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Abstract

The purpose of this s tudy wa s to determine the nee d for

a Provincia l Pro totYI-ing Ce nt r e that wcu l d be capable of

producing high quality manufac turable prototypes in the

least amount of time . At the same time, the study sought to

determine the specific s ystems , resources, and requirements

necessary for t he operation of a Provincia l Prototyping

Centre.

Th i s study wa s conducted f rom March 199 5 to J uly 1995

utilizing a modified Delphi technique . Two r ou nd s o f this

Delphi study we r e co mpleted. Rc.und one asked three

questions to whi ch r e spond ent s we r e free t o g i ve open-ended

responses . I n formation gathered from the first round was

'.li:ili zed t o d eve l op a second questionnaire s ubmi tted as

round two in the Delphi p r oces s . Eac h round u t il ized a

different panel of experts. Ouestionnaires for both rounds

were e lect ro n ically transmitt ed utiliz ing t he E-mail

services of the In t e r net .

Resul ts o f t he study Indi.ca t ed t hat a s teering

committ ee r epresent i ng t he i nt ere s t s o f governme nt,
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industry , ene repreneure , the untve r e t ty, poet-secondary

inst i tutions , an d other interested parties s hou l d be formed

to furt her investigate the f eas i b i lit y of a Pro....incial

prototyp!ng Centre. The resul ts i ndica t e d consensus among

the respndent s for the goals and ob jectives of a Provincial

Prototyping Centre. These are as follows:

a . To p r ovide t he technical supp ort to inventors in

de veloping a prototype,

2. To facilitate and guide inven t o r s ' product

development efforts,

3 . To link inventors wi th financial support agencies ,

4 . To encourage and f a c i l i t ate i nventors by link ing

t hem with o t he r inventors who ha ve been through

t he product deve lopment process ,

S . To e nco urage inventors to develop a ma r ke t i ng

plan,

6 . To assist small business in developing prod ucti on

prototypes quick ly and at an affordable price ,

7 . To f a cil i t a t e the development of existing

capabilities and businesses in the province, a nd
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B. To develop p ro totypes bas ed on i t s own market

intelligence .
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CHAPTER ONE

Background o f the proj ect

Int r o d u c t i o n

On October 14, 19 94, the Honourable Brian Tobin ,

Minister of Fisheries and Oc e ans , l a unc he d National Science

and Technology Week a t the grand opening ceremony for the

Engineering Tec h nology Cen t r e o f Cabot Col lege . In hi s

address Tobin stated:

Canada needs i nnovation if Canada is going to create

new we a l t h . . . and to be compe titive , t o be able to

compete an d win wi t h new products and services around

the world . Fostering innovation today , requires a

culture in whi ch c ommunities , i ndividuals , and

ins t i t u t i on s val u e ani embrace science, engineering,

and techno logy . That is an important cha l l enge today

f or Newf oundland an d La b r ador . (Tob i n , B., personal

communication, Oc tobe r 1 4 , 1994 )

However, emerging high t e c hno lo gy compa nies are i n their

i n f a ncy in Newfoundland and Labrador , and all too often

workers with ne wl y obtained skills in information

technol ogies and i n other emerging technologies must seek

work outside the pr ov i nce. The i nfrastructure required to



support fledgling high technology companies is not yet fu l ly

in place . Acco rding to Hoff~, Manager of the Cabo t college

Office of Industria l Ass istance, innovations developed by

Newfoundland entrepreneurs often requi re conside rable

support from outside the Province to bu i ld and deve lop t he

manufacturable prototypes t ha t are a necessary step in the

product de velopment p rocess . (Hoffe, personal commun ication ,

January, 1 9931

The prototype Concept

pugh (1991) cites that models or pr o t ot yp e s s erve t hree

main f unc tions :

(1) They establish the t ec hn i cal feasibi l ity of the

product.

(2 ) They give me mbers of the design team a t enta t ive

understanding of the interactions be tween t h e

components embodied in the product, whi ch

co llectively make up the whole .

(3) The y help members of the team to ga in an

understan d i ng of the possibl e f u nction s of the

pr oduc t . This becomes more and mor e i mpor tant and



essent i al a s t he design bec omes more and mor e

i nno vat i v e . (p . 175 )

The t e r m prototype is de f ine d a s t he fi rs t or primary

t yp e of anything: a pattern , mode l , s t andar d , exemplar ,

archetype (Sho r t er Ox fo r d English Df.ct.Lonar'y , p , 1 6 0 61 . An

alternative de finition i s, "a mode l suitable for u s e in

comple te evaluation o f form, des i gn , . and pe r-Eormarrce "

(Di c tionary of Scientif ic And Te chnic al Terms, 1 ~ 8 4 , p .

127 0) . A mor e comprehensive defini tio n for a p ro t o t ype t hat

will be used in this study is :

. .. t he t erm used at that stage i n the design process

when the component has bee n realized physically i n a

f orm t hat sa tis fie s the func t i ona l , env i ron mental ,

reliability , ma i ntainability , packaging, and o t her

requirements, b u t when the de sign does n ot necessari l y

reflect t he techniques of ma nuf a c tur e by which i t will

be u l t i ma t ely produced i n qu antity . (Ma n n , 1987, p.

