Online Appendix for:
[bookmark: _GoBack]Higher order risk attitudes and prevention under different timings of loss
Takehito Masuda and Eungik Lee

Our online appendix has three parts. Part A includes the experimental instructions. Part B includes supplementary results and robustness checks. Finally, Part C has a supplementary explanation of the time discounting variable, including possible issues about time discounting.

1
A. Experiment Instructions
A.1. General Instructions
You are not allowed to talk to others during the experiment, except to ask the experimenter a question. Please note that the experiment will be discontinued immediately if you talk to others.

Outline of the Experiment:

This experiment consists of three parts. At the end of this experiment, you will receive a cash reward. In some cases, this may be paid by bank transfer in one week later. Details of determining the reward amount differ for each part of the experiment, so please ensure you read and understand the following explanation.



A.2. Part 1 Instructions
In Part 1, we will ask you about your preferences regarding uncertainty. Therefore, there are no right or wrong answers.

There are 20 situations in total. For each situation, you will choose between two options, left (L) and right (R). No matter what choice you make, the amount of money you earn will be determined by the outcome of the six-sided dice (red, black, and white) that the computer rolls. Please consider the situation carefully, and make a selection.

Part 1-1:
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· In Part 1-1, the above options are displayed. Let's assume that in the above example, you select Option L. If the red die's outcome is 1, 2, or 3, your reward will be 450 yen. If the red die's outcome is 4, 5, or 6, your reward will be 150 yen.

· Conversely, Option R always yields 250 yen.
Part 1-2:
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· [bookmark: _lo27zkmkky]In Part 1-2, the above options are displayed. Let's assume that in the above example, you select Option L. If the red die's outcome is 1, 2, or 3, your reward will be 500 yen. If the red die's outcome is 4, 5, or 6, your reward will depend on the outcome of the black six-sided die. If the outcome of the black die is 1, 2, or 3, 150 yen will be added to the 300-yen reward from the red die, yielding a total reward of 450 yen. Conversely, if the outcome of the black die is 4, 5, or 6, 150 yen will be subtracted from the 300-yen reward from the red die, yielding a total of 150 yen. 

· Likewise, if you select Option R and the red die's outcome is 4, 5, or 6, your reward will be 300 yen. If the red die's outcome is 1, 2, or 3, your reward will depend on the outcome of the black six-sided die. If the outcome of the black die is 1, 2, or 3, 150 yen will be added to the 500-yen reward from the red die, yielding a total reward of 650 yen. Conversely, if the outcome of the black die is 4, 5, or 6, 150 yen will be subtracted from the 500-yen reward from the red die, yielding a total of 350 yen.

Part 1-3:
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· In Part 1-3, the above options are displayed. Let's assume that in the above example, you select Option L.

· If the outcome of the red die is 1, 2, or 3, your reward will depend on the outcome of the black six-sided die. If the outcome of the black die is 1, 2, or 3, 250 yen will be added to the 500-yen reward from the red die, yielding a total of 750 yen. Conversely, if the outcome of the black die is 4, 5, or 6, 250 yen will be subtracted from the 500-yen reward from the red die, yielding a total of 250 yen.

· If the outcome of the red die is 4, 5, or 6, your reward will depend on the outcome of the white six-sided die. If the outcome of the white die is 1, 2, or 3, 150 yen will be added to the 500-yen reward from the red die, yielding a total of 650 yen. Conversely, if the outcome of the black die is 4, 5, or 6, 150 yen will be subtracted from the 500-yen reward from the red die, yielding a total of 350 yen.

· Similarly, if you select Option R, and the outcome of the red die is 1, 2, or 3, your reward will be 500 yen. If the outcome of the red die is 4, 5, or 6, then your reward will depend on the outcome of both the white and black six-sided dice. As with Option L, if the outcome of the white die is 1, 2, or 3, then 150 yen will be added to your reward, but if the outcome is 4, 5, or 6, then 150 yen will be subtracted from your reward. In addition, if the outcome of the black die is 1, 2, or 3, then 250 yen will be added to your reward, but if the outcome of the black die is 4, 5, or 6, then 250 yen will be subtracted from your reward.

