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Online Appendix 

for “Higher-Order Beliefs and Risky Asset Holdings” by Yuriy Gorodnichenko and Xiao Yin 

I. Additional results  

Table A.1: Summary Statistics Conditional on Both Waves 

 Mean SD   Mean SD   Mean SD p-values   Mean SD p-values 

 (1) (2)   (3) (4)   (5) (6) (7)   (8) (9) (10) 

 Panel A: All  Panel B: Control  Panel C: Treatment 1  Panel D: Treatment 2 
Age 38.77 11.48  38.68 10.95  39.65 11.90 0.11  37.99 11.54 0.25 
Female 0.39 0.49  0.37 0.48  0.41 0.49 0.13  0.40 0.49 0.33 
Wealth (K) 355.46 616.62  363.31 639.59  361.59 624.43 0.96  341.37 584.81 0.50 
Income (K) 75.42 66.28  75.23 64.17  76.83 72.00 0.65  74.22 62.39 0.77 
Return 3.84 18.68  4.27 16.78  4.08 19.89 0.85  3.17 19.28 0.26 
Financial% 0.50 0.32  0.51 0.32  0.49 0.32 0.15  0.49 0.31 0.23 
Stock % 0.26 0.28  0.26 0.27  0.27 0.30 0.48  0.26 0.29 0.71 
ETF % 0.18 0.25  0.18 0.25  0.17 0.24 0.15  0.18 0.25 0.92 
Derivative % 0.02 0.06  0.02 0.05  0.02 0.06 0.72  0.02 0.06 0.89 
Bond % 0.36 0.32  0.36 0.32  0.37 0.33 0.61  0.36 0.33 0.85 
Pension % 0.12 0.25  0.12 0.25  0.12 0.25 0.80  0.12 0.25 0.88 
Risky_F% 0.46 0.32  0.46 0.32  0.45 0.32 0.75  0.46 0.32 0.76 
Risky% 0.23 0.23  0.23 0.24  0.22 0.23 0.26  0.22 0.23 0.43 
First order beliefs              

E[Return] 3.70 5.18  3.72 4.93  3.84 5.24 0.67  3.53 5.37 0.49 
E[ S&P500] 3.41 5.25  3.43 4.98  3.54 5.53 0.69  3.25 5.25 0.51 
SD[Return] 5.64 3.58  5.70 3.38  5.60 3.73 0.61  5.62 3.62 0.69 
SD[ S&P500] 6.52 3.36  6.55 3.15  6.44 3.47 0.52  6.55 3.47 0.98 
Higher order beliefs              

E[ S&P500] 3.77 5.32  3.71 5.09  4.00 5.60 0.29  3.59 5.25 0.69 
SD[ S&P500] 6.48 3.54   6.48 3.34   6.39 3.58 0.62   6.58 3.7 0.59 
N   2151     725       712       714 

  

Note: This table reproduces Table 1 in the main text conditional on those who completed both waves of surveys. 
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Table A.2: The Effects of Information Treatments on Beliefs with Controls 

 E[Port]   E[Port]   FOB   FOB   HOB   HOB 

 (1)   (2)   (3)   (4)   (5)   (6) 

 Panel A: Expectations 
T1 -1.02***  -0.39*  -1.09***  -0.27  -1.19***  -0.33 

 (0.18)  (0.22)  (0.15)  (0.19)  (0.19)  (0.24) 
T2 -0.35*  0.16  -0.15  0.38**  -1.30***  0.03 

 (0.18)  (0.22)  (0.15)  (0.19)  (0.18)  (0.23) 
Prior   0.56***    0.54***    0.59*** 

   (0.03)    (0.03)    (0.03) 
T1 x Prior   -0.20***    -0.24***    -0.24*** 

 
  (0.04)    (0.04)    (0.04) 

T2 x Prior   -0.16***    -0.14***    -0.35*** 
     (0.04)       (0.04)       (0.04) 

