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Appendix A
Derivation of the expected payoffs when the VC funds the project:

If zR(n,z;) — K > 0, the VC funds the project and we assume that the entrepreneur and VC
split the nonnegative future expected value of the project according to their relative bargaining
positions § and 1 — §, respectively. Specifically, the entrepreneur can expect to receive a portion §
and the VC can expect to receive a portion (1 — J) of the future expected value [zR(n,x;) — K].
Here we show that contingent upon the entrepreneur’s initial contribution to the development cost,
her claim to future revenue R(n,z;) can be adjusted so that her expected payoff from the value of
the project always reflects her bargaining position ¢ and, therefore, is equal to § [zR(n,z;) — K].

If the campaign is successful, the entrepreneur receives nr from backers. We first analyze the case
when the entrepreneur contributes nr to cover part of the development cost. The VC contributes
the remaining K —nr. Note that the entrepreneur at this point may have spent part of the campaign
funds applying for patents or developing prototypes of the product, and such expenditure can be
counted as part of her contribution to the total development cost. Let A and 1— A denote the shares
of the total revenue from selling to the mass market that will accrue to the entrepreneur and VC,
respectively, if the product is successfully commercialized. With probability z, the entrepreneur
succeeds in developing the full product and receives AR(n,z;). With probability 1 — z, the project
fails in spite of being fully funded, in which case the entrepreneur receives nothing but has the
obligation to provide each backer with a reward valued at Svg. For the entrepreneur and VC to
split the future expected value [zR(n,x;) — K] according to their relative bargaining positions ¢
and 1 — 0, respectively, we must have A\ = § — (6K — nr)/(zR(n,z;)), so that the entrepreneur’s

overall expected payoff when the VC funds the project following a successful campaign is
AzR(n,x;) — (1 — z)nfog +nr —nr =0 [zR(n,z;) — K| — (1 — 2) fogn + nr. (12)

Correspondingly, the VC’s expected payoff is given by (1 — A)zR(n,z;) — (K — nr) = (1 —
9) [zR(n,z;) — K].
The entrepreneur’s expected payoff (12) suggests that in expectation, the entrepreneur receives a

portion of the expected revenue zR(n, z;) and incurs the same portion of the total development cost



K, where the portion is determined by her bargaining power . Note that while the development
costs have to be incurred with certainty in order for the project to proceed, the availability of
revenues from the sale of the product is uncertain and realizes only with probability z. This is the
reason that the probability measure z multiplies only the revenue R(n,x;) but not the cost K.

The expected payoff (12) would remain the same irrespective of the amount the entrepreneur
contributes upfront for the project. To illustrate, if the entrepreneur contributed an amount s,
0 < s < nr, to cover part of the development cost, the VC would contribute K — s. We can modify
the share A = § — (0K — s)/(2R(n,x;)), so that X\ is adjusted above (if K — s < 0) or below
(if K — s > 0) the bargaining power ¢ to ensure that the players split the future expected value
according to their relative bargaining powers, § and 1 — .

In case that the campaign fails, the entrepreneur receives no contributions from backers. Con-
sequently, she has no obligation to backers in case the project fails. If zR(n,z;) — K > 0,
the VC approves funding and contributes the entire development cost K. We can have A =
d — (0K)/(zR(n,x;)), so that the entrepreneur’s and VC’s expected payoffs are A\zR(n,z;) =
d[zR(n,z;) — K] and (1 — N\)zR(n,z;) — K = (1 — 0) [2R(n, z;) — K], respectively, when the VC
funds the project following a failed campaign.

To summarize, by carefully choosing the share of revenues that accrues to the entrepreneur,
the entrepreneur and VC split the future expected value [zR(n,x;) — K| according to their relative
bargaining power § and 1 — ¢, irrespective of the amount the entrepreneur contributes towards
covering the development cost.

Proof of Lemma 1: We only provide the proof that N, > Ny when Ny > 0 under Case 1.
Proof of the other cases is either similar or trivial.

If Nmin < Ny, the fan’s preference in favor of contributing in the campaign is valid if the



following inequality holds:

_ (7’ _ ,B'UH) |:pNL _]VNmin + (1 _p)NH NNmm:|
+(zvg + (1 — 2) Bog — ) [pN;VNL +(1 —p)N_NNH]
> z(yvm — L) [pN;VNL +(1 —P)N;VNH} :

After simplification we obtain:

N s W= =p) Ny —pNi) [(1 =7 = B) vir +vi]
min — T—IB’UH *

The entrepreneur’s problem, with Ny, < Ny, can be written as

) Ng p Ny,
Maz(y,;,.r Ty = / nrdn — N Bopndn — ~ /v Bvgndn
+ )/ (0[zavp(hn+ (1 — h)zg) — K| — (1 — 2) fvgn) dn
N Ny
» N
+= (0[zavr(hn 4+ (1 — h)xg) — K| — (1 — 2) Bvgn) dn
N Jn,
st. 0 < NminSNHy
N s W (V- (1= p) N —pNi) 2[(L =7 = B)var + o]

r— Pug
The last two terms in the profit function wg do not depend on decision variables. For the first

three terms, the partial derivative with respect to Ny is negative, so the constraint (13) is binding

(N=(1—p)Nu—pNr)z[(1—v—B)vm+vL]

with Nypin = N — We rewrite this expression as r = fvyg +

r—Buvy

(N_(l_p)NHEJZ]E@Z'[(I)_V_B)UHHL] and substitute it into the first term to obtain, after simplification,

) Ng P Np

/ nrdn — Bvgndn — = Bvgndn
N mln N len N Nmin
_ ( )NIQJ pN%BH_|_(N_(1_p)NH_pNL)Z[(l_fY_/B>UH+'UL] (W—FN)

2N QN min)j) »
which is increasing in Npyin. Thus NJ. > Np. [ |

Proof of Proposition 1: (i) When observing z, is not necessarily fatal for the project (Case

1), by (P1) the entrepreneur’s profit Fg decreases with Npi,. We first assume Ny, achieves the



lower bound in constraint (6), and then check if the corresponding solution satisfies max(Ng,0) <

Nmin < Np. Evaluating (6) as equality yields:

r [(N - Nmin) — Bp (NL - Nmin)] = [Z(l - V)UH + Z’UL] [(1 _p) (W - Nmin) +p (N - NL)]

Z[(l -7 B)UH +UL] [(1 _p) (N_ Nmin) +p (N_ NL)]

r = vy + —
BH N_Nmin

Substituting it into the profit function, taking the derivative with respect to Npin and then

setting it to zero yields the interior solution

nint _ siipy (L= = Blon + vi] (N = N) 4 6hav Ny (1 — 5)' (14)
in (1 —y)vg +vp + (1 — &) dhavy
For this solution to satisfy the constraint max(Ng,0) < N < N we need:
2Ng[(L—y)vr+vr] if Ny >0
~ ~ HZ
Nt s Ny.0) = p>pp =4 CNotN=No)(0—ontvi]—pon (V- N ) ,
min = maX( H ) p=zZDpL 5(1—&)[zavr, (1—h)zg — K] if Ny <0

22[(1—y—B)va+vL](N—NL)+5(1—€)[zav, (1—h)op —K]
((1 —=y)vg +vr) Np + (1 — &) Shavy, (N, — Ngg)

(1 = y)vr + o) T (1 ) hawy, (N, — Nig) — Bom (N;NL)

Nt < Np=p<py= .

min —

It is easy to verify N = Ny, = pp, = py = 1 and 0 < p;, < py < 1 when Ny < N. Therefore,

max(Ng,0) < Néﬁfl < Np < N & pr, < p < py so that

max(Ng,0) if0<p<pr
min = ¢ Ninin if pr. <p<pu
Ny, ifpr<p<1

Because the constraint (6) is binding at the optimum, we have

N — N
" =Pvg +z[(1—vy—-Bvg+v] |1 —p+p=—"T"
Bog + 2 [(1 =~ = B)vm + vi] p pN_N;;in

The highest pledge 7* = fvg + z[(1 — v — B)vg + vr] is reached when py < p < 1. The optimal

goal is G* = r*N*

min*

It is straightforward to derive the probability of launching the project.
(ii) If observing xy, kills the project (Case 2), then Ny > N. By (P2), 7% decreases with Npip

and increases with 7. Thus, the optimal solution is reached at boundary with N}, = max(Ng,0),

in
r* = Bog + (1 —p)[2(1 =y — B)vyg + zvr], G* =r*N}. . The VC will fund the project only when

x g realizes and n > N, so that the probability of launching the project is (1—p) (1 — %) .

