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Abstract

Prospect theory believes that value judgments of decision-makers are associated with reference
point. Based on this intuition, this paper analyzes the impacts of reference point as well as its
change on individual value with two risk selection experiments, which are at the same wealth lev-
el but have different reference points. Experiments find that reference point has significant influ-
ences on value function and decision weight at the same wealth level. Moreover, via the value
function diagram, we find that the value of a certain wealth level rising from a relatively low ref-
erence point is higher than the value of the same wealth level declining from a relatively high ref-
erence point which initially is raised from the lower reference one. Intuitively, it also explains that
the changes of the reference point will lead to a decline in the overall value of decision-maker.
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1. Introduction

Compared with expected utility theory, prospect theory [1], which is put forward by Kahneman and Tversky in
1979, does not focus on the concept of “rationality” [2] [3], but pay more attentions to practical decision-making
behaviors of decision-makers. Based on prospect theory, the behaviors of decision-makers have many characte-
ristics, such as reference point, decision weight, loss aversion, which provide theoretical explanations for beha-
viors that deviating from the rational behaviors systemically. At present, there have been a lot literatures study-
ing the actual behaviors of decision-makers. Tversky and Kahneman [4] introduced a cumulative function into
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the decision weight function and proposed cumulative prospect theory. Benartzi and Thaler [5] explained “equi-
ty premium puzzle” using prospect theory reference point and myopic loss aversion to simulate the value
changes of decision-maker. Kdszegi and Rabin [6] discussed the problem of psychological reference point se-
lection, and proposed that the human psychological reference point was formed by a series of experience accu-
mulated in the past, and could be inferred by using a general equilibrium model. Schmidt and Zank [7] described
strong risk aversion and second-order stochastic dominance via cumulative prospect theory, and it was con-
cluded that the strong risk aversion meant the decision weight function was convex on the gain domain and
concave on the loss domain, but value function was not necessarily concave.

However, traditional methods which are used to elicit the utility function (such as utility equivalent method
[8], lottery equivalent method [9], etc.) are not suitable to elicit the value function under prospect theory. Thus,
Tversky and Kahneman [4] proposed a method to measure the parameters of value function under prospect
theory, but its applicable scope was small. Then, Abdellaoui, Bleichrodt and Paraschiv [10] proposed their me-
thod without assuming any parameters. Their method could establish a direct relationship between decisions and
value. However, because no parameters were assumed before the experiment, the method needed a large amount
of experimental data, which made it less efficient. In order to minimize the amount of experimental data needed
and improve the efficiency of their experiment, Abdellaoui, Bleichrodt and L’Haridon [11] put forward a para-
meter-hypothesized method, which suggested that the value function adopted the power specification. Using this
method, Abdellaoui not only verified value function, decision weight, loss aversion and other relevant conclu-
sions under prospect theory, but also firstly observed that value function was convex and risk aversion appeared
at the same time due to the influences of the decision weight [11]. In addition, he found that loss aversion was
more apparent on utility under risk than utility over time [12]. However, loss aversion coefficient measurement
is controversial. Schmidt and Zank [7] pointed out that loss aversion coefficient could not be measured unless
the power parameters in the gain and loss domain are equal.

We use the certainty equivalent method proposed by Abdellaoui et al. to design two risk selection experi-
ments, in which 33 graduate students were employed from Huazhong University of Science and Technology as
experimental subjects. The experiments describe the rough shape of the value function of subjects and try to re-
veal the influences of the reference point and its change at the same wealth level on individual value. It is essen-
tial to point out that this paper does not involve loss aversion coefficient measurement.

The paper proceeds as follows. Section 1 reviews previous empirical work on individual value under prospect
theory. Section 2 describes our method for eliciting individual value. Section 3 describes the design of two ex-
periments in which our method is applied. Section 4 describes the results of our experiment and Section 5 con-
cludes.

2. Method

This paper only involves binary prospects. All our results are valid under both prospect theory and cumulative
prospect theory. Specifically, let (x,q;y,1—-q) denote the binary prospect that results in outcome x with
probability g and in outcome y with probability 1-q. We select individual’s status quo before her or his
decision-making as the reference point, and only consider the situation where the outcomes are both gains or
both losses, so if outcomes are gains, then let x>y >0, if outcomes are losses, then let x<y<0.