4 2 3 )

A sequential p r ocess i s normally ut ilized in the

development, a nd co mmercial ization of a new product that

includes the activit i es of idea generation, t est ing,



prototyping, development and i nt r odu ct i on (Zahra, Nash , &.

Bickford, 1994, p . 83) . An alternative to this approach

sugges ts tha t such activities can be done concurrently .

In a parallel process, the engineering, marketing , and

manufacturing personnel work closel y on completing a

gi ven ac tivity or phase, t he reby encouraging the speedy

development of the technology . This approach aleo

reduces interdepartmental confl icts, disseminates

information quick ly, and eliminates the bo ttlenecks

cr e a ted by different schedules. (z ahr a e t al ., p. 83)

Statement Of the Prahl em

The use of advanced technology i n manufacturing in

Ne wf oundl a n d and Labrador is i n ite i nfancy . Simple tasks

suc h as const ru cting a p lastic mold or fabricating an

electronic printed c i r c u it board had to be r e f err e d to

experts and fabricat ors located outside of the Province .

Projects funded by the Office of I nd us t rial Assistance , such

as those f ound in the me di ca l de vice Elector. a re exemp lary

(I n k pen, 1993 ) . Such examples could serve to provide

evidence that niche manufacturing markets deve loped fo r



Newfoundland and Labrador ha v e much po t entia l f or further

deve lopment .

However. there is no Centre loca ted i n t he Province to

assist entrepreneurs i n de veloping t he manufacturable

prototypes t ha t are requil-ed prior t o co mme rci a l i z i ng

product s . It was proposed, therefore, that a s tudy c ommence

t o specifically a ddr e ss t he f ollowing quest ions :

1. What systems and resources s hould be i nc orporated i nto

a pro t otyp i ng cent re?

2 . Is t he r e a need for a Pr ovincial protot yping Centre i n

Newfou nd land and Labrador?

.s.lgnll i cance o f the......s.t.1.u:b

Since a Provinc ial PL'ototyping Centre d i d not exist in

Newf oundl.and and Labrador, t hi s s t udy provides beth federal

and provincial agencies with i nf ormati on t o assis t in

decision making prior to implemention of a manufacturable

prototyping ce nt re for high t ec hnology companies in t h is

provi nce . The study also provides information regard i ng

be n e fi t s to be d erived from i mpl ementi ng a Provincial

Prototyping Centre . As well. the adminis t rat ion of the Cabot



Colle ge can be nefit from the i nf ormation in this study and

may consider expanding t he capabilities of the Of f if :e of

Industrial Assistance.

The expansion of t he Of f i ce of In dus t r i a l Assistance is

in keeping with the articles gov e r ni ng t.he Co l l e ge s of

App l i ed Arts , Technology, and Cont i nu i ng Education.

Specifica lly, one article s tates :

To meet the ne eds of the labour mar ket by assisting

with t h e dev e Lcpme nt; o f the skills of the labour f or c e

to respond to economic an d tec hnological change and to

create a capacity for technology t ransfer . (Gove r nme nt

of Ne wf ound l an d and Labrador , 1991 , p , 2 )

ne l i mitat ions of the Study

This s tudy was delimited to ascertaining the need for

and t he resources that would be required for a prototyping

Centre by accessing expert opinion from national experts.

The information gathered from these national experts was

then applied to ascertaining the need for a Prototypng

Centre in Newfoundland and Labrador . No attempt was made to

carry ou t a cost-analysis of the implementation of such a



Pr ovincial Prototyping Centre .

r.imit.ar.i<lwL...O.LtJlp~

While conduc t i ng t h i s s tudy, the followi ng limitations

were recogn ize d :

1 . The study depended upon t he c ooperat ion of the

r espondents.

2 . The study was l i mited by t he e xpert knowl edge of

t he De l phi paneU.sts ava ilable and a ccessible t:o

t he researcher .

3. The study was l.imited b y t he s e 'Ieot. Lon p roceen

utilized to deeemune t he Delphi panelists .

4 . The study was limi ted t o t he months of April, Ma y .

June , and July of 1995 .

~jtjQn pf Terms.

For the purposes of this study. the fo llowing terms and

definitions appl y .

Compu t er Aided Design (CAD) : Sof t wa r e packages t hat

uti lize the capabil i t i e s of computers to create



a rchitectural, mechanical , and e lectronics drawings .

Essentially the computer is used as a design and

draft ing too l where des ign modificat ions and

improvements can easily be made . (Re i s s , 1989 , p . 196 )

Computer aided engineering (CAE) : The analysis and

evaluation o f t he engineering des ign using

ccmput.ee- baeed t e chni ques to calculate product

ope rational, functional, and manufacturing

parameters too complex f or c lassical methods .

