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Abstract

In this article we have described developed approach to consumers deci—
sion making modeling. On the background of our model lie the theory of
psychophysical field and the concept of consumers bounded rationality. De—
veloped methodology overcomes limitations of neoclassical theory of con—
sumers choice. In our approach consumers are represented by premises
vectors. Cognitive processes are replaced with triangular norms and their
generalizations. In this article we took a closer look at the law of dimin—
ishing marginal utility. We applied it in an unconventional way: we look
at the information as we look at goods we consume. The source of such
information can be, for example, marketing communication. These data
is translated into premises influencing the decision. In this article we dis—
cuss iteratively repeated information processing properties. According to
our model’s theoretical assumptions, a consumer with bounded rationality
tends to simplify cognitive processes and make decisions with satisfactory
enough confidence. Therefore, the rule of diminishing marginal utility of
information should obey. We have investigated several t-conorms and their
properties. We have shown operators, which allow to model consumer be—
havior, including the law of diminishing marginal utility of information and
the concept of bounded rationality applied to multiple criteria decision mak—
ing.

Keywords: decision making, marketing communications, consumer, di—
minishing marginal utility.
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1 Introduction

Complexity of human behavior requires appropriate modeling framework. Deci—
sion making, as any other cognitive process, is conditioned by various stimuli and
difficult to catch cognitive phenomena. The amount of information, which hu—
mans receive and pass on is huge. Moreover, it is imprecise in its nature. We tend
to express our attitudes in a fuzzy and sometimes even contradictory way. Most
importantly, decision making, similarly as all cognitive processes, is bounded by
available knowledge and subject’s processing skills. Therefore, modeling human
behavior requires appropriate theoretical research on the background of decision
making, especially on psychology. There is plenty of good, thoroughly researched
mathematical tools, which might be applied to model decision making based on
imperfect information.

In this paper we focus on the properties of decision aggregation process for
the purpose of decision making. We research various operators and their suitabil—
ity to model realdife processes. The contextual background of this article lies
in iteratively repeated marketing communications, which is influencing the deci—
sion. We discuss how recurring appearance of motivational stimuli is reflected in
the decisions. We suggest operators, which allow to capture this process. Most
importantly, we introduce the concept of marginal utility of information.

This article is structured as follows. In section 2 discussed is theoretical re—
search on the background of human decision making processes. Presented are
both psychological and economic points of view. Explained is the concept of
Lewin’s field theory, the concept of bounded rationality and the law of dimin—
ishing marginal utility. Section 3 contains information on developed approach to
decision making modeling. Section 3.2 discusses mathematical models applied
in our model. Article contains also an extensive case study, where our model is
applied.

2 Theoretical background of consumers decision making

Decision making requires a multidimensional analysis. On its background lie psy—
chophysical motivational tensions that determine our actions. It is obvious, that
human beings even unstimulated by external factors would still be making plenty
decisions. This natural phenomena results from inbuilt conscious and subcon—
scious will. Decision making is a process, which is a consequence of our striving
to satisfy arising needs. Needs come into being, whether we want them (or like
them) or not. Therefore, decision making processes, which are natural implication
of our endeavors to needs satisfaction should be analyzed also at the most basic
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levels. Moreover, understanding processes, which result and influence decision
making is crucial, also from the point of view of economics. Needs satisfaction
can be translated directly into purchasing decisions. Doubtless, the knowledge
about psychology and patterns of it is priceless.

When we analyze a decision making process, we usually distinguish input
data, processes and the outcome. Plenty theoretical models, including Lewin’s
field theory, have been based on this decomposition, [6] [p. 240]. The first ele—
ment, which is input information, consists from all arguments that somehow may
consciously or unconsciously influence the decision. These are motivational stim—
uli, which can be for example attitudes, beliefs, and so forth. Input data can be
also called a set of premises. Processes performed on these arguments result in
the decision. Of course, one’s cognitive abilities determine the way of how we
conduct decision making. The differences in premises processing depend, for ex—
ample, on one’s psychographical portrait. We can divide our personality between
the part of emotional selves and reasonable selves. The combination of these two
entities describes our reasoning possibilities and characteristics. This, and many
other topics are core research problems of the psychology of purchasing.

