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ABSTRACT 

A macro model for the balancing of the media budget, reach and frequency 

in marketing communications is presented. The model is solved for optimal 

policies under four distinct decision environment scenarios. The first scenario 

assumes that the media budget is given and the objective is to optimize the balance 

between reach and frequency. The second assumes that frequency is fixed and the 

objective is to select the optimal budget and the corresponding reach. In the third 

scenario it is assumed that management did not make prior commitments and the 

objective is, therefore, to optimize the media budget and the balance between 

reach and frequency. In the last scenario, the case of fixed reach with the objective 

of selecting the optimal budget and frequency levels is considered. Numerical 

examples are utilized throughout the discussion to demonstrate how the suggested 

model may be applied. 
• 

-

INTRODUCTION 

The goal of marketing communications is to influence the attitudes and/or 

purchase behavior of a targeted market segment. In advertising campaigns of a 

given media budget, two of the key factors that determine the degree to which 

this goal is attained are the media budget, the advertisements' reach and their 

frequency. Media budget is the sum allocated for the purchase of media space 

or time and does not include other non-media expenses. 
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Reach is the proportion of the targeted population that is exposed to a 
particular combination of media during a specific period [7, 20]. Defining reach 
as such, one refers to "effective" reach as the percent of target audiences reached 
at each effective level of advertising frequency [30; p. 34]. Finally, total reach 
is simply the number of people exposed to an advertising message at least once 
[2, 19]. In direct mail campaigns, reach is represented by a mailing list. In mass 
communications, reach is represented by the total unduplicated audience of all 
media employed. 

Frequency refers to the average number of times the targeted audience is 
exposed to the same advertisement during a specific period [7, 20]. However, one 
refers to "effective" frequency when various degrees of advertising repetition are 
more (or less) effective in communicating a brand's advertisement or selling that 
brand [30; p. 331. In other words, vehicle exposure is a "necessary but not 
sufficient" condition for advertising exposure, and effective frequency should be 
evaluated in terms of advertising exposures or communication effects rather than 
vehicle exposures [13]. A follow up study of [13] found that, in practice, most 
media plan evaluations inflate estimates of effective reach. This implies that when 
media schedules are evaluated based on effective reach, media vehicle audience 
ratings should be weighted [16]. The study makes the distinction between vehicle 
and advertising audiences clearer. The assumption that one media vehicle exposure 
equals one advertising exposure, simply does not hold [30; p. 361. Thus, a media 
planner should know the number of vehicle exposures that equals the number of 
advertising exposures. 

It has long been recognized that the media budget, reach and frequency 
interact in determining the effectiveness of an advertising campaign [1,2,4,6,8,12, 
19,21,26]. Specifically, since an advertisement can influence only those exposed 
to it, its effectiveness is a function of its reach. Likewise, it is generally accepted 
that the degree to which an individual is influenced by an advertising campaign 
is a function of the number of times s/he is exposed to the advertisements. 
However, given a fixed advertising budget, the only way to increase frequency 
is by reducing the corresponding reach; and conversely, the only way to increase 
reach is by decreasing frequency. Thus, in order to optimize the effectiveness of 
a media plan, the proper balance between the media budget, the advertisement's 
reach and frequency of exposure must be determined. 

Two distinct approaches may be taken in designing models for the 
communications problem outlined. First, one can take a micro approach. This 
approach considers each communication situation as unique, and accordingly, calls 
for the complete enumeration of all alternatives and their attributes; of all media, 
their costs and audiences in one case, and of all potential customers and the 
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potential sales to each customer in the other [28, 31]. Some technique is then used 
in the determination of a particular communication plan. Second, one can take 
a macro approach. Under this alternative the overall relationships among key 
variables and the implications of these relationships are of interest [32]. 

As might be expected, the macro approach is applicable in the determination 
of long range plans and in the design of communication policies. The micro 
approach may be better suited for short term operational decisions. 

Studies show, however, that there is a need for macro level models. A 1975 
study [29], indicated that only four percent of interviewed advertisers had indicated 
the use of quantitative models in setting their advertising budgets. That was due 
to the difficulty in obtaining the needed input for existing models. Similar 
observations were made with regard to industrial advertisers [18]. The importance 
of applying quantitative models in advertising budgeting is illustrated by more 
recent studies [15, 23]. Specifically, [23] found that a significantly greater 
percentage (51%) of advertising managers were using more sophisticated techniques 
in comparison to San Augustine and Foley's results [29]. In addition, Lancaster 
and Stern, in a more recent study [15], showed that 75% of surveyed consumer 
advertisers use computers in their advertising budgeting decisions, although they 
suggest that some (77% of respondents) improvement, or much (4%) improvement 
is needed in advertising budgeting planning methods currently used. They suggest 
that budgeting programs should be more accessible and user - friendly [15]. 

