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A.1. Theoretical Foundation of the Identification Strategy

In the empirical analysis we identify herding by documenting sequential correlation of lending

decisions after controlling for listing heterogeneity and payoff externalities. We then distinguish

rational herding from irrational herding based on the premise that publicly observable listing

attributes should moderate the herding momentum if lenders are rational observational learners.

In this section, we present the theoretical foundation of this identification strategy.

Consider a group of lenders each of whom decides to allocate an amount y to a borrower

listing. Let lender i’s funding decision be represented as a function y(Z,θ, εi). The vector Z

denotes the borrower’s attributes that are publicly observed by all lenders, such as her credit

grade publicized by Prosper. The variable θ denotes the unobservable borrower creditworthi-

ness, or the “quality” of the listing. The vector εi includes lender-specific attributes, private

information, and idiosyncratic utilities.

Suppose θ follows a probability distribution function f(θ) over [θ, θ]. Lenders are uncertain

about the value of θ, but are informed of its prior distribution f(θ).1 In addition, each lender

receives an informative yet imperfect signal of θ. For simplicity of illustration, let y denote

the amount contributed by the first lender, which reflects her private signal about θ. We are

interested in how the observation of y affects a subsequent lender’s posterior inferences about

θ. Let f̃(θ|y,Z) denote this posterior probability distribution function. By Bayes’ rule, we have:

f̃(θ|y,Z) =
p(y|Z,θ)f(θ)∫ θ

θ
p(y|Z,θ)f(θ)dθ

(A1)

1 Since what amounts to prior information is relative, what the model tries to capture is the incremental effect
of observational learning on lenders’ beliefs.
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where p(y|Z,θ) is the conditional probability that the funding amount equals y given observable

borrower attributes Z and the true value of θ. We establish the following result.

Proposition A1. If the probability of observing funding amount y increases with the bor-

rower’s unobservable creditworthiness θ, then the posterior mean of θ after observing y is greater

than the prior mean. Formally,

∂p(y|Z,θ)/∂θ > 0⇒ Ẽ(θ|y,Z)>E(θ). (A2)

Proof: Let F (θ) denote the prior cumulative distribution function (c.d.f.) of θ. The posterior

c.d.f. is given by

F̃ (θ|y,Z) =

∫ θ

θ

p(y|Z,θ)f(θ)∫ θ
θ
p(y|Z,θ)f(θ)dθ

dθ=

∫ θ
θ
p(y|Z,θ)f(θ)dθ

Eθp(y|Z,θ)

where Eθp(y|Z,θ) denotes the expected value of p(y|Z,θ) taken over θ. It follows that

sign
(
F (θ)− F̃ (θ|y,Z)

)
= sign

(
Eθp(y|Z,θ)F (θ)−

∫ θ

θ

p(y|Z,θ)f(θ)dθ

)
= sign

(∫ θ

θ

Eθp(y|Z,θ)f(θ)dθ−
∫ θ

θ

p(y|Z,θ)f(θ)dθ

)
= sign

∫ θ

θ

(Eθp(y|Z,θ)− p(y|Z,θ))f(θ)dθ.

Let t(θ) =Eθp(y|Z,θ)−p(y|Z,θ). If ∂p(y|Z,θ)/∂θ > 0, then ∂t(θ)/∂θ < 0. Meanwhile, note that∫ θ
θ
t(θ)f(θ)dθ = Eθp(y|Z,θ)−Eθp(y|Z,θ) = 0. Therefore, for any θ ∈ (θ, θ),

∫ θ
θ
t(θ)f(θ)dθ > 0,

and hence F (θ)> F̃ (θ|y,Z). It follows that Ẽ(θ|y,Z)>E(θ). �

Proposition A1 implies herding. If y represents a generous amount of funding and if a bor-

rower’s great creditworthiness increases her probability of receiving this generous funding, then

the observation of y serves as a positive quality cue to subsequent lenders. The general condition

of ∂p(y|Z,θ)/∂θ > 0 does not rely on the specification of the probability distribution p(y|Z,θ),

which allows θ to affect the chance of observing y in flexible ways. For example, true credit-

worthiness can influence funding decisions through private quality signals, where the chance of

receiving positive quality signals increases with creditworthiness, and where the probability of

contributing large amounts increases with the signal value (see Zhang 2010 for a choice model

based on this mechanism). As long as the decision-makers have positively correlated preferences

for θ, which is plausible in lending markets, Proposition A1 implies that funding amounts will

be positively correlated across lenders.

