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. PREFACE

As noted on the title page, our reSpeCted andghighly
valued colleague, P. Michael Maher is listed as a collaborator.-
with the principle authors of this reportﬂ The undersigned
want to make it perfectly clear that his input, ideas; and
direction contributed immensely to the.product'of'the research
effort of the past ten months. It was his initial drive, Vislon,
and ambition: that gave the prOJect initial 1mpetus.'-Hislthsica1
ab111ty, but not his qu;ck mind, was 1mparred in the unfortunate'f
October 1973 crash of his private a1rcraft Althoughihe provided
important Judgment and input after October, ‘his. loss was deeply
felt. As mlght be expected as a result of Mlke 'S reduced
capac1t1es the prOJect probably took a sllghtly d1fferent di-
rection than it would have under the full force of h1s part1c1—
pat1on and-was executed in a manner over wh1ch he had no control
In addition, he mlght not agree w1th the analy51s of data or some '
of the concluslons drawn therefrom . In order to absolve Professor
Maher from any respon31b111ty for the quallty of 1nterpretatlon
of data presented 1n, or conclus1ons reached dur1ng thls study he
is listed as a collaborator. M1ke we hope that we d1d not let

you down.
A note of appreciation is in order for our two diligent
and hard working research‘assistants, Dave Day and Ken Proudfoot.

They carried the bulk of the responsibility for developingfthe_



"Bibliography of Gaming and Simulation'" contained in Section VIII
of the report Errors in interpretation of"theﬁliterature con-
ta1ned in the bibliography are our own. |

It should also be mentloned that we: are extremely grateful

to Meg Richardson, the Librarian for the Faculty_of»Busrness

Administration and Commerce at the University of Alberta. She

developed the search. procedure\whlch was followed in the rev1ewb
of the literature on management games and 51mulat1on - This was
a very valuable input to the study. | |
Also, the secretarial staff of the.Faculty of Business
Administration and Commerce were extremely helpful; particularly
Mrs. Adams who typed the quest1onna1re and Mrs Milligan Mrs
M1111gan contlnually prov1ded ass1stance over and above the callA
of duty and to her we are extremely grateful | |
F1nally, we wantlto thank that ”beaut1ful grandmother”
Diane Harnden for typ1ng the manuscrlpt and Professor M1ke
Vert1gan for ed1t1ng both the rough and f1na1 draft (The

B1bl1ography of Gaming and S1mu1at1on conta1ned in Section VIII

is computer prlnted output)

April 30, 1974 '
The: Un1vers1ty of Alberta
Edmonton, Canada_

N Qeramis. ,{fzéc/m
M. Jamgg Dunn, PR.D.
Associate Professor

Faculty of Bu51ness Admlnlstratlon & Commerce -

Profess T '
Faculty of Bus1ness Adm1n1strat10n & Commerce
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A

SECTION I

RECOMMENDATIONS

The recommendations which follow are baeed primafily.
on conclusions drawn from the summarieSACOntained at the end
of each section of:this report. Conclusions'leading to the
recommendations are based on a blending of information from a

variety of sources. Such sources include reviews of various

~ pertinent areas in current academic and related literature,

information contained in personal letters received.from man-
agement of technologically based Canadian firms,.analysis-of
data contained in 196 usable t1me1y responses to a survey
questlonnalre Whlch was sent to all flrms known to be engaged
in R G D in Canada as of the fall of 1973 a 11m1ted number of
personal interviews w1th top management 1nforma1 conversatlons"

w1th varlous managements durlng the past one year and some

telephone conversatlons.

A. Recommendations Pertaining To The‘Primary'ObjectiVefOf This

Study: Design Requirements For An Bxperimental;And Manage—
ment Development Program For Research And Development Project

Selection Decisionmakers.
‘1. The use of a management-simuiation for extending
fundamental research into the "willingness of

managers te»adopt" more-quantitative and/or
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scientific approaches for decisionmaking is .

feasible and development of such a simdlation;u»

in the Faculty of Business Administration and

Commerce, at the UniVersity of Alberta, should -

-proceed immediately. o

It is feasible to Combine both fundamental re-

search and management development objectives in

a properly designed management!Simulation._l

Design requirements for such a simulation are

listed below.

The research objettive of the simulation

should be the extension of fundamental

knowledge about a de;isionmaker's "willing-

ness to adopt" quantitative techniqgesr;

~The management devéldpment:objective should:

be to emphasize use, strengths and weaknesses,

and potential Operational impact.Qf quanti-
tative decisionmaking. techniques including
technological forecasting, in the area of .

R § D project selection.

The simulation should be supported by an
integration of other appropriate educational
aids such as films, slides, lecture presenta-

tion, group discussions, etc.




-/

d.

The simulation itself should be short,‘simple,

computerized and perhaps interactive.

In order to be computer independent, the simu-

lation should utilize a minicomputer.

The simulation should emphasize the data re-

quired in order for various quantitative
techniques to be useful. Difficulty and cost
of obtaining any reduired data should be made
expiicit. |

The simulation should‘be'designéd tb'monitor
flow of data from‘the‘use df-quantitative-'
decisionmaking techniques.in’sueh'a_manner
that the Value of information derived:there-

from is adequately displayed.

The simulation needs to be flexible horizontally
(by industry, company, and. government agency),
and vertically (by level of management). This
impliés the need for a simulation with a flexible

and perhaps readily adaptable.mbdular construction.

The simulation environment needs to be manipu-
1ated_in an unobtrusive.manner sd-fhat'funda—
mental data with. respect to é deéisionméker's
"willingness to adopt"‘quantitativé decisipnmaking
techniques can,be‘extfacted wiihput-the.khdwledge

of the participants in the simulation.
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It appears that it is feasiblé to meet the design
requirements listed above. The Depértmént of '
.Industry, Trade and Commerce shoﬁld fund theAproposél
for future research, which was requested by the
Department and submitted by the‘authors_of this‘ref

port.in conjunction with Professor M. J. Vertigan on

January 25, 1974.

B. Recommendations .Pertaining To Future Policy Considerations

Designed To Promote Technological Innovation InACanada;

1. Government policy, with respect to support of
R &/D, seems to be. orlented towards productlon of
usable end-products.  One way to expedlte the use
of modern decisionmaklng technlques mlght be to
also subsidize R § D efforts almed at 1mprov1ng or
developlng the requlred modern dec151onmak1ng soft—

ware.

2. The Department of Industry, Trade. and Commerce.-
should seriously. consider subsidizing firms who
‘wish to participate in the simulation that will

be develbpedvas a result of this reseafch.,

C. Récommendations Pertaining To A Central Agency For Coordin-
- ating TéChnological Forecasting Effort‘Taking'Place Through-
out Canada. ' '
1. An invenfory of various committees, orgénizations,
research units, and university,effbrtsAin'the area

of technological forééésting needs to be estab1ished.
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2.

A method of coordination or an agency to coordinate
various technological forecasting efforts, existing

in Canada, néedS'to be established.

D. Recommendations Pertaining To Future Related Research.

1.

The use of modern decisionmaking techniques, by’
Canadian manufacturers, needs to be delineated

in greater detail.

An up-to-date study, providing a 'new profile" of

Canadian executives and middle managers, should be

undertaken immediately. Availabie data“appéar‘to
be obsolete. ‘
A study aimed at making an inventory of specific

areas - -to which Canadian manageﬁs think Canadian

Business Schools might direct their research‘efforts,

particularly appiied research effofts,-coﬁld be ex-

tremely illuminating and useful. Suéhyg_study should

be undertaken immediately.
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'SECTION IT

INTRODUCTION

A. Objectives Of Study

‘This study reports on research into the subject area
"The climate for technological innovation in Canada." The
primary objective of the work done from July, 1973, through..
April, 1974,.was to lay the groundwork for the design of an
experimentai‘and management development progfam fqr research

and development project selection decisionmakers.

Originally our thinking was to focus solely on the ex-

perimental portion of the objective stated above and attempt to

extend the research done by Maher and othersQI?Z’s?éf

1. Maher, P. M., "Results From An Experiment With A Compufer-
Based R § D Project Selection Technique,' Paper presented
at TIMS XIX Meetlng, Houston, Texas; Apr11 4-8, 1972.

2. Naher Souder, et. al., "Quantitative Decision Models: Factors
Influencing Adoption," Research supported by the U.S. Army
Research Office and reported on in a Working Paper, Faculty
of Business Administration and Commerce December, 1972, 4

3. Souder, Maher, Rubenstein, et. al., "A_Method For Developlng
Acceptable Project Selectlon Models,'" Research supported
by U.S. Office of Naval Research Grants and reported on
in a Working Paper, Faculty of Btisiness Administration and
Commerce, 1972. :

4, Maher, P. M., and Rubenstein, A. H., "Factors Affecflng Adoption
0of A Quantltatlve Method For R & D PrOJect Selection,"
Forthcoming in Management Sc1ence




" Clarke stated:

However, as background material was gathered and_reviewed‘as part
of the. development of the framcwork for the.research effort, it
became apparent that there was perhaps an equal or greater need
for including a management development empha51s in the research
objectives. For example, in a report dated January,.1973'to the

Ministry of State for Science and Technology, Ottawa, Thomas E.

"More work needs to be done in designing
models or techniques which can be used

by the managers of today who generally

do not have a strong grounding in the :
use of the computer sciences.in decision- .
making."5

‘"Another area which requires attention is

that of training managers in the use of. ~

more formal quantltatlve techniques in s

dec151onmak1ng "6 _
In another report by Clarke it was p01nted out that unfortunately,
there were only two papers found which dealt w1th pro;ect se-
lection in Canadian organizations.7_ In addition,.Clarke pointed
out the immediate importance of the need to eValuate-the effec-
tiveness of the present practices of- dlfferent compan1es w1th the
view to promotlng the use of the best of these in other organlza—

tions where suitable.8

5. Clarke, Thomas, E., "Bibliography of Recent Papers Concerned
With Project Selection and Evaluation,' January, 1973,
Report for M1n1stry of State for Sc1ence and Technology,
p. 12. . ‘ '

6. Ibid., p. 13.
7. Clarke, Thomas, E., "Decisionmaking in Technologically Based
Organizations: A Literature Survey of Present Practice,”

December 1972, Report for the Ministry of State for Science.
and Technology, Ottawa, p. 3.

8. Ib1d s pp 34-35.
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Clarke's thinking was.supportcd by Daly and Pcterson in

an article that appeared in the December, 1973 issue oF:Management

Science which was devoted to '"Management Science in Canada.”
Daly and Peterson pointed out that studies‘indicated_that_only in

larger Canadian companies is there an adequate awareness of

9

management science and operations research methodology. Daly

and Peterson state:

"We are not aware of any evidence that
managers born and bred north of the
border are inherently destined to be
more or less effective, but a concerted
effort needs to be made by Canadian.
management scientists and others in a
position to bring about change, to bridge
the gap between the existing level of .
dec151onmak1ng practice and that which
is potentially possible. Otherwise, the-
incentives to entrepreneurs which we_
propose will bear little fruit. ;
Improvement in Canadian product1v1ty that
we have discussed, cannot be achieved " .
through fraternal meetings alone whatever.
their corntent. If we believe in our
mission, we must stop hiding behind the
re1at1ve1y well defined boundaries of
science and accept a more directly inno-
vative role. The time for management
science in Canada to change is now."10.

' Therefore, current research as reported on by the authors
of this report was influenced by two maJor factors.j (1) the 1ack
of empirical data with respect to decisionnaking-in Canadian
technologically based'organizations, in partieular-the lack of

data with respect to decisionmaking in the area of project se-

" lection and evaluation, and; (2) the apparent need for a Canadian

‘9. ‘Daly, D. J. ‘and Peterson, “R. “On Br1dg1ng the Gaps "
' Management Sc1ence, Vol. 20, No. 4 December, Part II,
1973, p. 564. '

10. TIbid., p. 568.
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management development program aimed at increasing Canadian
managers' skill in the use of modern decisionmaking techniQues;
i.e., the use of more scientifically oriented methods for
decisionmaking. It was'concluded that any reseérch'oriented
towards the design requirements for a. series of experiments in

R § D project selection had to bridge the gep between the
"theoretical" and the "appIied“ in order to'be really useful in
the long-run to Canadian management. The research program which

emerged is described below.

B. Research Program

The program of research conducted during the past year

was organlzed to include the follow1ng act1v1t1es

‘1. Empirical data pertinent to the research ob{:..
jectives was gathered through the maiiingrofh
an eXtensive questionnaireuto éll‘compenies
in Canada reporting R § D activity as of the
fall of 1973. Questionnaire deta werehanalyzed-
‘using routines available in the SPSS package
at the University of Alberta Computer Center 1
Results of the ana1y51s of the - questlonnalre are
reported in Sections III, v, v, VI, and VII of
this report | B o

2. The 1nclu51on of the management developnent

component in the current background work Ied

to a thorough review of the ”state of the art"

11. Nie, N. H., Bent, D. H., and Hull, C. H., Statistical Package
For The Social Sciences, McGraw-Hill, Inc,;*1970.
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of Management Games and Simulation. This

review resulted in the ”Selected Bibliography

of Games and Simulation" which is 1ncluded and
discussedxin Section VIII of this report. |

The original plan_was to conduct extensive

personal 1nterv1ews with a broad cross section

of Canadlan management who responded to the
quest1onnalre ‘and who indicated a willingness

to participate in such interviews. However, |

time and budget constralnts, brought about by

the increase in scope of the current research

_over and above that which was or1g1nally funded.
11m1ted thlS act1V1ty to a smaller than planned

for scale Canadlan 1ndustr1al management leaders
were 1nterv1ewed in order that 1nterpretation of
anomolles in the data m1ght be 1mproved to solicit
spec1f1c 1deas with respect to the dlffu51on of
.management decisionmaking technique and_knowledge
from the more advanced Canadian firms to the less
advanced Canadian firms,.and to gain an understanding
of the "climate for technologiqal innovation»in
Canada" over and above that-which is possible'through
analysis of questionnaire orLented data. o

A summary of results of the analy51s of the data ob-
ta1ned from the questionnaire is be1ng sent to the

management of over 200 firms who responded
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C. Questionnaire

The questionnaire which was mailed to approx1mate1y 550
different Canadian firms is shown on the next seven pages. The
”c11mate for technologlcal innovation in Canada” 1s-c1ear1y a
function of many variables. The most'important of 'these vari-
ables are government pollcy and programs wh1ch affect the 1eVe1
and direction of 1ndustr1a1 firms' R § D act1v1ty, product narketsﬁ
available to Canadian firms, various attltudes.of*Canadlan
society in general (for example attitudes towards-preservation."
of environment and management of natural resources), country of
re51dence of major ownershlp component of 1ndustr1a1 flrms,-avall—
ab111ty of a skilled management group who are able to think in-
more far 51ghted terms than those generated by immediate corporate
problems, and the 1eve1 of sophlstlcatlon of declslonmaklng in

l

technologlcally based organizations. The questlonnalre was pr1—

: marlly designed to gather basic emp1r1ca1 data w1th respect to

.
the level of sophlstlcatlon of declslonmaklng 1n technologlcally

based organlzatlons This kind of basic data is requlred as 1nput‘
before any serious long-run effort into the design of an experl-
mental and management development program for research and de-
velopment progect selectlon decisionmakers can be undertaken

The ratlonale beh1nd each major segment of the questlonnalre is

dlscussed under the approprlate sect10n~1n thls report.. However

as one can observe, the questionnaire was de51gned to

1. PrOV1de general 1nformat10n about the re-
spondents, i.e., 1eve1_of management, area of

market, organization of R § D effort, etc.




CLIMATE FOR TECHNOLUGICAL INNOVATION IN CANADA

SURVEY QUESTIONNAIRE :
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I. GENERAL INFORMATION
1. What is the official incorporaced name and 1ooation of your company? o
Name of Company SR L ‘
Location of Company B
2, What is your position (title) in the organization? f
3. 1In vhich province(s) is your firm entitled to conduct buéiness? Please check (/).‘
a) All Provinces - g) Quebec o
¢ b) Bricish Columbia __ h) New Brunmswick -
c) Alberta o i) Nova Scotia - -
d) Saskatchewan o i) Prince Edward Island ___
e) Manitoba . k) Newfoundland e
f) ' Ontario _ 1) The Territories N
4) Does your firm sell its products or servides_in;erna;ionellf? Yes No
5) Would you please indicate (V) the major industrial classification(s) to which your
firm belongs.
a) Agriculture - Y Retail_Tréde ' .
b) Forestry . j) Wholesale Trade .
¢) Mining - k) Finance .
- d) ‘Manufacturing — 1) Insurancé - .
e) Construction - m) Real Estate .
£) Transporta;ioﬁ - vn) Service
g) Communication _;__ _ 0) Ppblic Administration
h) Utilities ~ p) Defense
6) Would you please irdicate (¥) whether your firm is solely engaged in ﬁesearch and
Development or whether Research and Development activities are part of a larger
corporate structure, .
a) Solely Research and Development
.'b) Research and Development is part
of corporate structure —
7) Please indicate () the way in which your>Research and Development activities are

organized.
a) Pore Research and Dévelopment
b) Applied Research and Development

c¢) Mix of Pure and Applied Research
: and Development

d) Other. (would you please briefly
. describe below?)
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DEVELOPMENT

(1)
2)
3)
4)

(5)

Management Determination of product fields and markets of primary interest.

- - . ! i
Exploration - the search for new product ideas %hich meet company objectives.
Screeniug ~ quick analysis to determine which ideas warrant investigation.

Business Analvsis - the expansion of an idea, thréugn creative analysis, into
a concrete bu51ness recommendation including product features and a program,

Deve1ogmen' - turning the idea-on-paper into a product -in-hand.

(6) Testinpg - the commercial experiments necessary to verify early business Judgments.

%)
(8)

Commercialization - launching the product in full—Scale production and sale.

Evaluation ~ post introduction evaluation to determine whether to. continue or

- dvop the new product.

Schematic - the following schematic represents one possible corporate alignment of

work flow for management of new products.

Management L
etermination|-| ation | *Screening|-Analysis|+| ment. j» |Testin ization {* [Evaluation
1 2 3 4 5 6 -7 8

ixplor- usiness evelop- ommercial-

8. Would yd
sonnel are

u please 'indicate (¥) at what point(s) in the above schematic marketing per-
re brought into the product innovation stream ‘and what level of management is

brought in.
. Marketing Personnel Level of Management T

Schematic . Not _Brought in - Other (e,g. Consultdnts)
Number Brought in Brought in Top -Middle Line . (please specify)
T . o

2. — - —_—

3 ’ —————— —— —————

4 P— — —

5 —  —— ——e ' '

6 —_ —— —_

7 - — N

8 S, D

9. Would you

please indicate (¥) the degree of influence marketing pefsonnel have when

. they are brought into the product innovation stream. .
No v Total

Influence . ) * Influence

10. Would you

‘please indicate (v) at what point(s) in the above’ schematic marketing per-

sonnel should be brought into the product innovation stream and what ‘level of munagement

should be brought in.
Marketing Personnel Level of Management. : ) .

Schematic  Should be Not Should be Brought in Other (e.g. Consultants)
Number Brought in Brought in “Top MNiddle- Line : (please specifyv)

1 . -

2 ———

3 ————

4 ———

5 —

6 -

7 —

8 —

11, Would you

please indicate (¥) the degree of influence marketing personnel should have

when they are brought into the product innovation stream.
No Total
- Influence Influence




:
|
|
|
i
]
|
|
1
.
|
!
1
i
!
i
i
1
|

14

I111. RESEARCH AND DEVELUPMENT PROJECT SELECTION

12. foes your firm use Research and bevelopment project selection techniques? Y¢9"__.N"
13. Would vou please indlcate (V) below whether your firm is cutrently using, has used in
the past, plans to use in the future, or has never used the fo]lowing Resear‘h and
Development project selectlon techniques. :
-Terminologx .
a) - Ranking Models where the decision maker comparcs one projoct with another or a
- grouping of proJePcs ‘and selects which he prefers. )
b) Scoring Models whlch compute an overall project score based on ratlng af the
’ project against preselected critical criteria. .
¢) Economic Models which employ calculations such as net present value, internal.
rate of retutn, or eronomlc equations.
d) Constrained Oplimization Models which attempt to optimize an economic objectiye
function SubJELt to specific resource constraints.
e) Risk Analysis Models which are based on a simulation analysis of input data in
distribution form. .
used but
“used used " used plan to have discarded
for past for past = for longer  use in never  (Gilve year
TECHNIQUES 2 years 2-5 vears than 5 vears future uged discarded)
a) Ranking Models »
b) Ecor}ng Models
¢) Economic Models
d) Constrained
Optimization Models
e) Risk Analysis Models _
14,

1f your firm is not using any of the above Research and Development project selection

techniques would .you make a brief statement as to why this is so.

15.

Is vour firm satisfied with its present procedures for selection of Research and

Development projects?

16.

Yes No

Do present procedures used for the selection of Research and Developmeht projects

involve the use of probability estimates for technical and/or commercial success?

17.

"a) For technical success Yes ‘No

b) For commercial success Yes No

Are specific Research ‘and Development projects selected from multiple proposals or

are they looked at one at a time?

18.

a) From multiple proposals ~ Yes No

b) Looked at one at a . time Yes . No

.

Please describe briefly steps taken by your firm to stimulate the generation of

Research and Development and/or New Product ideas.
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20.

What factors are used by vour firm to cvaluate Research and Development projects°

Please check (/)

a)’

c)

d)

e)

REbEHlCh and - Devuelopment b) Manufocturing
- Likelfhood of technical success - Capability of
~ Development cost -
= Development time —

* = Capability of uvailable skills - requirements
"~ Availability of R&D resources -
- Availability of R&D facilities - - material
- Patent status o

. = Compatibility with other projects

Corporate Objectives

manufacturing product
= Facility ‘and equipment

- = Availability of raw

- Manufacturing safety

f) Marketing and Distribution -

~ Fits inlo overall objecCives
and strategy
~ Corporale image

Financial - Customer acceptance
- Profitability — - Relationship with
~ Capital investment required existing markets
- Annual (or unit) cost ng T s
. ——— ~ Market share
- Rate of return on investment .
- Unit price . — - Market risk during . .
~ Payout period :
-~ Utilization of assets, cost C
trend, cost reduction, and
cash Elow — existing products
Timing .

~ Timing of introduction of
new product
- Expected product sales life

-H

~ Size of potential market:

Capability to market
product

Market trend and growth

development. period

~ Pricing:trend, propriety
problem, geographical
extent, and effect on

- Complete product line and
quality improvement

15

Would you please indicate (¥) whether there have been changes in corporate objectives,'
corporate control systems; corporate structure, professional development of Research

and. Development persounel and type of information in the data - base during the Specified )

time periods:.

