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Purpose of Report

This report describes the results of a four-month study of the likely
consequences of certain hypothetical future policies of the Canadian
government with respect to the organization of computer/communications and
control of data banks used in Canada. Information about such consequences
was obtained from top executives of the U.S. data processing industry and
some large U.S. companies, having affiliates in Canada, who answered a
highly structured. anonymous guestionnaire on the impact of government
policy on their industries in Canada. Information was also obtained from
academicians in the United States and Canada.

The broad conclusions with regard to consequences of computer/
communications policies were as follows. First, large Canadian industries, for
the most part, will be unaffected by any choice from among the policy
options considered in this study. Second, a policy of status quo (i.e.. laissez
faire) will result in the highest domestic sales for the Canadian data
processing industry but also the highest imports of data processing services
from the United States. In comparison, creation of a Crown Corporation for
computer/communications would produce the next highest sales, while a
middle policy of a government-supported and -regulated cartel would have the
lowest sales. Third. no matter which of these three options were adopted,
Canadian imports of data processing would exceed exports. Finally, the middle
policy was found to be less desirable on the whole than either the status
quo or the creation of a Crown Corporation. This last conclusion was based,
however, on one specific definition of the middle poliey and may not be
applicable to other possible compromise policies.

With regard to the consequences of policies on data banks. there was no
consensus either that licensing would be in Canada’s interest or as to what
its economic effects would be, although it was clear that licensing would
reduce the percentage of "“critical”" data banks under foreign control. Both
options examined here (licensing and status quo) were considered by our
respondents to have severe disadvantages, suggesting that. whichever option
is ultimately selected. serious efforts will be necessary to forestall detrimental
side effects.
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The respondents expressed unanimous preference for the status quo policy on
‘computer/communications, but were evenly divided in their preferences as to
policies on data banks.



Preface

This study was primarily an experiment in policy formulation. The experimental
nature of the study was due to the inclusion of: (i) a deliberate effort to
collect quantitative data about consequences of several policy options, as well
as preferences among these options; (ii) an attempt to use an explicit value
model, in which considerations of several indicators. including those of
national identity, are “‘traded’”’ for economic.advantages; and (iii) portrayal,
again in quantitative terms, of the risk inherent in choosing a policy in the
face of uncertainty. These three attempts were reasonably successful.

Unfortunately. perhaps because of the unusual nature of the undertaking., we
found it very difficult to obtain respondents willing to engage in a study that
may have appeared to some to be an unnecessary, trivial, difficult, or possibly
even injurious exercise. Most people are not accustomed to debating
hypothetical consequences of hypothetical policy options — the prevailing
Custom being to take a position, explain one’'s value model (for example, that
government intervention is undesirable), then further one’s interests through
the workings of the political process. The type of dialogue represented in our
Study appeared. we are sure, to some of our potential respondents as a
change in well-understood ground-rules, and they were-not sure whether the
Change would be for the better. Whatever its cause, the reluctance to
Participate is clearly illustrated by these uninspiring statistics: of the 252
Potential respondents who were asked to participate, eighty-six agreed to do
$0; of those who agreed twenty-three (or 28 percent) returned filled-in
Questionnaires (twelve questionnaires were returned unfilled). By contrast,
however, most filled-in questionnaires were answered fully and thoughtfully.

The authors wish to acknowledge the assistance and co-operation of the
members of the Canadian Computer/Communications Task Force. who helped
to focus the inquiry and refiected to the Institute’s research staff the concerns
and aspirations of Canadians. We wish to single out the Director General of
the Task Force, Dr. Hans J. von Baeyer, and our project monitor. Mr. Ray H.
Taylor, who were intimately involved in the progress of the study. We also
acknowledge the professionnal assistance of Prof. I.A. Litvak and Prof.
Christopher J. Maule of Carleton University, as well as that of Prof. James N.
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Rosse of Stanford University, who helped in the initial organization and final
consolidation of the study.



Part A
Introduction
1. Background

In September 1969, Canada’s former Minister of Communications, the
Honourable Eric Kierans, announced the formation of a “‘telecommission’ to
undertake a series of studies on telecommunications' preparatory to
formulating the Canadian government’s policy on commiunications. At the
conclusion of these studies in November 1970, a special Task Force on
Computer/Communications was set up to continue the investigations in more
depth and to make recommendations for technical, financial, and institutional
policies to ensure the orderly and efficient growth of computer/
communications systems in Canada.

To help in obtaining information about the likely impact of Canadian policy
options on U.S. industry’s future participation in and contributions to the
Canadian economy, the Task Force engaged the Institute for the Future, a
U.S.-based. nonprofit research organization that has conducted studies on the
future of telecommunications in the United States.? -

2. Organization of the Report

In Part B of this report we provide a brief description of the study’s
Objectives, an outline of its procedure, and a summary of its conclusions. Part
C presents a detailed analysis of the methodology by which we reached these
conclusions. It includes descriptions of the following: the theoretical
framework in which the policies were compared, the correspondence

——

Department of Communications. /nstant World: A Report on Telecommunications in Canada (Ottawa, Intormation
Canada. 1971). provides a summary of these studies

2.

Among these studies are: Baran, Paul and Lipinski, Andrew J.. The Future ol the Telephone Industry. 1970-1985.
Report R-20. Institute for the Future (September. 197 1); and Lipinski. Andrew J.. The Future of Communications Regulation 8s
It Aflects the Data Processing Industry. Institute for the Future (forthcoming).
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between components of this framework and the study’'s activities, the
procedure by which estimates of policy consequences were obtained and
processed, and the method by which the value model was constructed and
used to evaluate the forecasts of policy consequences. Part D contains the
conclusions based on the assumed value model, the sensitivity of the
conclusions to uncertainty and the weighting of net exports. the effects of the
policies on selected economic indicators, and a summary of the respondents’
preferences.

3. Policy Options

Two sets of Canadian policy options were postulated in the present study.
one set dealing with the future organization of the computer/communications
network and the other with operation of data banks.

With regard to the former, we hypothesized a range of policies, from a very
relaxed policy of inaction (i.e.. status quo) to a "’strict’” policy of outright
Crown Corporation ownership of both computers and data communication
networks (see Figure 1). We also assumed a "‘middle’” policy. in which a
consortium, composed of present carriers and some data processors, would
offer data processing services. The government would regulate entry, tariff
structure, and rate of return to the members of the consortium. This middle
policy represents a sort of benevolent, government-supported cartel, as
typified by the Japanese approach. Initially, we did not think it was important
that the hypothetical Policy B be very close td that which may eventually be
recommended by the Task Force — what mattered was that it be somewhere
between the two extreme policies. For example, we assumed that if the
eventual policy were to be more lenient, our results could be interpreted by
assuming outcomes somewhat to the ““left”” of Policy B.

The expectation that the outcomes of Policy B would lie somewhere between
those of Policies A and C was not supported by the study results. The
estimated values for several desirable outcomes, such as investment and
employment, were higher for Policies A and C than for Policy B. Therefore,
the exact definition of Policy B may be more important than it at first
appeared.

v



Figure 1
Ran_ge of Computer/Communications
Policy Options to Be Examined

Policy Policy Policy
A g s
Status Quo Consortium Crown

Corporation

For the second set of policy options (i.e.. with respect to regulation of data
banks), we postulated on the one hand a status-quo (Taissez-faire) policy and.
on the other hand, a policy of regular licensing of data banks used by
Companies located in Canada.

A brief but precise description of these policies. as presented to the
Participants in the study, follows.

Set 1: Organizaribn of Computer/ Communications Network

Policy A. Approximately the present situation, in which competition with each other, which may themselves
computer utility services (i.e., services offered to the offer computer utility services.

general public, and not computer services within an Policy B. A loosely knit system of computer utilities,
Organization) may be provided by companies freely with the federal government regulating entry, prices, and
entering the market from either within or outside Canada. rate of return, and establishing software and hardware
Telecommunications are provided by many common standards for the system. Government involvement would
carriers, including two large regulated consortia in be basically that of a catalyst and a regulator, giving
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encouragement, possibly in the form of subsidies. for
the development of socially desirable systems. and
exercising its current and newly acquired controlling and
regulatory powers over the data processing industry in
areas of public interest. To encourage the lowest cost to
the user by utilizing possible economies of scale, the
common carriers would be encouraged to offer., via
subsidiaries, data processing services. These subsidiaries,
as all other data processing companies, would be
regulated by a newly-formed agency. The new regulatory
agency would regulate prices, entry, and rate of return
of data processing companies. Each data processing
company connected to the associated networks would
advertise and sell its own services and computer power.
Policy C. An integrated Trans-Canada data-
communications network, possibly owned and operated

Set 2. Operation of Computerized Data Banks

Policy D. The present situation, in which virtually no
regulatory provisions exist for the establishment and
operation of computerized data banks. The exceptions
concern government-collected data, the disclosure of
which to third parties is prohibited by statute.