N
|



Proof of Lemma 2: (i) These results can be directly derived from Equations (3) and (4).

(ii) For the interior solution, taking the first order derivative with respect to h yields:

oNit ip[(l—~—B)vg +vr] (Np —zr) davr, (1 =€) (xg — NI
oh  h(1—p)[(1 —y)vg +vp + (1 =€) avph] (1 —~)vg +vp + (1 — &) davph’

(15)

Setting it equal to zero yields a quadratic equation in h, which has at most one positive root
pint — pl(1 = y)vou +vr] VK — zawpzy,
— (1= &) davppVK — zavpzr + avp /6 (1 — &) [(1 — y)vyg + v pH’

— (N pS(1—-&)(K—zavpzy) [(A—yvatvr] | 26(1—p)(1-§)(K—zavrzp)
where H = zp(N —zp)+ [(1—V)UH+ULL] = —2(1-p)zen [(1—W—5)ZH+€1L] + [(1—"/—5)UH+UL}L =20

If H <0, Nfﬁ; increases with h always. We have verified that the second order derivative at h?"

is negative and thus, " is a maximizer. Therefore, N’ either increases or first increases then

decreases with h for A > 0. |

Proof of Proposition 2: (i) When 0 < h < hg, we are in Case 2 where N

min

= max(Ng, 0) so that
the optimal target number is non-decreasing with h. We now consider Case 1 where hy < h < 1.

(i.1) We first show that N/ and Ny, cross at most once on |ho, 1] and Nj, > N after they cross.

min min
When h > ho, we are in Case 1 where py; strictly decreases with h because N7, < N, Ny, strictly

decreases with h, and Ng strictly increases with h. As h increases from hg to 1, py decreases from

2K((1—y)va+vr)
1 to Nzavp (1—y=B)vg+vr)+K((1—v+B8)va+vr) <l
: ; 2K((1—y)va+vr) :
Given any p < 1, if p < Fravs (A —B)or o)+ K(I— 1B ontor)’ then the boundary solution Ny,

2K((1=y)vg+or)
(1=y=B)vg+vL)+K((1—y+B)va+vL)

never arises. Otherwise, if p > N ravr( , then there exists a unique
L

hy(p) € [ha,1], such that N = N at h = hy(p) and the boundary solution Ny, is valid on

hy(p) < h < 1. Therefore, N and Np, cross at most once and N*

min min

strictly decreases with h
after they cross.

(i.2) We next show that N/ and Np cross at most once, and N/ is increasing with h when it

crosses Ny. If (W — xL) (1—~—=B8)vg +vr)] =21 —p)[(1 —v)veg +vr)zu/p #0,

(K — zavpzyg) W —2(1 = p)(zavpzeyg — K)/p

zawy, [(W— a;L) W —-2(1-p) xH/p}

Ngﬁ:NH@h:hL:

(16)

From (15), %M:M > 0 because Np,—x;, > 0and zyg—Ngy > 0. If (W— xL) (1=~ —B)vg +vL]—

2(1—p)[(1 —y)vg +vr]zg/p = 0, then either Ny is dominated (N > Ny always) or NI s

min min



dominated (N < Np always). Therefore, NI crosses Ny at most once and N

min in 1S 11Creasing

with h when it crosses Ng.

Combining Lemma 2 and (i.1)-(i.2), we know that N*

ins if it ever strictly decreases with h, starts

Nt > max(Ny, 0)

decreasing either at A" or when N and Ny, cross. In the former case, N}, = Nt

min

at h = h"*. From Lemma 2, N/ decreases on h > h". From (i.2) N/ will not cross Ny on

h > h't. This implies that N*

*=min{N" N} on [h", 1] so that it strictly decreases with h

on [ 1]. In the latter case, from (i.1) we know N*. = Ny after N'% and Ny, cross and therefore

min

N*

in Will decrease afterwards.
Summarizing Case 2 and Case 1, the optimal target number is either a non-decreasing function
of h over the entire interval [0, 1], or is a single peak function of h. [

Proof of Corollary 1: The result follows from Lemma 2, Proposition 1, and Proposition 2. W

Proof of Proposition 3: For the interior solution, taking the first order derivative yields:

ONint _ _ﬁ[(l_V_B)UH‘FUL]—F(WLO(ULG_&) <0
oK hzowr, [(1 —y)vg + v + (1 =€) Shavy]
& h< P (1=~ —B)vg +vr].

2(1=¢) (1 —p)oavy

We observe that this inequality can hold for sufficiently small values of h.

Differentiating Nrﬁﬁ; with respect to p (), we verify that Ngﬁfl increases with p and N. To show

8Niﬂ-'z — -~ .

—5pin < 0 we need Ny(1—p) < %W}) (N - NL) ,which holds when Ny < 0. When
__ 2Ng[(A—yva+tvr]

2Np+N—NL)[(1—y)va+vL]—Bon (N—NL

Ny > 0, this condition reduces to ( j < p. This is equivalent to

the condition p;, < p when Ny > 0. Therefore, N decreases with § over the region that supports

min

the interior solution. It is straightforward to see that Nfg’; decreases with f.
—3P(N—=Nr)((1-§)shavr +Bur ) +(1-p)Shavy (1-)Np

gNint T ——— < 0 always holds when Ny <

—n = [0zavrh]

0. When Ny > 0, this inequality is equivalent to p > pr, which holds when interior solution Nt

min

int
arises as optimal. %\;72“‘ might be positive or negative depending on whether

2Np(1 —7) (1 —§)dah
2Ny + N — N) (1 —7) (1 = &) dah — B (1 + dah (1 —&)) (N — Np)
p(2Ng 4+ N = Ni) (1 —=7) (1 = &) dah —2Ng (1 — ) (1 — §) dah
p(1+dah(1—£)) (N — Nyp)

p

(
& B<




Therefore, N increases with vy if 3 is sufficiently small.
When taking derivatives with respect to xy and xp, respectively, we obtain that foﬁfq increases
with z; and decreases with xy. Therefore, Nfrﬁfl decreases with the spread xy — x1 while keeping
ZHELL fixed. u
The Model of No Crowdfunding
Let § and 1 — 0 be the shares of the expected total surplus of the new venture that accrue
to each party. The expected profits of the entrepreneur and VC depend on the realization of the

external signal.

i) if X = xpy, the entrepreneur’s expected profit under no crowdfunding is
Ne 1 [N N N
g ‘X:xH =5 d[zavr (hn+(1—h)xp)+zvpn—K]dn = 5[ZavL(h5+(1—h)xH)—l—va5—K].
0

The superscript “NC” designates for the no crowdfunding option. Note that wg > 0 when

C‘X:xH

N 2ah
N 2 (oaf?—i—l) NH

i) If X =z, we have

1 (N N N
wgC‘X:mL = N/ d[zavr (hn+(1—h)zL)+zvpn—K]dn = 5[zavL(h§+(l—h)a:L)—i—va?—K].
0

ZOWhenN2(2“h>NL.

N
Hence, 7y I

C‘X:xL

Therefore, three possible cases may arise:

a)if N > (O?}ffl) Ny, the VC always funds the project under no crowdfunding, which is unrealistic.

b) if (a%ffl) Ny < N < (aziffl) Ny, with probability 1 — p, the good signal x g realizes and the
VC will fund the project. With probability p, the bad signal xp, realizes, and the VC will not fund

the project. The total expected profit is:
N N
NG 4 S = (1 —p) [rav(hoy + (1= h)zm) + 2vp o — K], (17)

which is split between the entrepreneur and VC according to their bargaining power d and 1 — 4,

respectively.

c) if N < (O?}ffl) Ny, the VC will never fund the project, and the expected profits of the en-

trepreneur and the VC are zero. |



Proof of Lemma 3 and Proposition 4: We first prove Proposition 4 because its proof will be

used to establish some results in Lemma 3.

When N < (a%ffl) Njz, the comparison is trivial because the profit is 0 under no crowdfunding.

