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Abstract

While existing theory predicts that a matching leadership gift raises more donations
than seed money, recent experiments find otherwise. We aim to reconcile the two by
studying a model of sequential fundraising under incomplete information about the char-
ity’s quality. Both the fundraising scheme employed by the charity and the contribu-
tion decision of the lead donor may signal the charity’s quality to subsequent donors.
With exogenously informed lead donor, the charity optimally solicits the lead donor for a
matching gift independent of its quality and the size of the gift credibly reveals the char-
ity’s quality to the follower donors. Under costly information acquisition, the lead donor
becomes less reliable in conveying the charity’s quality as she might choose to remain
uninformed. Consequently, the charity employs the fundraising scheme itself to credibly
signal its quality. In particular, the high quality charity solicits the lead donor for seed
money more often and for matching gift less often than the low quality charity. As a re-
sult, seed money becomes a signal of high quality and matching-a signal of low quality.
Thus, consistent with experimental data, seed money is associated with higher quality
and raises more donations relative to matching.
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1 Introduction

The non-profit sector is known for significant presence of highly inefficient organizations.
Apart from the well-publicized fraudulent non-profits, such as the Cancer Fund of America1,
there are many other organizations that may not be blatantly scamming donors, but are nev-
ertheless doing a poor job in providing public benefits. For instance, Charity Navigator, the
largest charity rating agency in the USA, has classified close to one third of rated charities
in years 2007-2010 as having exceptionally poor or poor performance (Yörük, 2016). Donors’
lack of information is likely a contributing factor. According to Money for Good 2015 report,
“49% [of donors] don’t know how nonprofits use their money” 2. While the presence of rating
agencies such as Charity Navigator, CharityWatch, and GiveWell can help donors, the mere
number of charitable organizations3 makes the available information imperfect and costly
to obtain. Consequently, a big challenge for well-run non-profits is finding ways to credi-
bly inform donors of their quality and distinguish themselves from their poorly performing
counterparts.

In this paper, we investigate the role that leadership giving plays in conveying information
to donors. Leadership giving refers to a fundraising strategy by charities of soliciting a large
donation by a wealthy donor, whose donation announcement aims to incentivize giving by
other donors. Leadership gifts can be in the form of an unconditional lump sum called “seed
money” or a promise of matching small donations by a fixed ratio called “matching gift”.

The impact of the size and the form of the leadership gift has attracted significant interest
in the theoretical and empirical literature. Theoretically, most of the focus has been in an-
alyzing leadership giving under complete information. In this environment, seed money is
equivalent to sequential fundraising, which results in significant free-riding by downstream
donors on the lead donor’s gift (Varian 1994). In contrast, a matching gift is associated with
weaker free-riding incentives as the lead donor’s contribution is contingent on the subse-
quent donors’ giving. Thus, matching leadership gifts should be more effective in increasing
contributions compared to seed money.

In light of this theoretical prediction, the recent experimental evidence (e.g, Karlan et al.

1The Cancer Fund of America and their leader James Reynolds Sr. has notoriously bilked more than $187
million from donors under the pretense of serving people with cancer. See https://www.ftc.gov/news-events/

press-releases/2016/03/ftc-states-settle-claims-against-two-entities-claiming-be-cancer.
2At first glance, this lack of information might be attributed to the donors’ lack of interest. However, survey ev-

idence suggests otherwise. Money for Good 2015 reveals that donors “want clearer communication with nonprof-
its” regarding the charitable services that their money provides. The lack of information is attributed to the fact
that “[donors] are often uncertain where to start, don’t have the information they want, feel pressed for time, ...“.
For the full survey conducted by Camber Collective, visit http://www.cambercollective.com/moneyforgood/.

3According to National Center for Charitable Statistics, there are more than 1.5 million tax-
exempt organizations in USA. For more information, visit http://nccs.urban.org/data-statistics/

quick-facts-about-nonprofits.
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(2011), List and Lucking-Reiley (2002), Rondeau and List (2008)) has been puzzling. It sug-
gests that donors’ giving is not very responsive to a matching gift, while seed money signif-
icantly increases giving. One plausible explanation for this finding is that the structure of
the leadership gift itself conveys information about the charity’s quality. In particular, if seed
money is associated with high quality, while matching gift with lower quality, donors may re-
spond favorably to an announcement of seed money, but would respond little or even reduce
donations in response to a matching gift.

To investigate the signaling impact of leadership giving, we propose a model of charitable
fundraising with a large donor population, in which the charity is privately informed about
its quality. It chooses its fundraising mechanism to maximize donations. In particular, the
charity chooses whether to solicit the lead donor for seed money or a matching gift. Sub-
sequently, given the fundraising strategy of the charity, the lead donor decides whether to
acquire costly information about the charity’s quality before making a donation decision. Un-
der leadership giving, the information acquired not only benefits the lead donor directly, as
it results in more informed giving, but it enables the lead donor to signal the charity’s quality
to downstream donors through the size of her contribution.

We find that the charity’s choice of a fundraising mechanism depends crucially on the lead
donor’s information. In general, both the charity’s fundraising strategy and the lead donor’s
donation size has the potential of conveying information about the charity’s quality. If the
large donor is exogenously informed about the quality, the charity can always rely on the
lead donor to reveal the quality to subsequent donors through the size of her donation. As
a result, the charity finds it optimal to solicit the lead donor for a matching gift independent
of the charity’s quality. This is because under either leadership scheme, the charity’s quality
will be revealed, but the matching gift has the advantage of reducing the free-rider incentives
by downstream donors. Thus, to understand the use of seed money, one needs to consider a
model of costly information acquisition by the lead donor.

Under costly information, the lead donor acquires information only if the value of infor-
mation exceeds the cost. The value of information varies not only with the prior quality dis-
tribution, but also with the charity’s equilibrium fundraising strategy. Thus, it is possible for
fully informed and fully uninformed equilibria to co-exist. However, we show that these two
extremes of no information acquisition and full information acquisition cannot explain the
experimental evidence. With full information acquisition by the lead donor, the high quality
charity would successfully separate from the low quality charity as the lead donor’s contri-
bution amount will credibly signal the charity’s quality. Thus, analogous to the exogenously
informed lead donor, the fully informed equilibrium results in each charity type choosing
matching gift fundraising. Without information acquisition by the lead donor, different char-
ity types are indistinguishable and must raise the same amount of donations independent of
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the fundraising scheme.
In order to explain the presence of seed money, we focus on partially informed equilibria

with seed money on the equilibrium path, which we refer to as SPI equilibria. SPI equilib-
ria require less than perfect information acquisition under matching in order to make seed
money appealing for the high quality type, and strictly positive information acquisition un-
der seed money in order to reduce the ability of the low type to pool with the high type under
seed money. More importantly, the equilibrium fundraising behavior is consistent with the
experimental findings. In particular, we show that in every SPI equilibrium, the high quality
charity is more likely to choose seed money fundraising, and thus less likely to choose match-
ing, compared to the low quality charity. Intuitively, as the lead donor becomes less reliable
at signaling the charity’s quality, the high quality charity engages in costly signaling through
the fundraising scheme by choosing to solicit for seed money.

Our theoretical finding establishes a plausible mechanism through which leadership gifts
may convey information to donors. It predicts that seed money is used as a costly signal
of higher quality as it exposes the charity to stronger free-rider’s incentives. Interestingly,
the credibility of seed money as a signal relies on the lead donor verifying the quality with
positive probability in order to make it costly for the low quality charity to fully mimic the
high quality charity. In this respect, both the charity and the lead donor play a role of con-
veying information to downstream donor. While the quality uncertainty is not fully resolved
in equilibrium, downstream donors associate seed money with better charities and thus may
respond more favorably to seed money compared to matching gift.

Our finding further suggests that the optimal structure of the leadership gift crucially
depends on the donors’ information about the charity. In particular, it predicts that estab-
lished charities that are well-known to potential donors would find matching an attractive
fundraising scheme since they have little need to convince donors of their value. In contrast,
newer charities of high quality are likely to find seed money more attractive as they are try-
ing to credibly inform donors of their value4. Moreover, our model also suggests that the
low propensity of information acquisition, evidenced by recent survey data, may be partially
attributable to the informational value of the fundraising mechanism employed by charities.
These predictions provide powerful testable hypotheses to be further explored in a controlled
lab environment and the field.

Related Literature Our theoretical model builds upon a large theoretical literature. Early
theoretical work on private provision of public goods, such as Warr (1983) and Bergstrom
et al. (1986), have focused on simultaneous contributions. They show the equivalence of

4Indeed, Rondeau and List (2008) compare the two types of leadership gift in the field and the lab and find that
seed money is more effective in the field. They conjecture that this difference is likely due to the fact that in the
lab the individuals’ benefits from the public good are known and thus the leadership gift does not carry quality
information.
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the non-cooperative equilibrium from the simultaneous contributions game to the Lindhal
equilibrium. Admati and Perry (1991) expand the analysis to a mechanism of alternating
sequential contributions towards a threshold public good. They find that this can lead to
an inefficient outcome. Similarly, Varian (1994) considers sequential fundraising and finds
that it results in lower public good provision compared to simultaneous contributions due to
donors’ incentives to free-ride on earlier contributions. However, the possibility of a donor
subsidizing others’ contributions can alleviate this problem. The implication of these findings
is that matching leadership gift is more effective in encouraging contributions by downstream
donors compared to seed money.

In the context of complete and symmetric information, the use of seed money can be ra-
tionalized by the presence of threshold public good or other-regarding preferences. In par-
ticular, Andreoni (1998) shows that charities can use seed money to avoid zero-contributions
equilibrium, in which no donor contributes due to an expectation that the threshold will not
reached. Romano and Yildirim (2001) show that other-regarding preferences can give rise to
upward-sloping best respose functions, making sequential fundraising more effective than si-
multaneous fundraising. In the context of standard altruistic preferences, Gong and Grundy
(2014) illustrate that rapidly diminishing returns to the public good could make high match
ratios ineffective. As a result, the lead donor may find it optimal to choose a low match ratio,
leading to low overall donations under a matching gift.5

There is sparse theoretical literature that has considered incomplete information about the
public good. Bag and Roy (2011) show that when donors have independent private valuations
of the public good, free-riding incentives could diminish with sequential giving and thus
sequential contributions might result in higher total donations compared to simultaneous
ones. Krasteva and Yildirim (2013) consider an independent value threshold public good, in
which each donor can choose whether to contribute informed or uninformed. They find that
announcing seed money discourages informed giving while a matching gift encourages it.
However, in both studies, the independence of donors’ valuations precludes the possibility
of signaling through the scheme choice or the contribution amount by the lead donor. In this
respect, the closest papers to ours are Vesterlund (2003) and Andreoni (2006).

