | i
{ Average % Change in Sales Volimo ” 51. = 15.1 III_B’I.B : 22,2 |} 247 | 9.8%9f| 10.7 | 0.0 }I
) | I I 11 | i
{ Avorage Amount of Change in Quality® :: 2.54 1 2.53 [l -2.381 2,581 2.14 | 2.24 1] 1.48 | 2.50 |}
) . | 1 | Iy | { | I
{Averago‘} Change in Lead Times [{-42.2 : 4,1 {[-19.6 {-30.4 || ~9.8 |[~10.5 [] u5.1 | ~8.0 |}
: . L N H | Rl | i
; Average % Change in Number of Eaployees “ 1.7 : -B.4us H 4,2 { =0.7 || 5.4 | ~-6.7%%]] 2.7 | =6.0 ||
. ' ) ! | ] | ]
| i | I | H | 1 | H
| I 18 | 19 {1 19 | 13 1 ur | 1 i 18 - 3 I
[ Range of n [ R A [ A | R Y A 1 RV B A
| tto2s t 3% [ 29 | 24 || 69 | 25 Il 25 | 2 (I
a : ~3 -2 -1 : 0 1 2 3
Quality Scale: | | | | | | |
Large Moderate Hegligible No- DNegligible Moderate ' Large

Decrease Decrease Decrease Change Increase  Increase Increase

Asterisks indicate a significant difference between the nveraga scores of muall and large firmas: %% = p < .01,
two talled t-test, .
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Small firms employ a significantly larger number of people, achieve

: higher sales, but do not get ‘as much increase in quality. The reason they

employ more people is a combination of two factors. The first is that they
do not have the experienced personnel. When they adopt CAD/CAM, they have
to hire the expertise. Secondly, adopting CAD/CAM increases their volume of
business. Smaller firms have to hire more people to meet the increase in
sales. For policymakers who want to increase employment, the inference is
that small business should be promoted. '

By using CAD/CAM, large firms achieve significantly larger increases in
quality, lower increases in sales, and smaller numbers employed.  Although
not statistically significant, large firms tend to get greater increases in
productivity. Probably this larger increase in productivity enables them to
employ fewer people and, in the process, experience greater labour problems.

Summary

Small firms who use CAD/CAM reported that they experienced few labour
problems and achieved relatively easy integration. Being smaller, they are
more flexible to adapt, they probably have fewer union restrictions, and
they have fewer computer systems which have to be integrated. Going to
CAD/CAM technology allowed them to expand sales and employ more people,
This expansion of their labour force meant that they had fewer labour
problens, _

- Large firms, on the other hand, have more complex manufacturing
systems, more computers, formal personnel systems and more rigid labour

‘relations, For them, adopting CAD/CAM does not have as great an impact on

their volume of sales. They benefit from increased quality and
productivity. They generally are able to decrease the size of their
workforce, and this process causes labour problems. To large firms, CAD/CAM
allows them to maintain their position in the competitive marketplace.

From the perspective of the policymaker who is trying. to devise

" differential policies for the small and large business sectors, removing

constraints is more important than providing incentives. Since system
incompatibility is more of a ‘concern to large firms, endeavors should be
made for suppliers to standardize software and to work on integration
procedures. For small firms which have not yet adopted CAD/CAM, fast
obsolescence, high cost of capital and the unavailability of resources to
study CAD/CAM are of much greater concern. Specific programs directed
towards small firms could help to overcome these constraints.
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Chapter 8
LEADERS VS. LAGGARDS

Another way to look at the adoption of CAD/CAM is from the perspective
of leader and laggard establishments. Whenever a new technology is being
introduced, some firms are faster to respond than others. They pioneer the
introduction and adoption of new techniques and take greater risks by
venturing into the new technology before it has become commonplace. They
are leaders.:

Others sit back and wait until the ‘technology is more mature. They may
watch the development of the technology and wait until the cost of equipment
has declined. Alternatively, they may not be aware .of what is happening to
their industry. One way or another, they lag behind.

In the.use of the names leader and laggard in this chapter, we do not
want to imply that one is necessarily more preferable to another. It. is
possible to be a very wise laggard -- a firm which waits and adopts the new
" technology at an opportune time when it is proven and lovwer in cost.
Alternatively, it is possible to be a foolhardy leader who adopts the
technology when equipment costs are high and integration problems ‘abound.
" Nevertheless, we do recoghize that some laggards will miss the boat if they

wait too 1ong.

& _Defi 0

In this analysis, a combination of two variables has been used to
. define leaders and laggards. The first variable is plant use or receptivity
which is measured on a four point scale from Will Not Consider (1) to
Préesent User (4), The second variable is the reported industry leadership
which is measured on a five point scale from well behind competitors (1) to
an industry leader (5). A cross-tabulation of these two variables is
displayed in Table 3-9. By adding. the two variables together, we can get a
combined variable which varies from 2 (establishment which is well behind
competitors and will not consider) to 9 (an establishment which is an
industry leader and a present user of CAD/CAM).

Laggards are defined as those establishments in the shaded area in the

bottom, right-hand side of Table 3-9. They are respondents who Will Not or
only Might Consider CAD/CAM and are somewhat or well behind competitors in
its use. These firms have a score of 4 or less on the combined
receptivity~leadership variable.

Leaders are those establlshments in the top left corner of Table 3-9.
They are either Present Users or those Actively Considering CAD/CAM who also
admit that they are industry leaders or firms who.are well ahead of their
competitors. They have a score of 7 or more on the combined
receptivity-leadership scale :

i»
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‘The most desired incentive is tax incentives for capital investment.
Also ranked high are assistance from suppliers to train operators and
standardize software, training from educational institutions for operators
and managers, and govermment funding for feasibillty studies and 1nnovative
programs. - Assistance from suppliers to train managers has above average

- benefit, although it is not ranked as high as training of managers. by

educational institutions. ~Presumably management knowledge, which is more
important to the purchase decision, is judged to be better supplied by
educational -institutions whieh are unbiased and "have an arms length
relationship. :

Impacts by Leaders and Laggards

Differences in how leaders and laggards perceive the impacts. of CAD/CAM
are presented in Table 8-3. In general, leaders, most of whom have already
experienced CAD/CAM, perceive greater benefits from using the new
technology. Statistically better impacts are reeeived by leaders for

" productivity and quality improvements.

* TABLE 8-3

Expect.at;iohs of Ixﬁpact;s by Leaders and Laggards

PERFORMANCE MEASURES

| | H |
| | Leaders || Laggarda | -
| | N |
| | 1 |
| . . | ] |
| Average § Change in Productivity ! 61.0 - 291w )
I - : ’ [ H |
| Average % Change in Sales Volume ! °'33.8 Il 21,5 |
| : | . H o
| Average Amount of Change in Quality® | 2.56 |} 2.004% |
! . . | H |
| Average % Change in Lead Times 1 ~19.6 11 8.9 |
| | H . }
| Average % Change in Number of Employees - | 1.1 1 5.7 |
! . | ] |
- | ] |
! | 51 H] 48 |-
| Range of n | ! H ¥ |
! | 15 H 63 |
a Quality Scale:
-3 -2 -1 0 1 2 3.

! | | | | | |
Large Moderate. Negligible No Negligible Moderate Large
Decrease Decrease Decrease Change Increase Increase Inorease

Asterisks indicate a significant difference between the average scores of
leaders and laggards: ## = p < .01, two tailed t-test.
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Although'laggafds perceivelpdsiti#e benefits, they are not as large as

for leaders and possibly not large enough to generate adequate returns on
investment. As a consequence, laggards do not perceive the technology as
yet being appropriate for their industry. They see no need for immediate
change. Nevertheless, we must remember that the managers who responded said
that their management, and possibly themselves, were unknowledgeable and
inexperienced in CAD/CAM. They may be underestimating the benefits and
overestimating the constraints.

Summary

The major differences between leaders and laggards are 1n the ratings
of constraints. Laggards see . many more barriers to their adoption of
CAD/CAM, and they do not see as many beneficial impacts. The biggest

barriers are an inadequate return on investment, high financial risk, and

unavailable or high cost of capital.