When (a%f‘fl) Ny <N < (f}f‘fl) Ny, from (17) the entrepreneur’s profit under no crowdfund-

ing is

N (ah+1
NC
=4 h(l — — — Ny . 18
Lo zavph( p)[2 ( o ) H} (18)
The profit comparison depends on whether Case 2 or Case 1 arises under crowdfunding.

Case 2 arises under crowdfunding: In this case N, > N and from Proposition 1 N}, =

max(Ny,0). Ny > N is compatible with (25 ) Ny < 5 < (5ly) Mo if Np > 2 (55 ) N

From Problem (P2), the entrepreneur’s profit under crowdfunding is

g = (1= p) | F D ) 4 PO - N 4 8 — 28] (19)

so that 7% B> 7TE is equivalent to

{[UH(%;ZQJ UL]] (N> = (N23)%) > N7 (M) Ni. Np + (Nm2n)2

Entrepreneur’s profit comparison (§ + v < 2):

By (11), when h < hy, we have Ny < 0, in which case N. = 0 and the above inequality can

min

be simplified to

vg(l—~)+vp(1—4) >0, (20)

which always holds for § + v < 2.

When h > hq, we have N, = Ny > 0. From (18) and (19), ¢ > 7N if:

(1 =)+ (1= )] N> > [ug(l — ) + vr, — dawph] (Np)? (21)

which always holds if vy (1 —7) +vr — dawrh < 0 because vy (1l —v)+ (1 —§)vy > 0 for d +v < 2.

When vy (1 —«) 4+ v, — dawph > 0, (21) reduces to:

— v (1 —7) +vp — davph
N >N 22
- H\/ vg(1 —7) +vp —dvg ' (22)




which holds when h > 1/a. So the only region remains to be considered is h < 1/« and h > hy.

Let

f(h) = N\/’UH(l — )+ v, —dvg, — NH\/’UH(l — ’}/) + vy, — dawgh. (23)

Then f(h) > 0 & ¢ > 7N, We verified that f(h = 1/a) > 0 because N > Ny, and f(h = hy) >

0. Moreover, f'(h) =0 is a quadratic with exactly one positive root

_ (zavf;;:;; K5) \/(zavgzg—K(S) 485 (zavmcg K) [wr (1 — ) +vr]

ho = )
0 20avy, >0

The other root is negative, and therefore, is discarded. Taking the second order derivative with

respect to h and evaluating it at hg yield

zavxyg — KO

zavrry — K
) bon(1 =) o) - R,

f"(ho) = (2

h3zavry,
because we consider the case that vy (1 — ) + vy — davph > 0. Therefore, f(h) reaches the local
minimum at hg > 0, with f/(h) <0 on 0 < h < hg, and f'(h) > 0 on h > hg. It is straightforward
to verify hg > hy. Because we only need to consider hy < h < 1/a, there are two possible cases.
Case a) If hy < 1/a < hyg, then f(h) > 0 on [h1,1/a] because f(h) is decreasing over the region
[h1,1/a] with both f(h1) > 0 and f(1/a) > 0. Then crowdfunding is always preferred.

Case b) If hy < hg < 1/, f(h) is either positive on h > 0 or crosses 0 exactly twice on [h1,1/a].
Case b.1) f(h) > 0 on h > 0, then crowdfunding is always preferred.

Case b.2) f(h) crosses 0 exactly twice. Let h, and hy be the two values of h such that f(h,) =
f(hy) = 0. Then we must have hy < hy < ho < hy < 1/a, such that f(h) > 0 except over

the region [hq, hp]. A necessary condition for this case is hg < 1/a, which can be simplified to

K > Ki, where K1 = zvpxy [a— ZUH(l—'y(S)ziifQUL—ﬁvL]' Note that K1 > («a — 1)zvpzy because

vg(l—2)+ (1 —06)vy > 0. Using the envelope theorem, we verify that f(ho(K), K) is decreasing in

K because af(hoa(f(() K) 8NH \/UH 1 —7~) 4 vy —davph < 0. Therefore, the entrepreneur may

prefer no crowdfunding when K > K; and h € [hq, hp).
Next we show that h, (hp), if exists, will decrease (increase) with ¢ and . Because hy < hg <

ho < hy < 1/a, we know f(h) > 0 except over the region [hy, hp]. Therefore f/'(h,) < 0 and

10



f'(hy) > 0. Because f(hy) =0, we have 21 )4 fr (h )ahb = 0.

oy
N v (1l =) +vr —davph

f(he) = 0= — —\/H( 1_) — (24)
(_za:lf;apim + CUH) UH( ’)/) +vr V],

Because hy < 1/, if follows that

\/UH(l — ) + v, — davrhy o1 \/ UH(l — ) + v — dvg, (25)

v (1 —7) + v — dvg, vg(1—7) +vp — davphy

2] N 1—y)+vr =6 .
Note that f |h n, < 0 requires (_ BT K—f—.z‘H) \/ v;ﬁ(_v)ﬁvff 6a:Lth’ which always holds
bZa'UL

given (24) and (25). Thus, f’'(hy) > 0 implies that %—f;” > (. Similarly, we have 88}17 < 0. Therefore,

the range [hq, hpy] expands as «y increases to 1.

f(h

The proof for % > 0 is similar. It suffices to show |h=h, < 0, which can be simplified

to ahb\/ 056(137)+UL_§UL < 1. This always holds given (25) and hy < 1/a. Similarly we prove

—v)+vr —davrhy

8{9}3@ < 0, so that [hg, hy] expands as J increases to 1.

Case 1 arises under crowdfunding:

h+1> Nm < g < (ah—H) N, only if

ah > 1. From Problem (P1) the entrepreneur’s profit under crowdfunding is

In this case, we have N < N, which is compatible with (

N
wg = ~ /mm nrdn + (1 NP) /Nmin [0 (zR(n,zg) — K) — (1 — z) fugn]dn (26)
Ny, N
_% - Bvgndn + % . [0 [zR(n,xr) — K] — (1 — 2) Bugn] dn

(1 _ ) Nmin
+—= d[zR(n,zg) — K]dn
N max(Ng,0)

where N*. is given in Proposition 1. Next we show that 7TE > 7TN ¢

min always holds for this case

because ah > 1.

It suffices to show 1) 7% (N*. = max(Ng,0)) > 7¥¢ always, and 2) 7§ (N?, = Ni) > 75¢

min min

on py < p < 1. This is because 7§ (N5, = max(Ny,0)) > 7¥¢ implies that 7% (N, = Nty >

min min min

Wg € given that the interior solution Nr’rﬁfl outperforms the boundary solution max(Ng, 0).

1) When N = max(Ng,0), from (26) 7 is increasing in z,, whereas 73 does not depend

>7TNC

on xr,. Hence, it suffices to show 7 at the minimum value of x,, where N;, = N. However,

11



this simply reduces to the comparison under Case 2, where we have shown that Wg > Wg C as long
as ah > 1.

2) Consider N},

= Ny, which is valid on py < p < 1. The entrepreneur’s profit under
crowdfunding is:

(N + Np)(N - Nyp)

75 (Nin = Np) = oN z[(1 = v)vn +vp + davph]
ozavr (1 —h — [ p—
2O )y g (8 = V)~ SRV~ Ny)
(1 =p)dzavph / 2
S (NL — (max (N, 0))2 — 2Ny Ny, + 2Np max (Ny, o)) .
2 C * _gNC
It is easy to show il E(N"“3PQNL) 2] = 0, which implies that 7§ (N7, = N.) -7 is monotone

in pon py <p<1. Thus, it suffices to show Fg (Nf. = Np)> TI'JEVC at both p = py and p = 1.

min

At P = puU, Néﬁg = NL. Note that Fg (Nmin = Néﬁg) > 77]%: (Nmin = maX(NHa 0)) because NIZII,I?I&l
is the interior solution, and we have proved that ﬂ'g (Nmin = max(Ng,0)) > Wgc on p € [0,1].
Therefore, we have Wg (Nmin = N1) > Wg (Nmin = max(Ng,0)) > ﬂgc at p = py. At p =1,

NC _ C
mp” =0< 7 (N

*in = INL). Thus, the entrepreneur’s profit under crowdfunding is always higher
in Case 1.
Entrepreneur’s profit comparison (7 =1 and § = 1):

If Case 1 arises, from the proof above, the entrepreneur always prefers crowdfunding.

