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ABSTRACT

MASSMOD: A COMPUTER SIMULATION OF THE
MASS MEDIA INDUSTRY 1945-1960

By
Jayne Winifred Zenaty

This research applied systems simulation methodology to the study of
the economic and structural behavior of the mass media industry from 1945
to 1960. Using historical data from a time period marked by the intro-
duction of a new communications technology--television, the study had two
major purposes: (1) the quantification of abstract theories about media
structure and economics and the identification of integral relationships
among media components, accomplished by the construction and validation
of a computer simulation model called MASSMOD; and (2) the demonstration
of the feasibility and usefulness of systems simulation to the study of
media behavior, planning and policymaking, shown by a series of experi-
ments which manipulated two policy variables in the model and compared
alternate results to the benchmark model. Because of the shortage of
past research that has applied systems simulation to the mass media as an
industry, the research was designed to be exploratory.

MASSMOD, written in Minnesota FORTRAN, was built at a highly aggre-
gate, industry-wide level. It consisted of four sectors: broadcast (AM
and FM radio, VHF and UHF television), print (newspapers and consumer mag-
azines), advertisers and consumers. Ordinary least squares regression
routines were used to develop structural equations for the system. Post-
dictive validation techniques, using Theil's (1961) Inequality Coeffi-

cient, was employed to validate the model's output.
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The system represented by MASSMOD showed a remarkable stability
during 1945-1960, when television, first VHF and then UHF, was introduced
to the system. The number of magazines and newspapers published in the
period remained fairly constant; revenues grew slightly as both adver-
tising expenditures on each medium and circulation increased. The print
sector was not integrally linked to the broadcast sector in terms of
sensitivity to change. AM stations increased in number and listenership,
although earnings declined as advertising expenditures were transferred
to television. FM stations grew steadily, while revenues and expenses
declined, then took an upward swing. UHF television seemed the most
unstable subsector, with most variables decreasing in value and earnings
in the red.

The experiments performed on the system, which assumed that initial
conditions were the same as the historical situation, indicated that the
system would remain remarkably the same under different policy parameters.
Only a total FM and/or a total UHF broadcasting system would make those
media prominent and profitable, though still not as successful as histo-
rical AM radio or VHF television. UHF television had little effect on
VHF television, even when UHF frequencies were introduced in 1945, in-
stead of 1952 as was the case historically.

MASSMOD presents a s imple, valid mathematical representation of the
mass media industry from 1945-1960. It lived up to its purpose as an ex-
ploratory effort into the use of systems simulation as an appropriate tool
for study of the behavior of the mass media industry. Supported by ad-
ditional data, the model needs to be expanded and improved, so that mathe-
matical relationships and theoretical speculations which are not included

in MASSMOD, especially in the FM and UHF sectors, may be investigated.

To be used as a real forecasting tool, the model needs to be updated to
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describe industry behavior in the 1960's and 197Q's.

Despite its shortcomings, MASSMOD has pulled together elements of a
media system too often studied in isolation, and quantified abstract
relationships. It is a simulation of a historical reality, available for
experimentation and questioning. At the minimum, this study has sug-
gested an approach that someone with access to a rich data base could use
to make accurate predictions of the consequences of policy decisions

made to influence the behavior of the mass media system.
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CHAPTER 1

INTRODUCTION

Problem Statement

Mass media watchers--from amateur consumers to trained academicians--
are fluent in the "blue sky" possibilities of new communications technol-
ogies, most notably, cable television, satellites, fiber optics. But,
little has been done to actually assess, much less predict, the impact
of such technological developments on the consumer and the media industry
or to identify optimum conditions for the acceptance and diffusion of
that technology among the population. With no such research in exist-
ence, media policymakers, such as the Federal Communications Commission
(FCC), are forced to develop regulations which react to, rather than
anticipate, the effects of the technology and media industries must plan
somewhat blindly.

Reasons for this lack of research are twofold: the relative youth
of the mass media and the complexity of the policymaking process itself.

The mass media, as a relatively new area of academic interest, have
been studied using the techniques of many disciplines--psychology,
sociology, economics, aesthetics, information science, marketing, manage-
ment science, economics and more. These studies, for the most part, each
have emphasized one perspective and also one medium. Thus, a fair amount
of information about the mass media and their effects does exist, such

as the consumption studies of Steiner (1963), Bower (1973), Roper (1977),
1
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and the Newspaper Advertising Bureau (1972, 1978); the functional

approach of Bogart (1956), Mendelsohn (1964), and Wright (1975); and

the industrial economics positions of Noll, Peck and McGowan (1973),
Eoyang (1974), Owen (1975), and Stuart (1976). What does not exist is

a synthesis of this research, an integration of these disparate studies
which defines the interrelationships of mass media effects and compo-
nents, suchas broadcasters, advertisers, publishers and consumers, to an
extent which makes prediction of the behavior of the mass media system
possible.

Secondly, policymaking in the public sector and in business is a
difficult process. Values and goals in a pluralistic society can be
inconsistent and conflicting, while the interrelationships of various
components of a process are defined by complex feedback loops. Ideally,
having identified various policy alternatives to a specific situation,
policy and industry decision-makers would 1ike to test eaéh option and
weigh possible consequences and outcomes, before passing a new law or
starting a new program. Such experimentation with real 1ife, large-
scale social systems is at best unfeasible, if not impossible. Because
the real system is so complex and unavailable for observation, it is
difficult to conduct replication studies, which maintain experimental
controls and introduce willful manipulation of variables. Once the
real system has been touched, the outcomes and consequences cannot be
reversed. Also, often when a future and hypothetical event is suggested
for introduction to the system, there is no possibility of studying it
in the recent or distant past because it is new, and has never occurred
before.

A possible solution to this two-edged problem of lack of a priori

consideration of mass media policy alternatives is the application of
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systems science and computer simulation techniques. System simulation

provides a problem-solving methodology to deal with complex, dynamic,
interlocking multivariate relationships which describe a particular
situation or environment. Grounded in synthetic philosophy, the systems
approach "emphasizes the interrelationship among different parts of a
complex problem and the need to take a holistic look at the problems that
have been created or worsened by a piecemeal attack." (Chen, Ghausi &
Sage, 1975, p. 340) By constructing a working analogy of the structure
and interrelationships of a problem under study which replicates histor-
ical data, the systems designer can identify the complex internal inter-
actions within the system model, as well as observe the effects of
informational, organizational and environmental changes on system opera-
tion by altering the model. (Naylor, Balintfy, Burdick & Chu, 1968,

p. 8)

While systems simulation has not been applied as yet to the mass
media, it has been used successfully in analyses of industrial (Cohen,
1960; Balderston & Hoggatt, 1962) and marketing (Orcutt, Greenberger,
Korbel & Rivliin, 1961; Chorafas, 1965; Amstutz, 1967; Griggs, 1970)
behavior, economic predictions (Duesenberry, Eckstein & Fromm, 1960;
Adams & Burmeister, 1973), urban and regional studies and policymaking
(Forrester, 1969; Hamilton, Goldstone, Milliman, Pugh, Roberts & Zellner,
1969; Anundsen & Lindgren, 1972), and world forecasting (Forrester, 1971;
Meadows , Meadows, Randers & Behrens, 1972; Boyd, 1972; Burnett & Dionne,
1973; Behrens, 1973; Schiesser, 1976; Hobert, 1977; Zaiser & Schiesser,
1977; Naill, 1977). One of the most well-known simulations is The Club

t al., 1972) which was created

of Rome's Limits to Growth model (Meadows
to identify and study the dominant elements and their interactions that

influence the long-term behavior of world systems.
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Critics of the use of systems simulation in the social sciences are

skeptical that the complex interrelationships and behaviors of compo-
nents in human systems can be represented in abstract, mathematical equa-
tions and that sufficient data exist on which to base a model. Propo-
nents of the methodology, such as Jay Forrester, use those very arguments
to urge the adoption of systems simulation in studying the behavior of
social systems:

Our social systems are far more complex and harder
to understand than our technological systems. Why,
then, do we not use the same approach of making
models of social systems and conducting laboratory
experiments on those models before we try new laws
and government programs in real 1ife? The stated
answer is often that our knowledge of social systems
is insufficient for constructing useful models.