Similar to our model, Vesterlund (2003) and Andreoni (2006) consider the use of seed
money as a signaling device to convey the charity’s quality. They demonstrate that leader-
ship gifts in the form of seed money may result in larger total donations compared to simul-
taneous contributions since seed money enables the lead donor to signal the charity’s quality

5While rapidly diminishing returns to the public good may provide an alternative explanation for the low
effectiveness of matching leadership giving, matching still emerges as the dominant scheme in a large economy
as long as donors are primarily driven by altruistic motives. Then seed money is ineffective in increasing total
donations as it fully crowds out giving by other donors (see Yildirim (2014)), while matching impacts downstream
donors’ marginal benefit of giving and results in higher total contributions.
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to subsequent donors. The intuition behind this finding is that the information provided to
potential donors through the signal has a positive effect on the donors’ giving incentives and
can outweigh their incentives to free-ride on the large initial donation. However, an impor-
tant distinction between these papers and ours is that they only allow for the seed money
leadership scheme and ignore the possible signaling value of a matching gift. By enabling
charities to choose between seed money and matching, we allow them to use the structure of
the leadership gift itself to convey quality information to donors. In particular, such quality
signaling through the scheme becomes an important tool of information transmission when
acquiring information about the charity’s quality is costly for donors.

In the realm of experimental studies, Silverman et al. (1984), Frey and Meier (2004), Soetevent
(2005), Croson and Shang (2008), and Shang and Croson (2009) find that donors respond posi-
tively to information about other donors’ gift, and Güth et al. (2007) show the positive impact
of leadership gifts in particular. Furthermore, field experiments by List and Lucking-Reiley
(2002), and Landry et al. (2006) demonstrate that both the probability and size of donations
significantly increase with the seed money amount. More interestingly, Potters et al. (2005)
find that when some donors are informed and others are not, they are likely to endogenously
choose to donate sequentially rather than simultaneously with more informed donors donat-
ing first, resulting in higher total donations compared to simultaneous contributions. All of
these findings support the theory of seed money having a signaling value. Potters et al. (2007)
confirm this in their experiment6.

The impact of matching gifts has also been studied experimentally. Eckel and Grossman
(2003), Meier and Frey (2004), Eckel and Grossman (2006a), Eckel and Grossman (2006b),
Eckel et al. (2007), Falk (2007), Eckel and Grossman (2008) find evidence in support of match-
ing gifts being effective in boosting donations. However, Meier (2007) illustrates that this
effect is short-lived and reverses in the long run. Moreover, Karlan and List (2007) find that
total donations are unresponsive to increasing the match ratio.

The result of recent experiments is more surprising. For example Alpizar et al. (2008)
show that knowledge about others’ donations increases individual donations, but the price
of giving has little impact on donations. Similarly, Karlan et al. (2011) find little response to a
matching gift and Adena and Huck (2017) find a negative response by donors. Rondeau and
List (2008), Huck and Rasul (2011), and Huck et al. (2015) compare seed money to matching
gifts directly in the context of field experiments and find that seed money has positive impact
on giving, but matching has little to no effect. These findings are consistent with the predic-
tion of our model and suggest that the two types of leadership giving may carry different

6Other related empirical work (e.g. Khanna and Sandler (2000), Okten and Weisbrod (2000), Andreoni and
Payne (2003), Andreoni and Payne (2011)) studies the impact of government grants of private contributions. They
find mixed results, which could be attributed to the differential impact of government grants on the fundraising
effort by charities.
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quality information.
In the following sections, we present our model and findings. Section 2 describes the

theoretical model. Section 3.1 considers the benchmark case of complete information and de-
scribes how the fundraising schemes rank in terms of total contributions. Section 3.2 considers
the signaling benchmark, in which the lead donor is exogenously informed and shows that
in this case the charity will always choose a matching gift fundraising. Section 3.3 presents
the case of endogenously informed donor and discusses the possibility of signaling through
the fundraising scheme. Section 4 presents a few extensions to the base model and Section 5
concludes.

2 Model description

A single charity, C, aims to maximize the amount of money raised, G, to a continuous public
good. The quality q takes two values, q ∈ {ql , qh} with 0 < ql < qh. The prior distribution
over quality is given by π = {πl , πh}where πh ∈ (0, 1) denotes the likelihood of high quality.

There are n ≥ 2 potential donors. Each donor i is endowed with wealth wi ∈ [w, w] drawn
from an iid distribution with continuous density f (wi) and domain [w, w] where 0 ≤ w <

w < ∞. Donor i has the following preferences over private and public consumption:

u(gi, G, q) = h(wi − gi) + qv(G), i = L, F (1)

where h′(·) > 0, h′′(·) ≤ 0, v′(·) > 0, v′′(·) < 0, and qv′(0) > h′(w)7. Moreover, we
assume that

∣∣∣Gv′′(G)
v′(G)

∣∣∣ < 1 so that the donors’ marginal utility from the public good is not

diminishing too rapidly as provision increases.8

The charity solicit donors by employing leadership giving, in which it first solicits a lead
donor, denoted by L. We let wL ≥ max

i∈F
wi so that the lead donor is the richest individual in

the economy. This is consistent with Andreoni (2006) who finds that the wealthy individuals
have stronger incentives to become leaders in charitable campaigns9. The leadership gift
scheme, Z, chosen by C can be either seed money, S, or matching gift, M. Under S, L makes
an unconditional contribution gS

L that is publicly announced prior to the follower donors’
contribution decisions. Under M, L commits to a match ratio m, which is publicly announced,
and results in a contribution gM

L = m ∑
i∈F

gM
i = mGM

F by L.

7The condition v′(0) > qh′(w) ensures that there will be positive amount of the public good provided in
equilibrium for all quality realizations.

8This condition is a sufficient condition for the matching scheme to eliminate the free-riding incentives by the
follower donors. It is satisfied by a large class of utility functions commonly used in economics, such as the CES
utility function. For a discussion about the consequence of violating this condition, see Gong and Grundy (2014).

9The lead donor being the wealthiest individual also guarantees that in a limit economy with n → ∞, the
matching scheme converges to a strictly higher giving compared to seed money as the lead donor will have
incentives to offer a positive match.
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The timing of the game is as follows. First, C privately observes q and commits to a
fundraising scheme Z ∈ {S, M}. Then, it solicits L for a donation, gZ

L . L decides whether
to learn q at cost k and then makes her contribution decision gZ

L . All follower donors then
observe Z and gZ

L , and simultaneously choose their donations gZ
i for i ∈ F.

In the following section, we provide the equilibrium analysis of the game. We focus on
characterizing the sequential equilibria of this dynamic signalling game. Moreover, as com-
monly adopted in the literature, we refine equilibria using the Cho-Kreps intuitive criterion
(Cho and Kreps, 1987).

3 Equilibrium characterization

As as starting point of our analysis, we provide two benchmarks that are instructive in under-
standing how the fundraising scheme affects donors’ giving. Section 3.1 discusses the bench-
mark case of complete information about the charity’s quality, q, and establishes that under
complete information, the matching gift maximizes total contributions. Section 3.2 expands
the analysis to an uninformed follower, but an exogenously informed leader. This introduces
the possibility of the lead donors’ contribution amount signaling the charity’s quality to the
follower donors. We show that with a large contributing donor base, the matching gift is still
the only mechanism that emerges in equilibrium. These two benchmarks lay the foundation
for introducing endogenous information acquisition in Section 3.3 as providing incentives for
the charity to engage in costly signaling though the scheme choice.

3.1 Benchmark: observable quality

Given an observable quality and a fundraising scheme Z by the charity, each follower donor
chooses her donation to maximize her payoff given by eq. (1). Consider the best response of
a follower donor i ∈ F. For seed money, equating the marginal cost and benefit of donating
results in

h′(wi − gS
i ) = qv′(GS) (2)

Inverting h′(·) in eq. (2) and rearranging terms results in

gS
i (q, GS) = max{wi − φ(qv′(GS)), 0} (3)

where φ(·) = [h′]−1(·) is a strictly decreasing function. Clearly, i’s contribution is increas-
ing in her individual wealth wi and thus the set of contributors FS comprises of the wealthiest
individuals. Allowing nS to denote the number of contributing donors in equilibrium, the ag-
gregate follower donors best response is derived by summing eq. (3) across all contributors:
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GS
F(q, GS) = ∑

i∈FS

wi − nSφ(qv′(GS)) (4)

Analogously, for the matching scheme, the optimal donation by a contributing follower
donor solves

gM
i (q, GM) = max{wi − φ

(
qv′(GM)

GM

GM
F

)
, 0}, (5)

where GM

GM
F
= 1+m corresponds to the marginal contribution of the followers’ gift towards

increasing total donations GM. Summing across all contributing donors FM results in the
following equation for the aggregate best response function:

GM
F (q, GM) = ∑

i∈FM

wi − nMφ

(
qv′(GM)

GM

GM
F (q, GM)

)
(6)

where nM denotes the number of contributing donors under M. Comparing eq. (4) and
eq. (6), it is easy to verify that for the same amount of total giving, i.e. GM = GS, the fol-
lower donors must be contributing more under a matching scheme relative to a seed money
scheme10. Intuitively, while the marginal cost of giving for a follower donor is the same across
the two types of leadership gift, the marginal benefit of donating an additional dollar is higher
under the matching grant due to the lead donor’s commitment to match each donation. As a
result, the follower donor has stronger incentives to give under a matching scheme compared
to a seed money scheme.

Turning to the lead donor’s contribution choice, her utility function given by eq. (1) for a
fundraising scheme Z can be re-written as

uL(q, GZ) = h(wL − GZ + GZ
F (q, GZ)) + qv(GZ). (7)

Thus, the lead donor’s contribution choice can be re-defined as choosing the total contri-
butions GZ given the follower donor’s equilibrium best response GZ

F (q, GZ). The equilibrium
total donation amount then solves

h′(wL − GZ + GZ
F (q, GZ))

(
−1 +

dGZ
F (q, GZ)

dGZ

)
+ qv′(GZ) = 0 (8)

Eq. (8) reveals that the marginal cost of increasing total donations depends not only on
the follower donors’ total contributions GZ

F to the public good, but also on how the follower

10For a formal proof, see Lemma A1 in the appendix.
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donors’ contributions change with the rise in the total contributions, i.e. dGZ
F (q,GZ)
dGZ . The fol-

lowing lemma describes the differential impact of increasing total contributions by the lead
donor on the follower donors’ response under the two fundraising schemes.