Policy E. The situation in which governmental authorities

3

by a Crown Corporation.’ This corporation may initially
lease communications lines from the common carriers,
but would possibly aim for a wholly owned. separate
digital communications network. In either case,
computers and terminals connected to the system would
be owned by the Corporation, and terminals and storage
space leased to users. Ownership of information and.
hence, privacy of data banks on the system would
remain with those organizations responsible for
maintaining the data banks. Advertising, selling of
services, and supply of computational services and of
computer power (defined as a supply of operating-
system but not user software programs) would be done
by the Corporation. However, it would be at liberty to
buy software and hardware from whatever sources it
deemed necessary, possibly within some framework of
regulatory control.

license the establishment and operation of computerized
data banks that store personal and Canadian resource
information. The legislation relating thereto would
provide for limitations as to use and access, regular
inspection, and penalties for circumvention of the
legislation.

U.S. equivalent to Crown Corporation”" might be a fedsral commission, such as the Atomic Energy Commission.



Part B

Summary and Conclusions
1. Objectives

The main objective of the study was to develop forecasts of key parameters,
Such as investment, sales. and employment, that would describe the extent to
which U.S. industry will participate in the future development of the Canadian
data processing and information industries. These forecasts were to be (i)
conditional on a few selected Canadian policies with respect to the
Organization of computer/communications and (ii) probabilistic, that is, the
forecasts were to be shown as probabilities that a given value of a key
Parameter will be exceeded. given a specific policy.

A subsidiary objective of the study was to develop a framework for comparing
the effectiveness of various policies toward achieving a state of affairs that
Canadians might consider “‘best’.

2. Method of Approach

To develop the forecasts mentioned above, the Institute’s staff elicited and
Processed expert opinions by means of a structured, written questionnaire.
The expert panel comprised representatives of the U.S. time-sharing.
Computer, data processing, and data-dependent industries, and members of
the academic community.

The Institute and the Task Force jointly determined the key indicators
Necessary to evaluate the success (or failure) of any policy with respect to
computer/communications. These indicators fell roughly into two classes:
those concerned with economic weli-being and those related to the
Perception of Canadian identity. The economic indicators were the annual new
iNvestment, annual sales, overall employment, imports of data processing
services to Canada, and exports of data processing services from Canada. of
given industries. The indicators of Canadian identity included: employment of
Canadian college graduates in computer-related fields, the percentage of data
Processing companies in Canada effgctively controlled by U.S. parent
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companies, and the percentage of all data banks storing information on
Canadian citizens or critical resources that are located in the United States or
controlled by U.S. interests.

After discussion with the Task Force, the Institute’s staff hypothesized the
policy options and framed questions incorporating these options and key
indicators. Since the future value of a key indicator is an uncertain quantity,
the Institute attempted to describe this uncertainty by asking for the 10-,
50-, and 90-percent probability levels for each indicator. At these levels there
is a 10-, 50-, or 90-percent chance, respectively, that the actual future value
of the indicator will be less than or equal to the assigned value. The
probability distributions obtained in this manner were then processed by
computer to obtain group probability distributions for each indicator,
conditional on the policy option, and these results were then analyzed by the
Institute.

The analysis of the information obtained from the panel proceeded in three
stages. First, in consultation with the Task Force, we constructed a ""value
model”’, based on a number of assumptions about the preferences Canadians
would have about future policy outcomes. This model was designed to permit
aggregation of the forecasts into an overall measure of the desirability to
Canada of each option. Second, we used the model to convert the
consequences of each policy into the desired aggregate evaluation for that
policy. Finally, we tried altering some of the assumptions on which the model
was based and computed revised desirability ratings, to determine whether
the choice among policy options would be influenced by such changes in
assumptions.

Details of this rather complex analytic procedure are presented in Part C, and
its results are shown in Part D. A summary of the key results follows.

10
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3. Overall Conclusions

The overall conclusion of the study is that the effect of Canadian policy
decisions with respect to computer/communications, viewed by managers of
Us. companies, will be such that: (i) no one policy with respect to
Computer/communications appears clearly better than any other so far as the
effect on large Canadian industries is concerried, and (ii) with regard to the
data-processing industry, a policy of status quo will result in largest sales,
$316 million in 1985. accompanied (perhaps unfortunately) by largest imports
of data-processing services from the United States — 1985 figure, $145
million. Depending on how undesirable a negative balance of trade in data-
Processing services is considered, either the policy of establishing a Crown
Corporation or that of maintaining the status quo would be best. Thus, if
Canadians are largely indifferent to the importation of data-processing services,
then a policy of status quo would serve them best; if the converse is true,
}hen a Crown Corporation would be a more suitable alternative. For example,
it Canadians were willing to “‘trade’’ less than seventy. cents of domestic
sales for one dollar of net exports, they would prefer status quo. For any
higher rate of exchange. such as dollar per dollar, Crown Corporation would
be preferable. - ‘

In terms of aggregate utility, both Policy A and Policy C rate fairly high,
haVing roughly comparable mixtures of advantages and disadvantages. Only

olicy B. that of a government-sponsored and -regulated consortium of
Camriers and data processing suppliers. receives a significantly lower utility
rating, largely because this policy appears likely to stifle U.S. investment in
and development of Canadian computer/communications activities.

11
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As to the effect of licensing of data banks, the percentage of data banks
containing critical information about Canadian citizens or Canadian resources
that are either located in or effectively controlled® by the United States would
decrease if they were licensed. However, the respondents did not agree on
whether licensing was in fact the best policy. We report later on these
disagreements.

By effective contro/l we mean control of pricing. marketing. and development strategy. irrespective of the percentage
of ownership

12



Part C
Study Procedure
1. Theoreticai Framework

In this part, we describe how the information gathered in our study was
designed to contribute to a much larger undertaking — the process of policy
formulation. The final objective of policy formulation is to make a decision, or
decisions. In this case, it is a decision as to .what should be done about the
future of computers and communications in Canada. To arrive at a successful
Policy (by making good decisions), the policy-maker needs a great deal of
detailed and reliable information.

There are advantages to using some logical framework for dealing with
Information about the future environment and current preferences and
aspirations. Such logical frameworks can, of course, be organized in many
ways. For this study., we selected decision analysis, a relatively young (ten-
Year-old) discipline of formal approach, in which a problem is divided into
Separate components. such as:

* ldentification of the decision problem » description of the interaction between decisions and

* Selection of meaningful consequences of the decision consequences
- » evaluation of the consequences

For those readers who are prepared to absorb a certain amount of rjovel
technology, we propose to discuss these features in more detail, using such
terms as outcomes, decision variables, and state variables. This will facilitate a
Methodical and orderly evaluation of concepts that otherwise often lend
themselves to fuzzy thinking. For example. by using a structured approach, it
'S possible to discover that policy-makers agree on how the future
environment might look (agreement on state variables). what might be done
(agreement on decision variables), and what they consider desirable
(agreement on value model). However, they may not agree on one
°9mponent: consequences of a decision. In each case. when such a ‘
disagreement occurs.- the solution might be different — to collect more
Information, to search for better alternatives, to explore consequences more

13
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State variables (1) describe the state of the environment, over which the
decision-maker is assumed to have no control; in our case, these might.be
the general economic climate, Canadian trade patterns with other countries,
and so forth. A decision variable (2) is the *‘switch’ operated by the
decision-maker, such as (again referring to the problem at hand) different
Institutional arrangements of computer/communications. The interaction (3) of
State and decision variables produces, for each decision option, a particular
Set of outcomes (4). identified in our case by the levels of a number of
Quantitative ‘“outcome indicators”’. Each set 6f outcomes is then evaluated by
the decision-maker (who could be a single person or a group) according to
his or their personal value model (5). resulting in an overall (multi-attributed)
utility® of that set of outcomes. The meter on the right in Figure 2 symbolizes
Such a single reading of desirability of the outcomes of a given option.

In all, there are five major components of the decision problem. Ideally,_ one
should attempt to address all of these. Unfortunately the time avajlable in this
Study did not permit an attempt to build a complete model, that is, to
describe the interaction of regulatory. economic, technological, anc[ social
forces inherent in the operation of Canadian computer/communications.
However, even if more time were available, it is doubtful that a credible
Model could be made, given the complexity of communications in Canada and
the dynamic development of the computer industry. Therefore we
Compromised. as shown in Figure 3, and went directly from decisions to
Outcomes, deciding to bypass explicit consideration of components (1) and (3)
of the problem — simplifying the analysis, but paying a price for it.