[bookmark: _ubxetemfeetb][bookmark: _Hlk484490008]
Your Rewards in Part 1
At the end of this experiment, you will be actually paid a reward for only one of 20 situations, and this round is randomly selected by the computer. Your reward is determined by which situation the computer selected, which option you selected in the selected situation, and the outcomes of dice.

An explanation on the computer screen will now be provided and questions will be accepted. Next, we proceed to a practice round. Please be sure to gain a complete understanding of the content of the experiment during this time. If anything is unclear, please raise your hand and the experimenter will come to you. Please ask your question softly so that other experiment participants do not hear you. In addition, absolutely no communication with the other experiment participants is allowed. 

A.3. Part 2 Instructions in C
Overview
In Part 2, everyone will participate in 10 rounds of decision-making, while experiencing uncertainty. You will be making decisions individually. Your choices will not affect the rewards of the other experiment participants.

Decision-making
A single round of decision-making will proceed as follows. First, you will be initially allotted 1100 points. You will then be placed at risk of losing 800 points of this initial allotment. Hereafter, a loss of 800 points from the initial allotment will be referred to as a loss event. You will be able to use a portion of your own initial allotment to decrease the probability of loss event occurring. Please choose how many points you would like to use from 0 to 300 in units of one. You will not be informed whether or not a loss event will occur before you make your decision.

Probability of a Loss Event Occurring
The probability of a loss event occurring is determined by your choice. Specifically, higher the number you choose, higher is the ratio of the probability of no loss event to the probability of a loss event. The following graph and table summarize this relationship, which will be explained next.

How to Read the Graph and Table
Please observe the following graph and table. The horizontal axis of the graph shows your choice and the vertical axis shows the probability of a loss event occurring. The table summarizes the probability of a loss event occurring when your choice is increased by units of 30.
[image: ]

Your Points
The number of points you have is determined by your choices and whether or not a loss event has occurred.
If a loss event does occur, your points are as follows:
(Your points) = 1100 - (your choice) - 800.
 If a loss event does not occur, your points are as follows:
(Your points) = 1100 - (your choice).
 This concludes one round of decision-making. This decision-making will be conducted 10 times.

[bookmark: _Hlk490741889]Your Rewards in Part 2
Among the 10 rounds of decision-making that you participate in, you will be actually paid a reward for only one of these rounds, and this round is randomly selected by the computer. Specifically,
Your reward = points in one round selected randomly by the computer × 2 (yen)


[bookmark: _Hlk490741810]An explanation on the computer screen will now be provided and questions will be accepted. Next, we proceed to a practice round. Please be sure to gain a complete understanding of the content of the experiment during this time. If anything is unclear, please raise your hand and the experimenter will come to you. Please ask your question softly so that other experiment participants do not hear you. In addition, absolutely no communication with the other experiment participants is allowed. 


A.4. Part 2 Instructions in F
Overview
In Part 2, everyone will participate in 10 rounds of decision-making, while experiencing uncertainty. You will be making decisions individually. Your choices will not affect the rewards of the other experiment participants. In this experiment, there are two different points in time, today and seven days after, in both of which you can earn some money. Hereafter, we simply call seven days after future. You need to make decision only today. You will be paid today’s reward in cash, while you will be paid future reward through bank transfer. Hence, you need to come the experimental laboratory only today.


Decision-making
A single round of decision-making will proceed as follows. First, you will be initially allotted 1100 points for today, and 1300 points for future. You will then be placed at risk of losing 800 points of future initial allotment. Hereafter, a loss of 800 points from future initial allotment will be referred to as future loss event. You will be able to use a portion of your own initial allotment to decrease the probability of future loss event occurring. Please choose how many points you would like to use from 0 to 300 in units of one. It is only seven days after that you will be informed whether or not future loss event occur.

Probability of a Future Loss Event Occurring
The probability of future loss event occurring is determined by your choice. Specifically, higher the number you choose, higher is the ratio of the probability of no future loss event to the probability of future loss event. The following graph and table summarize this relationship, which will be explained next.