Lemma 1 The follower donors’ contributions decrease as total donations increase under seed money

(i.e. dGS
F(q,GS)

dGS < 0), while they increase under a matching gift (i.e. dGM
F (q,GM)

dGM ∈ (0, 1)).

Lemma 1 highlights the standard free-rider problem present in public good provision.
Under seed money, the incentives for the follower donors to give as total donations increase
are diminishing due to the decreasing marginal utility of the public good. Under matching
gift, the free-rider incentives are mitigated since the lead donor’s giving hinges on the contri-
butions by the followers. This causes the follower donors’ contributions to increase with the
lead donors’ match ratio and thus with the rise in total donations11.

The weaker free rider incentives under matching makes the lead donor more willing to
contribute to the public good herself, leading to the following observation.

Proposition 1 Equilibrium total donations satisfy GM,∗(q) > GS,∗(q) for all q and all n with
limn→∞ GM,∗(q) > limn→∞ GS,∗(q). As a result, the equilibrium fundraising scheme Z∗(q) = M
for all q and n.

Proposition 1 states that matching dominates seed money from the charity’s point of
view for any quality level q. Moreover, as the economy grows (n → ∞), the matching
scheme converges to a strictly higher total giving compared to the seed money scheme, i.e.
limn→∞ GM,∗(q) > limn→∞ GS,∗(q). This is because the lead donor’s giving converges to 0 un-
der seed money as the follower donors completely free-ride on the lead donor’s giving (see
Andreoni, 1988). In contrast, the matching scheme induces positive amount of giving by the
lead donor since even in the limit economy the follower donors are responsive to a positive
match ratio. Therefore, in absence of asymmetric information about the quality of the charity,
both charity types would prefer to fundraise for a matching gift.

To understand the use of seed money, we next extend the model to include incomplete
information about the charity’s quality. The next section presents the case, in which only the
lead donor is informed about the charity’s quality, turning the contribution decision of the
lead donor into a signaling game.

11The follower donors’ giving is increasing in the match ratio as long as
∣∣∣Gv′′(G)

v′(G)

∣∣∣ ≤ 1, guaranteeing that the
matching scheme raises more total donations. Gong and Grundy (2014) show that violating this condition may
result in seed money raising more donations as the follower donors’ giving may be hump-shaped in the match
ratio- increasing for low match ratios and decreasing for high match ratios. Then the lead donor may find it
optimal to choose a low match ratio in order to mitigate the free-rider problem.
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3.2 Benchmark: exogenously informed leader and uninformed follower

Given that the charity and the lead donor are privately informed about the charity’s quality,
both the fundraising scheme as well as the lead donor’s donation decision may convey infor-
mation to the follower donors. Thus, in this section, we are considering a dynamic signaling
game with two channels of information- Z and gZ

L . The solution concept we use is sequential
equilibrium and, consistent with Andreoni (2006), we employ Cho-Kreps intuitive criterion
to rule out equilibria with unreasonable off-equilibrium beliefs.

In the last stage of the game, the follower donors make simultaneous donation decisions
corresponding to GZ

F (q
Z, GZ) derived in Section 3.1, where qZ denotes the follower donors’

belief about the charity’s quality. To pin down the equilibrium value of qZ, we consider the
lead donor’s contribution decision. Similar to Section 3.1, the lead donor’s objective can be
written as choosing GZ to maximize

uL(q, qZ, GZ) = h(wL − GZ + GZ
F (q

Z, GZ)) + qv(GZ). (9)

Since L is endowed with private information about the charity’s quality, from the point of
view of the follower donors, the lead donor’s type qZ

L ∈ {ql , qh} with a corresponding prob-
ability of type qj for j = {l, h} denoted by ηZ

j . Since the lead donor and the charity possess
symmetric information about the charity’s quality, qZ

L = q, and the posterior probability of
the charity being of type qj, denoted by πZ

j , exactly coincides with ηZ
j and depends on the

charity’s fundraising strategy. In particular, let βZ(qj) denote the probability that a charity of
type qj chooses scheme Z. Then, by Bayes’ rule, πZ

j for j = {l, h} satisfies:

πZ
j =

βZ(qj)πj

∑y∈{l,h} βZ(qy)πy
f or y = {l, h}. (10)

πZ
j is the likelihood of quality qj conditional only on the observed scheme Z, prior to the

lead donor’s contribution decision. Since GZ can also serve as an informative signal about
the charity’s quality, the follower donor’s belief qZ may also be impacted by the lead donors’
strategy. While the strategy set by the leader is infinite, to apply the notion of sequential
equilibrium, we will restrict attention to strategies that are Borel probability distributions D
over the strategy set (e.g., Manelli, 1996). An admissable strategy for type j ∈ {l, h} of the
lead donor is a probability distribution in D where dj(GZ) is measurable and denotes the
probability of type j choosing contribution GZ. Then, given ηZ

j = πZ
j the followers’ posterior

belief of quality qj is formed using Bayes’ rule:

µZ
j (G

Z) =
ηZ

j dj(GZ)

∑y∈{l,h} ηZ
y dy(GZ)

f or y = {l, h}. (11)
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That is, the posterior probability of quality qj upon observing GZ depends on the relative
likelihood of GZ coming from a leader of type qj. Then, qZ solves the following equation:

qZ = ∑
j∈{l,h}

µZ
j (G

Z)qj (12)

Given the above definition of the strategy space and the corresponding belief structure,
we formally define a sequential equilibrium as follows.

Definition 1 Sequential equilibrium consists of an equilibrium strategy set Sj = (β
Z,∗
j (q), d

∗
j (GZ))

and corresponding belief structure B =
{

πZ,∗
j , µZ,∗

j (GZ), qZ,∗
}

satisfying:

1. (Sequential rationality) GivenB, β
Z,∗
j (q) maximizes total expected donations ∑Z ∑supp(d

∗
j )

β
Z
j (q)d

∗
j (GZ));

and d
∗
j (GZ) maximizes the lead donors’ payoff given by eq. (9).

2. (Consistent beliefs) B satisfies eq. (10)-(12) and is a limit of a convergent sequence (Sm,Bm)→
(S ,B) with βZ,m(q) > 0 for all Z and q; dm

j (G
Z) > 0 in the support of dm

j ; and a belief
structure Bm satisfying eq. (10)-(12).

The above definition ensures that the equilibrium donation game correspond to the limit
of a signaling game, in which each type of lead donor is present in each scheme Z, i.e.
πZ,m

j > 0 for all j ∈ {l, h}. This simplies the equilibrium characterization of the contribution
game as it implies that in each scheme the lead donor’s contribution will have a signaling
value. Note that the lead donor’s objective function given by eq. (9) satisfies the single cross-
ing property ∂2uL(q,qZ ,GZ)

∂GZ∂q > 0, which ensures the existence of a separating equilibrium in pure
strategies. Moreover, by a standard application of Cho-Kreps intuitive criterion (Cho and
Kreps, 1987) selects the least costly separating equilibrium, in which the equilibrium contri-
butions (GZ,∗

(qj), GZ,∗
(q−j)) where −j = {l, h} \ {j} by the two types of lead donor uniquely

solve:

GZ,∗
(qj) = argmax

GZ
uL(qj, qj, GZ)

s.t. uL(qj, q−j, GZ,∗
(q−j)) ≤ uL(qj, qj, GZ,∗

(qj))

The above incentive constraint is non-binding for ql , implying that equilibrium contribu-
tions coincide with the complete information level, i.e. GZ,∗

(ql) = GZ,∗(ql). For qh, the incen-
tive constraint may be binding with equilibrium contributions GZ,∗

(qh) exceeding GZ,∗(qh) in
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order to dissude imitation by the low quality type12.
Since under either scheme the charity’s quality will be revealed with certainty by the lead

donor, similar to the complete information benchmark, the charity will choose the scheme
that raises the highest donation amount. Clearly, for ql matching dominates seed money
since the donation amount coincides with the complete information outcome from Section
3.1. For the charity of high quality, the comparison is less clear since the lead donor may
engage in costly signaling. However, as pointed out by Andreoni (2006), in a large economy
the equilibrium donations under seed money GS,∗

(q) approach the full information amount
GS,∗(q). This implies that with sufficiently large donor base, the equilibrium contributions
under matching will always exceed their seed money counterpart, causing all charity types
to opt for matching13.

Proposition 2 There exists n ∈ [2, ∞) such that if n ≥ n, the matching scheme raises more contri-
butions, i.e. GM,∗

(q) > GS,∗
(q) for all q. Consequently, in equilibrium both types of charities pool on

a matching scheme, Z∗(q) = M for all q.

Intuitively, since the lead donor has incentives to credibly reveal the charity’s type to the
downstream donor, there is no need for the high quality charity to employ seed money and
expose itself to stronger free-riding incentives. Thus, Proposition 2 predicts that seed money
is the inferior fundraising scheme if the lead donor is already informed about the quality. This
raises the question of whether reducing the lead donor’s information by making it costly for
her to learn the charity’s quality may induce the charity to choose seed money. Intuitively, by
weakening the lead donor’s reliability in conveying information about the charity’s quality,
the high quality charity may be forced to use the fundraising mechanism itself to signal its
quality. The following section analyzes this possibility.

12One can verify that the incentive constraint is binding for qh with GZ,∗
(qh) > GZ,∗(qh) as long as qh is not too

high relative to ql . An interesting consequence of costly separation is that the high quality charity benefits from
limited information about its quality since it results in strictly higher contributions.

13Our focus on a large economy is consistent with the size of the charitable giving market in the
USA, in which 72% of contributions come from individual donations (see https://www.nptrust.org/

philanthropic-resources/charitable-giving-statistics/). In general, with a relatively small donor base,
it is possible for contributions under seed money to exceed the ones under matching for the high type, i.e.