But what justification can there be for the apparent
assumption that we do not know enough to construct
models but believe we do know enough to design new
social systems directly by passing laws and start-
ing new social programs? (Forrester, 1973, p. 6)

The Purpose of the Study

The present research applied systems simulation methodology to

study the behavior of the mass media industry from 1945 to 1960, a peri-
od which was marked by the introduction of a new telecommunications tech-
nology--television--into the existing system. The study was divided into
two parts: first, the construction and validation of the basic simula-
tion model, MASSMOD, from existing census and industry data, incorporat-
ing the economic and structural behavior of four key components--broad-
casters (AM and FM radio, VHF and UHF television), publishers (newspapers
and magazines), advertisers and consumers (detailed in Chapter 3); and
second, the experiments, which used the benchmark model as a control, to
manipulate various policy variables to observe the effects of organiza-

tional and environmental changes on the operation of the system (Chapter 4).
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The research sought to accomplish two things:

1. By stating conscious, explicit, definite and logical relation-
ships among variables within and among the four components in the model
in mathematical form, the study hoped to contribute to the theoretical
base which describes mass media behavior and effects. The quantification
of abstract theories about media structure and economics, as well as the
integration of such theories across the boundaries of specific media,
identified integral relationships among components and variables within
the complex structure of the industry. The theoretical importance of
this work is stated best by Kuhn: "At the level of theory, a piece of
research makes a substantive contribution, as for example, by identify-
ing certain relationships among a set of variables." (paraphrased in
Krulee, 1972, p. 53)

2. By manipulating various policy variables incorporated into the
model, and comparing alternative results against the benchmark model,
the study sought to demonstrate the feasibility and usefulness of the
application of systems simulation to the study of mass media behavior,
effects, planning, and policymaking. Specifically, the policy variables
which were manipulated were those which were of interest not only during
the period under study, but are also being discussed today: regulation
of advertising expenditures and the number and type of spectrum frequency
allocations for each broadcast medium. Such experimentation using a
simulation model provided answers to many "what if" questions, without
altering the real-life system.

The creation of an historical model of the mass media industry and
its validation against existing time-series data, provided a framework
in which to identify key theoretical relationships among variables which

describe the dynamics of the system and to generate and test hypotheses
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about the effects of certain policies and decisions. The building of a

total industry system model, linking broadcaster, publisher, advertiser
and consumer components, allowed for the synthesis and integration of
many single medium and single effect studies which have been conducted
in the field.

Television sparked a major revolution in mass communications. Its
growth and development was managed and guided by businessmen who had
little notion of its far-reaching effects, save as an economic gold mine.
It was heralded by consumers who lived in a postwar era of relative
affluence and enjoyment, and regulated by government policymakers on an
ad hoc basis, in the best interest of the status quo. At no time did
long-range planning, or a consideration of alternative positions, seem
necessary or possible to these people.

Now in 1980, as the United States moves from an industrial to an
information economy (Robinson, 1978, p. 55), revolutionary changes in
information technology, involving computers and telecommunications, stand
ready to cause upheavals in markets, institutions, law and politics. In
order to plan and legislate effectively, decision-makers must have a
method at their disposal to explore the implications of these new tech-
nologies, and to assess the merits and drawbacks of various marketing
schemes, technical requirements, and industry structures. It is to this
end that the present research was directed--to encourage the development
of models of the mass media system, now and in the future, which are able
to predict alternative outcomes and consequences of various policy and

planning decisions.
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Assumptions and Research Questions

Assumptions
MASSMOD, the mass media industry model developed in this study,

dealt with all model components on a highly aggregate level, as AM
broadcasters, FM broadcasters, VHF television broadcasters, magazine
publishers, advertisers, consumers, without regard to markets, type of
programming or content, demographic variables, type of product adver-
tised, or ownership or group affiliation. The choice of aggregation
level was made for two reasons: first, data was more readily available
in industry-wide terms; and second, it was felt that the general struc-
tural interrelationships in the entire system could be more readily
identified without the additional complexity of a more detailed, more
microscopic approach.

The model assumed that broadcasters and publishers operate in such
a way as to maximize profits, which is to say to maximize the difference
between revenues and cost. Both broadcasters and publishers seek to
establish as large an audience as possible to maximize their advertising
revenue, since advertising demand is a function of audience size. Pub-
lishers can rely on an additional source of revenue from subscriptions
to their periodicals, aware that the cost of the subscription can affect
their circulation, while the major source of revenue for the broadcaster
is advertising. Both print and broadcast managers recognize that the
amount of money invested in their publishing costs (for talent, programs,
stories and quality of production) can also influence the size of their
audiences.

The model also made the assumption that all media in the model are
substitutable in terms of advertising placement and therefore compete for

the same advertising dollar. Ignored were attempts to reach special
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audiences with one specific medium, or to make use of a medium's unique

ability to convey a message, such as newspaper or magazine coupons.

Growth within a medium was assumed to depend in part on the profita-
bility of the medium in the previous year. High profits motivate more
investors to develop stations and publications. Since profits depend on
audience size, consumer use is also a factor in the growth process. The
model also assumed that cross-media ownership (ownership of more than one
medium by one party) was responsible for the rapid growth of television
in the time period under study. Broadcast station growth was assumed to
depend on the number of channels available for licensing, with growth
occurring until the spectrum allocations are completely used.

Gross National Product and disposable income per capita were assumed
to be major economic factors included in the model as exogenous variables.
It was also assumed that the model would not always identify and include
variables which were significant predictors of various dependent variables
and that some variables included in the model might not always be signif-
icant predictors; simple growth functions based on a yearly index were
used at these times.

Other specific assumptions about model components are detailed in

Chapter 3, the description of the model.

Research Questions

The first part of this study dealt with the possibility of construct-
ing a mathematical model of the mass media industry, from which a com-
puter simulation could be developed. Goodness of fit tests were used to
assess the validity of such a simulation against real world data.

The experimental segment of the study was concerned with the manip-

ulation of various policy-oriented variables and a comparison of results
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against the benchmark model. These manipulations revolved around two

basic issues:

(1) Control on Advertising Expenditures. What would be the effect

of externally imposed controls of advertising expenditures on media
growth? Since media depend at least in part on advertising revenues for
their income, and profitability affects future growth, would limiting
advertising spending ultimately curtail media growth? If such controls
were deemed necessary and/or desirable, what type of control would be
best--a tax on expenditures, a 1limit based on percentage of sales, or
some form of depreciation write-off (Bloom, 1976)? Two manipulations,
one involving a tax and the other a percentage of spending limit were
performed to assess the effect of such controls on the system.

(2) Spectrum Allocation. What role did the FCC determination of

the use of segments of the radio spectrum play in the growth of broadcast
stations? Did more available channels for a medium necessarily mean

more stations on the air? What effect did the assignment of two or more
different band segments to one type of telecommunications (radio,
television) have on revenues and growth? If television were all UHF,

or radio all FM, would the media industry be different today? The
benchmark model assumed that an unlimited number of channels were avail-
able for broadcast stations. This was the case in 1945-1960; the AM
radio band did not become saturated until the 1970's, and VHF television
continued to grow until the mid 1970's. Six manipulations were performed
to address these questions: a no-freeze situation, allowing UHF tele-
vision to begin development in 1945; a 1imit imposed on the number of
channels available for the four broadcast media; a VHF television, AM
radio only situation; a VHF television, FM radio only case; a UHF tele-

vision, AM radio run; and a UHF television, FM radio run.
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Summary

This study applied the use of systems simulation to explore the
interrelationships among variables in the complex mass media industry
system from 1945 to 1960. Borrowing the technique from industrial ana-
lysts, policymakers and forecasters, the research hoped to gain valuable
insights into dependencies and feedback loops within the total media
complex, and, by manipulating policy variables included in the model, to
suggest the use of simulation in media policymaking and planning. The
development of the benchmark model within an historical time period was
seen as a necessary step in the eventual development of a later genera-
tion model to be used in the forecasting of the effects of new telecommu-

nications technologies on the media industry and its consumers.



CHAPTER 2

LITERATURE REVIEW

A review of the literature relating to the mass media reveals that
systems simulation methodology has not yet been applied to media problems
involving policymaking or industry structure (or at least such work has
not been released for publication) and that the use of simulation in
general has been sparse. However, simulation studies designed to aid in
policy analysis have been employed in other social science disciplines,
suggesting that the technique might be appropriate to the mass media as
well,

This chapter first presents in some detail three media-related sim-
ulations which are directly applicable to this study--Gensch's (1973)
advertising media allocation mo&el, called AD-ME-SIM, Block's (1975)
simulation of consumer time allocation and Bloom's (1976) study of adver-
tising policy and competition. A discussion of the use of simulation
experiments in policy analysis and planning, including examples from
other social science disciplines, and in the analysis of industry struc-
tures follows. The role of simulation in theory development is considered
briefly. The chapter concludes with a brief description of other simu-
lations which have dealt with the mass media, but which have little, if

any, relationship to the use of systems simulation.

Media Simulations Relevant to This Study

Three media-related simulations exist which have a direct bearing
11
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on the model developed in this study. An advertising sector in the

model allocated an annual advertising budget across various media which
exist in the model. The technique used by Gensch (1969, 1973) in
AD-ME-SIM to predict a hypothetical population's reading and viewing
preferences, discussed below, was adapted to predict a hypothetical popu-
lation of advertiser's buying preferences. The prediction of these adver-
tising expenditures is a probabilistic process using appropriate proba-
bility distributions. The techniques used in Block's (1975) time alloca-
tion model, described below, were adapted for this purpose. In addition,
Block's model offers an approach to the allocation of media time by
consumers, which, although it was not applied to the model in this study,
could be included in further, more sophisticated revisions of the model.
The present model also considered the effects of policies regulating the
amount of advertising in the broadcast and print media on the total
system. Bloom's (1976) simulation of advertising policies and competi-
tion, also discussed below, suggested possible advertising restraints

which were used in this study.