What was the penalty? By omitting state variables (1) and modelling (3), we
asked for estimates regarding the outcomes of different policies directly and
relied on each respondent’s mental modelling of the future and his |mplnqt
Choice of state variables. Thus we determined each respondent’s uqcertamty
f€9arding the outcomes of, say. Policy A, but we could not determine
Whether the respondent’s mental model of future interactions was the same
8s when he considered the outcomes of Policy B. We assume that it was. As
a result, we are able to discuss the risk of adopting a “*wrong’’ policy, but in

—

. The term utility is used here in the classical economics sense. that is. as a measure of the desirability or
90cdness” of the outcome
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earlier conclusions which were based on the examination of the tangible
consequences alone. This statement may give the impression that it is a
Straightforward procedure to arrive at a recommendation of policy by
®xamination of measurable consequences. As we shall. see. this is far from
being the case. Depending on the weight attached to the yglues of
T]easurable indicators of policy consequences. different policies appear to be
the best.

2. Study Flow

The activities undertaken in this study were specifically designed to
correspond with the components of the simplified decision-problem framework
Previously described. First, with the help of the Task Force, we select'ed _
hypothetical computer/communication and data-bank policies fplf examllnatlon
f?ee Part A, pp.5-8), corresponding to the options of the decision var/a_b/e

Switch”". Second. we obtained expert forecasts of the consequences likely to
follow from each policy: these forecasts — most of which were expressed in
terms of the future course of economic and other trends — corresppnd to the
Outcome indicators. Third, we constructed a simple value mode/ which
expressed our own estimates of Canadian preferences regarding the outcomes.
Finally, by means of this model, we calculated a measure of the overall utility
Qf each policy and tested the sensitivity of the computed utility to alterations
In the assumptions which had gone into construction of the value model.

3. Estimation of Policy Outcomes
(8). Policy Indicators

One way 1o approach policy determination is first to attempt to list as many
relevant outcomes as possible and then to evaluate the desirability of the
'ndividual outcomes which are judged likely to follow from gach of the
available policy options. This approach, although sound in principle. soon
raises a question as to how many and which outcome indicators would be
evaluated. A policy may affect many factors — for example, it may affect social
Stability, economic well-being, and technological innovation. Each of these
,faCtOFS can in turn be subdivided into more detailed and meaningful

'ndicators. How is one to avoid being bogged down in details?
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As mentioned previously, we found that a convenient and practical approach
is suggested by the discipline of decision analysis, which emphasizes the
concept of the value of information to the decision-maker. The suggested
approach is to ask the decision-maker (or a surrogate decision-maker): “*What
is the minimum number of indicators you would need to observe in order to
determine whether a policy option that was carried out was a success, and
what measures would you like to see used as indicators?”’

To introduce the time horizon over which a policy is to be effective. one
‘’places’” the decision-maker in the future, for example, in the year 1985, by
prefacing the above question with: "‘If you were called upon in 1985 to
determine the consequences of a policy option implemented now, what
indicators and measures would you need to decide whether the policy had
been, in fact, a success?”’

Let us now review the indicators adopted for this study and the reasons that
led to their adoption.

Using as a rough guide the problem mentioned in the introduction to this
report (i.e., recognition by Canadians that economic well-being is not
necessarily synonymous with cultural, economic, and national independence).
we selected, after discussion with the members of the Task Force (as
surrogate decision-makers), two groups of indicators: those dealing primarily
with economic well-being, and those bearing on the perception of Canadian
identity. The first group of indicators consisted of:

* Total new investment * employment
* sales « imports (to Canada)

These economic factors were for a given industry in Canada (e.g.. automobile)
and aggregated the contribution of Canadian companies with the contribution
of affiliates of U.S. companies operating in Canada. Thus, for example, ’‘total
new investment’’ aggregated investment of Canadian companies with the
investment (in Canada) of U.S. affiliates.

18

« exports (from Canada)
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The second group of indicators was:

* Employment of Canadian graduates  * percentage of data processing
Specializing in computer/ companies in Canada effectively .
Communications oriented disciplines controlled by U.S. parent companies

Our selection of indicators was, obviously, a matter of judgment. To obtain an
idea of what indicators our respondents would have chosen. iatgr in t.he
Questionnaire we asked them to name the measurable and the intangible
effects arising from the adoption of the policy they considered worst. In Part

. ""Detailed Findings’’. we will describe their selection of indicators.

(b) Time-Frame

Government policies take time to evolve. The useful life of a policy en‘ds
When new developments, such as in technology or economics, make' it
Obviously inapplicable. as evidenced by the dissatisfaction of the public whom
it affects, Only then does a new policy formulation begin. Wg, selected 1970-

85 as the time-period of our study — to us, a probablbe'tnme-span of the
New policy. Thus, the indicators selected for use in examining policy
Outcomes should continue to display a ““value’* throughout the 1970-1.985
Period. The format of the questionnaire by which we sought to determine
Such values is shown in Figure 4. In this sample. we ask the respondent for
his estimate of the trend of annual sales of ‘‘his” industry in Canada.. ,
assuming that Policy A (status quo) will be adopted. The res_pqndent is asked
10 indicate his uncertainty by drawing the upper and lower limits qf the future
Sales. He has been informed that we will interpret this range as his
assignment of 80-percent probability that the sales will lie in the range
drawn, ‘10 percent that they could be even higher, and 10 percent that they
could be even lower.

One important consequence that follows from the fact the}t we obt.ai‘n_ X
estimates over the time-period 1970-1985 is that there is a possibility that

percentage of all data banks storing
information about Canadian citizens
or critical resources that are located
in the United States or controlled
by U.S. interests

19



Figure 4
Sample Questionnaire Format

Respondent Code No. 853

Economic Implications' — Your
Industry
Annua!l Sales Given Option A

Page No. ©

8111 02 01

Please Estimate:

If the annual sales in 1970
were 100:

150

125

100

75

Please project the future annual
sales, assuming that the
Canadian - government will adopt
policy option A, re., no
significant change from the
organization of computers and
communications industries and
interfaces that exist today.

For 1970-1985 please draw 3
projections (10, 50 and 90
percent probability):

What key developments, if any,
have you assumed in making 50

this forecast?

20
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One policy may be ‘‘better’” for 1976 and another better for 1985. In
addition, because of the probabilistic nature of these estimates. the definition
of better is, itself, probabilistic; that is, there may be an 85-percent chance
that in a given year Policy C will be superior to the other policies, whnle.
there may be a 15-percent chance that Policy B will be superior. We ys(ul]
€Xplain this second consequence in more detail in Part D under ""Sensitivity
of Policy to Uncertainty”".

(¢) The Respondents

One of the most important, and yet sometimes neglected, aspects qf '
Information is its credibility. It is not enough to gather information since if
Information is not credible to the decision-maker, he will consider it gseless
and reject it. Thus, sources of information and the method of processing
'nformation should be carefully considered because both can impair or '
enhance the credibility of the information. All information about the futu‘ref is
really opinion, some better substantiated than others, but finally only opinion.
he question, then, is: whose opinion?

When discussing the future. all of us tend to take into account opinions of -
People we consider informed, intelligent, and representative of divergent
Paints of view. Before we assign a weight to expert evidence, we want o
know who the expert is and why we should trust his opinion. lp this study,
PXPert respondents were drawn from three communities: executives of the
largest U.g, companies that have affiliates in Canada, executives of U.S. data
Processing companies (whether or not they had operations in Canada), and
UNiversity professors or consultants, whom we embrace in one designation.
academicians”". Members of this last group were from both Canada and the
United States. Sometimes. executives to whom questionnaires were sent
Subcontracted” them to others in their organizations. Thus several ‘peopl‘e
M3y have contributed to one questionnaire. At the end of the questionnaire,
We asked each respondent whether he had obtained assistance. We f.ound.
that 64 percent of the total panel of respondents answered the questionnaire
by themselves: 36 percent obtained help. either from within the United
tates, from Canada, or from both countries.

21
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(d) Calibration of Respondents

Expert opinion is used by decision-makers every day: the decision-maker
commonly modifies his choices on the basis of expert opinion. The underlying
process, even though not necessarily formalized, proceeds along roughly these
lines:

My own (the decision-maker’s) opinion about the probability of any
particular future value (of something) is modified to the degree that my
expert adviser would have been likely to tell me what he did tell me, if
that particular value were true.

If it sounds complicated, it is. It is the underlying principle of the process of
changing opinion, first explicated by Thomas Bayes, an English clergyman, in
1763. The key element is:

How likely is it that my expert adviser would have told me what he did.
if the real future value were such and such? For example, if it were to
rain tomorrow, how likely is it that he would have predicted rain?