Before we introduce the case study and describe our model, we would like to
discuss the concept of bounded rationality, introduced by H. A. Simon, for which
he was rewarded with a Nobel Prize in Economics in 1978. Simon is formally
justifying the necessity of individual and multidimensional approach to decision
making, which was also our goal, while we were building our model. Simon’s
bounded rationality concept proves that humans do not make decisions coher—
ently with mainstream economics theory of rational choice, [8] [p. 4]. H. A. Si—
mon assumes that subjects have bounded cognitive abilities. Various conditioning,
including environmental, mental and so forth determine and bound one’s ability
to gather and evaluate information. It implies that decision making process is a
subjective phenomena and decision maker acts not rationally. An objective and
rational decision does not exist. H. A. Simon states that humans tend to sim—
plify cognitive processes and make decisions with limited amount of premises.
Moreover, the decision criterion is imprecise. Humans make decisions that satisfy
them enough. What it implies —modeling decision making has to include imper—
fect information processing. In our approach we benefit from Simon’s theory of
bounded rationality.

If humans take irrational actions, the whole purpose of marketing communica—
tions starts to be really luxurious. Simon’s proof that humans cannot be objective
implies that it is thoroughly justified that skilful marketers may enforce (or in—
duce) certain purchasing actions. Therefore, extremely important is the analysis
of intentional influence on the decision making. It is a skill and an art, which
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have been practised in various shades of marketing communications. Marketing
communications is founded on a vast set of principles of how to plan and manage
all aspects of widely understood relations between the company, its products and
the market. It is a dialog between company and its environment, [2] [p. 4]. It
is a wider term than marketing, as its aspiration is to manage all aspects of rela—
tions that concern the company, including relations inside it. Marketing commu-—
nications most active phase —transmission may exert influence through product’s
properties, packaging (its design and quality), product’s and company’s image,
brand position and so forth [5] [p. 825]. Nevertheless, the most important factor,
also from the traditional understanding of marketing, is promotion, [5] [p. 142].
It is intentional communication through explicit advertising, but also through sub—
conscious messages, directed and constructed with specialist’s knowledge of hu—
man behavior. Messages constructed and transmitted through various channels
undergo a process of decoding. It is one of the most crucial aspects of market—
ing communication, which has been widely researched, and which is still being
of constant interest [1] [p. 94]. Consumer attacked with promotional messages
translates them into premises, which serve as input data for the decision making.
In this article we would like to present our approach to modeling a process of
decision making based on data received through marketing communications. We
aim at capturing properties of uniform information processing. The details of our
approach and methodology of constructed case study are given in sections 3 and
4.

Another very important concept, known from mainstream economics is mar—
ginal utility. It is the change of increase of satisfaction associated with consump—
tion. Buying an additional homogenous unit of one good influences the total sat—
isfaction taken from this good or service. As it turns out, marginal utility of each
(homogenous) unit decreases as the supply of units increases. The law of di—
minishing marginal utility is also called the first Gossen’s law. It is in fact very
intuitive property. Lets follow am example: we eat the first iceeream. It gives
us a lot of satisfaction. Second one as well, but satisfaction is slightly smaller,
because we already have eaten the first ice-eream. And so forth. At some point,
having another ice-eream would not give us any more satisfaction, it might even
give us a stomachache. The law of diminishing utility is illustrated on figure 1.

Figure 1 on the vertical axis contains information about the marginal utility
associated with the consumption of i-th unit of some good. We clearly see the
diminishing tendency described before.

Reception of repetitive communication (for example: promotional messages)
can be compared to consumption of information. Therefore, we propose to discuss
the phenomena of diminishing utility of information. In following chapters we
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Figure 1: The law of diminishing utility

describe developed approach to decision making and introduce a case study.

3 Developed approach to decision making

In this section we would like to describe our approach to decision making. It
is based on theoretical foundations described in section 2. While building our
model we were inspired by Lewin’s field theory and Simon’s concept of bounded
rationality.

We model a very basic level of decision making, which is a single decision.
We analyze a nonempty set of premises, input data that influence the decision. In
this article we want to analyze the most prime aspect of premises gathering, which
is the characteristics of uniform information processing.