Controls Yes  Yes  Yes  Yes  Yes  Yes 
N 3183  3170  3166  3171  3165  3174 
R2 0.13   0.29   0.10   0.30   0.03   0.20 

 Panel B: Uncertainty 
T1 -1.90***  -1.57***  -2.25***  -2.24***  -2.52***  -1.86*** 

 (0.19)  (0.32)  (0.17)  (0.37)  (0.20)  (0.39) 
T2 -1.93***  -1.37***  -2.26***  -1.84***  -2.70***  -1.62*** 

 (0.19)  (0.32)  (0.17)  (0.36)  (0.20)  (0.38) 
Prior   0.53***    0.39***    0.55*** 

   (0.04)    (0.04)    (0.04) 
T1 x Prior   -0.05    0.01    -0.10* 

 
  (0.05)    (0.05)    (0.06) 

T2 x Prior   -0.08    -0.05    -0.17*** 
     (0.05)       (0.05)       (0.05) 

Controls Yes  Yes  Yes  Yes  Yes  Yes 
N 3249  3225  3279  3269  3289  3268 
R2 0.07   0.19   0.08   0.15   0.08   0.18 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Note: This table reproduces Table 4 while adding pre-experiment controls 
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Table A.3: The Effects of Information Treatments on Beliefs after 3 Months  

 E[Port]   E[Port]   FOB   FOB   HOB   HOB 

 (1)   (2)   (3)   (4)   (5)   (6) 

 Panel A: Expectations 
T1 0.12  -0.09  0.15  0.17  -0.08  -0.25 

 (0.19)  (0.22)  (0.18)  (0.20)  (0.20)  (0.23) 
T2 0.06  -0.09  0.21  0.31  -0.09  -0.10 

 (0.19)  (0.21)  (0.18)  (0.20)  (0.20)  (0.23) 
Prior   0.31***    0.36***    0.26*** 

   (0.03)    (0.03)    (0.03) 
T1 x Prior   0.05    -0.05    0.02 

 
  (0.04)    (0.04)    (0.04) 

T2 x Prior   0.06    -0.04    0.01 
     (0.04)       (0.04)       (0.04) 

Controls No  No  No  No  No  No 
N 2137  2136  2151  2138  2151  2151 
R2 0.00   0.19   0.00   0.17   0.00   0.11 

 Panel B: Uncertainty 
T1 -0.36**  -0.08  -0.02  -0.05  -0.12  0.25 

 (0.16)  (0.23)  (0.15)  (0.27)  (0.15)  (0.28) 
T2 -0.29*  0.20  -0.16  0.06  -0.33**  0.43 

 (0.16)  (0.24)  (0.15)  (0.28)  (0.15)  (0.27) 
Prior   0.61***    0.56***    0.57*** 

   (0.03)    (0.03)    (0.03) 
T1 x Prior   -0.05    0.02    -0.06 

 
  (0.04)    (0.04)    (0.04) 

T2 x Prior   -0.09**    -0.02    -0.12*** 
     (0.04)       (0.04)       (0.04) 

Controls No  No  No  No  No  No 
N 2151  2148  2151  2148  2151  2151 
R2 0.00   0.37   0.00   0.37   0.00   0.32 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Note: This table reproduces Table 4 with left-hand side variables replaced with those from the second wave of 
surveys. 
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  Table A.4: The Effects Beliefs on Asset Holding within Financial Assets 

 Stock ETF Der Bonds Pension 

 (1) (2) (3) (4) (5) 
FOB 0.60 0.74 0.20 -2.48** -0.49 

 (0.58) (0.58) (0.14) (1.23) (0.72) 
HOB -0.27 -1.17*** -0.03 2.10** 0.63 

 (0.40) (0.45) (0.09) (0.95) (0.61) 
Controls Yes Yes Yes Yes Yes 
N 1990 1990 1989 1990 1990 