GS,∗
(qh) > GM,∗

(qh). Intuitively, with costly quality signaling, the low type of lead donor may find it more
costly to pull with the high type under matching since the resulting higher donation amounts by the follower
donors also increases the lead donor’s contributions through the match. This can make separation by the high
type less costly under match than under seed money and thus result in lower overall contributions. While this
finding is consistent with the anecdotal evidence alluded to in the Introduction, it is limited in its insight and thus
not the focus of our analysis.
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3.3 Endogenous information acquisition by the lead donor

Suppose that instead of costlessly observing the charity’s quality, the lead donor has to pay
k > 0 in order to learn q. This introduces the possibility that the lead donor is uninformed
about the charity’s quality. As a consequence, the charity’s type q and the lead donor’s type,
qe may no longer coincide. In particular, let αZ denote the lead donor’s probability of infor-
mation acquisition upon observing Z. Then, from the point of view of the follower donors,
the contribution game consits of a signaling game, in which the lead donor can be one of three
types, q̃Z

L ∈ {ql , qZ
U , qh}, where qZ

U denotes the expected quality by an uninformed lead donor.
This expected quality, in turn, depends on the posterior quality distribution πZ = {πZ

l , πZ
h }

where πZ
j for j = {l, h} is defined by eq. (10). Then, qZ

U solves

qZ
U = ∑

j
πZ

j qj (13)

An interesting feature of the endogenously informed donor is that the type space of the
lead donor is endogenous and depends on the charity’s equilibrium choice of scheme βZ(q)
through the posterior distribution of πZ. We denote the corresponding probability of type
qe ∈ q̃Z

L for e = {l, U, h} by η̃Z
e where

η̃Z
e =

{
πZ

e αZ for e = {l, h}
1− αZ for e = U.

(14)

Eq. (14) highlights that the distribution over types for the lead donor depends both on
the charity’s fundraising choice, βZ(q), and the lead donor’s information acquisition strategy
αZ. In addition, the follower donors’ equilibrium belief about the charity’s quality depends
also on the lead donor’s donation strategy. Analogous to Section 3.2, let de(GZ) denote the
lead donor’s donation strategy of type e. Then, the posterior likelihood of quality qe upon
observing GZ, and the corresponding expected quality q̃Z satisfy the following equations:

µ̃Z
e (G

Z) =
η̃Z

e de(GZ)

∑y η̃Z
y de(GZ)

, f or y = {l, U, h} (15)

q̃Z = ∑
e

µ̃Z
e (G

Z)qe. (16)

A sequential equilibrium of this game consists of a strategy set SE = (β̃Z,∗(q), α̃Z,∗, d̃∗e (GZ)

and a correspoding belief BE = (π̃Z,∗
j , η̃Z,∗

e , µ̃Z,∗
e (GZ), q̃Z,∗) satisfying sequential rationality

and consistency as defined in Section 3.2.
Analoglous to the exogenously informed lead donor, let (G̃Z,∗(ql), G̃Z,∗(qZ

U), G̃Z,∗(qh)) de-
note the contribution amounts corresponding to the least costly separating equilibrium. It is
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worth noting that while the low type’s total contributions coincide with the ones from ex-
ogenously informed leader, the presence of an uninformed donor with qZ

U changes the equi-
librium condition for the total donations of the high quality charity. This is because the lead
donor of high type is choosing her donation to separate both from the low and the uninformed
type. Since our focus is on a market with a large number of contributors, the equilibrium giv-
ing satisfies the following relationship.

Condition 2 n is sufficiently large such that G̃M,∗(qe) > G̃S,∗(qe) for all qe ∈ {l, h} and G̃M,∗(qM
U ) >

G̃S,∗(qS
U) for qM

U > qS
U

14.

As discussed in Section 3.2, the large donor base guarantees that the equilibrium total
donations under seed money are not too far from the optimal amounts under symmetric
information. This, in turn, implies that the matching scheme should raise more donations
compared to seed money for both the high and the low quality type whenever the lead donor
is informed. Moreover, since the equilibrium donations are increasing in quality, matching
donations would exceed seed money donations under uninformed lead donor as long as the
expected quality under matching is higher.

To obtain an expression for the value of information, let VL(qe) = uL(qe, qe, G̃Z,∗(qe)) de-
note the corresponding equilibrium utility for the lead donor of type qe. Then, the value of
information for the lead donor is simply the difference between the expected informed and
uninformed utility:

∆Z(πZ) = πZ
h VL(qh) + πZ

l VL(ql)−VL(qZ
U). (17)

The value of information depends crucially on the charity’s equilibrium fundraising strat-
egy. In particular, the following lemma points out that ∆Z(πZ) is positive if and only if the
two charity types (partially) pool in equilibrium, thus leaving the lead donor uncertain of the
charity’s quality.

Lemma 2 ∆Z(πZ) is continuous in πZ
h ∈ [0, 1]. Moreover, ∆Z(πZ) = 0 for πZ

h ∈ {0, 1} and
∆Z(πZ) > 0 for all πZ

h ∈ (0, 1).

Clearly, if the two charity types follow a fully separating fundraising strategy, the fundrais-
ing scheme would be perfectly informative, i.e. πZ

j = 1 for some j ∈ {l, h}. Then, by eq. (13),
qZ

U = qj and the value of information will be zero. Since the scheme would be perfectly reveal-
ing of the charity’s type, it must be the case that the low quality charity chooses a matching

14The proof is analogous to the proof of Proposition 2 and thus is omitted here
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scheme, while the high quality charity chooses seed money. Then, by eq. (13), the unin-
formed lead donor under seed money coincides with the high quality type, i.e. q̃S,∗

U = qh,
implying that the only consistent belief in the donation subgame corresponds to the two type
case under exogenous information, i.e. µ̃S

U(G
S) = µS

h(G
S). 15 Therefore, G̃S,∗(qS,∗

U ) = GS,∗
(qh).

Moreover, given a fully uninformed lead donor, to prevent deviation by either type of charity,
the two schemes must raise the same amount of money (G̃S,∗(qh) = G̃M,∗(ql)). Therefore,
while in a fully separating equilibrium seed money emerges as a signal of high quality, such
equilibrium is purely incidental and requires that each scheme is equally attractive for the
charity.

Apart from the fully separating equilibrium, there are other possible equilibria, in which
the lead donor chooses to stay uninformed either due to a high information cost or low value
of information. A common feature of such equilibria is that both charity types raise the same
amount of money, as the following Proposition highlights.

Proposition 3 (Fully uninformed equilibria) In every equilibrium with no information acquisition on
the equilibrium path, i.e., α̃Z,∗ = 0 for all Z with ∑

q
β̃Z,∗(q) > 0, each scheme on the equilibrium path

results in the same total donations and each charity raises the same amount of money.

In absence of information acquisition, the high quality charity is not able to effectively sep-
arate from the low quality charity since imitation by the low type is always possible. Conse-
quently, the two charities will either pool on the scheme or the two schemes would be equally
attractive to prevent profitable deviation. Since this is not consistent with the experimental
evidence alluded to in the Introduction, we instead focus on equilibria, in which information
acquisition occurs with positive probability.

In order for information acquisition to take place, the value of information should be suffi-
ciently high relative to the cost. In particular, if the value of information at the prior distribu-
tion ∆M(π) exceeds the cost k, fully informed equilibrium always exists. In such equilibrium,
the two charity types necessarily pool on the matching fundraising scheme.

Proposition 4 (Fully informed equilibrium) Fully informed equilibrium with α̃Z,∗ = 1 for all Z on
the equilibrium path (∑

q
β̃Z,∗(q) > 0) exists if and only if ∆M(π) ≥ k. Moreover, the fully informed

equilibrium is unique with Z̃∗(q) = M for all q, α̃M,∗ = 1, and G̃M,∗(qh) ≥ GM,∗
(qh).

15More technically, recall that the equilibrium beliefs in a sequential equilibrium are derived as a limit
of fully mixed strategies at every information set. Consequently, the type space under seed money is the

converging limit of a sequence q̃S,m
L (S) =

{
ql , qS,m

U , qh

}
with corresponding probability distribution η̃S,m ={

αS,mπS,m
l , (1− αS,m), αS,mπS,m

h

}
where αS,m → 0, βS,m(qh) → 1, and βS,m(ql) → 0. Therefore, q̃S,m

L → {ql , qh}
and η̃S,m → {0, 1}. Thus, the corresponding equilibrium belief about the likelihood of high quality given the lead
donor’s contribution, µ̃S

U(GS)→ µS
h(G

S).
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The intuition behind Proposition 4 coincides with the one under exogenously informed
donor- as long as the lead donor obtains information with certainty, the high quality charity
can rely on the lead donor to signal the charity’s quality through her donation size. As a result,
matching will be preferred by the charity since it incentivizes more giving. Interestingly, the
amount of money raised by the high quality charity in equilibrium exceeds the amount raised
under an exogenously informed donor (G̃M,∗(qh) ≥ GM,∗

(qh)). This is because the donation
is tailored to not only signal away from the low quality type, but also the uninformed type
who is more willing to mimic the high type.

Proposition 4 implies that the lead donor must have reduced incentives to acquire infor-
mation in order for the high quality charity to find seed money attractive. However, Propo-
sition 3 indicates that the other extreme of no information acquisition also does not provide
strict incentives for seed money fundraising. Thus, we next turn to partial information ac-
quisition. In particular, we focus on equilibria with partial information acquisition, in which
seed money is on the equilibrium path16. We refer to such equilibria as SPI (seed-partial info)
equilibria. More formally, the likelihood of scheme Z emerging in equilibrium, E[β̃Z,∗], and
the corresponding expected likelihood of information acquisition, E[α̃∗], are given by

E[β̃Z,∗] = πh β̃Z,∗(qh) + (1− πh)β̃Z,∗(ql), (18)

E[α̃∗] = ∑
Z∈{S,M}

E[β̃Z,∗]α̃Z,∗. (19)

The following provides a formal definition of an SPI equilibrium.

Definition 3 SPI equilibrium satisfies E[β̃S,∗] > 0 and E[α̃∗] ∈ (0, 1).

SPI equilibrium requires both that seed money is chosen with positive probability by some
quality type and that there is limited information acquisition on the equilibrium path. Note
that limited information may arise as a result of randomization in the information acquisition
strategy by the lead donor for a given scheme or the lead donor’s asymmetric information
acquisition strategy under the two schemes.

The following Lemma provides sufficient conditions for the existence of an SPI equilib-
rium and additional equilibrium properties.