(Rehg, 1994 , p .138)

Computer. Aided Manuf acturing (CAM): The e ffective

use of computer technology i n the planning,

management , and control of p roduction for the

ent e r pris e . (Rehg, 1994 , p . 17l )

Compute~ Integrated Manu facturing (ClM) :

I nte gr a t i on of the tC'ltal manufacturing enterprise

through t he use of integrated systems and da t a

co mmunicat ions coupl ed with new managerial

phi losophies that i mpro v e organiza tiona l and

personnel efficiency. (Rehg , 199 4, p . 16 )

Conaurrent Engineering (CE) : A systemat ic ap proach



to the integrated , s imu ltaneous des ign of both

products and thei r r e lated processes , i n cl ud i ng

manuf a cturin g, test , and support . (Tur i no , 1992,

p . 3)

Del ph i Method: The Delphi technique is a f orm of

structur ed int eraction that has been u t i lized fo r an

a ss ortment of nee d s assessmen t studies . I t has be en

used f or the s etting o f priorities as well as

establishing a certain l e vel of co ns ens us .

El ectrCiIIledical Equipment: Electrically powered

equipment or equipment t h a t generates e lectrical

potentials f or us e i n t h e medical diagnosis ,

t reatmen t , mitigation , o r prevention of a disease

or the symptoms thereof in a patient . {Canadi a n

Standards Association (e SA] , 1984, p . 13 )

Flexi ble Manuf actu ring Sys tem. (FMS) : A fully ,

nearly ful ly automated system which co ns i s t s of at

least t wo nu merical ly cont rol led machine tools

interconnected by means of an automated system for

t he handling and s torage of material a nd some times

tools , and control led by an integrated compute r
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s ystem or a programmabl e l ogic a l ci rcuit .

(Ehrnberg and J aco b s s on, 1993 . p , 3 3 )

Fused Depo8ition Modelling (FDM) : A r ap id

prototyping t ec hnique t h a t bui lds up each cros s

s e ction by mov i ng a t hi n extruded "wi re n of

plastic or wa x j ust above t he p art Lc catLon and

h e a t ing it to i t s me lting point . (Re hg, 1994, p ,

158)

:Innovation : The costly proces s o f l aunching a new

i dea and i ts products ":'n the market pla ce .

(Br a unstein, Bau mol , & Ma n s field, 1980 , p , 25)

:Internet I The technical ter m for connecting a network

of ne t works . The I n t er ne t was started by t h e U.S .

A dvan c ed Research Pro j ects Agency as a means to

economi ze on the use of b roadband te lephone lines by

utilizing a packe t -swi t c h i ng network .

(Dern , 199 4 , p , 12 )

Laminated Objec t Manufacturing (LOM) : A r ap i d

prot otyp i ng technique t h at bui l ds up cross

sections t hat a r e c ut f rom t hin she e ts of stock .

Ea ch sheet is glu ed with adh esive t o t he a lready



constr uct ed part, then t r i mmed wit h a laser .

(R e hg , 1 994 , p . 159 )

Medical Devi c e : The term dev i ce means

instrument, apparatus , implement , mac h i ne,

contrivanc e, i mplant , i nv itro reagent , or o ther

similar or rela t ed art i cle . in c l uding any

component , part , o r accesso ry , wh i ch 19 --

~ ) re cognized in t h e of f i c i al National For mulary ,

or the United St a t e s Pharma c opoeia , o r any

supplement t o them,

2) intende d for us e in t h e diag nosi s of di sease or

other condi tions, or i n the cur e, mitigat i on,

treatment, or prevent ion of di sease, in man or

other animals . or

3) in t e n ded to affect the structure or any

function of the body of man or o t her a nimals , and

which d o es not achieve an y of its principal

intended purposes through c hemi c al action wi t hi n

or on t h e bod y of man or other animals and which

is not d ependent upon being metabolized for the

achievement of any of its principal i ntended

11



purposes . (U.S . Depa rtment o f Health and Huma n

Services , 199 2 , p . 3 7 )

Medium .s!zed company : A company wi t h be tween 100

and 999 employees. (C anada ' 5 Technology Industri e s

1n the ] 9909, 1991, p . 11)

Prototype : The term u sed a t t hat stage i n the

design p rocess when the co mponent has been

realized physically in a form that satisfies the

fu nctional , e nvironmental, reliability,

maintainabili ty . packaging , and other

requirements, b ut when t he clasign doe s not

ne c e ssari l y re flect the techniques of manufacture

by whi c h it wi ll be ul t i mately produc ed in

quantity . (Mann , 19 8 7 . p • 423 )

Rapid Prototyping: A t e chn i qu e ueed t o build a

s ample of a ne w design quickly by partit i oning a

3- D CAD model of a part into horizont a l

croee-eec cfcnaf slices and then transfo rmi ng t he

design, l ayer by laye r i nto a phy sica l mode l or

protot yp e . (Rehg, 1994, p . 1.56)

Roundl A set of questions p o s ed t o a Delphi pan e l.

12



1 3

I n f o r ma t i o n obtained from t his set of questions is

analyzed and returned to the Delphi panelists in order

to achieve a level of consensus.