 First-stage F-stats 
FOB 18.54 18.54 18.54 18.54 18.54 
HOB 17.41 17.41 17.41 17.41 17.41 

 
 

Note: Stock%, EFT%, Der%, Bonds%, and Pension% are respectively the share of financial wealth invested in 
single companies, ETF and other index funds, financial derivatives, bonds, and pension. Controls are all pre-
experiment and include prior expectations, risky asset share, sex, age, indicator for full-time employees, 
indicator for having at least college degree, ethnic group fixed effects, implied prior return volatilities, reaction 
speeds, log income, and portfolio returns. Outliers and influential observations are identified and removed 
according to the procedure described in Coibion et al. (2023). FOB and HOB are winsorized at 1% and 99% 
level. * p < 0.10 ** p < 0.05 *** p < 0.01. 

  
  Table A.5: Average Effects of Treatments on Asset Holdings 

 Risk% Risk% Risk_F% Risk_F% 

 (1) (2) (3) (4) 
T1 -1.33 0.29 -1.26 0.35 

 (0.85) (0.56) (0.79) (0.54) 
T2 0.63 1.01* 0.58 1.04* 

 (0.86) (0.56) (0.79) (0.54) 
Controls No Yes No Yes 
N 2151 2081 2151 2151 

Note: Risky_F% is the share of financial assets invested in single stocks, ETF and index funds, and financial 
derivatives. Risky% is the product of Risky_F% and the share of financial assets. Controls are all pre-experiment 
and include prior expectations, pre-experiment risky asset allocations, sex, age, indicator for full-time employees, 
indicator for having at least college degree, ethnic group fixed effects, implied prior return volatilities, reaction 
speeds, log income, and portfolio returns. Regressions are based on Huber robust regressions. * p < 0.10 ** p < 
0.05 *** p < 0.01. 
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  Figure A.1: Post-experiment and Pre-experiment Risky Asset Holdings 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Risky% is the product of share of financial assets invested in single stocks, ETF and index funds, and 
financial derivatives and the share of financial assets.  
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II. Proofs 

a. Proof of Lemma 1 and Lemma 2 

We will guess and verify that  

𝐸ത[𝐷|𝑠௜, 𝑠௜௠] = 𝜅஽𝐷. (1) 

Intuitively, the average belief is a linear function of the fundamental. We assume that  

𝑠௜௠ = 𝜅஽(𝐷 + 𝜂௜), 

with 𝜂௜  ~ 𝑁(0, 𝜎ఎ
ଶ)  an idiosyncratic shock. Label 𝜎௦೔೘

ଶ ≡ 𝑣𝑎𝑟(𝑠௜௠) = 𝜅஽
ଶ ൫𝜎଴

ଶ + 𝜎ఎ
ଶ൯ . To 

simplify notation, we normalize 𝜎଴
ଶ = 1 and let 𝜎ఔ

ଶ  = 
ఛ

ଵିఛ
𝜎଴

ଶ =
ఛ

ଵିఛ
. Note that 0 < 𝜏 < 1 so that 

𝜎ఔ
ଶ > 0. These assumptions imply 𝜎௦೔

ଶ =
ଵ

ଵିఛ
.  In addition, 𝜎௦೔೘

ଶ ≡ 𝜉𝜅஽
ଶ  with 𝜉 = 1 + 𝜎ఎ

ଶ. 