The purpose of this paper is, therefore, to suggest a macro model for the 
communication problem outlined previously and to show how this model facilitates 
the formation of media policies and the setting of advertising media budgets. 

ADVERTISING MEDIA MODELS 

Early models for media selection, such as linear programming, did not 
distinguish between reach and frequency, but considered instead the total number 
of exposures [8, 9]. Such formulations assume that reaching, say, twenty 
individuals once is as effective as reaching four individuals five times. This 
assumption has been rejected on both theoretical and empirical grounds [7, 8]. 
Recognizing the distinction between reach and frequency, Roth [26] suggested that 
media should be scheduled so as to maximize gross rating point (GRP), subject 
to minimum levels of reach and frequency. Since GRP is computed by multiplying 
reach by frequency, it provides a measure of total exposure without drawing a 
distinction between its two components. It is known that the early LP models 
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focused on measuring GRP's, although in a different context than the one utilized 
in this paper. GRP's are used by 89.4% of advertising agencies surveyed by 
Kreshel et al. [13]. Furthermore, this model does not suggest how the minimum 
levels of reach and frequency should be determined. Headen et al. [10] related 
TV advertising schedule variables to the attendant audience exposure pattern, 
developing a probabilistic model. The same researchers and Bearden [5], later used 
TV program ratings in a study of TV program exposure and attention. The study 
produced two equations for predicting attentive audience delivery of television 
advertising schedules. The study's important focus was on audience a t t e n t i o n 
to TV programs instead of audience exposure to ads. 

Frequency of exposure models were developed as well. Krugman [14] argued 
that three exposures to an ad are necessary in order for an individual to be 
effectively exposed to it. Krugman's and other researchers' models relied on the 
effective - reach criterion. This criterion, however, has a major drawback. Some 
individuals are exposed to the message an insufficient number of times and some 
are exposed to it an excessive number of times. As a result, allocation of 
advertising funds becomes ineffective. Extending the implications of this 
observation, one can conclude that the distribution of exposure frequency is an 
important variable for advertising managers to consider while budgeting the 
allocation of advertising expenditures. 

A multivariate extension of the beta distribution is known as the Dirichlet 
distribution. The use of this distribution allows exposure to various vehicles to 
be different, so relacing the population homogeneity assumption. Rust and Leone 
applied the mixed-media Dirichlet multinomial distribution model on television 
and magazines [28]. Their analysis indicated that different media effectiveness, 
types of response, and degrees of interaction between the two components of this 
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mixed-media schedule existed. Therefore, an integration of the media planning 
function, which will adequately model intermedia duplications between TV and 
magazine schedules, is suggested. Lackenby and Rice developed a network 
television exposure model which used single - insertion audience data as its only 
required input; the model is named the beta - binomial distribution - limited data 
model, BBD-LD [17]. That was found to produce the most accurate estimates 
of reach (average error 3.23%) and frequency (average error 18.77%) than both 
the beta binomial distribution indirect - estimation method and the univariate 
binomial model. 

MEDIA SELECTION MODELS 

The development of media selection models helps advertising managers select 
the optical media schedules subject to budget constraints and vehicles 
characteristics. Rust categorizes such models into three main categories: 
mathematical programming, simulation, and heuristics [27]. The most advanced 
of the media selection models employ advanced exposure estimation methods, 
efficient heuristic search routines, and easy to use decision support systems with 
advanced data base capabilities [27; p. 73]. These models call for a complete 
enumeration of all media to be considered and the attributes of each media in 
terms of its cost and audience. In these models, frequency is taken to be a variable 
which either directly or through intervening variables (e.g. through cumulative 
exposure level in the MEDIAC model [19]) influence the impact of advertisement 
inserts. A response function is, then, entered to indicate that the marginal impact 
of an advertisement decreases with the number of exposures [4, 19]. One should 
notice here that frequency is determined indirectly. Specifically, successive inserts 
in each medium are determined iteratively. A replication of an insert in a 
previously selected medium is treated as a new media option, albeit, with reduced 
effectiveness. Once the complete media budget is exhausted, the media schedule 
is complete and the average frequency can be computed [191. 