The value of a prospect is evaluated mainly by three parts, namely the decision weight function w* on the
gain domain, the decision weight function w~ on the loss domain, as well as the value function v. Under
prospect theory, gain prospects (x,q;y,1-q) are evaluated as w"(q)(v(x)-v(y))+v(y), while loss pros-
pectsas W (q)(v(x)-v(y))+V(y).

We adopt the following power specification as the value function on the gain or loss domain [11]:

v(x)=x* x>0 or v(x)=-(-x)" x<0

Specifically, x denotes the gain or loss of the decision-maker, v(x) denotes the value of the gain or loss, and
a denotes the power parameter of the value function. Here, the power specification is widely used to fit the
value function. The value function is convex if a <1 or concave if «a >1 on the gain domain, while the value
function is concave if a <1 orconvex if a>1 on the loss domain. Empirical studies showed that value func-
tion was concave on the gain domain [4] [13], but results were not the same in the loss domain: most results
showed a convex value function in the loss function [4] [14], but there were still some experiments showing a
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concave value function [15].

Based on the assumptions above, the decision weight of one probability w*(q) on the gain domain, w™(q)
on the loss domain and the power parameter of the value function could be elicited as following. Here, q isan
objective probability.

On the gain domain, we firstly select an objective probability q, and then elicit equivalent value of the sub-
jects G, ~(x,q;y,,1-q), i=12,---,k through a certain method. Specifically, G; denotes the equivalent value
of prospect (x;,q;y;,1-q), k denotes the number of certainty equivalent questions. Abdellaoui, Bleichrodt
and L’Haridon [11] have proved that the objective probability has nothing to do with characteristics of the value
function.

From prospect theory model, we know

Namely G, :v‘l(w+(q)(v(xi)—v(yi))+v( ,))
Dueto u(x)=x“ (x=0), we know

G =(w (a@)(x -y )+ v )

Here, w* (q) and «a can be obtained by the nonlinear least squares fitting. In addition, the method to ob-
tain the parameters of the decision weight and the value function on the loss domain is similar to the method
above.

Using the method above, we can analyze the impacts of reference point and its change at same wealth level.
Specifically, we conduct K-S test on data of the related parameters within the interquartile range. p -value is
used to analyze whether the parameters of the subjects’ value function and decision weight change significantly.
Specifically, we analyze the data within the interquartile range to eliminate the effects of extreme data in the
experiments.

3. Experiment

We let subjects to answer questions independently. The whole experiment procedure included two experiments
and several practice questions. And it would take about 30 minutes to complete. It is essential to point out that
all money involved in this paper is RMB. The computer support system interface is shown in Figure 1.

3.1. Questions Design

Two experiments are designed. We can explore the impacts of reference point and its change at the same wealth
level on the value function of decision-maker by the contrast of Experiment 1 and Experiment 2. In order to
simplify the experimental analysis, we let q=1/2. Experiment 1 and Experiment 2 are described below.

Before the start of Experiment 1, we gave subjects ¥0, and then asked them to answer seven certainty equiva-
lent questions on the gain domain. Specific questions are shown in Table 1. The circumstance of Experiment 1
is consistent with the experiment conducted by Abdellaoui [11].

At the end of Experiment 1, we asked subjects to evaluate their feelings with a positive evaluation scale which
is shown in Figure 2. The evaluation question is shown as following.

% Experiment support system E]@

Practice |Experiment| Statistics Setting Help

Experiment 1

Before the experiment, we have given you 0 yuan, when the following two
prospects come, which one you will choose:

[ B: (600D, 1/2: 0.1/2)

[ Corforn | [ Back | [ Retum

Figure 1. Experiment support system interface.



J.]. Qian et al.

Table 1. Certainty equivalent questions.

Experiment Domain Outcome 1 2 3 4 5 6 7
. X, 4000 6000 6000 8000 8000 10,000 10,000
! Gain 2 0 0 2000 2000 4000 4000 6000
X; —4000 —6000 —6000 —8000 —8000 —10,000 —10,000

2 Loss \Z 0 0 —2000 —2000 —4000 —4000 —6000

No Small Moderate Substantial Extreme

Effect Satisfaction Satisfaction Satisfaction Satisfaction
O O

0 1 2 3 4 5 6 7 8 9 10

Figure 2. Positive evaluation scale.

Question 1: Before the start of the experiment, we have given you ¥0. If you can get ¥5000 now, how do you
evaluate your feeling?