} But these could be just perceptual barriers. Laggards reported that
their managerial team was unknowledgeable about CAD/CAM and inexperienced in
its implementation. Their perceptions of high barriers and low benefits may
be a function of their lack of expertise.

..

»
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Chapte_r' 9 .

PERCEPTIONS. OF SUPPLIERS AND EDUCATIONAL INSTITUTIONS

Besides information from diffef'ent types of manufacturers, data w’er'e,
gathered from suppliers, CAD/CAM associations, research institutions, and-
- educational institutions. These respondents were asked only for their

perceptions on the constraints and incentives. .The idea behind questioning

. them was to see if their perceptions were congruent with those who aetually
had to use their products or services. : . o

As is indicated in Table 2—2 thir'ty supplier's responded, seven of them

from the United States. Replies were also received from fourteen
- educational institutions, one CAD/CAM association, and one research’

institution. For the purposes of this chapter, the single r'eplies from the

CAD/CAM association and the r'esear'ch institution are combined with those of .
" the educatlonal institutions.

Perceptions of Constraints

Average constralnt scores for present users, suppliers and edueational
institutions are listed in Table 9-1 in order of importance . to Present
Users. As indicated by the significant rank order correlation coefficient
at the bottom of the table, there are fairly similar perceptions between
Present Users and suppliers. The non-significant correlation between
Present Users and educational institutions indicates greater dif‘f‘erenees in
perceptions for these two groups.

To suppliers, the most serious constraints are the unavailability or
high cost of investment capital, managements' lack of knowledge about the
technology, high financial risk, and the lack of system software support.
For the suppliers to admit that software support is a weak link is

sur'pm.sing, but encouraging. Their awareness of the problem should help in

its resolution.

The suppliers see two ratings to be statistically more impor'tant than -
~do Present Users. These are managements' knowledge of the technology and

CAD/CAM's appropriateness to a particular industry. These differences are
probably attributable to the nature of the suppliers' job. They are

continually going out and selling their wares to firms and industries which

have not yet adopted the technology. ~ As a consequence, they are usually

talking to the unconverted. -No wonder, then, that they have stronger

perceptions that management is unknowledgeable and the technology can be

inappropriate. These findings are not startling. What is noteworthy is

that suppliers, like Present Users, rate the inappr'opr'iateness problem as

; being the least severe of all the eonstr'aints

. The perceptions of edueational r'espondents, like supplier's, are tainted

by their oeeupation. To then, unknowledgeable management management -
inexper'ienced in implementation, the lack of trained staff, high financial -
risk, and inappropriateness to an industr'y are all :judged to be more serious
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by a statistically significant amount. But like Present Users and
suppliers, they do not judge the inappropriateness constraint to be a very
strong one. They probably see a large market for their services in many
Industries. ‘

TABLE 9-1

Average Constraint Rntinés of Present Users, Suppliers and Eduqational Institutions

| ! Present ] |} Educational }°
-, . 11 . Users || Suppliers || Institutions |}
! CONSTRAINT 1 [FEES I |
1 |} Score’ | Rank }| Score | Rank }| Score | Rank |}
| . ] | H Jomaman]| | l
| Unavailable or high cost of capital H 3.52 : 1 H 3.89 I' 1 H 3.93 : ) :
| ' ] :
| Inadequate return on investment “ 3.4y : 2 “ 3.18 { 7 ” 3.46 : 7 :
| .
| Lack of system software support 1 3.27 : 3 “ 3.42 'l 3 ” 3.71 ll 6 :
! 1 . : ' :
| System incompatibility in exchanging data “ 3.23 : 4 “ 2.93 : 11 ” 3.00 : 12 :
i ‘ ] ’ 1 .
| Management inexperienced in implementation 11 3.20 | 5 “ 3.29 } 5 )} 4.00¢ : 2 )
| : : : - | : I |
| Lack of standardization 11 3.19 | 6 :: 3.00 lI 10 II 2.93 : 13 :
[ ] ! |
| High financial risk 1 3.15 = 7 !: 3.61 : 3 H 4.0888) 1 :
- i | |
| Difficult integration into present operations |} 3.11 | 8 |1 3.11 | 9 |} 3.23 | 10 |
| ] 1 ] | N | !
| Management unknowledgeable about technology )} 3.11 | 9 :i 3.64% } 2 || 4.00% II 3 :
1 . 1] | | K] :
| Harket volatility 1 3.00 [ 10 I} 3.18 : 8. }l 3.29 : "9 :
| . . ] ! 1 |
| Unavailable resources to study CAD/CAM 112,98 | 11 {}2.67 | 13 || 2.69 : 15 |
| i . 1 (. 11 [T : |
| Fast obsolescence of technology 112,96 } 12 |l 2.8 } 12 |} 3.36 | 8 }-
[ 1 [ | ] | i
| Trained staff upavailable il 2.95 : 13 |} 3.26 } 6 ” 3.79% } 5 :
[ ’ 1 T .
| No ‘need for immediate change 1250 | 1 :I 2.36 | 15 I: 3.08 | 11 |
| . ’ i | | | | | |
| Potential labour confliét I12.02 | 15 “ 2.44 { 14 ” 2.64 | 16 |
| . i1 < | i
| Not yet appropriate to industry 11 1.58 | 16 || 2.26% | 16 :I 2.7088] 14 |
I ‘ e H | -]
| 1 52 I 25 i 10 |
! - Range of n 1 ¥ 1l ¢ i { |
| - 1 66 I} 28 ] 15 ]
| : ] I | |
} Spearman's Rank Correlation Coefficient 1 - I .68¢ L .48 ]
. 1 2 . 3 4 5
Scale: ] J=m=- 1 } |
Unimportant HNot So . Important Yery Critical
Factor Important Factor - Important Factor

Factor ' : Facotor

Asterisks indicate a aigniricané difference (correlation) between the average ratings (rankings)
of Present Users, Suppliers and Educational Institutiona: ® = p < .05; #% = p < ,01, tyo tailed
t-test (Speax-man'S'a:l_.gnit‘icance test). o .

As a generalization, educational institutions see all the constraints
to be more severe. Other non—signlficant ones which they rated as being
very important are the unavailability or high cost of investment capital,
lack of software support, inadequate return on investment, fast obsolescence

of the technology, market volatility, and difficulty of 1ntegrat1ng CAD/CAM
into present operations.

®
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From the perspective of both suppliers and educational institutions, it
is interesting to note that they judge lack of system software support to be
quite a bit more important than integration, standardization and
compatibility problems. As one educationalist said in some written
comments, the standardization problem is only critical for the final
integration of one CAD/CAM system with another. A firm can easily adopt a
stand-alone CAD/CAM system without being very concerned about
standardization, integration and compatibility. It is only at a later date
when they start to realize the full potential of CAD/CAM that manufacturers
become concerned with compatibility and integration. The same
educationalist, however, felt that the compatibility pr'oblem was being

" licked. The more difficult problem was to bring the software solutions,

(i -e. the software support) to the factory floor.

Perce 0

As indicated by the statistically significant rank order correlation
coefficients at the bottom of Table 9-2, the perceptions of incentives by

" both suppliers and educational institutions are similar to those of Present

Users. Nevertheless, there are some statistically signifieant differ'ences
within the table for a few specific incentives.

" Suppliers were not as inclined as Present Users to say that software
standardization would be a strong incentive. Although suppliers rated this
incentive as important, they placed it towards the bottom of their list. h
This is not to say that suppliers are disinterested in providing software
support. They recognize software support as a major- constraint and rate

" supplier assistant to overcome it as very important. But when it comes to

standardizing their software with that of others, suppliers are less

-enthused. ' By keeping their software distinct, suppliers put pressures on

purchasers to return when they buy additional equipment. If the suppliers
are unwilling to voluntarily move to standardiz ation, then a market niche
probably exists which could be filled by the software industry.

