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Preferences" is a key concept in economic theory. However, economics has yet not achieved to explain the origin of preferences. Preferences originating means endogenous preferences. The Signal-Preference Model (SPM) provides a new algorithm for modeling endogenous preferences using the empirical result of communications research. This paper examines how the SPM performs in the framework of economic decision theory. The results of the SPM are compared with Expected Utility Theory, Bayesian learning and Prospect Theory. Surprisingly, the performance of the SPM in this field indicates that this holistic preference model seamlessly fits into microeconomics and decision theory.

Preferences and Economic Decision Theory

A main concept of economic theory is the differentiation between preferences and restrictions. Kirchgässner (2008, p.12) described this concept. "In a given situation the restrictions limit the individual's leeway of action.… Within this leeway, there are various alternatives of acting which are available and from which the individual can choose…According to these preferences, the individual assesses the various alternatives at his disposal, he weighs up the pros and cons, the costs and benefits of the alternatives against each other and finally chooses that (those) alternative(s) which come(s) closest to his preferences or which promise(s) to bring about the maximum net benefit."

However, the origin of the preferences is vague. Kirchgässner (2008, p.12) explained where preferences origin. "The preferences are derived from the intentions of the individual, they reflect the individual's ideas of value as they have been developed during the process of socialization, and they are principally independent of the actual possibilities of action." This thought raises questions: (1) How do preferences accrue during the socialization? (2) When does the socialization end? (3) Can preferences change after the process of socialization has ended? Or, (4) Is each child is born with an unchangeable grid of preferences?

There is little research in economics to clarify the conundrum of the origin of preferences. There is work by Krackhardt (1998) and [START_REF] Jenöffy-Lochau | Medien, Propaganda und Public Choice[END_REF], 2012, 2013[START_REF] Jenöffy-Lochau | The Origin of Preferences, Economic Decision Theory and Yaari[END_REF].

On the other hand, there is a huge literature in communications research how "opinions" form. There are countless empirical studies that examine how "signals" influence the "opinions" of "recipients." "Credibility" is an important variable. It is the opinion of the author that the different wording should scholars not prevent from looking and the results of the research.

Economic Decision Theory

Economic decision theory also links information to preferences. Von [START_REF] Von Neumann | The Theory of Games and Economic Behavior[END_REF] developed the concept of expected utilities. The basic model assumes that the preferences of individuals for alternatives depend on "states" and "probability of states." In the basic model, a state is a financial outcome that is assigned a probability. New information may alter this probability. The preferences of the individual are stable. The individual generally acts rationally and decides in favor of the alternative with the highest expected utility.

Bayes' Theorem [START_REF] Savage | The Foundation of Statistics[END_REF] is an endogenous way of depicting new information in an expected utility function. A signal can alter a "prior probability" before receiving the signal to a "posterior probability" after receiving the signal. The evaluation of the influence of a signal on the preferences of an individual needs exogenous given conditional probabilities of a signal given a state. Several subsequent studies found that individuals followed Baysian patterns (DeAngelo and Charness, 2009;[START_REF] Sloan | Deterring Re-arrests for Drinking and Driving[END_REF][START_REF] Sloan | Deterring Domestic Violence: Do Criminal Sanctions Reduce Repeat Offenses[END_REF]. Other studies focusing on ambiguity didn't find this pattern [START_REF] Poinas | Updating Beliefs with Imperfect Signals: Experimental Evidence[END_REF]Roussillon, 2012, andBaillon, Cabantous andWakker, 2012).

Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] developed Prospect Theory. This theory analyses "paradoxes" of Expected Utility Theory. Kahneman and Tversky work with an "editing phase" and an "evaluation phase." Individuals attach subjective "values" to the alternatives. These values determine the decision the individual makes, not the pure "consequence" of the alternative. There are several competing similar models by [START_REF] Chew | A Generalization of the Quasilinear Mean With Applications to the Measurement of Income Inequality and Decision Theory Resolving The Allais Paradox[END_REF], [START_REF] Machina | Expected Utility' Analysis Without the Independence Axiom[END_REF], [START_REF] Quiggin | A Theory of Anticipated Utility[END_REF] and Tversky and Kahneman (1992). Recently, [START_REF] Blavatskyy | Preference Reversals and Probablistic Decisions[END_REF] and [START_REF] Lindsay | The Arguments of Utility: Preference Reversals in Expected Utility of Income Models[END_REF] examined "preference reversals" in those models. Kahneman and Tversky measured a value function as being concave above a reference point and convex below. Several subsequent papers analyzed references points. [START_REF] Kőszegi | A Model of Reference-Dependent Preferences[END_REF] modeled endogenous reference points. [START_REF] Park | Loss Aversion and Consumption Plan with Stochastic Reference Points[END_REF] modeled the influence of reference points on consumption. Yaari (1987) developed Dual Theory. He transformed outcomes of decision problems into a [0,1] interval resulting in different axioms in comparison to Expected Utility Theory. [START_REF] Bikhchandani | A Theory of Fads, Fashion, Custom, and Cultural Change as Information Cascades[END_REF] and [START_REF] Banerjee | A Simple Model of Herd Behavior[END_REF] worked with signals in their models of information cascades and herd behavior. They are on the verge of disconnecting information that signals transfer from "states" and "probabilities of states." [START_REF] Viscusi | Risky Investment Decisions: How are Individuals Influenced by Their Groups[END_REF] measured that "groups" influence behavior even if people have full knowledge of probabilities and payoffs.