A Media Allocation Model

Gensch (1969, 1973) created a decision-making model of advertising
media selection and scheduling which defines a theory of how to send a
message that will reach a defined target population, use the most cost-
efficient advertising forms, and reach the target population the desired
number of times within a given period. The three-stage model generates
output which includes the weekly and cumulative numbers and percentages
of people in the target population reached by the proposed media schedule,
as well as the cost, frequency, and number of exposures, adjusted

accordingly to the subjective evaluation of the media and the value of
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exposures to different members of the target audience. (Gensch, 1969,
pp. 209-210)

The first stage of the AD-ME-SIM model, the data generation stage,
is of particular interest in establishing the probability of behavior of
a hypothetical population. Gensch used two months of actual data from
Brand Rating Research Incorporated (BRI) to establish basic weekly prob-
abilities of viewing and reading for a year, adjusting for trend and
seasonal influences by using a Monte Carlo system (1973, p. 117) A
similar technique, using data for the top 100 advertisers, was used in
this study to predict the media selection behavior of the advertisers.
Because Gensch deals with individual, rather than aggregate data, which
allows comparison of specific media schedules, his entire selection

process was not applicable to this study.

A Time Allocation Model

Block (1975) developed a model called TIMMOD, which simulated human
time allocations in order to assess the impact of broadband communication
network technology on consumer marketing communications. A stochastic
model programmed in FORTRAN, TIMMOD develops a series of probability
distributions which describe a single individual's decision-making
regarding the allocation of time from real-world decision processes,
which in this case are derived from the 1965 U.S. Time Use Survey (1966).
The model is limited by design to be a forecasting tool, not a general
model for the human allocation of time.

The simulation generates the time allocations for an entire day
for a single individual and then cumulates over many individuals to
create a population. The time allocations to various daily activity

categories are based on two probability distributions: the first
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describes the activity selection behavior of the hypothetical population,

the second describes the duration of the selected activity. The specific
probability distribution is determined from the Erlang family, with
different parameters to describe different shaped distributions for dif-
ferent activity categories. Experiments were conducted using the model
by manipulating the specification of these probability distributions,

for both activity categories and duration. A modified version of Block's
technique, using probability distributions, was used to create adver-
tiser buying habits in the advertiser sector of the present model.
Gensch's technique to create a hypothetical population's habits was
modified to incorporate the probability distribution approach.

An Advertising Policy Model

Bloom (1976) developed a computer simulation model of an hypo-
thetical grocery manufacturing industry to explore the competitive
effects of seven proposed controls on advertising expenditures--two
advertising taxes, three limits on advertising outlays, and two depre-
ciation requirements on advertising. The model was patterned after the
nutritional submarket of the cereal industry, using data available from
the Harvard Business School “Life Cereal Case." The deterministic model,
written in FORTRAN, contains four sub-models that interact in a yearly
cycle: (1) a manufacturer's submodel, (2) a potential rival manufac-
turer's submodel, (3) a retailer's submodel, and (4) a consumer's sub-
model. The industry is assumed to have three brands belonging to three
firms at the start of each run of the model which simulates eight years
of the industry's behavior.

A group of structure and performance variables--number of firms and

brands, market concentration, market advertising expenditures, profits,
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selling costs, prices and brand quality--were monitored in each computer

run to give an indication of how competition in the simulated industry
was affected by a control. Twenty-one computer runs representing the
partial completion of an 8x2x2 factorial design were executed. The
three factors controlled were (1) type of control on advertising expend-
itures (eight types); (2) degree of sensitivity of the industry sales
response function to changes in total advertising goodwill in the indus-
try (high or moderate); and (3) types of objectives managers would be
satisfied to reach (profit streams or cash flow stream). The results
revealed that the seven controls on advertising expenditures were unable
to stimulate vigorous competition in the simulated industry, and sug-
gested the possibility that controls would tend to lessen competition in
some industries.

Bloom's model was able to investigate the effects of controls on
advertising expenditures advocated by various economists, consumer advo-
cates and policymakers. While he does not claim universal generalization
of the model, Bloom has provided necessary data which can be considered
by policymakers, such as the Federal Trade Commission, before any laws

or regulations regarding advertising expenditures are actually passed.

Summary

The Gensch, Block and Bloom models hada direct impact on the struc-
ture of the model built in this study. Gensch's approach to the crea-
tion of the habits of a hypothetical population, based on limited data,
combined with Block's use of theoretical probability distributions, was
used to predict the media buying behavior of the advertisers in the model.

Bloom's suggestions for advertising restraints were introduced into

the model during the experimental runs. The general organization of his
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model, with interlocking components, or building blocks, was also fol-

lowed in the construction of the model.

The Use of Simulation in Policymaking

The use of systems simulation as a tool in policymaking and analy-
sis has been debated in the literature. Proponents cite the integrative
capacity of systems theory, which synthesizes bits and pieces of infor-
mation from various perspectives and sources into a comprehensive whole
(Pugh, 1977, p. vii), and its ability to discern the basic structure of
complex and dynamic societal systems (Fitz, 1979, p. 4). Critics point
to the difficulty in validating the model and the gap in philosophies
between model builders who maximize the theoretical content of models,
and policymakers, who pragmatically want to maximize the accuracy of
information estimates relevant to policy (Pugh, 1977, p. 5). Fromm,
Hamilton and Hamilton (1974), in a survey of 250 simulation models
revealed that "at least one-third and perhaps as many as two-thirds of
the models failed to achieve their avowed purposes in the form of direct
application to policy problems." (p. 3)

Nonetheless, a major impetus behind the use of computer simulation
by decision-makers and policymakers "is the possibility of testing and
evaluationg alternative decision rules, strategies and policies before
they are put into effect on actual business and economic systems."
(Naylor, Wertz & Wonnacutt, 1967, p. 703) Because of their ability to
deal with complexity, simulations can assist in policy analysis in
areas of social and administrative sciences by developing a general
understanding of the real world situation, by forecasting the future of
a real-world system, and by simulating the impacts of alternative

policies on the real-world system. (Pugh, 1977, p. 1) Sage (1979)
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points out that systems engineering is an appropriate combination of the

mathematical theory of systems and behavioral theory in a useful setting
appropriate for the resolution of real-world problems. He concludes
that systems science is most effective in policy analysis when the dis-
parate perspectives of the sponsor--who seeks information for decision-
making, the client--who has real-world problems to attempt to solve, and
the researcher--who seeks to build a workable model are brought into a
symbiotic heterogeneous complimentary relationship one with another
(p. 6).
The potential value of systems simulation as a tool in policymaking
can be seen when the elements of policymaking are examined. Dror (1968)
finds six interconnected phases in the pure rationality model of decision-
making, often presented as the universal ideal:
1. Establishing a complete set of operational
goals, with relative weights allocated to

the different degrees to which each may be
achieved.

2. Establishing a complete inventory of other
values and of resources, with relative
weights.

3. Preparing a complete set of alternative
policies open to the policymaker.

4. Preparing a complete set of valid predictions
of the costs and benefits of each alterna-
tive, including the extent to which each
will achieve the various operational goals,
consumer resource, and realize or impair
other values.

5. Calculating the net expectation for each
alternative by multiplying the probability
of each benefit and cost for each alterna-
tive by the utility of each and calculating
the net benefit (or cost) in utility units.

6. Comparing the net expectations and identi-
fying the alternative (or alternatives, if
two or more are equally good) with the
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highest next expectation. (Dror, 1967,
p. 132)

Lasswell (1971) summarizes the policymaking process in terms of five
tasks: (1) goal clarification, (2) trend description, (3) analysis of
conditions, (4) projection of developments, and (5) invention, evalua-
tion and selection of alternatives. (Lasswell, 1971, p. 72) He suggests
that simulation models are most helpful in inventorying and evaluation

of alternative policies.

Policy-Related Simulations

Despite criticism that simulations are too theoretical or mathe-
matical, computer models have been developed which aid policymakers in
their decision process in such disciplines as urban, regional and world
analysis and forecasting; industrial dynamics; and economics. Systems
theory as a problem-solving methodology has proved particularly helpful
in analyzing conditions which describe a system, projecting developments
resulting from a policy option, and inventing and evaluating possible
policy alternatives. Simulation models function as a substitute for
real-world experimentation when such testing is either impossible, or
too costly, or both.

Forrester (1965) pioneered the use of systems theory in the analy-
sis of complex organization, specifically industrial management. His
initial concept of "industrial dynamics" has been applied to many other
fields which exhibit positive and negative feedback processes in the
course of their growth and regulatory action. His models are classic
examples of systems simulation.