If Case 2 arises, then N > N, and therefore, h < hs from (11). We next show 1/a < hs.

Because the probability of getting funded by the VC without crowdfunding is less than 1, we

have N < < Oifﬁ) Np. This implies that the development cost

N N
K > zavL(h? +(1—-h)z)+ 2L (27)

We next show that when this condition is satisfied, Case 2 always arises for h < 1/«. That is, Ny, =

zavy, (hgqt(lfh)xLH»vagf(lfh)zavL:vL
hzavy,

K—(1—h)zavpxr
hzavy,

> N for h < 1/a. From (27), it suffices to show

N, which can be simplified to (1 — ah)g > 0, a condition that always holds for h < 1/a. This
implies that when h < 1/a, Case 2 arises so we must have h < hg. Therefore, 1/a < ha.
If h < hy, then Ny < 0. From (20) we have 7% = 7N if both v = 1 and § = 1. In this case,

the campaign is not informative (h < min{hi, ha}), the entire profit accrues to the entrepreneur
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(6 = 1) and the campaign does not price discriminate (7 = 1). The optimal target number is equal
to zero, thus removing the risk of campaign failure. As a result, the entrepreneur is indifferent
between crowdfunding and no crowdfunding.

If h > hy, then Ny > 0 and (22) can be written as 0 > [1 — ah] (Ng)?vr, which holds if
h>1/a.

If 1/a < hy then wg > ﬂ'gc if h > h; > 1/a. In this case, the entrepreneur is indifferent
between crowdfunding and no crowdfunding for h < min{hq, ho} and prefers crowdfunding for
h > min{hy, ha}.

Otherwise, if hy < 1/a, then h; < 1/a < hg so that min{h;, he} = h;. Then Wg < Wgc if
hi < h < 1/aand 7§ > 7NC if h > 1/a . In this case, crowdfunding is strictly preferred when h is
large, but is inferior to no crowdfunding for relatively low values of h. The condition h; < 1/« can
also be written as K > (a — 1)zvpxpy, suggesting that when K is large, no crowdfunding is better
for relatively low value of h.

Combining Cases 1 and 2, we know that if A < min{hi, ho}, the entrepreneur is indifferent
between crowdfunding and no crowdfunding. If the entrepreneur prefers no crowdfunding, it must
be the case that K > (o — 1)zvpzg and hy < h < 1/a. In all other cases, the entrepreneur prefers

crowdfunding. [

Proof of Proposition 5 (VC’s Profit Comparison): When N < (a25f1> Ny, the comparison

is trivial because the profit is 0 under no crowdfunding. When ((3,?111) Ng < N < <a2,?f1> Ny,

from (17) the VC’s profit under no crowdfunding is

NC — (1 8) zavih (1 p) [2] <O";Z 1) _ NH] . (28)

Case 2. N;, > N.

From (P2), the VC’s profit under crowdfunding is 7/, = % (1-8)1-p)(N—N: )N+
~2
N — 2Ng). From (28), n0n > nll& < (2Ng — Niy) Ny, > 2 where N, = max(Ny, 0)

because we are in Case 2. If Ny < 0, this condition is never satisfied so the VC never prefers
crowdfunding. If Ny > 0, the condition can be simplified to ah > (W/NH)Q. Thus, the VC’s

profit is higher under crowdfunding if h > (N/N H)2 /a. Because N > Ny, the VC never prefers

13



crowdfunding if h < 1/a.

Case 1. N;, < N.

w2

Ni, < N is compatible with <ah+1> Ny < 5 < <a ) Ny, only if ah > 1. Depending on the

value of N*. | there are three cases.

min’

(I) p < pr, so N}, = max(Ng,0). First consider Ng > 0. From (P1), the VC’s profit under

crowdfunding is: 754 (N2, = Ni) = (1 —6) zath(l_;%(N_NH)Q +(1-9) %(W — Nz)?. From

(28), 78n (Niy, = Ni) > m)§ if and only if

min

1 —2 1l =2 = 2
NE - th NI%,—EN — (N - Nyp)

If N < Nyvah, this condition always holds. Otherwise, if N > Ngvah, the VC prefers crowd-

N —ahN%
ahNZ,+ah(N-Nz)*’

When Ny < 0, then N*.

min

funding if p > =7
= (0. In this case, we have verified that when 1 — p — pah < 0,
crowdfunding leads to higher profit for the VC if N is sufficiently high, whereas under 1—p—pah > 0,
the VC always prefers no crowdfunding.

(II) p > py, so N, = Nr. From (P1), the VC’s profit under crowdfunding is:

. (1 —0)zavph (N — Np, N + N
7TVC’(]\Tmm_]\TL) = N ( ) ( 9 ) _(pNL+(1_p)NH)
1 — p)dzavph
+.g(p2);0‘” (V23 — (max (N7, 0))? = 2Ny Ny + 2Npg max (N, 0))
From (28), we can simplify the inequality 7{, (N}, = Ni) > 7§ to:
> N
(N—=Np)" + —+ N? — 2Ny Np — &(Np, — max (Ng,0)) (Nf, + max (Ng,0) — 2NH)]

1

> JN + (Np — Ng)? = Ni — £(Ng, — max (N, 0)) (Ng, + max (Ng,0) — 2Ng) .

If (W—NL)2+5N2+(NL—NH)2—N?I—ﬁ(NL—max(NH,O)) (NL+maX(NH,O) —QNH) > 0,

the VC prefers crowdfunding if

. LN 4+ (N — Nyg)? — N — €(N — max (Ng,0)) (N + max (Npz,0) — 2Np)
T (N =N+ 2N 4 (N, — Ny)? — N — £(N, — max (Ng,0)) (N + max (Ng, 0) — 2Ng)

Otherwise, the VC always prefers crowdfunding.
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(1) pr, < p < py, so that N, = N = The inequality W‘C;C (N;;in = Nfg’;) > ng can be
- 2 .

simplified to % (N - NL)2 N> (Nint — NH)2 — N%. We have verified that it is possible for

the VC to make higher or lower profit in this case.

ah

Summarizing Cases 1 and 2, we conclude that when ( ah

N h
ah+1>NH <3< (az+1)NLv the VC

never prefers crowdfunding when ah < 1, whereas his preference is ambiguous when ah > 1. From

Proposition 4, the entrepreneur always prefers crowdfunding when ah > 1.

|
Appendix B

Appendix B provides the derivation and proofs of §5.

Appendix B.1 Correlation between signals X and N

Under the case of strong correlation between X and IV, the underlying joint distribution of the

random variables y, N and X is given by

2% y=an,r; =g, N c ¥7N:|
2@ y=an,r; =, N € 0’@]
fo g 1) = N 20 (29)
i 2% Y=Qryg, T;=TH, N E %’N}
2p(17h)

Y =QTr, T; =L, N E 0,%}
We first show that Lemma 1 still holds here, i.e., max(Ng,0) < N¥, < min (NL,W)
Case I. g < Ny < min (N, N)
Suppose Npyin > min (N L,N), which can only happen if N; < N. Under this assumption, a

fan’s preference in favor of contributing in the campaign is valid if the following inequality holds:

2(1 - p)(evn + (1 = 2) By — 7")N_Nmi“ +26(1 — p)a(yoy — vg) min = NH

N
N — Ny, Npin — IV,
> 21— p)a(yon —vp) ===+ 26(1 = p)alyon — vr) T

This simplifies to r < fvg + z[(1 — v — B)vg + vr)]. The entrepreneur’s problem is

C
Max{Nmim,q} Th

N
2(1N_p) /Nm [(r — (1= 2) Bog) n + 6[zavg (hn + (1 — h)zy) — K]] dn
LX0-p) / e

— d[zavr,(hn + (1 — h)xg) — K]dn
N Jn,
in =

s.t. Nm NL

r<pog+z[(1—~—pB)vg+vL)l.
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It is straightforward to show that ﬂg is decreasing in Ny, and increasing in r. Therefore, Ny, =
Ny and r = Bvg + z [(1 — v — B)vyg + vr)], so this case is dominated by Ny, < min (NL,W).
Now suppose Npmin < Ny, then there are two subcases: Npm < g and Ny, > g When