A second significant dif:t‘er'ence between suppliers and Present Users 1is
their attitude towards tariffs. Suppliers belleve that tariff changes would

have a very beneficial impact, and this remains strong even when the seven
U.S. suppliers are removed from the comparison. The most favoured nation

“tariff (i.e. Japan and the U.S.) on imports of robots and numerical control

equipment is 11.4 percent, although this amount is eligible for duty
remission if such goods are not available from production in Canada. For
electronic data processing machines, plotters, and operational software, the
most favoured nation tariff is 3.9 percent. For disk drives and application
software (except for a nominal charge on:the value of the disk), there is no -
duty. A nine percent federal sales tax is charged .on top of the landed
cost, although a supplier can reclaim this amount if the equipment. is ‘sold

~to a manufactur-er-.

In most cases, the effective duty is not great and over the years has
been declining. The main problem is in' the hassles to get remission of' duty
or rebates of sales tax. Suppliers would be passing these administrative
costs along to manufacturers as well as the effective tariff. Removing the
tariff or streamlining the procedures would help lower the sales price of
CAD/CAM equipment and get more firms using it



48

TABLE 9-2

Average Incentive Ratings of Present Users, Suppliers and Educational Institutions

| Il Present I || Educational |
1 Il Users || Suppliers || Institutions |
| INCENTIVE I 1 H
| || Score | Rank || Score : Rank || Score :_Rank |
| I | H I |
| Tax incentives for capital investment Il 4.36 } 1 :I .27 } 1 {I 4,21 : 2 {
| ’ ; 1 i | |
| Suppliers train operators and programmers- It g0 - 2 11393 | 3 11357 | 8
I o ’ ‘ I o I | I | |
| Suppliers standardize software and hardware || 3.88° | 3 || 3.00"’; 13 Il 3.36 | 10 |
| Co ’ . I | ] I | |
| Educational institutions train operators 113.85 1 & |38 | 10 ||y | 4 |
i I | i | I | |
| Educational ipstitutions train management It 376 I 5 11370} 5 |l 4.29 I 11
| . . ‘ I | el | I |
| Govermment funding for feasibility studies Il 3.72 | 6 || 3.67 { 7 Wl w2t | 3 |
I . 11 | 11 I | |
| Govermment funding for innovative programs }I 3.68 1 7 |l 3.89 } ] :: b.14 } 5 |
| . ' | | Il |
| Hanufacturers share information and insights || 3.64 | 8 |1'3.44 | 11 |l 343 | 10 |
| : I | I | H | |
| Industry collaboration in R&D It 362 | 9 1359 | 9 (1371t | 7 I
| I | {1 | I | |
| Change CAD/CAM tariff arrangements It 3.45 | 10 || b.og® | 2 |} 3.38 } 13 |
| : | S I | I | |
| Goverrment funding for on-the-job training 13431 11 1370 1 6 3483 | 11 |
| : ) I | I | I o
| Suppliers train management 11 3.38 | 12 |l 3.67 } 8 i: 3.50 } 9 {
| . I | I
| Educational institutions research CAD/CAM - It 3.38 | 13 |} 2.96 : 14 || k000 | 6 |
| . ’ ' . o | t [ | |
| Practical sessions on others' equipment 1) 3.21 L 14 |41 3.30 | 12 I13.36 | 15 |
I I | ] | ] | |
| Hore reglonal CAD/CAM centres I} 3.08 | 15 |} 2.78 } 16 }i 3.43 | 12 |
I ! I | I : | |
| Goverrment seminars and conferences It 2.98 | 16 [l 2.89 | 15 I} 3.07 | 16 |
| I I {1 |
| : : I 60 I 26 I 13 |
| Range of n I 13 H J I l
I I 69 I 27 I 13 |
! d : I ] |1 |
| Spearman's Rank Correlation Coefficient I - Il 619 Il 608 |

_ 1 2 3 4 5

Scale: 1 | |- | |
Undesirable Little Some . Very Essential For
Impact Impaot . Desirable Beneficial Increasing
Impact- - Impact CAD/CAM Uso

Asterisks indicate a significant difference (correlation) between the average ratings (raskings)
of Present Users, Suppliers and Educational Institutions: € = p < .05; #% = p < .01, two talled
t-test (Spearman's significance test). .

In the comparisons between educational institutions and Present Users,
only one incentive, that educational institutions should undertake CAD/CAM
research, has a statistically significant difference. While Present Users
.(and suppliers) believe that educational institutions should be active in
educating managers and training operators, they are not so sure that the
educational institutions should be undertaking research. Perhaps they think
that the research undertaken by educational institutions is too esoteric, or

else they do not understand the research function of educational .

institutions. Either way, the educational institutions must prove
themselves if they want to get their research adopted.

"
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B Summary

] Pres_'ent‘Users, spppliers, and eduoa_tional institutions each-perceive.
the constraints and incentives from their own special interest. The

" manufacturers presently using CAD/CAM are pragmatists. They are the ones

who must ultimately make the equipment work. They are concerned about the
bottom line, and they want things like. tax incentives to improve the return,

‘help in analyzing the technology, and assistance to get it quickly into

operation.

S'uppl.i'e‘rs also are concerned with the bottom line, although they .
achieve it by selling lots of equipment. They wish CAD/CAM was applicable
everywhere and they wish all managers were knowledgeable about what CAD/CAM
can do. .
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- Chapter 10
RECOMMENDATIONS

We have now ‘looked at the 1mbadts, oonétraints, and_incentives
associated with the use and adoption of CAD/CAM. Perceptions of

manufacturers have been analyzed in terms of their regional location, size, .

use, and receptivity to accept and implement CAD/CAM. We have alsq looked
at the constraints and incentives from the perspectives of suppliers and
educational institutions. In this chapter, we turn our attention to the
various actions which can be taken to promote further use and adoption.

When making recommendations, we must remember that the process is not
the same as analyzing survey data. In previous chapters when we analyzed
data and drew inferences, the data were factual and the interpretations we
made from them were open to debate. When we deal with recommendations, the
argument s - become more subjective., To the extent possible, the authors
‘attempt to utilize interpretations of the factual data to support the
recommendations; nevertheless, we recognize that some of our subjective
biases will creep into the analysis. Moreover, the recommendations (and our
views) have been affected by the interviews we have had with manufacturers,
suppliers, and others who are interested in CAD/CAM applications.

We present the recommendations first for manufacturers, second for
suppliers, third for unions, fourth for educational institutions, and
finally for govermments. We leave the recommendations for governments to
* the end since we believe that private enterprise too frequently looks to
government for a "quick fix" of their problems. We believe that industry
should first look within itself before turning to goverrnment for assistance.

_muﬁiw@nucm

1. Demonstration Programs

- A business opportunity exists for companies who already possess CAD/CAM
facilities to provide experiential sessions and demonstration programs for
other firms. Those firms who are not yet using CAD/CAM indicated that such

an opportunity would be very desirable., These firms also indicated that’

they have less expertise amongst management and staff in CAD/CAM techniques
and concepts. Presvmably, they would be willing to spend time, effort, and
money . to aoquire some experience,

A firm which has already gone through the process of acquiring and
implementing CAD/CAM has valuable information which others would desire.
They could take the experience of their implementation team, treat it as a
profit centre, and sell the knowledge to others. Insofar as such firms are
not using all their CAD/CAM capacity, they could use it to allow others to
get some hands-on experience during evenings and other non-peak hours.
Monies recovered from the operation of such-a profit centre will increase
the return to the CAD/CAM investment while at the same time helping other
firms (presumably non-competitive ones) to improve their productivity,
profitability, and decision making

Y.
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S 2. Ser'v:Lce Firm

Another' possibility is to form a separate firm to pr'ovide CAD/CAM
consulting and services. Such a firm could be a demonstration profit centre

_.which is spun off on its own, or it could be a new venture capital - »

enterprise which is started from scratch Either way, -a market need wpuld,

be fulfilled.

The need for a service firm or a demonstration profit centre is more

"~ "acute in British Columbia and, to a lesser extent, the Prairies. There,
c firms are less inclined to make the move to CAD/CAM and they have a distrust

of govermment support. A well-run private endeavor is needed to bring.
Western firms up~to-date on what is possible. Various universities, .
technological institutes, suppliers, and government-sponsored programs are
providing information and assistance, but not very much in the way of direct
serv1ces.