16As typical for most signaling games, there is multiplicity of equilibria, including an equilibrium, in which seed
money is off the equilibrium path due to very pessimistic beliefs about the charity’s quality. For our purposes,
however, the more relevant equilibria involve seed money being utilized by charities in equilibrium since it allows
us to address the question of which type of charity is more likely to employ seed money fundraising.
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Lemma 3 (Existence of an SPI equilibrium) If ∆S(π) ≥ k and G̃S,∗(E[q]) > G̃M,∗(ql), there exists
an SPI equilibrium. Moreover, every SPI equilibrium satisfies 1) βS,∗(q) > 0 for all q; 2) αM,∗ < 1
and αS,∗ ∈ (0, 1).

Lemma 3 states that an SPI equilibrium exists as long as the cost of information is low rel-
ative to the value of information at the prior belief π (i.e, ∆S(π) ≥ k) and the prior expected
quality is high enough so that the uninformed seed money fundraising at the prior is suffi-
ciently attractive for the low type (i.e, G̃S(E[q]) > G̃M(ql)). This is because, as stated by the
first property, both charity types must be present in seed money and high uninformed giving
is necessary to make seed money attractive for the low type. To understand the first property,
note that the low type would never unilaterally choose seed money since it would perfectly
reveal its quality. The high type, on the other hand, may find seed money attractive if it is
perfectly revealing of its quality, but the resulting zero value of information and no quality
verification by the lead donor, would make seed money also attractive for the low type. Thus,
in equilibrium, both types need to utilize seed money, resulting in strictly positive value of
information (Lemma 2).

Given the presence of both types in seed money, the second property stated in Lemma
3 requires that information acquisition is less than perfect under the matching scheme and
the lead donor strictly randomizes in her information acquisition strategy under seed money.
Less than perfect information acquisition under matching (αM,∗ < 1) and some information
acquisition under seed money (αS,∗ > 0) is necessary in order for the high type to consider
seed money fundraising. In addition, limited information acquisition under seed money
αS,∗ < 1 is required in order to make seed money attractive for the low type.

Lemma 3 establishes that with partial information acquisition, seed money cannot be a
perfectly revealing signal of quality. Nevertheless, we are interested in how seed money
compares to matching in conveying quality information to donors. The following Proposi-
tion delivers a sharp prediction by establishing that in any SPI equilibrium, seed money is a
stronger signal of high quality compared to matching.

Proposition 5 In every SPI equilibrium, the seed money scheme is associated with higher expected
quality, i.e. q̃S,∗

U > q̃M,∗
U , and higher expected donations, i.e. Eq[G̃S,∗(q)] > Eq[G̃M,∗(q)].

Proposition 5 is consistent with the experimental evidence alluded to in the Introduction.
It reveals that in every SPI equilibrium, the high quality charity chooses seed money with
higher probability relative to the low quality charity. This leads to more optimistic beliefs
regarding the quality type under seed money and higher expected quality. Consequently,
the expected donations under seed money are also higher. Intuitively, the attraction of seed
money for the high quality type is in its ability to signal the charity’s type more reliability.
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Thus, seed money must be either associated with higher expected quality for the uninformed
lead donor or induce more information acquisition by the lead donor relative to matching.
However, if the benefit is coming purely from more information acquisition, such that α̃S,∗ >

α̃M,∗ and q̃M,∗
U > q̃S,∗

U , then the low quality charity would strictly prefer to fund-raise for
matching. This is because unlike the high type, the low type dislikes information acquisition
and would find matching more attractive if it is less informative and associated with more
optimistic belief regarding its type. Thus, a necessary condition for both types to find seed
money attractive is for seed money to signal higher quality to the donors.

In terms of fundraising strategies, the SPI equilibrium is not necessarily unique. While
both types need to be present in seed money (Lemma 3), this is not true for the matching
scheme. The possible equilibrium strategies vary with both types pooling on seed money,
only the low type being present in matching, or each type being present in both schemes. The
more interesting equilibria involve both schemes being on the equilibrium path. Thus, in the
remainder of this section, we focus on characterizing this set of SPI equilibria.

For any equilibrium with strict mixing in information acquisition under Z, it must be the
case that the value of information is equal to the cost. Let (π̂S, π̂M) denote the pair of posterior
beliefs that satisfy the following conditions:

Definition 4 The set of posterior beliefs (π̂S, π̂M) with a corresponding expected quality (q̂S
U , q̂M

U )

satisfy:

C2 : ∆Z(π̂Z) = k for Z = {S, M} (20)

C3 : π̂S
h > π̂M

h

In the Appendix, we show that as long as the value of information under the prior exceeds
the cost for each scheme, i.e. ∆Z(π) ≥ k, there always exits a (non)degenerate strategy by
the two types of charities that guarantees a pair of posterior beliefs that satisfy C2 and C3.
Using this property, the following Proposition describes the equilibrium strategies by the two
charities that emerge under an SPI equilibrium.

Proposition 6 Consider SPI equilibria, in which M is on the equilibrium path.

• If ∆S(π) ≥ k and G̃S(E[q]) > G̃M(ql), there exists an equilibrium with β̃S,∗(qh) = 1 and
βS,∗(ql) ∈ (0, 1) satisfying ∆S (π̃S,∗) = k.

• If ∆Z(π) > k for all Z and G̃S(q̂S
U) > G̃M(q̂M

U ), there exists a fully non-degenerate equilibrium
with

β̃S,∗(qh) =
π̂S

h
πh

πh − π̂M
h

π̂S
h − π̂M

h
; β̃S,∗(ql) =

1− π̂S
h

1− πh

πh − π̂M
h

π̂S
h − π̂M

h

where 0 < β̃S,∗(ql) < β̃S,∗(qh) < 1.
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Proposition 6 characterizes two types of equilibria. In the first one, only the low quality
type chooses matching, making matching a sure signal of low quality, while both types are
present in seed money. Note that in such an equilibrium, the low type of charity is indifferent
between the two schemes and in equilibrium randomizes to make the lead donor indiffer-
ent in her information acquisition strategy under seed money. To guarantee the existence of
such an equilibrium, the cost of information should be sufficiently low to ensure some infor-
mation acquisition in equilibrium. Moreover, the low quality charity should raise significant
donations under seed money when the lead donor is uniformed to compensate for the lower
donations when she is informed.

In the second equilibrium, both charities are randomizing between matching and seed
money. This equilibrium is important since it illustrates that both schemes could be used by
the two charity types. Thus, neither schemes is perfectly informative, but rather in equilib-
rium the follower donors use both the fundraising scheme and the size of the lead donor’s
gift to infer information about the charity’s quality. This equilibrium requires not only that
seed money is sufficiently lucrative for the low type when the lead donor is uninformed, but
also that uninformed donations raised under matching are low enough to make seed money
an attractive option for the high type.

Overall, the analysis in this section illustrates that with costly information acquisition,
seed money is likely used by the high quality charity to credibly signal its quality. More im-
portantly, we illustrate that with both schemes being utilized in equilibrium, the seed money
scheme is always indicative of a higher expected quality compared to the matching scheme.
This is a rather strong result that provides a feasible explanation for the recent experimental
findings. In the next Section, we discuss a few extensions and variations of the model to both
highlight the robustness of this finding and inform how the signaling by scheme is affected
by factors such as the option to not announce the lead donor’s contribution, the presence of
an alternative credible signal of quality, and warm glow incentives for giving among donors.

4 Model extensions and variations

4.1 Opting out of leadership giving

So far, we have assumed that the charity always chooses to reveal the lead donor’s gift and
thus the only decision that the charity makes is whether to ask for seed or matching leadership
gift. One may wonder how the relative appeal of the two leadership schemes may change if
we allow the charity to opt out of leadership giving completely. In spirit of Vesterlund (2003),
suppose that the charity can commit not to announce (N) the lead donor’s contribution and
instead to solicit each donor for an unconditional gift. This turns the contribution game into
a simultaneous game, precluding the possibility of signaling by the lead donor and leaving
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the scheme choice as the only possible source of information.
It is important to note that unlike Vesterlund (2003), who allows the lead donor to donate

multiple times, we model the lead donor’s decision as a one-time contribution. However, this
distinction becomes immaterial in a large economy. As pointed out by Vesterlund (2003), un-
der symmetric quality information, sequential and simultaneous contributions raise the same
amount of money if the lead donor is allowed to contribute multiple times. Interestingly, this
equivalence between the two schemes also holds in a large economy with purely altruistic
donors. This is because, as pointed out by Andreoni (1988) and more recently Yildirim (2014),
individual contributions converge to 0 in a large economy, making seed leadership giving
inconsequential under complete information. Thus, in a large economy, the main distinction
between seed money and non-announcement must come from the quality information con-
veyed to donors.

The equivalence of seed and non-announcement under complete information implies that
matching is still the dominant scheme. This dominance is preserved if the lead donor is
exogenously informed since then the high quality charity can always rely on the lead donor
to convey its quality to downstream donors and thus it will opt for the scheme that raises
the most donations, mainly matching. Given this choice by the high quality charity, non-
announcement will be construed as evidence of low quality, making matching more attractive
for the low quality charity as well.

Under endogenous information acquisition, the comparison of the three schemes is less
clear since the use of a leadership scheme does not guarantee informed contributions. Similar
to the benchmark model, in absence of information acquisition, the two charity types must
raise the same amount of money under any scheme on the equilibrium path since the lack of
verification makes it costless for the low type to mimic the high type. Interestingly, however,
fully informed equilibrium, in which the lead donor acquires information with probability
one, no longer guarantees the use of matching. Recall from Section 3.2 that the low quality
charity favors matching over seed money if his type is fully revealed in equilibrium. Non-
announcement, however, provides means for the low quality charity to pool with the high
even if the lead donor chooses to acquire information. The high quality charity may also favor
non-announcement if matching is associated with sufficiently pessimistic beliefs about the
charity’s quality and no information acquisition. Nevertheless, a fully informed equilibrium
precludes the possibility of seed money as stated by the following Lemma.

Lemma 4 In any fully informed equilibrium (i.e., α̃Z,∗ = 1 for all Z on the equilibrium path), seed
money is chosen with zero probability (i.e. β̃S,∗(q) = 0 for all q). Moreover, the two types of charities
pull either on matching (β̃M,∗(q) = 1 for all q) or non-announcement (β̃N,∗(q) = 1 for all q).

The intuition behind Proposition 4 is straightforward. Given an informed leader, match-
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ing always dominates seed money for the low charity type. Thus, seed money can be chosen
only by the high type, which in turn results in no verification under seed money. Thus, fully
informed equilibrium precludes the use of seed money17.