The best-understood method of evaluating an expert’'s degree of clairvoyance
is to measure his past ‘‘batting average’’. For example, how often did the
forecaster predict rain, when it actually rained? How often did he predict
sunshine? Within each organization, every manager mentally collects these
batting averages of experts whom he consults. Unfortunately, batting averages
of our respondents were unavailable. Lacking that information, we substituted
the following criteria of a respondent’s expertise: (i) self-ranking of the
respondent’s familiarity with each particular topic (elicited in the
questionnaire), (ii) our judgment with respect to the respondent’s care in
answering and to his understanding of the probability estimates as evidenced
by his replies, and (iii) an evaluation of the consistency of his estimates with
respect to each other. The scale adopted for evaluating the expertise of a
respondent contained five categories of familiarity, each category separated by
a factor of two, as shown in Table 1. The net effect was to take an expert
respondent sixteen times more seriously than a respondent who considered

22



Table 1 .
Respondent Familiarity Scale

Ranking
Expertise

1
Expert Knowledge

Quite Familjar

Familiar

Casually Acquainted
Unfamiliar

=N |O]|S

il in the
i detail in .t
is i ined in more
daged as. unfamiliar. This is explaine
himself, or was judged as.

Paragraphs which follow.

f ”Ie researc
n' rence O

.' al Ib thn O‘ IeSpOl de' S W !

| call a

®am and its consultants.
- i unctions
(¢) Computation of Group Probability F

i ! ents: In the

Encoding of individual Probability A::;igs,:;nto s
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5(a)). The end-points of this function (V, and V, for
which the probability p, = O and ps; = 1 were not
specified, so we had no information about the ‘‘tails’”
of the cumulative probability function (mass function).
Completing the Density Function: Next, to facilitate later
processing. we found it convenient to translate the mass
function into its derivative, the probability density
(density, for short). We approximated the missing
information about the tails, that is, regions of 0-10
percent and 90-100 percent, by extrapolating the slope
of the mass function unti! it intercepted p = O and
p=1aV = V,and V = V respectively. Such an
extrapolation is illustrated in Figure 5(b), and the
corresponding density function is shown in Figure 5(c).
Average Density Function as an Indicator of Group
Uncertainty: The average of the density functions of a
group of respondents (obtained by adding the individual
densities and dividing by the number of respondents)
provides us with an indicator of the range of opinions.
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Refer to Figure 6(a) for a typica! result. The mass
function can then be reconstructed from the density
curve by integration (Figure 6(b)).

Weighted Average: If information regarding relative
expertise or any other measure of confidence in
individual experts is available, it is possible to weight
the individual distributions accordingly prior to summing
up. For each trend estimate, we weighted the
respondents according to the expertise scale discussed
previously under “'Calibration of Experts’’, and then used
these weights to multiply the respondents’ probability
density functions. Thus, an expert’s estimates carry
sixteen times more weight than do the estimates of a
respondent who was calibrated as unfamiliar. In the
processing of the estimates, the weighted density
functions were summed, normalized to unit area, and
converted to a group mass function to facilitate the
interpretation of the group estimates. The resulting group
mass functions for each trend estimate are given in
Appendix A.
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) The Language of Uncertainty

To a8sist interpretation of the detailed findings presented later in_thls report, a
Word or two about the uncertainty of the findings is in order. This study
qoncerns 3 particular aspect of the future of data communications'm Qanada.

omehow, the uncertainty inherent in this future must be dealt with in the
Study’s findings.

.T.he extent of uncertainty is sometimes indicated by such words or ;?‘hrases as
approximately™”, “’likely”. “‘in the region of”, "‘within the range of”, qnd SO
Somewhat more information is conveyed by attaching a plus or minus
faNge to the number, indicating a specified lower and upper bound (e.g.. 100
% 5). The third alternative, which we prefer, is to use the language of
Probability explicitly in the description of uncertainty.

Y::tereVer a group opinion is expressed as a probability dgn;ity, the oplmonlls
aMount to the groups advice to us on how probable it is that the actua
uture number will lie in a specific interval of values. Figure 7 s‘hoyvs how a
g:Obab?'.“V density distribution can be used as a guide to apportioning

Obability 1o different ranges of an unknown future quantity.

ror elicitation or display of estimates, we have found the_cumulative
g::)b-ab”.ity function, which is the integral of the pr.obabihty dgns;ty "

is :Eb““On, more useful. The value of the cumulative probability at aI point x,
n © Probability that the actual value of x will be less than or eQu;ta tfo Xo
Fig Corresponds to the area under the probability density to the le c; Xo -
el".e 8 shows the cumulative probability function corresponding to the

NSity distribution given in Figure 7. )

In this report, whenever a single number is used, it is intended to represent
obe ®xpected value (mean or average) of a group opinion of respondents
tained by weighted addition of their individual estimates. One of the axioms
SUat 3 careful and logical decision-maker is presumed to gccept is that of
bs”’ufab/7/'ty: that is. faced with such a lottery as described by the
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present values of all indicators. We adopted the former approach — trading off
in the appropriate year of the model’s run. For the common ‘‘currency’” of
utility, it was most convenient to use dollars, or more specifically, dollars of
data processing sales. To simplify matters, we assumed that trade-offs are
linear, for example. that $1 million of the data processing industry’s sales can
be traded for a given percentage of U.S. control at any level of sales. that
each of the indicators can be traded separately for sales, and that the money
equivalents of the indicators can then be added up (/e.., the utility has
additive properties).

We addressed the problem of trade-offs thus: How much of a decrease in
sales of the data processing industry in Canada is the decision-maker willing
to accept in order to obtain a given decrease in the percentage of U.S.
control? For example, suppose that to decrease U.S. control from its present
level, the decision-maker wanted to adopt Policy C (Crown Corporation). Such
a policy would result in the provision of many non-remunerative services (such
as educational), thereby ultimately crowding out the profitable ones. By first
calculating the sum of the money equivalents (utilities) of the economic
indicators, the decision-maker could compare the overall economic effect of
each policy. If the money equivalents are equal, the decision-maker is
assumed to be as happy (or unhappy) with the old (larger) sales and U.S.
control as he is with the new (smalier) revenues and decreased U.S. control.
This trade-off obviously has limits, because we cannot conceive of a decision-
maker who would be happy to have the data processing industry be totally
Canadian-controlled if it would in the process become very small.

A similar trade-off was performed between sales and number (or percent) of
Canadian graduates, and so forth for the other indicators. Then the individual
dollar amounts were added, resulting in one utility (in the classical, non-risk
sense) of each policy for the years 1975, 1980, and 1985.

Of course, the measures of aggregate utility which were thus obtained do not
reflect possible disagreements among the real-world groups which might be
involved in the choice of a policy for actual implementation. The trade-offs are
the essence of the political bargaining process: they would be judged
differently by the data processing industry, the computer industry, public
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O_fflcials, and Parliament. Each group views identical consequences
ifferently — what is desirable to some is undesirable to others.

Time Preference: Given a favourable outcome in the first five years, for
e"a’f“ple. and a less favourable outcome in the next five years, would the
Scision-maker prefer this situation (and, if so. to what extent) to that in
Which Outcomes are reversed, that is, less favourable first and more
favouraple later? That question addresses the importance of future.
Cor}sequences. In financial terms it is most often expressed as a discount rate,
or in psychological terms as the degree of impatience. There is no standard
Nswer to such a question of discount rates, and it is difficult to elicit them.

Owever, assuming that this were done, the utility values (expressed in
dollars) in each year would be used. with the help of the discount rate, to
SOMpute the present (decision time) value of the utility. In this study, we
Show the utility of different policy options as the function of time (while time
Preterences are left out).

Risk Preference: Policy formulation should recognize risk inherent in a pohcy.
© best efforts of decision-makers, however well intentioned at the time.
>Ometimes turn out to be disastrous. Would the decision-maker prefer to
i Play it safe, choosing a modest policy, or would he rather “'go for broke”,
n an all-or-nothing, success-or-failure policy? Decision-makers. particularly
obose Operating with large resources, tend to be cautious and risk-averse. This
Servation applies to industry as well as to the government.

Powerfy, political forces are at play in policy formulation, which means that
tee decision-makers are likely to proceed cautiously. Therefore, (:Jn‘ei| might bte
th:pt?d 1o translate the dollar value of future outcomes into its uti tyt'rt n?h .
rofl utility in the classical sense, but the von Neumann-Morgenstern utility tha
®llects risk aversion.

Iﬁ. luminate the pitfalls that might be incurred by adopting a policy that
(ately will be recognized as undesirable, we computed the economic
Penalties involved in case the outcomes of a given policy were to turn out
e; e-m?nt'v_ from the expected values. Risk preference. however, was not

Plicitly incorporated into the value model used here.
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(b) Allocation of Value Weights

Summarizing the discussion of the preferences or the value model, it is
possible. although difficult. to reduce information contained in the description
of the several outcomes for each year into one overall number by using
successively:

» Trade-off functions + time preference

Whose preferences and trade-off functions should be taken into consideration?
The final decision-maker is the Parliament of Canada, representing the people
of Canada. We assumed that a participant in policy formulation (the Task
Force. for example) would like to know the preferred policy given trade-off
tables that, in our estimation, might be close to those assigned by the
Canadian government and how the desirability of the preferred policy will
change. depending on the weights assigned to different indicators. The Task
Force might. therefore. assign different trade-off functions to represent its
impression of what is best for the data processing industry.