One such application is the 1ife cycle of an urban area described

in Urban Dynamics, which uses a stochastic, non-1inear, macro-model,

written in DYNAMO, a computer simulation language. Forrester defines
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the boundary of the city in terms of its interacting components of level

and rate variables, which are grouped into three subsystems: business,
housing and population. The model provides a means of assessing the
effects of various policies regarding housing (e.g., amount of low income
housing; fatio of industrial land to residential land), job training
(e.g., programs to train skilled workers) and business growth (e.g.,
encouragement of new business) on population, unemployment and taxes in
ma jor urban areas. Housing densities, family sizes, personnel needed in
business units, taxes levied and taxes needed are major parameters defined
at the start of the simulation. The model traces the urban life cycle
within a period of 250 years starting with empty land, growing to full
land occupancy, maturing through a realignment of internal urban balance,
and emerging into an equilibrium characterized by stagnation with its
unemployment, faltering industry, and increased taxes. It then alters
various policies governing variables to find out and predict alternate
outcomes .

Forrester (1971) applied his industrial dynamics techniques to a
model of world interactions, WORLD 2, a preliminary effort in the dis-

cussions of The Club of Rome, which later generated the Limits to Growth

model, WORLD 3. The world system is defined as man, his social systems,
his technology, and the natural environment; these interact to produce

growth, change and stress. The main objective of the Limits to Growth

model was to identify and study the dominant elements and their inter-
actions that influence the long-term behavior of world systems, in order
to suggest survival policies in areas such as population, energy, food
supply, pollution, natural resources, and capital investment. The model
is built at a high level of aggregation, such that distinctions between

developed and underdeveloped countries are not made. In determining the
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level of aggregation the team felt that "questions of detail, of indi-

vidual nations, and of short-term pressures can be asked much more sensi-
bly when the overall limits and behavior modes are understood."
(Meadows et al., 1972, p. 96)

Several extensions of the Limits to Growth model have been developed,

which add sectors, disaggregate the principal components of the model,

or change model relationships based on empirical data. Boyd (1972)
included a technology sector, with the assumption that increasing tech-
nology will increase available food and reduce pollution and the deple-
tion of natural resources. The model reverses the basically pessimistic
projections of the original WORLD 2 model. Burnett and Dionne's (1973)
GLOBE 6 model breaks the principal components into developed and develop-
ing nations, elements of world trade, a population sector with five dif-
ferent age groups and greater structural detail.

Hamilton et al. (1969) applied systems simulation to regional analy-
sis, specifically dealing with the economic growth in the Susquehanna
River Basin. The model, written in DYNAMO, interrelates and projects
demographic and employment variables simultaneously, and is designed to
render inexpensive experiments on the effects of change in parameter
values, such as increased employment opportunities, a relaxed housing
market, lay-offs of workers, to determine policies which optimize the
economic growth of the Basin. The model is data based, and therefore
fairly disaggregated to allow for the analysis of subregions within the
Basin. The use of systems analysis and computer simulation allows the
model to be dynamic, incorporating explicit feedbacks and lagged rela-
tionships among sectors and variables.

The Center for Environmental Study modelled a simulation of the

Grand River Basin environment in Michigan after Forrester and the
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Susquehanna River Basin Project. (Anundsen & Lingren, 1972) The

simulation was created to assist policymakers and planners in the Grand
Rapids area to assess the effects of potential policy changes and growth
in five major areas (pollution, government, health, economics, and social
factors and technology) on the existing environment. Access to the simu-
lation is provided through various terminals located throughout the
governmental community, so that policy alternatives and ideas may be
easily explored and assessed.

In economics, simulations have been used to predict outcomes based
on various fiscal policies. Duesenberry, Eckstein and Fromm (1960)
developed an econometric model of quarterly movements of the gross
national product (GNP) to test fiscal policy measures. Their aggregation
followed the national income accounts of the Department of Commerce, with
a time interval of a quarter of a year, variables adjusted for seasonal
fluctuation, and all relationships established from time series data.

The recursive model is divided into two parts: first, the total GNP is
built up; then, the disposable income which would be generated is com-
puted. Several lags exist in the model: consumption depends on the
preceding quarter's disposable income; inventory investment depends on
past values; dividends depend on levels in the preceding quarter. The
system is actually summarized by four equations: an inventory function,
a consumption function, a function relating personal income to GNP, and
a function tying personal income to disposable income.

Several large scale macro-econometric models have been developed for
forecasting and policy analysis such as the Wharton model, the Fed-M.I.T.-
Penn model, the Brookings model, and the Michigan model. As a class,
these models are moderately large systems of simultaneous equations

(from fifty equations to as many as several hundred), which are dynamic
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and non-linear. (Adams & Burmeister, 1973, p. 126) The best known of

the aggregate models is the Wharton guarterly econometric model, a
living model which is modified and re-estimated when data, institutional

change and new economic theory suggest it. (Adams & Burmeister, 1973)

Models of Industries

Since the present study attempts to investigate the interrelation-
ships present in the structure of the mass media as an industry, several
classic computer models from the economics literature are presented here
to i1lustrate the use of simulation in analyzing industry structure.

A classic macro-simulation of industry is Cohen's (1960) computer
model of the shoe, leather and hide sequence, which describes the aggre-
gate behavior of shoe retailers, shoe manufacturers and cattlehide
tanners between 1930 and 1940. Chief exogenous variables in the model
are the Bureau of Labor Statistics consumer's price index, disposable
income, and the stocks of hides held by hide dealers. The major endog-
enous variables are divided into four components of the industry:
retailers, manufacturers, tanners, and hide dealers.

The mathematical form of the model is a complex, non-1inear system
of lagged simultaneous difference equations with one month as the basic
time period. Cohen actually built two models: one--a "one-period-change
model," resembles the classic econometric model, and is intended to ex-
plain the values of the endogenous variables for only one time period
ahead into the future. It assumed that the lagged endogenous variables
refer to their actually observed values and that the lagged endogenous
variable at one time period becomes an exogenous variable in the next.
The other model, a "process model," was designed to explain the determi-

nation of the endogenous variables for an arbitrarily large number of
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future time periods. In this instance, the equations of the model and

the observed time paths of the exogenous variables are treated as a
closed dynamic system; the values of the predetermined endogenous vari-
ables are the values generated by the model, not the actually observed
values.

Cohen's results show a very close correspondence between the time
paths generated by the process model and the actual values on an annual
comparison basis. Although the models do not present a completely
acceptable monthly aggregate description of the industry (particularly on
three major variables: retailers' receipts of shoes, manufacturers'
production of shoes, and manufacturers' receipts of leather), Cohen
concludes (1960, p. 65) that the evidence provided by the annual compari-
sons is consistent with the hypothesis that the models incorporate some
of the mechanisms which determine the behavior of individual firms in
these industries. Improvements in performances of the process model over
the one-change model is ascribed to the self-equilibrating, self-correct-
ing features incorporated into the behavioral mechanisms of the process
model which insure that the generated time paths never depart too far
from the observed paths in the estimation of parameters. Such features
were absent from one-period-change model.

Balderston and Hoggatt's (1962) simulation study of the lumber
industry was designed to examine the intimate dynamics of a market--how
market information and decentralization of market decisions and institu-
tional alignments affect and are affected by economic forces--viewed as
a complex system of behavior in which information is 1imited and costly.
The authors viewed their study not as a business analysis, but as an
experiment in constructing a general system model.

Amstutz's (1967) computer simulation of competitive market response
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moves from a macromodel to a micromodel. He believes that "while an

aggregate model may generate correct answers at a point in time, it
provides little or no insight into the reasons for these answers. The
micro-analytic simulation has the potential to provide the right answers
for the right reasons." (Amstutz, 1967, p. 113) After construction of
a macromodel of the marketing environment, he formulates detailed behav-
ioral micromodels of the five major elements: the manufacturer, the
consumer, the retailer, the distributor, and the salesperson. Amstutz
validates three functional forms in the model: the effect of attitude

on purchase, the effect of attitude toward appeals on noting a promotion,
and the effect of display size on point-on-sale display placement. The
model allows for simulating individual behavior in the marketing decision

with various initial parameters.

Summary
This survey of the literature suggests that while the problem-solving

methodology of systems simulation has not been applied to the analysis of
policy alternatives or industry structure within the mass media field, it
has been used successfully in other social science disciplines such as
urban, regional and world planning; world and national economics; and
industrial dynamics. The mass media, when viewed as an industry system,
present a series of complex, dynamic interrelationships and feedback
lToops which are not easily assessed by a straightforward linear analysis.
Hence, the use of simulation experiments should provide two major outputs:
a better theoretical understanding of the structure of the mass media
industry, including key variables and relationships; and second, a frame-
work for decision-making, which supplies the potential effects of various

policy alternatives on the existing industry structure.
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The data bases used to build the industry models cited in this

chapter suggest that enough historical time series data are available
about the mass media industry to build a working model. The experience
of other model builders further suggests that the initial mass media
industry model should be macroscopic in nature, dealing with components
at their most highly aggregated level. Further research can disaggregate

model units and add greater structural detail.