Similar to our base model, Lemma 4 implies that seed money should be associated with
partial information acquisition in order to be attractive to both charity types. The following
Proposition establishes the possibility that seed money conveys the strongest signal of quality
in equilibrium.

Proposition 7 Every SPI equilibrium satisfies qU( ˜πS,∗) > qU( ˜πM,∗). Moreover, if ∆S(π) ≥ k and
G̃S(E[q]) > G̃M(ql), there exists a SPI equilibrium, in which seed money is associated with the highest
expected quality, qU( ˜πS,∗) > max{qU( ˜πM,∗), qU( ˜πN,∗)}.

The first part of Proposition 7 generalizes our main finding and establishes that the pres-
ence of non-announcement does not impact the relative quality comparison of seed money
and matching gift. This is intuitive in light of the earlier discussion. The second part of the
Proposition establishes the possibility that seed money is also a stronger quality signal rel-
ative to non-announcement. In fact, an equilibrium, in which non-announcement is off the
equilibrium path and construed as a signal of low quality clearly meets this description. How-
ever, the comparison between non-announcement and seed money is less clear-cut. Similar
to Vesterlund (2003), we cannot rule out the existence of equilibria, in which both schemes
are used and non-announcement is a signal of higher quality than seed money. Such equilib-
rium requires that seed money results in little verification, preventing the high quality charity
from generating significant separation from the low quality charity under seed. Intuitively,
the only advantage of seed money over non-announcement in a large economy is in its sig-
naling potential through the leader’s gift. Thus, the lack of significant verification on the
leader’s part would remove this advantage of seed money over non-announcement, opening
the possibility for either scheme to emerge as a signal of high quality.

4.2 Multiple quality types

Consider an extension of the base model to finite quality levels where q ∈ {q1, q2, ......., qt}
with t > 2 and qj−1 < qj for all j ∈ (2, t]. The corresponding distribution of types π =

(π1, π2, ..., πt) denotes the likelihood of each type prior to any action being taken by the play-
ers. The information structure and timing of the game is identical to the base model.

17Proposition 4 stands in contrast to Vesterlund (2003), who shows the existence of an equilibrium, in which
seed money results in full information acquisition by the lead donor. The possibility of matching and the fact
that the low quality is non-zero (ql > 0) precludes such equilibrium in our setting since the inability of the low
quality charity to pool with the high under seed money makes matching strictly more attractive for the low quality
charity.

22



Analogous to the base model, the lead donor’s type space in the donation game Q̃L ∈
{q1, ...qj, qU(π

Z), qj+1, ..., qt} can take t + 1 values as it includes the possibility of the lead
donor choosing to remain uninformed, in which case her type is the expected quality qU(π

Z) =

∑t
j=1 πZ(qj)qj. Given the probability of information acquisition, αZ, and letting e = {1, 2, ..., t}∪
{U}, the prior belief, η̃Z

e , and posterior belief, µ̃Z
e (GZ), of type qe are given by eq. (14) and eq.

(15), respectively.
Similar to the two type case, in the least costly separating equilibrium the lead donor’s

contribution amount is perfectly informative of her type with G̃M(qe) > G̃S(qe) for all qe. The
corresponding value of information is

∆Z(πZ) =
t

∑
j=1

πZ(qj)VL(qj)−VL(qU(π
Z)). (21)

It is straightforward to verify that the fully informed equilibrium exists as long as ∆M(π) ≥
k and necessitates pooling on matching. The other extreme of fully uninformed equilibrium
requires each charity and each scheme on the equilibrium path to raise the same amount of
money. Thus, similar to the two-type case, we focus our analysis on SPI equilibria defined by
Definition 3. The following Lemma states that in any SPI equilibrium, information acquisi-
tion has to be limited under matching and positive under seed money to induce seed money
fundraising by some charity types.

Lemma 5 Every SPI equilibrium satisfies 1) α̃M,∗ < 1 and α̃S,∗ > 0; 2) π̃S,∗(qj) < 1 for all j ∈
{1, t}.

Limited information acquisition under matching (α̃M,∗ < 1) is necessary to prevent unrav-
eling, in which each charity deviates to matching. To see this, note that with full information
under matching, total donations under matching G̃M,∗(qe) must dominate the expected do-
nations under seed money for each charity with above average quality qe > qU(π̃

S,∗) since
G̃M,∗(qe) > G̃S,∗(qe) > G̃S,∗(π̃S,∗). Intuitively, a charity is willing to solicit for seed money
only if it generates more favorable beliefs about its type under seed money. This implies
that any charity above the average quality qU(π̃

S,∗) would prefer to avoid seed money. This
would reduce the expected quality under seed money, causing further unraveling, in which
all charities gravitate towards matching. Thus, to induce seed money fundraising, matching
should be associated with less than perfect information acquisition.

Similar dynamics as the one described above would take place if there is no information
acquisition under seed money. Then, the expected giving under matching α(M)G̃M,∗(qe) +

(1− α(M))G̃M,∗(qU(π̃
M,∗)) is strictly increasing in the quality, while the expected giving un-

der seed money is uniform across the charities, G̃S,∗(qU(π̃
S,∗)). This implies that the high-

est quality types would choose matching and thus the expected quality under matching,
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qU(π̃
M,∗), should exceed the one under seed money, qU(π̃

S,∗). Consequently, any type qe >

qU(π̃
S,∗) would have strict incentives to deviate to matching, further reducing qU(π̃

M,∗) and
causing all charity types to gravitate towards matching. Thus, some information acquisition
under seed money (αS,∗ > 0) is necessary to make seed money fundraising attractive.

The second property in Lemma 5 follows immediately from the first one. In order for in-
formation acquisition to take place under seed money, it must be the case that the value of in-
formation is positive, which necessitates (partial) pooling, i.e. π̃S,∗(qe) < 1. Even though seed
money is only partially informative about the charity’s quality in equilibrium, the following
Proposition states that it is associated with higher expected quality relative to matching.

Proposition 8 In every SPI equilibrium, the seed money scheme is associated with higher expected
quality, i.e., qU(π̃

S,∗) > qU(π̃
M,∗).

Proposition 8 generalizes our main result by showing that for arbitrary discrete distribu-
tion of types, seed money on the equilibrium path must be associated with higher expected
quality relative to matching. To glean more insight into the equilibrium forces that drive this
result, note that the highest type present in seed money qS > qU(π̃

S,∗) must necessarily ex-
ceed the expected quality under match, i.e. qS > qU(π̃

M,∗) to prevent qS from deviating to
matching18. Moreover, qS finds seed money attractive either because it leads to higher un-
informed giving, qU(π̃

S,∗) > qU(π̃
M,∗), or has an informational advantage over matching,

α̃S,∗ > α̃M,∗. However, if the advantage is coming purely from information acquisition, then
the lowest type under seed money qS must have strict incentives to deviate to matching. To
see this, note that by definition qS < qU(π̃

S,∗) < qU(π̃
M,∗) implying that information acquisi-

tion is never good news for qS. Thus, matching would be a more attractive option for qS as it
is both less informative and associated with more optimistic beliefs about its type. This shows
that qU(π̃

S,∗) > qU(π̃
M,∗) is a necessary condition to prevent deviation by both the highest

(qS) and the lowest (qS) type under seed money.
Unlike the two-type case, characterizing the set of SPI equilibria can be challenging. In the

two-type model, the higher expected quality under seed requires that the high quality charity
chooses seed money more often than the low quality charity. Thus, the likelihood of choosing
seed money has to be monotonically increasing in the quality of the charity. This monotonic
relationship does not necessarily hold for arbitrary large quality set. This is because the con-
tribution gap under match and seed given an informed donor, i.e. G̃M,∗(qj)− G̃S,∗(qj), is not
necessarily monotonic in quality as the following example illustrates.

Example 5 Let t = 4 with quality set q = {0.01, 0.95, 1, 2.5} and corresponding distribution π =

{0.6, 0.25, 0.05, 0.1}. Moreover, suppose that n = 2, with wL = 1000 for the lead donor and wF = 100

18Note that if qU(π̃M,∗) > qS > qU(π̃S,∗), then G̃M,∗(qU(π̃M,∗)) > G̃M,∗(qS) > G̃S,∗(qS) > G̃S,∗(π̃S,∗).
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for the follower donor. Then, the following strategies constitute a sequential equilibrium:

βS,∗(q) = (0, 0.997, 0, 1), α̃S,∗ = 1, α̃M,∗ = 0.900

giving rise to posterior beliefs:

η̃S
e (q) = (0, 0.71, 0, 0.29), η̃M

e (q) = (0.92, 0.005, 0.075, 0).

Then, the expected qualities are qU(π̃
S,∗) = 1.394 and qU(π̃

M,∗) = 0.087 with corresponding
informed and uninformed giving

G̃S,∗(qj) = (0.1, 474, 500, 862), G̃S,∗(π̃S,∗) = 660

G̃M,∗(qj) = (0.13, 526, 561, 947), G̃M,∗(π̃M,∗) = 10

The expected equilibrium contributions are E[G̃S,∗] = 585 and E[G̃M,∗] = 40.

5 Concluding remarks

Our analysis provides a theoretical foundation to understand the recent empirical findings in
favor of seed money fundraising. It suggests that seed money can be used as a signaling tool
for high quality charities to differentiate themselves from lower quality ones. This conclu-
sion is rather robust since we find that in every equilibrium, in which seed money is on the
equilibrium path, seed money leadership gift necessarily emerges as a signal of higher qual-
ity compared to a matching gift. This finding is also robust to a few notable variations and
extensions of our model. In particular, the model easily extends to arbitrary number of finite
types and reveals that, while the incentives for seed money are not necessarily monotonically
increasing in the charity’s quality, the equilibrium expected quality is always higher under
seed money compared to a matching gift in any SPI equilibrium. This finding is also robust
to extending the charity’s choice set to include no leadership giving similar to Vesterlund
(2003).

On the empirical side, our model provides a few testable hypotheses. First, it suggest that
newer charities may be more eager to seek seed money financing compared to established
charities since the former are more concerned with reputation building among donors. Sec-
ond, it predicts that donors would respond differently to an announcement of a matching gift
if a charity is less established compared to a more established one. This could help explain
the mixed results in the existing literature on the impact of a matching gift announcement
and could be a profitable avenue for future experimental study.
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Appendix

Proof of Lemma 1
Let

FS = {i|wi ≥ φ(qv′(GS))}; FM = {i|wi ≥ φ

(
qv′(GM)

GM

GM
F

)
} (A-1)

denote the set of contributing donors under Z = {S, M} and nZ = |FZ|− the number of
contributing donors for a fixed GZ.