Npin < g < Ny, a fan prefers to pledge in the campaign if the following inequality holds:

¥t 200~ (5~ M) =01 (5~ )]

2(1 —p)(zvg + (1 — 2) g — 1) ~ —

N
N — Ny
= 2(1=p)z(yva — UL)?v
which reduces to Nyjn > % — (N_NH)Z(;ZE[/(;};;_B) UHJFUL]. The entrepreneur’s problem can be
written as:
ﬁ P
2p [ 2(1-p) [V 2(1—p) [N#
c _ =F _ S S
Mazn,,. . Tp = N/ (r — Bug) ndn + ~ . nrdn ~ - Bvgndn

El
=]
N

2

N
+2(1—]9)/ [6 (zavp(hn + (1 — h)zg) — K)] — (1 — 2) Bugn]dn

Ny,

N

s.t. OSNminSE
N >§_ (N=Nu)z(1=p)[(1 =~ —B)vg +vi]
T p(r— Bum) ’

The last two terms in the profit function Wg do not depend on decision variables. The first

N _ (N=Nu)=z(1-p)(1—y=B)vu+vL]
2p p(r—pBvm)
1 NﬁN — I . . .
expression as 1 = fvg + ( H)Z(lﬁp)[](\; = Blontu) and substitute it into the first two terms to
5 —P{Vmin

two terms are decreasing in Npin, SO Npin = . We rewrite this

obtain, after simplification,

w ¥ 2(1-p) [N
ﬁp . (T_BUH)ndn—i_]\fp/g’ nrdn
N-Ny)zp(L—p)[(L = —B)og +v] (N? 1-p)3N° 3N
e e Y
N(%_mein) 4 4p !

which is increasing in Ny, as long as (3 — 2p) N 2 —4N Npin+4pN?2

in > 0. Note that this expression
is monotone with p and it is positive at both p = 0 and p = 1 when Ny, < g As a result, the

, - - .
entrepreneur’s profit is increasing in Npyi, so that N,

N
>N

It remains to prove that g < Npin < Ny is not optimal either. In this case, a fan prefers to
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pledge in the campaign if the following inequality holds:

—2(1 = p) (r — Bon) (NH;VN‘“) +2(1 = p) v + (1 = 2) fog — 1)~
> 2(1—p)z(yog — ’UL)N;VNH.

After simplification we obtain Ny, > N — (N_NH)Z(I_T[i)g;;v_ﬂ)wwd

. The entrepreneur’s problem

can be written as:

C _
Max¢n, . T = — nrdn — ————= Bvgndn
Nmin N Nmin

2(1—p)/N 2(1—p) (N1

_ N
+2(1p)/ [0 (zavr,(hn+ (1 = h)zg) — K)] — (1 — 2) Bugn]dn

Ng
N
s.t. 5 < Nmin < NH
N >N (N —Npg)z(1-p) (1 =y = B)vm + o]

r— oy

The last term in the profit function Wg does not depend on decision variables. The first two

(N=Nu)z(1-p)[(1—y=B)vr+ovr]

—Bor . We rewrite this

terms are decreasing in Ny, so that Nypy, = N —

(W—NH)ﬂ(l—’y—ﬁ)UH'H}L]

~ N and substitute it into the first two terms to obtain,

expression as r = vy +

after simplification,

Y Nu
_ (1-p) (N — Nu) z][v(l A 2N s g VA T i O (V- nE).

which is increasing in Npi,. Thus Ny, > Npy.

In summary, Lemma 1 holds in Case I when the joint distribution is given by (29). The proof
of Case II with max (Ng,0) < g < min (N, N) is similar and is omitted.
Proof of Proposition 6: We next derive the optimal campaign instruments, knowing that
max (Ng,0) < N, < min (NL,N). There are two cases, which we analyze in turn.

Case 1. g < Np < min (NL,W)

vl 2|

Given the joint distribution (29), the VC never funds the project if n < g, whereas when n >

he funds the project if n > Ny (in case of campaign failure he considers funding with probability
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€). Following the same logic in Sections 3.1 and 3.2, fans choose to pledge in the campaign if the

following inequality holds:

N - Nmin Nmin - N
(2vm + (1 = 2) fom —1)(1 = p)2——" 4 2(yum — v1)26(1 = p) ="
N — Nui Nuin — N,
> 2(yon —vn)2(1 - p)——="" + 2(yom — vp)26(1 - p)

which reduces to r < fvg + z[(1 — v — B)vg + vr]. The entrepreneur’s problem is:

_ N
Mazn, ;. 8 = 2(1]\7])) /N [nr + 0[zavr(hn + (1 — h)zg) — K| — (1 — 2) fvogn]dn
2 1 — Nmin
+§(p)/ Olzavp(hn + (1 — h)xy) — Kldn
N I,
s.t. Ny < Npjn < min (NL,N)

r < Bog + z[(1 —v — B)vg + vLl.

Therefore, N¥. = Ng and r* = fog + 2[(1 —v — B)vg + v ].

m
Case II. max (Ny,0) < g < min (N, N)
Given the joint distribution (29), the VC never funds the project if n < g Otherwise, if

n € [g,ﬁ], then zy will realize so that the project is funded by the VC (in case of campaign

failure this happens with probability £). Fans pledge in the campaign if the following inequalities

hold:
E_Nmin N_E
~ (= pon) 2 (E5 )+ G + (-9 o 21 TE N
- ¥ if Nmin S Ea
N_N
> z(yvn —vr)2(1 - p)—=2
N*N i Nmin_E T
(zvg + (1 — 2) Bog — r)2(1 — p)Tm‘“ + 2(yvg — v1)2¢(1 — p) 2 N N
~_ ) Nmin_E min a0
> 2(yoy —v1)2(1 — p) Vi 4 2 (quy —vp)26(1 - p) TETE 2
which reduce to, respectively:
N > N (r—pog —z(1—p)[(1—~—B)vy +vi]) N < ﬁ)
2p (r — Bum) 2
_ N
r < Bog+zvg(l—v—p)+uvL)] if Nimin > 5
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Hence, if Ny, < %, the entrepreneur’s problem can be written as:

~ _
2p [2 2(1-p) /N
Maxgy . 4 7% = = r— Bvg)ndn + ————= |_ nrdn
(N} TE ~ Nmin( H) N s
_ N
+2(1Np) /N (0[zavr(hn+ (1 — h)zg) — K] — (1 — z) Bugn) dn
Fl
s.t. max (NH,O) S Nmin S g
N > N (r—pBvg —z(1=p)[(1 =y —B)va +vL))
e 2p (r — Bun)

The last term in Wg does not depend on decision variables. The first two terms are decreasing

in Npin so that Ny, = N(r—pva—2(1-p)[A—y=B)va+vL]) \We rewrite this expression as r = fvg +

2p(r—pvm)
Nz(l_p)ﬁ[(_lgp VN_ﬁ Joatvel 4nd substitute it into the first two terms to obtain, after simplification,
~ _ _
2 (2 2(1—p)/N 2(1—p)/N
= r— pBvg)ndn + ———= nrdn — ———= 1 —2) Bvgndn
~ /v (r — Bun) ~ . ~ - ( ) Bvg

min 2 2

N’ ., N
p(4 _N;m)+<1_p> (N -4)]

which is increasing with Ny, as long as (3 — 2p) N 2 AN Npin + 4pN?

min

Nz(1-p)[(1—~—B) vy + vi]
N (N = 2pNuin)

-2
_’_(1_p)ZBUH (NZ—N>,

N 4

> 0. This expression is
monotone with p and it is positive at both p = 0 and p = 1 given that Ny, < g here. As a result,
the entrepreneur’s profit is increasing in Npyin, and thus N}, = g and r* = fog + 2[(1 —v —

,B)UH + UL].

Similarly, if Ny, > g, the entrepreneur’s problem is:

_ N
Maz(n, . r} 8 = 2(1Np)/ [nr + d[zavp(hn+ (1 — h)zg) — K] — (1 — z) Bugn]dn
Nmin
— Nmin
+M / dlzavp(hn+ (1 — h)zg) — Kldn
Ny
s.t. g < Npin < min (NL,N)

It is straightforward to show that the profit function is decreasing in Ny, and increasing in 7.