< a)
b)

c)

.d)

e)

during past during past
2 years ~ 2-5 years:

1onger than

no
change

Changes in objectives
- Financial

~ Production

~ Marketing -

Changes in corpora:e control. systems
= Financial.

= Production

- Marketing

Changes in corporate structure
~ More centralized structure

" - More decentralized structure

- Moved from line-staff to a
program management structure

Changes in professional development.
opportunities for Research and
Development Personnel
-~ Increased opportunity for

professional development
~ Decreased opportunity for

~ professional development

Changes in sources or type of
information included in the data
base used for the selection of
Research and Development projects
~ Changes . in source

- Changes in type
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22.
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Given your response to question 20 above, to what degree does your firm agree thh the
following statenents regarding the impact of the changes on the morale of Rescarch and
Development personael and on the output of the Research and Development unit., Please
check ().

a).

The changes in the following areas
have led to increased morale of
Research and Development personnel

-~ Changes in objectives
-~ Changes in corporate contrel
systems
~ Moved toward a more centralized
" structure

1

struzture
Moved to a program structure

!

opportunity

oppor tunity
Changed sources of information
- Changed type of informa;ion

-b) The changes in the following areas

have led to increased output from the

Research and Development unit

- Changes in objectives
- Changes in corporate éontrol
" systems
- Moved toward a more cetitralized
gtructure _
"~ Moved toward a more.decentralized
- gtructure ' '
.~ Moved to a program structure

~ Increased professional development

.oppor tunity

- Decreased -professional development

opportunity
Changed -sources of information
- Changed type of information

Strongly
Agree

" No ) Strongly

Moved toward a more decenurallzed

Increased professional development

Decreased professional development

Agree Opinion Disagree Disagree

To what degree does your firm agree with the following sfqtements? Please check (/)f

" a)

b)

c)

d)

e)

£)

Formal decision processes help in
logically consistent decisions

Formal decision processes allow
research. management to more clearly
identify  those projects or ideas
which are: well worth investing time
and money in and those which are not

Formal decision processes allow
termination of unsuccessful projects
at the,earliest‘possiblg time

Formal decision processes make
managers aware of information that
should be acquired when making
decisions-on.projects or ideas

The primary objective of using
formal decision processes is to
make decisions for managers

The primary objective of using
formal decision processés is to aid
managers in making decisious

Strongly

Agree

No - Sﬁrongly

Agree Opinion Disagree Disagree
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24,

25,

Iv.
26.

27.

28.
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Who in your organization makes decisions regarding the following types of Rescarch and
Development programs?

Person and/or group in organization

a) Exploratory Research and Developnent Programs

b) High risk business development Research and
Development programs

¢) Support of existing business Research and
Development programs

Do considerations of scientific break-throughs internal or external to your firm
influence funding patterns for Research and Development activities?
. Yes Ne

Do you have some intuitive or operational criteria for. the idencification of a "good.
funding pattern?"
Yes_: No,

TECHNOLOGICAL FORECASTING

Does your organization use Cechnological forecasting techniques? »Yes’ No

Would you please indicate (v¥) below whether your firm is currently using, has used in-
the past, plans to use in the future, or has never used .the following techniques in
connection with Research and Development selection-and/or Product Development.

. used but
used ‘used - used plan to have discarded
for past for past for longer use in . never (Give year
TECHNIQUES - 2 years 2-5 years than 5 yvears future used discarded)
a) Extrapolative Approaches o
b) Morphological Analysis
¢) Scenario Writing
d) Impact Analysis -
e) Relevance Analysis
f) Contextual Mapping
g) Normex Reconciliation
h) Delphi Method
i) SOON Charting
j) Technological Mission
Analysis
When considering Regearch and Development projects does your firm consider the
following questions? Please check (V). Yes - No

a) Is Research and Development consistent with corporate
strategy?

b) Should we invest in the same technologies as our
competition?

c) How do we maximize the’ flexibility of our organization
scructure in the face of rapid technological change?

d) How ‘can technology transfer best be achieved from Research
* and Development to Manufacturing and Marketing?

e) What kind of product/market strategy should we follow?

f) What technical advantages in our products, at what cost,
will be needed in the future to give us a eubstantial
competitive advantage?
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29.

v.
30.

31.

32.

33.

34,
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Does your'firm have a specific strategy for internal integration of technologicel
forecasting? "Yes No

MANAGEMENT GAMES OR STMULATION

' Does your firm usc computers in any aspect of its operation? Yes No

Has your firm any experience in adopting and implementing a "decision.information.system“

computerized or other?.

e)i,Cbmﬁuterized; Yes No

b) Other (please specify) Yes No

(E—

Has your firm ever used a management game or simulation in Research and Development
selection and/or Product Development?

Yes No . .
a) If yes, please describe briefly the area(s) .in which a game or simulation was
utilized. . . :
b) was the game or simulation computerized? Yes No
) Was it successful?  Yes No '

Hds your firm ever used a management game OT simulation in any parc of its’ planning
activity other ‘than Product Development and Research and Development?

Yes = - Ne
a) If yes, please describe briefly the area(s) in which a game or simulation was
utilized.
b) Was the game or simulation cOmputerized? Yes No
c) Was 1t successful? Yes No

As indicated in the covering letter we are interested in further in-depth-analysis in

order to build a management game or simulation model that can be used both experiment-’

ally and as an aid for helping project managers learn about techniques that are
useful in the project .selection decision,

a) Would your firm, if selected be willing to participate in on-site
interviews (conducted at our expense)?
Yes - No

b) "I1f current research 1s successful, would youf firm>be willing to
participate in such an experimental management game or simulation?

Yes . No
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2. Provide specific information with respect to.
. the product development stream ‘in organlzatlons
engaged in R § D.
3. Provide. information about the sophistication of
. Canadian managements with respect to the use of
formal dec151onmak1ng techniques for R & D |
project selection.
4., Provide information about the changes taking place
in corporate structures in Canada ) |
5. Find out whether Canadlan f1rms are trylng to
shape their futures through the use of tEChHOj‘
logical forecasting.
6. Get a general 'feel" fer the use.ef manegement"'
gameeiof simulétions'by Canedien firms. |
It is worth mentienihg that some infermatioﬁ and impressions
which were not ohjects»of direct investigationhthroughAuse of the
questionnaire, were obtained:through'petsonel 1ettefs returhed
both with and without questionnaires as we11 as:duringfpersona1

interviews.

D. The Sample

Questionnaires were mailed to. approx1mate1y 550 dlfferent ﬁ_
Canadian flrms who reported R § D act1v1ty as of the fall of 1973
Replles were received from: 236 firms. Of these»responses 196,
over 35%, resulted in usable questlonnalres wh11e the remalnlng
40 fell into the personal letter, too late to be included in the.

data base, or nonusable categories.’
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Table IT-1 summarizes the geographic-location.of~thé
respondents. Approximately 84% of those firms résponding are
located in Ontario and Quebec. There were no questionnéires

received from firms located in the Maritimes.

Table 11-2 shows tﬁé position in the firm df'persons
completing the questionnaire. As indicateh; 143 cut of 196 or
about 73% of the respondents were top mana%ément persbnnel.' This
means that the sample represents top manag%meht percéption with

respect to decisionmaking. In part, this result. was probably
_ T N <

due to our policy of mailing the questionnhire to the company

president whenever his name and corporate. address were known.

"Table'II*3’ShOWS the Canadian geographic areé; i.e.;
Canadian market'afea,_of business.-activity for responding firms.
Over 88 percent of those responding do business ;n.allzpafts.of

Canada. As indicated on Table II-4, 90 percent of the réspondents .

also do business internationally.

Table II-5 shows that 46 percent.offthe Samplé were firms

engaged solely in manufacturing, while. another 35 percent were
: o
i

in more. than one industrial classification with.the remaining

“firms being fairly evenly dispersed over ﬁhé other major industrial

classifications.
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TABLE II-1

GEOGRAPHIC LOCATION OF RESPONDING FIRMS

Location

Britiéh Columbia
Alberfa
Saskatchewan
Manitoba

Ontario

Quebec

Missing Data

Absolute Frequenc

Firms

v

15
8
.
6

118

46

196

‘*Relative

0.

¢

21

1Frequency   f'

N o=
_ o

60.2
23.5

- .100.0
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‘TABLE If-z
POS_I’I;ION IN‘FIRM OF PERSONS COMPLETING THE QUESTIONNAIRE
: Absolute Frequency o RelatiVe‘Ffequency

Position Firms - _ } %_. ,
President - 37 | | 18;9
General Manager 18 - . ' 952
Director of R § D 5 f 23,0
‘Vice President 27.\-j» o B i.‘.“13;8
Director of'ﬁngineering 7 - 3.6
Sécretafy / Treasurer 9 4.6
Labofatéry Manager‘ 5 é;é
Divisional Manager 25 - | | 12.8
Missing Data 23 o il.S
| 196 | 100.0
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TABLE II-3
GEOGRAPHIC AREA OF BUSINESS ACTIVITY FOR'RESPONDING FIRMS
Absolufe Freqhency : Relativé,FrequencyAi
Geographic Area Firms E 5 -
'All Parts of Canada o 173 o 1 88.5"
© British Columbia 1 0.5
Alberta 4.. 2.0
Manitoba 1 0.5
Ontario L , - ,2;' .,: S S 1.0
Quebec o o 3 A  “ o 1.5
British Columbia § Ontario - -1 SRR 0.5
British Columbia, Alberta, | | |
Saskatchewan, Manitoba §
“Ontario ‘ 3 1.5
All Bﬁt P.E.I. 1 _bd.S
British Columbia, Alberta, _
Manitoba, Ontario, Quebec 1 0.5
British Columbia, Alberta,
Manitoba, Ontario - 0.5
Ontario § Quebec i | f‘_ 0.5
Quebec § Newfoundland 1 0.5
Missiﬂg Datat ‘ _ 3 1.5

196 100.0



TABLE II-4 .

_'. j2.4~

NUMBER OF RESPONDING FIRMS WHO - SELL TO INTERNATIONAL MARKETS

Sell To International
Markets

Yes
-No

Missing Data

Absolute Frequéncy

Firms

177

16

196

-Relativé Frequency :

0.

o

90.3 -

1.5

100.0
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TABLE 1I-5
INDUSTRIAL'CLASSIFICATION OF RESPONDiNG FIRMS .
‘ . Absolute Ffeqﬁéncy',' Relative Freduenéy
- Industrial Classification : Firms _ % ‘
Agricultﬁre | . 7 | | | ’ 3.6
Forestry | | 3 o 1.5
Mining ~ | A s
Ménufacturingn".. | - ' 91 i;k | V, R 46.4
Construction | _ 2._ . ;:> 1.0
Trahsﬁortation o | '4 .‘ | 2.0
_Commuhication - 6 | -3
Utility | | | | .3‘ s
Service ‘ o ' 3 .. - - 1.5
befense ' - o , H1 A o _ : : 0.5
More Thaﬁ.One Classification 69 ':. ‘ | 35.3

1196 o . 7100.0




‘E.  Summary

The data base resuiting from the responses of the 196‘
technologically based organizations is hedvily Weighted‘with'
respect to'fop management of manufacturing firms doing business
intérnationally whose hegdquarters‘are locétéd in:Onfério and

Quebec. This should be kept in mind when ‘interpreting results.

Some of the more. interesting comments from personal letters:
received from a'variety of firms both large and small and which
in some cases speak much louder than the so called "hard déta”_

obtained from the questionnaires.aré included béldw,-

1. '"We regret the necessity of doing so but very
few of the questions are pertinent to our
“operations and in addition we are being' de-
luged with requests of this nature ‘at the
present time.' o - . :

2. "Legislation passed by the Federal Government
" in 1969 virtually eliminated industrial.
property rights from the prescription phar-
maceutical manufacturing industry.

A revision in the Patents Act permitted the
exercise of compulsory license against any
patent holder producing prescription phar-
maceutical products at a rate of 4% of net =~
sales. Therefore the climate for either pure
or applied research and development in Canada
in the prescription pharmaceutical industry

is. imperiled, as it provides neither protection
‘nor  incentive to the R § D based originator.”

3. "We have not completed your questionnaire, as
most of the questions could not be applied to
our plant. We are basically a manufacturing
unit producing vinyl resins from vinyl chloride
monomer. A considerable amount of process and
product development work is carried out, but
very little research. Projects are selected by
plant technical and production engineers."
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"As consulting engineers specialising in new
product and process development, we help many
of our clients with their innovative programs,
including R & D. Much of our work involves
marketing-oriented assessment of new products
and processes. However, the attitude and _ :
degree of sophlstlcat1on with which our clients
approach such matters varies widely from:one
client company to another. 'In these circum- .
stances, we feel that there is no meaningful"
way in which we could complete your questlonnalre
If there is any other cooperation we- -could give
you, please advise. Our experience suggests that
the questions in your survey need to be raised
and dealt with in Canada, and we wish you every
success.

"We have examined the questionnaire carefully and
find that most of the questions are extremely
difficult to answer with a simple check mark or
by indicating yes or no. We have concluded that
there is no way in which we ‘can respond ‘to your
questionnaire which would give you any useful .
information at all on the development and app11—
cation of technology in our: company "o :

"In your recent questlonnalre on: Research and
Development you outlined a number of. techniques’
in question 27. We are not familiar with many-
of these terms and therefore would 11ke a
def1n1t10n of them." '

"We are a producer and dlstrlbutor of pharma-
ceuticals, " chemlcals, printing plates, fibres
‘and dyestuffs. It is for this reason difficult
to provide answers to your questions which would
be applicable. to our entire organization. - We -
have, therefore, after careful con51derat10n
decided not to participate in your project.'

"Upon reviewing the scope of the questionnaire, -

it became obvious to me that it was. designed for

much larger companies, with more complex research
and development facilities than we have here

‘_We have a procedure for con51derat10n of new -

product lines, but it 1is reasonably informal and
certainly not very sophisticated in comparison
with the assimilated models and other concepts

outlined in your survey."
|
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"I regret to inform you that we will not be
responding to the questionnaire. .The diffi-
culty is that we would regard the time and
effort spent in replying to your questions
as wasted since it is most unllkely that the .
data deriveable from the survey will add
appreciably to what has resulted from many
previous studies on thls subJect

In formulatlng the questions you have based

them on’'the conventional w1sdom which currently
relates to this subject. It is my opinion that
the basic assumptions underlying current thinking
are largely fallacious. I refer specifically to
the following: ' S :

a. innovation generally or1g1nates
in the R & 1aboratory

b. 'the lack of 1nnovatlon in Canada
‘ is due to the lack of industrial
R &§D : . |
c. innoVation proceeds according to
: "an "innovation process'" of the
form shown on p 2 of the ques-
-tlonnalre o S

d. technology forecastlng 1s a =~
- useful act1v1ty - B

There are several more Wthh could be added

The assumptlon which is really ‘basic. is the concept
that innovation originates in the R § D laboratory.
While there are examples which|could be quoted in
support of the assumption (and some outstanding

"ones. at that) such studies as have been:done indi-

cate that the industrial R § D' laboratories. do not
form the major source of innovation. For example,
a number of studies quoted in the so-called: -
"Charpie Report" of the U.S. Department. of Commerce,
"Technological Innovation: - Its Environment and
Management" show that- the major sources -0of innovation
are the lone entrepreneurs and small companies. If
R § D was really the key to innovation, then obviously
most of it should come from the large 1ndustr1a1
research laboratories, but it doesn't.

The concept that there 1s-an abstract process (the
"innovation process'") which describes the: way inno-
vation occurs is a myth. It is related to the.
obsolete idea that research is done according to a
"scientific method". The truth is that research,
like 1nnoVat10n, is an 1ntensely human act1v1ty




The key to innovation is the entrepreneur. . It

takes an individual, or small group .of individuals,
~with great enthusiasm and dedication to make '

innovation happen in spite of barriers placed in

their way. It requires commitment of a large

amount of time, effort and resources to accomplish

the goal. It is human devotion to achieving-a set

target which is the essence of innovation,; rather

than R § D.. Of course, R § D“ﬂs involved, but its -

main function is to support an§~refine the innovation.

but even there a dedicated and enthusiastic in-
‘dividual is usually behind it. | In a large R § D
laboratory, some degree of formal structure is :
required, and in such a context some of the questions
in your questionnaire would make sense. Since"
Canadian-owned companies possessing large research
and development laboratories are rather scarce, I
feel that the data you_will“aciuire will have little
relevance to the solution of Canada's industrial
problems. : - _l’ . L

Innovation does occur also in % large company,
|

Finally, I should point out that even if-.all the
government programs in supportjof,innovation*Wefe
successful, it would not solve our basic ‘industrial
problem, which is a lack of Canadian-owned companies.
We need a Canadian ownership policy, not a foreign
‘ownership policy. We need Canadian  owned. companies -

~and if some prove to be innovative that would be a
bonus." o S S

10. "In the area of research and development from . the
manufacturing side, we depend virtually entirely on
U.S. headquarters, who have a controlling interest
in our company. N - '

Our marketing people, on the other hand, conduct
extensive R § D work but in this regard it pertains
primarily to existing product lines or new innovations
and products coming out of U.S. headquarters, in

order to measure their viability to the Canadian
scene." = S - ‘

11. "Your study is of high interest to me, as the. type.
of information sought is the one.which we are ‘trying
to obtain-on a continuing basis in the conduct of our
business. Being an industrial[research_center which
contracts development projects with private concerns
who may benefit from our academic engineering re-
sources, our company is always jon the-look-out' for
new industrial development needs.'"
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'"We are in receipt of your questionnaire

regarding the. climate for technological
innovation in Canada. Because of the large
number of surveys that we are asked to

complete and the time anolvod to answer

each one properly, we regret very much that

we will be unable to comply with your request'“

"I wish to apologise for the delay in return1ng

the survey questionnaire which you sent me on
January 15th, but I have been literally. snowed
under with 51mllar documents which have con-
stantly arrived on my desk during the past six
weeks. It seems that everybody in Canada is
engaged in the most soul-searching -exercise I
have -ever seen, even in the hay-days of the
Lamontagne Committee confrontations'”

MA relatlvely small company engaging in:the

range of activities briefly summarized above
must necessarily employ many, if not most of
the techniques itemized in your questionnaire .
but generally in an informal manner and on a
scale befitting the scope. of each individual
dec151on "

"We would be interested in'learning.somethingf‘

of the management simulation techniques-as.
they may relate to new product development "

”Our company has captured the Canadlan market

for our type of product and are now shipping:
over 75% of our production around.- the world.
It is with considerable bitterness that 1
must report we have been trying for almost

“two years for grant assistance! from our .

government to the extreme detriment of our:

You would be doing the country a great service
in'my mind if you point out that well over ‘half
the employment in this country is provided by
small businesses which is by its nature Canadian
owned. Perhaps the government should learn to
interface with this element of the industrial
scene: rather .than try to make 1t conform to IBM
standards.

l
i
i
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SECTION ITI

PRODUCT DEVELOPMENT

A. Rationale For Questionnaire

Traditionally, products were the focus of marketing and -
marketing personnel devoted the majority of their time and effort

to the search for customers once the products had been deVeloped.

In the last three decades (post World War II years) North
America.has enjoyed a dynamic econoﬁy, one in which the design,
development, and marketing of new‘prodncts‘is of tremendous |
importance. - Toffler indicates that "as the general rate of
change in society accelerates,- the economics of pernanence are

wl2

replaced by the economics of transience.. That is, acceler-

ating change has made increasing demands for new product inno-
vation. fWeston has stated, ”manifestations of . increased ‘tech-
nological changes are: the hlgher rates at Wthh older products
have been obsoleted the shorter 11fe of ind1v1dua1 product llfe
cycles, the 1ncreased TlSkS of product substltutlon, and he

expan51on of attract1ve growth potent1als }n new and d1verse _

sectors of the economy 13

12. Toffler, Alvin, Future Shock Random House, Inc., New
' York, 1970, p. 57. o l :

13. Weston, J. Fred, New Technologies, Competition and Antitruét;
National Industrlal Conference Board New York 1970,

p. 9.

31
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At the same time that there is increased pressure for
new products many firms have had to face the dilemma of new
product failure. Studies conducted by several management"CQn-

suiting‘firms,indicate very high rates of failure. Booz, Allen

~and Hamilton, Inc., stated, "of every 58'ideas,'lz;pass;ihitiai,

screening, 7 survive a profit evaluation stage, 3 survive the
product development stage, and only 1 is COmmércially success-

14-‘Thus, it is the unusual company which does not con-

ful."
tinually have several new product proposals in various stages

of evolution.

Concurrently with‘fhis era of increased pressure, a new
marketing concept has developed which haé'as.ifs.fdéus customers
rather than products; | |

The implication'éf'thiS'chahge in focus is that marketing
personnei,are reqﬁired-to provide advice fhroughdutathe-prdduct
innovation stream. :Therefofe;'one would eXpect‘a‘totaily inte-

grated marketing function within the firm to-emergein;Kdtler‘

. says: -

"Marketing's short-run task may be to
adjust customers' wants to .existing
goods, but in the long-run it is to
adjust the goods to.the customers'
wants. This point, that production
must start with customer needs, 1is
embodied in the new marketing concept.
It enlarges the role of marketers
from one of selling what has been
produced to one of influencing .what -
is being produced. Marketing may

14. Booz, Allen:and Hamilton, Inc., Managemenf of New Prodﬁcts,
4th Edition, New York, 1965, p. 9. - '
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stand officially at the end of the
assembly line, but unofficially its -
influence must be felt on the drawing
boards."15

This implies that the stages of the product planning_process

“have both marketing and technical aspects. Obviously mafketing

departments and research and development units work 1ndepen-
dently on some aspects of product development but there are
many occasions when the interaction of the two groups'ls
neCeesary to attain the next level in tne‘product'innoVation
stream. As a matter of fact, there is a degree of uncertalnty
about when marketing and research and development personnel -
should collaborate which is not resolved by_the 11terature or

survey results.l6

Based on tne present stage in the eyolntion of the new
marketing concept the incteased demand for new product innoj
vatlon, and the lack of emp1r1ca1 data as pointed out by
Clarke, we decided that a portion of the current research
program inVolVing‘an investigation of'thenclimatenfotptech:‘_

nological innovation in Canada should be devoted to the question:

When should marketing and research and
development collaborate in the product
innovation stream? .

15. Kotler, Philip, Marketing Managementﬁ' Analysis, Planning
and Control, Prentice-Hall, Inc., Englewood Cliffs,
New Jersey, 1966, p. 3.