Before the start of Experiment 2, we gave subjects ¥10,000, and then asked them to answer seven certainty
equivalent questions on the loss domain. Specific problems are shown in Table 1. Similarly, we asked subjects
to evaluate their feelings with a negative evaluation scale which is shown in Figure 3 at the end of Experiment 2.
The evaluation question is shown as following.

Question 2: Before the start of the experiment, we have given you ¥10,000. If you loss ¥5000 now, how do
you evaluate your feeling?

We chose ¥5000 as gain or loss to make the evaluation score of subjects locate the middle of the scale as far
as possible and to reduce the extreme evaluation score, thus uncovering positive the correlation between the
evaluation score and the value of the subjects. We assumed that the value evaluation score is proportional to the
value of the subject, and that positive evaluation scale or negative one is equal with the value of subject. Then
we can obtain the rough shape of the value function of the subjects based on the median data of the power para-
meter of the value function and the average score of the value evaluation.

3.2. Procedure

Firstly, several practice questions were designed to help people be familiar with the experiment procedure. Here,
the data of the practice questions would not be recorded. Practice questions contained two certainty equivalent
questions on the gain domain and two on the loss domain. Each equivalent value was elicited by the binary ite-
ration method [11], and there are five iterations in total. In order to reduce the burden of the subjects, the system
would round the outcomes down to multiples of 10.

After the practice phrase, Experiment 1 and Experiment 2 followed, and ten minutes were taken to complete
each experiment respectively. All the questions in each experiment were conducted in random. To reduce the
mutual influences between experiments, we gave ten minutes rest between two experiments. After each experi-
ment, we selected two questions which were the third iteration of certainty equivalent questions in the gain or
loss domain to analyze consistency of the subjects. Let a; denote the consistent proportion of the  j -th subject
in the i-th experiment. To test the overall reliability of subjects, wedefine the consistency index of the i -th
experiment

_@ta, et a,

A x100%

At the end of each experiment, the value evaluation question followed.

3.3. Incentive

All the subjects were required to play out one question with the actual payment divided by 1000, and the pay-
ments were settled in real-time.

Specifically, one question was selected by random after Experiment 1. For example, if a subject chooses the
prospects (xo,qo; yo,l—qo) in this question, then she or he could get x,/1000 by the probability g, and
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Extreme Substantial Moderate Small No
Dissatisfaction Dissatisfaction Dissatisfaction Dissatisfaction Effect
O O O O O O O O O O O

-10 -9 -8 =7 -6 -5 -4 -3 -2 -1 0

Figure 3. Negative evaluation scale.

Y,/1000 by 1-q,.

Before the start of Experiment 2, ¥10 was distributed to every subject. And we hinted them that ¥10 signi-
fied the initial reward ¥10,000, guiding subjects to choose state quo as their reference point. At the end of
Experiment 2, one question was selected by random, and subjects were asked to pay with the actual loss di-
vided by 1000.

4. Results

33 graduate students coming from Huazhong University of Science and Technology participated in the experi-
ments, including 19 males and 14 females. According to the results of 33 subjects, the consistency of two expe-
riments was 77% and 80% respectively. Because the stimulus value was generally close to the certainty equiva-
lent in the third iteration, the reliability of the responses was good.

In this paper, if a subject had the same deviation in the two experiments, the change trend of median data and
the data within interquartile range was not affected. Accordingly, we did not rule out any data of the subjects in
the process of analysis. Individual estimation results are shown in Table 2, in which «°® denotes the parameter
of the value function on the gain domain, «' denotes the parameter of the value function on the loss domain.

Table 3 shows the median and interquartile range results of the parameters of the value function and the deci-
sion weight.

It can be seen from the median data in Table 3 that the value function of subjects was concave in Experiment
1 which regards ¥0 as the reference point, and also concave in Experiment 2 which regards ¥10,000 as the ref-
erence point. Moreover, the parameters of the decision weight of Experiment 1 and Experiment 2 were both less
than 0.5 (0.48 and 0.43, respectively).

The significance of difference of the parameters within interquartile range was tested by K-S test. We found
that p-values of the parameters of the value function and decision weight were less than 0.05 (as shown in Table
3). It showed that the value function and the decision weight were influenced significantly by the reference point
and its change. As a result, the parameter of the value function increased while the decision weight decreased
when the reference point changing from ¥0 to ¥10,000.

We counted the number of subjects according to score level of value evaluation questions, as shown in Figure 4.