3.1 Consumers’ decision making modeling

Consumers, for the purpose of our model, are described by premises vectors.
These constitute all information received and decoded that have any impact on the
decision. According to Simon’s perspective of consumer’s evaluation of reality,
we do not apply crisp logic. Humans perceive positive information as an attitude,
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which range from very strong through mildly strong and weak strong to neutral.
Analogically, negative information is also not perceived as a yes-no kind. Itis a
noncrisp evaluation of a particular information. Therefore, we apply fuzzy sets
to our model. As a result, consumers premises vectors, constitute of a countable
set of attitudes evaluated as numbers from the [—1, 1] interval. The stronger is the
absolute value of a premise, the more impact (negative or positive) it has on the
decision. A premise with importance equals to O means that the argument is not
influencing the decision. Premises, as was mentioned before, are all motivational
stimuli, which elicit, control and sustain certain behaviors. In theory (for example
in the mainstream economics) decision making can be based on an infinite amount
of information. In our model we assume that the amount of analyzed premises is
countable. It derives inter alia from the fact that humans tend to simplify cognitive
processes. This fact was also indirectly described by H. A. Simon.

Premises vectors are aggregated to a decision. In the case study of this article,
the aggregation operators, which we chose to investigate, are various t-eonorms.
Applied t-eonorms are described to greater detail in section 3.2.

In this paper we focus on properties of uniform information processing that is
a result of marketing communication. Consumer is bombarded with the same in—
formation. He decodes and processes it. Promotional message is translated into a
premise. Each time consumer considers the same premise (the same promotional
message) his evaluation of this premise remains unchanged. Hence, consumer’s
vectors are filled with homogeneous numbers. The goal is to observe the satura—
tion of the decision, when we aggregate multiple premises with the same strengths
using different operators. This corresponds to modeling the influence of repetitive
marketing communications. The new and unconventional idea, which we try to
investigate and research in this paper is that we look at the information as we look
at goods we consume. In particular, we want to test how applied t-econorms reflect
the law of diminishing marginal utility.

While we have been researching presented ideas, important questions have
risen: What impact has repetitive marketing communications on the decision?
Does the strength of the premise have any influence on the characteristics of pro—
cessing? Which operators allow to model desired phenomena most accurately?
We are giving answers to this questions in the case study in section 4.

3.2 Mathematical models for consumer decision making
modeling

We recall basic notions of fuzzy sets and generalization of fuzzy connectives max—
imum and minimum to triangular norms. We will be expressing fuzzy sets in the

72



form of membership functions. Namely, a fuzzy set A defined in the universe X
is a mapping p : X — [0,1] or pa x : X — [0,1] if the names of the set and the
universe should be explicitly stated.

The Zadeh’s model of fuzzy sets can be described as a system similar to set
theory (F'(X),U,N,—), where F'(X) denotes fuzzy sets over the universe X and
U, N, — denote union, intersection and complement. This system is clearly inter—
preted as ([0, 1]%, max, min, 1—), where [0, 1]X denotes all mappings from the
universe X into the unit interval [0, 1], i.e. the space of membership functions,
and max, min and 1— applied to membership functions implement union, inter—
section and complement. We do not pay attention to the interpretation of fuzzy
sets in terms of a lattice L.

Study of fuzzy sets system was enriched with triangular norms used in place
of the max and min operators. Note: max and min are triangular norms as well.

Triangular norms, i.e. t-norms and t-eonorms, are mappings from the unit
square [0, 1] x [0, 1] onto the unit interval [0, 1] satisfying axioms of associativity,
commutativity, monotonicity and boundary conditions (cf. [4, 7] for details), i.e.:

Definition 1 Triangular norms are mappings p : [0,1] x [0,1] — [0, 1], where p
stands for both t-norm and t-conorm, satisfying the following axioms:
1. p(a,p(b,c)) = p(p(a,b),c) associativity

2. p(a,b) = p(b,a) commutativity

3. p(a,b) < p(c,d) monotonicity
ifa<candb<d

4. t(1,a) = a fora € [0,1] boundary condition for t-norm
s(0,a) = a fora € [0,1] boundary condition for t-conorm

In this paper we use only t-econorms as agregators of premisses and launching
evaluation of a decision to be made.