In Ontario, the pr'ov1nc1ally initiated technology centers are creating
publicity and assisting firms in the adoption process. But even here, there
is an opportunity for.a private firm to provide services. For example, the -
two branches of the Ontario Centre for Advanced Manufacturing -- the CAD/CAM
Centre in Cambridge and the Robotics Centre in Peterborough -- are both set
up to provide preliminary advice, consulting, education, technical
information, feasibility studies, and various demonstrations which help
companies determine what type of technology they need. But since these
institutions are funded in part by government money, they do not get into
services such as actually performing computer aided design, cutting a.tape

~ for numerically controlled machines, dand programming a firm's robot. These

tasks could be performed by an outside service and consulting firm, or a
service firm could be made an appendage of the technology. centres. :

3.  Sell Surplus CAD/CAM Capacity

If extra capacity is available for some firms to provide demonstration
programs, then there is probably room for other firms to actually-sell such
capacity. For example, a CAD firm which has surplus capacity could allow
access to its system via the telephone lines. In this way, non-users who
perceive high financial risk, unavailability of capital, and inadequate
returns from self-ownership will be able to use CAD/CAM without actually
purchasing it. They will get the benefits of CAD/CAM with low risk, and the
owner of the system will get an even higher rate of return than would
otherwise be possible. .

y, Mer'ger's, Joint Ventures and Consortia

‘The cost of acquiring CAD/CAM technology can be large, and the
development costs of making major breakthroughs are even larger. To spread
costs, avoid duplications, and diffuse technological breakthroughs, several.
countries have formed a consortium which cooperates on the development of
new ‘ideas. The consortium members either form a joint venture company to
market the ideas or take the concept back to their pdrent firms to market
the concepts themselves. Japan's ambitious Fifth Generation Computer
Project (Feigenbaum and McCorduck, 1983) sparked this trend, and other

“industrial nations have evolved their own structures to meet the challenge.
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In the United Sﬁates, twelve major electronics'companies formed the

Microelectronics and Computer Technology Corporation to research and design
CAD/CAM systems, productivity software, and archltecture design (Zeidenberg,
1984) .

The implication for Canada is that a group of firms could form a

similar consortium or joint venture. Alterhatively, some growth-minded

person could initiate mergers of firms with complementary talents and
-resourcés. ‘The cruclal point is that such endeavors generate the critical
mass and interchange which is conducive to technological breakthroughs.
While it is true that many individual firms can be creative and innovative,
it is also true that the development of individual competing systems causes
incompatibility of software, integration difficulties, and
interchangeability problems. Present users are well aware of these
problems.  They realize that a small amount of cooperation amongst CAD/CAM
manufacturers may have resulted in standardized software and protocols. 1In
a similar manner, Canadian users and designers of CAD/CAM applications
should pool their resources, avoid dupllcations, and produce synergistic
results. '

5. Specialization in Friendly Niches

‘ If cooperative endeavors.are to be tried, in what areas should they be
attempted? Most certainly, it should not be in the same areas that  other
nations have already initiated.. Canadian manufacturers should develop their
own specialized market niches. As Calvin Gotlieb of the University of
Toronto recognizes (Computing Canada, September 6, 1984), such niches will
unlikely be in colour televisions, hi-fi- equipment or other products for
mass markets. He suggests that we should develop computer systems for areas
in which we already have expertise, such as modern paper mills., -Such mills
could be sold in Canada and abroad, and it is unlikely that lower cost
nations would want to compete with us in such limited, but ‘profiltable,

markets. Other expertise niches which warrant investigation are petroleum’

and minerals development, health care, fisheries management,
telecommunications, nunicipal governance, forestry, and agriculture.

In the new information society, success will be less a function of
survival of the fittest and more the survival of the smartest. Picking the
correct market and product niche will require astute and wise decisions on
the part of our business leaders. And it has generally become recognized
that govermments are not the smartest ones at picking "winners%, They will
probably take a back role and leave the choice of the correct niche to the
marketplace, - This places great onus on our industrial leaders to plan
wisely and make decisive. choices. It also means that smart nichemanship can
occur outside the resource-type :sectors indicated above. Friendly niches
for smart enterprises can exist in all industries, including mass production
ones.

6. Training and Development

" Survival of the smartest means that the quallty of human resources is
going to be very crucial to a firm's success. Yet, those firms who were
less inclined to use CAD/CAM were the ones who saw inexperienced and
unknowledgeable management as belng major .barriers. They have a

LI
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>responsibility to learn about CAD/CAM and then decide whether or not it is

appropriate

- Since computer technology in industry is still at the early stages of
development, many new uses are still to be found and applied. If a non-user
investigates, digs into the literature, and learns about CAD/CAM, then it is
quite likely that new applications will be unearthed. If the management
team is knowledgeable about CAD/CAM and still comes to the conclusion that -
it is inappropriate, then that is a legitimate choice. But to dismiss
CAD/CAM with no or limited information is an avoidance of the businessman's
responsibility. The benefits from CAD/CAM can be major, and smart
businessmen will find out what it is all about.

T. Planning of Purchases

Manufacturers are frequently the cause of their own subseQuent:
problems. For example, the usual procedure for the introduction of CAD/CAM
equipment is for an individual department to make a project proposal to top
management. Such proposals generally reflect the interest of that
department and are supported by discounted cash flow or other financial
calculations, As Senker (1984) has pointed out, such perspectives bring
suboptimal results. Discounted cash flow, ‘although useful, does not measure
all benefits which can accrue from adopting a radically new technology.
Moreover, the. perspectives of the submitting department do not reflect the
interests of the larger corporation. As a consequence, we see purchases of
CAD systems which are very cost effective for the design department, but

:f which are totally inappropriate for later expansion into-an integrated

CAD/CAM system. To overcome such departmental and temporal suboptimization,
CAD/CAM decisions should be analyzed as a strategy decision and not as a

" regular ‘equipment replacement decision. This means that top management must

be both more knowledgeable and more involved.

Recommendations for Suppliers

"~ 1. Standards

To assist manufacturers in their use of CAD/CAM, suppliers should get
together in their own interest or consortia groups to set standards. One of
the top-rated incentives which manufacturers desire is standardized
programming and hardware. Furthermore, they identified the lack of system
software support as being one of the most serious constraints. The
standardization of operating systems and graphics protocols increases
programming productivity by releasing the programmer from the concerns of
hardware peculiarities and makes applications programs easlier to write,
maintain, and distribute.

One promising trend is the increasing use of Unix as a standard

operating system and the Graphical Kernal System (GKS) as the standard

graphics language (Franson and Associates, 1984). GKS, a software standard
for two-dimensional computer graphics, was first promoted by DIN, the West
German standards authority, and later adopted by the International Standards
Organization. In the United States, the American National Standards
Association (ANSA) has endorsed GKS and many software companies now use GKS



and sell graphics software in Eubope. Such standardization illustrates that
cooperation amongst companies and countries can facilitate easier use of new
computer technology

2. Linking Packages

Insofar as there are compatibilityvproblems between the software and

hardware of different suppliers, there is also the opportunity for a

sof tware supplier to provide a solution. Some supplier could step into the
vold and provide a computer program which links together dissimilar systems.

‘Such a solution would be cheaper than scrapping an existing system, it could
be undertaken for profit, and it would satisfy many manufacturers.

3. Leésing Packages

The most restrictive constraint holding manufacturérs back from
purchasing CAD/CAM equipment is. the unavailability or high cost of capital.
Suppliers could help manufacturers overcome this barrier by either selling
their equipment at a lower price or by providing assistance for the
financing. Assuming that their equipment is already priced competitively,
the quickest way suppliers can provide assistance is to alter the financing
package. One solution would be to provide extended payment terms while
another would be to put together innovative lease packages. Since some
potential purchasers, particularly smaller firms, are less sophisticated in
searching out capital, well informed suppliers would be helpful. Suppliers
have a vested interest in providing assistance at getting financing because
it means more sales for them.