We would now like to describe our attempt to arrive at one number that
incorporates a feeling of an overall usefulness of:

* Annual total investment + employment opportunities for
+ annual {domestic) sales Canadian university graduates
« employment opportunities specializing in computer/

communications-oriented disciplines

Before proceeding., however, it should be pointed out that the structure of
the data processing industry creates a difficult problem in evaluating
consequences of changes in the organization of computer/communications.
Briefly, data processing can be (and is) performed “‘inside’” many companies
in Canada, as well as "‘outside”. If it is performed outside, it is expressed in
revenues of the data processing industry; but if it is performed as an inside
computation service in any of the companies that can afford their own
computation services, it is an element of internal production costs. If the
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+ imports to Canada

* exports from Canada

* U.S. control of data processing
companies in Canada
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Canadian government reorganizes the structure of the computer/
cOmmunications network, the industrial user has two choices: he qan
accommodate himself to the changes. or he can switch more of his external
at? Processing requirements to inside processing. When our resppndents
SStimated the effect of future organization of the data processing industry on
© Operations of Canadian companies. we specifically asked them to bear in
Mind the possibility of changing the ratio of external to internal data
DTOCesSing.
Th.e Problem raised by this dual nature of data processing is thgt there are no
OXiSting forecasts for the future amount of internal data processing and we
Collecteq forecasts for the external data processing only. However. this is not
8 bad as it seems. For a decision-maker who is detached from the external
data Processing industry, the choice appears to be: “*Would | rather hgave }he
ata Processing services performed outside or inside Canadian companies?

0 Iong as the services are performed, he may not particularly care wlhere
°Y are performed. Of course, there will be users, particularly small-snzed.
“OMpanies, who may be inconvenienced (or hurt economically) by not having
Such anp option and having to rely possibly on a Crown Corporation for their
SeNices, The decision-maker will have to consider such users as well. Even
°N. many business companies offer computer services and software support

Which a small company might use.

Beca{JSe of the possibility of transfer from external to internalldata processing
or Vice versa), the utility of the outcome must address the d/f/erenya/‘
SSirability of having more data processing performed outside than inside. The
aesnabiljty of external data processing stems from the belief that innovation
"d flexibility would be enhanced. and that small Canadian companies would
!S find available a range of data processing servicés that they could not
therwise afford. We assumed that the total amount of data processing at a
g'ven time (that is, the outside plus the inside data processing) will be
PProximately constant, for the following reasons: (i) as suggested by our
cata- large companies are indifferent to the manner in which computer/
OMmunications will be organized, and (ii) the competitive pressures Wo‘j'ld
§'°bab|y disallow drastic differences in the amount of data processing. either
Xternal or internal, performed as a part of their day-to-day operations
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between companies competing in Canada, or between Canadian companies
competing with U.S. and other foreign companies in the world market.

If the differential desirability were zero, that is, the decision-maker were
indifferent whether data processing services are performed outside or inside,
such assessment would be reflected in a zero weight attached to the
corresponding indicator. Then, regardless of the value of the indicator, we
would have no reason to prefer one policy over another. As a common
denominator, we assumed that the decision-maker values differential sales of
$1 million as one unit of utility, and we express all our calculations in terms
of such differential sales. We do not use sales directly as one of the
indicators of utility — rather we infer the utility value of all the other
indicators in terms of the utility of differential sales.®

In this study, six indicators having dimensions of three types (dollars. persons
employed, and percent effective U.S. ownership) were used to derive a
measure of utility. First. we established, where possible, the 1970 dollar
values for some of the indicators. Table 2 shows the dollar values used to
convert the normalized forecasts used by our respondents to the estimated
dollar amounts.

Using the annual domestic sales as a yardstick (or a common denominator),
we established, outcome by outcome, their utility in dollars. Domestic sales
were chosen because: (i) they are a relatively unambiguous measure, and (ii)
they happen to be one of the indicators for which we had a 1970 estimated
value. In the following sections, we explain how we assigned utility values, in
terms of sales, to the other indicators. The assumed utility values are only an
approximation to the actual utility values that Canadian decision-makers might
assign. They were arrived at in a conference of the project staff and our
consultants. Table 2 summarizes the estimated 1970 values of the indicators
and the weighting factors chosen for use in our utility calculations.

Sales were not used because it would result in employment bemg given double weight. Refer to ~“Employment
Opportunities’”. page 36. for an explanation of this concept.
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'gable 2
ummary of Utility Weights
Igned to Policy Outcome Indicators

Indi
ca i
tor 1970 Value Weighting
($ Millions) Factor
An
- nual Total Investment 16.25 - 4.4
m . e
- ployment Opportunities 65 1.0
m <et
ar?;gyment Opportunities for
on. lan University Graduates in
| Puter /Communications 65 1.05
EmDOrts to Canada 15 -1.2
Xports from Canada 5 1.2
u.
Prgéélolntrol of Data
Ss illi
ing Industry 70% * - $1.8 million /change (%) X value
of sales compared with value of
sales under Policy A
gource; ‘
Onference b e : ‘
am anq etween Institute for the Future research 70% U.S. control of the commercial data processing Most of the perti i i
c°"\muni$?ir2:er1s- ofk the Canadian Computer/ services industry represents a hypothetical, best-guess  but more rec%%rt“'lr":snl: ggrocr? :stll:?mn;: T eagne yailable.
s Task Force. ostimate derived at an early stage in Task Force figure of 70% may be somewhat hieﬁ sluggest fhat the
deliberations. Apart from the difficulty of defining group estimate provided by the par?al'inntdhei:dsttﬁgy

“controi’’, other problems arise concerning the bases
upon which the degree of control may be measured.
Such factors as market share, equity, number of
companies and availability of technology are all
relevant, and each may result in widely-varying
estimates (see Table 3).

was considerabiy idwer (48%).
)
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Annual Total Investment: The objective was to establish an utility in dollars of
annual total (differential) investment, which, in the mind of the decision-maker
(the Canadian government), would substitute for $1 million of domestic
differential sales. Typically, the data processing industry writes off equipment
in about four years, mainly because of technical obsolescence. Therefore, one
additional dollar of investment ought to result, a short time later (depending
on delivery of equipment and other factors), in $4 of additional sales. We
assigned a small penalty (10 percent) to express the effect of delayed sales. It
happens. however, that the absolute number of investment dollars is roughly
one-fourth of the amount of sales. Hence other things being equal. numerical
values expressing the utility of annual sales and annual investment ought to
be roughly interchangeable. But other things are not equal. As indicated in
Part D. regarding the intangible effects of policy, there is a commonly-held
belief that innovation, per se, is important because a lack of it will blunt the
competitive edge of the Canadian industry vis-a-vis its competitors in the
United States and abroad. Because new investment is directly associated with
innovation, we allocated to investment an additional weight of 20 percent
(/.e.., we multiplied investment by 1.2).

Summarizing the above considerations as an equation, we have an overall
weighting factor multiplier for investment doliars as a product of three factors:

Weighting factor for investment = ($ sales/$ investment) X

(discount factor) X (innovation factor) = 4 X 1 X 1.2 =414

1.1

Employment Opportunities: Once we made the assumption that the overall
amount of data processing performed in Canada would be approximately
independent of the ultimate Canadian government decision with regard to
computer/communications, it followed that, in parallel with internal and
external sales, we should consider the differential desirability of having the
Canadian labour force for data processing employed within the data
processing industry per se, rather than in Canadian companies. We estimated
that sales are roughly proportional to the number of people employed. Thus.
neglecting possible economies of scale (which we leave to a possible future,
finer modelling effort), when both sales and employment are expressed on a
normalized scale (having the value 1 in 1970), the constant of proportionality
is unity. Both consider the differential advantages of external data processing.
Therefore (neglecting exports), one unit increase in sales is the same as one
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Unit increase in employment, the argument being that very soon (because of

Competitive pressures) additional employment will result in additional sales;
hat is, one unit increase in employment produces One unit increase ir"n_sales.
herefore, we assigned a scale factor of 1.0 to employment opportunities

and, because we express all indicators in dollar terths, a 1970 “*value”’
65 million to employment in 1970.

of

Employment Opportunities for Canadian University Graduates: Here the
aPproach is similar to the general employment situation discussed above,
Modified by the assumption that Canadians would be willing to pay an
additional premium (i.e.. a premium beyond the differential desirability of
eXternal data processing) for the employment of Canadian university graduates
Within the data processing industry — in the belief that the graduates”
Capability for innovation will be better 'utilized in the external data processing
°Mvironment than inside companies. Therefore, instead of a weighting factor
of zero (which would signify indifference). we assigned to this indicator a
Weighting factor of 1.05. To express it in the common currency of sales. we
3signed a value of $65 million to the indicator in 1970, resulting in an
Nitig| utility of 1.056 X 65 = $68.25 million.