Empirical Results in Communications Research

As mentioned above, there are numerous empirical studies by communications researchers that analyzed the role of information in decision-making processes. [START_REF] Hovland | The Influence of Source Credibility on Communication Effectiveness[END_REF] concluded that credible information changed the decision of 23% of the individuals. Higher credible information is higher likely to change a decision than less credible infirmation. Whittaker (1964) examined that the "distance" between a new information and existing preferences determines whether a decision is reversed by an individual ("cognitive dissonance," "boomerang effect"). Freedman (1964) conducted experiments with "high-involvement" and "low-involvement" decisions. Under low involvement, he found greater changes in decisionmaking after the exposure to new information. [START_REF] Bochner | Communicator Discrepancy, Source Credibility, and Opinion Change[END_REF] conducted experiments on the credibility of new information. Highly credible information (a "Nobel prize winner"), changed decisions linearly. [START_REF] Laroche | A Model of Attitude Change in Groups Following A Persuasive Communication: An Attempt at Formalizing Research Findings[END_REF] structured the findings of various experiments and identified several variables, e.g., credibility. The concept of credibility goes back to Aristotle [START_REF] Rapp | Aristotle's Rhetoric[END_REF]. Several authors found an impact of food advertisements on the eating behavior of children (Viner and Cole, 2005;Beaudoin et al., 2007;[START_REF] Dixon | The Effects of Television Advertisements for Junk Food Versus Nutritious Food in Children's Food Attitudes and Preferences[END_REF][START_REF] Halford | Beyondbrand effect of Television (TV) food advertisements / commercials on calorie intake and food choice of 5-7-year-old children[END_REF]Zimmerman and Bell, 2010;[START_REF] Boyland | Television Advertising and Branding: Effects on Eating Behavior and Food Preferences in Children[END_REF][START_REF] Boyland | Television Advertising and Branding: Effects on Eating Behavior and Food Preferences in Children[END_REF]. The fact that information and credibility of information influences behavior is common knowledge in Communications research. "States" or "probabilities of states" are not used in this empirical research.

Useful Critics

In advocating for a holistic model of preference formation, Hausman (2012, p.118) identifies four sources of preferences. (1) Means-end reasoning, (2) attribute-based valuation, (3) emotional influence, and (4) physiological needs. He attributes the first two sources to economics and the latter two to psychology. According to Hausman, "means-end reasoning," which is basically economic decision theory as described above, is only one of four possible sources of preferences.

Insofar as it analyzes lotteries, Expected Utility Theory, Bayesian learning, Prospect Theory and Dual Theory deal with relatively rare cases that do not occur so frequently in "real life." This has triggered criticism, e.g., by Machina and Taleb. "Outside the gambling hall most economic decisions…are defined in terms of uncertain events rather than numerical probabilities" (Machina, 2003, p.25). [START_REF] Taleb | The Black Swan[END_REF] created the concept of the "Black Swan" as an allegory for unexpected events. How prevalent would be advertisement that contained information about lottery choices or probabilities of states? In business, individuals usually receive information that contains an information value. Credibility of information is a crucial variable.

The Signal-Preference Model of Endogenous Preferences Explaining the Origin of Preferences

These above critics, the intention of explaining the origin of preferences, and the countless empirical results of communications research lead to a radical new model of preferences.

The Signal-Preference Model (SPM) models preferences based on Hausman's four sources creating a broader model of preference formation. The SPM goes back to [START_REF] Jenöffy-Lochau | Medien, Propaganda und Public Choice[END_REF], 2012, 2013) and further develops the models of Bikhchandani et al. and Banerjee. There are two basic methodological differences. First, the model does not work with "states." Second, the model does not work with "probabilities of states." Instead, it uses the information value of a signal and the credibility of the signals. Preferences are the aggregated information received in past periods. I define the variables as it follows:

Definition 1: A "signal" is the transmission of exactly one information from a source of the signal to an individual.

Definition 2: All information is located between 0 and 1.

Definition 3: The "information value" of a signal describes the location of the signal an interval between 0 to 1. The information value of a signal is named ω.

Definition 4: The "credibility" of a signal describes whether the "information value" of the signal is believed to be true by the individual who receives the signal. The credibility of a signal is named γ.

Including the credibility of the signals, the SPM makes the following assumptions.

There 

𝜔 𝛾 = .5 * ( 1 -𝛾 ) (1) Equation 2 defines the preference function PI of an individual with N ∈ N, ω ∈ [0,1], PI ∈ [0,1], |γ| ∈ [0,1], 𝛾̅ ∈ [0,1], 𝛾̅ ∈ [-1,0] and Nπ1 ∈ N, Nπ2 ∈ N. 𝑃 = 1 𝑁 . 5 * 1 -𝛾 = 𝑁 * .5 * (1 -𝛾̅ ) + 𝑁 * .5 * (1 -𝛾̅ ) 𝑁 (2)
It is ≤ 0; ≥ 0; ≤ 0 and ≤ 0. Ω1 is the number of new signals of the type π1 that causes a swing from Alternative 2 to Alternative 1.

𝛺 > 𝑁 -𝑁 𝛾̅ (3) 𝛺 > 𝑁 -𝑁 -𝛾̅ (4)
Ω2 is the number of new signals of the type π2 that causes a swing from Alternative 1 to Alternative 2. 

𝑃 (𝛾̅ ) = 0. For Nπ2 > Nπ1 and |𝛾 | > |𝛾 | there is lim → 𝑃 (𝛾̅ ) = 1. If |𝛾 | > |𝛾 | there is lim ( )→ 𝑃 (𝑁 -𝑁 ) = 0. If |𝛾 | > |𝛾 | there is lim ( )→ 𝑃 (𝑁 -𝑁 ) = 1.