4. Training and Support

The survey data indicated that suppliers agreed with manufacturers that
the lack of software support is a serious problem and that suppliers'
assistance in operator and programmers' training would be very beneficial.
Since suppliers recognize the problem .and the solution, there should be no
hesitation on their part to provlde continuing services., The one difficulty
is that these services cost money. Although they may be desirable, they
lower the suppliers' bottom line. :

It appears that suppliers are using the old motto of caveat emptop.
They are selling the equipment and then consciously failing to give good
af ter-purchase support. .Their profits are higher, but it may just be a
short-term and illusory thing. The CAD/CAM industry i1s still in its
infancy, and manufacturers will be making substantial purchases in the
future. Those suppliers who give good training and follow-up support will
be the ones who are likely to get the repeat business. Furthermore,
manufacturers, as they begin to gain experience with the new technology,
will become more astute purchasers. They will realize that the purchase
price is only part of the total cost of getting a new system introduced and

operating. They will evaluate the more intangible start-up costs and give.

preference to a supplier who provides better training and support.

{w
i
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_5. CAD/CAM Centres

Included in the category of the suppliers would be the various CAD/CAM
centres. Although they do not supply. equipment, they do sell information,
feasibility studies, hands~on workshops, and consulting services. They are

“set up to help manufacturers overcome some of the difficulties encountered .

when adopting CAD/CAM,

In Ontario, these centres are eventually supposed to generéte’
sufficient revenues to become self supporting. At present, their operating

‘budget is subsidized by the provincial government. While they advertise

their services as being available to Ontario industry, there is no reason,
so long as they are covering full costs, that these centres could not extend

.their services to other provinces. Similarly, there is no reason why other

provincial CAD/CAM centres could not venture outside their provincial
boundaries to generate revenues and provide services.

Re e ions for Unions

Although the role of unions was not a central focus of this study, they
are affected by CAD/CAM and there are some recommendations which they nay
like to heed

" 1. Recognize the Technology

Canada's manufacturers operate in an internationally competitive
market, and technology knows no national boundaries. As negotiations
proceed to reduce duties and non-tariff barriers, international
competitiveness will become more severe. Canadian manufacturers will have
to be more adept at ‘adopting to new oonditions, and their unions will have

- to accommodate the change.

This does not mean that unions must acquiesce to management's every
whim and that working conditions will revert to a slave labour situation.
What it does mean is that computer technology is inevitable and that greater

"output will be possible with less toil and effort. As we have .seen, jobs,

particularly in the larger firms, will be fewer, but the total pie of output
should be larger. Realizing that change is inevitable and the pie is
larger, unions should work to guide the change.in a positive manner. Like
management, unions must become knowledgeable about computer technology, and
they should only resist it if it is being introduced in an inhumane manner.

2. Wealth Redistribution

. If the pie is larger, but fewer people may be working, then wealth
distribution becomes a problem. At the present time in our society,
employment is the prime mechanism for distributing wealth. If you have a -
job, then you receive a paycheck and have the means to acquire products. If
you are unemployed, then you have to rely on savings, credit, unemployment
insurance or welfare to make ends meet. The result is that those who have
jobs have greater wealth, while whose without live close to subsistence.
The irony of the situation is that some people whose talents are.in very
high demand are overworked while others remain unemployed or underemployed.
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The main method for suppor't;ihg those without Jobs is to impose ever
higher taxes on corporations and those citizens with jobs. But there ‘is a
limit to how far we can increase direct and indirect taxes. Govermments try

to solve the problem by creating and encouraging more jobs. But 1f the.

future scenario is for more production with fewer people, then there is. a
limit to how many new Jobs can be created. Alternative approaches must be
developed to redistribute uealth "and unions can play a major role. In
particular, unions can agitate for shorter work weeks for thelr members,
thereby spreading the available work hours over more people. Moreover,
greater flexibility in how unions define working hours would enable two or
more workers to share a single job.

3. Working Conditions

The in_troducltion‘of' CAD/CAM technology to the workplace means thatA

working conditions will be changed. One of the most noteworthy changes is
the degree of information which is collected about the production process.
Managers will be able to obtain detailed and instantaneous information about

how both workers and machines are performing. This is of concern to unions,

because excessive controls could be interpreted by workers as an invasion of

privacy. In a prison setting, instantaneous feedback of peoples' activities.

and locations is necessary and desirable., Ve do not, however, want our
workplaoes to be like prisons. Organizations must be allowed to get the
benefits of online information, yet workers must be assured that the
information will not be abused. "Unions have 'a role to play here to assure
that a fair balance is achieved between the productivity from information
and the privacy of workers. : :

Another area of concern is the reliability and safety of the equipment.
We have heard much about possible bad effects of working too long in front
of video display terminals in office settings. But we have not heard very
nuch- about the dangers of working with computers,; robots, and digitally
‘controlled machines in factory settings. 1In the case of CAD, a system
failure generally causes nothing more serious than frustration with having
to recreate information from backed-up files. But the failure of a
microchip or a bug in the software are much more dangerous in CAM systems.
- Workers can get maimed and lives even lost.

‘The usual procedure to attaln adequate rellabillty is to build
sufficient redundancy into the machines,_systems, -and software. ~ In space
and military programs, the redundancy requirements are well recognized. But
in private industry, especially at the leading edge of technology,
redundancy takes second place to getting a system. operating. Much of the
- debugging and experimentation takes place in the workplace, and many of the
redundant components are left out because designers assume that computers

are infallible. In this manner, suppliers and manufacturers keep .the cost
of their systems competitive. . T _

Part of the redundancy problem will be alleviated by the exponentially
decreasing costs of hardware. Nevertheless, there is still a major problem
assoclated with the lack of recognized standards for the degree of
redundancy which should be included. This is an area where unions can and
should take leadership -- to argue for adequate safety features belng built

.
v
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into both the sof tware and hardware. To do so; unions nmust become more
f‘am:Lliar with the new technology which they are encountering "

14 _ Retraining :

. Unions, if they wished, could take an obstructionist role towards. .
CAD/CAM technology. Such a tactic, however, could only be used in the short
run. Over the longer time horizon, new technology, if viable, will win out.
‘As ‘shown in Chapter 4, CAD/CAM can have beneficial impacts -- it is viable .
and it will make inroads. This means that unions and their members will
have to adapt, make adjustments, and ‘accommodations. '

If change is 1nev1tab1e, then unions, like businesses, should become
involved in the change process. Two ‘areas stand out as being important.
The first is the rétraining of their own mémbers. Union members should be
encouraged to take retraining programs so that their s8kills do not become.
~ obsolete. Similarly, unions should be lobbying both the public and

governments to support retraining and the transition to a new job. They
could even become involved themselves in the retraining function. '

, The second area of importance is training and knowledge acquisition
amongst union management. If union leaders are going to influence CAD/CAM
changes, then they had better become knowledgeable about what is possible.
They had better realize that job preservation and income maximization: for
*their members is inextricably tied up with the long run well-being'of‘ the
industries whose workers they represent. Just as manage_r‘s.‘of‘ these

.. industries must become more knowledgeable about CAD/CAM and its strategic -~

implications, so too must union leaders. Both parties should. become
involved in and be concerned with the identification of viable industries.
- Reco ons fo t ti

1. Training and Education

The most obvious role which, educational institutions can play is to
train operators and managers in the use of CAD/CAM. The lack of knowledge '

o amongst managers and the availability of trained operators and programmers

was judged by the survey respondents to be a .serious: constraint to further .
© CAD/CAM use, especially-amongst those firms less likely ‘to adopt it. We
"suspect that the resistance amongst many firms is their lack of knowledge
about what CAD/CAM is capable of doing for them. The few educational
institutions who responded to this survey indicated that they récognized
" these constraints, and all classifications of respondents indicated that the
educational institutions: could be a major incentive for overcoming the
def‘iciency ‘ A

, Besides the manufacturing establlshments themselves, the responsibility
for the training of operators and computer programmers should be left
primarily to the regional colleges and technical institutes. Since these
colleges and technical institutes cannot afford to purchase the equipment"
of all suppliers, they must be careful. to acquire equipment which is
representative of what is available in the marketplace and-what
manufacturers already have. They should also be careful to assess the
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demand for their students-and assure that their graduates have enough
flex1billty to switeh from the peculiarities. of one system to another.