The Use of Simulation in Theory Development

The use of simulations in the development of theory has also been
debated in the literature, most forcefully around the validity of a
simulated system as a representation of a real system. As an operating
model of a real system, a simulation can help theory development by
"raising questions, demonstrating gaps, helping discriminate between the
important and the unimportant, generating testable hypotheses and serv-
ing as vehicles for the communication or comparison of theories."
(Schultz & Sullivan, 1972, p. 6) Since so many real systems are complex
and unavailable for observation, studies dealing with factors and rela-
tionships crucial to the system are much more easily conducted in simu-
lation than in the real system.

Raser, Campbell and Chadwick (1970) suggest that the strategy of
science should be to test a theory in all of its settings of application,
and to keep it as general as possible for as long as possible (p. 185).
They cite the need for inter-nation simulation (INS) in the area of
international relations "because of the very great difficulty we have in
observing even recent international relations as a test of theory and
because of the comparatively very great power of experimental manipula-

tions in probing the implications of theory."
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For example, Brody's (1963) study of the impact of changing power

relationship on communication andalliance patterns in an inter-nation
simulation gradually introduced nuclear power to all of seven nations in
a simulated world. He was then able to analyze the effect of this devel-
opment on the international system, an impossibility in the recent or
distant past, since it was a future and hypothetical event.

The problem caused by the confounding of cause and effect in the
probing of theories is also one that can be overcome by simulation.
Raser and Crow (1968) investigated the effects of the development of an
invulnerable nuclear retaliatory force by one nation in an international
system. In the real world at the time of the study, the United States
was developing such a force, and major world changes were also occurring,
but the determination of which changes in the international system were
caused by the developing invulnerability and which were simply co-occurring
was impossible. Raser and Crow created a five nation world with alliance
ties, general strength levels and political characteristics designed to
simulate the Cold War system of 1962. Using repeated runs with experi-
menter-controlled research and development of an invulnerable nuclear
weapons system, measures on a cluster of independent variables following
the interventions were taken while other variables were forced to fluctu-
ate. This replication and experimental intervention allowed the research-
ers to rule out more alternative explanations in their attempt to estab-
1ish causality than if they had simply observed the singly occurring and
uncontrolled real world.

Probing theory based on observations alone raises another problem--
that of degrees of freedom. Based on a statistical concept, the point
is that a plausible explanation (or line or correlation), which accounts

perfectly for the behavior of a single case, is possible only when the
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number of observations is equal to the number of explanatory concepts.

If there are no observations left over, there are no degrees of freedom
to use to test the goodness of fit of the theory. Simulation, according
to Raser et al. "answers the degrees-of-freedom problem...through its
open-ended possibility of generating new instances, new re-runs, new
observation points greater in number than its explanatory or descriptive
contents." (1970, p. 187)

Raser et al. (1970) also suggest that the process of building simu-
lations can aid powerfully in theory generation for two reasons: first,
as a framework or construct to guide the integration of part theories and
isolated data bits, and second, as a stimulant and goad to scholars which
results in the generation of theory. "We may find that the act of trying
to build may be the best strategy for learning more about that which we

are trying to simulate." (p. 188)

Summar

Thus, using the field of international relations as one example, the
application of simulat{on to probe theory, by enabling an examination of
causality and providing degrees of freedom in observation, and to create
theory, by forcing scientists to turn vague generalizations and verbal
theories into conscious, explicit, logical and definite relationships,
becomes more apparent. It is hoped that the attempt to state explicit
relationships among elements of the mass media and to probe those theo-
retical statements by experimental manipulation will yield richer theo-
retical insights into the mass media industry.

Simulation at least creates a certain amount of intellectual soul-
searching as theories are brought into the open. As Kaplan says (1964,

pp. 268-269):
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Models have this merit, that they do not allow us

to comfort ourselves with the notion that we are
following up an "idea" when we are only moving from
one observation to the next in the hope that some-
thing will turn up. Too often the hypotheses with
which we work are at home only in the twilight
regions of the mind, where their wavering outlines
blend into a shadowy background. There they are safe
from sudden exposure, and are free to swoop down for
sustenance on whatever datum comes their way. Models
are at any rate conscious, explicit, and definite;
there is nothing ghostly in their appearance or
manner; they look healthy even up to the very moment
of their death.... The model saves us from a certain
sel f-deception. Forced into the open, our ideas

may flutter hopelessly; but at least we can see what
bloodless creatures they are. As inquiry proceeds,
theories must be brought out into the open sooner or
later; the model simply makes it sooner.

Mass Media Simulations

While there is a lack of computer simulations in the mass media
literature which employ systems science to construct dynamic, stochastic
models, several descriptive, deterministic simulations have been devel-
oped, particularly in the area of media allocation. Since this research
deals with mass media simulations, a brief description of media-related
simulations is presented below, for the sake of completeness.

The first computer simulation used in the area of mass media was the
Simulmatics Media Selection Model, designed in 1962 to test advertising
media allocation plans. The simulation determines probabilistically an
estimate of the media audience, described by various socio-economic fea-
tures, and the reach and frequency of a proposed media schedule. (Kotler
& Schultz, 1972, pp. 517-518) Gensch's AD-ME-SIM model, described earlier
in this chapter, is an extension and improvement of this model.

The COMCOM (Communist Communication) model developed by Popkin (1965)
is an application of the Simulmatics simulation to the mass media system

in the Soviet Union. The first part of the simulation generated the
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hypothetical descriptions of individuals in the population, based on

aggregate data tables and some basic theoretical assumptions; the second
run, the actual simulation, measured exposure to a series of media
messages, using Monte Carlo randomization methods to introduce new
variables. The output of the simulation was the exposure probabilities
of an audience for a particular communist country over a given time
period.

Kessler and Pool (1965) developed Crisiscom, a computer simulation
of human information processing during a crisis, which represents a set
of human decision-makers who process information and the exchanges of
information among them. Information is generated from imbalances among
cognitivé elements and relations which comprise the network, while crises
are characterized by high rates of generation and exchange of information.
The simulation measures salience, affect and credibility of the communi-
cation processes.

Kramer (1969) simulated the United Nations public information cam-
paign conducted in Cincinnati, Ohio, in 1947 and 1948. The simulation
was designed to predict reach and frequency of message flow from known
information about the population, media habits and the placement of
messages in the mass media. The first stage of the simulation generates
the model population from basic age, sex, geographic region and literacy
data and determines probability exposure to various media. The second
stage, 1like the COMCOM model, calculates the actual message exposure
probabilities for the audience.

Little and Lodish (1969) developed a simulation of advertising media
allocation called MEDIAC, an on-line computer system which selects and
schedules media to maximize total market response. The user supplies

various media options, a budget, and objective and subjective data about
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media options and the desired audience. MEDIAC selects options and

schedules over time, based on a mathematical optimization routine which
uses total market response as the optimization function.

Hanneman (1969) and Carroll developed a stochastic simulation model
of the diffusion of innovation to cliques in any small, relatively closed
system. The simulation, called SINDI I (Simulation of Innovation
Diffusion) deals with opinion leadership, clique structure, channel
structure and the amount of knowledge available to clique members as a

new idea spreads over time through a social system.

Summary

This overview of computer simulations related to the mass media
shows that although systems methodology has not been used in conjunction
with the actual simulation, computer models have been built which deal
with populations of people, media habits and information structures.
This suggests that enough data exist to support model-building hypoth-
eses and relationships. The overview also highlights the use of simula-
tion as a data-generating tool for decision-making, which provides
output from the model under a variety of conditions and policies, such

as media schedules.

Conclusion
This review of the literature highlights the role of computer simu-
lation and systems science in the analysis of the behavior of complex
systems. While such techniques have not been applied to the mass media
industry as a system, the studies discussed here support the feasability
of such an application, both as an aid in policymaking and in theory-

building. The complexity of the Limits to Growth models and the aggre-

gate approach which the model builders used indicate that even very large
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systems described by minimal data can be modelled and analyzed. The

structural-economic models of industry suggest a precise definition of
system boundaries, either by historical time period or identified system
components, in which to build such a model.

Thus, supported by the efforts of authors included in this chapter,
Chapter 3 describes MASSMOD, a simulation model of the mass media indus-
try in the historical period 1945-1960. The works of Gensch, Block and
Bloom were incorporated into the model in the advertising component. The
construction and analysis of the model sought to identify underlying
structures within the industry. The experiments described in Chapter 4
represented an attempt to use the model in a policymaking mode by simu-
lating the impacts of alternative policies on the real-world system

represented by MASSMOD.