Therefore, N*. = g and r* = fog + z [vg(l — v — B) + vr)].

min
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Summing up Case I and Case II, we have the optimal campaign instruments under the joint

distribution (29) as
. N .
N} —max(NH,E) and r* = fog + z[(1 — v — By + vz (30)

It is straightforward to determine the probability of VC funding in the two cases. |
Derivation of no crowdfunding under correlation

We now derive the entrepreneur’s expected profit under no crowdfunding;:

i) if X = zp, the entrepreneur’s expected profit under no crowdfunding is wg C| Xy = O[zaw L(h%
(1= h)zn) + 2.2 — K]. Note that 7|, >0 when N > § (aﬁl) N
i) If X =z, we have WEC‘X =z, ﬂzavL(hZ + (1 —=h)zr) + ZUL* — K]. Hence, 71'EC‘X T >0

WhenN>4< h+1>NL

Therefore, three possible cases may arise:

a) If N > 4( )N 1, the VC always funds the project under no crowdfunding, which is

ah+1

unrealistic.

b) If % (a%il) Ny < N <4 ( h+1> Ny, the VC funds the project only if the good signal zpy

realizes. The total expected profit is (1 — p) [zavL(hg +(1—=h)zy)+ vag — K], which is split

between the entrepreneur and VC according to their bargaining power § and 1 — 4, respectively.

c) If N < % (ah+1> Npg, the VC will never fund the project, and the expected profits of the

entrepreneur and the VC are zero.

Because case a) never arises, we restrict to the range N < 4 ( i +1) Nrp. Under correlation, the

entrepreneur’s expected profit without crowdfunding is:

3N (ah+1 4ahN 4ahN
ve _ ) (L—p)dzavph <% - NH) if gianiny < N < et (31)
= 0 if N < dohNg -
3(ah+1)

Proof of Proposition 7: From (30), we derive the entrepreneur’s optimal profit under crowd-

funding;:
—p)z[(1—y)vg+v 72 —p)dzav T 2 o N .
ﬂ_g: (1-p) [(li) HtvL] (N —N2) 7(1 p)ﬁ Lh (N—NH) 1f%§NH<mln(NL7va
2(1—p)N {%[(1 — Y)vg +vp] + davph (f - N—]\f)} if max (Ng,0) < & <min (N, N)
(32)
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Note that max (Ng,0) < g holds for any value of h when g > xp, given that xy > Ny from

. N N - -K
Equation (4). If % < xp, then max (Ng,0) < % if h <h.= %

Note that 2max (Ng,0) > % <%—}il> Npg always holds. Therefore, we can summarize the com-
ison i . N N

parison in two cases: 5 > xy and 5 < xp.

N

5 -

If g > xp, then max (Ng,0) < Comparing (31) and (32), we know that the entrepreneur

makes higher profit under crowdfunding if (1—~)vg +vr > dvr, which always holds when v+0 < 2.
If v+ § = 2, the entrepreneur is indifferent between crowdfunding and no crowdfunding.

If g < zy, then as long as h < A, the comparison is the same as in the case g >xg. Ifh > he,

the entrepreneur’s expected profit under crowdfunding is 7% = (-p )Z[(I%W)UH oLl (N2 — N%I) +
(1*”)5%“ (N-N H)2 and her profit under no crowdfunding is given by (31). We consider the case
v = = 1, where the two additional benefits of crowdfunding are removed and the informational

value is the only advantage. We first consider that the entrepreneur’s expected profit under no

crowdfunding is strictly positive, i.e., % (J:L) Ng < N. This occurs if g >xzgorh < hg =

dzowpxg+3zv, N—4K
vaa(4:cH—3N)

the condition (N — 2Ng) ((ah + 1) N — 2 (ah — 1) Ny) > 0, under which the entrepreneur receives

. Note that hy > h. always holds. After some algebra, the comparison yields

higher profit under crowdfunding.
Note that N > 2Ny never arises because h > h, implies N < 2Ngz. Therefore, the entrepreneur

prefers crowdfunding if (ah + 1) N — 2 (ah — 1) Ny < 0, which can be simplified to h > h., where

N K x)? K\, (3N _ 2 K
oot Framn = | (ot B) (o= 7)o (V20 (o = 7
=

a2z — N) vy + N +any — £

The other root is always lower than h. and thus is discarded. h. always exists because

N2 2 _
(a;H + %) + <aa:H — L) + (3N — 2$H) <aa;H — L) > 0 always holds (solving this inequality

A% A%

in N yields two negative roots, implying that the inequality always holds). Note that h. > h.
always holds. Also he < hg as long as 0 < hgy < 1 (recall 0 < h < 1) because he > hgy and

0 < hg < 1 contradict zav, N — K > 0, which must hold. Therefore, the entrepreneur makes higher

zavr (a+1)N

profit under crowdfunding if h > h.. However, when K < 5(a—T)

, he > 1, which implies that

crowdfunding is never preferable for the entire range h. < h < 1 without violating any condition.
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This implies that the entrepreneur’s profit is higher under no crowdfunding if h. < h < min [he, 1],

whereas it is higher under crowdfunding if min [he, 1] < h < 1, with the latter region being empty

zavp (a+1)N

when K < 5a=T)

When % < xp it is possible that the entrepreneur’s expected profit is zero under no crowdfund-
ing. Specifically, this occurs when h > hy. However, given that he < hg in the sensible range, the
case g < xy when h > h. can be consolidated as follows. The entrepreneur prefers crowdfunding
if min [he, 1] < h < 1, whereas she prefers no crowdfunding if A, < h < min [he, 1].

We have already shown that, if the two additional benefits of crowdfunding are introduced, i.e.,

%>I’H

v+ 6 < 2, there is no longer equivalence of crowdfunding and no crowdfunding when
and when ; < xy but h < h¢, and the entrepreneur strictly prefers crowdfunding in these cases.
Similar to the proof of Proposition 5, we have verified that when the two additional benefits of
crowdfunding are added back, i.e., v + § < 2, the region under which no crowdfunding dominates
shrinks as v or § decreases. |
Proof of Proposition 8 (VC’s preference under correlation): The VC’s expected profit

under crowdfunding is:

. M(W—NH)Q if ¥ < Ny < min (N, N)
Tve = = N ~
(1—p)(1—6)zavph (3N — Ng) it max(Ng,0) < ¥ < min (N, N)

The VC’s expected profit under no crowdfunding is:

(L=p) (1= 8)zaveh (3N (<) = Nu)  if § (k) N < N <4 (525 ) Mo

0 if N < § (58) Nar

NC
Tve =

Similarly to the case of the entrepreneur, we can summarize the comparison in two cases: % >xh
and % <zxzy.

If g > xp, the VC’s expected profit under crowdfunding is 7'('90 = (1-p) (1 = 0) zavph (%N — NH),

whereas under no crowdfunding is m& = (1 — p) (1 — 6) zawph (3N (O‘ZZI) — Ny ). Thus, the VC
is never better off under crowdfunding.

If g < zpg, then as long as h < h., the comparison is the same as in the case g > gy, If

h > h., the optimal VC’s expected profit under crowdfunding is 71"(’;0 = M (N - N, H)z,

whereas either profit expression can arise under no crowdfunding. We first consider that the VC’s
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expected profit under no crowdfunding is strictly positive, i.e., % (#ﬁl) Ny < N. This occurs if

% > Ty or h < hd — dzavpryg+3zvp, N—4K

wvsa(len—5N) After some algebra, the comparison yields higher VC’s

expected profit under crowdfunding if (ah — 3) N’ 4ahNN g +4ahN% > 0. Solving the inequality,

we know that the VC prefers crowdfunding if:

zvy, <3W2 —4azy N + 8« (xH)Q) — 4K (2z5 — N)
h > hy=

2zawyg, (2a:H — N)2

N\/(SZUL) (va (3N2 — 8axyN + 16 (:CH)2) — 8K (23:H — N))
+

2zawy, (2:1:H — N)z
The other root is lower than h. and is discarded.