The selected known t-conorms, which are used in this paper, are given in
Table 1. t-conorms are bounded by maximum t-conorm, i.e. for any t-conorm s
and any x,y € [0,1]:

max(z,y) < s(z,y) (1)

We focus our discussion on a special type of t-econorms called strict (contin—
uous and strictly monotone) generated by additive generators. Let f : [0,1] —
[0, +00] is a strictly increasing function such that f(0) = 0 and f(1) = o0,
then the function s : [0,1] x [0,1] — [0,1], s(a,b) = f~1(f(a) + f(b)) is a
t-conorm. The function f such that f(z) = tangent(m/2 x ) and f(1) = 400
for x € [0,1) is an example of additive generator of a strong t-conorms. Its in—
verse counterpart is defined by the formula f(z) = 2/7 * arctan(z) In case of
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Table 1: Selected triangular conorms

t-conorm

maximum max(x,y)

probabilistic o
sum r+y—zx-y
nilpotent max(z,y) ifx+y<1
maximum 1 otherwise
strong/tan s(e.w) = FN(F (@) + 7). () = aresin(z)
strong/arcsin s(z,y) = fHf(z) + f(y)), f(x) = tan(r/2 * x)

strong/arctanh s(z,y) = fHf(2) + f(y)), f(z) = arctanh(z)

generator’s codomain being a finite interval f : [0, 1] — [0, r], the pseudo inverse
is define as follows: f~!(min(r, f(z) + f(y)). An example of such the generator
is the mapping arcsin.

An extension of fuzzy sets called balanced fuzzy sets provides processing of
negative data. We recall that triangular norms of classical fuzzy sets are gener—
alized to balanced triangular norms, c.f. [3] for details. In our study we use bal—
anced t-eonorms. Focusing our discussion on strict (continuous and strictly mono—
tone) balanced t-eonorms generated by additive generators. Let f : [—1,1] —
[—00, 400] is a strictly increasing function such that f(—1) = —oo, f(0) = 0,
f(1) = +oo and f(a) + f(b) is in the range of f or is equal to —oo or to 400,
then the function S : [-1,1] x [~1,1] — [~1,1], S(a,b) = f~1(f(a) + f(b))
is a balanced t-eonorm. The function f such that f(x) = tangent(mw/2 * x) for
xz € (—1,1), f(—1) = —oo and f(1) = 400 is an example of additive generator
of a strong t-conorms. Its inverse counterpart is defined by the formula f(z) =
2/m % arctan(x) in the interval (—1,1). In case of generator’s codomain being
a finite interval f : [-1,1] — [—r, 7], the pseudo inverse is define as follows:
F~ M (min(r, f(z) + F(y)) for £(z) + f(y) = 0and £~ (max(r, f(x) + f(y))

for f(x) + f(y) < 0. An example of such the generator is the mapping arcsin.

4 Case study

In the case study we would like to discuss the decision making process based on
uniform premises. Analyzed examples represent a situation, when a consumer
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makes a decision based on a single message, but repeated multiple times. The
number of times, when the consumer records this message corresponds to the
amount of premises (forces influencing the decision) in premises vector. We as—
sume that his attitude towards received information does not change. Chosen
operators should process gathered data in appropriate way. Decision is calculated
using different t-econorms for six case study examples. Case studies A, B and C
are associated with the positive-only premises scenarios. There we apply 5 differ—
ent t-econorms. Case studies D, E and F concern consumers who recognized input
messages as information negatively influencing decision. There we apply different
3 t-conorms. We investigate how many arguments should be present in premises
vectors, in order to make decisions with a confidence satisfactory enough. We
assume, that consumer is content with his decision, when he is sure to at least 0.9
degree. Of course this threshold can be lowered.

We research following 6 case study examples: consumers named A —F. We
fill their premises vectors with desired numbers. The choice was performed ar—
bitrarily, so that we can observe, if the law of diminishing utility of information
is influenced by the strength of recognized input arguments. Premises vectors of
consumers A—F are placed below.

Case of consumer A —aggregating multiple premises with strong positive evalu—
ations, (vector Py).

P4 =10.80, 0.80, 0.80,..., 0.80, 0.80, 0.80, 0.80 ]

Case of consumer B —aggregating multiple premises with medium positive eval—
uations, (vector Pg).