Net Exports: To account for Canada’s (i) sensitivity to the international trade
balance, (ii) desire to export sophisticated technological products as well as
"8 materials, and (iii) recognition that export of data processing services
could mean acknowledgment of the competitive posture of the Canaduan
Information industry, we allocated a weight of 1.2 to net exports. That is,
Cause of the three factors enumerated above, we assumed that Canadians
Would be willing to “trade”” $1.2 of domestic sales for $1 of net exports. By
33signing a weighting factor of -1.2 to imports, we converted the sum of
®Xports and imports into net exports. '

u S. Control of Data Processing Companies in Canada. Our respondents
'Ndicated that Policy C (i.e., Crown Corporation) would have the effect of
"®ducing external data processing but would. of course, result in Canadian
Control of the industry.

7\

i oul

a|Wa° Set “value off by quotation marks to avoid its interpretation as payroll in which case the industry would
VS be in the red! R
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The trade-off of sales for increased percentage of Canadian control is the
central problem of Canadian economic, national, and cultural independence:
How much are Canadians willing to pay to remain independent? All we can
hope to do, as in the other examples, is to show how such trade-offs might
be derived and, having been derived, how they might be aggregated.

Rather than postulating a price that Canadians might be willing to pay for
increased Canadian control of the data processing industry. we determined,
on the basis of the respondents’ estimates, the price that they probably
would have to pay. We chose to use estimates for the year 1980, in effect
""averaging’’ over the 15-year period 1970-1985. In 1980, under Policy A,
external data processing sales are expected to be $239 million, of which 54
percent will be Canadian controlled.® Under Policy C. however, external data
processing sales will amount to only $192 million, of which 84 percent will
be Canadian controlled. Since we assumed that the total data processing sales
will remain constant. an additional effect of Policy C would be thus to drive
$47 million of data processing sales inside large companies, where the
average Canadian control will amount to 40 percent, that is. equal to the
present overall Canadian control of Canadian industry.® To summarize. the
consequences of policies A and C in 1980 are:

* Policy A: External data processing * Policy C: External data processing * $47 million (roughly one-fifth of
sales of $239 million; Canadian sales of $192 million; Canadian $239 million) of data processing
control of data processing industry control of external data processing sales driven internal; Canadian
relatively unchanged from 52 industry increases from 52 percent control of that portion of data
percent to 54 percent. to 84 percent, an increase of 32 processing decreases from 52

.percent. percent to 40 percent.

8 This sstimete of 54% Canadian control in 1980 shouid be compared with the panel's astimaste of the present
igvel: namely 52% rather then with the initia! Task Force astimate of 30% (see note. Table 2. p.35).

9 .
The estimste of 40-p 1t effective Canadisn control of Canadian industry is an assumption made by us. based
on several opinions and with the help of some statistics such as those shown in Tabie 3
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V\_/e determined the trade-off between the percentage of Canadjan control and
'ferential data processing sales by noting that the difference, in 1980, in
External data processing sales between Policy C and Policy A is -$47_ million.
"' echange for this amount of lost sales of the external data processing _
""dustry, Canadians gain 32 percent control, but only over 85 percent of its
*'26 compared with its size under Policy A. We bring in this second
COnsideration (ie., reduced size) in recognition of the fact that the ytlluty of
ontrol vanishes when there is no industry to control. Thus, for Policy C,
our-fifths of the possible external data processing sales would be 85-percent
3nadian controlled, while one-fifth, that is, the amount of data processing
"en “inside”, would be 40-percent Canadian controlled. However, because
€ Were concerned only with external data processing in this study. this last
COnsideration should carry no weight.
7 -
We use this weighting factor of _5'5';—8— , that is, —‘$1.E'3 million per
cne'percent change of the entire external data processing industry. to
Alculate the price (in terms of domestic sales) Canadians will have to pay
cn Sr €ach of the policy options and thereby to obtain the level of Ca'nadu'an
ontrol associated with that policy. Whether such a price 1S worth paying is
po,r anadian decision-makers to judge — we simply _report that this is tlhe
,nc.e that might have to be paid. We believe that this may be reasonably
salistic — 5 32-percent increase in Canadian control of external data
Processing by 1980 may be worth a loss of one-fifthof its sales.

fc) COmputat/'ona/ Procedure

VV\\I/here applicable (ie., except for employment). the value of each indicator
an COmputed for 1976, 1980, and 1985, and then multiplied by the
ogp’PPfiate weighting factor. The desired aggregate utility measure was

Wined for each year by simply summing the individual results of these
®Mputations, An example is shown in Table 4.
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Table 3

Ownership of the Canadian Computer Services Suppliers

(excluding those which are also hardware suppliers) (1969)

Canadian* Foreign** Total

Amount % of Total Amount % of Total Amount % of Total
Companies (Number) 26 65% 14 35% 40 100%
Assets ($ Millions) $60.,868 68% $29,210 32% $90.,078 100%
Sales ($ Millions) $17.346 33% $34,799 67% $62,1456 100%
Profits ($ Millions) ~$ 2,474 — $ 1,667 — -$ 807 —
Equity ($ Millions) $32,144 65% $17,226 35% $49,370 100%

Source: o
Private communication.
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Having 50% or more of common
shares owned by Canadians.

Having 50% or more of common
shares owned by non-Canadians.



Table 4

X
nadmef)'g of Aggregate Utility Computation, for D
olicy A (1970 normalized values for the indicat

Indicator

A
Nnual Total Investment

E
Mployment Opportunities

Em
arﬁ’;gyment Opportunities for
om ian University Graduates in
Puter /Communications

|
Mports to Canada

Exports from Canada

Us.

P Control of Data

I .
Ocessing Industry

ata Processing Industry
ors are assumed to be 1.0)

1970 Value Weighting 1970 1975
($ Millions) Factor
$16.25 4.4 1% 16.25 % 1.74 x 16.25 %
44 = 715 44 =1244
65.0* 1.0 1x65 X 1.84% 65 X%
1.0 = 65.0 1.0 =119.6
65.0° 1.06 1x65 X 2.01 x 65
11.06 = 68.3 1.05:1372
16.0 -1.2 1x15 X 5659 X 156 X
-(1.2) =-18.0 (-1.2) = -100.6
5.0 1.2 1x 5 X 191 x 5 X
1.2 = 6.0 1.2 = 115

70%** ,
change in % %

value of sales
compared with
value of sales

under Policy A

Total Utility

Emplg

Saleg yment V81|ues for 1970 are made equivalent to

value for 1970,

percentage of U.S. control
although the distribution is
high degree of uncer
estimate of 70%. However,
from 48% to 80%. and the con

_s1.8million/ 0% X (2.0) %
65

We “‘overrule” the respondents’ estimate for 1970
(the expected value is 48%.

very broad, indicating a

tainty) with our own best

we have tried estimates

clusions of the study

-g,-_-o

+5% X (~1.8)
170 _
170 = ~0

192.8

283.1

do not change. We use the res ‘ asti
X pondents’ e
the future trend of the percentage (/.e., ch;::g‘eas‘?nOf
‘L:la.i co:tro: from oge period to the next) ; in this
. uncertain as the respondents €
best source of informatior?. are. they are our
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Part D

Detailed Findings

1. Policy Evaluation for Data Processing Industry

(a) Determination of the Best Policy

In this study, we explored the effects of specific policies regarding computer/
communications on the Canadian data processing industry in greater detail
than the effects on other industries. This was done for several reasons: (i) the
data processing industry is the one that will be most affected by a choice of
policy; (i) the results of our study indicate that there appears to be no clear
““best’’ policy for industries other than data processing: and (iii) there were
enough respondents answering for the data processing industry to enable us
to construct group probability distributions with respect to the key indicators
by which the desirability of a given policy option could be evaluated.

Using the value model described in Part C, we calculated the utility of
Policies A. B, and C for the years 1975, 1980, and 1985, on the basis of the
expected values of the policy indicators and the scale factors we assigned to
each indicator. In all three years, Policy C had the highest utility.

(b) Sensitivity of Policy to Uncertainty

Each of the forecasts for the indicators used to evaluate a given policy option
was expressed as a probability distribution rather than a single trend
projection, thereby acknowledging that our respondents were uncertain as to
the future values of sales, investment, and so forth. To assess the significance
of this uncertainty, we attempted to ascértain whether the policy that is
considered best, given the expected values of future indicators, remains the
best policy if all values fall on the low side, or if all values fall on the high
side. In fact. one might expect that it is likely that they will all do so
simultaneously; for example, general economic conditions would affect all the
indicators in a similar way. Therefore, in addition to checking the sensitivity of
policy, these low and high forecasts represent a real situation that may
develop.