Transformation of the Outcomes into the Preference Interval

Lotteries generally work with outcomes Xj. There are normally few restrictions on these outcomes, so Xj ∈ R. The SPM, as developed above, works in the [0,1] interval of preferences (Equation 2). When outcomes are received that are outside [0,1], they are transformed into this interval. Dual Theory by Yaari (1987) worked with this method. Yaari transformed outcomes of lotteries so as to fit them into [0,1]. In order to scale the outcomes into the [0,1] interval, the outcomes Xj are transformed into ωj. 

𝜔 = ⎩ ⎪ ⎨ ⎪ ⎧ .5 - 𝛾 * 𝑋 2 * max 𝑋 𝑖𝑓 𝑋 𝑋 ≥ 𝜉 .5 - 𝛾 2 𝑖𝑓 𝑋 𝑋 < 𝜉 (6)
2 Other 𝑓 𝑋 tested were

𝜔 = 0.5 + 𝛾 2 - 𝛾 * 𝑋 max 𝑋 (6𝑎) 𝜔 = ⎩ ⎪ ⎨ ⎪ ⎧ 0.5 - 𝛾 2 * 1 - 𝑋 max 𝑋 𝑖𝑓 𝑋 ≠ 0 0.5 - 𝛾 2 * 1 + 𝑋 max 𝑋 𝑖𝑓 𝑋 = 0 (6𝑏) 𝜔 = 0.5 + 𝛾 2 -𝛾 * l ( 𝑋 𝑋 )² (6𝑐)
In order to measure the performance of the SPM, I use the probabilities of states (pj) provided by the lotteries as credibility of the information value of the signals (γj). To do so, I use Equation 6with p1, p2 ∈ [0,1] and 𝛾 ∈ [0,1]. There is

𝛾 = 𝑝 𝑓𝑜𝑟 𝑠𝑖𝑔𝑛𝑎𝑙𝑠 𝑜𝑓 𝑡𝑦𝑝𝑒 𝜋 -𝑝 𝑓𝑜𝑟 𝑠𝑖𝑔𝑛𝑎𝑙𝑠 𝑜𝑓 𝑡𝑦𝑝𝑒 𝜋 (7)
Figure 1 depicts the ωj depending on γj depending on Equation 6.

Figure 1: ωj Depending on γj (Equation 6)

In Figure 1, ω(γj│Xj/Xmax = 1) = ω(γj│Xj/Xmax = 0) whereas for (Xj/Xmax) ≠ 0, there is

lim ( / )→ 𝜔 γ │ 𝑋 𝑋 = .5 (8)
A reference point is ξ. For Xj/Xmax ≥ ξ, the individual assumes the outcome is a "win." For Xj/Xmax < ξ, the outcome is regarded as a "loss." If there is no other description, there is ξ = 0. When the individual processes the signal, he or she determines ("framing") whether the outcome is a "win" or a "lose." The information value of the signal depends upon this. If the outcome is "win," the sign of γ is positive. If the outcome is "lose" the sign of γ is negative. This is in addition to the sign that γ has anyway, which is positive for π1 and negative for π2. Whether an outcome is "win" or "lose" depends on the other outcomes of the lottery. An outcome ".001" can be "lose" if all other outcomes are, e.g., "1." If ".001" is the maximum outcome, it may be "win."

The outcome may be "lose" if it is below a safe outcome for the other alternative. Signals are only processed if they deliver new information. 2) can be used The Expected Utility Theory leads to Equation 10. The SPM leads to Equation 10a. For symmetric choices and Xj > ξ Equation 10 equals Equation 10a. Equation 9 is a specific form of the SPM with the additional assumption that the credibility of the signals sums up to 1 (Equation 11).

0 1/4 1/2 3/4 1 -1 -1/2 0 1/2 1 ω j γ j ω(γj|Xj/
again with N ∈ N 0 , 𝜔 ∈ [0,1], PI ∈ [0,1] and Nπ1 + Nπ2 = N. Nπ1 ∈ N 0 . Nπ2 ∈ N 0 .

γ = 1 (11)

This implies that there are no contradictory signals. Thus, probabilities of states are special forms of the credibility of signals depending on an exogenous situation instead of a possible untruthfulness of the emitter. The difference between both approaches is the view of the world.

The Expected Utility Model assumes complete information and unchangeable preferences. The SPM does not require these assumptions, and in spite of this, delivers the same results.

The SPM and Subjective Probabilities

Bayes' Theorem is an endogenous way of depicting new information in an expected utility function ("subjective probabilities"). Bayesian learning differs between "prior probabilities" and "posterior probabilities." The "prior probability" is the probability of one or more particular states before the new signal is received. The "posterior probability" is the probability of the same states after receiving the signals (Hirshleifer and Riley 1992, pp.170ff). I modify the case above (Table 3) with new information. There is information about a state s3 = .10 concerning B with an outcome of 0. A remains unchanged. In the case above, the individual decides in favor of A if γ3 > (Equation 13). The SPM switches in the interval [ , ] to A whereas Bayes favors B. The SPM is more "conservative" when it comes to low outcome signals (Xj < ξ).

The SPM, Prospect Theory and Paradoxes

The results of the algorithm of the SPM are promising compared to Expected Utility Theory and Subjective Utility Theory. How does the SPM perform when it comes to the paradoxes that Prospect Theory analyzes like the isolation effect, the certainty effect, the reflection effect or Allais? What does the SPM provide for insight to coding and fanning out?