Se l e c tive laser sintering (SLB) : A t ech n i que that

employs a high energy laser to fuse or s inter

powde r into a solid object . (Rehg, 1994 , p. 157)

Small-sized co mpany : A company with less than 100

employees . (Canada 's Technology I ndu s t ri e s i n the

~. 1991 , p . 11 )

Ste r e oli t h ogr a p hy (BTL): A rapid proto typ!ng

technique that utilizes a tank of photosensitive

polyme r and a servo-control led l a s e r that is

focused on the surface o f the liquid po lymer al l

linked to a 3-D CAD system. The computer reads the

CAD f ile f or the prototype part an d causes the

lase r to trace the area of the bottom cross

section on the liquid polymer . The laser light

causes the polymer to harden . By l ower i n g a t able

i n the vat of l i qu i d polyme r s u ccess iv e l ayers o f

the prototype par t can be bu i lt up unt i l the

entire part is created f rom the ha r dened polymer .
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(Rehg , 1994, p , 1 5 6 )

Systems eng ineering : The proce ss of identifying a n

operational requirement, translating the statement

of need into a ser ies o f parameters which describe

t he s t r uc ture and performance of a system, and

finally constructing and testing a u s eful

prototype o f the system f or deployment and user

satisfaction. (Wenker , 1987, p . 103 )

Total Qua li t y Management (TQM) : A philosophy and a

set of gu iding principles that represent the

f ounda t i on of a continuously improving

organization . I t is t he application of

quantitative methods an d human resources to

i mpr ove al l the processes withi n an orga nization

and ex ceed c ustomer needs now and in the f uture .

(Bes t e rf i e l d , 1 994 , p. 44 3 )

Orga n ; z at j 0 D Of t h e S t u dy

This study is o rganized i n the following manne r :

Chapter 2 contains a r eview o t the r ele vant l i t e r a t ur e

regarding prot ot yp i ng , i ntellect ua l p r ope r t y considerations ,
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t o t al quality management , computer integrated manufacturing ,

and concurrent engineering practises current l y be ing

p r a c ti s ed .

Chapter 3 profiles t he methodology used i n t he

co nducting of thi s s tudy .

Chapter 4 r ep or t s and p r ov i de s a qua l itat i ve a nalysis

o f the res ul t s of t he data ga thered during the s t u dy .

Cha pter 5 d raw s conclusions from the s tudy and makes

recommendations for f uture study.



CHAPTER TWO

Review o f Related Literature

I n trod u ctj p n

Research an d deve lopment (R&D) can be considered to be

a series o f activities or stages. Sch umpe ter (as ci ted in

Braunste in et a L, , 1980) divided the process of r esearch and

deve lopment int o stages which were identified a s : invention,

innovation, a nd diffus ion (imitation). Scherer (ci ted in

Br au ns t e i n et a1., 1980) suggested t hat mode rn R&D

activities ca n benefit f r om a further c lass i f ication of

t h es e three stages into i nv en t i on , ent repreneurship ,

investment, development., and diffus ion . The en trepreneurship

stage occurs when a business person seeks out the i nvent or' s

idea and starts t he pr o ce s s of commerciali za tion . Inve s t men t

i s t he dedication of r e s our c e s to i mpl ement the R&D process,

and development is the activity r e quir ed to move t he

innovation into the real worl d .

The purpose of research is to r eveal ne w kn owl ed ge , bu t

the purpose o f design - product di~sign a t leas t - is t o

creat e ne w products. The meaning o f development varies

from sector to sect or, but normal ly has t o do with
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product improvement. (Constable , 1994. p , 81l

BackgrQund to the StJldy

A recommendation by the Study Group on Technicians and

Technologists 11990) focuses on a plausible scenario for the

future development of Canada . They suggested :

. . . to prosper in the years ahead, Canada will have to

successfully compete i n a knowledge-based, technology

driven world. Our future economic survival wi ll

increasingly depend on our ability to develop and apply

new forms of technology. as well as our capacity to

provide goods and services that are research,

information, and knowledge-intensive . Indeed science

and technology are emerging as an important basis of

national comparative advantage . (p . 1 6)

As the above suggests, research and d evelopment

activity is considered vital to the economy of Canada.

However, this vital activity is underemphasized by some

Cana dian companies . According to Canada' B Te chnQ)Ogy

IndllBtrieg i p the 1990s, "suoceaefu.t technology companies
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must mai ntain a strong research and development (R&D)

effort, work i ng co n tinually to improve t he quality of thedr

products , to speed up the i r d eve l opme nt processes and the i r

distribution channels " (1991, p. 1 ) .

Tab l e 1 shows a dr op of 0 .5\ in e xpe nditures as a

percentage of r evenues between 1988 a nd 1990 in Canadian

technology intensive companies. For start-up, small, and

medium -sized companies, this trend is ominous . I n t he United

States . however, overal l expenditure a s a percentage o f

revenue on R&D is expected to increase from 9. St t o 9 . Bt in

five years .