16. -Clarke, "Decision Making," op. cit.; p;:ll.
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To address this question, a schematlc was adopted

34

shown on. page 2 of the questlonnalre, Wthh is representatlve

of -one possible corporate alignment of work £low in the new

17

productlinnovation stream, . The schematic -consists of eight-

stages, each of which is described briefly below.

Stage 1 Management-Determination-- Concerned
with the establishment of the company mission,

identifying growth opportunities, evaluating

company resources and analyzing major corporate

problems.

Stage II Exploration - Idea generation and idea

.coILection in terms of company objectives.

Stage IiI'Séreening - A quick analysis to determine

whether-marketing and production is feasible and

warrants further investigation. .

Stage IV Business Analysis - The expansion of an‘
idea into a concrete busineSS“recommendation‘

including product features, performance char-

acteristics and the nature and extent of demand -

Stage V Development'— Turning'thedidea-on4paper
into a product-in-hand including product.protOﬁ
type models, product testing and analysis of

production costs.

17. Adler. Lee, ”Systems Approach To Marketlng,” Harvard

Business

Rev1ew, May-June, 1967.
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Stage VI Testing - The commercial experiments neces-
sary to verify early business judgments including

the testing of marketing programs.

Stage VII Commercialization - Launching the product

into full scale production and éale wherein manu-
. facturing must gear.up for full scale production
and marketing must be prepared to handle full scale

product introduction.

Stage VIII Evaluation - Post introdu¢tion analysis to

determine whether the product should remain on the

market or be deleted from the~peru¢t line.

Oncesthefschematic was adopted,én'attempf‘wésimade to
answer the fundamental question about the Collaborationfof1
marketing and research and’development._ The QUestiohnaire Was.
designed to gather data about what ‘the firms actually do with
respect tb such collaboration and also what respondents thought
would be an ideal scheme for.collabqratioh, |

The following six themes fdr.question5~wereiaftiéulatéd-
on fhe~quesfionnéire. |

Actual

1. When is marketing brought into the product
innovation Stream?:-* -
2. What levei‘of marketing.ﬁanégemenf i§'broughtj

into the product innovation stream?
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5. What degree of influence do marketing personnel

have in the collabofation process?

4, Wheﬁ should marketing be brbught'into thejprodUCt
innovation stream? | | |

5. What level of marketing>management should be
<brogght intd the produét inndvatiqn stream?

6. What degree of influence Should‘mafkefihg

pérsonnel have in the collaboration process?

Themes 1 and 2 are the basis of question 8 on the ques_
tionnaire, theme 3 is the basis of question 9, themes 4 and 5 are

the basis of queétion 10, and:theme 6 is the basis of ‘question 11.

In addition, the quéstionnaire_asked whether”fhe firms
use.or should use consultants.in.fhe,prOduct ianVatioﬁfstream;
Some additionai marketing  items afe.found in dther-p&ffS-of-the
questionnaire and are appfopriately dis;usseddin the‘réievant

rationale sections.

In essence, we wanted to see if Canadian firms’gfe
customer oriented and to determine where in the’product‘innovation
stream collaboration between marketihg:and R é;D.personnél‘exists
or is thought toAbe desirable.. B | -
The-portioh of the questionnaire devbted:to'produgt de- . .
velopment is shown in the next section .and reflects;the-diSCussibn

presented above.
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B. Actual Questionnaire

That portion of the survey questionnaire devoted to pro-

duct development is shown on the next page.

C. Profile Data

This section is limited to,the_discuséion of the responses
to the product development section of the‘questionhaire which :
are summarized in Tables III-1, III-2, III-3 and III-4. Each
table includes the amount of marketing collaboration presently
existing in reéponding firms and also what survéy respondents

think the ideal collaboration scheme shouid be..

A close examination of Table III-1 indicates the actual
and ideal collaboration schemes are virtuéliy identical. This
may, to a degfee, réflect_the fact that the_respondeﬁts tq‘the
questionnaire were_primarily top management. Therefpré,vtop_
management is simply saying that they think they.are>doing-the
right thing. If we ignore this point for a_moﬁent and rgview\
the responses by stages in the product innovation stream, a 1grge
number of respondents (65-70'perceht) involve marketing at very
early stages. This-is totally consistent with the new,markexing
concept. Oﬂly in the cases of defelopment‘ahd teéfing ié‘there
a redﬁced>inVO19ement of mérketing pefsonnei. ATHesé represent
areas where inieraction is expected to be~1es§f‘:0né-doeé nof,
expéct‘fo find marketing highly involved in thé.deﬁelopmeht_.

1aboratory. In the case of testing,_one‘eXpects marketing to

be involved in test marketing programs but not in7pfoduCt‘testing



"y -

h

: = ) \ ~
. b . = y - ¢ ; : N

L1

38
_PRODUCT DEVELOPMENT,

Terminology used in the following section of the questionnaire

(1) Managewent Determination of product fields and markets of primary iInterest.

(2) Exploration - the secarch for new product ideas which meet company objectives,

(3) Screcuning - quick analysis to determine which ideas warrant investigatlon.

(4) Busiress Analvsis - the expansion of an idea, through creative analysis, into
a concrete business recommendation including product features and a program,

(5) Development - turning the idea-on-paper into a product~in-hand. .
(6) Testing - the commercial experiments neceséary to verify early business judgments

N Commercialization - launching the produat in full-scale production and sale.

(8) Evaluation - post introduction evaluation to determine whether-to continue or
drup 5 the new product.

Schematic - the following schematic represents one possible corporate alignmenc of
work: flow for management of new products.

etermination]|+|'ation | *Screening|+Analysis}+| ment j» [Tesctin ization . j» [Evaluation]

Management| Explor- ’ usiness| Pevelop- Commercial-

1 2 3 4 5 6 . 7 8
I A .

10.

1.

Would you please indicate (¥) at what point(s) in the above schematic mafketing per— -
sonnel are. brOUght into the product innovation stream and what level of. management is
brought in, -
Marketing Personnel . Level of Management _ ‘ B
Schematic = - . Not - Brought -in " Other (e.g. Consultants) .
Number Brought in Brought in Middle Line- = - (please specifv) -

IRRRREEN

Ny W

I
LT

hould you please indicate (¥) the degree of influence marketing personnel have whcn
they are brought into the product innovation stream. : .
~ Ne C o Totai .
Influence ' Influence

Would you please indicate (¥) at what point(s) in the above schematic marketing per—
sonnel should be brought into .the product innovation stream and what level of management
should be brought in.

Marketing Personnel Lével'qt Mahagement
Schematic  Should be " Not "Should be Brought in - Other (e, g‘ Consultants)
Number Brought in Brought in Middle Line C (please Spec1rv)

RERRRRRE:

PNAU SN

Would you please indicate (v¥) the degree of influence marketing personnel should have
when they are brought into the: product innovation stream.

. No Total
Influence ' : . Influence
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TABLE III-1

'THE NUMBER OF FIRMS INDICATING INVOLVEMENT OF MARKETING PERSONNEL IN EACH STAGE
 OF THE PRODUCT INNOVATION STREAM (QUESTIONS 8 AND 10)

Marketing Personnel Are Marketing Personnel Should
, . Not ‘ B - Not Be ~
- Stages In The Product Brought.-. Brought  Missing - Brought  Brought Missing
Innovation  Stream In. - In Data . In In Data
1. Management ) ' : S - , o ‘
Determination- . Firms = 145 : 19 32 ‘ 145 12 39
’ % (74.0) (9.7) - (16.3) (74.0) (6.1) (19.9)
2. Exploration Firms 125 23 48 120 15 - 61
: : % - (63.8) - (11.7) (24.5) (61.2) - (7.6) (31.1)
3. Screeﬁing ;' - Firms 123,  25 48 119 o 16 - 61
- S % - (62.8) 0 (12.7) (24.5) - (60.7) (8.2) - (31.1)
4. Business Analysis Firms =~ 128 - 17 51 129 12 55
o ' % ' (65.3) T (8.7) . (26.0) © (65.8) - (6.1) (28.1)
5. Development - Firms 77 - 55 64 82 39 75
- 5 (39.3) (28.1) - (32.7) =~ (41.8) (19.9)  (38.3)
6. Testing . Firms ‘104 34 58 . 103 . 27 66 '
o : ‘ % L (53.1) (17.3) " (29.6) - (52.6) (13.8) - (33.7)
7. Commercialization Firms o141 5 50 - 135 .3 . - 58
' S % (71.9) (2.5) (25.5) . (68.9) (1.5) (29.6)

6¢

8. Evaluation . Firms 138 -5 83 135 6 55
S Ty (70.4) 0 (2.5) (27.0)  ° (68.9) (3.1) (28.1)
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in the engineering sense.

The level of marketing management actually or ideally'
involved in the collaboration schome is shown in.Table III%Z.
Again, the actual and ideal schemes are virtually theraamea |
The important considération'at tnis_point is the ofganizational

level of perSonnel involved. Most of the respondents'are in«f_

cluded when one groups top and middle management togétherg-.Only,

in the stages involving development.and<testing is there any

substantial response indicating involvement of line management.

Table TII-4 dealing with the use of consultants indicates

that the majority of firms do not utillze outside.tonsultants;'

Some consultants may be hired for.specific.problems or tasks

but generally Canadian firms:indicate they-are‘aélf_suffloiént.
An interesting_result is shown in Table IlI<4. Tné_ref

spondents indicafed¢that marketingipérSOnnel-alréadyfhavo.a high

degree of influence in the actual collaboration soheme:and, o

ideally, should have more. We interpret this to mean that top

management is willing, and perhaps feady,Ato'fUrther'incroase.the a.

amount of influence that marketing personnel have with resnect

to the product innovation stream.

D. Interaction Data

Table III-5 relates marketing variables with the location

of the firm. Thére appears to be an East-West split in the data.
Management determination, exploration, and'commercializatiOn‘were,'

significantly attached to location of firm in botl the actual and
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TABLE III-2

THE NUMBER OF FIRMS INDICATING THE LEVEL OF MARKETING MANAGEMENT WHO ARE OR SHOULD EE
- INVOLVED IN EACH STAGE OF THE PRODUCT INNOVATION STREAM (QUESTIONS 8 AND 10)

Level Of Management

Top
+
Top . Top - Mid Mid
Stages In The Product . + + + o *
Innovation Stream , - Top Mid Line. = Mid Line Line Line
- Number Of. Firms

1. Management Are 113 10 1 31 0 1 7
Determination Should Be 106 10 2 30 0 1 7

2. Exploration Are 44 51 3 25 0 8 6
o '~ Should Be - 35 51 3 23 0 10 7

3. Screening Are 1 52 5 24 0 9 5
N Should Be 38 50 4 26 0 10 4

4. Business ‘ Are -Y 39 4 29 0 8 12
Analysis ' Should Be- 46 38 4 31 0 9 12

5. Development Are . 23 37 13 14 1 27 11
: ‘ _ : Should Be 16 - 42 17 12 1 21 - 12
6. Testing - Are 25 - 40 28 12 0 25 11
- - Should Be - 18 42 26 12 0o 26 9
7. Commercialization  Are 43 19 11 21 0 14 35
: LR : Should Be 40 - 22 9 19 0 20 _ 29

. ' - - - ' Co - £
8. Evaluation - . Are - 57 21 3 31 0 5 26 =

Should Be - 50 - 19 3 - 33
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TABLE TII-3

THE NUMBER OF FIRMS INDICATING WHETHER CONSULTANTS ARE OR SHOULD BE

12

INVOLVED IN EACH STAGE OF THE PRODUCT INNOVATION STREAM |
(QUESTIONS 8 AND 10)

Stages In The Product
Innovation Stream .

1. Maﬁagement Determination .
2. Exploration

3. Screening

4. Buéihéss Analysis

5. Development

6. Testing

7. Commercialization

8. EBvaluation

; Consultants
Are Brought ‘Should Be
- In Brought In
Firms - Firms
9 6
8 9
4 -4
9 3
11 5 .
12 5
6 4
4
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THE NUMBER OF FIRMS INDICATING THE AMOUNT OF INFLUENCE MARKETING
PERSONNEL HAVE OR SHOULD HAVE IN THE PRODUCT INNOVATION STREAM
(QUESTIONS 9 AND 11) '

. 'Marketing

Marketing
: Has Should Have
. Level Of Influence Influence Influence
1. No Influence 3 1.5 3 1.5
2. 5 2.6 z‘ 1.0
3 12 6.1 7 3.6
4. Equal Influence With Others . 32 16.3 27 13.8
5. 59’V 30.1 59 30.1
6. 46, 23.5 60 30,6
7. To£a1 Influence '23~ 11.7 21 | 10;7
8. Missing Data 16 8.2 17 8.7
Mean Score 5;0Q6 '5;256
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LOCATION OF FIRM CROSSTABULATED WITH MARKETiNG'VAﬁlABLBsf'
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Marketing Variables

1. Marketing Are Brought In

Stage
Stage
Stage
Stage

I Management Determination

II Exploration
\ Dévelopment
VII Commercialization

Stage VIII Evaluation

2. Marketing Should Be Brought In:

Stage
:Stage
Stage

‘T Management Determihatibn
I1 Exploration
VII Commercialization

Location Of Firmj._

Significant
Significant
Significant
Significant

- Significant

Significént
~ Significant
-Significant

at

at
at
at
at

at
at

0.0029

0.0004
0.0253
0.0005

10.0007

0.0286
0.0582
0.0062
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the ideal innovation scheme. Essentially eastern firms are more
market conscious in this group than the western firms, the latter

being resource based and not selling to end users.

When the marketing variablesAwere analfzed‘relerant to
the industrial classification.of the firms, similar patterns
emerged. In addition to the east/uest phenomenon, the nanuf
facturing group appeared more variable than other groups .and uas
generally underrepresented in the significant crosstabulations
shown in Table III-6. In addition, becausepof the large number
of manufacturing tirms, the responses for that industrial class
tended to vary more than for industrlal classes with a small
number of responses | That 1s, if an 1ndustr1al class had only
three or four responses 1t is poss1ble that all respondents'
answered a questlon the same way, thus, contr1but1ng to a 51gn1-

flcant crosstabulatlon because of no var1ety 1n response

Table III-7 crosstabulates researChpand development in
corporate structure with the marketing Variables,. The actual
and ideal responses for collaboration in the product innovation
stream and the level of management utilized in‘the_process do
not vary appreciahly. The pattern is the same as-the profile
for total sample which was discussed in the preceding section
This is not unexpected as most firms respondlng to the- ‘question-
naire had research and development sectlons as part of 1arger

corporate structures.

Table III-8 1nd1cates that the organ1zat1on of research

and development activities are s1gn1f1cant with only a few
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INDUSTRIAL CLASSIFICATION CROSSTABULATED WITH-MARKETING_VARIABLES

(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Marketing Variables

1. Marketing Are Brought In

Stage
Stage

I
VIII

Management Determination
Evaluation

2. Level Of Management Brought In

Stage

Stage
Stage
Stage

Iv
\'
VII

I

Management Determination
Business Analysis |
Dévelopment
Commercialization

3. Marketing Should Be Broﬁght.In

Stage
Stage

4. Level Of Management Should Be Brought In

.Stage
Stage

I
\)

I Management Determination .

V

Management Determination
Development ‘ '

Development

5. Marketing Influence Should Be

Industrial

Classification:

Significant
Significant

Significant

Significant

Significant
‘Significant

-Significant

Significant

Significant

‘Significant

Significant

at

at

at

at

o o o o -

.0068
.0515

.0016

0014
.0216 -
.0210°

0.0007

0.0317

0.0002

0.0291

:0848



TABLE III-7

- FIRMS WITH R-§ D IN CORPORATE'STRUCTURE-CROSSTABULATED WITH MARKETING VARIABLES

Marketing Variables ' o ' RQ§ponse Categories:

Brought In Not Brought In Missing Data
"Are Should Be Are Should Be Are Should Be

1. Marketing . ,
Stage 1 Management Determination 137 136 17 11 42 - 49

Stage II Exploration 117 111 20 13 59 72
Stage III Screening 115 111 22 13 59 - 72
Stage IV Business Analysis 120 120 - 15 10 : 61 66
Stage V Development 73 77 51 . 35 72 84
Stage VI Testing 98 97 31 24 67 - 75
Stage VII Commercialization - 133 126 3 2 60 68
Stage VIII Evaluation 128 125 4 5 . 64 66

Top/Mid ' Line s Missing

' o "Are Should Be Are ‘Should Be Are  Should Be
2. Level Of Management Brought In :

" Stage I Management Determination 144 136 8 9 . 44 51

Stage I1 Exploration . 117 ‘107 9 10 70 79

Stage IIIV-Screenlng B . T 1lle - 113 10 8 - .70 .75

Stage IV Business Ana1y51s : © 119 112 - 16 16 61 68

_ Stage . V ~Development : . 96 - .86 . - 20 . 24 80 86

" Stage VI Testing - - 94 92 -+ 35 30 67 74
Stage VII_,Commerc1a112at10n 92 T 93 42. 35 62 ‘ 68

Stage VIII Evaluation . : 106 .- 96 27 - 29 63 71

3. Level Of Influence Of Marketing Personnel - Mean Scale Value Actual (Are) 5. 14

Ideal (Should Be) 5.28 5/__
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ORGANIZATION OF R § D ACTIVITIES CROSSTABULATED ‘WITH
MARKETING VARIABLES

(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED) o

Marketing.Variable

Level Of Management.That Are
Brought In At Screening Stage.

Level Of Management That Should -

Be. Brought In At Development
Stage :

Marketing Influence Should Be

Organlzatlon Of R G D
Act1v1t1es ‘

Significant.at 0.0339

" Significant at 0.0241

Significant at 0.0184
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marketing variables. 'The majority of'the.significance resulted

from the effect of missing data. In the case of the deveiopment_
‘'stage, the significant result was expected because marketing is

not as involved at this stage in the innovation stream and would

be even less involved in pure research and development organi-

zations.

When the marketing variables are related to research and
development project selectlon models, the significant results

may be due to the fact that project selection models-are only

used at various levels of the firm at different points of - time.

The use of project selection models waslbnly significant when

the marketing variables were evaluative in nature. This is not

unexpected as the project selection models are also evaluative

as well as selective in nature.

Several factors considered byhfirm$;in research and de-
velopment project selection are marketing.variables. ‘The in-
fluence of marketing personnel was found to be significantly'
related to fbur factors: market potential, markét:trends;
relationship with existing markets and marketing Strategy'(see
Table III-10). In essence, as marketing inf}uence increases,
the four factors become more important A This introduees
additional marketing factors into the collaboratlon scheme and
is totally con51stent with the profile data, i.e., marketlng is

considered to be 1mportant and many marketlng factors should be

considered in the various stages of the product 1nnovat10n stream



TABLE III-9

50

R 8 D PROJECT SELECTION MODELS CROSSTABULATED WITH .
MARRETING VARIABLES
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Marketing Variables

Level Of Management That Are

Brought In At Business Analysis

Stage

Level Of Management That Should
Be Brought Into The Evaluation
Stage

Level Of Management That Should
Be Brought Into the Evaluation
Stage

Models

Ranking Models

' Significant at 0.0574

Constrained Optimization
- Models »

Significant at 0.0165
Risk Analysis Modéls‘

Significant at 0.0343
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MARKETING PERSONNEL INFLUENCE CROSSTABULATED WITH FACTORS
CONSIDERED IN R & D PROJECT SELECTION
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Factors
Market Potentiél
Market Trends

Relationship With Existing
Markets

Product Market Strategy

‘Marketing Personnel

Influence

Significant at 0.0001

Significant at 0.0148

Significant at 0.0432

Significant at 0.0001
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Two other significant crosstabulations ére rcfdrtéa lﬁv
Table III-11. Changes in marketing control was found signifi-
cantly related to the actual level of:marketihg hanagemeﬂf
brought into the testing stage. The significance Waéfdue to
the length of time that had elapsed since marketing coqtfolsi
had changed. If the.change occurred more than five years ago,
it had-been institutiohalized and delegated. If it.Was a:fecént
change, control remained with top management. , The testihg stage
was a stage with less high level marketing personnel_invqued
and the changés in marketing controls had been recent_in szt
firms. Hence, the significance at the testing.stagé.

Product - Mafket strategy was found signifiggﬁtiy're—
lated to the ideal level of marketing influénce, Thisﬂpesult
indicates that strategy and ideal,influencg ére"diréctly;ref.
lated, i.e., where more strategy is required, more mafketing -
influence is needed. ‘

Several additional-supportidata appear in-other tables
in the report. Those that relate to marketingvare $ummarizéd‘
here for continuity.

Table IV-9: indicates that market analysis and-a‘new
product committee are very important.éomponents of new product
generation. |

In Table IV-10 part c, the low importance attached to
corpérate image was surprising. The firms iﬁdicate é"high
degree of market orientation and yet fail to link marketing,

product line and corporate image. in a meaningful way,» The lack



TABLE I1I-11

OTHER SIGNIFICANT CROSSTABULATIONS

Level Of Marketing
Management That Are
Brought Into The
Testing Stage

Changes In Marketing -
Control Significant at 0.0215

Marketing Influence
Should Be

Product Market Strategy Significant at 0.0005
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of consideration of market risk during development again portrays -
an innovative-risk-taking-non-traditional picture of Canadian
managers.

In Section V on structure, four tables provide insight

into marketing. Table V-1 indicates a large number of'the.firms‘

have changed marketing objectives and controls within.theApast

five years. Table V-%\indicates that solely research and de-

velopment firms also are tending to be more marketing efiented

while Table V-6 indicates a similar pattern for_firmsAwifh

research and development as part of.corporate'struCture,;

" Table V-7 indicates that changes in marketing controls are
significantly related to flexibility of stfucture, i.e., the more.

flexible firms changed marketing controls more reéentiy,n.

~Table VI-10 ihdicates that market - share ahd*teietionship
with existing merkets are significantly related. to-the technieal
advantages of a firm's products, i.eu, if.technicél adyantagee
are viewed as important, market variables are al$O<Viewed=to be

important.

E. Summary

The analy51s of the proflle of marketlng 1nvolvement in
new product 1nnovat10n presented in Sectlon C leads to several
conclusions. FirSt Canadian companies are customer ‘oriented
consistent with the new marketlng concept ‘and involve marketlng
personnel to a h1gh degree in most stages of the product inno=

: L Lo
vation stream. The firms look for customer needs or\desires
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through market research and bring the results back to the initial

production conceptualization phase.

Second, marketing pérsonnel presently involved in the

product innovation stream are/should be from top-and middle-

management. In essence, Canadian firms involve marketing to a
great extent, and when they do, the level of personnel is very.

senior.

Third, the degree of influence extended by marketing
personnel is large and there is an indication that tdp manage- .

ment thinks that it should be increased.