6.1. The SPM and Symmetric Choices with Zero Choices Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] presented several prospects in analyzing paradoxes. Some prospects are similar to symmetric choices but do not compare "states" of the same probability for all possible outcomes over all choices. Examples of this are Prospect C and D of the Allais Paradox. The prospects found by Kahneman and Tversky lead to additional rules when applying the SPM. In Allais C, the signal "win" 1,000k at .11 implicitly contains the information "lose" at .89. In this symmetric case, this is not new information, which leads us to Rule 1.

Rule 1: If a prospect offers two symmetric choices ("win"/ "lose"), this is regarded as one signal in the SPM.

Applying Rule 1, the SPM solves the prospects presented in Table 8, also K-T 2, K-T 4 and K-T 4' in Table 10 below. [START_REF] Machina | Choice Under Uncertainty: Problems Solved and Unsolved[END_REF] developed the prospects shown in Table 8 as a general pattern that he calls the "common ratio effect." This pattern is depicted in Table 9 for the SPM using the algorithm of Equations 2 and 6. There is p > q, 0 < X < Y and r D -4k .25 -2k -.25 0 -.5 30 -6k .42 .46 .75 .48 Table 11: The SPM Applied to Other "Isolation Effect" Prospects

∈ [0,1]. X1 γ1 X2 γ2 Xmax ω1 N Σωj, PI A X p 0 -(1-p) Y - 𝑝 * 𝑋 2 * 𝑌 + .5 2 1 + - * * B Y -q 0 1-q Y - -𝑞 * 𝑌 2 * 𝑌 + .5 2𝑌 + 𝑞𝑌 -𝑝𝑋 4 * 𝑌 C X rp 0 -(1-rp) Y - 𝑟𝑝 * 𝑋 2 * 𝑌 + .5 2 1 + * - * * D Y -rq 0 1-rq Y - -𝑟𝑞 * 𝑌 2 * 𝑌 + .5 2𝑌 + 𝑟𝑞𝑌 -𝑟𝑝𝑋 4 * 𝑌
The SPM also solves Lindsay, K-T 13 and K-T 13' (Table 11).

The SPM and the Certainty Effect

Kahnemann and Tversky found that people place greater weight on outcomes that are certain than outcomes that are merely probable. They called this pattern the certainty effect. Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] modified Allais using moderate instead of extremely large gains. Table 12 shows the findings of the SPM when applied to these prospects. The SPM predicts the same results that Kahneman and Tversky empirically measured in K-T 1, K-T 3', K-T 5, Jen1 and Yaari1. Altogether, the number of signals N seems to be a suitable variable that solves the certainty effect paradox. The SPM algorithm solves these problems because it weighs losses resulting in an outcome of zero higher than the Expected Utility Theory for a risk-neutral individual. Risk aversion is at a certain level inherent in the algorithm. [START_REF] Machina | Choice Under Uncertainty: Problems Solved and Unsolved[END_REF] pattern (Table 9) solves the cases above for p ≠ 1. Table 13 shows the general pattern for p = 1. For p = 1, Rule 1 does not apply, so the model uses all ωj.

X1 γ1 X2 γ2 Xmax ω1 ω2 N Σωj, PI A Y q 0 -1+q Y - 𝑞 * 𝑌 2 * 𝑌 + .5 (1 -𝑞) 2 + .5 2 -𝑞 + 𝑋 2 * 𝑌 B X -1 Y 𝑋 2 * 𝑌 + .5 3 2 3 - 𝑞 3 + 𝑋 6 * 𝑌

Table: 13: A General Pattern for p = 1 Applying the SPM

There is q ∈ (0,1) and 0 < X < Y. Using Table 13, the individual prefers B to A if

2 -𝑞 + 𝑋 2 * 𝑌 > 1.5 𝑞 < .5 + 𝑋 2 * 𝑌 (15)
The SPM predicts that there will be a decision in favor of A if q > .5. Otherwise, the individual decides in favor of B for all Y (X, Y > .5). The certainty effect is inherent in the algorithm. Critics may argue that the individual would prefer B even if Y = 30 and X = 1 (Prospect Jen1). In Jen1, the individual decides in favor of A. In comparison to "30," many individuals obviously regard "1" as a "lose." Xj/Xmax does not seem to lie beyond the reference point ξ where the individual starts to regard the outcome as a "win." So the signal (1,.1) is regarded as a signal of type π1 with γ1 > 0. As long as "1" is regarded a "loss," the individual chooses A for all Y.

Altogether the SPM is helpful in explaining several certainty effect prospects.

The SPM and the Reflection Effect

Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] found strong empirical evidence for the "reflection effect." The individual is risk-averse as to prospects involving gains (K-T 3, Yaari1, K-T 11) and risk-loving regarding prospects involving losses (K-T 3',K-T 4' and K-T 12). Table 14 shows several such prospects and the outcomes using the SPM. Summed up, the SPM seems to depict the reflection effect. The SPM predicts the results that Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] empirically measured. I apply Equation 15 to K-T 3' for Y < X < 0. The individual prefers B as long as Y < -7,500. Equation 15 works for Y < X with Y, X ∈ R.

X1 γ1 X2 γ2 D Xmax ω1 ω2 N Σω, PI SPM K-T 3 A 4,
Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] and [START_REF] Lindsay | The Arguments of Utility: Preference Reversals in Expected Utility of Income Models[END_REF] further examine the case in which an individual receives money and is asked to make a choice afterwards. In K-T 11, the individual receives 1,000 prior to the decision. With a probability of .5, he or she loses everything or keeps 1,000 (A). This is compared to B, a sure win of 500. In K-T 12, the individual receives 2,000 prior to the decision. Both choice problems are identical. The SPM solves these problems for gains and losses without the need to reflect the previous receipt of the money. The first stage of the choice seems to be disconnected from the second stage when applying the SPM algorithm.