CHAPTER 3

THE MODEL

This study sought to explore the effects of the introduction of
television on the AM radio, fledgling FM radio, daily newspaper, maga-
zine and advertising sectors of the mass media industry. Systems simu-
lation at the macro level was selected as the main methodological tool
to build, experiment with and attempt to validate a computer model of
the industry from 1945 to 1960 in order to make some tentative state-
ments about the interrelationships of variables among the sectors and
the effects of manipulating policy variables within the system. The
study was, therefore, a piece of exploratory research, designed to
generate some hypotheses on the effects of various policy variables on
industry sectors and consumers and to formulate a richer theory about
the behavior of various system components.

Indirectly, the research hoped to show the feasibility of using
systems simulation to investigate the effects of the introduction of
any new sommunication technology on the existing mass media industry
structure under various policy alternatives. To demonstrate the appli-
cability of systems analysis to this type of problem, the decision was
made to follow the example of Cohen (1966) and Balderston and Boggatt
(1962), who chose to model specific industries in specific historical
time periods for which historical time-series data were readily avail-

able. The starting date of the period under study here, 1945, marks the
32
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commercial beginning of television; the closing date, 1960, the year

when color and cable television both began to have an impact on the
system. (The year 1960 was chosen as a cut-off date to avoid the possi-
ble confounding influence of color and cable television. In 1960, color
television owners and cable subscribers were less than one percent of

the population. Both began to grow significantly after 1960.)

Methodology and Data Collection

Systems simulation was judged to be an appropriate methodology
because, as Forrester states, it can be particularly useful for dis-
covering the counterintuitive nature of systems. (Forrester, 1961) It
was hoped that some relationship among system variables would be indenti-
fied that had not appeared elsewhere.

Naylor et al. (1968, p. 23) suggest that planning simulation ex-

periments involves a procedure consisting of the following nine elements:

1. Formulation of the problem.
2. Collection and processing of real world data.
3. Formulation of mathematical model.

4. Estimation of parameters of operating
characteristics from real world data.

5. Evaluation of the model and parameter
estimates.

6. Formulation of a computer program.
7. Validation.

8. Design of simulation experiments.
9. Analysis of simulation data.

A flowchart of this process is given in Figure 1.
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Problem Formulation

Essentially, this study had as its objective the estimation of the
effects of certain changes in policy variables, such as the number of
available AM, FM and television frequencies, cross-media ownership, and
advertising expenditures, on the endogenous variables in the system.

It sought to simulate the effects of various alternative policy decisions
on the media-consumer system in order to provide a more complete data

base for decision-making.

Collection of Real World Data

The benchmark model was constructed using real world data about
advertisers, broadcasters, newspaper and magazine publishers and con-
sumers from 1945-1960. Much of the information regarding audience
sizes; numbers of stations, magazines and newspapers; expenditures and
profits; gross national product and disposable income were contained in

Sterling and Haight's (1978) Guide to Communication Industry Trends.

Population data, such as birth and death rates and household size, were

obtained from U. S: Census data presented in Historical Statistics and

Statistical Abstracts. Additional information about publishing costs

was found in the Census of Manufactures, while advertising expenditures

for the top 100 advertisers were found in annual listings in Advertising
Age.

Most of these data were presented at the macro, or aggregate, level;
that is, data existed which described the behavior of all AM radio sta-
tions as a group, all advertisers as a group, all magazines as a group.
At times the groupings were not consistent for all variables within a
sector. For example, numbers of magazines and their circulations were

broken down in a grouping of consumer and farm magazines, while magazine
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revenues and subscription costs were given for all published magazines.

It was assumed that consumer and farm magazines represented a bulk of
total non-trade, non-business magazine volume. Additionally, no source
reported the average yearly expenditure per medium for an advertiser;
hence it was assumed that the behavior of the top 100 advertisers would
be sufficient. Newsprint consumption was reported annually for all
publishers, while circulation figures and number of newspapers were
reported for daily and Sunday papers only. The number of FM households
in the United States for each year in the study was impossible to locate,
although scattered in-house National Association of Broadcaster publica-
tions provided some data. Hence, all data were not in perfect conformity
with each other, although the decision was made to use the existing data
mindful of their weaknesses.

A11 dollar figures were converted to constant 1972 dollars, using
the Gross National Product Deflator Index, to avoid the effect of
inflation. The choice of a base year within the period under study may
have been desirable; however, 1972 was chosen as a base since much of
the data was taken from Sterling and Haight (1978), who reported their
figures in 1972 dollars, and who provided yearly deflator indices for

the 1972 base.

Formulation of Mathematical Models

The formulation of a mathematical model requires the reduction of
hypotheses about the operation of a system to a level of abstraction
which specifies model components, variables and parameters, and func-
tional relationships. Naylor et al. (1968, p. 29) declare the process

an art and suggest that it draws upon previous studies in the field, a

bit of intuition and trial and error approaches. A modular building-
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block approach was used in the model construction, which generated a

set of models describing the major subsectors of the system. These
subsectors were then synthesized into the general model.

Specific components and relationships among variables for each sub-
sector are discussed in detail in the second section of this chapter.
However, a word should be said about the number of variables in the
model and its complexity. Since this was a first, exploratory attempt
at building an intermedia model, an effort was made to 1imit both the
number of endogenous, or output, variables which would be examined in
the study and also the number of exogenous variables which determine
those outcomes. The number of variables in a model and its complexity
are direct]y related to programming time, computation time and validity.

In developing mathematical models of the various system components,
the potential difficulties outlined by Naylor et al. (1968, p. 32) were
borne in mind: first, certain types of variables which affect the system
may be impossible to quantify or measure, such as the influence of the
FCC or the participation of parent corporations in the operations of
their subsidiaries. Second, the number of variables to be considered
in a system may exceed available computer hardware. Most computers
have a 1imit on memory storage; too many variables could put a program
over this limit, although the CDC 6600 computer used for this study has
a large memory available. Third, some significant exogenous variables
may not be known. Fourth, some relationships between exogenous and
endogenous variables may not be known and may be impossible to obtain.
These difficulties were encountered in describing the FM radio and UHF
television subsystems, where a simple time variable was finally used to
generate the endogenous variables in the system, when no other endogenous

or exogenous variables were significant predictors. Fifth, in some
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cases the relationships between variables affecting the system may be so

complex that they are unable to be expressed in one or more mathematical
equations. This might be the case in the media system in attempting to

quantify cross-media ownership.

Estimation and Evaluation of Parameters

Ordinary least-squares regression routines, part of the Statistical
Package for the Social Sciences (SPSS) (Nie, Hull, Jenkins, Steinbrenner
& Bent, 1975) were used to estimate values of the parameters in the model
from the historical data collected. Assumptions made in generating in-
puts to the model were tested by subjecting the parameters and equations
to F-tests of statistical significance. The overall F-ratio for a
regression equation was examined for its significance in expressing a
relationship among variables, as was the square of the multiple regres-
sion coefficient (R-square) to determine the amount of variance
accounted for by the variables in the equation. Attempts were made to
choose equations which were significant at the .05 level and which
explained as much variance as possible. In addition, the significance
of each regression coefficient was examined to determine whether a
variable contributed to the ability to predict the behavior of the
system. Regression summaries for each equation in each subsector,
including R-square, overall F-ratios and the probabilities for signifi-

cance of individual coefficients, are presented in Appendix A.

Formulation of a Computer Program

The mathematical models describing the system were converted into
computer programs using Minnesota FORTRAN for the CDC computing system.
Subroutines which handled the generation of pseudorandom numbers and

stochastic variates, such as the Erlang family, were included. The
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model used 50000 octal words of core memory and required approximately

five seconds of central processing time.

Validation

The validation stage of the simulation attempted to prove the model
to be true, which implies a set of criteria to differentiate "true" from
"not true," and the ability to apply those criteria to the model. The
multi-stage verification procedure of Naylor and Finger (1967) was used,
which incorporates the methodologies of rationalism, empiricism and
positive economics, and implies that each of these approaches is neces-
sary, but not sufficient, for solving the problem of verification.

The first stage of the Naylor and Finger procedure calls for the
formulation of a set of postulates or hypotheses describing the behav-
ior of the system of interest. This set of postulates is formed from
the researcher's already acquired general knowledge of the system or
from her/his knowledge of other similar systems which have already been
successfully simulated -- the rationalist approach. The selection of
postulates includes the specification of components and the selection of
variables, as well as the formulation of functional relationships.

The second stage of the multi-stage verification process--that of
empiricism--calls for an attempt to verify the postulates on which the
model is based subject to the limitations of existing statistical tests.
Naylor and Finger suggest that postulates which cannot be falsified
empirically be retained "tentatively" as there is no reason to assume
they are invalid just because they cannot be tested.

The third stage of the procedure consists of testing the model's
ability to predict the behavior of the system under study--the positive

economics approach. Two alternatives are available to test the degree
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to which data generated by computer simulation models conform to observed

data--historical or retrospective, prediction and forecasting, or prospec-
tive, prediction. Retrospective prediction procedures were employed to
validate the model in this study.