Thus, high level, influential marketing personnél_afe
involved in the product innovation stream}v This tends to dispel
any notion that Canadian management 1is unconcerned about . customer
wants and needs. The interesting poiht is that Ganédian managers
are not lagging behind their counterparts in éther countries |

in the use of current marketing management skills and orientation.

~The interaction data in Section D led to severélgaddi-
=

tional éghclusions, most of which support those already stated
above. First, there is an east-west phenomenon related to
market proximity which tends to generate significant interaction
results when location of firm and industrial claésification are
considered. The eastern industrial béﬁe in more heterogeneous
whereas many industrial sectors are underrepresented in the west.

Hence, one general Federal research.and dgvelopmen;:pdlicy for_»

all of Canada may be somewhat inappropriaté. Second, research



and development appears to:have its strongest technical link

to marketing when selection and evaluative processes are involved.

Third, typical marketing factors - market potentiél, market trends,

relationship with existing markets and markgtiné‘strategyf- were
found to be significantly related to the influence of marketing
personnel, a result consistent with the profile data. 'Fqufth{
recent changes in marketing objectivés an&ymérketing‘control
support the conclusion that Canadian,firmélare very much customer
oriented énd have undergone recent changes to bring marketing;
objéctives and control more in line with QUrrent marketing

ideology;

New product deéisions play a dbmﬁnént\role.in the'for_
mation of~cofporate strategy. The data.indicatesfthe'importan;e
of new product innbvation to:Canadian firms. It\alsO'indicates,
very strongly,'that>Canadian firms are cusfomer asAWellgas
market oriented. In addition, there are innbvativevmarketingi
firms which attach importance to the involvement of high level,
influential marketing personnel in the product innbvation,stream~
from conceptuélization to cbmmerciélizatioh. This ié‘not.the
picture so often pained about conservative, fraditionél; non-
innovative and unimagihativé Canadian ﬁéﬁagers; .Ih fact, from
a marketing point of view, analysis of sﬁrvey data:géneréteslan

entirely different model of Canadian managément.
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SECTION IV

RESEARCH AND DEVELOPMENT PROJECT{SELECTION-»

A. -Rationale For Questionnaire V

‘The purpose of the portion of the'questionnaire devoted
to R § D project selection was to gather»Basic data about R § D
project selection in technologlcally based Canadlan flrms
There is, to our knowledge, very 11tt1e Canadlan ormented in- .
formation of this kind ava11ab1e Basic 1nformat10n obtained -
from the questlonnalre is necessary in order to. better de11neate

the ba51c requ1rements of an experlmental and management devel—

-opment. program for Canadian R § D project selectlon decision-

makers.

B. ‘Actual Questiennaire

Those portions of the survey queetfonnaire designed to
probe the state-of-the-art in Canada w1th respect to R §D
project selection are shown on the next three pages A brief
dlSCUSSlOH of the background to the questronnarre 'is presented

beiow.

Questlons 6 and 7 were 1nc1uded in order to emp1r1ca11y
establlsh the organization and orlentatlon 1.e,, pure vs.

applied,.of R § D activity throughout Canada.

57



58
I11. ~RESEARCH ARD ﬁEVELOPWENT PROJECT SELECTION ‘ -, \ s
6) Would you please indicate (¥) whether your firm is solely engaged in R&search and ) .
Development or whether Research and Develnpment activities. are part of a larger
corporate structure. _ . . o
a) Solely Research and Development
b) Research and Development is part
of corporate structure
7) Please indicate (V) the way in which your Research and Development activities are’
organized. - :
a) Pure Research and Development )
b) Applled Research and Development _ . - - R I ) %
¢) Mix of Pure and Applied Research ! : ' ' : o
and Development : ’ - . i
d) Other (would you please briefly
describe below?)
12. Does your firm use Research and Development project selection techniques? Yes No
13. Would you please indicate (¥) below whether your firm is currentlv using, has nsed'in
the past, plans to use in the future, or has never used the following Research and
Development project selection techniques.
Terminologx ) }
a) Ranking Models where the decision maker compares one project with another or a
grouplng of projects and selects which he prefers.
b) Scoring Models which compute an overall project score based on 1at1ng of the
project against preselected critical criteria.
c) Economic Models which employ calculations such as net present value internal
rate of return, or economic equations. -
d) Constrained Optimization Models which attempt to optimize an economic objective
function subject to specific resource constraints. [
e) Risk Analysis Models which are based on a simulation analysis of input data in
distribution form.
' ' used but
uged used used plan to have discarded
for past for past for longer use in never (Give year
TECHNIQUES 2 vears 2~-5 vears than 5 vears future ~uged discarded)
a) Ranking Models - : )
b) Scoring Models
¢) Economic Models
d) Constrained
Optimization Models
e) Risk Analysis Mddels’ _
14, If your firm is not using any of the above Research and Development project selection
techniques would you make a brlef statement as to why this is 80, -
15. Is vour firm satisfied with its present procedures for selection of Research and

Development projects? .
Yes No




16.

17.

18,

19.
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Do present proceduies used for the selection of Research. and Development projects
involve the use of probability estimates for technical and/or commercial success?

a) For technical success Yes_ : . No

.b) For commercial success Yes . No

Are specific Research and Development projects selected from multiple proposals or
are they looked at one at a time?

a) From multiple proposals Yés;_____Nd
b) Looked at one at a time Yes No

Please describe briefly steps taken by your firm to stimulate the generation of
Research and Development and/or New Product ideas. .

What factors are used by your firm to evaluate Research and Development . projects’
Please check (¥).

a) Research and Devélopment b) Monufacturing

~ Likelihood of technical success - _- .- = Capability of

. manufacturinglproduct
= Facility and equipment

Development cost
Development time

- Capabllity of availlable skills . requirements -
- Availability of R&D resources = Availability of raw
- Availlability of R&D facilities material

Patent status
Compatibility with other projects

- Manufacturing safety

M

¢) Corporate Objectives £) Marketing and pistribution
- Fits into overall objectives . 4 Size of potential market
and strategy . = Capability to market

product

- Market trend and growth.

= Customer acceptance

Relationship with

" existing markets

Market share - C

—~ Market risk during -
development: period -

- Pricing:trend, propriety
problem, geographical
extent, and effect on

~ Corporate image

d) Financial
~ Profitability
Capital investment required
Annual (or unit) cost
Rate of return on investment
Unit price
Payout period’
Utilization of assets, cost
trend, cost reduction, and

FIEEED 1
1TH

cash £low : : —_— " existing produccs
e) Timing ) + Complete product line and .

- Timing of introduction of : ©  quality improvement
new prodict I
- Expected product sales life

||
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22,

23.

21‘0

25.
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To what degree does your firm agree with the following statements? Please check .

Strongly No : Strongly

Apree - Agree Opinion Disagree  Disagree

a) Formal decision processes help in

logically consistent. decisions

b) Formal decision processes allow
research management to more clearly
identify those projects or ideas
which are well worth investing time

and money in and those which are not

¢) Formal decision processes allow
termination of unsuccessful projects
at the earliest passible time

d) Formal decision processes make
managers aware of information that
should be acquired when making
decisions on projects or ideas

e) The primary objective of using
formal decision processes is to
-make decisions for managers

£) The primary objective.of using
formal decision processes 1s to aid

managers in making decisions

Who in your organization makes -decisions regarding the following types of Research and
Development programs? .

Person and/or group in organization
a) Exploratory Research and Development Programs . -

b) High risk business development Research and
Development programs

c) Support of existing business Reeearch and
‘ Development programs

N

- Do considerations of ecientific break-throughs internal or extermal to ydur.Firm

influence funding patterns for Research and Development activities?
‘ : : -+ Yes_. ' No

Do you have some in:uitive or operational criteria for the identification of a good

funding pattern?" .
Yes No

[——
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Question 13 esscntially uses the classification of‘models

or techniques proposed by Moore and Baker and discussed by

18

Clarke. ‘"We were also interested here in trying, if:possible;

to establish trends in usage over time. i

Question 14 was designed to try to verlfy ‘the reason for
the lack of use of models, if such proved to ex1st Clarke
provides a composlte of reasons for nonuse which may not apply

to Canadlan flrms.19

Question 16 was included in order to try fo‘escertainjthe
degree to which managers preseﬁtly try to_quantify.their3sub-
jective jodgments. "This area of'decisionmaking'is important,
particularly in the design of a management development.program
designed to provide guidance to manégers Wisﬁing‘to make_more

accurate forecast estimates. Clarke elaborates on this.point.ZO.

Baker and Freeland make the point_that perhaps there is
a. growing recogoition that it is easier and more meaningfol for
R & D personnel to evaluate‘alternative“project portfolios'than
to evaluate isolated proposals. They-claim that this is-likely

to be the case in situations 1nvolv1ng multiple cr1ter1a and a

dominance of econom1c return as a factor in resource allocat1on

18. Clarke, '"Project Selection," op. cit., p- 3+
19. 1Ibid., pp. 10 and 11.
20. Ibid., pp. 9 and 10.
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'dccisions.Z] Question 17 was included in order to get a-rough_

feel for this aspect of the decisionmaking process existing in
Canadian firms.

Question 18 was designed to get at some of the current

steps taken by management to help promote innovation.

Questlon 19 is the list of factocs generated by Dean and
discussed by Clarke as being the 1mportant ones used by flrms

for selection and evaluation of R § D pro;ects.22

Question 22 was included to obtain management's current’
thinking about the reasons for using quantitative deoisionmaking

techniques, while Question 23 attemptéd to identify the decision-

maker.

_Baker and Freelana'discuse the inpnt'feqnifements'tor
project selection and resource allocation models)23”5As pointed
out, only point eStimates of value are reﬁuired~whefejfunding
ievels are not considered. If resourcerallocatiOn modele are

used, some type of function must be specified which relates

benefit to feasible funding levels associated with projects under'

21. Baker, Norman R., and Freeland, James R., "Recent Advances
In R § D Value Measurement and Project Selection Methods,"
A paper presented at the 41st National Meeting of ORSA,
New Orleans, Louisiana, April 26-28, 1972, p. 16.

'22. Clarke, '"Decision Making," op. cit., pp. 17-20 and "
Appendlx D. A L

23. Baker and Freeland, op. cit., p. 13 and 14.
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consideration. Questlons 24 and 25 represent a back door effort
to try to galn addltlonal insight into the 1eve1 of soph15t1cat10n
of R §D management's thinking, even though they may not.be_u51ng
formal quantitatire approaches. This:consideratiOn of:perspec-

tive on funding patterns is important'to the design'of~future

. research into factors affectlng R&§D management [ W1111ngness.

"zo adopt quantltatlve techniques, and to the general or1entat10n\

of a management development~programvas we11.24

C. Profile Data

- Tables TV-1 shows that the majority of R GID~activity,j
90%, takes place in R § D units that are nart of a‘lérgerncor—f
porate'entity} In addltlon R &D act1v1ty is heav11y appll-'

cation oriented, as shown on Table V- Z

About 32” of the reportlng f1rms, as shown on Table IV 3
use no quantltatlve pr01ect selectlon technlques However, and
th1s is important and somewhat surpr;51ng, almost 59% of re-
sponding‘firms do use such techniques. - The trend in specific
usage that shows up,.in_Table IV-4, is from the use_of'simpler'
ranking“and scoring modelsftowards the use oflnore'sopnistioeted
economic, constrained optimization, and risk analysis models.'
However, 25% of the reporting firms have been using.eeononief
models, probably capital budgeting klnds of models 51nce thls
model type was 1mp11C1t in the deflnltlon used for- economlc

models on the questionnaire, for 1onger than‘flve years.

24. See Section VIII of this report.
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64

THE NUMBER OF FIRMS INDICATING WHETHER THEY ARB SOLELY ENGAGED
~ INR § D OR WHETHER R & D ACTIVITIES ARE PART OF A

LARGER CORPORATE STRUCTURE (QUESTION 6)

Engaged Solely In R § D

R & D Activities Are
Part Of The- Corporate
Structure

Both

Absolﬁte
Frequency
Firms

17

178

196

Relative

Frequency

[
K

190.8

0.05
- 100.0




TABLE IV-2

ORGANIZATION OF R § D ACTIVITIES (QUESTION 7)

Organization Of R §D

Pure R § D
Applied R § D

Mixture Of Pure And Applied R § D

Missing Data -

Absolute
Frequency
Firms

137

53

196

. Relative
Frequency
: . [)

1.5
70.0

27.0

1.5
100.0°



TABLE 1V-3

Tee

THE NUMBER OF FIRMS USING R § D PROJECT SELECTION TECHNIQUES

(QUESTION 12)

. Absolute
Use R § D Project Selection - Frequency
Techniques ' Firms
Yes ' ' 115
No B : ‘ ‘  62‘:
Missing Data - - .19
196 -

_Relatlve
'Frequency

%

'58.7

31,6

100.0

2



TABLE IV-4

THE NUMBER OF FIRMS USiNG SPECIFIC R § D PROJECT. SELECTION TECHNIQUES (QUESTION 13)

Techniques
‘ Constrained Risk
Ranking Scoring Economic Optimization  Analysis
. Models. = Models =~ Models Models . Models .
Used For Past 2 Years Firms 16 : 6 15 5 | 11
' - % (8.2 - (3.1) (7.7) (2.6) - (5.6)
Used For Past 2-5 Years Firms 28 .14 25 11 10
| ' % (14.3) (7.1) S (12.8) (5.6) (5.1)
‘Greater Than 5 Years. Firms 53 11 49 15 10
= R P (27.0) (5.6) (25.0) (7.7) (5.1)
Plan To Use In Future  Firms 6 12 8 7 S 11
o 2 % (3.1 (6.1) (4.1 (3.6) (5.6)
Have Not Used | Firms 39 73 42 79 73
S ' % - (19.9) (37.2) (21.4) (40.3) (37.2)
"‘Used But Rejected Firms 2 T ‘ 1. 1 , 3
o 5 (1.0) - (2.0) . (0.5) (0.5) (1.5)
- Missing Data . e Firms 52 76 56 78 78
o o T 5 (26.5).°  (38.8)  (28.6) (39.8) (39.8)
Total - 196 196 196 196 196

L9
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Table IV-5 is very interesting., While many of the non-
users were not able or were unwilling to articulate the réason
for nonuse, for example, . one respcndenf actually stated that he
did not know why the techniques itemized oh'the duestiqnnaire
were not used, the predominate answer from nonusers.waé that
their firm was too small or more impofténtly they‘lécked.kﬁow—

ledge of the techniques.

Table IV-6 indicates that about -58% of the firms are
satisfied with their present R § D project selection»techniques,'
while 38% are not satisfied with.présent techniques;‘ This re-

presents about the same breakdown as. users vs. nonusers. .

Fifty-eight percent of the responding firms use proba-
bility estimates to identify probable technical success Whilé
62% of reporting firms use-ﬁrobability.estimates in.régafd,to
probable commercial success. We think that this répresenfs a
fairly high level of sophistication and were, frankly, surprised
at.the results. o

The data on Table IV-8 coincides ﬁith the7fésults;{"
discussed above, with respect to the fact that the majority of
users favor simple ranking or scOring models. . Only QS% of the
firms select projects from multiple portfolios. .This.wquldA.
involve data, such as that obtained from constréined résource
allocation models, which would require decisiqnmakers-to as-
certain funding patterns father than point estimatéé.of value
for projects under cohsideration. Constrained resource allo-

cation models do not enjoy a large usage. ~HoWevér, even though

, -
4



' : TABLE IV-5

| . REASONS WHY FIRMS DO NOT USE R § D PROJECT SELECTION TECHNIQUES
- (QUESTION 14) ‘ '

ABsOlute Relative

l | o | ‘ - Frequency Frequency
Why Techniques Are Not Used - ‘ Firms %
l_ Only Make Simple Decisions ~ . -6 3.1
Techniques Are Not Necessary,. ' _ : |
' Do Not Work - _ : 7 © 3.6
77777 Firm Is Too Small 10 5.1
' Lack Knowledge Of Techniques | : 16 - 8.1
Firm Is Product Oriented - . 1 | 0.5
l" Lack Of Capability And Resources 2 | 1.0
. Clients Direct Firm | 5 2.6
;. Projects Selected By Priority | L 2 - 1.0
l ' Narrow Markets : 1 0.5
_ Do Not Know | | SR 0.5
" : Satisfied With Present Procedures , 2 : 1.0
l Contemplating Adding 2 1.0
. Decisions Made Elsewhere : § 1 0.5
'Il Missing Data ‘. ~ 140 71.5
' | 196 100.0
i -
i
i
B
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TABLE IV-6

' THE NUMBER OF FIRMS INDICATING SATISFACTION WITH THEIR PRESENT

R § D PROJECT SELECTION TECHNIQUES (QUESTION 15)

Absolute - o Relative

Frequency Frequency
Satigfied With Present Procedyres e Firms s %
Yes | o l. 113 :57;7
Missing Data _ _lg o .: Sfln

196 . 100.0
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Use Probability

Yes . . Firms -

No Firms

Missing Data Firms

[}
°

TABLE IV-7

Technical
Success

115
(58.7)
65
(33.2)

16
(8.2)

Commercial .

THE NUMBER OF FIRMS WHO USE PROBABILITY ESTIMATION FOR.TECHNICAL
AND/OR COMMERCIAL SUCCESS (QUESTION 16) -

Both Commercial

. And Technical
Success .Success
122 104
(62.2) (53.1)
59 - 80
- (30.1) (40.8)
15 12

(7.7)

(6.1
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TABLE 1V-8

THE NUMBER OF FIRMS WHO SELECT R § D. PROJECTS FROM SINGLE OR
MULTIPLE PROPOSALS (QUESTION 17)

Pfojécts Selected

From Multiple From Single _ _
Proposals. Proposals Both
Yes Firms - 84 136 | 34
: % : - (42.9) - (69.4) .. (17.3)
No | Firms 46 16 - 152
% (23.5) (8.2) (77.6)

Missing Data  Firms 66 a4 10

5 (33.7) (22, 4) (5.
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such quels are not being used, Table iV—S»indicatés thatrdverA
one-half of those who weré able or willing to respond to QQestion:
25.have intuitive or operational criteria for idéntification.of
a "good" funding pattern. In additidn, aboutfél%‘of'the.total
respondénts, say that scientific breakthrdughs ihflﬁence funding-
patternsifor R&D activities. Again,.this indicates-aigenérally
high degree of management sophisticatioﬁ.  | .

Table IV-9 shows the potpourri of hetﬁods used to stim-
ulate innovation in R § D thinking.‘ It is interestinggto nqté

that 24% of the firms report market analysis as being the_pfime—~

mover. Necessity and survival are the mother and father of

innovation!

Table IV-10 indicates that only 37% of the'firmé consider
manufacturing safety when evaluating R GvD:prqposals; :This
provides some insight: into recent union acfivify ahd“dpheaval,
in bothjthe_U,S. and Canada; with respeétﬁﬁo safety considerations
on the job. What is really surprising is that 69% of the re-
sponding firms do not consider corporate\image when evaluat}ng_

R § D proposals. This seems to be contrary_%o the popuiarn
picture painted.about the importance of image in cofporate
decisionmakihg. | | |

Table IV-11 indicates that the majority of ﬁanagement
thinks thét formal decision processés‘éididecisionmaking geper—--
ally and ;hat the primary dbjective of thé‘use Qf QUaﬁtitativeA

techniques is to aid decisionmaking rather than to make decisions.
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TABLE IV-9

HOW FIRMS STIMULATE THE GENERATION OF R § D AND/OR NEW PRODUCT IDEAS
‘ ' - (QUESTION 18)

Absolute - Relative

Steps In R § D And New Product Frequency . | Frequency
- Idea Generation - __Firms %

Decision Model - s 4.1
Limit To Experts | 3 1.5

_Originate InR§D . . . . 15 . 7.7

~ Market Analysis - 46 '123,5
Systematic Appréach 45 - 23.0
Ad Hoc - s 7.7
To Meet Customer Need 6 . .‘ 3.1
Brainsforming ‘ ' . '7  SI.S.EV
From Parent Company 1 ’ 0.5
Newvfréduct Committee 18 ' ".'9;2
Creative President | ‘ 2 | ~ - 1.0
Pick By Priority | | 1 0.5
Missihg Data - _ 29 14.6

196 ~100.0




TABLE IV-10

=

FACTORS USED BY RESPONDING FIRMS TO EVALUATE R § D PROJECTS
(QUESTION 19)

Factors«cdnsideréd

‘ _ Yes No
Factors ' : i . Firms . Firms
a) Research And Development
Likelihood of Technical Success ' ' 175 21
Development Cost . R 162 34
- Development Time o . 151 .. - . 45
Capability of Available Skills . 149 - . 47
Availability of R § D Resources 138 - 58
~Availability of R § D Facilities 1300 66
Patent Status , 118 78
Compatlblllty With Other PrOJects . 137 - 59
b) Manufacturing ‘ |
Capability of Manufacturing Product 162 34
Facility -and Equipment Requirements - 145 51
Availability of Raw Material - 114 82
Manufacturing Safety o : 73 123
c) Corporate Objectives
Fits Into Overall Objectives and o
Strategy ' - 176 - . 20
Corporate Image ' - 61 . 135
d) F1nanc1al o - ) -
Prof1tab111ty : 169 . L 27
Capital Investment Required .. 154 42
Annual (or Unit) Cost 96 - 100
Rate of Return on Investment ' : 142 . 54
Unit Price - . 94 - 102
Payout Period. -~ 115 - 81

Utilization of Assets, Cost Trends,
Cash Flow : 105 91



76

TABLE 1V-10 Continued

Factors Considered

Fectors Yes ' No
Firms Firms
~e) Timing
Tlmlng of Introduction of New Product> (122 - 74
Expected Product Sales Llfe o118 78
f) Marketing and Distribution |
Size of Potential Market - 163 33
Capability to Market Product : 141 55
Market Trend and Growth © 141 55
Customer Acceptance , 149 47
Relationship With Existing Markets 0143 ¢ 0 53
Market Share 111 85
Market Risk During Development Period 89 . 107
Pricing: Trend, Propriety Problem, o o
Geographical Extent, and Effect on. :
Existing Products ' 117 79
"Complete Product Line and Quallty

Improvement 127 69




TABLE IV-11

THE EVALUATION OF FORMAL DECISION PROCESSES BY RESPONDING FIRMS (QUESTION 22)

: _ - _ - Strongly ~ Strongly Missing
Statements = - S Agree Agree Neutral Disagree Disagree Data
a) Formal decision processes help _
‘ in logically comsistent de—' Firms . 36 115 19 10 0 .16
cisions _ % (18.4) (58.7) (9.7) (5.1) - (0.0) (8.2)
b) Formal decision processes allow
research management to more
clearly identify those projects ‘
or ideas which are well worth Firms A0 115 14 8 ‘ 1 18

investing time and money in ‘ p >
and those which are not ? (20.4) (58.7) (7.1) (4.1) (0.5) (9-2)

-¢) TFormal decision processes allow
'~ termination of unsuccessful - - ' L '
‘projects at the earliest Firms @ 31 © 115 .15 16 1 18
possible time - % (15.8)  (58.7) (7.7) (8.2) (0.5) (9.2)

"d)f-Fbrmal decision processes make
- 'managers aware of information
that should be acquired when

"making dec151ons on projects “Firms. . 44 11s 13 4 _ 0 20
or 1deas g _ % - (22.4) (58.7) (6.6) (2.0) (0.0) (10.2) .
e) ‘The prlmary objective of u51ng‘ . - o - | -
 formal decision processes is - Firms: 1 12 1 104 40 20

to make decisions for managers_ % - (0.5) (6.1) (9.7) (53.1) ,(20;4)_((10 2)

£) - The prlmary obJectlve of using , _ '
" - formal decision processes is to " Firms 43 112 13 -9 1 18 -
aid managers in making decisions 5 (21 9) “(57.1) (6.6} (4.6) . (0.5) - (9.2) -

Lo
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 TABLE IV-12

ORGANIZATIONAL DECISION MAKERS FOR VARIOUS
TYPES OF R § D PROGRAMS (QUESTION 23)

Programs
High Risk Sﬁpport 0f
Business Existing
Exploratory . Development Business
Who In Organization RED Programs R&D Programs : RGD Programs
Firms % Firms %  Firms %

" President A 21 10.7 . .34 17.3 . 23 11.7
Board | 3 1.5 10 5.1 7 3.6
Top Management 62 31.6 72 36.7 . 60 30.6
Top Management Committee 10 5.1 12 6.1 11 5.6.
General Manager 4 2.0 11 5.6 8 4.1
Research Director 39 19.9 7 3.6 26 13.3
Vice President(Various) 18 9.2 14 7.1 . 13 6.6
Marketing Manager 11 5.6 3 1.5 :”f18 9.2
Mid Management 5 2.6 7 3.6 - 14 7.1
Missing Data. 23 11.7 26 13.3 16 8.2

Totals 196 100.0 196 100.0 196 100.0
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l__ TABLE IV-13
l PATTERNS OF FUNDING (QUESTIONS 24 AND 25)
Yes. o ﬂﬁg;" ~° Missing.
Statements . Firms % Firms_'% Firms %

Question 24

‘Do considerations of
scientific breakthroughs , _
internal or external to ‘ o N e : :
your firm influence fund- 119( (60.7) A 63““(32'1)~ 14 (7’1)
ing patterns for R § D ' '
activities? '

Question 25

Do you have some in-
tuitive or operational
criteria for the identi- ' _ : .
fications of a '"'good N 87 (44.4) 82 (41.8) 27 (13.8)

funding pattern?"

i i ¢ ] ! s - -
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Table IV-12 indicates that, in general, top management
participates across the board in dec151onmak1ng For varlous |
types of R § D programs. However, clearly, Research D1rectors'..
play\a 1arger.role, as\might be exPected, in exploratory-R & D

programs.