6.5. The SPM, Allais and Coding Allais (1953) compared the choices of alternatives and inconsistent decisions. Table 14 shows the four possible alternatives A, B, C and D. According to [START_REF] Allais | Le comportement de l'homme rationnel devant le risque: critique des postulates et axiomes de l'école Américaine[END_REF], Kahneman and Tversky (1979) and [START_REF] Varian | Microeconomic Analysis[END_REF] most people prefer A to B and D to C.

Even Savage chose A and corrected himself later, as Machina mentioned (Machina, 1987, p.128f). A and B can be transformed into D and C. This behavior violates the substitution axiom of the Expected Utility Theory. [START_REF] Machina | Choice Under Uncertainty: Problems Solved and Unsolved[END_REF] showed that this is part of a general empirical pattern called the common consequences effect. Indifference curves may fan out. This fanning out can be explained by difficulties of the individual in processing small probabilities.

Alternative Choice X1 X2 X3 A 1,000k at 1 B 5,000k at .10 1,000k at .89 0 at .01 C 1,000k at .11 0 at .89 D 5,000k at .10 0 at .90 Table 14: The Allais Paradox according to [START_REF] Varian | Microeconomic Analysis[END_REF] The pure SPM does not depict Allais. Equations 2 and 6 predict B if γj(B) is (.10,.83,.07). The Expected Utility Theory predicts B for (.10,.50,.40). The phenomenon in which indifference curves fan out is better described by the SPM. The SPM chooses B as long as (Equation 16)

𝑌 > 𝑌 * 𝑞 -𝑋 1 -2𝑞 -𝑞 (16)
For Allais, the individual decides in favor of B if Ymax > 1,222k. The Expected Utility Theory predicts B if (Equation 17)

𝑌 > 𝑋 -𝑞 * 𝑌 𝑞 ( 17 
)
The Expected Utility Theory predicts B if Ymax > 1,100k.

Before solving this case, it seems necessary to discuss what the overall information value of a signal is. Kahneman and [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] call these considerations "coding." People perceive outcomes as gains and losses. Whether an outcome is a gain or a loss depends on the position of the individual.

The maximum "win" in Table 14 is $5,000k. This is for most individuals a huge win, meaning most of the individuals will not have to work again. This was in particular true in the 1950s when Allais developed his paradox. I differentiate three information values of signals.

(1) lifetime income, (2) monthly income, and (3) a small sum. These information values exist as gains and losses. 15 Comparing A and B in this way, the individual decides in favor of A as Allais measured. Obviously, the general information value of signals differs between countries and between affluent, middle class or poor individuals. Lifetime income differs between Albania and Park Avenue in New York. Five thousand dollars might be a small sum for a billionaire or a sufficient "monthly income" for a middle class individual.

The SPM and Reference Point Topics

Whether an outcome is a gain or loss is defined with respect to some reference point. The location of the reference point affects whether the outcomes are coded as gains or losses. Table 17 shows other prospects that involve reference point topics and applies the SPM algorithm. In Jen2, the individual has clear preferences for B. The outcome of A is 0. [START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF], also Discussed by [START_REF] Katsikopoulos | One-reason decision-making: Modeling violations of expected utility theory[END_REF] Apparently, the individual isn't capable of processing the credibility ".001." If the individual processes ".1" instead of ".001," the individual is not indifferent anymore. The same thing applies to the case with the negative outcome (K-T 14'). Or, the individual compares the case "monthly income = 1" with the case of a "small sum" that he or she neglects. From this, follows Rule 3. Kahnemann and Tversky described a similar rule as "simplification."

Rule 3: If a prospect contains signals with very large or very small differences in credibility, individuals are not capable of processing them. Instead, they differentiate between credibility at a level they can process.

It is useful to examine at which outcome the switch towards F in K-T 14 occurs. Prospect 8 and 8' also indicate that the individual has difficulties processing small differences in credibility. The individual doesn't seem to differentiate between ".001" and ".002." It appears that he or she assesses the credibility of both signals similarly. A related phenomenon is depicted in K-T 7 and K-T 7' ( In K-T 7, the individual decides in favor of B, whereas in K-T 7' most of the individuals choose A. In this case, the SPM works. However, Rule 1 does not apply. The individual does not seem to process this case as a symmetric choice. The number ".90" seems to signal to the individual a sure win. So, he or she decides in favor of Prospect B. Conversely, A is chosen in Problem 7' to avoid the high probability of a loss. It appears that the fanning out of indifference curves also occurs between .9 and 1.

The SPM and Contradictory Signals

Lotteries imply that there are no contradictory cases. In everyday business decisions, this is not always the case. Frequently, one expert predicts an outcome that is contrary to the prediction of another expert. Both experts may have the same credibility and that may not necessarily sum up to 1. Cases like this are not part of Expect Utility Models. Its probabilities add up to 1. Table 20 shows two cases.

signals directly influence the preferences of the individual. It works in Yaari's [0,1] space. When testing the model on lotteries, several interesting outcomes can be seen. First, the SPM delivers the same results that the Expected Utility Theory for symmetric choices. Second, the SPM is similar to Bayesian learning but is more conservative when it comes to low outcome signals.

Third, the SPM predicts several anomalies of Prospect Theory, like the "reflection effect," the "certainty effect" and the "isolation effect." Fourth, information processing of signals gives insight into coding and the fanning out of indifference curves. Fifth, the SPM can also process contradictory signals or the mixture of signals, which of course are everyday cases in business life. Altogether, the model is an astonishingly powerful tool to explain the formation of preferences. It provides a method to better understand how the processing of information provided by signals affects decisional outcomes and it seamlessly fits into economic decision theory. It also offers a great opportunity to reduce doctrinal friction between economics and the other social sciences.