How to Read the Graph and Table
Please observe the following graph and table. The horizontal axis of the graph shows your choice and the vertical axis shows the probability of future loss event occurring. The table summarizes the probability of future loss event occurring when your choice is increased by units of 30.
[image: ]

Your Points
The number of points you have is determined by your choices and whether or not future loss event has occurred. First, 
(Your today’s points) = 1100 - (your choice).
Next, let’s summarize your future reward. If future loss event does occur, your future points are as follows:
(Your future points) = 1300 - 800.
 If future loss event does not occur, your future points are as follows:
(Your future points) = 1300 
 This concludes one round of decision-making. This decision-making will be conducted 10 times.

Your Rewards in Part 2
Among the 10 rounds of decision-making that you participate in, you will be actually paid a reward for only one of these rounds, and this round is randomly selected by the computer. Specifically,
Your today’s reward = today’s points in one round selected randomly by the computer × 2 (yen)
Your future reward = future points in one round selected randomly by the computer × 2 (yen)
You will be paid today’s reward in cash, while you will be paid future reward through bank transfer exactly seven days after. Hence, you need to come the experimental laboratory only today.

An explanation on the computer screen will now be provided and questions will be accepted. Next, we proceed to a practice round. Please be sure to gain a complete understanding of the content of the experiment during this time. If anything is unclear, please raise your hand and the experimenter will come to you. Please ask your question softly so that other experiment participants do not hear you. In addition, absolutely no communication with the other experiment participants is allowed. 

A.5. Part 3 Instructions

Option A and Option B
There are 1300 questions for your choice.  For each question, you can choose either: Option A, which pays you today, or Option B, which pays you a week later. 

	Questions
	Payment Option A
(Pays the Amount Below Today)
	Payment Option B
(Pays the Amount Below in 1 WEEK)

	1
	1000 YEN
	1 YEN

	2
	1000 YEN
	2 YEN

	3
	1000 YEN
	3 YEN

	⋮
	⋮
	⋮

	1299
	1000 YEN
	1299 YEN

	1300
	1000 YEN
	1300 YEN



I assume you will choose Option A for at least the first few questions, but at some point switch to choosing Option B. In order to save time, you can answer at which yen value you’d switch. I can then ‘fill out’ your answers to all 1500 questions based on your switch point (choosing Option A for all questions before your switch point, and Option B for all questions at or after your switch point).  

Your rewards in part 3
At the end of the experiment, 20% random draw will determine if you will receive real payment in part 3. Please make a conscientious decision as if it was selected for real payment. 
If you are selected to be paid for real payment, one of 1500 questions will be randomly selected for payment. Depending on your decision for that question, you will be paid on the designated date and money amount. 
An explanation on the computer screen will now be provided and questions will be accepted. Next, we proceed to a practice round. Please be sure to gain a complete understanding of the content of the experiment during this time. If anything is unclear, please raise your hand and the experimenter will come to you. Please ask your question softly so that other experiment participants do not hear you. In addition, absolutely no communication with the other experiment participants is allowed. 

A.6 Demographics

1. Please write down your gender.

Q1)

2. Please write down your major and grade.

Q2)

3. Please write down your age.

Q3)

A.7 Screenshots

Fig. A1 Part 1: Risk aversion
[image: C:\Users\Eungik\Dropbox\Prudence\Submission\스크린샷 2018-02-06 11.05.24.png]

Fig. A2 Part 1: Prudence
[image: C:\Users\Eungik\Dropbox\Prudence\Submission\스크린샷 2018-02-06 10.56.05.png]


 
Fig. A3 Part 1: Temperance
[image: C:\Users\Eungik\Dropbox\Prudence\Submission\스크린샷 2018-02-06 11.07.14.png]


Fig. A4 Part 2: C treatment (Choice)
[image: ]

Fig. A5 Part 2: C treatment (Feedback)
[image: ]
Fig. A6 Part 2: F treatment (Choice)
[image: C:\Users\Eungik\Dropbox\Prudence\Submission\스크린샷 2018-02-06 11.10.45.png]

Fig. A7 Part 2: F treatment (Feedback)
[image: C:\Users\Eungik\Dropbox\Prudence\Submission\스크린샷 2018-02-06 11.10.49.png]

Fig. A8 Part 3 Time preference
[image: ]


Appendix B. Robustness Check
B.1. Higher order risk attitudes in Osaka and Seoul
[image: ]Figure B1 shows the results on high order risk attitude using Osaka and Seoul samples, respectively. They show a similar pattern regarding prudence. 
[image: ](a) Osaka
(b) Seoul
Fig. B1 Summary of Higher order risk attitude by place

About 62% of Osaka samples scored around the maximum value of prudence and 59% of Seoul National University sample did. None of the three risk attitude measures has a significant difference between each sample groups (two-sample Kolmogorov-Smirnov test, p-value: 0.98 for prudence; p-value: 0.82 for risk aversion; p-value: 1.00 for temperance).