‘D. Interaction Data

‘Tables 1v-14, 1V-15, IV-16, IV-17, and IV-18'report.

crosstabulations, of R § D project selection variables with

. other variables included in the queStionnaire,’that'showed"Up'

in the'computer‘analySis as being statistically significant.
Table IV-14 indicates that, as expectedesince more head
offices are located in eastern Canada, more decisionmaking,with

respect to R § D activity takes place in the east.

Data underlying Table IV-15 indiCates that‘manufactUring‘-:.
firms are less sophisticated than other technplogically‘based
Canadianvcorporations in the use of quantitative techniques for
R & D project selection. |

Tables IV-16 and IV-17 indicate that markettsensitive
firms, i.e., firms where:R § D activity is partfdf-a larger
corporate structure, use more advanced deciéionmaking-techniques
for R § D project selection than firms organized on a pure:R & D
basis. The small number of purely R § D or1ented f1rms accounts i
for the 51gn1f1cant crosstabulatlons shown on Table IV 18 ‘ Pure

R & D is generally done on a contract basis and management of
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TABLE 1IV-14

LOCATION OF EIRM CROSSTABULATED WITH VARIOUS FACTORS
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Factors . Location Of Firm

a) Who In The Organization ' o :
Decides About Exploratory Significant at 0.0115
R & D Programs , : _
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- a)

b)

d)

TABLE IV-15

INDUSTRIAL CLASS CROSSTABULATED WITH VARIOUS FACTORS
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED).

Factors

‘Constrained Optimization Models

Risk Analysis. Models

Dec1der of ngh RlSk R & D -
~Projects _ S

Decider .of Projects That
Support Existing R § D
Projects

Industriai.ClaSs

Significant

‘Significant

" Significant

Significant

‘at 0.0002

at 0.0037

‘at 00001

at 0.0015
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TABLE IV-16
FIRMS ORGANIZED AS SOLELY R § D CROSSTABULATED WITH R & D VARIABLES

Response Categories

' : ‘ , Missing
R & D Variables ' ' ' Yes =~ No Data
a) Use R § D Project Selection Techniques - . 11 4 181

: o Greater Have
Past 2 Past 2-5 Than 5 Not Missing

Models . ~ Years . Years Years Used Data
b) Ranking Models 3 1 1 5 186
c) Scoring Models. 0 0 0 10 186
d) Economic Models 1 3 2 -7 183
e) Constrained Optimization Models 1 1 1 8 185
£) Risk Analysis Models. . 1 0 0 9 186
Missing
Yes No  _Data
" .g) . Present RGD Procedures Are Ok - SR T -9 8 179
h)  Use Probability Estimates Of Technical Success ) - 8 10 178
i) - Use Probability Estimates Of Commercial Success - - 6 -9 181 .
" j)  Projects Selected From Alternative § S 9 3 184 -
- k) - Projects Selected Individually ' ' - 12 2 . 182 o
1) - Concerned About Corporate Image R ' - 15 3 178 oo
"m).- Concerned About Asset Utilization . : P 11 7 1178 o
5 178

‘n) . Concerned About Manufacturing Safety e ‘ 13
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TABLE IV-16 Continued

Missing

Yes. No _Data |
o) Concerned About Market Share - 12 6 178
p) Concerned About Market Risk : 14 4 178
q) Breakthrough Influences Funding - 10 8 178
r) Criteria For Funding Pattern i . 8 8 180

Lével O0f DPecision

Top Mid~ - = Missing
Management Management Data
- s) Decisions Regarding Exploratory R § D - 14 1. 181
.t) - Decisions Regarding High Risk R § D . 13 « 0 - 183
- u)- Decisions Regarding Programs In Support - ‘ .
Of Existing R § D _ o 14 : 1 ‘ 181

b8
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TABLE IV-17

FIRMS WITH R § D IN CORPORATE STRUCTURE CROSSTABULATED WITH R § D VARIABLES

' ' Missing
R & D Factors : ' Yes No Data
-a) Use R § D Project Selection Techniques 105 58 . 33
‘ . Greater Have
. Past 2 Past 2-5 Than 5 Not - Missing
Models . o Years Years Years Used - Data
b) Ranking Models , 13 27 52 42 62
c) Scoring Models _ 6 14 11 79 86
d) Economic Models 15 22 _ 47 44 68
e)  Constrained Optimization Models 4 10 14 79 89
f) Risk Analy51s Models = . - 10 - 10 - 10 78 88
' Missing
| Yes ~No  Data _
_g)»‘Present RED Procedures Are OK - o | . 10431 66 26
" ~'h) - Use Probability Estimates Of Technical Success S - 107 56 33
i) Use Probability Estimates Of Commercial” Success.' .- 116 50 30
" 'j) " Projects Selected From Alternatives o o 75 43 78.
k) -Projects Seclected Individually - - : ‘ . 125 14 - 57
-~ 1) - Concerned About Corporate Image - o L , 121 58 17
"m) Concerned About Asset Utilization: ' , : - 81 98 -17

'n) Concerned About Manufacturing Safety N - 111 68 , 17
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TABLE IV-17 Continued

Concerned About Market Share
Concerned About Market Risk
Breakthrough Influences Funding
Criteria For Funding Pattern

Yes

74
94
110
80

Missing
Data

17
17
31
42

Decisions Regarding Exploratory R § D

Decisions Regarding High Risk R § D

Decisions Regarding Programs In Support
Of Existing R § D ' :

Level Of Decision

Top Mid
Management @ Management
144 15
148 i0
135 31

Missing

Data

37
38

30

98
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TABLE IV-18

87

OTHER STATISTICALLY SIGNIFICANT CROSSTABULATIONS

a) Decider Of High Risk R § D

b) Criteria For Funding Pattern

Emphasis Of R & D Activities

(Pure, Applied, Mixed)

Significant at 0.0006

Significant at 0.0139
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(irms opcerating in this sector have very little'need to evaluate
funding patterns for R § D or the relative technological or

commercial risks, with respect to success, of such projects.

E. Summary

We think that the results of this portion of the studY'
show that Canadian management, in general, is much nore'sophis-z‘
ticated than usually they are given credit for beingr The
degree of the recent lament by Daly and Peterson is probably
25

Where data on the use of quantitative techniques is strictly

‘comparable, Canadian managers are probably relatively no worse

off or better off than their U.S. counterparts 26 There does

seem to be a need to increase the knowledge level and perspect1ve

among the smaller Canad1an flrms Also, a well designed man-

agement development program, appl1ed to larger firms, would
perhaps acceleratevthe use of more sophisticated quantitative
techniqnes,‘atvleast in the R § D area. The degree of manage--
ment sophistieation shown in responses to the "fund1ng pattern
questlons,” i. e., questlons 24 and 25, 1nd1cates a readlness if
not a W1111ngness on management s part to adopt more. sophlstl-
cated de0151onmak1ng aids. Indeed, as indicated in the data
portrayed on Table IV-4, the trend is in that directionl With
respect to 'education" ofvthe smaller firms with respect to

modern decisionmaking techniques, one thing that came through

25.. Daly and Peterson, op. cit.

26. See Section VII of this report.
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in interviews, implicitly but loud and clear, waS‘thc fact that

the business lcaders on the Canadian scene spend u!grcat deal
of time and effort in this direction. As a matter of fact they’
may be over extended in this effort, and the truth of the matter

is that such efforts are not widely recognized nor rewarded.

It is highly significant to  find that manufacturing firms
lag behind other industries in the application of quantitative
techniques in R §& D'project selection decisionmaking; This

general dec151onmak1ng lethargy of the manufacturlng sector of

" Canadian 1ndustry also shows up in the use of technolog1ca1

27 We recognize that the amount or de-

forecastlng techniques.
gree of 1ag.in sophistication of decisionmaking among,mann-f
facturing firms has not been established. hut to be reasonably
certain of such ex1stence 1s highly dlsconcertlng when one.
con51ders the long-run ability of Canadlan manufacturlng flrms.
to compete in world markets. The 1mp11c1t assumptlon here |

of course, is that manufacturlng firms lag in the use of more

sophlstlcated dec151onmak1ng technlques in a11 areas, not JUSt

S in the area of R & D project selection,. Recent trends in wages

across the board in Canada would seem to 1nd1cate that Canadlan
manufacturing firms cannot, in the future, depend on a cheaper-
supply of labor to offset operatlonal 1neff1c1ences that mlght

arise as a result of def1c1ency in management dec151onmak1ng |

practlces.

27. .See Section VII of this report.
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However, as indicated in Section IIT of this report,:
Canadian firms, including manufacturers, arc comparable in
the usc ol advanced techniques in the arca of marketing. What

they lack in the area of sophistication in R § D“decisionﬁaking,

- is perhaps mOfe than offset by markéting'effort.and savvy. In

addition,  the diverse nature of the size of Canadian manufacturers
may distort the data. We are certain that fhe'larger Canadian
firms are as sophisticated as their counterparts south Of thé
border. At this point in-time, data'from the queStidnnairelis

not organized in such a manner that the influence of firm size

‘can be readily discerned.
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SECTION V

STRUCTURAL CHANGE IN CANADIAN ORCANIZATIONS DOINC
RESEARCH AND DEVELOPMENT

A. Rationale For Questionnaire

Ahy thoroUgh fundamental inreStigation into the design
requirements for an experimental and management~develepment
program for R § D project selection decisionmakers‘needs to:
consider the structure of R § D{orgenizations. Structire is
usually considered in the narrow sense of hierarchy. However,
hierarchy is only one important aspect of structure. efn,1958,

March and Simon pointed out that organiiation structure com-

' sists simply of those aspects of the pattern of behavior in the

organlzatlon that are relatively stable and that change only

28 The1r dlscu551on of structure and thlnklng about

slowly.
structure‘was oriented towards how the«"boundarles,of rat;on—'
ality” affected management of an organization's programe for
performing-tasks,'ewitching rﬁles.for determining When it Will'
apply alternatlve programs, and the procedures used for deve1~
oplng, 1mp1ement1ng, and rev151ng programs Now, 1f structure-

is v1ewed in reverse, i.e., by asklng what are the: fundamental

organizational components which affect managerlal behav1or that

28. March, James G. and'S1mon, Herbert A., Organlzetione,
John Wiley § Sons Inc., Fourth - Prlntlng, March 1963,
p. 170.

91
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chungc most slowly over time, an interesting and hjgh]y.uéeful
intégruting framework for analysis evolves. This integrating
{ramework suggests that organizational étrutture can also be
defined as those organizational components that change most
slowly over time and includes five fundamehtal aspécfs.-‘TheSe

are; goals, control systems, people attitudes, hierarchy, and

the data base. These five fundamental structural components of

organizations are very important when: one considers.the use or
nonuse of quantitative techniques by R § D project selection
decisionmakers or the willingness of decisibnmakers to-addpf

such techniques.

An organization's goals or objectives can be expected to

change slowly over time because they affect the allocation of
resources 1in ngelopment of programs for‘performing tasks and
switching rules for program application. An acdepted'econpmi;v
concept is the knowledge that resource commitment in the shért
run -is fixed. The problem of assessing change réquires a de-
finition of what is meant by short run. Technologita] fofe—
castlng techniques discussed in Section: VI of thlS report

partlcularly the delphi method, have been de51gned to a551st

in a more accurate definition of the time horizon. ‘In addltlon,

it might be expected that objectives.change slowly over time
because they are perhaps the most d1ff1cu1t uomponent of or-
ganization structure for management to delineate. ThlS d1ff1—‘
culty and the relationship to the use, or'willihgness to use,

quantltatlve technlques is Very aptly po1nted out by LetW1n

b



N AR SR SN B SN W SN AN D G0 SN Sn MU B G au SR S

.93

"An executive's first job is to define the
objectives of his organization: it is a
rare book on operations research, manage-
ment science, policy-making, or publlc ad-
ministration that does not make this point.
at the outset. It is a good point, worth
making and, like other good points, well
worth quallfylng « « « « +« . Yet although
men and organizations cannot act ratlonally
without having selected their ends, -in-
structing ‘a man to identify his ends, or -
those of his organization, sets him at a
task that, while 1og1callg po<51ble, is
practically impossible. "2

"It seems, after all, that the textbooks
must be admitted to be theoretically cor-
rect in holding that the first step in
rational decision is to identify the ob-
jectives. What they do not add is -that
the project of identifying objectives is
strictly interminable and imposes severe:
strains on the honesty as-well as the in-
tellect of the seeker. Above all, the
project cannot be carried out by any - -
-scientific or objective method. Two men -
equally knowledgeable about an- organiza-
tion may well disagree about.its objec-
tives; and no third man could, on account
of any science at his: d15posa1 'tell which
of the two was more accurate. In short,
the opening step in the presumably ob1ec—
tive process of decisionmaking with modern
methods is itself a step that-requires‘
analysis of a largely intuitive sort. At
the very threshold of rational certalnty in
practical matters -stands the uninvited ‘guest
of dlscretlonary Judgment 30 :

i

Control syStemS~in the financial, pgoductiOn; and marketing

areas can be expected to change slowly over time‘beqause of the

initial cost of installation and the fact that human beings become
. - i N

29. Letwin, Wllllam, "Social Science and Pract1ca1 Problems,
The Great Ideas Today, Encyclopaedia Brltannlca Inc.
Toronto, 1970, pp. 131-132.

30. Ibid., p. 133.
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accustomed to using programs for task performance which. are
developed as an intrinsic part of adoption of systems for

control of an organization's major functions.
J

By people attitudes we mean the fundamental‘beliefs'held

by management with respect. to participation of employees in:
decisionmaking at all 1eme1s of the~organization. .The millions
of dollars spent by industrial organlzations in North America
each year in sending personnel to management development programs
in an effort to make operational the managerial perspective that
employees are other than machines, atteSts to the fact~that |
people-attitudes are slow to change. The affect of an organl-_
zation's basic attitude-towards-people on the cognitive rationf
allty of employees is well establlshed but to our knowledge
this fundamental organ1zat10na1 aspect has not been p01nted outV

as belng a maJor structural varlable‘ln the~sense used here.

The hlerarchX component of structure refers to what is
most commonly called '""the structure of an organlzatlon By
hierarchy we mean how the firm is organized.- The most funda-
.mental notion of organization, relevant to this investigation,
isAthe trend towards greater centralization or«decentralization.
The trend towards centralization or decentralization is an
important_consideration in the use.of‘scientific decisionmaking
techniques by technologically based organizatlons,"ln l960, |
Simon pointed out that the new developments in decisionmaking

will tend to induce more centralization in decisionmaking
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activities at middle management levels.

stated:

Whisler,
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31" 15 1970, Churchman

"This brlngs OR into what I consider to
be the major organlzatlonal problem of
management and government in theé coming
decades: centralization vs. decentrali-
zation. The problem for OR is somewhat
of a paradox. The assumption implicit
in OR models is that decisionmaking
should have a centralized locus, where
information from all sources is digested
by the model and an optimal allocation
of resources is calculated. But OR
practitioners realize the importance of
maintaining at least the appearance of
local dec151onmak1ng "32 -

points out how information technology affects organi-

zation structure in systematic ways. He states:

"How much the structure will change -
depends also on how economic it is to
use information technology. Managers
attempt to exploit the technology to
the point where costs and benefits’
are equal. As hardware," software, and-.
data transmission equipment improve,
this point shifts, and the, technology
is usually exploited further. Since
it thus appears that the use of - ‘
computers will grow, it is useful to
gather as much evidence as possible of
the systematic changes theitechnology
makes in organizational structure.'33

31.
32.

33.

Simon, Herbert A., The New Science of Management Decision,
Harper and Row, New York, 1960, p. 47.

Churchman, C. West, “Operations Research As A Profession,"
Management Science, Vol. 17, October, 1970, p. B-44.

Whisler, Thomas L., Information Technology and Organizational
Chan%e Wadsworth Publishing Company Inc., Belmont,

Ca11 ornia,

1970, p. 68.
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‘Data bases developed by all levels of management can be

expected to change slowly over time. because they are used at

all levels in the organization to drive programs used in task

performance and as-the basic input for “witching rules, i.e.,
the input to corporate COntrol systems, used’ to make dec151ons
regarding alternative program appllcatlon g A recent art1c1e

in the Financial Post included a ‘caption that stated "For
senior management, the important’ aspect of’ data base technology
is that it is not an ‘end in itself. It 1s simply a technlque
for reorganlzlng data and changlng the methods of asse551ng

that data. ”34

It is not unreasonable to expect such change to
take plaCe slowly over time as a result of the change in an
organlzatlon S data base, because of the problems of novelty,

inkblot character of technology, and self 1nf11cted costs 35

The relationship»between an organization's,structure

-and the use of more scientifically based decisionmaking o

techniques by managers is now clear. What is,not'evident-
is how informatlon_with reSpecthto structural changes in
Canadian organizations doing R &‘D”can;bejmadenoperationally‘
usefulrin_the design of an experimental anddmanagement~deve10p-
ment program aimed at R,ﬁ D project -selection decisionmakers.
As Whisler puts it: »

"One of the great blanks in organization

theory is a systematic and satisfactory -
explanatlon of the grouping of activities,

34. Sharp, Duane E., "Phasing in the Computer," The Financial
Post, April 13, 1974, p. 28.

35. These problems are described by1Whisler, op. cit., p. 107.
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jobs, and people in organizations, even
though this is one of the fundamental
problems to be solved by those respon-
sible for an organization's effective
functioning. Recent lines of investi-
gation, however, suggest that the costs:
of communication are' a fundamental
determinant of the pattern of depart-.

- mentation within any organization. By
‘trial and error, the organization seeks

" that structure which will minimize its.
costs, given the number and kinds of
problems that it has to solve. These
problems depend on the character and
volume of its outputs."36

Perhaps the key lies in the investigations of Professof P.
Mlchael Maher and others. into the W1111ngness of dec151on-
makers to adopt quant1tat1ve technlques 37
B. Actual Questiennaife

The portlon of the survey questlonnalre used to as-
certain the trends in structural change of Canad1an organlzatlons
doing research;and development is shown on the next page. . As
indicated, the questionnaire was.deSigneddto gather information

both with respect to change and‘the.perceivediimpacthbf.SUCh

_fchange.dn the morale and productivity of personnei‘ditectly

engaged in ﬁ & D activity} We‘may:be oan to criticism for
not being_more explicit with respect tovthe definitions of"
"centraiization” and "decentralization." We recogniZe'that
”centrallzatlon" indicates a d1rect10n rather than an absolute

condltlon. We assumed that management answerlng the questlonnalre

36. Ibid., p. 45-46.

37. See Section VIII of this report.
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ORGANIZATIONS,DOING

Woudd you pledse fnlteate (7Y whether there have been changes Ln covporate obleet lves,
corporiate conttel svstoems, corporare structutre, professfenal doveélopment of Resenrceh

and Development: pulsunm.l° and type of fuloxmatlon in the data base during .the spucificd
time periods,

)

b)

c)

d)

e)

during pust during past lu

uper than no

Changes in objuctives
~ Flnaocial
= Praduction
~ Marketing

Chunbes in corporate control systenis .

~ Financial
~ Productlon
~ Marketing

Changes in .corporate structure

- More contralized structure

- More decentralized structure

- Moved [rom line-~staff to a
program management structure

Chdnges in professional development
opportunitievs fer Research and
Development Persomnel
~ Increased opportunity for

professional development
~.Decreased opportunity for
professional development

2 _vears 2-5 vears

5 vears | elinge.

