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SA. Supplementary Information for the Base Model
SA.1. Summary Tables of Main Results

Table S.1  Impact of sales information on consumer search and purchase (compared to no information)
Information Type Ranking Information Volume Information
Search Directional search (search bestseller first) Directional search (search bestseller first)
Total expected sales always increases Total expected sales can decrease, when
Purchase as the belief that the bestseller the two products have close sales and products
is of high value increases are more likely to be of low value ex ante
Table S.2 Impact of (finer) sales information on consumers’ purchased product value, search cost incurred before

purchase, and overall surplus

From No Info to Ranking Info From Ranking Info to Volume Info
Search Cost Search Cost
Low Medium High Low Medium High
Purchased Product Value | Same Decrease  Increase Decrease Ambiguous Increase
First search increases First search decreases
Search Cost Incurred Decrease . Increase
Second search decreases Second search increases
Overall Surplus Increase Increase

Table S.3 Preferred type of bestseller information from the perspective of platform and consumers, respectively.

From the
Perspective of

Preferred Type of Bestseller Information

Search-Cost Distribution | Number of Early Consumers | Product Values
Platform

(sales-maximizing) Convex  Concave High Low High Low
Volume  Ranking Ranking Volume Ranking Volume
Consumers Volume

(welfare-maximizing)
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SA.2. Discussion on Consumer Behavior in China and in the U.S.

Our results lead to a conjecture that the major shopping platforms’ different practices in bestseller information
provision could possibly reflect differences in consumers’ search-cost distribution and quality distribution of the
products that consumers consider purchasing in China and the U.S., which are evidenced by distinctive behavior
of Chinese and American consumers in product search and shopping;:

e For example, Chinese consumers are much more strongly reliant on social influences than their American
counterparts. A consumer survey by KPMG!! reveals that 60.8% of Chinese shoppers searched online for reviews
and recommendations when gathering information for their potential purchases — a much higher percentage than
that in the United States (39.4%). This is aligned with the report in a Forbes article’? that about 75% of online
users in China post after-purchase feedback at least once a month, while the figure is below 20% in the United
States. It is also consistent with the consumer study in Doran (2000), which demonstrates that, compared to
North American shoppers, Chinese consumers utilize much more interpersonal information and “exhibit more
uniformity” in terms of their sources of information during product search.3

e Another consumer study'4, by Fitch, a global retail consultancy, discovers that Chinese shoppers are also
“more engaged” than those from the United States, regarding shopping and learning about products. In par-
ticular, while shopping for fashion, electronics and grocery products, Chinese consumers are more active than
American consumers in all of the three important states, “having fun” (70% vs 41%), “learning something” (79%
vs 57%), and “being inspired” (55% vs 50%). Only 3% of consumers in China classify themselves as reluctant
shoppers, significantly lower than the percentage in the States (15%).

e This is in line with the observations that Chinese consumers tend to seek more information before purchase
than American consumers. They often use real-time messaging services within e-commerce platforms to ask
sellers detailed questions about products, which is less common in the US market. It is noted that Chinese
consumers require an average of twelve touch points before committing to a purchase, a sharp contrast to their
US counterparts, who typically need just four points.'®

These differences in consumers’ product search and shopping behavior may be attributed to various cultural
and market factors:

e For example, Chinese consumers’ stronger dependence on social influences may correspond to collectivist
tendencies in Eastern cultures, while American consumers tend to make decision more independently as Western
cultures emphasize individualism (Doran, 2000). In line with it, Kwan (2025) find that “Mainland Chinese rely
on social monitoring and trust cues in e-commerce transactions”, while “Americans tend to rely on individual

integrity trust cues.”16

' assets.kpmg.com/content /dam/kpmg/cn/pdf/en/2016/11/china-s-connected-consumer-2016.pdf

12 www.forbes.com/sites/onmarketing/2014/08/07 /what-us-marketers-can-learn-from-social-commerce-in-china/
13 escholarship.mcgill.ca/concern /theses/12579t935

1 yww.wpp. com/en/- /media/Project/WPP/Files/Imported-News/chinese-dream_feb14.pdf
15 blog.adobe.com/en /publish/2020,/01/11/5-takeaways-from-nrf-2020-vision-retail-s-big-show

16 www.emerald.com /mip/article-abstract /doi/10.1108/MIP-10-2024-0702/1317347 /How-do-cultural-lay-beliefs-affect-
trust-decisions?
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e In the meanwhile, Chinese consumers’ more active involvement and need for more information before
purchase are consistent with the argument in Zhao et al. (2021) that, because institutional trust environment
may not have been fully developed in China, Chinese consumers may be alert and vigilant in purchasing.*”
The shopping behavior is also aligned with Chinese consumers’ lower sense of safety when shopping online:
a recent study'® by the Interactive Advertising Bureau (IAB) reveals that only 13% of Chinese shoppers feel
completely safe shopping online, much lower than the percentage in the U.S. (30%). In particular, according
to the study, the lower confidence of Chinese consumers about online shopping can be associated with their
concerns about vendor integrity and product quality. These concerns can be related to an observation!® that
“based on the unique business environment, a primary method to conducting e-commerce” in China is C2C
(Consumer to Consumer), while in America, “it is more prevalent to have B2C (Business to Consumer)”. This
observation is evidenced by a finding in the IAB study that 69% of Chinese customers have purchased from
C2C sellers, while 44% of U.S. customers have never done so. Compared with C2C, B2C is generally believed
to provide “better pre-sales and after-sales services, and product quality can be guaranteed” (Shen 2019) and
involve lower transaction risks (Xu et al. 2010, Lu et al. 2024, Sun et al 2025). Because of these market-related

factors, Chinese consumers tend to require more information and social proof to build trust before purchase.