 B.2 Learning effect
[image: ]We compute the average effort using last 5 rounds in Part 2. There are consistent negative correlations (F case: -0.40; C case: -0.36) which are significant at 1% level.
Fig. B2 Robustness check

Appendix C. Time discounting
C.1. Explanation of variable
In Part 3 we elicited the time preferences of subjects. We have two discrete time points (today and one week later); therefore, we did not separately elicit present bias and time discounting. There are 1,300 questions (rows) where subjects are asked to choose between Option A (today payment) and Option B (one week later payment). While Option A stays at 1000 JPY, Option B starts at 1 JPY and increases to 1300 JPY with 1 JPY increments between questions. In this structure, Option A stays fixed but Option B is better as it moves down the rows. Instead of answering all questions in Part 3, subjects choose a switching point from the fixed amount (Option A) to a varying amount (Option B). For example, a subject starts to prefer Option B to Option A at the 1010th row. Then he/she simply indicates 1010 (the row number). This design has the relative advantage of being able to measure an individual’s time preference in detail. 
Figure C1 shows the cumulative distribution of the switching point. 
[image: ]
Fig. C1 Distribution of the switching point

Before elicit time discounting, we first estimate the utility curvature using Part 1-1 data.[footnoteRef:1]  We do not have enough data points to estimate the curvature in individual level, we estimate the utility curvature in group level. In Part 1-1, we elicited certainty equivalence (CE) of agent. Using CE, we made non-linear least square estimation to estimate  in the equation of  . In our data, estimated  is around 0.80.[footnoteRef:2] We can recover time discounting  for each subject i. On average,   is 0.95 which is significantly less than 1 (Wilcoxon signed-rank test; p-value <0.01).  [1:  Andreoni et al. (2015) pointed that linear assumption of utility curvature leads to overestimation of time discounting.]  [2:  We note that we have only one data point by individuals. Therefore, we estimated  using pooled sample and applied same  to subjects.] 


C.2. Future loss with time discounting

To check the robustness of our result, we add time discounting  to Menegatti’s (2009) model. We note that we use the same assumptions of Menegatti (2009). Additionally, we assume risk aversion ().


[bookmark: _Hlk506386816]Proposition C1. Assume a player with discounting future payoff, is risk averse, and prudent.  Assume also (3), (4) in the main text and  for the no discounting player, p’<0, and p’’>0. Then, the prudent and discounting player exerts more effort than the risk neutral and discounting player.


The modified model of Menegatti (2009) including  is as follows.

[bookmark: ZEqnNum194226]	 	

The risk neutral optimal effort  is given by[footnoteRef:3]   [3:  We assume is concave. This is also assumed in Menegatti (2009) and Eeckhoudt and Gollier (2005). ] 


[bookmark: ZEqnNum828005]	 	
By differentiating, 

[bookmark: ZEqnNum966127]	 	

Substituting  into , at 




By (C.2), we have  where,  is risk neutral effort with no discounting. Thus, 

	 	


By (C.4),  and , 






Note that the RHS is equal to the no discounting player’s marginal expected utility at As discussed in Menegatti’s (2009) Proposition 1-(a),  implies . Therefore,  implies that a prudent and risk averse player with discounting exerts more effort than the risk neutral and discounting player.||
We compute again risk neutral effort given individual  as . Figure C2 shows the proportion of agents whose average effort is greater than his/her  and  in F treatment. When we do not consider time discounting, the proportion whose average effort is greater than  is 36%. On the other hand, when we consider time discounting, the proportion whose average effort is greater than  is 44%. There is 8% increase, however, still more than half of subjects contribute less than risk neutral with time discounting benchmark. 

[image: ]
Fig. C2 Proportion of average effort in comparison to risk neutral effort
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