The covariance structure of the random variables is 

൥
𝐷
𝑠௜

𝑠௜௠

൩ ~𝑁 ൮൥
0
0
0

൩ , ൦

1 1 𝜅஽

1
1

1 − 𝜏
𝜅஽

𝜅஽ 𝜅஽ 𝜉𝜅஽
ଶ

൪൲, 

Conditional expectation of 𝐷 of rational trader i given the two signals is  

𝐸௜[𝐷]  ≡  𝐸[𝐷|𝑠௜ , 𝑠௜௠] = [1 𝜅஽] ቎

1

1 − 𝜏
𝜅஽

𝜅஽ 𝜎௦೔೘

ଶ
቏

ିଵ

ቂ
𝑠௜

𝑠௜௠
ቃ = 𝜅௦𝑠௜ + 𝜅௦௠𝑠௜௠, 

where 𝜅௦  =
(ଵିఛ) (కିଵ)

కି(ଵିఛ)
, 𝜅௦௠  =

఑෥

఑ವ
, 𝜅̃  ≡

ఛ

కି(ଵିఛ)
 .     

This proves Lemma 2.  

In addition,  

𝐸ത[𝐷|𝑠௜, 𝑠௜௠] =  𝜅௦𝐷 + 𝜅௦௠𝜅஽𝐷 = (𝜅௦ + 𝜅̃)𝐷.                                                             (2) 

Matching coefficients between (1) and (2) gives 𝜅஽ = 𝜅௦ + 𝜅̃. Given 𝜉 > 1 and 𝜏 ∈ (0,1), we 

have 𝜅஽ ∈ (0, 1). This proves Lemma 1. 

We can also calculate the subjective variance of 𝐷 given 𝑠௜ and 𝑠௜௠, which is 

𝑣𝑎𝑟(𝐷|𝑠௜ , 𝑠௜௠) = [1 𝜅஽] ቎

1

1 − 𝜏
𝜅஽

𝜅஽ 𝜉𝜅஽
ଶ

቏

ିଵ

൤
1

𝜅஽
൨ =

𝜉 − 1 + 2𝜏 − 𝜉𝜏

𝜉 − (1 − 𝜏)
= 𝜅௦ + 𝜅̃ = 𝜅஽ . (3) 

b. Proof of Lemma 3 

In 𝑡ଵ,ଵ,  𝐵 is dormant and hold zero dollar of the asset. Then total demand in the market is 

𝑋 = 𝛼
𝐸തൣ𝑃ଵ,ଶ|𝑠௜, 𝑠௜௠൧ − 𝑃ଵ,ଵ

 𝑉஺ 
, (4) 

where 𝑋 also equals the total supply in 𝑡ଵ and 𝑉஺ ≡ 𝑣𝑎𝑟(𝑃ଵ,ଶ|𝑠௜, 𝑠௜௠).  
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Denote 𝛼ଵ ≡ 𝛼෤𝛼 as the total mass of investors who fail to sell their asset in 𝑡ଵ,ଶ. In 𝑡ଵ,ଶ,  

𝑋 = 𝛼ଵ

𝐸തൣ𝑃ଵ,ଶ|𝑠௜, 𝑠௜௠൧ − 𝑃ଵ,ଵ

 𝑉஺ 
+ (1 − 𝛼)

𝐸തൣ𝐷|𝑠௜, 𝑠௜௠, 𝑃ଵ,ଶ൧ − 𝑃ଵ,ଶ

 𝑉஻ 
. (5) 

(4) and (5) yields 

𝑃ଵ,ଵ = 𝐸തൣ𝑃ଵ,ଶ|𝑠௜, 𝑠௜௠൧ −
𝑋  𝑉஺

𝛼
(6) 

 𝑃ଵ,ଶ = 𝐸തൣ𝐷|𝑠௜ , 𝑠௜௠, 𝑃ଵ,ଶ൧ −
1 − 𝛼෤

1 − 𝛼
𝑋  𝑉஻ (7) 

Define 𝐷଴ ≡  𝐷|𝑠௜, 𝑠௜௠. Based on Bayesian learning,  

𝐸ൣ𝐷଴| 𝑃ଵ,ଶ൧ = 𝐸[𝐷଴] + 𝛽௉൫𝑃ଵ,ଶ − 𝐸௜ൣ𝑃ଵ,ଶ|𝑠௜, 𝑠௜௠൧൯. (8) 

𝛽௉ =
𝑐𝑜𝑣൫𝐷଴, 𝑃ଵ,ଶ൯

𝑣𝑎𝑟(𝑃ଵ,ଶ)
,                                

𝑉஻  = ቀ1 − 𝑐𝑜𝑟𝑟൫𝐷଴, 𝑃ଵ,ଶ൯
ଶ

ቁ 𝑣𝑎𝑟(𝐷଴) = 𝑣𝑎𝑟(𝐷଴) − 𝛽௉. 