From the many statistical techniques available to assess the good-
ness of fit of the model, such as chi-square or Pearson's product moment
correlation coefficient, Theil's (1961) Inequality Coefficient was cal-
culated to determine the degree of conformity of the time paths generated
by the computer simulation to the historical data. The coefficient U
provides an index which measures the degree to which a simulation model

provides retrospective predictions of observed historical data:

1 2
\ (A

v
NEEREE I

where P1,...,Pn are the predicted values

2

A],...,An the corresponding actual outcomes.
U varies between 0 and 1. If U equals 0, there are perfect predictions.
If U equals 1, the predictions are no better than random.

Theil's U avoids the need to categorize data required by chi-square
analysis. It is also more sensitive to the actual degree of association
between the simulated and historical time series than Pearson's product
moment correlation, which shows only the degree of linear relationship.
Also, the Inequality Coefficient, unlike the Pearson r, is not invariant
across additive transformations. The output for each endogenous vari-
able was considered valid when U assumed a value of 0.2 or below, a

1imit recommended by Theil.
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Description of the Model

Historical Perspective

Television was dramatically introduced to the public by David
Sarnoff, president of the Radio Corporation of America (RCA), during a
broadcast from the New York World's Fair on April 30, 1939. Four years
earlier, FM radio had been presented to the public by its inventor,
Edwin Armstrong, on April 26, 1935. These two new broadcast delivery
systems were to compete head-on for the support of the public, the
broadcasting industry, and the Federal Communications Commission (FCC),
while at the same time causing an upheaval in the worlds of AM radio and
magazines.

AM radio found itself hard hit by television, which replaced it as
a major source of entertainment and national advertising dollars. To
meet television's threat, radio sacrificed network advertising dollars,
and turned local, factual and musical. (Wood, 1971, p. 304) FM offered
competition for audiences, since it boasted clearer reception, but other
events were to lessen FM's impact on its AM relative. Newspapers were
not to feel the direct impact of the invasion of television, since their
advertising was mostly local in nature. In fact, 1945-1960 were prof-
itable years for newspapers, as the loss of daily newspapers in some
cities was offset by the successful starts of others. Hence, the number
of daily newspapers in this period remained fairly constant, although
when analyzed at a more microscopic level by city size, there were sig-
nificant changes in the industry. (See Sterling & Haight, 1978, p. 23)
Circulation remained even with population expansion through 1960 (Emery,
1972, p. 620), although the amount of time devoted to newspaper reading
dropped significantly as television gained its hold on the public. Mass

magazines, once the only medium to provide advertisers with national
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coverage, were bitterly conscious of television's presence in the media

world. To survive, they changed from a truly national mass medium to
more regional fare, to a more specialized editorial content altogether,
or to oblivion. Thirty-two of the 250 largest magazines between 1950
and 1960 either ceased publication or were merged into other magazines
(Rucker, 1968, p. 205). According to the Magazine Publishers
Association, 39 percent of its members in 1960 operated at losses and
another 25 percent had profits of less than 5 percent of revenue before
taxes. Most of this can be attributed to advertisers' shift to tele-
vision to reach the mass audience.

In itself, the structural reorganization of the mass media industry
caused by FM and television makes the period of great interest to media
historians and industrial analysts. World War II postponed the normal
growth of the industry until 1945, which marked a logical start to such
a study. A number of policy decisions by the FCC also affected the out-
come of growth in the period and are of interest to policymakers and
planners facing similar decisions today.

As FM radio and television developed, FCC commissioners reacted
to their growth in a series of policy decisions. In 1945, the Commission
issued a major spectrum frequency reallocation plan, which moved FM from
its established place in the spectrum (VHF band) to make room for tele-
vision. In 1948, as television applications flooded the Commission and
a variety of technical improvements and developments were suggested, the
FCC issued a freeze order to suspend all television licensing activity.
The freeze was lifted in 1952, by an order which added ultra-high fre-
quencies (UHF) for television use. From a policy standpoint, questions
have been raised regarding the frequency reallocation itself, the number

of channels actually designated for FM radio and television, and the
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reactionary approach typified by the freeze order. Variables in the

historical model built in this study were manipulated to represent
modi fications in the actual FCC decision-making in order to answer some

hypothetical questions asked of the period.

An Overview

MASSMOD has four principal components: (1) an advertiser sector;
(2) a print sector, composed of newspaper and magazine units; (3) a
consumer sector; and (4) a broadcast sector, with AM radio, FM radio,

VHF television and UHF television modules. (See Figure 2.) These four
sectors interact in a yearly cycle.

Key variables of interest in the system include the size of the
broadcast audiences and publication circulations; the number of broad-
cast stations and publications; the profits of broadcasters and publish-
ers; and the media expenditures of advertisers. Several key policy
variables, manipulated during the experimental runs described in Chapter
4, were important to the system: advertisers' external media expenditure
constraints and the number of broadcast frequencies available for assign-
ment. Exogenous variables which were included were the Gross National
Product (GNP), disposable income, population birth and death rates,
retail sales, number of AM receivers, and newsprint consumption.

The interaction of the sectors revolves around the functional
relationship among advertising expenditures on each medium, publication
and broadcasting profits, number of publications and broadcasting stations
and audience size. Advertiser expenditures, generated stochastically,
were based on audiences and number of media during the previous year.
These expenditures influence profitability, which in turn affects media

growth or decline, which ultimately affects audience size. This basic
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relationship varies somewhat from submedium to submedium, but essentially

describes the system and the linkages of its components. Each component

is detailed in the following sections.

The Print Sector

The print sector has two parallel components--newspapers and maga-
zZines. Due to limitations on the data available, the newspaper subsector
considered daily and Sunday newspapers only; the magazine subsector
included consumer and farm publications.

Newspaper Subsector. For each year t, the newspaper subsector

determines the number of daily and Sunday newspapers (NEWSNO); the
average yearly subscription cost for newspapers (NEWCOST); the total
yearly publishing costs (NPUBCST); annual revenue (NEWSREV) and earnings
(NEWEARN). Circulation figures (NEWSCIR) from the previous year t-1 are
passed to the subsector from the consumer sector, which in turn receives
the number of newspapers and newspaper subscription costs for year t
from the newspaper subsector. Total advertiser expenditures on news-
papers (TNEWBUY) for year t are supplied by the advertiser sector, which
uses the number of newspapers at t-1 in its calculations. The subsector
uses two exogenous system variables in its processing: GNP and yearly
newsprint consumption (NEWSPR). A block diagram of the subsystem is
presented in Figure 3; Table 1 contains a glossary of all variables
used in the subsector.

Real world data used to derive functional relationships within the
subsector were gathered from a variety of sources. The number of daily

and Sunday newspapers is based on data taken from the Ayer Directory of

Publications (Sterling & Haight, 1978, p. 22), which includes all publi-

cations serving a general circulation. The limitation of daily and
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TABLE 1

GLOSSARY
NEWSPAPER SUBSECTOR

U.S. Gross National Product
Total newspaper revenues for 1944;
millions of 1972 dollars

Annual average subscription
cost per person for newspapers

Total newspaper revenues;
millions of 1972 dollars

Total circulation of daily
newspapers (morning, evening)
Total circulation of newspapers
Number of daily newspapers,
morning and evening

Newsprint consumption; in

Sum of advertising revenue

and subscription revenue;
millions of 1972 dollars
Newspaper publishing costs, cost

of materials; millions of 1972

Total newspaper revenues from
newspaper purchases; millions

Variable Description
GNP
NEARNI
NEWCOST
NEWEARN
NEWSCIR
in thousands
NEWSCRI
for 1944
NEWSNO
NEWSPR
thousands of tons
NEWSREV
NPUBCST
dollars
NSUBREV
of 1972 dollars
TNEWBUY

Total advertising expenditures
on newspapers; millions of
1972 dollars

Source

Sterling & Haight,
pp. 111-112

Sterling & Haight,
p. 157

calculated
Sterling & Haight,
p. 157

Sterling & Haight,
p. 20

Sterling & Haight,
p. 20

Sterling & Haight,
p. 20

Historical Statis-
tics R 218-223

calculated

Census of Manufac-

tures 1963, 1972

Newspaper Adver-
tising Bureau,
1972, 1978

Advertising Age
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Sunday newspapers was imposed for two main reasons: figures were

available for numbers, circulation, costs and revenues for this cate-
gory; and, given the aggregate, national level of the model itself, the
daily/Sunday newspaper seemed the most prominent competitor of magazine,
radio and television. The newspaper audience is described in terms of
circulation figures obtained from census data, realizing that circula-
tion is a more accurate measure than individual readership, due to the
unreliability of pass-along readership reports.

Publishing costs are those reported in the Census of Manufactures;

it is difficult to determine from the census's categorization scheme
whether these are just for daily/Sunday papers or all newspapers, and
whether the costs include production and personnel expenditures or
merely production. Despite these uncertainties, the figures were the
only ones available. Subscription costs are based on an in-house report
by the Newspaper Advertising Bureau, estimating the annual expenditure
on weekday papers by consumers. Earnings are also based on Census of

Manufactures and annual Survey of Manufactures data, and are those

reported as total income (sale of advertising and newspapers) from
newspaper products only. (Sterling & Haight, 1978, p. 157) Many valu-
able and more precise breakdowns of information were initiated by
government and trade organizations after 1960.