R'-D Exp end.i turel a ll a Percentag e of Revenulls

Canada

CQIlIpany Size 198 8 1989 1 9 90

Small 13.2 12 . 8 11 .2

Medium 5.' 5.1 .....",. 5.' 5.' 5.'
All Companies ' .1 ,., 5.'
Source I Ernst" Young/ Hutc hison Roseareb Canadbn study

un i t ed St atel!

Company Size. CUrrent In five ye arD

Devel opi ng 20. 8 13.9

Small 12 . 8 10 .8

Mld-d ze 10 .:1 ,.,.."'. e.e ..,
Top Tier ' .3 , .a

All Compani es ' .5 , . a

Source : Em st r. Young united Sta t es study

Tab le 1 : Research and Develop ment Expenditures

(canada 's Te c hn ology I ndustrie s i n the 1 9 9 0 B, p . 11)

"
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These small and medium-sized companies, as wel l as

start-up firms , are challenged to become competitive on an

international scale qu ickly due to t he threat of increased

global co mpetition that is fuel led by advancing

t e chnol og i e s . By quickly becoming i nt e r na t i o n a lly

competitive , these companies will no l o nger be dependent on

a small local market for their s urvival.

The same challenges that face Canada as a result of the

changing global economy also affect Newfoundland and

Labrador. In fact, a ne w vision for t hi s Province 's economy

has been art icubted i n the document entitled~

Challenge . A Strategic BcoDpmic' Plan faT Newfqundland and

~, ·Our economic vision for Newfoundland and Labrador

is that of an enterprising , educated, distinctive and

prosperous people working together to create a competitive

economy based on innovation , creativity, productivity, and

quality " (Gove r nmen t of Newfoundland and Labrador , 1992, p ,

1 3 ) .

In this document , the Provincial government recommends

t h a t the private sector address the advantages of innovation
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thr ough t he use o f new t e c hnol ogica l de ve lopme n t a nd

adaptation . The re port ident ifies programs to transfer

technology t ha t will b e made available to the private eect or

t o en hance their competitive advantage .

In pa rtne r s hip with the Federal go v e r nme n t

implement p r og r ams t o commercialize and mar ke t new

t echn ol og i es , products and processes, and t o

encou r age qual ity e nhanceme nt , plant mod erniza tion

and t r aining . (Gove r nment o f Newfoundland and

Labrador , 1992, p . 37 )

The Pr ovincial go vernment r e commends that Memori al

Uni ve rsity of Newfoundland and t he other pos t- se co ndary

institutions develop better links a nd partnerships with the

private sector . By doing so. t he l ocal research and

development capabili ties inherent in these organizations can

be utilized more aggressively (Government of Newfoundland

and Labrador , 199 2) .

The National Research Council (NRC) in Ca nad a is

designed t o playa key role in enhancing manufacturers'

ability to compete in the global economy . According to
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Inkpen (1993) . t he NRC supports 16 different i n s t i t u t e s, 1 1

based in Ot t a wa an d the r e mai nde r l ocated ac ross the

country , includi ng the Institute f or Marine Dynamics i n St .

John 's , Newfoundlan d. The Industri a l Research As sistance

Progranvne (I RAP) wa s established by the NRC in 1 964 to

support a nd encourage appl i e d r e s ea r ch and development .

lRAP has i ts own presence in Newfou ndl and through ten

I ndus t r i a l Tec hnology Advisor s (IT A's) who he lp compa n i es

identify opportunities , solve problems, a nd identi f y

expertise in the community that could be t appe d to a ddr e s s

s u c h problems and opportunities . Some o f t he s e I TA' s are

direct l y employed by t h e NRC, while others are e mployees of

Enterprise Newf oundla nd and Lab rador. I nkpen (1 993 ) cites D.

Rideout , Reg ional Dire c t o r for IRAP in Newfoundland and

Labrador:

Last year , we had a three million dolbr bUdget , of

which , t wo million wa s alloc ated t o some 2 50 pro j e cts

in the Provinc e . A l arge port i on of t his mone y was

dispe ns ed through t he Cont ribution Agreements t ha t we

have wi t h various o r g aniza tions, such as the Cabot
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College . Ip , 2 )

The Office o f I ndustrial Ass ist ance us es t he

Contribut i on Agr eeme nt f u nding as a mean e t o i nitiate

v a r i ous p ro j e c te s o t hat there is no monetary cost t o

clients at t h e prelimi nary s t a g es of a proj ect . Beyond this

preliminary s tage , if a project is c on s idered feasible,

funding can be s ought f rom vari ous agencies s uch a s I RAP an d

t he Atlantic Canada Oppoz-t.und t Le u Age ncy (ACOA) and t he

client is enc ourag ed t o fund ap proxim ately 25 \' o f the cost .

At t he present t i me. the Office of Industrial As s is t an ce has

c ompleted approximately 20 projects t ha t have con t ribu t ed t o

t he economi c ac t ivity of the provi nc e (D. Hea ke , personal

c ommunic ation. Sep t ember . 1994) . One project in pa rticular

was significant e nough to trigger and i ncrease the staffing

of a small company from 3 to 10 pe ople.