Since CAD/CAM techniques are changing rapidly, training programs’ must.
incorporate the understanding and flexibility which will enable graduates to

learn the methods of their employers ‘and adopt new techniques as they
evolve, . ,

 Universities, especially in their engineering faculties, should also
provide training, but it should be at a more general level. The more
specific vocational training should be left to the regional colleges and
technical institutes. " In the managerial education, however, universities
should take a more dominant role. Their business schools, in particular,
' should provide educational programs on how technological change is nanaged
and implemented. Unfortunately, most: business schools are weak on pnov1d1ng
the technical skills. To overcome this deficiency, they should- design their

programs in cooperation with engineering faculties and technical institutes. .

'In'addition, university business schools, who are training our future
managers, should pay more attention to providing goods and services in a
productive and efficient manner.

2. Diffusion Catalysts

.Universities; and to a lesser extent regional colleges and techniéal
institutes, can act as a catalyst to bring various parties together for

short courses or conferences, '@ For example, bankers are traditional risk -

avolders, and they possibly turn down loans for CAD/CAM because they do not

adequately understand the technology. Similarly, unions are being forced to

react to CAD/CAM changes, but they are unsure of whether their reaction
should be combative or cooperative. Universities are neutral bbdies, with
no axe to grind. They can provide neutral territory where managers, ‘unions,
suppliers, bankers, government officials and other interested parties can
explore their different perceptions. With better understanding amongst the

" various parties, barriers should be easier to overcome and the technology '

will be diffused.

3. Research and Development -
'In the area of research and develbpment, universities can play an
active role of remalning at the cutting edge of the technology. Matters

~ such as machine vision and its use with robots, optical ‘scanning, audio

sensing, and the integration of CAD and CAM with other systems all deserve
greater efforts at our universities. This does not mean that every
university develops capabilities in each of these areas, Like our
corporations, universities should carve out their special market niches for
research and pursue policies of world product excellence.. '

R e tio (0} e
1; Stabie Environment

Perhaps the most valuable contfibutién which can be made by goverhmehts
is to provide a stable business environment which is in harmony with the

competitive situation in the world. This need for a stable enviromment is

in
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‘the most often heard complaint. Businessmen contend that the ground rules
-change too often. ‘And with such frequent changes, it is difficult and risky
to undertake the 1ong range planning associated with capital investment,
decisions. : . .

. More than elsewhere, owners and managers of small businesses express
frustration with the environmental conditions. They feel that the tax act
is against entrepreneurship and that there are too many impediments in front
of those who want to accomplish something. Too many.reports are required,
too many hoops must be jumped through in order to acquire funds, and too
many bodies are looking over their shoulders. While some hoops and reports
‘are necessary, businessmen feel that the demanders of the reports have
l1ittle regard for the person filling them out. Small businessmen are so
busy keeping up with the numerous activities of their firms that they have
little time for becoming intimate with the requirements of some report or
regulation. They would rather have a stable environment where they are not
required to continuously learn new rules and procedures.

2. Coordination

The second most frequent complaint is the lack of coordination and the
degree of duplication., The federal govermment, in particular, should not
duplicate what has already been established in the provinces. Rather, the
federal government should coordinate various CAD/CAM activities across the
‘nation and act as a clearing house for ideas and approaches.  Since some
provinces are ahead of others, the advanced experiences of one area can be
transferred to another. '

Another aspect of the coordination requirement is the benefit which
Wwill occur from regional or product specialization. Ontario already has a
jump on most other areas through the establishment of its CAD/CAM centres,
Yet this advanced edge primarily. benefits secondary manufacturing
" industries. Canada has many resource and primary processing industries, and
. we seldom think of them as candidates for CAD/CAM. We are more. familiar
with CAD/CAM in secondary manufacturing. Yet CAD/CAM, particularly CAM, is
appropriate in lumber manufacturing, pulp and paper products, fish
.processing, smelting, and agriculture. In addition, there are applications
‘in our consulting engineering. firms, hospitals, municipal governments, and
. other service industries. Expertise and technical assistance has not been
. adequately developed in these other areas. They are important. The federal
government could play a valuable role in encouraging such endeavors and
assuring that unnecessary duplications do not occur.

In order to allow the federal government to carry out its coordinating
role, cooperation must be forthcoming from provincial bodies. To a certain
extent this cooperation is already present. Yet, it could still be carried
further. For example, Ontario's Centres for Advanced Manufacturing, which
operate under a sunset provision, have built up a large body of experience
for disseminating CAD/CAM. They have no bureaucracy and they operate with
the vigor which should make them self sufficient. As their provincial
support drops, they could easily expand their activities to help other parts
~of Canada, and federal government support, either morally -or monetarily,

' should be forthcoming. If the federal govermnment funds such endeavors, or
any other endeavors, the assistance should be temporary and with a sunset -
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vprovision. The energy in such bodies 1is usually the highest during the
initial years before a bureaucracy has set in.

3. Tax and Other Incentives

The most desired incentive by manufacturers is increased tax incentives
for capital equipment, Although we believe that. a general incentive for
capital investment would be worthwhile, we are not recommending a special
incentive just for CAD/CAM investment. Such a specialized program would
require too much paperwork and just complicate the business environment even
further. Rather, we believe that a stable regime takes first priority, and
only later should other unlversal prov1sions be introduced.

Some nonmtax provisions, however, should be introduced. The first is
greater government assistance in carrying out a feasibility study. Such
‘studies could be carried out by CAD/CAM centres or private consultants,

Either way, the proven benefits will probably encourage and hasten the -

recipient firm to adopt CAD/CAM, If such studies demonstrate a strong
positive benefit, then possibly the consultant or some government agency
could help the firm approach a bank for funding. The govermment could even
undertake to guarantee such loans so long as they were backed up by sound
feasibility studies., TFinally, if governments do provide assistance such as
funding new, innovative applications of CAD/CAM, they should make sure that
-knowledge from such endeavors becomes publicly available.

4, Assistance for Small Businesses
Small businesses have particular problems, and particular benefits. 1In

particular, small businesses are the ones which are increasing employment
when they adopt CAD/CAM. One of governments' main objectives during these

periods of high unemployment is to create more jobs. Thus it is in their

special -interest to encourage small business.

On the other hand, small businesses have parfiCular problem in adoptingl

CAD/CAM. - They are short of capital, fearful of fastyobsolescence, and

upable to carry out their own feasibility studies. A body which understands
~ and emphasizes CAD/CAM for small business would be beneficial. Possibly the
Federal Business Development Bank or some other agency could play this role.

. CAD/CAM is a new technology which presents opportunities for Canadian
manufacturers to increase their operating effectiveness and competitive
positions. In an international world which is becoming increasingly open,
1t is important for Canadian firms to compete and adapt if they wish to
remain in- ex1stence. Healthy adoption will enable some firms to prosper;
failure to adapt will result in tough economic conditions and probably the
- eventual demise of the firm. Both situations are bound to occur.

A1l parties concerned with CAD/CAM have a role to play in helping
Canadian manufacturers achieve healthy adaptation. The largest role,
however, must be played by the manufacturers themselves, Those
manufacturers which have already gone through the process of acquiring




61

CAD/CAM s&stems should consider the possibility of taking that expertise,
treating it as a profit centre, and selling hands-on demonstration programs
to other companies. Alternatively, they could sell surplus CAD/CAM capacity
if they have any, or they could consider setting up a separate firm to

.'provide CAD/CAM consulting and services. Those firms which are considering
. new ventures in the technology may want to consider larger economic units
-(mergers, joint ventures, or consortia) which can spread costs, avoid

duplications, and diffuse technological breakthroughs. Whichever tact is

_taken, it is important for firms to undertake strategic planning which

identifies friendly niches in which they can compete and survive. To
identify the appropriate niches and to assure that correct CAD/CAM purchases
are made, management must take on the responsibility of learning what
CAD/CAM is all about. In the process of acquiring CAD/CAM, they must also

‘assure that their employees are properly prepared and trained.