Two feedback loops extend from the circulation variable. Circu-
lation at t-1, received from the consumer subsector, determines total
subscription revenue (NSUBREV) at t. In the simpler of the two loops,
circulation at t is a function of this total subscription revenue (in
actuality, annual subscription costs which is derived from the total
subscription revenue).

In the second loop, the total subscription revenue at t, when
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combined with advertising revenue, determines the total newspaper

revenue (NEWSREV) at t, which is related to total earning (NEWEARN) at
t. Total earnings at t in part determine the number of newspapers at
t+1 which influences newspaper circulation and begins the feedback loop
again.

Specifically, subscription revenues are a function of the circu-
lation at t-1:

NSUBREV(t)=540.2 + 0.018*NEWSCIR(t-1)
While this lagged relationship is indirect, it is required by the model
in order to make the interconnection of subsectors possible.

From this, the average annual subscription cost can be calculated,
mindful of the fact that circulations are reported in thousands in the
model and revenues in millions of dollars:

NEWCOST(t)=NSUBREV(t)/NEWSCIR(t-1)*1000

Total revenues are computed as the sum of subscriptions and
advertising expenses:

NEWSREV(t)=NSUBREV(t) + TNEWEUY(t)

Publishing costs are a function of the tons of newsprint consumed
in the production process:

NPUBCST(t)= -14021.34 + 1797.32*I1n(NEWSPR(t))
It has been suggested by Owen (1975, p. 36) that publication costs are
based on the circulation of the publication and that economies of scale
should exist in the production process. Since the high level of aggre-
gation of the model does not consider individual differences in circu-
lation and production costs, this relationship does not reach a level of
significance in a regression equation. Also, it would be much more
desirable to use the cost of newsprint for any given year in the rela-

tionship. Such figures for the time period under study for daily and
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Sunday newspapers were not available.

Newspaper earnings are the difference between revenues and
publishing costs:
NEWEARN(t)=NEWSREV(t) - NPUBCST(t)
The number of newspapers for year t is a function of the GNP and
newspaper earnings at t-1:

NEWSNO(t)=1505.27 + 61.59*1n(NEWEARN(t-1))
- 0.27*GNP(t)

Since newspaper earnings depend on advertising revenue and subscription
income, both of which depend on circulation, it should be noted that the
number of newspapers is determined (indirectly) by the interaction of
readers' (subscription income) and advertisers' (advertising revenue)
demands. (Owen, 1975, p. 34) Udell (1978) suggests that paper supply
is also a key determinant of number of newspapers; however, it was not
significant in the regression equation.

Magazine Subsector. The following variables are computed for year

t in the magazine subsector: number of general and farm magazines
(MAGNO), magazine publishing costs (MPUBCST), subscription revenues
(MSUBREV), total revenues (MAGREV), earnings (MAGEARN), and profits
(MAGPROF). GNP is an exogenous variable to the subsystem. Circulation
figures from the previous year t-1 (MAGCIRC) are passed from the consumer
sector, which receives the number of magazines at year t as subsequent
input. The advertiser sector supplies total media buys on magazines
(TMAGBUY) in year t as input; this calculation derives in part from the
number of magazines at t-1 passed from the magazine subsector. Figure
4 is a block diagram of the system; a glossary of subsector variables
is presented in Table 2.

Data from which the historical model was built were accumulated
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TABLE 2

GLOSSARY
MAGAZINE SUBSECTOR

U.S. Gross National Product
Magazine circulation, general
and farm; in thousands
Magazine circulation for 1944

Average subscription cost per
magazine per year; 1972

Total magazine revenues;
millions of 1972 dollars

Total number of general and

Magazine revenue, sum of adver-
tising revenue and subscription
revenue; millions of 1972

Total magazine earnings for 1944;
millions of 1972 dollars

Magazine publishing costs;
sum of materials, payroll, wages,
new capital; millions of 1972

Total magazine revenues from
subscriptions; millions of

Variable Description
GNP
MAGCIRC
MAGCIRI
MAGCOST

dollars
MAGEARN
MAGNO

farm magazines
MAGREV

dollars
MEARNI
MPUBCST

dollars
MSUBREV

1972 dollars
TMAGBUY

Total advertising expenditures
on magazines; millions of 1972
dollars

Source

Sterling & Haight,
pp. 111-112

Sterling & Haight,
pp. 342-343

Sterling & Haight,
pp. 342-343

Sterling & Haight,
p. 177
Sterling & Haight,
p. 170

Sterling & Haight,
p. 342

calculated

Sterling & Haight,
p. 170

Sterling & Haight,
p. 176

calculated

Advertising Age
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from several sources. Magazine circulation figures and number of

periodicals are those of the Magazine Publishers' Association (MPA) for
the total per-issue circulation of those general and farm magazines
audited by the Audit Bureau of Circulations (ABC). The figures include
the larger magazines of general appeal, as well as some smaller periodi-
cals that specialize in the farm market. (Sterling & Haight, 1978,

p. 34) It should be noted that membership in the ABC is voluntary, so
that changes in the circulation or the number of periodicals could be a
function of the periodicals audited by the ABC instead of changes in the
audience's general buying behavior.

Publishing costs are taken from the Census of Manufactures and

include materials, payroll, wages and new capital expenditures. Total

revenues are also based on Census of Manufactures data and describe

earnings from periodical products only, a distinction made by Sterling
and Haight to eliminate revenues received by magazine publishers from
other businesses, such as newspapers (1978, p. 170). Subscription costs
are the average annual library subscription price gathered from appro-

priate editions of The Bowker Annual, which utilized data from the

American Library Association. While the cost of magazines to libraries
may not represent the actual cost to the consumer, and also includes
more than general and farm magazines, these figures were the only such
subscription data available for the years under study.

One feedback loop operates in the magazine subsector. Magazine
circulation at t-1 influences publishing costs and subscription revenue
at time t; from this, magazine revenue at t is determined, which affects
the number of magazines at t+1, which in turn affects circulation.

Magazine publishing costs are a function of the GNP and lagged

magazine circulation:
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MPUBCST(t)=329.17 + 0.003*MAGCIRC(t-1)
+ 1.32*GNP(t)

Magazines use higher quality paper than newsprint, hence newsprint
supply is not included in the equation as it was in the newspaper sub-
sector. Paper supply and/or consumption figures for magazines are not
readily available, since the production operation of magazines is often
farmed out to independent printers who do not itemize nor report their
paper use.
The average annual subscription cost of magazines is derived from

the publishing cost:

MAGCOST(t)=5.56 + 0.001*MPUBCST(t)
From the calculation of the average subscription cost, total magazine
subscription revenue can be computed by multiplying the average cost by
the magazine circulation:

MSUBREV(t)=MAGCOST(t) * MAGCIRC(t-1)/1000
An adjustment is made to convert the result into millions of dollars.
While the circulation at time t would be a more appropriate value in
this equation, the sequence of the model requires that the preceding
year's figures be used instead.

Total magazine revenue should be the sum of subscription income

and advertising income:

MAGINC(t)=MSUBREV(t) + TMAGBUY(t)
However, this calculation did not correspond to revenue figures reported
by the industry, possibly because the revenue figures in the Census of

Manufactures are for all periodical products, while the model to this

point deals with general and farm magazines. Since it was not desir-
able to add additional variables to the model, the revenue figure

reported by the industry was regressed with the total income figure
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derived from the above equation to correct the anomoly:

MAGREV(t)=1073.93 + 0.58*(MSUBREV(t) + TMAGBUY(t))
Magazine earnings were computed as the difference between revenue and
expenses (publishing costs):
MAGEARN(t)=MAGREV(t) - MPUBCST(t)
The number of magazines at year t is a function of magazine
revenues during the previous year and the GNP at t:
MAGNO(t)=204.417 - 0.014*MAGREV(t-1) + 0.144*GNP(t)
Indirectly, the number of magazines reflects both consumer and advertiser
demands, since both subscription revenue and advertising revenue are

components of total magazine revenue.

The Broadcast Sector

The broadcast sector is represented by three modules in the model:
a radio subsector, which has parallel AM and FM components; a VHF
television subsector and a UHF television subsector. Because the model
is constructed at a highly aggregate level, the distinction between
network affiliated stations and independents, as well as the factor of
competition between stations in a market, was not considered.

The AM Subsector. For each year t, the AM radio subsector deter-

mines the number of commercial AM radio stations (AMNO); and the annual
expenses (AMEXP), revenues (AMREV) and earnings (AMEARN) for the
stations. The number of households with AM radios (AMHH) from the
previous year t-1 are passed to the subsector from the consumer sector;
this sector receives the number of AM 