1Figure 3 :

 3 Figure 3: Stability of Preferences Depending on Credibility γ of New Signals π2

  Differences between Economic Decision ModelsThis paper analyzes how the new algorithm provided by the SPM performs as a decision model in comparison to Expected Utility Theory, Bayesian learning and Prospect Theory. It shows additionally how to work with contradictory signals and "signal mixture." The paper shows that a holistic model seamlessly performs in the framework of economic decision theory.

  𝑓 𝑋 . Equation 6 is a function 𝑓 𝑋 that does the transformation with 𝜔 ∈ [0,1], 𝑋 , 𝑋 ∈ R, 𝛾 ∈ [0,1]. I preferred Equation 6 over other functions because it depicts best the information processing of a signal. 2

  Figure2: ωj Depending on Xj/Xmax (Equation6)Figure2depicts ωj depending on (Xj/Xmax). It shows a kink in the function of ω(Xj/Xmax) occurring at a reference point ξ. ξ is depicted as .05 in Figure2. If Xj/Xmax ∈ [0,ξ] the outcome of an alternative is regarded a "lose." ξ depends on the outcome of the other alternatives. After the outcomes Xj are transformed, the initial preference function of the SPM (Equation2) can be used

Table 1 :

 1 Advantages of the SPM Compared to Other Economic Decision ModelsEquation 1 defines the information value ω of a signal.

	are two alternatives and two types of signals. A signal of the type π1 provides the
	information: "Alternative 1 is better." The information value parameter is ω1. 𝜔 ∈ [0,.5]. A
	signal of the type π2 provides the information: "Alternative 2 is better." The information value
	parameter is ω2. 𝜔 ∈ [.5,1]. Perfectly credible signals of the type π1 have γ1 = 1. Perfectly
	credible signals of the type π2 have γ2 = -1. Entirely incredible signals have an information value
	ω close to .5. For π1: 0 ≤ γ ≤ 1. For π2: -1 ≤ γ ≤ 0. The less credible a signal is the closer γπ is
	to 0.	
	Table 1 sums up the advantages of the SPM in comparison to traditional decision models.
		Advantages of the SPM; The model…
	(1)	…explains origin of preferences
	(2)	…predicts stability or instability of preferences
	(3)	…reduces complexity
	(4)	…uses credibility an important variable
	(5)	…is compatible with other social sciences; Marketing
	(6)	…can include "emotions", "needs"

Table 2

 2 

		Expected Utility	Bayes	Prospect Theory	Information Cascades	SPM
	Does new					
	information	No	Yes	Yes	Yes	Yes
	exist?					
	New		New	New		
	information	---	probability	probability of	Signal	Signal
	transmitted by		of a state	a state		
	New information influences	---	Probability of states	Probability of states	Probability of states	Preferences
				Constant;		
	Preferences	Constant	Constant	analyzes	Constant	Endogenous
				paradoxes		

shows the key differences between the SPM and other economic decision models. 1 For Nπ1 > Nπ2 and |𝛾 | > |𝛾 | there is lim →

Table 3 :

 3 I apply Equation 9 to a simple case in order to compare the Expected Utility Theory and the SPM. In Table3, EUA is 210 and EUB is 220. The rational individual decides in favor of B. Given the assumptions above, the individual has preferences for B. EU of Two Alternatives I now apply the holistic SPM to this case. There are two alternatives. Alternative 1 is "A" Alternative 2 is "B." There are two types of signals. A signal of type π1 provides the information: "Alternative 1 is better." The information value parameter is ω1. The credibility γ1 is assigned to ω1. A signal of type π2 provides the information: "Alternative 2 is better." The information value parameter is ω2 with γ2 assigned to ω2. There is ω ∈ [0,.5], ω ∈ [.5,1], 0 ≤ γ ≤ 1 and -1 ≤ γ ≤ 0. Perfectly credible signals have |γ| = 1. The less credible a signal, the closer |γ| is to 0. Table4shows the signals in the case above.

	𝐸𝑈 =	𝑝 𝑢(𝑥 )	(9)

Nπ1 is the number of signals π1 an individual has received. Nπ2 is the number of signals π2.

The functions 6a and 6c do not have a kink. However, they may depict "win" outcomes as "loses."

4. The SPM, Symmetric Choices and Von Neumann Morgenstern Utility

The concept of expected utilities links information and preferences. Preferences of individuals for alternatives depend on uncertain samples from the future. The outcome of an individual depends on possible states in the future. States are assigned probabilities and have probabilities for all alternatives. Equation 9 shows an expected utility of a risk-neutral individual.

Table 4 :

 4 Solving Table 3 Applying the SPM Table 4 shows four signals. Two signals are of type π1. They deliver information in favor of Alternative 1 that is A. Two signals are of type π2. They deliver information favoring B. Applying Equation 6 delivers PI = .50417. The individual decides in favor of B. The results are the same as when using Equation 9. The individual decides in favor of B as long as

	𝑢 > 𝑢 +	𝑝 * (𝑢 -𝑢 ) 𝑝	(10)
	𝑋 > 𝑋 +	𝛾 * (𝑋 -𝑋 ) 𝛾	(10𝑎)

  Table 5 shows the new probabilities of B.