Suppliers also have a role to play. One of the most beneficial Steps
they could undertake would be the setting of software standards and
protocols. Insofar as existing standardization is inadequate, there is.an
opportunity for software suppliers to provide linking progranms between
different systems. Suppliers could also help by assembling better leasing
packages and supporting the training function. In the area of supplier
services, there is room for an CAD/CAM centres to provide a fuller range of

activities on a broader geographic scale.

Although the reactions of unions was not specifically covered in this
survey, unions, too, have an important role to play. They should recognize
that technological change such as CAD/CAM is inevitable, and they should
work towards its adoption in a humane manner. In particular, unions should
play a very active role to assure equitable distribution of both wealth and
jobs. Similarly, they should lobby and assure that CAD/CAM working

- conditions are safe., This means that union management, like company
_management, must, become more knowledgeable in CAD/CAM.

The educational institutions, of course, can train operators, managers,
and union leaders ih the use of CAD/CAM. They can also act as diffusion
catalysts to bring various parties together on neutral ground. In research
and development, they can help keep Canada at the cutting edge of
technology. But like our manufacturers, it is important for our research
and development establishments to direct their attention to friendly niches.

Finally, there is the role to be played by government. Most important
is the need for govermment to establish a stable business enviromment. It
is only through a stable environment, reasonably free of red tape, that
businessmen feel comfortable with making long range decisions If govermment
wants to become more actively involved, then such involvement is recommended
in only three areas. The first is to achieve greater coordination amongst
the various programs to promote CAD/CAM. Such coordination also implies.
greater cooperation amongst the various levels of government. Secondly, tax
incentives for capital investment and feasibility study assistance would
result in greater utilization of new technologies such as CAD/CAM. Third,
govermments should seriously consider the specialized CAD/CAM needs of small

‘manufacturers. They are the ones who are less knowledgeable about CAD/CAM;

they are.also the ones, however, who employ more people after they adopt the
new technology. i
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QUESTIONNAILRE

CONSTRAINTS TO AUTOMATING CANADIAN MANUFACTURING
INDUSTRY

The Meaning of CAD/CAM

FACAD/CAM stands for gomputer"é;ded‘QesignlgomputerAédded’yanufacturing,
It can be defined as any integrated design or manufacturing system which
1s.under the control of a computer. This brief definitionm, however does -
not begin to illustrate CAD/CAM'S potential and its impact.

. As a design tool (CAD), flexible graphics on a computer enables quick
definition of drawings, blueprints and plans. Parts and. subparts can bev_
"exploded", magnified and analyzed from different perspectives.' Modifica-
tions can be easily made before the design is plotted on paper, and for |
moving parts, a kinetic simulation is even possible before a part is produced

To get these benefits of CAD ‘we must acquire computer hardware, software, : : }

. and expertise; and alter our approach to the design and congtruction of a

new product or process.
~~ But the henefits do not stop there. The computer can alsoAaid the.

manufacturing process (CAM). Since our CAD data 1é already in a digital
computer format, it can be passed along to one or more numerically controlled
machines which carry out the actual manufacturing operations. A system which
totally integrates both CAD and CAM would involve design, numerically controlled
machine tools, roboticsb automated materials handling, inventory controi,
production scheduling, and manufacturing control. Although the exact degree
and configuration of CAD/CAM varies according to the circumstances of each
company .and industry, the essential point is that CAD/CAM involves a trans-
fer of technology~from.traditional.productionvprocesses to new,.electronically
controlled processes. - ' |

. CAD/CAM technology is capable of_improvihg a company's quality, produc-—
tivity; and profitability. Many observers claim that its benefits are so
strong that its adoption is inevitable. Fimms or nations which fail to keep
up. will lose out to competitors.

With this background of CAD/CAM in mind, please turn the page and answer

the questionnaire°

- \L!‘l‘

{Please be sure that this questionnaire D
or the most senior officer responsible’ for CAD/CAM ath
which this quest1onnaire has been’ forwarded
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simply by checkl_ng () the appropriate box or boxes.

le further ensure confidentiality of your response.

“[We wil] greatly sppreciate your assistance in this major study, Your answers arc of particular importance since you have
been selected as part of a "sample", representative.of manufacturers, suppliers of Computer Aided Manufacturing (CAD/CAM)
equipment and institutions. tnder no circumstance will your individui) answers be divulged. They will be used only in
combination with those of other companies responding to the study. For most of the questions your answers can be g1ven

Hf you would 1tke.n free summary report of the study simply forward a-separate request on.your company letterhead, This .

—

MIGHT ENHCOURAGE INCREASED USE OF CAD/CAM SYSTEMS.

If YOU ARE A CAD/CAM SUPPLIER, TECHNICAL SOCIEYY OR TRADE ASSOCIATION PLEASE GO DIRECTLY T0 QUESTION 10 AND INDICATE
YOUR ASSESSMENT OF THE CONSTRAINTS THAT MANUFACTURERS PRESENTLY FACE AND WHAT YOU BELIEVE ARE THE INCENTIVES THAT

(1.) WHAT IS YOUR KNOWLEDGE OF CAD/CAM?Y

: Hajor A-ve‘uge ' " Minor e
Expart ’ - Knowledge Knowledge Knowledge Know}edge
1] _ < OO0 . 1d - 5 [

i

LT

00 NOY 7
WRITE IN
THIS COLUMA

(2) WHAT CLASS OF CAO0/CAM USER IS THIS ESTABLISH'{NT" (Question J provides some {ndication as to what
ts {ncluded in a CAOD/CAM System.)

(I decreased

Present User " Present User Not a User Hot a User Ko Intention :
Tonsidering Mot cons ider.ing put actively ~ put Tntend Yo- to use CAD/CAH 8 E
increased use _ Increased use cons ider ing cons ider CAD/CAH systems in the
of CAD/CAH _oof CAD/CAN CAD/CAM systems in next 5 years - next § yeers
N P : 0 L0 s O
(3) WHAT APPLICATION OF CAD/CAM 0O vou PRESENTLY USE, ARE COMSIDERING USTHG OR WIGHT CORSTIER USTRE TN : ] ] ” l
THE HEXT- 5 YE“"' . o 9«10 1[1-12
S A o NP -
S. &¢ ¥ o &5 &
S &S I RS b
S L L, \°’°<"’ ;l(q';‘f'o&f'q, 2,(‘:‘0:\ -
TP aw VICLES 13-14 15-16
; D102 90 Evgtnateng Comutctlcn by Computer . 8 [ 22[33601 astemetic sessably by fessts EDEE
D:-s' ) mD Automated Drafting/Oos ign . 9 0230370 otmer svwiications of osots - i
: oot o Autonated Profucticn cnd Parts Schadu)ing 10 0260380 setoasted testing . 17-18 19- 0‘ )
018 0 32 Nr,:: ::ro::l:ul frea €40 to miching !ool U Ox010 - wmm‘. ek tn propeas m‘]_:
5 DI9DJJD Teol C 1) prte & b i TR ety 2
Pra et :;m ot Contro 12 0326040 0 tntegrated tata) CAD/CAN Systems z_x'-.z £3-01
hQwOaxo thlu Astaably by sprcie) purposa m!pnu\t 13 0 27_ aa 0D .'oll_c'f) LD
7 0320 (3 35 O-rorottc wits for parts headiing 4 022804920 (o) TR
(4) WHAT ARE VOUR ESTIMATES OF THE EFFECTS OF éAD[CA"I? IF YOU ARE NOT PRESENTLY A USER, GIVE YOUR
ESTIMATES. . ]
a) on productivity -- wil) L] tncrease productivity by pc..brcent D
[ decrease — 27 8-
y . VI CJ tncrease ‘
b) on employment wil (7] decrease employment by people D UIE
which s percent of the affected porkforce, ) 30 - ii '
1 ] increase RS
c) on quality -= will ] decrease reliability, consistency and quality by a -
O neglilgible ' ' [:
(I moderate amount. " 3
[[]rarge E
. 38
d} on volume of present D increase o [j l I
and new husiness -- will [::J decrease . “‘“ by percent e
3% 40-44
e) Ieed times oF set up times oreC:l fncressed - ‘by percent gg
47 KB

(5) YOTAL NUMGER OF EMPLOYEES AT THIS PLANT OR OIVISION (INCLUZE ALL EH’LOYEES -~ Bl.lf COLLAR,
SECIEYARML. ADHIRISYRATIVE, ETC.).