The solution hy exists because zvy, <3N2 — 8axpN + 16« (xH)2> — 8K (QxH — N) > 0 always
holds in the feasible range. Note that hy > h. always holds, also hy < hg as long as 0 < hg <1
(recall 0 < h < 1) because hy > hy and 0 < hg < 1 contradict zavp N — K > 0, which must
hold. Therefore, the VC makes higher profit under crowdfunding if h > h;. However, when

M, hy > 1, which implies that crowdfunding is never preferable to the VC for the

K <
entire range h, < h < 1 without violating any condition. This implies that the optimal VC’s profit

is higher under no crowdfunding if h. < h < min [h¢,1], whereas it is higher under crowdfunding

N 3
M (the other root

if min[hy,1] < h <1, with the latter region being empty when K <
is negative and is discarded).

When g < xp it is possible that the VC’s expected profit is zero under no crowdfunding.
Specifically, this occurs when h > hgq. However, given that hy < hg in the sensible range, the
case g < xy when h > h. can be consolidated as follows. The VC prefers crowdfunding when
min [k, 1] < h <1, whereas he prefers no crowdfunding if h. < h < min[hy, 1].

It is then straightforward that the VC is less likely to prefer crowdfunding than the entrepreneur.
If h < he, we have shown that the VC never prefers crowdfunding whereas the entrepreneur
is indifferent between crowdfunding and no crowdfunding when § = v = 1 and strictly prefers
crowdfunding when 6 + v < 2. If h > h,, to show that the region under which the VC prefers

crowdfunding is smaller it suffices to show hy > h. (as long as they are in the range [0, 1]). Indeed,
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hy > he holds because the profit difference between crowdfunding and no crowdfunding computed
at hy is zero for the VC and is strictly positive for the entrepreneur. Given that both the profit
difference for the VC and the profit difference for the entrepreneur cross zero only once if they
cross and the condition for the profit difference to cross is more stringent for the VC, it follows that
hy > he. |
Appendix B.2 The entrepreneur has private information about z

For simplicity, we focus on fully separating equilibrium when the entrepreneur chooses crowd-
funding. Therefore, we restrict attention to Ny > 0, because otherwise the entrepreneur may

choose N*

i = 0 over a region of different values of z, resulting in a pooling equilibrium. We
assume that the backers and the VC believe that z is distributed uniformly over [0, z1] where

Zz1 = min <1, 0 L

m) to ensure that Ny > 0. With crowdfunding, two cases may arise.

Case 2: N; > N (Observing zy, kills the project)

It is easy to prove that Lemma 1 holds here, so that Ny < Npin < N. While the entrepreneur
may strategically distort the value of Ny, to take advantage of her private information, the VC
and backers can anticipate this distortion by observing Nyin, as long as the optimal Ny, is a
continuous and invertible function of z, namely if Ny = f(2), then z = f~! (Nyi). Given

that under common knowledge Case 2 yields N . = Npg, which is a decreasing function of z, we

in
conjecture that under private information f~! (Nmin) is a decreasing function of Npp.

The model can be formulated as in Section 3, with the only difference that z is replaced with
f7! (Nin), whenever backers and VC draw inferences about the value of z. As fans do not know

the value of z, they draw inferences about z from Np;,. Therefore, they choose to pledge in the

campaign instead of purchasing the product if it becomes available if the following inequality holds:

[ (1= p) (™ (M) o (1= £ (No) o)) S
)

N
(Nrnin - NH (Nmin
N

1= ) (Vi) (o1 — 01) (s

> (L=p)f " (Nmin) (yorr —vr) [N _]\][me +€<Nmm — ]]VVH (Nmin))] .

Given that the VC does not know the value of z, Ny and Ny, can only be inferred by observing
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Nmpin- Specifically, Ngp = xg — ITH + f,l(NK

min)havy, hawvyr, which are

and N = xp — 5= + f,l(NK

min)

increasing in Ny, when f~! (Npm) is decreasing as we conjectured. The above inequality reduces

tor < Bvg + (1 —p)f 1 (Nmin) [(1 — v — B)vg +vr]. The entrepreneur’s solves the problem:

(1 _ p) Nmm 1 N
Marpyn 75 = €5 [ Seavg(in (1= hyon) - Kldnt < [ (= pBos)ndn
Nmin

N
Mt ) / 16 (zawp(hn + (1 — Wag) — K) — (1 — 2) Bogn] dn
s.t. Ny (Nmin) < Npin < N

r < ﬁ'UH + (1 _p)f_l (Nmin) [(1 -7 ﬁ)UH +'UL] .

Since the entrepreneur knows the true value of z, this value appears in the terms of the above
problem that are not related to backers’ and VC’s inferences. Because f~! (Npyin) is decreasing and

¢ <1, the profit function is decreasing in N,y and increasing in 7 so that N, = Ng (N},

) and

r* = (1 —p)f~ ! (Nmin) [vg(1 —v — 8) + vr)]. We need to solve the equation N}, = Ny (N*

min)

where =1 (N*

o in) is unknown:

* rH K
min — YH — + 1 * .
h f (Nmin) havy,
The above equation has a unique solution for N as a function of z, namely N}, = xg — % +

ﬁ, which is decreasing in z. This is consistent with our conjecture that f=1 (Nyy) is decreasing
in Npin. That is, the entrepreneur under Case 2 does not distort the optimal target number and

pledge level in the presence of private information on the probability z. The optimal pledge is

r* =(1—p)z[vg(l —~—B)+vr)] and the entrepreneur’s optimal profit under crowdfunding is:

wf = (o |[HHE D g gy By ] (33)

Case 1: Ny < N (Observing x, does not kill the project)

We verify that Lemma 1 still holds in this case. Hence, it is optimal to set Ny, between
Ng(Nmin) and N (Npin) because Np (Npin) < N under Case 1. Under common knowledge Case
1 yields an interior solution N™ that is monotone in z but can be either decreasing or increasing

depending on the sign of ﬁ (1=~ —B)vg +vr] — (1 = &) dhavr. That is, if the benefits from
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the future profit are higher than the benefits from charging a high pledge to backers, N is
decreasing, otherwise it is increasing. As both cases are possible, we conjecture that under private
information f~! (Nmin) can be either a decreasing or increasing function of Nyiy.

Upon observation of the pledge level r and Ny, (and thus, the goal G) selected by the en-

trepreneur, fans choose to participate in the campaign if the following inequality holds:

NL (Nmin) - Nmin
N

_(T—BUH)p (1—1)) (Nmin_NH(Nmin))]

+ /7 (Nain) (Yo — vr) [5 ~

(1 _p) (i_ Nmin) + p (N_ ]E (len))]

N N

> f_l (Nmin) ('YUH B UL) (1 _ p) (N - Nmin) +p (N — N (]\]r\rfnm)) + f(l —P) (Nmin - NH(Nmin))’

+(f7 (Nmin) ver + (1 = £ (Nwin) ) Bog — 1) [

which can be reduced to:

(T - 6UH)N - fil (Nmin) [(1 - — B)UH + UL] (N _pNL (Nmm)) )

Niin > r— Bug — (1 —p)f~1 (Nmn) [(1 —v — B)vg + vr]

The entrepreneur’s problem is to maximize her expected profit under crowdfunding ﬂ'gl

1 N p NL(Nmin)
Maa:{Nmimr} ﬂg = N/N nrdn—N/N Bvgndn

o
+(1Np> /Nm 6 (zawn(hn + (1 — h)am) — K) — (1 — 2) Bugn] dn
2

= [0 (zavp(hn+ (1 — h)zr) — K) — (1 — z) Bugn] dn
N JNL(Nin)

(1 _p) Nmin
+E—— dzavr,(hn+ (1 — h)xy) — K]dn
N NH(Nmin)

s.t. Ny (Nmin) < Npin £ Np (Nmin)

N> (r = Bug) N — f~ (Nin) [(1 = v = B)vy + vi] (N — pNL, (Nimin))
e r—pBoa — (1 =p)f ! (Nmin) [(1L =7 = B)on + vi] '