Pg = [0.40, 0.40, 0.40, ..., 0.40, 0.40, 0.40, 0.40 ]

Case of consumer C —aggregating multiple premises with weak positive evalua—
tions, (vector Pp).

Pc =10.20, 0.20, 0.20,..., 0.20, 0.20, 0.20, 0.20 |

Case of consumer D —aggregating multiple premises with strong negative evalu—
ations, (vector Pp).

Pp =[—0.80, —0.80, —0.80,..., —0.80, —0.80, —0.80, —0.80 ]

Case of consumer E —aggregating multiple premises with medium negative eval—
uations, (vector Pg).

Pr =[-0.40, —0.40, —0.40,..., —0.40, —0.40, —0.40, —0.40 |

Case of consumer F —aggregating multiple premises with weak negative evalua—
tions, (vector Pr).
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Pp =[-0.20, —0.20, —0.20,..., —0.20, —0.20, —0.20, —0.20 |

To the combinations of premises present above we apply t-conorms described
in section 3.2. For the cases of consumers A-C, who have recognized positive
premises only, we apply following operators:

e maximum,

probabilistic sum,
e nilpotent t-conorm,
e t-conorm generated with arcsine generating function,

e t-conorm generated with tangent (7/2) generating function.

In case study examples D-F we discuss t-econorms generated with both arcsine
and tangent (7/2) plus one additional t-eonorm: generated with arc tangent hy—
perbolic. We do not consider t-conorm generated with arc tangent hyperbolic
for cases A-C, because results are coherent with results obtained with other t—
conorms. Adding one more t-conorm for cases A-C would make plots less read—
able and we would not gain much more insight in explaining consumer behavior.

On the plots (in Figures: 2 —7) placed in this section we are presenting paired
plots:

e top plot: the decision obtained after i-th iteration of promotional message,

e bottom plot: marginal utility of passed promotional message for given con—
sumer.

Decision for consumer A (placed in Figure 2), whose all premises were strong
positive, saturate very fast to a strong positive, even certain positive one. For t—
conorm generated with tangent function the decision will never reach 1, but it
rapidly saturates to a value close to 1. For arcsine it reaches 1. In both cases we
need less than 4 iterations (in the most pessimistic case of tangent) to reach the
value of the decision greater than 0.9. For probabilistic sum the decision reaches
1 after two repetitions of promotional message. The initial steepness of the bot—
tom plot for consumer A indicates that marginal utility of information decreases
quickly for probabilistic sum and t-eonorms generated with functions arcsine and
tangent. It almost immediately reaches O (or value very very close to 0) and does
not change, no matter how many times we repeat the promotional message.

Two operators behave differently. These are: nilpotent t-eonorm and maxi—
mum. Decisions obtained for consumer A with these two functions do not change
at all, independently of how many times we repeat promotional message. In these
two cases the law of diminishing utility is not functioning. Therefore these two
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operators prove to be not suitable to model desired properties for the case of a
consumer with strong positive premises.

In Figure 3 placed are plots describing decisions and marginal utility of infor—
mation consumed by B.

Decisions obtained for B, whose all premises were medium positive also sat—
urate to 1. The tempo of this process is slower, than in the case of consumer A.
Good properties, compliant with the theory of bounded rationality and the law of
diminishing marginal utility, are associated with t-conorms generated by arcsine
and rangent. In these two cases the marginal utility always declines. The deci—
sion rapidly saturates to 1 or values very close to it. Similarly as before, tangent
saturates slower than arcsine. Decisions obtained with these two t-€onorms are
satisfactory enough for consumer B to make the decision quickly. It is accordant
with H. A. Simon’s understanding of human cognitive processes. Also satisfac—
tory are results obtained with probabilistic sum. In this case, the decision after 8
iterations reaches 1 and does not change.

Substantially different is the behavior of maximum and nilpotent maximum
t-eonorms. In the case of maximum the decision never changes from the initial
0.4, which is the value of all premises in Pp. Therefore, the law of diminishing
marginal utility is not incorporated in this operator. For nilpotent maximum t—
conorm, the decision after 2 repetitions of promotional message reaches the value
of 0.4 and then never changes, no matter how many times we will repeat that
message. It corresponds to a situation, when we can convince somebody to some
extent (to some threshold level) that he needs a particular commodity or a service.
Consumers cognitive abilities block further reception of promotional messages
and we cannot influence him any more.