From (3), we have 𝑣𝑎𝑟(𝐷଴) = 𝜅஽. Consequently, 0 < 𝛽௉ < 𝜅஽ < 1.  

From (8), 

𝐸തൣ𝐷|𝑠௜, 𝑠௜௠, 𝑃ଵ,ଶ൧ =  𝛽௉𝑃ଵ,ଶ + (1 − 𝛽௉𝜅஽)𝐸ത[𝐷|𝑠௜, 𝑠௜௠]. (9) 

Combining (7) with (9) gives 

𝑃ଵ,ଶ =
1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝐸ത[𝐷|𝑠௜, 𝑠௜௠] −

(1 − 𝛼෤)  𝑉஻

(1 − 𝛼)(1 − 𝛽௉)
𝑋. (10) 

Based on (10),  

𝐸ൣ𝑃ଵ,ଶห𝑠௜ , 𝑠௜௠൧ = 𝐸 ቈ
1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝐸ത[𝐷|𝑠௜ , 𝑠௜௠] −

(1 − 𝛼෤)  𝑉஻

(1 − 𝛼)(1 − 𝛽௉)
𝑋|𝑠௜, 𝑠௜௠቉ 

Note that from the perspective of the investors before 𝑡ଵ, 𝐸[𝑋|𝑠௜, 𝑠௜௠] = 0. Therefore 

𝐸ൣ𝑃ଵ,ଶห𝑠௜ , 𝑠௜௠൧ =
1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝐸[𝐸ത[𝐷]|𝑠௜, 𝑠௜௠] (11) 

Combining (6) and (11) gives 

𝑃ଵ,ଵ =
1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝜅஽𝐸ത[𝐷|𝑠௜, 𝑠௜௠] −

 𝑉஺

𝛼
𝑋. (12) 

Conjecture  

𝑃ଵ,ଵ = 𝐴ଵ + 𝐵ଵ𝐷 + 𝐶ଵ𝑋,  

𝑃ଵ,ଶ = 𝐴ଶ + 𝐵ଶ𝐷 + 𝐶ଶ𝑋.  

Note that 𝐷଴ ~ 𝑁(𝜅௦𝑠௜ + 𝜅௦௠𝑠௜௠, 𝜅̃ + 𝜅௦). Based on (1) and (12), we have 

𝑃ଵ,ଵ =
1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝜅஽𝐸ത[𝐷|𝑠௜ , 𝑠௜௠] −

𝑋  𝑉஺

𝛼
=

1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝜅஽

ଶ 𝐷 −
𝑋  𝑉஺

𝛼
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Therefore, 𝐴ଵ = 0, 𝐵ଵ =
ଵିఉು఑ವ

ଵିఉು
𝜅஽

ଶ , 𝐶ଵ = −
 ௏ಲ

ఈ
, 𝑉஺ = 𝐵ଶ

ଶ + 𝐶ଶ
ଶ𝜎௑

ଶ. 

For 𝑃ଵ,ଶ, based on (1) and (10), we have 

𝑃ଵ,ଶ =
1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝜅஽𝐷 −

(1 − 𝛼෤)  𝑉஻

(1 − 𝛼)(1 − 𝛽௉)
𝑋. 