The main advantage of the models outlined is their ability to provide a short 
term solution to the communication scheduling problem in a specific application 
situation. Their main disadvantage is the need to provide a complete enumeration 
of discrete alternatives; of all available media and their attributes in one case, 
and of all potential customers and their attributes in the other. The objective of 
the model presented below is to formulate the macro relationship among reach, 
frequency and the media budget as determinants of profitability and to derive their 
optimum levels. The formulation contained herein is not in the spirit of LP 
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modeling, as that was previously discussed. For the sake of brevity the model is 
presented in terms of the mass media problem. 













Scenario 3: Budget and frequency unknown and subject to control 

Herein both F and Β are considered subject to control. The gain G is 

therefore considered a bivariate function. The easiest way to perform the bivariate 

optimization of this function is by means of conditional optimization. For the 

moment we will assume F continuous. We will obtain F*|B and insert that value 

into G thus reducing G to univariate function of Β only. The optimal value of 

Β is obtained from the univariate G (B) function. This unconditional optimal value 

of Β is then used to obtain the optimal value of F given the optimal value of 

B; this is noted F* |B* and thus we have the unconditional optimal values of Β 

and F. We then remove the continuity assumption on F and choose to examine 

the integer values in the neighborhood of F* previously found. When examining 

these integer values for G we calculate the associated values of B*/F from equation 

(11) calculate the gain and choose the maximum of the two gains. The associated 

values of Β and F for the maximum gain are the true optima as far as the 

necessary conditions are concerned. The values are checked for sufficiency 

by means of second order conditions although from the Figures it is apparent that 







DISCUSSION 

The model presented in this paper provides a macro approach to the 
communication scheduling problem. As shown in the previous section, calculus 
can be utilized in providing optimal solutions under four decision environments. 
The first case assumes that management has already decided on a media budget 
to be expended. The objective of the model is then to determine the optimal 
balance between reach and frequency, given the budget. In the second case, 
management has already fixed the frequency of exposure and the objective is to 
determine the optimal budget and resulting reach. In the third case, management 
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is open-minded with regard to budget, frequency and reach. In the fourth case, 
management had the objective of selecting the optimal budget and frequency, 
given a fixed level of reach. 

It should be emphasized that only the third alternative provides an 
unconstrained optimal solution. The other three provide optimal solutions 
conditional upon prior, non-optimal, decisions. It is therefore recommended that 
the third scenario be followed whenever feasible. 

The other three scenarios are provided in recognition of situations which often 
occur in practice. It is not uncommon to find a strict corporate - wide policy with 
regard to advertising budgets which is based on different logic than the one 
suggested; for example, setting advertising as a percentage of sales. Given such 
a policy, the first scenario provides guidelines with regard to targeted reach and 
frequency. It is also not uncommon to have an advertising agency requiring a 
certain level of frequency. This is often the case in the introduction of a new 
product, when it is felt that a minimum threshold level of exposure is needed for 
the creation of an initial impact. Under such conditions, the second scenario 
provides the optimal budget and the resulting reach - a similar case with Scenario 
4. 

The model presented is applicable at the early planning stages of an 
advertising campaign. It facilitates the setting of an advertising campaign. It 
facilitates the setting of a budget to be allocated later to particular media options. 
It also suggests the level of reach and frequency to be expected from the final 
media schedule. Details, such as audience duplications, and minimum budget 
allocations to media options, are not explicitly modeled. Since this is a macro 
model designed for policy rather than operational decisions, the omission of micro 
details is justified. It is, therefore, recommended that this model be used in 
conjunction with a micro model such as the one suggested by Little and Lodish 
[19] for media planning or by Lodish [20] for sales calls planning. If the reach 
and frequency of the resulted micro schedule widely diverge from those suggested 
by the macro model, one would suspect that either different response functions 
were employed to represent the effects of repetition, or that the reach equation, 
f2 ( . , . ) , does not adequately represent the attributes of the media options 
ultimately considered. In the first case, corrective action is obvious, since there 
is no reason to assume different functions at the macro and micro models. In 
the second case, one should check whether the media options selected come from 
media classes used in estimating the parameters of the reach equation in the macro 
model. 

• 
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The particular functional forms employed for the effects of frequency, and 
the extent of reach should not obscure the generality of the approach. These 
functions have been suggested previously by others and were found appropriate 
for the empirical data considered by the authors. Similar optimizations may be 
derived for the gain equation with other functions. If the mathematics gets to be 
too difficult to handle, numerical methods may be employed. 
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