Figure 4 contains graphical description of decision making process based on
uniform premises for consumer C. His all premises are weak positive.

As we have expected, the saturation of decision happens significantly slower
than in the case of consumer A and B. When we aggregate the decision with t—
conorm generated with fangent the saturation is the slowest. After 18 iterations we
receive the decision equal to 0.89. This characteristics of information aggregation
is highly desired. Consumer C is weakly positive about some feature, about which
he is informed through an advertising channel. Constant and repeated campaigns
slowly convince him more and more about the product. In order to make his deci—
sion relatively strong positive, it is required to repeat the advertisement multiple
times. Similar behavior, but with faster saturation applies to t-conorm generated
with arcsine and to probabilistic sum. According to Simon’s theory of bounded
rationality, it is unlikely that C will buy advertised product. Humans tend to sim—
plify cognitive processes and make decisions on as limited amount of premises
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Figure 2: Case of P4 —graphical description

78



Figure 3: Case of Pp —graphical description
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as possible. Moreover, the criterion for the decision has to be strong enough. It
means, that we do not require to be certain about something for example to buy
it. If we join these two observations and apply it to consumer C, we have to admit
that the decision, whether he will buy the product depends on the threshold that is
required for him to make up his mind.

Maximum and nilpotent maximum behaviors are similar as they were in the
case of consumer A and B. Maximum is not suitable to model consumer behavior,
as for aggregation of uniform data it computes always a constant number —the
value of aggregated premise. In the case of consumer C it is 0.2. Nilpotent maxi—
mum, on the other hand, reflects the law of diminishing utility. The saturation (in
the case analyzed in the P vector) happens only to the value of premises in the
vector.

We see that for uniform mild and weak evaluations consumer have to make
decision with greater amount of premises. Marketing communications involves
careful campaign planning, including its finances. Therefore, modeling these as—
pects is highly justified. We see, that for some consumers, which can be described
by nilpotent maximum t-conorm, putting greater financial efforts and repeating
advertisements does not bring desired effects. Some consumers, after reaching a
threshold may not be susceptible to more stimuli.

Next, we discuss decisions obtained for consumers D-F, whose premises vec—
tors contain negative information. In these cases we apply different operators,
who are fitted also to the negative domain. These are:

e t-conorm generated with arcsine(x) generating function,
e t-conorm generated with tan(m/2 x ) generating function,

e tconorm generated with arctangent hyperbolic (arctanh(z)) generating
function.

In Figure 5 we place plots of the decision and marginal utility of information
obtained for D after i-th iteration of promotional message.

Consumer D has evaluated premises influence on the decision about the pur—
chase of a particular service or commodity as a strong negative one (equal to -0.8).
Decisions for consumer D quickly saturate to values very close to <. In this case,
what came as no surprise, consumer is very quickly able to make a decision. He
is certain enough that he is not buying this product or service. In the cases of
all three operators, which we have applied, consumer D after only 2 iterations
achieves a decision with its absolute value greater than 0.9. Applied operators
allow almost immediately to make a decision with a confidence level that satisfies
the consumer.
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Figure 4: Case of P —graphical description
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Figure 5: Case of Pp —graphical description
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Figure 6: Case of Pg —graphical description
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Figure 7: Case of Pr —graphical description
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On the bottom plot in Figure 5 we observe that absolute changes of marginal
utility of information for the case of consumer D are diminishing. Analogically
as in the cases of A-C, the law described in section 2 obliges.

Figure 6 contains graphical description of the case of consumer E.

On the top plot of Figure 6 we clearly see that all negative decisions after less
than 10 iterations are stronger than 0.9 (decision’s absolute value is greater than
0.9). Tangent t-conorm generating function’s slope steepness is most mild. There—
fore, the decision is stronger than 0.9 (decision’s absolute value is greater than
0.9) after 9 iterations. Generating functions with different properties (arcsine and
arc tangent hyperbolic) achieve the same result after only 4 repetitions of premise
aggregation. Choosing the right function to model desired behaviors requires the
knowledge about subject’s psychographical description (susceptibility to external
stimuli). More steep generating functions correspond to the cases, when consumer
behavior changes more rapidly. Eagerness and even volatility of preferences can
be easily exploited by marketers.