Moreover, we expect publicly observable attributes Z to moderate the inferences of θ. Propo-

sition A2 formalizes this intuition.
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Proposition A2. If both unobservable creditworthiness θ and observable attributes Z of a

borrower increase her probability of receiving funding amount y, then the posterior mean of θ

after observing y decreases with Z unless the complementarity between Z and θ are too strong.

Formally, if ∂p(y|Z,θ)/∂θ > 0, ∂p(y|Z,θ)/∂Z > 0, and ∂2[p(y|Z,θ)/Eθp(y|Z,θ)]/∂Z∂θ < 0, then

∂Ẽ(θ|y,Z)/∂Z < 0. (A3)

Proof: For any Z1 >Z2, and any θ ∈ (θ, θ), we want to show that F̃ (θ|y,Z1)> F̃ (θ|y,Z2) in the

sense of first-order stochastic dominance, which is a sufficient condition for the posterior mean

of θ to be greater given Z2. We have

sign
(
F̃ (θ|y,Z1)− F̃ (θ|y,Z2)

)
= sign

∫ θθ p(y|Z1, θ)f(θ)dθ

Eθp(y|Z1, θ)
−

∫ θ
θ
p(y|Z2, θ)f(θ)dθ

Eθp(y|Z2, θ)


= sign

∫ θ

θ

(
p(y|Z1, θ)

Eθp(y|Z1, θ)
− p(y|Z2, θ)

Eθp(y|Z2, θ)

)
f(θ)dθ.

Let s(θ) = p(y|Z1,θ)

Eθp(y|Z1,θ)
− p(y|Z2,θ)

Eθp(y|Z2,θ)
. We then have

∂s(θ)/∂θ=
∂p(y|Z1, θ)/∂θ

Eθp(y|Z1, θ)
− ∂p(y|Z2, θ)/∂θ

Eθp(y|Z2, θ)
< 0

following the assumption of ∂2[p(y|Z,θ)/Eθp(y|Z,θ)]/∂θ∂Z < 0. Meanwhile, note that∫ θ
θ
s(θ)f(θ)dθ = 0. Therefore, for any θ ∈ (θ, θ), we have

∫ θ
θ
s(θ)f(θ)dθ > 0, and hence

F̃ (θ|y,Z1)> F̃ (θ|y,Z2). �

Figure A1 illustrates the idea behind Proposition A2. By Bayes’ rule, the observation of

y reshapes the posterior distribution of θ through the conditional probability term p(y|θ,Z),

where a conditional probability that increases with θ assigns greater weight to higher values of

θ. Importantly, the relative weight assigned to different values of θ varies with Z. The lower

conditional probability line p(y|Z2, θ) corresponds to the worse listing attributes Z2—holding

θ constant, worse listing attributes do lead to a lower ex ante chance of achieving (favorable)

funding y. However, when normalized by Eθp(y|Z,θ), the expected conditional probability, the

lower line assigns relatively greater weight to higher values of θ than the upper line p(y|Z1, θ).

As a result, the posterior expectation of θ turns out higher given the worse attributes Z2.
2

Proposition A2 suggests a way to identify rational herding in the field. When the condition

for Proposition A2 holds, seemingly desirable (undesirable) observable attributes should weaken

(strengthen) the positive quality inferences drawn from observations of peer patronage.

2 Note that Proposition A2 does not require p(y|Z,θ) to be submodular in Z and θ. The condition is more lenient
than submodularity; the result holds for all signs of ∂2p(y|Z,θ)/∂Z∂θ as long as ∂2[p(y|Z,θ)/Eθp(y|Z,θ)]/∂Z∂θ <
0. Nevertheless, the restriction on the degree of complementarity between Z and θ renders Proposition A2 a
conservative test of rational herding.
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Figure A1 How Publicly Observable Variables Moderate Observational Learning

 

 

Figure 1: How Observable Variables Moderate Observational Learning 

 
Notes: This figure illustrates how variables that are commonly observable by all decision-
makers (Z) moderate the inferences of the unobservable variable θ  drawn from one 
individual’s decision y1.  In posterior inferences, greater weight is assigned to higher 
values of θ  if ( | , )p y Z θ  increases with θ .  However, relatively greater weight is assigned 
to higher values of θ  when the observable variables take the lower value Z2.  
 