In the problem above the true value of z appears in all the terms that are unrelated to backers’ and
VC’s inferences, whereas f~! (Npi,) appears only in terms related to backers’ and VC’s inferences.
If 1 (Nmin) is a decreasing function of Ny, then it is straightforward to show that the above
profit function decreases with Ny,. If f~! (Nmin) is an increasing function of Nyi,, the above
profit function may no longer be decreasing with Np,. This is because Ny (Npin) and N, (Npin)

decrease with N, when f_l (Nmin) is increasing with Np;,. However, the above profit function
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still decreases with Npyin, if we make the reasonable assumption that the direct effect of Npyin
in the above profit function is stronger than the indirect effect via the inferences appearing in
Ng (Nmin) and Ny (Nmin). As a result, irrespective of whether f~! (Npyin) decreases or increases

with Npin, the entrepreneur extracts all the surplus from backers under crowdfunding and Ny, =

(r=Bve)N—f Y (Nmin) [(1=y=B)va +vr](N—pNyr)
r—Buvg—(1—p) f =1 (Nmin) [(1—y—B8)vr +vL]

£ (Nmin) [(1 = v = B)or +ve] [ = p) (N — Niwin) +p (V. — N1 )|
N_ Nmin

. This can be rewritten as:

r = Buyg +

Substituting it into the profit function yields:

. (1=p) (N = Nuin)
ﬁUH"‘f l(Nmin)[(l_Fy_ﬁ)vH"i_vL] N — Ns (N L
ﬂ_g _ ~ |: -I—p( L( mm)) :| (N+Nmin>
_pﬁ;‘;\l}[ (NL (]Vmin)2 - NrQnin) - (1 —~ Z) B;]}\I; (1 _p) <N2 - Nr%lin)

_(1—2) Bunp <N2 - Ng (Nmin)2> | pozavLh ( N? — (Ng, (Nunin))? )

2N 2N —2Np, (N = N, (Nuin))

1— _ _
+(p2)f\fo‘”h (N2 ~ N2 — 9NNy + 2NHNmin)
1 —p)ézavrh
+§(p2)NL (N2 = (Nor (Nowin))? = 2N31 (N = Niz (Nin) )

Taking the first order derivative yields the following differential equation:

_2IBUHNmin - 2(1 - p)f—l (Nmin) [(1 - - B)UH + UL] Nmin + 2 (1 - Z) 5UH (1 _p) Nmin
2N 2N oN
pfil (Nmin) [(1 - — B)UH + UL] (W - NL (len)) 2p5UHNmin 2 2
N T N Nmin - Nmin
- 2N TN ( £ (Nunin) )
—y—B)vg+v —p)(N*-N2.
2(1—p) (1 — &) 62a0h (Nanin — Nir) 0~ (Nunin) R AR (V' -Vin)
2N 8Nm1n p[(lffyfﬁ)vHJ’dUL](NfNL(Nmin))(N+anin)
T 2N
8NL fﬁl(Nmin)p[(lf’Y*2IBN)UH+vL](N“I’Nmin) ]
aNmin +ZPBUH22NWL(NMD) + QZPS%)Lh (NL (Nmin) - NL)
ONg [2£(1 —p)zavrh
— — Ny (Nmin) — N .
ONmin [ 2N (Nt (Nuain) = Nin)

At the equilibrium Ny, (N

min

) = NL and ]\TH(]\F'<

min

) = Ny as f~1(N*..) = z. The last three
terms represent the distortion in the entrepreneur’s choice of strategy arising due to the existence

of private information. The remaining terms are instead those present also in the case of common
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—1 .
knowledge. If W < 0, it follows that 8?\1,\[? > 0 and 8‘3{,\[5’ > 0, therefore it is straightforward

that the additional terms are negative. This implies that, when f~! (Nmin) decreases with Npip,

the entrepreneur distorts the optimal IV, downward. That is, the optimal N . in the presence

of private information is smaller than the optimal N}, in the case of common knowledge. If

in

—1 .
%ﬁ:m) > 0, it follows that 8%\:,, L_m < 0 and 68N]\,fgn < 0, therefore it is straightforward to show

that the additional terms are positive. This implies that, when f~!(Np) increases with Ny,

*
min

*
min

the entrepreneur distorts the optimal upward. That is, the optimal in the presence of
private information is bigger than the optimal N, in the case of common knowledge.

To summarize, if Case 2 arises, the entrepreneur has no incentive to distort her target number.

If Case 1 arises, at the separating equilibrium, the entrepreneur may distort Ny, and the direction
of distortion depends on whether Ny,;, increases or decreases with z.
Proof of Proposition 9: Because Case 1 cannot be solved analytically, we consider only Case 2
when comparing the profitability of crowdfunding with no crowdfunding. We restrict to z € [0, 2]
and ziavp[AN + (1 — h)xr] < K to ensure that Ny > 0 and Case 2 arises for all values of z on
[0, z1]. These assumptions are compatible with the other assumptions of the model, as long as h is
not too close to 1.

Under no crowdfunding, the VC cannot unequivocally infer the value of z and can only decide
whether to fund the project based on expectation over z values consistent with the entrepreneur’s
decision of not running the campaign.

To support the possibility that crowdfunding transmits useful information to the VC about the
value of z, we consider an equilibrium where entrepreneurs facing relatively high z choose to run a
campaign and those facing low z choose against it. Specifically, there exists a threshold zp, so that
if z > zg, the entrepreneur chooses crowdfunding, and if z < zg she approaches the VC directly. If
such an equilibrium exists, the VC infers that z is below the threshold zg, and, on average, is equal

to 2z9/2 when the entrepreneur approaches the VC directly.

Consistent with our main model, we exclude the case that the project is always funded under

no crowdfunding because this is unrealistic. This implies that N < (f,f‘fl) N év ¢ . where N i\] C =
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K—ZTOOC’ULZCL

. There are two cases to consider under no crowdfunding:
5 L

xr +

a) the VC funds the project when zj realizes as long as the expected profit from the project is

J— 20
: : 2ah NC NC _ T QULTH
nonnegative, i.e., N > (ah+1> Ny ™ where Ny~ = xpy + oy

. Note that when z = zg this
condition is more demanding than the corresponding condition derived under common knowledge,

namely N > e Niy(z0) with Nig(z0) = wg + H2aaubtis,

b) the VC never funds the project if N < (a%f‘fl) NHC¢

To find the threshold zy we need to compare the entrepreneur’s profit under crowdfunding with
that under no crowdfunding. We have shown that in Case 2 the entrepreneur sets the optimal
target number and pledge without distorting their values, and the VC and backers can infer the
exact value of z as long as Ny > 0. Therefore, in Case 2 the entrepreneur’s profit is the same as
that under common knowledge if she chooses crowdfunding.

Given that the entrepreneur of type z knows her true type but the VC’s decision is based upon

expectation over the region [0, zp], when she chooses against crowdfunding, her expected profit

under private information, Hgg(z), can be calculated as:

(1—p)dfzav, (WY + (1 = h)a) + 20,y — K if N > (;,gfl)z\rgc
0 if N < (3efy ) NA©

(34)

The “P” in the subscript designates private information. In particular, for the entrepreneur of type
20, her profit is IIX$ (29) and she is indifferent between crowdfunding and no crowdfunding.
From (17), in an environment with common knowledge the same entrepreneur of type z who

chooses against crowdfunding has expected profit:

(1—p)dlzavs (b + (1 — h)ay) + 20, ¥ — K] if N > (M) Nu(2)

NC ah+1
g (2) = . (35)
0 if N < (22) Nu(2)

Note that Ny (z) is a function of z and Ny (z9) < NYC. Based on (34) and (35) there are two

possibilities:

1. When N > (f,?fJ NNC we have ¢ (z = z9) = TT¥S (2 = 29) > 0 because Ny (z0) < NY¢.
In this case, entrepreneurs of type z > zg prefer crowdfunding and those of type z < 2y prefer no

crowdfunding under common knowledge or under private information. That is, the entrepreneur’s
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decision of running a crowdfunding campaign is the same no matter whether she has public or
private information about z. It is then straightforward to compute zy from Equation (21) and

verify zg < z1.

2. When (O{Q}ﬁ‘l) Ny(2) < N < (;,?fl) NHC from (34) we have TINS(2) = 0. This implies

that for an entrepreneur with private information about z, the VC never funds her in the absence

of crowdfunding. In contrast, under common knowledge, there may still exist a range over which

no crowdfunding is preferred because 7¥(z) > 0 when N > (a2,f‘+hl) Npg(z). Tt follows that the

likelihood of crowdfunding is higher if the entrepreneur has private information about z. |
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