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HAL is

Economic Theory and Its Paradoxes

Economic decision theory links information to preferences. Generally, most theories use a concept of "states" and "probability of states" in order to model a decision-making process.

Von [START_REF] Von Neumann | The Theory of Games and Economic Behavior[END_REF] developed a concept of "expected utilities." A "state" is a financial outcome that is assigned a probability. With stable preferences, the rational, riskneutral individual decides in favor of the alternative with the highest expected utility.

Bayes' Theorem [START_REF] Savage | The Foundation of Statistics[END_REF] assumes new information having an impact on the probabilities. Information may alter a "prior probability" before receiving it to a "posterior probability" after receiving it. Key variables are exogenous conditional probabilities of new information given a state. Several subsequent studies found that individuals followed Baysian patterns (DeAngelo and Charness, 2009;[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, and[START_REF] Baillon | Aggregating Imprecise or Conflicting Beliefs: An Experimental Investigation Using Modern Ambiguity Theories[END_REF][START_REF] Baillon | Aggregating Imprecise or Conflicting Beliefs: An Experimental Investigation Using Modern Ambiguity Theories[END_REF]. [START_REF] Kamenica | Bayesian Persuasion[END_REF] and Galberti (2019) both worked on "Baysian persuasion." Galberti (2019, p.996) concluded that a reluctance to change someone's "worldviews" cannot be captured in the "standard Bayesian framework." He requested a "theory of persuasive rhetoric." [START_REF] Kahneman | Prospect Theory: An Analysis of Decision under Risk[END_REF] analyzed so-called "paradoxes" of Expected Utility Theory. They found a "certainty effect." People weigh prospects more favorably if they are certain in comparison to those that are merely probable. They also found a "reflection effect." People are risk-averse with gains and risk loving when it comes to losses. [START_REF] Holt | Risk Aversion and Incentive Effects[END_REF] found strong evidence that people are risk-averse even "with low stakes." Adam (2018) found "qualified support" for the reflection effect over "money outcomes" and "strong support" over "health outcomes." Bouchouicha and Vicider (2017) found the tendency of "people to be risk seeking for small outcomes" and to display "risk-aversion" as stakes increase.

Based on their findings, [START_REF] Kahneman | Prospect Theory: An Analysis of Decision under Risk[END_REF] developed Prospect Theory. In an "editing phase," individuals attach subjective "values" to alternatives. In an "evaluation phase," people decide in favor of an alternative on grounds of these values. Kahneman and Tversky measured a concave value function above a reference point and a convex one below a reference point. Kőszegi and Rabin (2006) modeled endogenous reference points. [START_REF] Yaari | The Dual Theory of Choice Under Risk[END_REF] developed Dual Theory transforming outcomes of decision problems into an [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] developed models where information triggers new information itself ("information cascades," "herd behavior"). [START_REF] Bergemann | The Design and the Price of Information[END_REF] analyzed the price of information and the capability of this good to influence the buyers' "beliefs."

The Seesaw Model

Jenöffy-Lochau (1997,2012,2013,2014,2019) proposed a different decision-making approach. The model neither works with "states," nor with "probabilities of states." The model depicts the preferences of an individual based on an information value of signals and the credibility of these signals. Preferences are the aggregated information received in past periods. The model is based on ancient rhetoric and on the empirical results of communication theory. It explains the origin of preferences that traditional economics does not explain. The definitions of the model are outlined in [START_REF] Jenöffy-Lochau | How to Shape Preferences[END_REF]. The Seesaw Model makes the following assumptions.

(1)

There are two alternatives, Alternative 0 and Alternative 1. (2)

There are two types k of signals with k ϵ {0;1}. π0 and π1. (3)

All information is located in an interval between 0 and 1. (4)

A signal of the type k=0, π0, provides the information: "Alternative 0 is better." (5)

The information value parameter of these signals π0 is ω0. ω0 ∈ [0,0.5]. (6)

A signal of the type k=1, π1, provides the information: "Alternative 1 is better." (7)

The information value parameter of the signals π1 is ω1. ω1

∈ [0.5,1]. (8)
The credibility γ0 of π0 is -1 ≤ γ0 ≤ 0. Perfectly credible signals π0 have γ0=-1. ( 9)

The credibility γ1 for π1: 0 ≤ γ ≤ 1. Perfectly credible signals π1 have γ1=1. (10) Overall, it is -1 ≤ γk ≤ 1. 

Transformation of Lottery Outcomes Into the Yaari Interval

Many economic models deal with lotteries. Lotteries generally work with outcomes Xj. There are generally few restrictions on these outcomes. The Seesaw Model, as developed above, works in the [0,1] interval ("Yaari interval") of preferences (Equation 1). Dual Theory by [START_REF] Yaari | The Dual Theory of Choice Under Risk[END_REF] also works with this method. In order to scale the outcomes into the Yaari interval, I make the following assumptions.