 

θ  ( )E θ  θ  
θ  

2( | , )p y Z θ  

1( | , )p y Z θ  
( | , )p y Z θ  

2( | , )E p y Zθ θ  

1( | , )E p y Zθ θ  

Notes: This figure illustrates how variables that are publicly observable by all decision-makers (Z) moderate what inferences
about the unobservable variable θ these decision-makers’ draw from peer decision y. In posterior inferences, greater weight
is assigned to higher values of θ if the conditional probability function p(y|Z,θ) increases with θ. However, relatively greater
weight is assigned to higher values of θ when the observable variables take the lower value Z2.
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Table A3 Variance Inflation Factors of Independent Variables

Variable Variance Inflation Factor

Lag Total Amount 6.788

Lag Percent Needed (%) 4.842

Lag Rate (%) 1.017

Lag Total Bids 9.125Lag Total Bids 9.125

Lag Total Amount * Lag Percent Needed  (%) 2.103

Lag Total Amount * Amount Requested (1,000) 5.271

Lag Total Amount * Borrower Rate (%) 4.273

Lag Total Amount * Credit_Risky 1.072

Lag Total Amount * Debt-to-Income Ratio (%) 1.151

L T t l A t * E d t 1 038Lag Total Amount * Endorsements 1.038

Lag Total Amount * Group Member 2.213

Lag Total Amount * Homeowner 3.382

Lag Total Amount * Lag Total Bids 7.284

Lag Total Amount * Start Day 4.506

Notes: This table reports the variance inflation factors (VIF’s) of the independent variables in the main panel analysis
reported in column (4) of Table 4. All VIF’s are below the conventional cutoff of 10 (Hair et al. 2009).
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Table A5 How Herding Affects Interest Rates

Lag Total Amount -7.7E-05 *** 3.5E-04 1.3E-05 0.002 ***
(1.4E-05) (4.0E-04) (1.1E-05) (3.1E-04)

Lag Rate (%) 0.064 *** -0.040 *** 0.077 *** 0.072 ***
(0.009) (0.009) (0.002) (0.002)

Lag Total Bids -0.005 *** -0.025 *** -0.017 *** -0.010 ***
(0.001) (0.002) (0.001) (0.001)

Lag Total Amount * Amount Requested (1,000) -1.0E-05 *** 1.2E-05 ***
(1.5E-06) (6.8E-07)

Lag Total Amount * Borrower Rate (%) -2.5E-05 *** -1.4E-05 ***
(8.1E-07) (5.7E-07)

Lag Total Amount * Credit_Risky -3.2E-04 *** 0.001 ***
(3.8E-05) (4.5E-05)

Lag Total Amount * Debt-to-Income Ratio (%) -3.4E-08 -2.7E-08
(4.0E-08) (4.0E-08)

Lag Total Amount * Endorsements 1.2E-04 *** -1.7E-05
(2.1E-05) (1.9E-05)

Lag Total Amount * Group Member 6.0E-06 2.2E-06
(1.0E-05) (8.2E-06)

Lag Total Amount * Homeowner 8.8E-06 8.6E-06
(9.5E-06) (7.4E-06)

Lag Total Amount * Lag Total Bids 7.8E-07 *** -1.1E-08
(5.0E-08) (6.0E-08)

Lag Total Amount * Start Day 2.0E-09 -1.1E-07 ***
(2.0E-08) (2.0E-08)

Day-of-Week Fixed Effects Yes Yes Yes Yes
Day-of-Listing Fixed Effects Yes Yes Yes Yes
Listing Fixed Effects Yes Yes Yes Yes

Number of Observations 14,391 14,391 333,460 333,460
Adjusted/Pseudo R-Squared 0.971 0.975 0.978 0.978

Fully Funded Fully Funded

(3) (4)(1) (2)
Before BeforeAfter After

Fully Funded Fully Funded

Notes: This table reports the effects of herding on interest rates. Each observation is a snapshot of a listing taken at the
end of each day. Columns (1) and (2) include observations after a listing is fully funded. Columns (3) and (4) include
observations before a listing is fully funded. The dependent variable is a listing’s interest rate (%) at the end of each day.
The Lag Percent Needed variable is constant for columns (1) and (2), and is dropped from all columns for comparability.
GLS with standard errors clustered by listing and reported in parentheses under parameter estimates. * p < 0.1, ** p < 0.05,
*** p < 0.01.
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