The goals and ob ject.ives of the Of fice of Indust ria l

Assistance are t o , "Es t a b l i s h Cabot College as a l e ad ing

edge Applied neeeercb Orga ni za tion offering a fu l l

complement of I ndu strial As s i sta nc e services" (Cabot Co llege

o f App lied Arts , Technology, and Con t i nuing Educat i on , 1992 ,
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p . 2) . In order for t h e Off ice of I ndustrial Assistance to

a ttain this goal, all the elements related to a state of the

a rt full prototyping capability may need consideration .

Intellectua l Prqperty

One of the considerations t.ha t mu s t be incorporated

i nto the management structure of a Provincial prototyping

Centre i s t he protection o f any f orm of intel lectual

property of the c lient . There are se ve ral t ec hniqu e s that

have been utilized to protect: such property. The se are

patents, copyright , trademarking, and i ndustr i a l design

registration . All of t hes e techniques have ha d their share

o f successes an d f a ilu r es .

when a f i rm comes up wi t h a valuable idea, it i s

a ttractive to those who do not wish to duplicate t h e

o riginal research . Therefore, h i t c h i ng a f r ee ride on the

original fi r m' s r e s ea r ch is a p os s i bil i ty that degrades the

Lnveetment; process. Th e end resul t of this pract i se is t hat

f i r ms a r e l ess wi ll i ng to ma ke t he investment r e quired to

e volve valuable ideas, r egardless of tht!!:i r benefi t to
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society.

A monopoly is conducive to research because it

captures all of the rewards from such research rather than

having t o share them with t ho s e who did not participate in

the o rig i n at ion of the innovation . The c o nc e p t of

monop o lized innovation, however , may defeat i t s intent.

Compani es that have an e f fec t ive monopoly will have little

or no incentive to innovate. This lack of innovation leads

to stagnation and l oss of mar ket share . Braunstein et al.

(1980 ) described this phenomenon and postulated why a

company s hou l d t ake on the risk o f further resear ch when

they have a safe marke t monopoly and profits . Additional

research into the i nnovation may discover cheaper and easier

ways to produce the i nno va tio n which would make the entry of

rivals even mor e possible . On l y competitive pressures , it

seems, c a n force innova t i on upon an industry . with

c ompetition, a company must innovate or risk being non­

comp e t itive in its own mar ket. According t o Kamien and

Schwartz (cited in Braunstein et aI. , 1980), a new

empirically inspired hypothesis has emerged to explain that
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a market structu re intermedia t e betwee n monopo l y and perfe c t

competition woul d promote t.h e highest rate of i nventive

a ct i v ity.

The pa t ent s ys tem was devel oped to circumve nt thi s

free -rider p r ob lem ass ociated with R&D. Essentially, a

monopo l y i n the fo rm o f exclusive r i ghts over t h e financial

benefits o f the i nnovation is awarded to t he I nnova t o x f or

the life o f the pate nt in the ho pe o f e linli na t i ng t he

fre e- rider pr obl C!! m. An addit i ona l purpose of the patent

syste m i s to prov i de discl osure o f n ew invent ions . Pa tented

idea~ a re made availab l e t o t he pu bl i c t hro ug h office s s uch

a s t he Of fice of Industri al Ass is t anc e at the Cabot Colleg e

which serves as a pa tent i n t e rme d i a ry f or clients . Th is

offic e i s also c apa b l e o f perform ing pate nt innova t ion

s earc hes f or i t s client s .

zahra , Nash . and Bi c kf ord (1 994 ) stat e t hat co mpanies

co nt i nu e to apply f or patents i n reco rd numbers or to ask

cour t s to prot ect t he i r patents. Even s o , patents o ffe r poor

protection of a pioneer's technology. In a survey o f ~50

man agers in 130 indus t rie s , Zahra e t a'l , (1994 ) found that
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of the d ifferent approaches that companies mi ght use t o

p rotect thei r i nt e l l e c t ua l property (e .g . • patents, trade

secrets , and copyrights). these executives rated patents as

the l e ast effective form o f protection . Patents l eake d v i t a l

i nforma t i on t o competitor s . Patents can, howeve r , be a

source of revenue t hr ough t he process of l icensing .

The so ftware industry is also plagued with violations

of copy r i ght . Several of the large t e chnol og i c a l pioneers i n

t he software industry a re currently embroi led in t id A debate

ove r intellec tual property pr ot e c tion (Zahra et al., 1994 ) .

Perhaps the best form o f protection f or technol ogica l

pioneering is the techno logy itself . The more proprietary

features that are incorporated into the innovation, the more

diffic u l t it is for riva l s t o reverse engineer o r copy it .

I n the medical device industry , according to Harris &

Associa tes (1982) , a survey of med i ca l device manufacturers

documented a n extrao rdinary leve l of innov a tive activity .

Nearly half (45 \ ) of the establishments report t ha t

t he i r establishments have i n t r oduc e d a real l y ne w

medical de vice produc t since 1972 that would generally
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be considered a I:li gnificant i nnovat ion i n the f i e l d .