(1) Xjϵ{1,…,n} is the j-th outcome of a decision problem. Xj ∈ M with M ⊆ R ˄ |𝑀|˂∞.

(2) Xmax is the maximum outcome of a decision problem. Xmax :

= |max({𝑋 , … , 𝑋 }|. It is Xmax ϵ R + . (3) It is n ϵ N.
(4) pj is the probability of state of the j-th outcome of the decision problem. pj{1,…,n} ∈ [0,1].

(5) ξ is the reference point. It determines whether an outcome Xj is regarded a "win" or a "lose." It is ξ ϵ R. ( 6) It is 𝑓 : 𝑅 𝑥 [0,1] → {0,1} . It determines whether an outcome is a "win" or a "lose."

(7) It is 𝑓 : 𝑅 𝑥 [0,1] → [-1,1]. 𝐼𝑡 determines the sign of the credibility. (8) It is 𝑓 : 𝑅 𝑥 [0,1] → [0,1]. 𝐼𝑡 determines the information value.
The transformation of the Xj into the Yaari interval is processed in three steps.

3.1.The Type of the Signal ("Win" or "Lose") Whether an outcome is a "win" or a "lose" is defined with respect to a reference point ξ. This determines of what type k the signal is (π0 or π1). An outcome ".001" can be "lose" if all other outcomes are, e.g., "1." If ".001" is the maximum outcome, it may be "win." An outcome may be "loose" if it is below a safe outcome for another alternative. I assume

𝑓 : 𝑘(𝑋 , 𝑋 , 𝜉) = ⎩ ⎪ ⎨ ⎪ ⎧ 𝑘 = 0 ("win") 𝑖𝑓 |X | X > ξ 𝑘 = 1 ("lose") 𝑖𝑓 |X | X ≤ ξ (2)
If k=1, the signal favors the other alternative. If there is no other description, it is ξ = 0. ) Between 0 and ξ = 0.05

After the outcomes Xj are transformed, the preference function (Equation 1) is used in order to determine the preferences PN of the individual.

4. The Experiment I will test several decision problems. I conducted the experiment at Humboldt University of Berlin. 181 students received a questionnaire where they could pick between different prospects concerning the certainty effect and the reflection effect. I wanted to find out whether a model of endogenous preferences depicts these paradoxes of Prospect Theory better than Expected Utility Theory. I compared my results with the results of [START_REF] Kahneman | Prospect Theory: An Analysis of Decision under Risk[END_REF] 5. The Results for the Certainty Effect Prospects [START_REF] Kahneman | Prospect Theory: An Analysis of Decision under Risk[END_REF] empirically found a pattern that they called the "certainty effect." They found that people place greater weight on outcomes that are certain than on outcomes that are merely probable. What does the Seesaw Model predict in those cases that Prospect Theory describes as "paradoxes?" Can the Seesaw Model solve these paradoxes? I want to lower the expectations. As noted by Yaari (1987, p.96): "Roughly speaking, we find each theory resolving "paradoxes" in the other theory."

The results of the experiments and shown in Table 1. Column 1 names the authors of the experiment, Column 2 lists the names of the prospects. shows the prospect Expected Utility Theory predicts. Column 14 shows the prospect the Seesaw Model predicts. For simplicity, I am using the notation used by [START_REF] Kahneman | Prospect Theory: An Analysis of Decision under Risk[END_REF]. For how to get the result of column 14 see the next chapter. I found that the Seesaw Model predicts the certainty effect quite well other than Expected Utility Theory. For Prospects KT3 [START_REF] Kahneman | Prospect Theory: An Analysis of Decision under Risk[END_REF], Jen 1, and Yaari 1, the Seesaw Model predicts the certainty effect. I varied Prospect Jen1 to Jen2 with 444 more in outcome for XA and surpassing 3,000 in XB. In spite of this the individuals still chose "B." as the Seesaw Model predicted. For Prospects Jen5, Jen 6, Jen7 and Jen8, the Seesaw Model predicts the empirical results other than Expected Utility Theory. This is also the case for Kahneman and Tversky's Prospect KT5. For Jen9, both decision models predict the empirically measured outcome. For KT11, and KT14, Expected Utility Theory is indifferent, the Seesaw Model predicts the empirical measured outcome. This is also the case for Lindsay's prospect.

Explicitly Explaining the Results of Column 14

How do I get the results depicted in Column 14? The Seesaw Model works with outcomes provided by signals and credibility shown in Table 1. The individual receives three signals that provide the outcomes XA1, XA2, and XB1. These signals are attached a credibility. The Seesaw Model works in four steps.

 f1: First, I determine whether an outcome is a "win" or a "lose" (Equation 2).  f2: Second, I determine the γj (Equation 3).  f3: Third, I transform the outcomes into the Yaari interval (Equation 4).  Fourth, I apply the Seesaw Model (Equation 1). 