Changes in sources or type of
information included in the data
base used for the selection of

Regeaxrch and Development projects
« Changes in source

~ Changey In type

Given your response to question 20 above, to what degree does your firm agree with the
following statements regarding the impact of the changes on the morale of Research and
Developvent personnel and on the output of the Research and Development unit. Please

check (v)

a) The clanges in the following areas

have led to increased morale of
Research and Development personnel

- Changes in objectives

= Chenges in corporate control
systems

.= Moved toward a more centralized
structure

~ Moved toward a more dpcenrralized
structure )

- Moved to a prugram structure

~ Increased professional development

opportunity

- Decreased professional development

oppor tunity
~ Changed sources of information
~ Changed type of information

b) The changes in the following areas

have led to increased output from the

Research and Development unit

« Changes in objectives

« Changes in corporate control
systems

~ Movad towsrd a more centralized
sCructure

- Moved toward a more decentralized
structure

~ Hoved to a program structure

~ Increased professional development

opportunity

Decreased profussional development

opportunity

~ Chunged sources of information

- Ctianged type of information

Strongly ' No

. Strongly
Dieggree_ Disagree

Agree Agree Opinion
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would assess fhe direction of such chénge in their own organi-
zation. As pointed out by Whisler, centralization relates to
distribution of céntrols.of people and-‘mach'ines.38 .If was
simply beyond the scope of this study'to:try to investigate
in detail changes in the distfibufioh_of control within

Canadian organizations engaged in R & D.

C. Profile Data |
As shown on Table V-1 only 50% of the firms fesponding
to the questionnaire report changes in financial and production

objectives during the past five years;' HoWever,‘there is evi-

‘dence of greater change in markefing objedtiVés; particularly

during the past two Years. Even so, only 58% of the reporting -
firms réport’any change of marketing objeétiﬁes-dﬁring the past
five years. )

The same kind of stability is shown with respeét to
change'in corporate control systems. Only SS%, 45%, and.48%
of responding organizations, report changes in financial, pro-
duction, or marketing control systems,srespectiVelyx during the
past five years. | |

The same trend, i.e., lack of significant change, in
corporate structure in terms of centralization, detentralization,
or hierarchy to accommodate projects reqﬁiring program manage-

ment is evident. In the sample of responding;Canadian_firms

38. Whisler, op. cit., p. 54.



TABLE V-1

" ORGANIZATIONAL CHANGES BY RESPONDING FIRMS (QUESTION 20)

‘ Changes
During ~ During Longer
Past Past ' Than No Missing
Changes In "2 Years - 2-5 Years 5 Years Change Data
, Firms
a) Objectives _ ,
Financial - 64 - 34 15 - 57 26
Production 64 33 8 52 39
Marketing 75 38 10 42 31
b) Control Systems : :
'Financial ' . 78 30 : 13 49 26
Production ' ' - 57 32 14 51 - 42
Marketing , - 64 30 ' 11 53 38
c) ‘Corporate Structure } S _ -
More Centralized 4 42 17 11 69 57
More Decentralized : ‘ 28 15 ‘ 4 70 79
More Program , © 25 . : 9 . 8 72 82
d) Professional Development
| Increased Opportunity 54 - 42 7 66 27
Decreased Opportunity - o 7 : 8 ' 3 61- - 117 -
' “~fe) 'Information’Or Data Based Used | N
o In R § D Project Selection - =y
Source Of Data = 55 26 6 71 38 e
Type Of Data ' 47 23 7 67 52
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engaged in R § D activity, 59 firms report .a trend to a more-

" centralized structure over the past five years, 69 firms re-

port no significant trend towards either greater centraliza-
tion or decentralization, while the remaining 43 firms report

a trend towards greater decentralization during the same period. -

‘Since the answer to this question requlred interpretation on

a relative basis by respondents, we have no way of maklng 1nter--"
firm comparisons with respect to degree of delegatlon of
decisionmaking. Nevertheless, we interpret the resnlts as’
meaning that the hierarchy of technologically based Canadian
corporations is fairly static What movement'has taken piace
in h1erarchy during the past five years seems to be in the
dlrectlon of more centralization rather than decentrallzat1on
but the sp11t here is only sllghtly, 57% (59/102x100) vs 43

in favor of centralization.

More firms report no change in professional development
opportunitiesvfor,R § D personnel, 66 firms, than reportzchange,
54 firms, during the past two years. Over the past five.years'
only 96 firms, or slightly less than one-half of those reporting,
reportkchange in opportunities for professional development by
R § D personnel. It is interesting to note that 15 firms're-
port that decreased opportunity for professional develOpment'

by personnel engaged in R § D activity has obtained during the

: i
past five years. This might be construed as a negative change,

the reasons for which are not readily apparent.
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A similar analysis of the dafa presented on Table V-1
shows that there was the_Same kind of stability,ui.e.,.lack 6f
great change, in the data bases used by R § D projeét»éelettion
decisionmakers during the past five years. However, and this
may reflect the increasing use of information techﬁology,yit is
significant that organizations reborting changes in data bases |
have doubled during fhe past two years as Eompared wifh,thdse
reporting change in data bases which took place during the

previous three years.

Table V-2 shows the data reporting whether th¢sé're=
spdnding to the questidnnaire thought that changés.in organi—
zational structure had improved morale and produCtivity of .

R § D personnel. There were only three structuraljchangeé which "
seemed to have affected mérale. Thefe is geneta1 agreement that
changes in'objectives'and_in;reased_professionai‘deyelopment
incfeaggd the mdrale.of R § D personnel. There ié also_a'strdng
plurality that indicates that decreased emphasis in 6pp¢rtunity
for pfofessional development led to decreased_morélé of R §D
personnei. The same thing can be said about the‘affeei @f '
structural changes on the productivity 6f R&D peréonﬁe1. lThe
significanﬁ result here is the degree of‘ﬁeutralit§ exhibited
about the affect of other structural chanées oﬁAthe‘mdréie and
prodﬁctivity of R § D personnel. Thisvcdupied ﬁith.the.lérgé‘
amounf of missing data indicates that éxequfiveé gehefally had"
aAdifficult time in estimating the affect of Sffuctufal'changes&on

the morale and productivity of R § D persdnnel. -Up6n ref1ection
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thisiis what we should have expected. If an organization‘s
fundamental structural components change slowly over time, one
should expect that any assessment oflsuch change could take
place only over the long run. As indicated above,_these com-
ponents are changing slowly over tiﬁe and any meaningful,

assessment in the short run is difficult for management to make.

D. Interaction Data :

The crosstahulations of structural variables, which -
proved to be statistically significant with other seemingly im-
portant and related variables for which data was gathered are
shown on Tables V-3, V—4 V-5, V-6, V-7, V-8 and'V-9 Signl-
ficant changes in financial obJectives occurred in eastern
manufacturing firms. Manufacturing firms also tended to be the.

primary cause of significant crosstabulations with respect to

moves towards greater centralization, changes from traditional

line-staff oriented hierarchy to that involving program manage-
ment, and changes 1n the data base. Recent changes in marketlng
and financ1a1 obJectives were more prevalent in firms organized
w1th R & D as part of a 1arger corporate structure than 1n firms
which were solely R & D organizationsf Results reported on
Table y~7pindicate that.firms which considered the flex1h111ty
of organization(structure in the face of rapid technological
change when considering R § D projects were also the firms where.
changes in financial objectives;.production control svstems,'and

marketing control systems had taken place. Interestingly enough,



a)
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TABLE V-3

LOCATION OF FiRM CROSSTABULATED WITH VARIOUS FACTORS
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Factors _ . Location Of Firm

Change In Financial Objectives Significant at 0.0326



d)

TABLE V-4
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INDUSTRIAL CLASS CROSSTABULATED WITH VARIOUS FACTORS
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

Factors

Changes In Financial Objectives

Have Moved To More Centralized .

Structure

Have Moved From Line-Staff To
Program Management

Have Changed Source Of
Information

Ihdustrial Class:

Significant at 0.0185

significant at 0.009s

Significant at 0.0443

Significant at 0.0012




b)
c)

e)

o

g)

T h)
i)

)
k)

D

TABLE V-5

FIRMS ORGANIZED AS SOLELY R'§ D CROSSTABULATED WITH STRUCTURAL VARIABLES

Structural Variables

Changes
Changes
Changes
Changes
Changes
Changes

In
In
In
In
In
In

‘Financial Objectives
Production Objectives -
Marketing Objectives
Financial Control
Production Control
Marketing Control

More Centralized Structure

. More Decentralized Structure

From Line-Staff To Program

Management

Increased Professional Development

Decreased Professional Development

Changed Source Of Information

Changed Type Of Information

 Firms Organized As Solely R § D

: Changes
‘Changes Changes @ Greater
In Past In Past Than No Missing
2 Years 2-5 Years 5 Years Change Data
4 4 0 6 182
4 2 0 3 187
5 2 0 2 187
5 2 1 6 182
1 1 2 5 187
3 1 0 5 187
3 2 0 8 183
0 0 0 ) 190
3 0 1 4 188
4 5 0 5 - 182
1 0 - 0 5 - 190
6 3 0 6 181
4 2 0 5 185

LoT



a)
c)
d)
e)

g)
h)

3)

- k)
1)

“m)

TABLE V-6

FIRMS ORGANIZED WITH R § D AS PART OF CORPORATE STRUCTURE CROSSTABULATED
WITH STRUCTURAL VARIABLES

Structural Variables

Changes
Changes
Changes
Changes
Changes

Changes:

In
In
In
In
In
In

Financial Objectives
Production Objectives
Marketing Objectives
Firancial Control

Production Control
Marketing Control

More Centralized Structure

More Decentralized Structure

From Line-Staff To Program
- Management

Decreased Professional Development

-~ Increased Professional Development -

Changed Source Of Information

Changed Type Of Information

5

Flrms With R § D As Part of Corporate'

Structure
. Changes
Changes Changes Greater -
In Past In Past Than . No- Missing’
2 Years 2-5 Years 5 Years Change Data
60 31 15 51 39
60 31 8 49 48
70 36 10 40 40
73 - 29 12 43 39
56 31 12 46 51
61 29 11 48 47
39 16 11 61 69
28 15 4 64 85
22 ‘9 7 68 90
50 38 7 61 40
6 8 "3 56 123
49 24 6 65 52
43 21 7 62 63

80T
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TABLE V-7

FLEXIBILITY OF ORGANIZATION STRUCTURE CROSSTABULATED WITH
STRUCTURAL VARIABLES
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

~ Structural Variables Flexibility Of Structure

Changes In Financial Objectives Significant at 0.0407 .
- Changes In.Production Control : Signifiqaﬂt at 0.0019
_ChéhgeéNIn Marketiﬁg:cdﬁfroll | ’.SignifiéanfOéf 0:0093

More Decentralized Structure Significant at'0.0ISI

e



110

TABLE V-8
' CROSSTABULATION OF R § D PROJECT SELECTION MODELS WITH
| ' STRUCTURAL VARIABLES :
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)
Structural Variables . Models
1) Ranking Models
a) Changes In Production Control Signifiéant at 0,0244
b) 'Changes  In Type Of Information =~ . Significant at 0.0143
2) * Scoring Models .
a) Changes In Type Of Information - Significant at 0.0077



TABLE V-9

o111

OTHER STATISTICALLY SIGNIFICANT CROSSTABULATIONS

~Changes In Financial Control

Breakthrough Influences
Funding Patterns .

Significant at 0.0001
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these same firms reported a tendency to move towards a more

decentralized erganiZation. We are not certain what this implies.

| Table'V—B'indicates that those firms using ranking models
ahd scoring models for R'§ D projeet selection indicated changes
in production cohtrol:systems and/or changes in‘the_type of in-
formation included in the data base. This would be expected
and it is interesting to see that the data supports sach con-
tention. |

When a firm reported a consideration of scientific

breakthrough, internal or external to the~organi2atioh, as

‘influencing the funding pattern for R § D projects, they also

reported recent changes in financial»éontrol systems,. as shown

on Table V;9t

E. Summary

It‘aﬁpears.that the five fuﬁdameatal atrﬁcturai vaTiaBles
ef oféanizationé - goals, control syetems, people attitudes,v
ﬁierarchy,'and data base - are changing slowly ever'time”iﬁA
technologically based Canadian organizations. This may.mean
that one reason for nonadoption of quantitative techaiques~in
debisionmaking‘is that the managers'of'organizatiensiare able to
adapt to change in other ways and are able to avoid the self-
inflicted costs invol&ed in learning and adopting new decisionj
making methods in the short runv Futufe research efforts should
try to shed add1t10na1 light in this area.  We alse"intefpret 
the change in marketlng obJectlves as dlscussed above as in-

dlcatlng that any managnent development program for R & D




113 .

decisionmakers shou]dgemphasize techniques for aasessing.long
run market strategies, i.e., technological forecasting. 'In
addition, we think the recent acceleration in change in -the
data bases of R § D organizations supports our thinking that

the design of an experimental and management development

~ program for R § D project decisionmakers should be computer

oriented.
We think that the profile data supports our hypothesis
that organization structure, as defined in this report, changes

slowly over time. Hence, a paradox pfesents itself. Toffler

reports that his research indicates organizations in the U.S.

and Western Europe change their internal shape at a very

39 He quotes an official of McKinsey §& .Company

rapid pace.
as stating that organization problems are an even larger: part of
his company'é consulting practice outéide of the United States,

and that frequency of organlzatlonal upheaval is 1ncrea51ng 40

We w111 not make the flat statement that Toffler ) p1cture of

super rapldlty of organlzatlon change is wrong, we 51mp1y be11eve

that it is superflclal The nature of the organlzatlonal change
taklng place needs to be 1nvest1gated in detall Certalnly
organizational change is an unav01dab1e response to the ac-
celeration of change But the real questlon is: Are_the most
fundamental components of organization Etructute; i;e.,'goale;

control systems, people attitudes, hierarchy, and data base

39. Toffler, op. cit., pp. 128-132.
40. Ibid., p. 129.
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i

" ' .. changing at the "future shock" rate portrayed by Toffler?
I This study indicates that they are 'no.'t,. at least fthey\are_ .no‘t A
in~Caﬁada. Accurate knoWledge about the rate of change of
Struﬁture, particuiérly the. nature of the trend towa%dsnor
away from centralization, is.important becéuéeithe allocatidﬂ
of resources to R § D projects is made at different levels and.".
in different divisions of hierarchical organizations.: Assess-
ment of the impact of change in organizationaljstfuétufé.ié
important in undefstanding the resource 311ocation prbcess;'

An optimal allocation of available resources is the ideal

towards which R & D project selection decisibhmaker'é strive.
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SECTION VI

TECHNOLOGICAL FORECASTING

A. Rationale Fof Questionnaire

Technologlcal forecastlng is important in the management

of technologlcal change.' It is not a new concept but has evolved

‘from a variety of decisionmaklng_technlques developed durlng and

since World War II. We think that the degree of recognition of
the strengths and weaknesses of technologlcal forecastlng by.
scientists and managers is an important aspect of the ”cllmate for -
technological 1nnovat10n in Canada;” and is 1mportant in the con-
sideration of the'design'of an experimental and"management developf
ment program for research and development pro1ect dec151onmakers
Technologlcal 1nnovat10n takes place in technologlcally based
organlzatlons.' Technologlcally based Canadlan flrms are prlmarily
those reportlng R &D act1v1ty Therefore,vthe perspectlve of
management and 1nformat10n ava11able to management when maklng
dec151ons affectlng the potentlal results of 1nnovat1ve act1v1ty

in the R & D area are very 1mportant to Canada As . one executlve
told us, ”There is ‘no way Canada can buy back those productlve
assets presently held by forelgn f1rms. However, by belng cog-
nlzant of the trends in technologlcal deVelopments Wthh w111
affect goods and services produced 1n the future, Canadlans can
assure the1r ability to own the maJorlty of the productlve

facilities developed in the future, 1f they sopde51ref”

115
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‘In a substantial report for the OLCD published in July

"Technological forecastlng Wthh has de-
veloped gradually since the end of World
War II, attempts to provide some indi-
cation of future trends. It is important
for two main reasons. Firstly, the rapid
growth of opportunity offered by the many
advances in science and technology neces-
sitates a high selectivity on the part of
the decisionmaker both at the level of the
individual firm and on a national scale.
‘Choice between alternative paths may make
all the difference in competitive perfor-
mance. But there is a second and motre
important reason why technological fore-
casting is necessary. Science -and tech-
nology are increasingly recognised as

- .influences in the transformation of society

and governmernts must therefore strive: to
foresee the impacts which technological. .
developments: are likely to have on future
society and to guide the application of
new knowledge in the attainment of nation-

~al goals. Recognition of the possibility

of planning for future options by guiding
technological development along alterna-
tive paths in an economic, social :and
political context presents both a stimulus
and a challenge to:the policy-maker."4l

"The evidence I. héve colleeted during the

past. five ‘years points strongly to the

- value of technological forecasting as a

tool for the detailed analysis of research
and development budgeting procedures, and
this of course has dramatic 51gn1f1cance_'

1967, Erich Jantsch stated:
In a book published in 1972 Wills states:
for corporate planners. "4
41.

42.

Jantsch, Efich Technological Forecasting In Perspective,
Organlzatlon For Economic Co-operation and Development
Printed In France, July 1967, p. 11.

Wills, Gordon and et.

P.

11.

1 et. al., Technologieal Forecasting, Penguin
Books Ltd., Harmondsworth, Middlesex, England, 1972,
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In an advanced treatment of technological forecasting

"Successful innovation, however, will

normally require both marketing and
technological innovation, and mar-
keting and technological critique.
The two are so closely interrelated
that there cannot be work in one
area without assumption and conse-
quence that bear on the other."43

published in 1972 Martino points out:

"For the practicing scientist or engineér,

the book provides information he will
need to understand technological fore-
casting. There are three reasons why
he will need such understanding. First,
more and more scientists and engineers’
are going to be called upon to part1c1—
pate in the making of forecasts in. the
areas in which they are well informed.

.They should understand the methods that

will be used by the professional fore-
casters with whom they will be required

- to collaborate, Second, technological

forecasting will be" 1ncrea51ng1y used in-
the planning of scientific and techno-
logical activity. It is advantageous for
them, therefore, to understand the bases

‘upon which decisions will' be made about

their work. Third, technological fore-
casting can be of value in expanding the
application of their work. Since most.
scientists and engineers are interested
in seeing ‘their work applied, technolog-
ical forecasts can be of direct benefit
to them. . .
in- science and englneerlng, and other
decisionmakers whose work will be in-
fluenced by technological change, will
not usually be maklng detailed techno-
logical forecasts. ' Forecasts will be
prepared for them by technical specialists
and professional forecasters. Neverthe-
less, it is important for these decision-
makers to be aware of the methods commonly

43.

Ibid.

, P-

16.

. e e e Administrators

T 117
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‘used, to know when these methods are
.appropriate and when they are not, and
particularly to know the strengths and
weaknesses of the various methods.'44

B. Actual Questionnaire

The portion of the surveygquestionnaire devoted to
gathering data pertaining. to “technological forecaStlng in
Canada" is shown on the next page. As indicated, we‘werehin~
terested in finding out whether technologically based Canadian
organizations were using technological forecasting techniques,
what the trend over time seemed to be with respect to use, and
the degree to which management recogn1zed the 1mportance of the
relat1onsh1p between marketlng innovation and technologlcal
innovation as manlfest through R § D activity and organ1zat1on
We recogn1zed that a semantlc problem ex1sts with respect to

nomenclature related to specific techn1que(s) and 51mply used

45 One very knowledgeable ex-

the same termlnology as Wills.
ecutive told us that he bought several recent references after
rece1V1ng the questlonnalre and found that h1s firm was.using
51m1lar technlque(s) but used different nomenclature We do_
not th1nk that thlS problem appreciably affected the results

obtalned from the quest1onna1re data because of the large number

of responses indicating no knowledge about technologlcal

44, Mart1no Joseph P., Technological Forecasting For Decision-
’ making, American EIsevier Publishing Company, Inc.,
New York 1972, pp. Xv-Xvi.

45. Wills, op. cit.
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TECHNOLOGTCAL FORECASTING

connection with Regearch and Development sc¢lection and/or Product Development.

Does your organization usc techunologlcal forecasting techniques? Yes No

Would you pleasé indicate (V) below whether your firm is currently,uéing, has used in
the past, plans to use in the future, or has never used the following techniques in

used But

- e) What kind of product/market strategy should we follow?

used  used used plén to have discarded
for past for past - for.longer use in never (Give year
TECHNIQUES _2 years 2-5 years than 5 years future used  discarded)
a) Extrapolative Approaches
b) Morphological Analysis
¢) Scenario Writing
d) Impact Analysis
e) Relevance Analysis
£) Contextual Mapping
ig) Normex Reconciliation '
"h) Delplii Method '
1) * SOON Charting-
j) Technological Mission
Analysis :
When considering Research and Development projects does your firm conslder the
following questions? Please check (V). Yes No

a) Is:Research and Develoﬁment ponsistén:’with éorﬁ@tate {
strategy? . . N

b) Should we invest in the same technologies as our
competition?

c) How do we maximize the flexibility of our organization
structure in the face of rapid techmological change?

d) How can technology transfer best be achleved from Research
and Development to Manufacturing and Marketing?

f) What technical advantages in our products, at what cost,
wlll be needed in the future to give us a substantial
competitive advantage?