This is a p rofile of an indus try whe r e innovat ion is

the norm rather than the exception . {p , 106)

New product introduction , according to Harris & Associates

(1982 ) , may be a better meas ure of inno vat ion than patent

awards i n the medica l device sector . Th i s is due t o the

t ime , costs and staffing requi rements necessa r y to pursue

patent a c t i v i ty which may discourage smaller compa nies from

applying f or patents .

.TQ.t..a.l..... lal i ty Ma n ageme n t

On average . American products cos t too much to design ,

deve lop , and bui ld . On ave r a ge , Amer ican goods have

also l a gged in qu a lity - fi rst in qua lity of

man ufac t ur e (conformance t o design s peci f ications) .

mor e recent ly in qu al i t y of design (fu nc t i ona l

pe rformance and cu s t omer ap peal) . (Al ic, J. A. , 1993 ,

359- 360 )

Growi ng t r a de and fina ncial deficits faced North

American firms af t er the economic re c e s sion o f the early
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1980 ' s. Kana (1993 ) stated that this si tuation mot ivated t op

management i n several leading c ompa n i es in America t o play

an i mportant role in leading the quality movement. . As a

resul t, managemen t. commi tment to qu a li t y became a

r e quirement for survival i n t he midst o f world-class

compe t ition . Quality began to emerge a s a key managemen t

fo cus which ha s influenced near ly every industry ass e r ts

Ea s ton (1 99 3) . According to Be l ohlav (1993 ) quality be came a

tangible con ce p t. t ha t ensures t he delivery of value as

cu s tomers n e eds c h ange ; and a mechanism to mobilize and

maintain the i n t ensity of individual action.

Cr ea t i on of t he Mal colm Bal drige National Quality Award

by Cong res s in 1987 contributed t o t he nationa l

v i s i b i lit y o f qu a l i ty managem ent and thus to the

momentum o f t he U. S . quality management movemen t .

(Easto n, p , 32)

Thi s t yp e of or g an i za t iona l milieu or corporate culture

can be developed by a t e chn i que called Total Qualit y

Manage ment. TQM, according to 8esterfield (1994), is both a

philosophy an d a s e t of guiding pr i nciples that ou tlines the
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fou ndation of a continuously improving (Jrganizat ion . TQM i s

qu a l i t y d riven and, most importantly, oriented towards

meet ing or e xceeding c ustomer s a tisfact ion . The k e y to an

e ffective TQM prog ram i s t ha t t h e who l e e n terprise mus t

f ocu s on t he customer .

The TOM movement has its roots in the concept of the

Theory Z organizat ion p o s t ula t ed by OUch! (19S1). OUch!

s tated t ha t Theory Z compa nies:

. . . have t he objective of developing t he ab i l ity o f t he

organization to coordinate people , no t tech no logy, to

ac hieve productivi ty. In part, this i n v ol ve s developing

peop l e' s skills, but in p a r t it also involves the

creation of new s t ructures, incentives , an d a new

phi losophy of managament . (p. 83)

Acco rd ing to Mar t i n Starr (1988). "i mproving the

quality o f such customer integrated p roces s becomes the t ool

to assur e customer satisfaction and to ampl i fy the

cus tome r's role a s a dri ving f orce of the enterpr ise" (p .

142) . Emerging high -techno logy companies t hat co u l d u t i lize

the resources of a Provincia l Prototyping Ce nt r e woul d be
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faced with the challenge of obt a i ning l o ng- t e r m sus t a i nabl e

success or in other words becoming a viable business . Price

,. Chen (1993) state tha t TQMsets the founda tion fo r the t wo

critica l su ccess fac t o rs f.or suc h companies : r a pid t ime- t o­

market and product differentiation . TOM adoption has become

an essential i ngredient in encouraging creativity,

i ni t i at iv e, and ensu r i ng that the or gan i zat i on can react

quickly t o change.

A TQ!<1 organization s ee ks 1:0 co nt i nu ally improve upon

the quali t y of its products and/or pr oceases . I n the context

of TQM, quality has a pre c ise meaning and is defined by the

I nternat i onal Standards Or g anizati on (ISO 8402 - 1986 :

Qua lity-Voc abu l a ry) as:

The totality o f features and characterist i cs of a

product or s erv i ce that bear on its ltbi l i t y to satisfy

s t a ted or implie d needs . (cit r.-d in St ebb ing , 1989 , p .

11

Addit ionally , t here a re many s tandards associated with the

co ncept of qua Li.t y and qua l i t y as surance , which are often

us ed synonymously wi t h TQM .
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Fi n a lly, the TQM a pproach i nvo l ves the worker as the

method for continuously i mp rovi ng . Custome:t:s know what they

wan t , but the e mpl oyees of t e n know how to deliver it . Ea s t on

(1 9 93 ) sta tes t h a t there must be widespread empj.cyee

involvemen t in quality i mprov ement t e a ms .