NUMBER ¢ i
(6) CSTIMATED MAKUFACTURING FACILITY SALES FOR 1983 OF THIS PLANT OR DIV1SION
1 O up to 399,999 sCJ $1,000,000-52,999,999 9lJ $50,000,000 and
X . . over
2 [J $100,000-5199,999 6L $3,000,000-$9,999,999
3 [J s5200,000-5499,999 700 $10,000,000-524,999,999
a £J 5500,000-3999,999 8] s25,000,000-349,999,999

(7) ESTIMATE THE AVERAGE NUMGER OF UNITS PER J0B RUN IN THIS MANUFACTURING FACILITY
1 0 s ontes ‘ 4D s1e100 untts
2 [J 6-24 untts : 5 03 101-500 units
3 03 25.50 untes 6 [J over 500 untts

vt et sarmn e

@
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1 || paper and allied products

: Lumber and Wood' Products
4 [::](except‘Furniture)

3 I [ Fish Processvng
4 | | Chemicals’ and alhed prnducts

Petroleum Refining and

5 [::] related industries

6 [} primary Metal Induétries

7 ] rabricated Metal Products(except
Machinery and Transport-Equipment)

(R) WHICH CLASSIFICAT IOR BEST DESCRlﬂES THIS MANUFACTURING FAClLiTY

8 [::]:Machinéry - except Electrical

9 [::] Electrical and Electronic Machinery

‘equipment and supplies

10 [::] Transportation equipment
11 '[::] Measuring, Analyzingand Control

Instruments, photographic, medical and
optic goods, watches and clocks

12 [::] Miscellaneous'Manufacturing Industries
13 [::] Apparel "and other finished products made

frcm fabric and similar materials

51-52

(9) LOCATION OF THI'S PLANT OR MANUFACTURING FACILITY

11 Inadequate return on
investment

12 Unavailability of resources
to study and evaluate CAD/
CAM systems .

1 [ Rewfoundland | a4 [J jew Brunswick | 7 [ manitoba 10 O s.c.
2 O p.ea. s [ Quebec g [ Saskatchewan nd y.T. [;;[;;
-3 [J nova scotia .6 O ontario 9 [ arerta 12 O vt
(10) PRESENTLY THERE ARE A NUMBER OF FACTORS THAT DISCOURAGE THE INCREASED USE OR IMPLEMENTATION OF CAD/-
CAM SYSEMS. THESE FACTORS MIGHT BE CONSIDERED CONSTRAINTS. PLEASE INDICATE WHICH CONSTRAINTS APPLY
. TO YOUR COMPANY IQDAY AND HDW IMPORTANT THESE CONSTRAINTS ARE. PLACE A CHECK MARK (v} UNDER THE
APPROPRIATE POINT ON THE SPACE. -
“1A Critical or  Very Important An Important A Not 50 Ap_Unimport-
fundimental . Bul not critical factor when Important ant factor
factor when con- factor when con- considering factor when _ when con~
sidering CAD/CAM sidering CAD/CAM CAD/CAM considering sidering CAD
systems systems systems CAD/CAM systems /CAM systems
1 2 3 4 5 -
1 Potential labour conflict 5
2 Lack of system software 8
support - L.
3 High financial risk g [
& Market volatility - ]l |
5 Manacement team not know- 11 B
ledgeable about the tech- R
naloqy
5 -management team not ex- 12
perienced in system
: implementation _—
7 Trained staff not available 13
3 Technology not mature - 14
'} fast obsolescence possible —
l9 Difficulty of integrating 15 [::
into present operations
10lack of standardization 16
17

13Unavailability o high cost 19
of investment capital

14 No need for immediate 20
change

15Compatability problems of 21
exchanging data with other
system

16 Kot yet appropriate to 27
my industry

17 Other 23 .
(specify)

18

e B e

(11) WHICH OF THE ABOVE FACTORS ARE PRESERTLY CAUSlNG YOU TD SERIQUSLY QUEST!ON OR HOLD BACK ON THE IM- 24.2%
PLEMENTATION OR EXPANSION OF A TAD/CAM SYSTEM. PLEASE RESPOND BY RECORD!NG THE APPROPRIATE NUMBER zé 2}
IN THE FOLLOWING BOXES. . g:;I;:] 28:29
Most . * !nd Most 3rd Most th Mos{ 30-31
important important important important”



{12) THE FOLLOHIHG IS A LIST OF POSSIBLE IHCEHTIVES FOR INCREASIMG THE USE OF CAD/CN‘I SYSTEMS,
INDICATE HOM EFFECTIVE YOU THINX EACHTD .
APPROPRIATE POINY 04 TME i(‘l\lC‘ ' :

PLEASE

UNDER YHE
Essentlal Can have a Can have Can have Can have
for rapid Very Benefficial Some De- Little or Undesirable

increase of Impect - bub not sireble

CAO/CAH - ‘essential to Tmpact on
systems CAO/CAM '(%71'”1
. ' Iﬁpl;mnlallon

1

implementation tatfon
3 )

oo Impact Impacts on
on CIG?C'KN ™

impleman- system fmple-
ment st fon
5

1 Supplfers standardize programaing
. languages and hardware

2 Suppliers assist in operator/
programrer training

3 Suppliers conduct rore frequent
Hanagement Training Seminars

4 Federal/Provincial agencies pro-
vide Increased tax incentives for
capital finvestment

5 Federal/Provincial agencies pro-
vide funding assistance for
feasihility studles

6 Federal/Provincial agencies pro- .
vide funding assistance for inno-
vative application progrims

7 Federal/Provincis) sgencies change
CAD/CAM Trade/Torviff arrangements

8 Federal/Provincial agencies pro-
vide fncreased funding assistance
for on-job training

S Federal/Povincial sgencies in-
crease responsibility for CAD/CAH
seminars, conlerences. etc.

0 Education fnstitutfons Increase
and improve tralning proqreas for
operators, prograrwers, etc,

11 Education fnstitutfons davelop
programs to educate management fle: |
CAD/CAM concepts, svaluation

and implementation

12Education institytions assume
8reater responsibitities for CAD/
AH research and developmant

13Develop more Regional Centres for
Inforaation Collectfon and dissem-
fnation Re: CAD/CAM

14 Develop practical experience
sessions on other. pzople's
. equipment

15 Create and encourage tndustry
collaboration in R & D

Fmi’rasent Manutacturers share Infor-
matfon and Insights into success
and faffure of CAD/CAM systcas

kY]

n
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(13) DO YOU HAVE AMY ADDITIONAL . COMM

TS REGARDING CONMSTRAIKTS OR INCEWTIVES FOR CAO/CAM

(l@) IN YOUR leUSTRV. 1S CAD/CAN:
.l U.Used by most firns
.2 [:] flsed hy Sﬂﬂ'; flrms
S [T teed by S Cirns
4 D Hot used at all

(15) IN YHE USE OF CAD/CAM 1K YOUR
INDUSTRY, ARE YOU:

1 CI An industry leader

? D Simehiat alivad of compot §tors
1] m par with ophnr fims

4 Ej Somewhat behind compotitors
§ [T uell behind competitors

i 41 EE

2 [__'“] U.S. controlled

(16) 1S THE OMNERSHIP OF THIS ESTABLISHMENY: -

1 l:]unadian controlled 3 [ y.k, controlled
4 D Other European contro)led

5 D Asian controllad

6 [ ] other

§2

THANKC YOI -~ PLEASE RETURH THIS QUESTIONNAIRE IH THE PREPAID SELF-ADDRESSED ENVELOPE
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