It can be seen from Figure 4 that the average score of Experiment 1 was 5.09 while that of Experiment 2 was
—6.52. According to our assumptions in this paper and the median of the parameter of the value function, when
the wealth level was ¥5000, the ration between the value of Experiment 1 in which the wealth rose directly from
¥0 to ¥5000, and the value of Experiment 2 in which the wealth rose from ¥0 to ¥10,000, and then decreased
from ¥10,000 to ¥5000, was 5.09:3.38. As a result, we could draw the value function diagram as shown in
Figure 5.

We can see from Figure 5, when the reference point was ¥10,000, the value dropped to 0 while the wealth
decreased down to ¥2938. While the wealth sequentially fell to ¥0, the value would drop to -5.18. In addition,
the value of subject with the reference point of ¥0 was greater than that with the reference point of ¥10,000 ex-
cept for the situation where the wealth level was close to ¥1000. More broadly, the value of subjects with refer-
ence point ¥0 was higher than that with reference point ¥10,000. It demonstrated that the value of the deci-
sion-maker was truly influenced by reference points and its changes. The value of a certain wealth level rising
from the reference point ¥0 is higher than the value of the same wealth level decreasing from reference point
¥10,000, which is initially rising from the reference point ¥0. The results could intuitively explain that reference
point’s continually changes result in a decline in the overall value of the decision maker in the process of mul-
ti-stage decision.

5. Conclusions

This paper designs two risk selection experiments with same wealth level which have different reference points,
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Table 2. Individual estimation results.

Experiment 1

Experiment 2

No.
w’ a’ W a'
1 0.34 0.96 0.43 1.34
2 0.53 0.71 0.47 1.32
3 0.40 1.03 0.28 2.02
4 0.45 1.04 0.41 1.10
5 0.47 1.83 0.09 3.21
6 0.55 1.18 0.24 1.63
7 0.48 1.00 0.52 1.00
8 0.29 1.05 0.70 0.92
9 0.48 1.00 0.57 0.81
10 0.86 0.57 0.10 121
11 0.52 0.85 0.08 7.92
12 0.54 0.61 0.36 0.91
13 0.44 1.33 0.49 1.06
14 0.33 1.20 0.42 1.23
15 0.56 0.91 0.37 1.38
16 0.50 0.82 0.50 1.15
17 0.44 1.29 0.48 1.10
18 0.46 0.53 0.37 2.65
19 0.58 0.81 0.49 0.97
20 0.56 0.69 0.47 0.99
21 0.48 1.28 0.30 1.70
22 0.51 0.59 0.33 1.17
23 018 119 0.24 142
24 0.52 0.83 0.24 1.90
25 0.19 1.04 0.75 1.06
26 04 1.04 0.45 1.12
27 0.57 0.94 0.52 13
28 0.46 0.78 0.64 0.95
29 0.37 1.16 0.33 1.65
30 0.51 0.91 0.46 1.23
31 048 0.89 0.48 1.09
32 0.44 0.95 0.31 1.05
33 045 1.03 0.52 1.48

Table 3. Median and interquartile range results.

Experiment

1

Parameter

ag

Median
0.96
0.48
121
0.43

Interquartile range
0.82-1.05
0.44-0.52

1.06 - 1.48 (p = 0.000)
0.31-0.49 (p = 0.017)

800
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number of subjects

9

8

7

6

5

4

3

| I
o | L |

T2 3 4 5 66 7 8 9

10

Value Evaluation Score(Absolute Value)

B Experiment 1(positive) Experiment 2(Negative)

Figure 4. The number of subjects at each evaluation score level.

10 T T T T

Value
N
N
N
N
N
N
1

-6 1 1 1 1
0 2000 4000 6000 8000 10000

Wealth (Y)

Figure 5. The value function.

and analyzes the impacts of reference point and its change on individual value. Afterwards, this paper also de-
signs value evaluation questions to associate the value of the subjects with evaluation score, drawing the value
function diagram of the subjects. The diagram shows that the value on the loss domain decreases much faster
than the value on the gain domain with the same wealth, which is consistent with prospect theory. In addition,
experiments find that reference point has substantial impacts on value function and decision weight at the same
wealth level. Generally speaking, the value of a certain wealth level rising from a relatively low reference point
is higher than the value of the same wealth level declining from a relatively high reference point which initially
rising from the lower reference point.

Moreover, this paper intuitively explains that the changes of the position of the reference point can lead to a
decline in the overall value of decision-maker through the analysis of value function diagram. And it can also
serve as the explanation of “equity premium puzzle” from the experimental perspective.
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