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估計風險偏好: 二選一風險決策
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Thaler and Johnson (1990); Keasey and Moon (1996)
 You received an endowment, and now have a choice:

or

 Which would you choose if your endowment is $10?

 Which would you choose if your endowment is $1,000?

$5

Safe Choice (S): y=1

$0

Risky Choice (R): y=0

$10
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Apply Binary Data Models to Risky Choice Experiments
 Ask subjects (with different endowment) to choose:

or

 To test House Money Effect: 
 Choices more risk-seeking when initial endowment is high

 Or: Take more risk when reinvesting prior profit

Thaler and Johnson (1990)
Keasey and Moon (1996)

$5

Safe Choice (S): y=1

$0

Risky Choice (R): y=0

$10
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Apply Binary Data Models to Risky Choice Experiments
 1,050 subjects with wealth wi

 Binary Outcome: Choose 
 Safe (y = 1), or Risky (y = 0)

 Simulated experiment data
 House_money_sim.dta

 STATA:

 92% choose safe at wi = $0

 50% choose safe at wi = $10
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Probit Model for Choosing Safe Under Wealth Level wi

 Model this as Probit: 

where       is standard Normal cdf

And its pdf is

 Likelihood: 
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Probit Model for Choosing Safe Under Wealth Level wi

 Log-Likelihood: (Easier for numerical maximization!)

 Since    ,
 Rewrite log-Likelihood with Safe (yyi = 1) & Risky (yyi = -1)

 in STATA to perform MLE to find
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Probit Model for Choosing Safe Under Wealth Level wi
 STATA

Results:

Strong House Money 
Effect (z = -9.70)

1,050 Subjects 
of 1 Round each
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Wald Test for the House Money Effect (Probit)

 Wald Test for  

 STATA
Results: Strong House Money Effect: 

W = (-9.70)2 = 94.05
>> 3.84 = 
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Prediction: Pr(Safe) for Each Wealth Level
 Graph estimated probability: 

 STATA Command:

 STATA 
Results:
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Prediction: Pr(Safe) for each Wealth Level
 Graph estimated probability: 

 STATA Command:

 STATA 
Results:

Risk-Seeking 
(Extrapolating!)

Risk Neutral at
w = 1.3016/0.1410 = $9.23
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Conditional Marginal Effect at No Wealth (w = $0)
 Predict change in Pr(Safe) due to change in w (w = $0)

 STATA
Results: Pr(Safe) drops by 2.41% 

when w rises from $0 to $1
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Conditional Marginal Effect at Higher Wealth (w = $10)
 Predict change in Pr(Safe) due to change in w (w = $10)

 STATA
Results: Pr(Safe) drops by 5.59% 

as w rises from $10 to $11
(Steeper slope in Figure)
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Average Marginal Effect
 Average predict change in Pr(Safe) due to change in w

 STATA
Results: Pr(Safe) drops by 4.44% 

on average as w rises by 
1 across all observations
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Likelihood Ratio Test for House Money Effect (Probit)

 Wald Test for  

 Likelihood Ratio (LR) Test between:

 Unrestricted:

 Restricted:

 LR for  
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Unrestricted Probit Model (Shown Above)
 STATA

Results:

1,050 Subjects 
of 1 Round each
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Restricted Probit Model

 Restricted:

 STATA
Results:

1,050 Subjects 
of 1 Round each
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Likelihood Ratio Test for House Money Effect (Probit)
 STATA

Results:

1,050 Subjects 
of 1 Round each
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Likelihood Ratio Test for House Money Effect (Probit)
 STATA Command:

 STATA Results:
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Relation between Likelihood Ratio, Wald (and LM) Test

 All Three Asymptotically Equivalent!
 Likelihood Ratio (LR) Test

 Wald Test

 Lagrange Multiplier (LM) Test

LM Test (slope)
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Maximum Likelihood Estimation (MLE) of Probit
 Estimate probit with MLE

 Use binary lottery choice 
of:
 STATA: 

 Use ml to maximize
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Maximum Likelihood Estimation (MLE) of Probit
 To ignore errors if the following command is not applicable, 

can add at the beginning

 Maximize logl

 Over
 local variables like 

other defined by 
tempvar

 Such as ‘p’
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Maximum Likelihood Estimation (MLE) of Probit
 Unlike global variables like yy

 Does not need single
quotation marks like
local variables ‘p’
or ‘logl’
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Maximum Likelihood Estimation (MLE) of Probit
 The ml Routine uses the lf likelihood evaluator 
 Run on each row of the data set, unlike the d-family

evaluator (which runs on each block of rows)
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Maximum Likelihood Estimation (MLE) of Probit
 STATA

Results:
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Same as Probit Model
 STATA

Results:

Strong House Money 
Effect (z = -9.70)

1,050 Subjects 
of 1 Round each
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Homogeneous Structural Modelling

 Reduced form models simply attempt to explain the data

 Structural Models: Assume all individuals have the 
same utility function:

 Constant Relative Risk Aversion (CRRA): 

 Higher r = more risk averse

 Negative r = risk-seeking
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Homogeneous Structural Modelling
 In Binary Lottery Choice, Expected Utility for
choosing Safe and Risky are:

 Choose Safe if 

 Fechner Error Term: When computing EU difference, 
individuals make computational error
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Homogeneous Structural Modelling

 Probability of Safe choice being made is:
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Homogeneous Structural Modelling

 Filling in EU (and using the yy trick), we obtain the 
log-likelihood function:

 Choose r and σ to maximize logL
 Need to program this in STATA using the ml command
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Homogeneous Structural Modelling

 Choose r and σ to maximize logL

 STATA command: 
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Homogeneous Structural Modelling

 STATA 
Results
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Homogeneous Structural Modelling

 The estimated (homogeneous) utility function is:

 With Fechner computation error

 Note that this estimation assumes every individual 
has the same risk preference
 We can relax this assumption...
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Heterogeneous Agent Model

 Now assume each subject has his/her own r for the 

CRRA utility function:

 Assume r has population distribution 

 Subject respond to Multiple Price List (MPL) of 
Holt and Laury (2002)
 Choose Safe or Risky lottery for each question
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Heterogeneous Agent Model
 Indifferent between S and R at threshold risk attitude r*
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Heterogeneous Agent Model
 Threshold risk attitude r* can be calculated with Excel in:

 risk aversion calculations.xlsx

 Each subject is only asked 1 of the 10 problems
 (Pseudo) data for 100 subjects: 

 Subject i asked choice problem with threshold ri
*

 Safe Choice Dummy: 
 yi = 1 if chose S 

 yi = 0 if chose R 
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Heterogeneous Agent Model

 Given , we have:

 Can estimate a probit model: 

 Then, apply delta method:
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Heterogeneous Agent Model

 STATA 
Results
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Heterogeneous Agent Model

STATA 
Results

 Hence, every subject has RRA coefficient drawn from:

 And calculate EU to make decision without error
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Delta Method
 (nlcom in STATA) used to obtain standard errors of 

 More generally, consider reduced form estimates       

 Variance matrix is:

 After estimating probit, can see it in STATA:

 STATA 
Results:
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The Delta Method

 Can uncover structure parameters      from reduced 
form estimates of through

 Estimate matrix

 Use square root of diagonal in
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Interval Data

 Revisit Holt and Laury (2002)

 Still assume subjects have CRRA utility function:

 But subject are asked each problem in order, 
revealing where in the list they switch
 More precise information available regarding subject risk 

preference
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Interval Data
 EU-maximizing subject has RRA r between 0.15 and 0.41
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Interval Data: Interval Regression Model

 Estimate population r from subject-specific intervals

 (Pseudo) data for 100 subjects: 

 For , subject i with li < ri < hi has

 Hence,
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Interval Data: Interval Regression Model

 Interval Regression: Estimate likelihood-maximizing 

 STATA command: 

 Result:
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Interval Data: Interval Regression Model

 STATA 
Results
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Interval Data: Interval Regression Model

 If risk attitude depends on age and gender: 

 Explanatory variables

 Have coefficients 

 Hence,
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Interval Data: Interval Regression Model

 STATA
Result:



2023/11/4 Estimating Binary Lottery Choice Joseph Tao-yi Wang

Interval Data: Interval Regression Model

 STATA
Result:

But none
significant
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Continuous (Exact) Data

 Ask subject Certainty Equivalent (CE) for a lottery
 Amount for sure indifferent with lottery

 Exact information of subject risk preference

 With the CRRA utility function:

 If (0.3, $3.85; 0.7, $0.10) has CE = 0.75, can find r

so:

 r = 0.41! (See risk aversion calculations.xlsx)
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Continuous (Exact) Data

 To elicit subject CE with Incentive Compatibility (IC)
 Provide incentives for truthful report

 Use Becker-DeGroot-Marschak (BDM) Mechanism
 Becker et al. (1964)

1. Report CE.  Then, computer draw a random price

2. If random price is higher than CE, earn random price

3. If random price is lower than CE, play the lottery

 Why is it IC to report truthfully?



2023/11/4 Estimating Binary Lottery Choice Joseph Tao-yi Wang

Continuous (Exact) Data
 Simulated 

Data for 
N=100:
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Continuous (Exact) Data

 Given population distribution
 Want to estimate

 Density for observation ri is

 Hence, the sample log-likelihood function is:
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Continuous (Exact) Data

 Choose r and σ to maximize logL

 STATA command: 
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Continuous (Exact) Data

 STATA 
Results
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Sample Mean and Sample Variance are MLE!

 This is exactly the sample mean and variance of r

 STATA command: 

 Except sample variance is divided by (n - 1) instead of n

 Recall from your Econometrics class
 Sample mean and sample variance maximizes likelihood!

 But ML applies to other continuous data (even censored)
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CE Closer to Risk Neutrality?

 much closer to 0 than previous ones:

 Homogeneous Agent Model: 

 Heterogeneous Agent Model: 

 Interval Data:

 Subjects tend toward risk neutrality when asked CE
 As if they compute EV and report something near

 Explains: Prefer safer lottery in binary choice (P-bet)
 But place higher valuation on riskier lottery ($-bet) Preference 

Reversals!!
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