According to Equation 9, the Seesaw Model predicts "B" as long as XB1 > 2,400 for KT3/Jen1. Expected Utility Theory predicts "B" for 𝑋 > 𝑋 * 𝑝 = 3,200. The Seesaw Model switches quicker to the "safer" Alternative "B."

Depicting the General Pattern

Equation has another interesting implication. As long as XB1 is above a reference point ξ, and p1 > 0.5, the Seesaw Model predicts "B." Figure 5 shows the predictions of Expected Utility Theory and the Seesaw Model for KT3/Jen2. In the area "A" and "B," both decision models choose the respective alternative. Inside the triangle area "AB" in the middle, Expected Utility Theory switches to the less safe Alternative "A" while the Seesaw Model still picks the "safer" Alternative "B." Risk aversion is at a certain level inherent in the Seesaw Model algorithm. For very small XB1, the individual might regard these outcomes as losses. So, the XB1 would be below a reference point ξ. These prospects lie within an area that is also marked with "A." Both decision models pick "A" there. The Prospects KT3, Jen1, Jen2, and Jen5-9, are located within the triangle "AB." In all cases, Expected Utility Theory would choose "A." The Seesaw Model predicts expects "B" as empirically measured. Even for Prospect Jen8 with EUA=1,240 decisively higher that EUB=700, 63% of the individuals preferred "B." To compare Jen6 and Jen7 is interesting.

Although B provides 28.6% less outcome for Jen9, only 4% of the individuals switch from "B" to "A." The certainty effect seems to be a strong pattern of human behavior. Prospects Jen3, and Jen4 hint of another potential paradox. Although the expected utilities EUA are higher for Jen4, the individual chose "A" for Jen4, and "B" for Jen3.

Conclusion

The Signal-Preference Model (Seesaw Model) is designed to explain "persuasion" as well as the origin of preferences. When testing the model on lotteries, several interesting outcomes can be seen. First, the Seesaw Model delivers the same results Expected Utility Theory does for symmetric choices with two alternatives and two outcomes each. Second, the Seesaw Model is similar to Bayesian learning but is more conservative when it comes to low outcome signals. Third, the Seesaw Model predicts some anomalies of Prospect Theory like the "certainty effect," and the "reflection effect" better than traditional economic theory. Fourth, information processing of signals gives insight into coding and the fanning out of indifference curves. The results were found in own experiments at Humboldt University of Berlin as well as using data of Kahneman and Tversky. Altogether, this model of endogenous preferences not only fits well into economic decision theory. Moreover, it is even capable to solve paradoxes of economic decision theory and gives new insight on the impact of information on human behavior. Surprisingly, this endogenous preference model seamlessly fits into microeconomics and decision theory. As a side effect, the model also reduces doctrinal friction between economics and the other social sciences.
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 1 Figure 1 depicts the preferences PN of the individual and the alternative the individual chooses.
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 1 Figure 1: The Decision of the Individual Depending on PN
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 2 Determining the Credibility Going back to Assumptions 8 and 9, signals of type π0 have a credibility 𝛾 ∈ [-1,0]. Signals of type π1 have a credibility 𝛾 ∈ [0,1]. Traditional Economics assumes that a "state of the world" becomes reality with a probability of x%. The Seesaw Model argues that the outcome Xj is believed to become true with a credibility of x%. For lotteries, I use the probabilities of states (pj) as credibility (γj) of the information of the signals (Equation 3). 𝑓 : 𝛾 (𝑋 , 𝑝 ) = 𝛾 = -𝑝 𝑓𝑜𝑟 𝑠𝑖𝑔𝑛𝑎𝑙𝑠 𝑜𝑓 𝑡𝑦𝑝𝑒 𝜋 𝛾 = 𝑝 𝑓𝑜𝑟 𝑠𝑖𝑔𝑛𝑎𝑙𝑠 𝑜𝑓 𝑡𝑦𝑝𝑒 𝜋 (3) The type k of the signal determines the sign of γj. 3.3. Determining the Information Values I tested several 𝑓 . Equation 4 is a function 𝑓 𝑋 that transforms the outcomes 𝑋 ∈ R into the Yaari interval with 𝜔 ∈ [0,1] and 𝛾 ∈ [0,1]. I preferred Equation 4 over other functions tested because it depicts best the information processing of a signal. 𝑓 : 𝜔 (𝛾 , 𝑋 , 𝑋 , The next three figures show the information values ωj of the signals depending on the credibility of the signals (Figure 2) and on the 𝑋 and Xmax (Figures 3, 4) with ξ = 0.05.
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 24 Figure 2: ωj(γj) according to Equation 4
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  Figure 4: ωj( |𝐗 𝐣 | 𝐗 𝐦𝐚𝐱