	State	p(s)	A	pnew(s3)	B
		γ	uAj	γnew	uBj
	I	.60	150	.54	200
	II	.40	300	.36	250
	III	0		.10	0
		EUA	210	EUBnew	198

Table 5 :

 5 Probabilities of States Influenced by a Signal This leads to EUBnew = 198. The rational individual now prefers A with EUA = 210. The individual has preferences for A. New information has caused behavioral change.I model this case using the SPM. Table6shows the signals and the information value parameters. The fifth signal provides 0 with .10. It is a signal of type π1 because it favors Alternative 1. So γ > 0. It provides ω = .45 shifting the preferences towards A. The new signal does not necessarily change the credibility of the old signals.

	Signal	Signal Type	Xj	𝛾	ωj
	1	π1	150	.60	.35
	2	π1	300	.40	.30
	3	π2	200	-.60	.70
	4	π2	250	-.40	.67
	5	π1	0	.10	.45
	Σ				2.47
	N			5	.493

Table 6 :

 6 ωj, PI and the Decision of the Individual I compare the SPM to Bayes with modifying Prospect B. In B', the probability of X3 is .04 and respectively .02 in B''. For B', the individual still decides in favor of Prospect A using the SPM. Using Bayes, the individual decides in favor of Prospect B' and B''(Table7).

		X1	γ1	X2	γ2 X3 γ3 Bayes Xmax ω1 ω2 ω3 N Σω, PI SPM
	A	150 .60 300 .40		300 .35 .30	5 2.467
	B	200 -.60 250 -.40 0 .10	A	300 .70 .67 .45	.493	A
	B' 200 -.60 250 -.40 0 .04	B'	300 .70 .67 .48	.499	A
	B'' 200 -.60 250 -.40 0 .02	B''	300 .70 .67 .49	.501	B''

Table 7 :

 7 Decisions Comparing the Signal-Preference Model and Bayes

	Using Bayes, the individual decides in favor of A, if			
		𝑝 (𝑠 ) >	*	*	*	*	*	*	(12)
	In the case above the individual decides in favor of A if pnew(s3) > (Equation 12). The SPM
	chooses A if							
	𝛾 >	-𝑋 * 𝛾 -𝑋 * 𝛾 -𝑋 * 𝛾 -𝑋 * 𝛾 𝑋	(13)

Table 8 :

 8 Table 8 shows such prospects and the empirically measured decisions. Applying the SPM to Symmetric Choices Including Zero Choices

		X1	γ1 X2 γ2 X3 γ3 D	Xmax	ω1 ω2 N Σω, PI SPM
	Allais C 1,000k .11	0	-.89		5,000k .49	2	1.039	
	D 5,000k -.10	0	.90	X 5,000k .55		.520	X
	K-T 6 C	3	.05	0	-.95	67	3	.48	2	.992	X
	D	1	-.1	0	.9	33	3	.52		.496	
	Yaari2 C	.4	.2	0	-.8	65	.4	.40	2	.994	X
	D	.3	-.25	0	.75	35	.4	.59		.497	

Table 9 :

 9 The SPM and Machina's "Common Ratio Effect" Different choice problems can be decomposed in different ways. This can lead to inconsistent preferences. Kahnemann and Tversky call this phenomenon the isolation effect. Kahneman and[START_REF] Kahnemann | Prospect Theory: An Analysis of Decision under Risk[END_REF] modify their prospect K-T 4 by adding a second stage (K-T 10). The individual receives money in a first stage and then must make a second decision in which the individual keeps the money or loses it (Table10).

	Applying the SPM, the individual prefers B to A if	
	2 * 𝑌 + 𝑞 * 𝑌 -𝑝 * 𝑋 4 * 𝑌	> .5
	2 * 𝑌 + 𝑞 * 𝑌 -𝑝 * 𝑋 > 2 * 𝑌
	𝑌 >	𝑝 𝑞	* 𝑋	(14)
	Accordingly, the individual prefers D to C if 𝑟 * 𝑞 * 𝑌 > 𝑟 * 𝑝 * 𝑋. In Allais C/D (Table 8), the
	SPM predicts that the individual will prefer C as long as X1D >	. .	* X1C.
	6.2. The SPM and the Isolation Effect		

Table 10 :

 10 The SPM Applied to Isolation Effect Prospects Applying the SPM, this second stage produces a fifth signal and a third signal to be processed (Rule 1) so that the individual decides in favor of B in K-T 10. It appears that the algorithm of the SPM helps to explain decisions when the isolation effect occurs. This is because the SPM analyzes the perception of signals by the individuals. The additional signal swings the preferences.

	X1 γ1 X2 γ2 X3 γ3 D Xmax ω1 ω2 ω3 N Σω, PI SPM
	Lindsay A 49	1				X 200 .78	3	1,13	X
	B 200 -.25	0	.75			200 .63 .13	.38
	K-T 13 A 6k .25	0	-.25 0 -.5 18	6k	.38 .63 .75 6	3.13
	B 4k -.25 2k -.25 0	.5 82	6k	.58 .54 .25	.52	X
	K-T 13' C -6k -.25 0	.25	0	.5 70 -6k .63 .38 .25 6	2.88	X

Table 12 :

 12 The SPM Applied to Certainty Effect Prospects

		X1	γ1	X2	γ2 X3 γ3	D	Xmax	ω1 ω2 ω3 N Σω, PI SPM
	K-T 1 A 2,500 .33 2,400 .66 0 -.01 18 2,500 .34 .18 .51 4 2.003	
	B 2,400 -1			82 2,500 .98	.501	X
	K-T 3' A -4,000 -.8	0	.2	92 -4,000 .90 .40	3 1.425	X
	B -3,000 -1			8 4,000 .13	.475	
	K-T 5 A	3	.5	0	-.5	22	3	.25 .75	3 1.667	
	B	1	-1			78	3	.67	.556	X
	Jen1 A	30	.5	0	-.5	X	30	.25 .75	3 1.483	X
	B	1	1				30	.48	.494	
	Yaari1 A	.4	.8	0	-.2	20	.4	.10 .60	3 1.575	
	B	.3	-1			80	.4	.88	.525	X