Does your firm have a specific strategy for internal integration of Lechno}ogiéal
forecasting? Yes No : i
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forecastlng whatsoever and the number of flrms wr1t1ng to us

requesting a ready and readable reference. When answering such
requests, Gordon Wills" book was recommended as an initialire—c
ference because it is written at an understandable level and is

available in paperback.
C. Profile Data

‘Table VI—l,and Table VI-2 indicate that the majority,
53%, of those Canadian firms engaged in R & D who responded to
the questionnaire are not using technolOgica1‘forecasting
techniques. Of those 70 firms who indicate that they do. use -
technological forecasting, as shown on' Table VI- 2 ‘the maJority,
30 firms, are referring'to the use of traditional -and routine
extrapolative>techniques such as regression»analysis. ‘Table VI-2

also.shows that there has been some trend towards use of tech-

" nological forecasting within the past five years and that use

by users seems to have accelerated during the past two years
What seems to be 51gn1f1cant is that very few firms are planning

to use technologlcal forecastlng in the future,

» Tahle VI-3 indicates'that_managements are_highiy_cognizant
of the relationship between marketing innovation;and:technological
innovation as manifest through R & D. However, when considered

in 11ght of the concluSions reached above, technologically based
Canadian management is not taking advantage of the addltional |
1nformat1on_for decisionmaking that could be made available
through results of technological forecasting. Perhaps‘talent

or resources are not available or are not made available for
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TABLE VI-1

NUMBER OF FIRMS USING TECHNOLOGICAL FORECASTING TECHNIQUES.
' (QUESTION .26) ‘

Absolute Relative

Use Technological - : Frequency . Frequency
Forecasting Techniques | Firms . '.%- :
Yes .- o 70 - 35.7
Noo | 104 u:  ‘V"{53.1'
Mis;ing Dafa _ _EE : 11.2

196 . 100.0
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TABLE VI-2

' THE NUMBER OF FIRMS USING SPECIFIC TECHNOLOGICAL FORECASTING TECHNIQUES
- (QUESTION 27) '

Number Of Firms Who

Have Used Have Used Have Used Plan To \‘Have  Have Used
For Past For 2-5 For Longer . Use In - Never . But
Techniques = = 2 Years Years "Than 5 Years The Future Used Discarded
a) Extrapolative. :
Approaches - : 13 -9 30 2 87 1
b) Morphological _ : :
- Analysis . T4 3. 1 4 121 0
c) Scenario Writing 7 5 7 5-. 109 1
d) Impact Analysis - 10 - 3. . 103 0
e) Relevance Analysis 5 1 9 3 113 0
£) Contextual Mapping ' 0 2 E i 3 121 0
g) Normex Reconciliation 0 S0 0 .3 122 0
h) Delphi Method T o 6 109 2
i) Soon Charting. o o 2 0 - 3 123 0 1
j). Technological ' . - - o
Mission Analysis . 6 4 0 4 102 0 B
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TABLE VI-3 -
QUESTIONS CONSIDERED BY FIRMS EVALUATING'RESEARCH»AND DEVELOPMENT PROJECTS (QUESTION 28)

Missing

' . Yes No _ Data
Questions = o ' B Firms % Firms % Firms~ %
a) Is Research and Development consistent :
with corporate strategy? 179 91.3 6 3.1 11 5.6
'b) - Should we invest in the same technolo- o
gies as our competition? - 141 71.9 40 20.4 is 7.7
c) How do we maximize the flexibility of
our organization structure in the face '
of rapid technological change? - 132 67.3 43 21.9 21 10.7
'd) How can technology transfer best be
- achieved from Research and Develop- : ‘ , ,
"ment to manufacturing and marketing? 144 -73.5 .30 15.3 22 11.2
| é}’ What k1nd of product/market strategy CT T o o e --
‘should we follow? 168 = 85.7 . 12 6.1 16 8.2
f) What technical advantages in our
- products, at what cost, will be
needed in the future to give us a . , : I : -
substantial competitive advantage? - ~ 169 86.2 i3 6.6 14 7.1

€1
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allocation to the technological forecasting effort in most firms.

Table VI-4 simply emphasizes again the fact that Canadian

management has not yet fully recognized the potential of techno-

~logical forédasting to the future success of their operations.

One-hundred and fifty-six firms report having no specific

strategy for integrating technological forecasting internaliy.

‘Analysis of the data underlying Table VI-S shows'tHat
where technological forecasting is used it is used‘by:firms
located in Ontario and Quebec. This is to be expectéd._vHowevér;
Tabié VI-6 is very interesting. AnalysisAdf significant;croszn
tabulations ofytechnique ﬁsed vs.. industrial clasSification‘ |
indicate a significant underrepresenfation Qf-manufactUring"
firﬁs among respondents reporting the use‘of_technplogical
forecasting. |

Tablé VI—7vindicate$ thatnfifms‘qngaged sglcly_in_R‘a D
are 1e$§linterestéd in using technolqgiéal fofecasting‘than
those firms whose R & D organization is part of a larger cor-
porate entity. We think:thét‘the»reasnn_fOr this is that the :
majority of firms engaged in R G‘D.aé their sole'agtivity do~sd

on a contract basis. Therefore, being at least once removed

_ from market forces which affect their immediate'survival,-sOlely

R § D organizations have not felt the same inCentive to try to

mold their own future as market sensitive companiés have. They

'simply do as they are asked by firms contracting ﬁheir services

and honor their contracts per prescfibed agreement;'
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TABLE VI-4

THE NUMBER OF FIRMS WHO HAVE A SPECIFIC STRATEGY FOR
INTEGRATING TECHNOLOGICAL FORECASTING INTERNALLY
| (QUESTION 29) -

Absolute Relative

Plan For Integrating - Frequency Frequency
Technological Forecasting Firms _ %
Yes | o 25 12.8
" No 156 -~ 79.s
Missing Data B | 7.7
o196 -.100.0

v
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TABLE VI-5
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LOCATION OF FIRM CROSSTABULATED WITH EACH OF. THE
TECHNOLOGICAL FORECASTING TECHNIQUES

Technological.Fofecasting

Techniques

a)
b)
c)
d)
e)
£)
g)
h)
i)

3

Extrapolative Approaches
Morphological Analysis
Scenario Writing
Impatt_Analyéis-
Rele&anée.Analysis_
Contextual Mappipg
Normex Reconciliation
Délphi Me thod

Soon Chartlng

Technolog1ca1 Mission Ana1y51s

Location Of Firm
Not Significant
Not Significant

Not Significant

Significant at 0.

'NotASignificant

Not Significant

Significant at 0.

Signifiéant at 0.

Slgnlflcant at 0.

-Slgnlflcant at O

0190

0001
0039
0001 .
0051
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TABLE VI-6
INDUSTRIAL CILASSIFICATI'ON CROSSTABULATED. WITH EACH
OF THB TECHNOLOGICAL FORECASTING TECHNIQUES

Tethnological Forecasting _ _

Techniques o Industrial Classification
a) Extrapolative Approaches : Significaﬁt at 0.0001
b) Morphological Analysis. - Significénf at~0.0494
c) Scenario Writing = ‘.' Significéht étv0.0001
d) TImpact Analysis o ;Signiﬁiéaﬁf at 0.0001 -
e) Relevance Analysis " . »Signifiqant at 0.0011
f) Contextual Mapping ‘ Significant at d.00O1
g) Normex Reconciliation ’Signifiéant at 0.0001
h) bglphi Method o . Significant at_0.00lS
i) Soon Charting Not Significant
j) Technological Missibn Analysis »Significaﬁt af 6.0001
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1) .
Z)

3)

4)
5)
6)
7)
8)
9)
10)
11)

12)

Use

TABLE VI-7

"TYPE OF R § D ORGANIZATION AND THE USE OF
. TECHNOLOGICAL FORECASTING TECHNIQUES'_,

Technological Fore-

casting Technique

Use

Extrapolative

Approaches

Use Morphological
Analysis

Use
Use
Use
Use
Use

Use

Use-

Use

Scenario Writing
Impact Analysis
Relevance Analysis
Contextual Mapping
Normex Reconciliation
Delphi Method

Séoﬁ Charting

Tedhnological Mission

Analysis

Have Plans For Integra-
tion Of Technological
- Forecasting

128

~ RE§D
Part Of
Solely Corporate
R&D - . Structure
Yes No Missing Yes No Missing. . .
. Firms
3 15 . 178 67 90 . 39
3 9 184 49 82 65
110 185 7 116 73
110 185 18 106 72
2 9 185 25 98 73
0 11 185 15 106 75
110 185 2 115 79
0 10 186 - 0 116 80
2 9 185 15 109 72
0 10 186 2 117 77
2 10 184 18 97 8l
3 15 178 23 141 32
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‘ Analysisvof data presented on Table VI-8 indicates that
the reélationship between the tethnique called technological
missibn analysis with emphasis of R § D activity (i.e., pure,

applied or mixed) shoWed-up as béing significant simply bécause

- of the underrepresentation of technological forecasting users in .

solely R &_D structured firms. This same factor“coupied with.

the fact that so few firms plan to use fechnological foretaSting
caused the crosstabulation of the variable "firms planhing to. -
integrate  technological forecasting,internally“ with’thé variable,

"emphasis of R § D activity" to be significant.

' Asfexpécted, Table;VI-Q.indicates.that.market oriented

firms are the ones who consider technology of competitors when

- considering proposed investments in R §& D‘projécisdv.This cor-

relates with the data shown on Table VI-lO. MénagemenIS'who
consider.technical advantages of products also cdnsiderjthe
firm's relationship with existing markets and'markef share when
evaluating R § D projects. Also, managements who consider .
technical advantages of products are more likely to use techno-
logicai forecasting tqchnique(s) than those managements who,do
not consider techhica}‘a5vantage. : .‘ S
D. Summary

Most of the Canadian fifms‘réspbnding to the:quéStidnnaire
are hot using'the more sbphistiéatedlteéhniques of'féchnolbgical

forecasting and what is more important, from a national poiﬁt~of

view, they are not planning to. There has been some acceleration
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1)

2)
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. ~ TABLE VI-8
EMPHASIS OF R § D ACTIVITIES CROSSTABULATED WITH EACH
OF THE TECHNOLOGICAL FORECASTING TECHNIQUES
Technological Forecasting L . ‘
Techniques Emphasis (Pure, Applied Mixed)

a) Extrapolative Approaches
b) Mofphologicai Analysis
c) Scenario Writing
d)"*Impaét Analysis-

e) ﬁeleVahce Aﬁal&éis

f) Contextual Mapping

g) Normex Reconciliation

h) Delphi Method

i) Soon Charting

i) Technological Mission'AnalySis.

Firms Have Plans For Integration
Of Technological Forecasting

Not Significant

Not Significant

"Not Significant

Not Significant

Not Sighificant

Not Significéht
Not Significant
Nét Significaht
Not Sigﬁificahti

Significant at 0.0019

Significant at 0.0013



TABLE VI-9

131

TYPE OF R § D ORGANIZATION AND THE CONSIDERATION OF THE.
TECHNOLOGY OF COMPETITORS WHEN INVESTING .

Firms Consider Technology
Of Competitors When Investing

Yes
No

Missing Data

Solely

R&D

12

179

196

R&D
- Part Of.
Corporate -
Structure

130

35

196



TABLE VI-10
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TECHNICAL ADVANTAGES OF FIRM'S PRODUCTS CROSSTABULATED WITH
FACTORS USED BY FIRMS IN EVALUATING R § D PROJECTS
(ONLY STATISTICALLY SIGNIFICANT RESULTS ARE REPORTED)

1)' Evaluation Factors

a) Relationship With Existing

‘Market : :

b) Market Share

2) Other

a) Uses Technological Fore- o

casting Techniques

b) Uses Extrapolative
Approaches

Technical Advantages

Of Firm's Products

Significant at 0.0003

Significant at 0.0118

Significént at 0.0274

Significant at- 0.0054
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in use of technologlcal forecastlng durlng the past two years
among that group of firms which have been applylng technologlcal
forecasting for ‘the past two to five years. Theounderrepresen—,
tation of manufacturing firms among respohdenfs reporting the

use of- technologlcal forecasting may have long run 1mp11catlons

for the nature of the general competltlve health of Canadlan_

manufacturlng companies.

It is interesting to note that in Erich Jantsch's Study,_

" Canada showed up both as a country which_seemedeto'lag behind

other major countries in the application of.techhologioal
forecasting at the national level and as a country which felt
the need. for technological forecasting in the context of national

46,47  ye are not certain what state-

objectives and.iimitations.
of-the-art exists at the national 1eve1,or=at‘other.goye;nmental‘
levels at the present time, as this wae'beyond the scope of

this study.

We think that_the lack of technological foreoasting by

'Canadian,industriai organizations, and»perhaps"by'goveroments

at all_leveis, representeva definite iong run disability.to_ghe
country_for three major reasons. Firstly, this means thaf the
decisionmakers who are most responsible for the shape of policies
and. resource utilization configurations are. passive with,respect

to the future. If Canada wants to be the primemover with respect

46. Jantsch, op. cit., p. 310.
47. 1Ibid., p. 20.
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: only in terms of functions.

Cisa

to the shape of its own future, managements_in both government
and industry need to Be aggressive with respect to.the Fufureﬁ
Secondiy, our interviews with top management and'déta from the
questionnaire indicates that the R § D activity of technologi-
caliy based Canadian organizations is very sfronglyfproduct

oriented. As pointed out by Jantsch, the most important de-

~velopment in both industrial and military environments is the

change from an organization which is oriented to-product'or

'_m111tary services towards a function- orlented organlzatlon be-

cause the long-range future aspects can be properly dealt w1th

48 Thlrdly,vthe.lack of extenslve

use of technological forecasting philosophy in Canada is a
weakness because of the resulting inherent management myopia
with respect to R § D act1V1ty and prOJect selectlon.' Jantsch

makes thls p01nt very succ1nct1y

"The area of fundamental science and
technology is still the battlefield
of competing philosophical concepts
with respect to the applicability of
normative thinking. The widespread
negative belief, which finds its prin-
cipal exponent in Thomas S. Kuhn, 1is.
disproven by the growing importance
of normative technological forecasting
for the guidance of fundaméntal re-
search institutes with advanced man- .
agement concepts. Probably one of the
most far-reaching consequences of the
systematic application of technological.
~forecasting will be a change in nature
and an expansion in volume of funda-
mental research, which will be directed
increasingly to answering questions put

48. 1Ibid., p. 20.
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to it in terms of basic relatlonshlps
and alternatives and of ultimate po-
tentials and limitations. ”49

Clearly, serlous consideration needs to be glven to current
national pollcy Wthh seems to reward solely product or1ented

R § D efforts.

It was-the opinion of some management that there needs‘

to be a consolidation of, or at least a central agency for-ad-"'

mlnlsterlng, the various efforts taklng place throughout Canada
in the technolog1ca1 forecastlng area. We did. not have t1me ‘to
follow this up but the present opinion of knowledgeable 1nd1~
viduals is that, at present, there is no_one person, group,
governmeut agency, or University with enough talent or.reSpect

to act as a central management in this arena.

49. 1Ibid., pp. 17-18.



SECTION VII

MANAGEMENT GAMES OR SIMULATION

"A. Rationale For Questionnaire

- This aspect of management dec1s10nmak1ng was 1nvest1gated
because of the potential that management games or s1mu1at10ns
have w1th respect to a well designed management development
package. If a computer oriented experimental and management
development program for R & D project se1eCtion-decisionmakers
emerges as a result of th1s 1nvest1gat10n, it will be necessary
to accept or d1scard the prior hunch that any such program
should be independent with respect to any ex1st1ng-corporate
computer system(s). In addition, there seems to be a lack of
any really reliable data about the use of computers by Canadian
managements for anything other than the most fundamental tasks.
For example, a typical very general statement was made in a
Tecent article in the Financial Post:

"At the end of the 1960s, often labeled

as the era of the computer, only 2.5%

of industrial and commercial facilities . ;
were computerized. And the bulk of ' o
those data processing activities were

devoted to "bread and butter'" tasks

like payroll, inventory and accounting

problems. Advanced applications. were

a very.small part of the total. The

industrial and commercial establishment

~currently devotes only 1% of its total
budget to data processing so we conclude

136 ; . |



there is a sizable untapped potent1a1
for growth."50 .

This same lack of knowledge in the United States was reported in
1972 and- was the object of a survey of the top 152 U.S. corpor-

ations, ranked by sales, as listed in Fortune s 500.

”Despite c1a1m ‘and counterclaim,
little is known of either the ex-
tent to which simulations are
utilized in corporate management
development programs or the re-
actions of the companies that use
them.'51 o

B. Actual Management Games Or Slmulation Portion Of The
Questionnaire )
The portion of the.survey questionnaire pertaining to

management games or Simulation is shown on the following page.

C. Prof11e Data

Table VII- 1 indicates that 78% of the responding firms
use computers in some aspect of the1r,operation. What is
surprising is that in early 1974 almost 229.of the responding
technologically based Canadian f1rms,;who réport some R § D
act1V1ty, do not use computers for even the "bread and butter”
aspects of operatlons. Given this fact it is not surprlslng to

find that 39 firms, or only 25% of the firms using computers

50. Weissmann, Tom, "Tomorrow's Computer: More Raw Power At

A Lower Price," The Financial Post, April 13, 1974, p. 22.

51. Marcello, Jerome, and Cribbin, James J., "Whatever Happened
To Management Simulation?" Management Rev1ew May, 1972,

p. 1l4.
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30.

31,

32.

33.

34.
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HANAGEMENT GAMES OR S IMULATION

Does your firm use computers in any aspect of its operation° Yes No

-tas your firm auy prelzane in adopting and 1mplementiug a fdecisipn information systea'
computerized or other?

a) Computerized Yes No

b) Other (please sﬁecify) Yes . No

Has your firm ever used a management game or simulation in Research and DeveLopment
selection and/or Product Development?

Yes No
o a) If yes, please describe briefly the area(s) in which a game or simulatlon was
Utilized
b) Was the gaﬁe or simulation computerized? Yes No
¢) " Was it successful? Yes No

Has_yqﬂr firm ever used a manageﬁent game or sinulation in anyipart of its planning‘
activity other than Product Development and Research and Development?

Yes No
a) If yes, please describe briefly the area(s) in which a game or simulation was
utilized. .
b) Was the game or simulation computerized? Yes: 'No
c) Was it successful? . Yes No

As indiéafed,in the covering letter we are interested in further in-depth analysis in

" order to build a management game or simulation model that can be used both experiment-

ally and as an aid for helping project managers learn about techniques that are
useful in the project selection decision,

a) Would your firm, if selected be willing to part-cipate in on-site
interviews (conducted at our expense)?

Yes No

"b) If current research is suécessful, would your firm be willing to

participate in such an experimental management game or simulation?
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" TABLE VII-1

NUMBER OF RESPONDING FIRMS USING COMPUTERS IN THEIR OPERATIONS

' : Absolute Frequency Relati#e'Frequenéy
Computers Used _ Firms o % '
Yes 153 78.1
No a3 219
| 196 - 100:0
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.(39/153'x 100), have had any experience with computerized

.decision—information systems as shown on Table VII-2.

Data summarizing the experienee_of'managements USing.
noncomputerized decision-information eyStems is nof very de-
finitive’asbshownlon Table VII-3. Of the-twelve fifmslrepertingl-
such systems, five did not specif& the nature of tﬁeir infofmatibn
systems while the seven who reported:on épch experience*liSted.

only well established epplications.

As shown on Table VII-4, only 20, or about 10%, of the
196 respondents ére"using managementxgames'drleimulatlons to
a1d decisionmaking in R § D and/or product development : Sikteen
of the 20 applications were viewed as.being. successful and 18 out

of 20 were computerized.

. Twenty-seven, or about*l4%; of the?respondingffirmé
indicated that they use management‘games‘or'simUlafiohs ln'areas
other than R § D and/or product developﬁent. :This data, together
with a summar& of the areas,in‘which.games or simulations are
used, 1is ﬁresented en Table VII;S. Twenty-four of the 27 appli-

cations are viewed as being successful and all are computerized.

In the Marcello - Cribbin“study'mentiened-aBOve, 89 firms,

out of the top 152 U.S. corporations ranked by. sales.as listed

in Portgne’s'SOO, respoﬁded to a questionnaire Of these 89. f1rms,
only 37 or about»24%, included simulations as part of their
management development programs. In addition, of the 52 firmsi
that did not make use of simulations,_as reported in'the Marcello

and Cribbin study, 14 had at one time or another relied on them




NUMBER OF FIRMS WITH EXPERIENCE IN COMPUTERIZED DECISION INFORMATION

Experience

Yes

No

~

Missing Data

TABLE VII-2

SYSTEMS

Absolute FrequenCY

Firms

39
137

20

196

141

Relative Frequency .
. 0, :

aF

19.9
69.9

10.2

. 100.0
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' TABLE VII-3
o e
NUMBER OF FIRMS WITH EXPERIENCE-IN
NONCOMPUTERIZED DECISION INFORMATION SYSTEMS
Absolute Frequency - Relative Frequency
Experience A Firms - %
Yes
Screening Programs : 1 - - - 0.5
Checklists , o 2 - o | 1.0
Mapi 1 0.
Financial Authorization 1 - “;'ﬁ .. .0.5
Decision Trees 2 ‘ o 1.0
Not Specified s 5 o 2.6
o . 12 . S .. 6.1
No © 109 o 55.6
Missing Data . 75 - - 38.3.

196" 100.0
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TABLE VII-4
NUMBER OF FIRMS_USING"MANAGEMENT"GAMESu-' 
OR SIMULATION R § D AND/OR PRODUCT DEVELOPMENT
‘ Absolute Frequency ReiatiVe Fréquency
Using Games Firms A $
Yes
Management Training 5 Ar k ‘ 2.6
" Risk Models 2 - 1.0
‘Probability Models » 2 S I
Resource~A110cation _> 1. - ‘ : 0.5 .
Investment Models 3 1.5
Marketing Models 5 2;6\
NotASpecified o 2 ‘ 1.0
- 20% - 10.2
No | - 169 86.2
| .
Missing Data o 7 3.6
o 196" 100.0

% 16 out of the 20 games were viewed as being successful -
. .while 18 out of the 20 games were computerized '



i
e R

Il "I =N

i
|

—

s

144

TABLE VII-5

NUMBER OF FIRMS USING MANAGEMENT GAMES OR SIMULATION IN AREAS

'OTHER THAN R § D AND/OR PRODUCT DEVELOPMENT

nAbsolute Frequency -m'Relafine Frequencf
~Using Games ‘ Firms a L
Yes
Corporate Model s 2.0
' Marketing. \ | 6.  _“ R '3;1.
Plant Locafion’ ._ E ) l: o ‘f.l' | !_:: 0.5
Scheduling 4- R ‘p. 2.1
Forecasting . 1 - _ - -0.5.
Construction - 1 L : m."'-'jO.S-
InVestment . 2. 1.0 o X
Financial Planning 4 ' .', 2.1 ﬂ
Management Tra1n1ng : 2 - s 1.0. 2%
Not Spec1f1ed : . 2 ; 1.0 , i
| - 27% . 138"
No | | 155 - | 79.1
Missing Data 14 7
196 | | 100.0

* 24 of the 27 management games were viewed as. belng successful
and all 27 such applications were computerized
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-but had discontinued their use.52

A compar1son of the results: of the Marcello and Lr1bb1n
study with the- results of the study reported on in this sectlon
- of the report is shown on Table VII-6. Because of theAdlffer-
ences in the inherent nature of the universés.between the . two
studies;it is difficult to make_statistically_meaningfml com-
parisons. However, eur judgment is that teehnolegically based
Canadian firms are probably as eophisticated in the area of a
'menagement games or simulations as U.S. COrporatiOne. rHowever,
in both of these studies the idea that management gemeslor;;,

simulations are widely used in refuted as being a myth. =

D. Summary :

|
leen the amount of literature and research that has been
generated in the area of management 51mu1at10ns and games we

were | frankly surprlsed to find such a. w1despread 1ack of use of

53.

these techniques by management. It is 1nterest1ng to note that

this ﬁhénomena exists in the top U.S. corporatlons as well.
We think that the explanation for this may be that, as reported
. by Marcello and Cribbin, simulations and games are used most.