  Columns 3-6 list the outcomes (X1, X2) of the prospects and the respective credibility (γ1, γ2). The credibility is the probability of the states with positive signs for signals of type π0 and negative signs for signals of type π1. Column 7 ("D") shows the empirically measured decision. Column 8 contains the maximum outcome (Xmax). Column 9-10 shows the information values of the signals ωj. Column 11 contains the number of signals involved. Column 12 contains the sum of the information values and below the preferences PN of the individual. If PN > 0.5, the individual prefers Alternative 1. If PN < 0.5, the individual prefers Alternative 0. At PN = 0.5 the individual is indifferent. Column 13

  It is 𝛾 = -1 𝑎𝑛𝑑 𝑋 = |𝑋 | and XA1, XB1 > 0 or XA1, XB1 < 0. The Seesaw Model predicts "B" as long as 1
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 5 Figure 5: Decision of the Individual for KT3 With XB1 > 0 Depending on p1

Table 1 :

 1 Certainty Effect Experiments Show Results According to the Seesaw Model

	1	2	3	4	5	6	7	8	9	10	11	12	13	14
			X1	γ1 X2	γ2	D Xmax	ω1	ω2	N	Σω, PN	EUT	Seesaw Model
	KT3	A 4,000 -.8	0	.2	20	4k	.1	.6	3	1.57	X	
		B 3,000	1			80	4k	.88			.525		X
	Jen1	C 4,000 -.8	0	.2	20	4k	.1	.6	3	1.57	X	
		D 3,000	1			80	4k	.88			.525		X
	Yaari1 A	.4	.8	0	-.2 20	.4	.10	.60	3 1.575	X	
		B	.3	-1			80	.4	.88			.525		X
	Jen2	C 4,444 -.8	0	.2	37 4,444 .1	.6	3	1.53	X	
		D 2,912	1			63 4,444 .83			.509		X
	Jen3	C 3,990 -.8	0	.2	31 3,990 .1	.6		1.48	X	X
		D 2,200	1			69 3,990 .78			.492		
	Jen4	C 4,000 -.71 0	.29 68	4k	.15	.65	3	1.54	X	
		D 2,000	1			32	4k	.75			.513		X
	Jen5	A 4,444 -.2	0	.8	23 4,444 .4	.9	3	1.89	X	
		B 777	1			77 4,444 .59			.629		X
	Jen6	A 4,000 -.2	0	.8	19	4k	.40	.90	3	1.89	X	
		B 700	1			81	4k	.59			.629		X
	Jen7	A 3,990 -.2	0	.8	23 3,990 .4	.9	3	1.86	X	
		B 500	1			77 3,990 .56			.621		X
	Jen8	A 4,000 -.31 0	.69 37	4k	.35	.85	3	1.78	X	
		B 700	1			63	4k	.59			.59		X
	KT5	A	3	.5	0	-.5 22	3	.25	.75	3 1.667	X	
		B	1	-1			78	3	.67			.556		X
	KT11 A 1,000 -.5	0	-5	16	1k	.25	.75	3	1.75 IND	
		B 500	1			84	1k	.75			.583 IND	X
	KT 14 G 5,000 .001 0	-.999	72	5k	0.50 .9995 3 1.499 IND	X
		H	5	-1			28	5k	.000			.4997 IND	
	Lindsay A	49	1			X 200	.78		3	1,13		X
		B 200 -.25 0	.75		200	.63	.13		.376		

Table 2 :

 2 Solving KT3/Jen1 Using the Seesaw Model I applied the Seesaw Model to the identical prospects KT3 and Jen1 with the Seesaw Model. This works again in four steps. There are three signals. "A" consists of two signals π0 and one signal π1 (XA2 ≤ ξ) whereas "B" consists of one signal π1. Equation 1 leads to PN = 0.525. The Seesaw Model predicts "B." For KT3/Jen1, the Seesaw Model predicts the results Kahneman and Tversky empirically measured (Table2). Kahneman and Tversky measured 80% in favor of "B." I had exactly the same results with my own experiment.

	5.2. A General Pattern
	I analyze a general pattern with a certain alternative "B" compared to an uncertain alternative
	"A" with XA1, XB1 ≠ 0.

Table : 3

 : : A General Pattern to Certainty Effect ProspectsTable 3 contains the preferences of the individuals PN.

Table 1 :

 1 Certainty Effect Experiments Show Results According to the Seesaw Model

	F 911	1	72 3,990 0,386	0,63	X
	Jen17 G 4,000 -.05 0 .95 43	4k	0,475 0,98	1,96	X
	H	90	1	57	4k	0,511 0,80	0,65	X

Jen16 E 3,990 -.4 0 .6 28 3,990 0,700 0,80 1,89 X