42



Canadian Policy Options in Computer/Communications

The conclusion of this analysis of sensitivity was that a choice of poI!cly, with
€ particular weights we assigned to the indicators, is not very sepsmve to
Uncertainty. For example, when net exports are weighted (i.e.. considered
More desirable) by a factor of 1.2 (ie., 20 percent more important than
Omestic sales), as they were in computing the values in Table 5, then Policy
3ppears to be the best in terms of highest utility for both the forecasts
ased on the expected values of the indicators and the forec:?lsts based gn
;he 90-percent probability values (both the ‘“so-so’’ and the “‘very QQOd
Orecasts), Only when 10-percent probability values are ass_umed (dgcufiedly a
Pessimistic future) does Policy B become preferable to Policy C. This is
?%Usagv true for calculations performed for policy effects in 1975, 1980, and

Table § shows the risk inherent in adopting a given policy based on the
Barticular weights we assigned to the indicators. If the decision-maker adopts
. ohgy C. then, calculating the range of estimates for which utility of Pol'ucy CC:J
S highest,  we find that there is roughly an 85-percent chance that Policy
Wil indeed turn out to be the best policy in all three time-periods (i.e..
SUming that the future values of the indicators will lie somewhere between

© “s0-s0” and optimistic estimates). However, if the pessimistic estimates
W out 10 be true (a 15-percent chance), then Policy B is best. but the
Herence in utility between Policies B and C is small.

(e Sensitivity of Policy to the Weighting Factor Assigned to Net Exports

I addition 10 determining the sensitivity of the best policy to uncertainty, we

¢ 8cked the sensitivity of the best policy to the wgights assigned to t?e key

dicators in the value model. We calculated the. utility of each policy for

Sovera) different values of the weighting factor assigned to net exports — a

Actor that, in our opinion, dominates the judgmental criteria of what is a
800d”* policy.

~—

{1}
Policies B and
bWe Calculated the range of estimates for which Policy C is best by '"'e'p"la"n.?- ";B ;:m::iscyoé b:comos worse
(hane(;veen the probability estimates given in Table 5. At approximately a 15-percent probability level.
Olicy B8 “
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Table 5

Sensitivity of Policy to Uncertainty

1975

1880

19856

44

Utility for Estimates Based on:

10% Expected 90%

Probability*  Values Probability *
Policy A 2156 283 444
Policy B 250 ** 265 345
Policy C 184 372 692
Policy A 233 404 642
Policy B 295 314 444
Policy C 241 521 1,200
Policy A 251 540 873
Policy B 297 373 589
Policy C 244 604 1,393

Probability that the value of each
indicator will be less than the value

stated here.

e

Bold-faced numbers identify policy having
the highest utility.
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It Canadian decision-makers were completely indifferent to the difference
€tween exports and imports (expressed as a weight assignment of. zero to
the§e indicators). then Policies A and C would be almost as good in terms of

aving the highest utility. However, should the decision-maker; attach some
'Mportance (or weight) to the difference between exports and imports '(/.e.,
net, exports) in terms of domestic sales (corresponding to an increase In the
We!ghting factor), then Policy A would decrease in utility quite rapidly an<_i
Olicy C would become the best policy. The explanation is that the magnitude
OA!"‘DOrts under Policy A is much larger than under Policy C and that the
Utility of these imports is assumed to be negative (because exports are good).

n Table 6, we illustrate the sensitivity of policy to the weighting factor for
net exports. With an increase in the weighting factor, there is @ rapud.
Crease in utility for Policy A, whereas only a glight decrease for Policy C.
he changeover at which Policy C becomes better than Policy A occurs at
ferent values of the weighting factor in each of the three tlmefper|ods
Considered, What is clear. however, is that if net exports are weighted greater
1o 0.7 times domestic sales. then Policy C is the best policy in the entire
970-1985 period. For smaller weight assignments, some time p(eference
MUst be assumed as Policy A is best for 1985 whereas Policy C is best for

975 and 1980.

2 Measurabie Effects of Computer/Communications Policies

(8) Data Processing Industry
Igb'e 7 summarizes the economic effects of the alternative corggutef(o these
. Mmunications policies on the data processing mdusm/' In ad mog se in
COnomic forecasts. Policy A is expected to result in a 6‘-perce.nt ecgea
S. control, Policy B in a 21-percent decrease. and Policy Cina3 170
ercent decrease (from an estimated 70-percent effective contral in 19 ill )I' d
€ overall outcomes of the policies can be summarized as: Policy SSW' ea
C° Maximum growth but also largest imports and largest degree of 1.5 da
Ontrol; Policy B will lead to extremely slow growth but low imports & h
Ower degree of U.S. control: and Policy C will lead to only moderate 9ot

b o '
Ut minimal imports and least U.S. control.
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Table 6
Sensitivity of Policy to Weighting of Net Exports

Weighting Factor Assigned to Net Exports

0.0 0.2 0.6 0.8 1.2 2.0

1975 Policy A 372 357 327 313 283 223
Policy B 281 278 273 270 265 253
Policy C 386" 384 379 377 372 362
1980 Policy A 538 516 471 449 404 315
Policy B 337 333 325 321 313 299
Policy C 537 534 528 526 521 510
1985 Policy A 705 677 622 595 540 430
Policy B 400 395 386 382 373 354
Policy C 623 620 614 611 604 592

Bold-faced numbers identify policy having the highest utility.
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The distributions from which the expected values in Table 7 are dgrived are

¢ aracterized by great uncertainty. Typically, the 90-percent probability
SStimate is several times the 10-percent estimate. Thus, respondents appear
to assign 80-percent probability (that is, 90 percent minus |0 percent) that
he future values will be somewhere within a range of two to one, three to
One, and sometimes as much as six to one with respect to the IO-.percgnt
SStimate. Figure 9 shows a typical group distribution of estimates, in this case
O future sales of the data processing industry.

Table 8 translates the percentage figures of Table 7, where applicable, into
e effect in 1985 of Policies A, B, and C, measured in millions of dollars.
hese calculations are based on 1970 estimated values.

(6) Other Canadian Industries

Qng should bear in mind that the data we collected suffer from two severe
'm|t_ations: (i) very few highly placed executives were willing to participate in
."® inquiry, and (ii) they ““spoke for’” or had opinions about very few key
\Ndustries in Canada. Nevertheless. with the above caveats in mnnq, the
'ndings indicate that the effects of policies for computer/communications on
3rge Canadian industries are expected to be small, with a féw exceptions.

Table g supports these conclusions in more detail. The values shown are
Percentage changes in indicator values that would be caused by a substitution
-~ One policy for another, whichever substitution creates the largest difference
" the value of the indicator. Next to each number we indicate the best and

€ worst policy option.

fOnCe again, the reader should bear in mind that these findings merely give a
'vor of what a full-scale investigation of the effects on various industries
9t yield. But even the flavor conveys the message: The effects of Canadian
SCisions with respect to computer/communications on industry will be
Ungven — relatively large 'on some industries and small on others — and a
Policy that would be beneficial for some would be bad for others. The overall
conclusion is that there is nothing in the findings (limited as they are) that
Cear|y indicates that one policy option is uniformly better than another for
anadian industries other than data processing.
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Table 7
Measurable Effects of Computer/Communications
Policies on Canadian Data Processing Industry

Indicator Percent Change in 1970-1985 Period

Policy A Policy B Policy C
Annual Total Investment 163% 64% 86%
Sales 387 158 244
Employment Opportunities 254 94 232

Employment of Canadian
University Graduates in

Computer/Communications 304 100 235
Imports to Canada 866 93 35
Exports from Canada 141 28 -3
Table 8

Estimated Economic Effects in 1985 of Computer/Communications
Policies on Data Processing Industry (millions of dollars)

Indicator 1970 Value Policy A Policy B Policy C
Annual Total Investment $16.25 $ 427 $ 26.7 $ 30.2
Annual (Domestic) Sales 65.0 316.6 167.7 223.6
Imports to Canada 15.0 144.9 29.0 20.3
Exports from Canada 5.0 121 6.4 4.9
Net Exports —10.0 —-132.8 —22.6 —-15.4
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Table 9

Estimated Effects in 1985 of Computer/Communications Policies on
Canadian Industries (percent change caused by substituting “best” policy for “worst”)

Indicator Chemical Computer Aircraft Automobile Electronic
Manufacturing Components

Pulp Manufacturing
and
Paper Communicationg

Annual Total Investment 4% (A.B-C)* 124% (A-B) 0% 0% 0%]10% (A-B) 21% (B-A)

Sales 8 (B-C) 9 (B-C) 0 0 0 M0 (A-B) 23 (B-A)

Employment Opportunities 4 (C-B) 1 (B-AC)|O 0 0 (7 (AB-C) |na.