Table 14 :

 14 The SPM Applied to Reflection Effect Prospects

			000	.8	0 -.2 20 4,000	.100 .600 3	1.575
		B 3,000	-1		80 4,000	.875	.525	X
	Yaari1	A	.4	.8	0 -.2 20	.4	.100 .600 3	1.575
		B	.3	-1		80	.4	.875	.525	X
	K-T 3'	A -4,000 -.8 0	.2 92 -4,000 .900 .400 3	1.425	X
		B -3,000 -1		8	4,000	.125	.475
	K-T 11	A 1,000	.5	0 -.5 16 1,000	.250 .750 3	1.750
		B	500	-1		84 1,000	.750	.583	X
	K-T 12	C -1,000 -.5	0	.5 69 -1,000 .750 .250 3	1.250	X
		D	-500	1		31 -1,000 .250	.417

Table 15 :

 15 Table 15 shows six possible general information values of signals. Possible General Information Value of Signals From these considerations, I derive Rule 2, leading to Table 16.Rule 2: If a prospect involves a lifetime income, individuals tend not to differ between it and an n-fold of it with n ∈ N.

		Gains		Losses		
		Small Sum		Small Sum		
		Monthly Income		Monthly Income	
		Lifetime Income		Lifetime Income	
	Signal	Signal Type	Sum	Xj	γ	Ω
	1	π1	1,000k	1 ("lifetime income")	1	0
	2	π1	0	0	.01	.495
	3	π2	5,000k	1 ("lifetime income")	-.10	.55
	4	π2	1,000k	1 ("lifetime income")	-.89	.945
	Σ					1.99
	N					>.497

Table 16 :

 16 Applying the SPM to Allais Using Table

Table 17 :

 17 Applying the SPM Determining Whether an Outcome is a Gain or a Loss In Jen3, there are five outcomes. Four outcomes can be regarded as "losses." Only one outcome is a "win." There are three signals of the type π2 and two signals of the type π1. The outcome ".001" is positive but does not lie beyond ξ in this prospect. However, solving the prospect with the SPM without introducing the reference point would result in C. The individual "codes" the prospects with ξ. In doing so, results in preferences for D (Jen3ξ). The references point determines the algebraic sign of γ of a signal in the algorithm. Prospect Jen1 (Table12) worked in the same way.

		X1	γ1 X2 γ2	X3		γ3 D Xmax	ω1	ω2 ω3 N Σω, PI SPM
	Jen2 A	0	-.99 0 -.01				5,000k .995 .505	5	2.90
	B	0	.09	0 .51 5,000k -.4 X 5,000k .455 .245 .70		.58	X
	Jen3 C .001 -.99 0 -.01				5,000k .500 .505	5	2.45	X
	D .001 .09	0 .51 5,000k -.4 X 5,000k .500 .245 .70		.49
	Jen3ξ C .001 -.99 0 -.01				5,000k .995 .505	5	2.90
	D .001 .09	0 .51 5,000k -.4 X 5,000k .455 .245 .70		.58	X
	6.7. The SPM, High Gains, Small Credibility and Fanning Out		
	K-T 14 and K-T 14' also deal with the fanning out of indifference curves based on small
	probabilities. Table 18 shows some of these prospects.			
			X1	γ1	X2	γ2	D	Xmax	ω1	ω2 N Σω. PI SPM
	K-T 8	C	6,000	.001	0	-.999 73	6,000	.4995	2	.4995	X
		D	3,000	-.002	0	.998	27 6,000			.2498
	K-T 8'	C -6,000 -.001	0	.999	30 -6,000 .5005	2	.5005
			-3,000	.002	0 -.998 70 -6,000			.2503	X
	K-T 14 E 5,000	.001	0	-.999 72	5,000	.4995	1	.4995	X
		F	5	-1			28	5,000			.4995
	K-T 14' G -5,000 -.001 0	.999	17 -5,000 .5005	1	.5005
		H	-5	1			83 -5,000			.5005	X

Table 18 :

 18 The SPM and Prospects by Kahneman and

Table 19 :

 19 Table 19). The SPM and the Fanning Out of Indifference Curves

	X1	γ1	X2	γ2	D	Xmax	ω1	ω2	N Σω. PI SPM
	K-T 7 A 6,000	.45	0 -.55 14 6,000 .275 .775 4 2.225
	B 3,000	-.9	0	.1	86 6,000 .725 .450	.556	X
	K-T 7' A -6,000 -.45 0	.55 92 -6,000 .725 .225 4 1.775	X
	B -3,000	.9	0	-.1	8 -6,000 .275 .550	.444

No "logical" reason is given. Channing's opinion is a signal that carries an ω. Although this signal is emotional, it can be processed by the SPM, as Table 21 shows. Due to the ω3 = 1 of Channing's signal, the decision swings from A to B. The SPM algorithm enables economics to process cases like this that are very close to reality and to integrate them into economic decision theory.

Conclusion

The Signal-Preference Model (SPM) is a holistic model designed to explain the origin of preferences. The SPM is an algorithm that puts the information an individual has received in the past ("signals") and the preferences of an individual into context without the use of "states." New Yaari, Menachem. (1987). The Dual Theory of Choice Under Risk. Econometrica 55(1), 95-115.