Consider Z = S. By eq. (3), dgS
i

dGS = φ′(qv′(GS))qv′′(GS) < 0 whenever gS
i > 0 since

φ′(·) < 0 and v′′(·) < 0. Thus, there exists a unique GS
i > 0 such that wi = φ(qv′(GS

i ))

and by eq. (3), gi(GS
i ) = 0. This implies that GS

F(q, GS
i |FS) = GS

F(q, GS
i |FS \ {i}) and thus

dGZ
F (q, GZ)

dGZ =
∂GZ

F (q, GZ)

∂GZ . Then, differentiating eq. (4) with respect to GS results in

dGS
F(q, GS)

dGS = −nSφ′(qv′(GS))qv′′(GS) < 0 (A-2)

Analogously, for Z = M,
dGM

F (q, GM)

dGM =
∂GM

F (q, GM)

∂GM where implicit differentiation of

eq. (6) with respect to GM results in

dGM
F (q, GM)

dGM =
−qv′′(GM)GM − qv′(GM)

[GM
F ]2

nMGM h′′(qv′(GM)GM

GM
F
)− qv′(GM)

GM
F

GM ∈ (0,
GM

F
GM ) (A-3)

since φ′(·) = 1
h′′(·) , v′(·) > 0 and

∣∣∣Gv′′(G)
v′(G)

∣∣∣ ≤ 1.

Lemma A-1 Let GZ = GZ
F (q, GZ) > 0. Then, for any q > 0 and total donations GZ ≥ GZ,

GS
F(q, GZ) ≤ GM

F (q, GZ) with strict inequality for GZ > GZ.

Proof of Lemma A-1
By definition, GM

GM
F (q,GM)

= 1 and thus comparing eq. (3) and eq. (5), gM
i (q, GM) = gS

i (q, GM)

for all i. This, in turn, implies that GS
F(q, GM) = GM

F (q, GM) = GM. Therefore, GS = GM =

GZ. Moreover, GZ > 0 since qlv′(0) > h′(w), which by eq. (2) implies that gS
i (q, 0) > 0,

contradicting GZ = 0.

For GZ > GZ, note that d
dGZ

[
GZ

GM
F (q,GZ)

]
= 1

GM
F (q,GZ)

[
1− GZ

GM
F (q,GZ)

dGM
F (q,GZ)

dGZ

]
> 0 since by eq.

(A-3), dGM
F (q,GZ)

dGZ <
GM

F (q,GZ)

GZ . Thus, GZ

GM
F (q,GZ)

> 1. This, in turn, implies that φ(qv′(GZ) GZ

GM
F
) <

φ(qv′(GZ)) since φ(·) is a decreasing function of its argument. Then, by eq. (3) and eq. (5),
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gM
i (q, GZ) ≥ gS

i (q, GZ) for all i with strict inequality whenever gM
i (q, GZ) > 0. This, in turn,

implies that FS ⊆ FM and GS
F(q, GZ) = ∑i∈FS gS

i (q, GZ) < ∑i∈FM gM
i (q, GZ) = GM

F (q, GZ)(>

0).

Proof of Proposition 1
To show that GM,∗(q) > GS,∗(q) for all n < ∞, note that GS,∗(q) satisfies eq. (8). By Lemma

A-1, GM
F (q, GS,∗) ≥ GS

F(q, GS,∗) and by Lemma 1, dGS
F(q,GS,∗)
dGS < 0 <

dGM
F (q,GS,∗)
dGM < 1. Therefore,

since h′′(·) < 0

h′(wL − GS,∗ + GM
F (q, GS,∗))

(
−1 +

dGM
F (q, GS,∗)

dGM

)
− qv′(GS,∗) > 0,

implying that GM,∗(q) > GS,∗(q).
For the remainder of the proof, let

GZ,∞(q) = lim
n→∞

GZ,∗(q). (A-4)

To show that GM,∞(q) > GS,∞(q), first note that GZ,∞(q) < ∞ for all Z since limGZ→∞ φ(qv′(GZ)) =

∞ due to the fact that φ(·) > 0 and is strictly increasing in GZ. As a result eq. (3) and eq.
(5) imply that gZ

i (q, GZ) = 0 for some finite GZ < ∞. To determine GS,∞(q), let wS(n) =

φ(qv′(GS,∗(q))), implying that gi(q, GS,∗(q))) = wi − wS(n). As shown by Andreoni (1998),
wS(∞) = limn→∞ wS(n) = w. Otherwise, adding k new followers in an infinite economy, will
results in average new donations 1

k GS
F(q, GS,∞(q)) = 1

k ∑wi>wS(∞)[wi − wS(∞)]. By the law of

large numbers, limk→∞
1
k GS

F(q, GS,∞(q)) =
∫ w

wS(∞)(wi − wS(∞)) f (wi)dwi > 0, contradicting
GS,∞(q) being a finite asymptote. Thus, given wS(∞) = w, GS,∞(q) uniquely solves

−h′(w) + qv′(GS,∞(q)) = 0. (A-5)

To show that GM,∞(q) > GS,∞(q) note that by eq. (A-3)

lim
n→∞

dGM
F (q, GM)

dGM =
−qv′′(GM,∞(q))GM,∞(q)− qv′(GM,∞(q))

−qGM,∞(q)
GM,∞

F (q)
GM,∞(q)

> 0

since GM,∞(q) < ∞. Therefore, by eq. (8) and eq.(A-5)

h′(w)

(
−1 +

dGM
F (q, GS,∞(q))

dGM

)
+ qv′(GS,∞(q)) > 0.

This, in turn, implies that GM,∞(q) > GS,∞(q).

Proof of Proposition 2
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To prove that GS,∗
(qh) < GM,∗

(qh) for sufficiently large n, it suffices to show that limn→∞ GS,∗
(qh) =

GS,∞(qh) (defined by eq. (A-4)) since by definition GM,∗
(qh) ≥ GM,∗(qh) and by Proposition 1

GS,∞(qh) < GM,∞(qh). Then, by continuity of GZ,∗
(qh), it follows that there exists n such that

GS,∗
(qh) < GM,∗

(qh) for n > n.
To show that limn→∞ GS,∗

(qh) = GS,∞(qh), we first establish that GS,∗
(qh) ≤ GS,∞(qh) for

all n. Suppose by contradiction that GS,∗
(qh) > GS,∞(qh) for some n. By eq. (A-5), w =

φ(qhv′(GS,∞(qh))). Since φ(·) is increasing in GS, eq. (3) implies that GS
F(qh, GS,∗

(qh)) = 0
and thus the lead donor is the sole contributor in equilibrium. Then, the lead donor’s gift
satisfies eq. (3) and results in GS,∗

(qh) < GS,∞(qh), leading to a contradiction. Therefore,
GS,∗

(qh) ≤ GS,∞(qh) for all n. Moreover, since GS,∗
(qh) ≥ GS,∗(qh) and GS,∗(qh) converges to

GS,∞(qh), it follows that limn→∞ GS,∗
(qh) = GS,∞(qh). This establishes GS,∗

(qh) < GM,∗
(qh)

for sufficiently large n > n. Z∗(q) = M follows immediately.

Proof of Lemma 2
Given VL(qe) = uL(qe, qe, G̃Z,∗(qe)), we can re-write eq. (17) as

∆Z(πZ) = ∑
j={l,h}

π̃Z,∗
j

[
uL(qj, qj, G̃Z,∗(qj))− uL(qj, q̃Z,∗

U , G̃Z,∗(q̃Z,∗
U ))

]
(A-6)

Clearly, ∆Z(πZ) is continuous in π̃Z,∗
h since G̃Z,∗(qe) and q̃Z,∗

U are continuous functions.
If π̃Z,∗

j = 1 for some j, eq. (13) reduces to q̃Z,∗
U = qj. Thus, ∆Z(1, 0) = ∆Z(0, 1) = 0 follows

immediately from π̃Z,∗
h + π̃Z,∗

l = 1.
If π̃Z,∗

j ∈ (0, 1), it suffices to show that uL(qh, qh, G̃Z,∗(qh)) > uL(qh, q̃Z,∗
U , G̃Z,∗(q̃Z,∗

U )). If

G̃Z,∗(qh) = GZ,∗(qh), this inequality follows immediately from the fact that GZ,∗(qh) maxi-
mizes uL(qh, qh, GZ) and uL(qh, q̃Z, GZ) is strictly decreasing in q̃Z. For G̃Z,∗(qh) > GZ,∗(qh), it
must be true that uL(q̃Z,∗

U , q̃Z,∗
U , G̃Z,∗(q̃Z,∗

U )) = uL(q̃Z,∗
U , qh, G̃Z,∗(qh)). Note that uL(qh, qh, G̃Z,∗(qh)) =

uL(q̃Z,∗
U , qh, G̃Z,∗(qh))+ (qh− q̃Z,∗

U )v(G̃Z,∗(qh)) and uL(qh, q̃Z,∗
U , G̃Z,∗(q̃Z,∗

U )) = uL(q̃Z,∗
U , q̃Z,∗

U , G̃Z,∗(q̃Z,∗
U ))+

(qh − q̃Z,∗
U )v(G̃Z,∗(q̃Z,∗

U ))). Then, uL(qh, qh, G̃Z,∗(qh)) > uL(qh, q̃Z,∗
U , G̃Z,∗(q̃Z,∗

U )) follows imme-
diately from the fact that v′(·) > 0 and G̃Z,∗(qh) > G̃Z,∗(q̃Z,∗

U ).

Proof of Proposition 3
Let

G̃Z,∗
E (q, α̃Z,∗) = α̃Z,∗G̃Z,∗(q) + (1− α̃Z,∗)G̃Z,∗(q̃Z,∗

U ) (A-7)

It is immediately obvious that G̃Z,∗
E (qh, 0) = G̃Z,∗

E (ql , 0). Moreover, by definition β̃M,∗(q) =
1− β̃S,∗(q) with

β̃Z,∗(q) = argmax
βZ

∑
Z

βZG̃Z,∗
E (q, α̃Z,∗).
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The linearly of the above objective function implies that β̃Z,∗(q) ∈ (0, 1) if and only
if G̃M,∗

E (q, α̃M,∗) = G̃S,∗
E (q, α̃S,∗). Together with G̃Z,∗

E (qh, 0) = G̃Z,∗
E (ql , 0), this implies that

G̃M,∗
E (qh, 0) = G̃M,∗

E (ql , 0) = G̃S,∗
E (ql , 0) = G̃S,∗

E (qh, 0), completing the proof.