Therefore, 𝐴ଶ = 0, 𝐵ଶ =
஻భ

఑ವ
, 𝐶ଶ = −

(ଵିఈ෥)  ௏ಳ

(ଵିఈ)(ଵିఉು)
. 

c. Proof of Proposition 1 

For those in 𝐴 who can sell their asset in 𝑡ଵ,ଶ, their net holding in 𝑡ଵ is zero. For the other 

investors, the average investor’s holding is 

𝑥௜  =
𝛼ଵ

 𝑉஺
൫𝐸ൣ𝑃ଵ,ଶ|𝑠௜, 𝑠௜௠൧ − 𝑃ଵ,ଵ൯ +

1 − 𝛼

 𝑉஻
൫𝐸ൣ𝐷|𝑠௜, 𝑠௜௠, 𝑃ଵ,ଶ൧ − 𝑃ଵ,ଶ൯. (13) 

                 =
𝛼ଵ

 𝑉஺
൬𝐸 ൤

1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝐸ത[𝐷|𝑠௜ , 𝑠௜௠]|𝑠௜, 𝑠௜௠൨ − 𝑃ଵ,ଵ൰

+
1 − 𝛼

 𝑉஻
൬𝐸[𝐷|𝑠௜, 𝑠௜௠] − 𝛽௉

1 − 𝛽௉𝜅஽

1 − 𝛽௉
𝐸[𝐸ത[𝐷]|𝑠௜, 𝑠௜௠] − (1 − 𝛽௉)𝑃ଵ,ଶ൰ 

After simplification, we get 

𝑥௜ = 𝜔଴ + 𝜔ி𝐸[𝐷|𝑠௜, 𝑠௜௠] + 𝜔ு𝐸[𝐸ത[𝐷]|𝑠௜, 𝑠௜௠] ≡ 𝜔଴ + 𝜔ி𝐸௜[𝐷] + 𝜔ு𝐸௜ൣ𝐸ത[𝐷]൧, 

𝜔଴ = −
𝛼ଵ

 𝑉஺
𝑃ଵ,ଵ −  

1 − 𝛼

 𝑉஻

(1 − 𝛽௉)𝑃ଵ,ଶ           

𝜔ி =
1 − 𝛼

 𝑉஻
                                                            

𝜔ு =
1 − 𝛽௉𝜅஽

 (1 − 𝛽௉)
൬

𝛼ଵ

𝑉஺
−

1 − 𝛼

𝑉஻
 𝛽௉൰.                  

An increase in FOB leads to more stock holding. The effect of higher HOB on stock holding is 

ambiguous. When 𝛼ଵ/𝑉஺ < (1 − 𝛼) 𝛽௉/𝑉஻, stock holding decreases with HOB. The sign depends 

on the composition of the investors, when everyone is 𝐵, 𝛼 → 0, then 𝜔ு → −
ଵ

 ௏ಳ

ଵିఉು఑ವ

ଵିఉು
 𝛽௉ <

0. In contrary, when 𝛼ଵ → 1, 𝜔ு →
ଵ

 ௏ಲ

ଵିఉು఑ವ

ଵିఉು
> 0. This proves Proposition 1. 

 

d. Proof of Proposition 2 

In the model, 𝐹෨௜  and 𝐻෩௜ are positive correlated with covariance 𝜅஽. We can write 𝐻෩௜ =  𝜅஽  𝐹෨௜ . 

Then a univariate regression of 𝑥௜  on 𝐹෨௜  yields 𝑥௜ =  ෥଴ + ෥଴𝐹෨௜ ,  where ෥଴ = ෥ி + ෥ு𝜅஽ . 

Suppose ෥ு < 0, then ෥଴ <  ෥ி. The intuition is the same when studying the effects of HOB 

on stock holding while unconditional on FOB.  
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III. Questionnaires 

a. First Wave Survey  
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Each of the following 4 questions are sent to a random 25% of participants 
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 Shown to treatment group 1 

 
 Shown to treatment group 2 
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Each of the following 4 texts is sent to a random 25% of participants 
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b. Second Wave Survey  
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