54

frequently by middle and‘supervisory levele; Toﬁ managements'

52, 1Ibid., pp. 14-15.

53. See Section VIII, "A Selected B1b110graphy of Games and
Slmulatlons,” of this report.

54. Marcello and Cribbin, op. cit., p. 15.
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TABLE VTT-6
COMPARISON OF IHIS 'STUDY WITH THE MARGILLO AND CRIBBIN
INVESTIGATION INTO BUSINESS SIMULATIONS
This Study - . : g Marcello and Cribbin Study
" Objectives ?' |
Determine extent of use, . ‘ Determine extent of use,
management focus, and ‘ “objectives, management focus,
. success of business games - and effectiveness of business
or simulations : C simulations in large companies
Date of Study | |
Reported May 1974 - - Reported May 1972 .
Sample Universe |

Approximately 550 different  Top 152'corporatidns, ranked
Canadian corporations re- by. sales, as listed in '
porting R § D activity as Portune s 500"
of the fall of 1973 ' o
_ . Number of Respondents

196 Firms. : 89! Flrms

35% o ' 590 .

Use In R § D and/or Product Development

20 Firms | 2

10% ‘ ' s
80% successful ?

90% computerized ?

General Use of Games or Simulations

27 Firms - ) 37 Firms.
14% - o : - . . 41%

83% successful .94% successful.
100% computerized

Primary Management Focus »

lOO%-technicél | Only sllghtly over 30% listed

the advantage of illustrating
the value of quantitative

* analytical procedures. About
70% emphasized a behavioral-
science ‘orientation '
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may simply not want to be involved in;this_kind'ofjinfhouse

activity, because in order to:be'meaningful:for them a greater
degree of participation might be required than they think can be
or is justified.

However, the majority of top management in Canada-seems'

“to think that they are-interested in the possibility of increasing

company use of management simulations and games. One hundred and
one of the 196 firms\responding to the questionnaire~indicated.
that, yes, they would be interested in participating ln.anfexﬁ
perimental management game if our. current and potential'reSearch~

is successful. An executive of one of Canada's leading nationally

owned corporations told us that if it was possible to develop a

51mulatlon or game that employees of h1s f1rm could relate to,
that hlS firm would def1n1tely be 1nterested 1n such development
HlS partlcular company had been 1nteres ed for some- “time in .
management simulations but had not had the personnellresources
available for such development ‘Herein 11es the real problem

for our future research to wh1ch we have already begun to address
our th1nk1ng | How does ome construct a management game orA |
51mulatlon, a1med at 1mprov1ng the dec1slonmak1ng processes of’
Canadlan R G D pro;ect selectlon-declslonmakers, that is general-
enough to cover a broad spectrum of 1ndustr1es but spec1f1c |
enough SO that 1nd1v1dual management(s) can meanlngfully relate

to 1t?
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SECTION VIII

A SELECTED BIBLIOGRAPHY OF GAMING AND SIMULATION

'A. Rationale

The words "management simulation" and ''management game"

often connote the same meaning. Because of the potential of

" the technique(s) for use in any management development program,

the authors of this report decided that a_thorough review of the
literature was necessary béfore'ahy reliable assessment of the
state-of-the-art could be made. The bibliography which is in-

cluded in this section of the report represents all»of:the

“literature known to be available at or to the library at the

University of Alberta.

As indicated by the bibliography, a complete library.

search of available literature was dndertakgn, Each article or

book was re?iewed with the explicit objectiye’of'fryiﬁg_to un-
cover meaningful information with respect to specifié results,
experiences, and suggestions for improvement made by the. various:
authors. A special "I.T.C. Bibliography Reporting Form" was

desigﬁéd,‘as shown dp the next page, to suﬁmarize’pettinent

data obtained from each reference. Individual réferencés were
placed oﬂ computer file and, as shown, the final computer printout

resulted in bibiiograph& organized by_bbth authdr and subject.

148



1.T.C. BIBLIOGRAPHY REPORTING FORM

AUTHOR TITLE
SOURCE

YEAR S PAGES INDEX. CODE
LiBRARY CALL NUMBER SUBJECTS

CODE

SUBJECT (OBJECTIVE, CONTENT, ETC.) -

PROCEDURE (METHODOLOGY )

RESULTS (EXPERIENCES, SUGGESTED MODIFICATION, ETC.)
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The~following is 'a summary of-what were considered to be
the most important results of the- llterature rev1ew It'is not
the purpose of this report ‘to present the .pros and cons of the'

use of management games and s1mu1atlons.

B. Summary

As indicated in Section VII, management has simply not
adopted the use of games and simulations as supporters of the:d
new science of management decision have suggested they would.
Although there has certa1nly been a revolutlon in the teach1ng
of the art or sc1ence of management and organ1zat10n w1th1n
schools of Bus1ness Adm1n1strat1on»1n~North Amer1ca, th1s "new_
found" ph1losophy has yet to really man1fest itself in. top. |
management dec1s1onmak1ng - Present 1ndlcatlons are that tra-

- ditional dec1slonmak1ng methods have s1mp1y not been replaced
by modern heur1st1c problem solv1ng technlques as app11ed to
tra1n1ng human dec1s1onmakers and in the construct1on of
heuristic computer programs, in the degree pred1cted by aca-.

55

dem1cs such ‘as Herbert Slmon As a matter of fact our own

research and actual exper1ence has shown that management 1s ex-
tremely slow to adopt sc1ent1f1c methods for 1mpr0V1ng,.tra1n1ng,

- oT a1d1ng management in the art and/or sc1ence of- dec1s1onmak1ng >6

55..'Simon, Herbert A., The New Sc1ence of Management Dec1s1on,
Harper and Row, New York, 1960, p.-8. :

- 56. :Maher, P. M., Harnden, B. M., and Miyagawa, R., "Factors’
Affecting The Adoption Of A Quantitative Technique For
Forest Fire Detection Systems Design," A-paper summarizing-
the results of this research is currently in the final
stages of preparation. ~ -
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<Harpstr1te, in a dlssertatlon completed at M1ch1gan State :'_ y
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_ Therefore, it was not surpr1s1ng to find~that'the most
Cxpllklt statoments about resulte, exporlencos, and quggestlons
for 1mp10vements with respect to management gdmes or s1mulat1onst
exist 1n‘reports of formal research-efforts,_part1cularly in
dissertations, and in educational journals reporting. classroom

‘ . 57
experiences.

The use of management games or s1mulat1ons as. part of a

"management development program implies that thls approach at _7

least complements ‘conventional teaching methods.‘uAs a_matter.of
fact, the literature strongly supports the.contentionnthatpgaming

and~simu1ation are important supplementalfeducational<aidS'when

supported by other conventional methods, i. e. fllms, lecture,

: cases,nslldes, group part1c1pat1on,hetc,; Coleman, Fennessey,

.Heinkel, Moore, Paploizos; Raia, and Tait, all conclude that

gaming and.simulation are not necessarily 5uperior methods'of
1nstruct1on and should not be used alone This conclus1on sup-
ports our own teachlng exper1ence There.was only one seml—
dlssentlng view to this conclu51on found 1n the 11terature

J, .
Unlver51ty in 1972 found that both teachers and students were

p051t1vely d1sposed to 51mu1atlons and ~games and negatlvely
d1sposed to lecture d15cuss1ons | |
‘Several authors direct their attention to ‘the learning

aspect of games and simulation.

57. For expediency, spec1f1c references noted w1ll ‘be referred
" to only by the last name of the author listed in ‘the
"Selected B1bl1ography on Gaming and Simulation Organized
By Author" which is included at. the end of" this sect1on
of this report. : _ ‘
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~C. R. Andorson, in a study at the UniverSity-of:Maryland‘p '

in 1969 de51gned to determine whether a- simulation- 1earn1ng o
game is more effective .than conventlonal classroom approaches

in learning to acquire factual 1nformat10n ‘about” consumer cred1t

“sources, and rlsks, reported that there was no s1gn1f1cant dlf—

ferences found in the 1earn1ng of factual! 1nformatlon or the
ab111ty-to select and sign an optimal credlt contract, but that
learning to compare alternative sources of.credit was greater
when simulation was used rather than convent10na1 methods ':We”

think that perhaps this is a 51gn1f1cant fact to con51der when

teachlng managers, since the backbone of the sc1ence of declslon-

.maklng con51sts of selectlng between alternatlve courses of

act1on.

R. D.iAshmum,'in a thesis completed.at the_UniverSity‘of
Minnesota in 1966, found that there was no significant‘difference
in the effectiveness-of_a nonfcomputer>business game in;teaching
post hiéh school business problem claSses-when'compared“mith:
conventional 1ecture;diScussion-problem—solying methods,~.

S. S. Boocock, in a thesis completedaathohns_Hopkins-

University in 1966, discusses and presents empirical evidence

pertaining to the effects of games on student learning with

respect to motivation, vicarious experience, intellectual

learning, att1tude change,:and dlfferentlal effects on dlfferent

types of students. The pr1mary contr1butlon of thlS study 1s_‘_
a zeroing in on the measurement problem w1th reSpect to amount

of 1earn1ng. Since most measures depend on the ab111ty of the
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participant to ”éxpréss"jhimself, it is suggestédvthét:iess
participant;dependent measures suﬁh as‘systematicfobserafion.
during playing sessions and analysis:of data'produ¢ed in. the
game itself might circuhvent some.df the measuremeht pfdbléms;"
L. L._Steihmetz and R. J. Patten studied theﬁuse‘of S
gaming as a.trainihg device fdr-lower ranking management and.f'
rank—and—file_personnel.' They conclﬁded_that the gaming ﬁéch—
nique has é large-positive-influence upon thgjtrainee, a>defihife
1earning—reinforcingveffect; and thattfﬁndamental—mechénistig_
procedures are made meaningful;“This lafter.concipsion,w1f>
correct, is important if one of the,objectiVeg_bf a_mahageﬁent)

training program is to teach technique.

G. L. Thorpe points 6ut that as,éf April 1971,_there was

no reséarch upon which to state that the uSe_of_simulatidn_en-'

hances critical thinking.

An important aspect of the;use‘of‘manégement'games or . ..
simulétions as an aid to learning is.thé,affect'of;these-tech-
niques on the attitude:of participants. : We\think,that:thié
aspect is particularly relevant when dealing with fop haﬁagémént'
because ”attitudé” is_an.ihportant compohent‘of'hanagemenﬁ's 
willingness to adopt more scientific meﬁhods.of decisiqﬁmaking.

C. C. Abt indicates:that gémes:are effectiyggteaching
and.training devices for students of ailjages'in many different

situations:becauSe they are highly motivéting.
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In a joint paper, Boocock and Coleman show that analysis
of experimental data indicates that players are highly motivated,

acquire specific information that;each‘game teaches, and that

they gain a broader perspective on the social situation simu-

lated in a game including confidence in their own ability to act.

A. D. Christian, in a2 study of the effects of educational’
game experlence upon the attitudes of Job Corp tra1nees found
‘that s1gn1f1cant attitude changes resulted and that game activi-

ties affected attitudes of students towards 1nstructors as well.

"D. W. Conrath, in an analysis of the experience factor in

experimental gamingvbehaVlor,reported‘that the differentialt

~effects of time-for reflection and past experience is not’ clear,

.~ but that a period of reflection on the environment.enhances the

probability of subjects behaving in apjointlyhratlonal manner,
This may support our own thinking withfrespect to the develop-
ment of aname;or'slmulation, for improving decisionmaking of
R&D project selection decisionmakers, that‘managements with:
different day to day organ1zat10nal experiences can relate to.
The key is to focus on the fundamental structure of prototype
problems 1n R & D dec1s10nmak1ng rather than on spec1f1c in-
dustry oriented situations when develop1ng a game or s1mulat10n
It may be poss1ble to develop a modular package that can be
read1ly ta1lor made to f1t various companles and/or 1ndustry
and government operat1ons.' Convent1onal educat1onal tools,
as an integral part of the management development program,

can be used to enhance the feel1ng by part1c1pants that the game
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environment does, in fact, resemble the one in which they operate;

R. Stadsklev, in a comparative analysis of simulation,
gaming and lecture discussion methods, reported that attitudes»
and values of part1c1pants are more . 1nf1uenced by simulation

as opposed to lecture than factual learnlng is.

J. A. Steger, when discussing a busineSsvgame.develobed f
for undergraduates:.points out that the results'of his‘study'
indicate eﬁhanced'mbtivatiop and .learning, (of partiéipants);b
as measured by a final report. a

One of the primary reasons for the review of the liter-
ature on gaming and simulation was to evaluate thefappfopfiate—

ness ‘of the technique(s) when used as a tool for extending

fundamentalvreseareh into the adoption of more. quantitative
and/or scientifie approaches for deciSionmaking;‘inrparticular
R & D project selection decisionmakiﬁg. ‘Indeed, the major .
tﬁrustkof future research mneeds to contaih this component.. The
fundamental problem is how to wed the duel teaehihg-research |

objective..

Bebb,fei. al., investigated the,potentialief busihess
gaming methods in researeh. Their conclusions tend to be weak
but indicate that business gaming 1s potentlally prom1s1ng for
1nvest1gat1ng the role of information in complex dec151onmak1ng,
the bepef;ts of additional information, and the affect;qf organi-
zational variables on decisionmaking. This is.aﬁ imertant |

conclusion with respect to trying to convey and measure:the use




of and contrlbutlon of 1nformatlon derived’ from technolog1ca1
forecastlng on resedrch and development decisions. We th1nk that
the philosophy behind technolog1ca1 forecastlng needs to be
transmitted to management. Our 1nterv1ews 1nd1cated that even
the most sophisticated management tend-to ‘take very Self55
circumspecting viewpoints even though they are familiar with

technological forecasting techniques.

Barringer and Whaley report that, although it is a

general purpose tool, gaming is not maximally effective for all

possible purposes in the same structural format{‘

- Denhaam, in a study of the fattorsuwhich.strongly affect
the positive growth-of-an R G~D»project;‘reportS‘that‘dynamit
business modelslare particulariy useful in thé‘5f¢a of'studying
policy alternatives under changeableféonditiOns'where‘growth is

an important factor.

By asking the question, "What is .it that makes an experi-

ment. realistic?", Drabek and Haas seek to recast previous dis-

- cussions focused on ''realism versus artificiality.'" It is

suggested that relationships between variables may Varyjonderi..
different experimental conditions. The degree of realism is
usedlas a means of identifying experimental,characteristite.
This ana1y51s of the concept of realism provides a mean1ngfu1
alternatlve for future synthesis of 'small group research both

field and 1aboratory. Characteristics of a research method

labeled "realistic simulation'" are identified.
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McGregor -and Baker in an article critiquing a new.and

sophisticated management game of potential relevance to public

‘administrators, called GREMEX (Goddard Research Engineering

Management Exercise), suggest that the parallels of the manage-
ment situations in GREMEX with many actual situations indicate
that the exercise might be used as a research'tool for inveSti-

gating group management.

" Streufert and Kliger describe an experlmental s1mu1at10n_

used as a method for measurement of 1ntegrat10n and response
patterning . in group decisionmaking, -including tactical,
negotiation, economic, inte@ligence, and other;potential'comf

ponents.

At th1s point it is worth artlculatlng ‘how we V1sua112e
using:-a. management game or s1mu1at10n ‘onan experlmental bas1s
with respect to=R-§'D pro;ect selection dec1s10nmak1ng. The'

key question of course is: ''What is the experimental appar-

"atus going to be designed to measure?"- Thomas E. Clarke does

a good job'of classifyingythe'recentvliterature conoerned'with

project selectlon and evaluation. >8

He 1lsts the ma1n classes
of. literature pertlnent to -the subJect as be1ng |
1. Descrlptlon of technlques or mathe-
matlcal models deslgned by management

scientists for use by research managers;

58. Clarke, "Project Selection," op. cit., p. 2.
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2. Critiques, discussions, descriptions,
or evaluations of the proposed tech-

niques or models.

3.. Descriptions of the testing of sug-
gested techniques or models in a

real-time situation in an industry.

It is the latter category, i.e., class 3, that is of interest
here.

Examsnatlon of the pert1nent 11terature and work conta1ned
in the blbllography in Clarke s paper as well as publlcatlons |
contained and forthcoming in the Journal "Management Sc1ence“_
subsequent to the. publlcatlon of C1arke S work 1nd1cates_that two
philosophically different approaches: to "real-time" research in
the R § D project selection and evaluation exist.. The first ap-
proach focuses on,measurement of»the\valuepof.different»project
selection models and mathematical techniqnes for R G.D project
selection. Souder's recent pub11cat10ns reflect th1s emphasls 59,60

The second approach focuses on measurement of the factors affectlng.

management 5 w1111ngness to. adopt quant1tat1ve techn1ques for_'

59; Souder, William E. "Ut111ty and Perceived Acceptab111ty

of R & D Project Selectlon Models," Management Sc1ence,
August, 1973, pp. 1384-1394.

60. Souder, W1111am E., "Analytical- Effectlveness of Mathemat1ca1
" Models For R § D PrOJect Selection,'" Management Science,
April, 1973, pp. 907-923. . ,
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decisionmaking.61’62 While recognizing‘the importance of the

first approach, the principal authors'of_this report believe that
extending the knowledge pertaining to "the.nillingness to_adopt
factors" is the mostaimportant facet of research‘with respect

to R § D decisionmaking, that can be undertaken at the present
time. This. study seems to substant1ate the fact that the real -
question w1th'respect to management decisionmaklng in general |
is not, '"Which techniques should be used?", but, "Why are'managers,:
for example R§D project decisionmakers,:not willing"to adopt
sc1ent1f1c dec1slonmak1ng technlques to 'a much greater degree?"
As the_adoption process is better understood, the degree of use—
fulness of different'techniques becomes muchvmore meaningful.
Therefore, it is our opinion that‘any management simulation or
game result1ng from this research should be deslgned to extend

knowledge w1th respect to the "adoptlon process "

One of the basic reasons for the 1iterature_review on -

management simulations and games was to search for suggestions

for and suggested improvements in methods of application or -

design of these tools. The literature is Severely 1acking in-

this regard. The best applicable thoughts are Summarlzed below
D. E. Calvert suggests that information gathering in a
game situation is made to seem too easy and thatvquantitative-

factors are over emphasized. This poses an interesting question.

61. Maher, P. M., and Rubenstein, A. H., op. cit.

62. 'Maher, P. M.;.Harnden, B. M., and‘MiyagaWa,cR.;zop. cit.



. 166
"llow does one design a simulation or game~to teach:techhiQueA
and enhance~management willingness to adopt more elaborate or
scientific decisionmakimg methods and at the_same.time'down—play
the quahtitative aspects?"
W. H. Kelly's Ph.D. dissertation examined the effective-

ness of educational games in teaehing. His recommendations are:

1. Clearly state educational’objectives\'

for thedgame. |

2. Keep the_game re1ative1y short,.e

3. Keep.the rules.simpie.

4. . Utilize role-playing. A

'5. .Critique the end ofieachAround to

consolidate the knowledge gained.

A. F, Haseley found that lagging the flow_of_;ompetitive
data substantially affected profitability,'attained'by real-life
managers of agrlcultural food processing and- marketlng f1rms, |

when playing the U.C.L. A Executive Game No 3.

S. J. Drumheller malntalns that games should be geared
to the active needs. (per Maslow) of the part1c1pants We 1nter—'
pret this suggestion as being potentially important andpthat it
can be construed as; "Do not use a'game.or simulation«aimed'at
top management at levels of middle management or: below " As a
matter of_fact, the authors of this report have had eXperlence

which seems to substantiate this fact.

D. Croy reported on SOLID (Slmulatlon of Life Insurance

Dec151ons), a computer 51mu1atlon game used by Pac1f1c Mutual
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‘Life, Los Angeles, as an experimental tool in the traihing of

administrative, actuarial, and investment personno] In. his

feport he criticized SOLID because it did. not Iespond to factors

expected to produce results in real life.

The summary of the_literature and discussion presented -

above leads to the foliowing conclusions.

1.

Management games or .simulations need to be

supported by other types of~c6nventiona1-

educational aids when used in a formal

manégemeht development program.

Management games or simulations designed to

teach technique'and té“emphaéize.the_cdmparison
of alternative courses of action may 1mprove
learning when 1nc1uded as’ part of a well de51gned

management development_prpgram.

There seems' to be no queétion about;the;faﬁt that
participation in games or-éimulatiQns'dqes have an
affect on the attitude and-mOtivation'6f-partici-
pants. Naturally, desigﬁers'pf suﬁh gémes or simu-
lations would -like to make certain that positiye:
effects will result. |

With;the application of'soﬁe'creativity; inﬁOvation,
and imagination, managementugaﬁés.and simulatiqné can
be useful research tools fbrfextending fundamental

knowledge about the use Of'quantitatiVe techniqués

by R § D project selection deciéionmakérs..,Thé

‘research design should focus on éktendiﬁg knowledge




- = oa - == R S5 &G SN SN 2N OB G0 =m am o9 o

162 -

about factors affecting the willingness of
management to adopt such techniques rather

than focus on the effectiveness of a parti-

E cu1ar technique or techniques per se.

The challenges in the design of a simulation-
or game, to be used in -an experimental and

management development program for research .

'and development prOJect selection dec151on-

makers, lie in the fact that what seems to be
de51rab1e is a game or s1mu1ation that is
exp11c1t with respect to obJectlve,ﬁshort,

, i :
simple, computerized andvinteractive, that
emphasizes the difficulty of information
gatherlng wh11e at the same t1me 1t mon1tors
the flow of data derived from the use of quan-

s

t1tat1ve dec151onmak1ng technlques in such a

manner that the value of 1nformatlon der1ved

from such techn1ques is adequately protrayed

In add1t10n, to be most useful ‘the game or
51mu1at10n needs to be h1gh1y f1ex1b1e and
read11y adaptab1e both horlzontally (by 1ndustry,
company, and government agency) and vert1ca11y ‘
(by'leyel of managementj; VThe.environment needs

to be manipulated in an unobtrusive manner so that

‘fundamental data w1th respect to a dec1slonmaker S

w1111ngness to adopt quant1tat1ve dec151onmak1ng
technlques can be extracted w1thout the part1c1pants

knowledge.
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'C. Bibliography
A selected Bibliography on Gaming and Simulation organized

first by author and then by subject is presented on the fbllowing

pages.‘
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