As in the previous cases, marginal utility (deltas of utility) are decreasing as
the consumption of information progresses. For the first time, when a consumer
hears advertisement it negatively influences the decision to the greatest extent.
Later we may say that he becomes more and more immune to the promotional
message, with which he is being attacked. Even though received stimuli is evalu—
ated with the same strength, its influence on the decision declines with each itera—
tion of aggregation. Deltas of the marginal utility tend to 0. For ran(7/2 * x) and
arctanh(x) they will never reach 0. It is because these two generating functions
are asymptotic to - (and 1).

Figure 7 represents the last case study example —consumer F. His premises
are weak negative (all are equal to -0.2).

Analogically to previously discussed cases, weak negative arguments after ap—
propriate amount of iterations saturate and achieve values close to -1. Comparing
consumer F with D, the tempo of this process is significantly slower. t-conorms
generated with arcsine and arc tangent hyperbolic behave almost identically. Af—
ter 8 iterations of aggregations procedure the decision reaches -0.9. It corresponds
to a strong enough confidence level assuring us that F will not buy advertised prod—
uct. If we apply tangent t-conorm generating function, we will have to repeat the
procedure of aggregation 11 times. We see that someone, whose attitude towards
analyzed premise is weakly negative, would not be that rapid to make strong neg—
ative decision. Nevertheless, the behavior is nondecreasing, so the decision based
on analyzed vector Pr will never become positive. In order to apply the rule of
bounded rationality, we would have to take a closer look at the threshold required
by F to make a confident decision. Moreover, we would have to take into account
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the fact, that consumers do not want to analyze too many arguments to make a
decision.

By analogy to previous examples, the weakness of premises is not interfering
with the law of diminishing marginal utility. We observe that the change of impact
of each next premise declines constantly.

5 Conclusions

There is a variety of well known triangular norms, which are suitable to model
decision making. In the article we have investigated the application of triangular
norms and their generalizations to modeling the influence of uniform premises
on the decision. Such situation may happen, for example, when a consumer is
influenced by marketing communications. Chosen operators allow to describe
various psychographical types of consumers. We have shown, that initial attitude
determines the tempo of decision saturation. It means, that the stronger is the
content of premises vector, the less arguments we need to make a decision with
a confidence level that satisfies the consumer. We can apply suggested modeling
approach to marketing communications research. We can investigate the relation
between the number of promotional messages targeted to consumers and their
efficiency. What it implies, we can use this approach to determine how costly it is
to convince people with different susceptibility to external influence to buy certain
product.

Most important concept introduced in this article is the diminishing marginal
utility of information. This is a property, conventionally analyzed in the context
of commodities consumption. Here, we apply it to marketing communications
messages. The new and unconventional concept, which we have investigated in
this paper is that we look at the information as we look at goods we consume.
We treat information (for example advertisement) sent to consumer as consumed
service. Humans act according to the rule of bounded rationality. This implies,
that our cognitive processing of input arguments undergoes this law. The marginal
utility of information decreases, while we listen to next iterations of promotional
message. It is a property hidden in cognitive processes, which can be reflected
with applied operators. In the article analyzed were 6 case study examples, where
we have illustrated concepts briefly concluded here.

We have analyzed several triangular norms and balanced norms. As it turns
out, maximum is not suitable to model consumers behavior. It does not allow
to include the phenomena of diminishing marginal utility of information. Very
interesting behavior is observed for nilpotent maximum t-eonorm. It reflects the
law of diminishing utility. Unfortunately, this operator is also not well suited to
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model decision making. In the case of uniform premises aggregation, nilpotent
maximum does not allow the decision to saturate to values higher than the value
of premises. Without the property of decision strengthening with each next itera—
tion of aggregation, the output is not saturating to values high enough to allow to
make a decision. It reflects the phenomena of information blockage. Aggregating
with nilpotent maximum describes an effect of immunity to marketing communi—
cations, which is very rarely observed in real life. Probabilistic sum and t-conorms
generated with various generating functions (in this paper we analyzed tangent,
arc sinus and arc tangent hyperbolic) are satisfactory. These operators both in—
clude the law of diminishing marginal utility and allow us to model behavior of a
consumer with bounded rationality.
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