Employment of Canadian

University Graduates 15 (C-A.B) [20 (C-A) (O 0 0 |1 (AB-C) |[na.

Imports to Canada 3 (C-B) 4 (C-AB)|O 0 0 |30 (B-AC) jna.

Exports to Canada 0 7 (C-A.B)RO (C-A)|O 0 Ina. n.a.

U.S. Control of Data Processing

Companies in Canada 0 n.a. n.a. n.a. n.aln.a n.a.

Note:
n.a.=estimates not available.
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This notation means that the estimated value of the indicator
under Policies A or B is greater than the estimated value under
Policy C by the percentage stated.
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3. Measurable Effects of Data Bank Policles

Respondents were asked to estimate the percentage of data banks containing
Personalized or critical information that would be effectively controlled by or in
the United States, under two policy options: Policy D (no licensing) and
rolicy E (licensing). The forecasts of these percentages are given in Figure 10
N terms of expected values. These estimates show that, for all indu§tr|e§
Considered, the percentage of data banks containing critical information in the

Nited States under Policy E is expected to be the same as or less than that
Under Policy D. For the automobile and chemical industries, the difference
between the two policies to Canada’s economy is expected to be very slight,
N that it does not appreciably affect the percentage of data banks (used by
those industries) controlied by or located in the United States.

4 nesnondents' Preferences for Computer/Communications Policies

(a) Effect on Canada’s Economy

Respondents were asked to identify, in terms of dollar effect on Canad_a's_
Sconomy, the best and the worst policy options for computgr/cor_nmumcatnpns
and to estimate the dollar difference to Canada’s economy following a choice
of the best policy rather than the worst. We sought the cumulative 15.-ye§r
UM of the differences between the effects of the best and the worst policy

for 1970-1985. that is,
1985
AGNP,
= 1970

Where GNP, stands for the difference between the effect of the best policy
and the worst policy in the superior year. However, the wording of the
9uestion did not make this explicit. Assuming that most respondents answered
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the question in the way we had intended, we interpreted any estimate given
as a single value as the 1970-1985 cumulative effect. and we summed year-
by-year effects for any estimate given in this form. In all, 15 respondents
answered this question, and the results are given in Figure 11.

In dollar terms of the overall 15-year cumulative effect, the respondents rated
Policy A as the best, with the median effect on Canada’s economy being
$170 million with respect to Policy C, which was rated the worst. The
cumulative effect of $170 million, of Policy A over Policy C, is surely very
small in relation to the size of the Canadian economy — the annual gross
national product of Canada would cross the $100 billion mark during that
period of time. The clear preference of the respondents for Policy A should be
compared with the not-nearly-so-clear indication of the consequences of
Policies A and C on their industries. This discrepancy may be due to the
dominance of the intangible effects of Policy C over its measurable effects.

(b) Measurable Effects of the Worst Policy

In another question, respondents were asked to identify the policy that, in
their opinion. is the worst and to estimate the 1985 measurable effects of
this policy. There was a broad consensus that Policy C (.e., the Crown
Corporation) is the worst option. Measurable effects of this policy include high
costs, contrasted with those for comparable services in the United States, and
a technology lag. which would result in low-quality, inflexible, inefficient
service. The effect of these factors would lead to a loss of productivity and a
decline in the growth of the GNP. A more detailed analysis of the results of
this question is presented in Figure 12.

{c) Intangible Effects of the Worst Policy

Similarly, we asked the respondents to identify the 1985 intangible effects of
the worst policy. These effects are summarized in Figure 13.

The principal reasons given to support the view that Policy C was the worst

policy were that the Crown Corporation would be insensitive to innovation
and that increasing government control would result in the stifling of progress.
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Figure 11

Ollar Effect on Canada's
Conomy of Computer/
Ommunications Decisions®

Best Policy A, Worst Policy C Py Py & Py a
a YR I

] "
T
—— ] 300 2,000 10.000
0 ! 50
- 10
Millions of Dollars
Best Policy A, Worst Policy B ’ a
| 7
|
M———— —T 300 2.000 10.000
0 ! 50
- 10
Millions of Dollars
Best Policy B, Worst Policy C o Py
I I
|
e I 300 2,000 10.000
0 0 50
Millions of Dollars
Best Policy B. Worst Policy A Py
T L
I
e T 300 2.000 10,000
0 10 50 .

Millions of Dollars

ce 10 Canada’s economy
.1985 dollar differen
e arrow represents the opinion of one respondent as 10 the cumulative ISS'HO

wor
thay Would result trom the adoption of the 'best” policy rather than the



Canadian Policy Options in Computer/Communications

Such a policy would lead to a "“civil service’” attitude on the part of the
Crown Corporation and to a lack of co-operation between the supplier and
the user. The lack of competition under this policy would ensure a low-
quality, inflexible, bureaucratic system that would lead to internal processing
of data by industries.

(d) Summary

As shown in Figure 14, as a panel. the respondents preferred Policy A (ie.,
no regulation with respect to computer/communications), by a three-to-one
margin. By the same margin, they chose Policy C (i.e.. Crown Corporation) as
the worst alternative. There was no marked difference between the replies of
large businesses, the data processing industry, and academicians.
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Figure 12

€asurable Effects of Worst Policy
for Computer/Communications

Percent of Respondents 50

Citing Each Effect
Otal: 19 Respondents

25

A 68.4% C 52.6% B E 21.-;.;),/;’
igher Costs (Eliminating Decline in Productivity Inflexibility
ability 1o compete) ) Leading to Decline in GNP
B 52.6% ‘ D 36.8% F 15.8%
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Figure 13

Intangible Effects of Worst Policy
for Computer/Communications

Percent of Respondents 50

Citing Each Effect

Total: 18 Respondents
25
A B C D E F

A 445% B 27.7% C 22.2% E 16.7%
Technological Stagnancy Low Industry Morale — Government Regulation Increasing Dependence
Less Attractive Working and Restriction on and Resentment of
Environment U.S. Industry
D 16.7% F 11%
Less Competition Higher Costs Compared
with U.S.
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Figure 14
Cor.T1puter/Communications
Olicy Preferences
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5. Respondents’ Preferences for Data Bank Policies
(a) Effect on Canada’s Economy

Because of the specialized nature of this question. only nine respondents
were able to give estimates of the dollar difference between the best and the
worst policy for the regulation of data banks. The small panel was split with
regard to these estimates. as shown in Figure 15. Five chose Policy D (no
licensing) as the best policy. while four chose Policy E (licensing). The
median value for the 1970-1985 cumulative dollar effect on Canada’s
economy was $1 million, favouring Policy D over Policy E. Because of the
division in the panel, however, the median may not be the best estimator of
the cumulative dollar effect. Therefore, we should consider the average of
each group of estimates — $210 million for the effect of Policy D rather than
E., and $1.812 million for Policy E rather than D.

(b) Measurable Effects of the Worst Policy

The respondents indicated that the adverse effect of licensing data banks (/.e.,
Policy E) will be to increase cost of services provided. which in turn will lead
to the slower development of information systems and the possibility of less
computerization in industry and government. |f the present situation with
regard to data banks were to continue (/.e., Policy D). the respondents
expressed fears of the possible multiplicity of data banks, each storing
inadequate information. This possibility would make complete data information
difficult to obtain because of the scattered and incomplete nature of the
information system. A more complete listing of measurable effects is included
in Figure 16.

(c) Intangible Effects of the Worst Policy

The intangible effects of the worst policy, which are listed in Figure 17, also
reflect the division in the panel regarding the best and the worst policy. The
respondents who thought that Policy D was the worst policy argued that this
policy would result in the misuse or exploitation of data and in the invasion

of privacy. For those respondents who thought Policy E was the worst policy.
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the adverse effects included the stifling of progress caused by inefficiency and
the bureaucratization of the industry.

(%) Summary

There was no clear panel preference with respect to the licensing of .dfata
anks, as indicated in Figure 18. The panel was divided between Policies D
nd E as the best. Of the twenty respondents who answered at !east one of
€ questions relating to data banks, ten preferred Policy D (no licensing) and
ten preferred Policy E (licensing). Both large businesses and the data
processing industry reflected the division of the panel.



Figure 15

Dollar Effect on Canada’s
Economy of Data Bank
Decision™®
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Figure 16
easurable Effects of Worst
Policy for Data Banks
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Figure 17

Intangible Effects of Worst
Policy for Data Banks

Percent of Respondents
Citing Each Effect
Total: 13 Respondents
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Figure 18
ata Bank Policy Preferences
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