Proof of Proposition 4
First, we show that in any equilibrium with α̃Z,∗ = 1 for all Z on the equilibrium path,

Z = S must be off the path, i.e. β̃S,∗(q) = 1− β̃M,∗(q) = 0 for all q. By means of contradiction,
suppose that β̃S,∗(q) > 0 for some q. Then α̃S,∗ = 1, ∆S(π̃S,∗) ≥ k > 0, which by Lemma 2
implies that π̃S,∗

j ∈ (0, 1) for all j. This, in turn, by eq. (10) requires that β̃S,∗(q) > 0 for all

q. Moreover, by eq. (A-7) the expected equilibrium contributions are G̃S,∗
E (q) = G̃S,∗(q) for

α̃S,∗ = 1. However, this results in a profitable deviation by ql to βS(ql) = 0 since G̃S,∗(ql) <

G̃M,∗(ql). Therefore, in equilibrium β̃S,∗(q) = 0 for all q.
To establish the existence of an equilibrium with α̃M,∗ = 1, note that by eq. (10), β̃M,∗(q) =

1 implies that π̃M,∗ = π. Therefore, α̃M,∗ = 1 requires ∆M(π) ≥ k. No deviation incentives to
βS(q) > 0 is guaranteed by an off-equilibrium belief α̃S,∗ = 1 since G̃S,∗(q) < G̃M,∗(q) for all
q.

Proof of Lemma 3
We first show the existence of an SPI equilibrium for ∆S(π) ≥ k and G̃S,∗(E[q]) > G̃M,∗(ql)

by constructing such an equilibrium. By Lemma 2, ∆S(πS) is continuous in πS
h and reaches

a minimum at πS
h = 1 with ∆S(0, 1) = 0. This implies that there exists π̌S with π̌S

h > πh

such that ∆S(π̌S) = k. Consider an equilibrium with π̃S,∗ = π̌S and β̃S,∗(qh) = 1. Then,
by eq. (10), β̃S,∗(ql) = πh

πl

(
1

p̌ih
− 1
)
≤ 1 and π̃M,∗

l = 1. It follows that q̃M,∗
U = ql (by

eq. (13)), and ∆M(π̃M,∗) = 0 (by Lemma 2), implying that α̃M,∗ = 0. Then, by eq. (A-7),
G̃M,∗

E (q, 0) = G̃M,∗(ql). Since ∆S(π̃S,∗) = k, the lead donor is indifferent in her information
acquisition strategy αS. To prevent deviation from β̃S,∗(ql), it suffices that G̃S,∗

E (ql , α̃S,∗) =

G̃M,∗(ql). Substituting for G̃S,∗
E (ql , α̃S,∗) from eq. (A-7) and solving for α̃S,∗ results in α̃S,∗ =

G̃S,∗(q̃S,∗
U )−G̃M,∗(ql)

G̃S,∗(q̃S,∗
U )−G̃S,∗(ql)

∈ (0, 1) since by eq. (13) q̃S,∗
U > E[q] as a result of π̃S,∗

h > πh, which implies

that G̃S,∗(q̃S,∗
U ) > G̃S,∗(E[q]) > G̃M,∗(ql) > G̃S,∗(ql).

To establish property 1), note that if β̃S,∗(qj) = 0 for some qj then by eq. (10) π̃S,∗
j = 0 and

thus ∆S(π̃S,∗) = 0 with α̃S,∗ = 0 and α̃M,∗ > 0 (by Definition 3). Then, by eq. (13) q̃S,∗
U = q−j

where q−j = {l, h} \ {j} and by eq. (A-7) G̃S,∗
E (q, α̃S,∗) = G̃S,∗(q−j) for all q. If qj = qh and

q−j = ql , then there is strict deviation incentives to βM(ql) = 1 since G̃S,∗(ql) < G̃M,∗(ql). If
qj = ql and q−j = qh, β̃S(qh) > 0 implies that G̃M,∗(qh) = G̃M,∗

E (qh, α̃M,∗) > G̃M,∗
E (ql , α̃M,∗) due

to the fact that G̃M,∗(qh) > G̃M,∗(ql). This, in turn implies a profitable deviation to βS(ql) = 1.
It follows that β̃S,∗(qj) = 0 for some qj cannot be supported as an equilibrium and thus in any
SPI equilibrium β̃S,∗(q) > 0 for all q.
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To show that α̃M,∗ < 1, note by eq. (A-7) that G̃M,∗
E (qh, 1) = G̃M,∗(qh) > G̃S,∗(qh) ≥

G̃M,∗
E (qh, α̃M,∗). Therefore, α̃M,∗ = 1 results in β̃S,∗(qh) = 0, contradicting property 1). Analo-

gously, α̃S,∗ = 1 implies that G̃S,∗
E (ql , 1) = G̃S,∗(ql) < G̃M,∗(ql) ≤ G̃M,∗

E (ql , α̃M,∗), which in turn
implies that β̃S,∗(ql) = 0, contradicting property 1).

Finally, to establish that α̃S,∗ > 0, note that by Definition 3, α̃S,∗ = 0 implies that α̃M,∗ >

0 and β̃M,∗(q) > 0 for some q. Then, by eq. (A-7) G̃M,∗
E (qh, α̃M,∗) > G̃M,∗

E (ql , α̃M,∗) and
G̃S,∗

E (q, α̃M,∗) = G̃S,∗(q̃S,∗
U ) for all q. Since β̃S,∗(q) > 0 for all q, it must be true that G̃S,∗(q̃S,∗

U ) ≥
G̃M,∗

E (qh, α̃M,∗) > G̃M,∗
E (ql , α̃M,∗), which implies that β̃S,∗(ql) = 1 and thus β̃M,∗(qh) ∈ (0, 1).

This, in turn, implies that π̃M,∗
h = 1, which results in ∆M,∗(π̃M,∗) = 0 (by Lemma 2), contra-

dicting αM,∗ > 0. Thus, α̃S,∗ > 0. This completes the proof.

Proof of Proposition 5
By means of contradition, suppose that q̃S,∗

U ≤ q̃M,∗
U . By Lemma 3, β̃S,∗(q) > 0 for all q,

which requires that G̃S,∗
E (q, α̃S,∗) ≥ G̃M,∗

E (q, α̃M,∗), where G̃Z,∗
E (q, α̃Z,∗) is defined by eq. (A-7).

Let α̃M,∗ = α̃S,∗ + ε. Then, G̃M,∗
E (q, α̃M,∗) can be rewitten as

G̃M,∗
E (q, α̃M,∗) = G̃M,∗

E (q, α̃S,∗) + ε
[

G̃M,∗(q)− G̃M,∗(q̃M,∗
U )

]
Notice that G̃M,∗

E (q, α̃S,∗) > G̃S,∗
E (q, α̃S,∗) since by Condition 2, G̃M,∗(q) > G̃S,∗(q) and

G̃M,∗(q̃M,∗
U ) > G̃S,∗(q̃S,∗

U ) for q̃M,∗
U > q̃S,∗

U . Thus, G̃S,∗
E (qh, α̃S,∗) ≥ G̃M,∗

E (qh, α̃M,∗) requires ε > 0
since G̃M,∗(qh) > G̃M,∗(q̃M,∗

U ). This, however, results in G̃S,∗
E (ql , α̃S,∗) < G̃M,∗

E (ql , α̃M,∗) since
G̃M,∗(ql) < G̃M,∗(q̃M,∗

U ), contradicting β̃S,∗(ql) > 0. Therefore, q̃S,∗
U ≤ q̃M,∗

U cannot be sup-
ported in an SPI equilibrium, establishing that in any SPI equilibrium satisfies q̃S,∗

U > q̃M,∗
U .

Proof of Proposition 6
1) is established in the proof of Lemma 3. To establish 2), note that by Lemma 4, ∆Z(πZ)

is continuous in πZ
h and satisfies ∆Z(1, 0) = ∆Z(0, 1) = 0. Therefore, since ∆Z(π) > k,There

exist unique values 0 < πZ
h < πh < πZ

h that ∆Z(πZ
h , 1− πZ

h ) = ∆Z(πZ
h , 1− πZ

h ). Let π̂S
h = πS

h

and π̂S
h = πS

h . Subsituting for π̂S
h and π̂M

h in eq. (10) yields β̃S,∗(q), where 0 < β̃S,∗(ql) <

β̃S,∗(qh) < 1 follow immediately from π̂M
h < πh < π̂S

h . Lastly, we need to ensure that there
is no deviation incentives from β̃S,∗(q), which requires G̃S,∗

E (q, α̃S,∗) = G̃M,∗
E (q, α̃M,∗) for all q,

where G̃Z,∗
E (q, α̃Z,∗) is defined by eq. (A-7). Solving for α̃M,∗ and α̃S,∗ yields:

α̃M,∗ =
G̃S,∗(q̃S,∗

U )− G̃M,∗q̃M,∗
U )

G̃M,∗(qh)
G̃S,∗(q̃S,∗

U )−G̃S,∗(ql)

G̃S,∗(qh)−G̃S,∗(ql)
+ G̃M,∗(ql)

G̃S,∗(qh)−G̃S,∗(q̃S,∗
U )

G̃S,∗(qh)−G̃S,∗(ql)
− G̃M,∗(q̃S,∗

U )
∈ (0, 1)
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α̃S,∗ =
G̃S,∗(q̃S,∗

U )− G̃M,∗(q̃M,∗
U )

G̃S,∗(q̃S,∗
U )− G̃S,∗(qh)

G̃M,∗(q̃M,∗
U )−G̃M,∗(ql)

G̃M,∗(qh)−G̃M,∗(ql)
− G̃S,∗(ql)

G̃M,∗(qh)−G̃M(q̃M,∗
U )

G̃M,∗(qh)−G̃M,∗(ql)

∈ (0, 1)

where α̃Z,∗ ∈ (0, 1) follows from

G̃S,∗(ql) < G̃M,∗(ql) < G̃M(q̂M
U ) < G̃S,∗(q̂S

U) < G̃S,∗(qh) < G̃M,∗(qh)

This completes the proof.
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