The t r e nd o f seeking c ontdnur ua imp rove men t i mplies

t hat t he organ i za t i on must continuously resp ond to

intent ional changes as well as ad justing to t h e unexpected

co n s eque nces of predictable chan g es. The r e f or e , fl ex ibi l i t y

within an organization is no t on l y des i r a b l e bu t a lso a

necessity . Flexibility, according to Bahram! (1 9 93 ) . is Ci

multidimensional concept that demands agility and

versatil~it)l t hat is associeted wi t h innov a t i on . change , and

nov e lty. I t is al so coupled with r obus tness and resil i ence

implyj ng s t abil ity , sustainable:. advantage, and capabilities

that rna?;. · evolve over time. Cont i nuous improvement concepts

must f ocus on the or!! .;,nization as a whole , and on providing

{le:Kibility allowing wo r ke r s , at al l l ev e l s , to suggest and

ac t on i mp ro veme n t s to t he work flow of the organization.

Total Quality Management i s , therefore , a technique
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that focuses on meeting or exceeding cus tomer expectations

by involving the wo r k f orc e in continually improving the way

work is performed wi t hin the organization . Much of the TQM

movement is based on t oo l s and techniques developed by

Japanese quality management over the past for ty years, such

as statistical process control , Tagu chi methods, and quality

function deployment .

8elohlav (U93) noted that as quality increases, costs

will go down because people, floor space, and r e s ou r ce s used

for finding and fixing t hings, which should have been done

right the first time , are no longer required . Motor~la (as

cited in Belohlav , 1993) noted that an average organization

tends to operate in a 4 sigma range (a method of classifying

error or defec t rates ) or about 6210 defects per million

parts, while a 6 sig:na organization creates only about 3.-4

defects per million parts . "Motorola' a experience has a lso

shown that a -4 sigm..1 manufacturer wil l spend in excess of

1 0\ cf the sales dollar on internal and external repair. A 6

sigma manufacturer will spend less than 1\" (Be lohlav ,

1993) . Quality, therefore , reduces coat.
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MacCormack, Newman, and Rosenfie ld (1994), cite a 1 990

surv ey of senior managers in 260 American high t e chnol ogy

f i rms t hat indicated that 2 2\ h a d TQM p rograms i n all

manuf a c t uring areas . This indicates t ha t the l e a ders i n high

t echnology innovation value the contribu tion and

effectiveness of t he t o t a l qua lity management phi losophy .

~nt En gineeri n g

Pr oduc t cos t i s highly dependent upon t he des ign

d ecision made a t a n early s t age of a pr oduct l i f e cyc l e.

For ins tance, t he au t omobile h 'dus tries reported that

a lthough only about 5\ of the t; ...... ' , cost o f a n

automobile i s spent on the design activity i tself , t he

d e s i gn decision de termines about 70 % of the total

product cos t . (Oh" Pa rk, 1 994 , p , 279 )

It becomes ne cessary, according to Cr ea s e a nd Moor e (a s

ci t ed i n oh & Par k , H94 ) to emp loy a philosop hy for

i mprOVi ng quality, reducing costs , a nd r edu cing t he lead

t i me f ro m pr o duct concep tion t o pr oduc t deve lopment fo r new

produ c ts as well a s pr oduct modifications . By the late
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1970' S, Alic (1 993) stated that Xerox Corporation discovered

that its manufacturing costs were 50\ or higher than its

competitors from Japan . Xerox traced about half of its cost

disadvantages to product design , noting that its overseas

rivals could design a new copier and get i t i n t o production

i n 12-18 months , compared to 24 -36 months f or Xerox .

The concept of continuous improvement has l e d to the

development of a new engineering management technique termed

concurrent engineering. This is a cor-t Lnuoua design

improvement process that allows organizations to reduce

time- t o-market and to improve both design and product

quality while improving company profitability and

compet itiveness (Turino. 1992 ) . Customer satisfaction can

also increase through the adoption of concurrent engineering

practises.

Conc urrent engineering is the direct involvement of all

parts of an organization into the conceptualization,

specification, development, manufacturing and support

of new products . Successful new product development is

not longer the sale responsibility of the R&D
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department , but is t he combination of the efforts ,

teamwork and c ooperation of the entire organization .

IShina , un, p. 2)

Alic (19 93 ) po stulates t hat r e i n t e g r a t i ng de s ign a nd

product ion i s pa rtly a matter of manag ement, partly a mat t.er

of pu re l y technics.l tools a n d techniques . The class ical

approach t o the p roduct developmen t process 10 shown in

Fi gure 1 .
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Des igns Tossed Ove, 'h e
PrOYlrbIBI "Br lck WaU"1

Figure 1. Cl as sical Design Ap:,roach (Tur i no, 1992 , p . 4 )

The R&D department (a s shown in Fi gu r e 1) was separated

from t he other department s who might be keenly ant. creeeed in

providing input t o the design process . Product designs wer e

developed in isolation by engineers who did not r e ce i v e

input from other groups . The co mpleted de s i g n wi th f ul l y

deta i led engineering drawings was passed over t o t he

production engineers in manufacturing who then developed the

production s ystems i n isolation . Eventually , this section

passed t he completed production information to the shop
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