SA.3. Proofs for Results in the Base Model

Proof of Lemma 1 For (i), first notice that as the value of a product is always higher than the reservation
utility and a consumer must search a product before purchasing it, a consumer purchases a product if and only
if she performs the first search. Recall that a consumer who does not search has zero utility, i.e., the reservation
utility. Now we prove that consumers with search cost s < pjuy, + p,u; perform the first search. First by (1) the
expected utility of the first search is pyuy, + p, max(u;, uppy, + wp; — 8) — s, where max(ug, uppy, + wp, — s) is the
expected utility when the first search is a low type as a consumer may perform the second search depending on
her search cost. As ppuy, + pymax(u;, uppn + wp; — $) — s > prup + prug — S, a consumer with search cost lower
than ppu, + pyu; will search as the expected utility of doing so is greater than the reservation utility. To see
that a consumer with search cost higher than p,u, 4+ p,u; does not search, notice that when s > p,u, + piuy,
uppn + wp, — s < 0 < uy, implying that the consumer does not perform the second search and thus her expected
utility of first search is pjuj, 4+ pyu; — s. Therefore, the consumer does not perform the first search as the expected
utility is lower than the reservation utility.

For (ii), as consumers have symmetric belief for both products, each product is equally likely to be searched
first. If the first search reveals a high-value product, then the consumer buys it as this is already the best he can
get; if the first search reveals a low value product, then the consumer needs to evaluate whether or not to search
the second product. The expected utility of second search is py,(u, — u;) — s = p,A — s. Thus, only consumers
with search cost lower than p, A perform the second search and they purchase the high type product if there is
one and randomly purchase a product otherwise; consumers with higher search cost purchase the product that

they explore in their first and only search. [

7 pmc.ncbinlm.nih.gov/articles/PMC8155702/
'8 yww.iab.com/wp-content/uploads/2016/11/IAB-US-China-Digital-Commerce-Study_FINAL.pdf

19 www.atlantis-press.com /proceedings/isemss-19,/125918571
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Proof of Proposition 1 If the two products have the same value, by symmetry every consumer will buy either
product with equal probability. As the total number of consumers making purchases in the first period is nq,
the number of consumers purchasing either product follows the distribution G,. When the two products differ
in value, by Lemma 1 all consumers with search cost smaller than p;,(u, — ;) purchase the high type and the
remaining n; — m consumers (who only perform one search) purchase either product with equal probability.
Thus, the sales number of the high type product, denoted by Y, equals to m+ Z where Z € [0,n; —m] represents
the number of consumers who search only once and purchase the high type product and follows Binomial(x,n; —
m,1/2). Since Pr[Y < z]| =Pr[Z <z —m], Y € [m,n1] follows Binomial(z — m,n; —m,1/2). For notational
convenience, we extend the domain of Y to [0,n;] and define the probability of Y € [0,m] to be zero. That is,
Y follows the distribution G,. The distribution of the low type is as claimed because the two products have
total sales m1. As the high-value product’s sale follows G, (x) when the two products’ values are different, the
probability that the high-value product has higher sales is 1 — G,(n1/2) when n; is odd and is 1 — G,(n1/2) +
9a(n1/2)/2 when n; is even. Both probabilities are strictly less than one when n; >2m. O

Proof of Proposition 2 We first show that product ¢*, the product with higher sales, is more likely of high
value than product —i*, the product with lower sales. We focus on the case that n, is odd. The case that n;
is even is similar and thus omitted. Under ranking information, by the Bayes formula, the updated belief that

product i* is of high type is

PT[Ui*Zuh|Xﬂ2ﬂ]_ ph(th’ (”—21)+pl(1— a(71 ))
20 oG (5) = Gu(50) + m(piC. (5) + prCa(5))

where phph(?s(%) =Pr(product i is high type, product 3 — i is high type)Pr(product ¢ has higher sales|product
i is high type, product 3 —i is high type) for given i € {1,2}, and the other terms follow similarly. Meanwhile,
the belief that product —i* is high type is

I A R AACS)
ph(ths(%l)“‘plG (%)) + 2P G (%) +pu(1 = Ga (%))
As G, (%) = Zi 2OJ ga(x) = Zi%oj Binomial(z —m,n; —m,1/2), G,(%) is the probability that among n; —m
trials, at most | % | —m succeed. As Lﬁj_:ﬂm <1/2, G,(%) <1/2. It follows that product i* is more likely of

Prlu_jy = up| X > %] =

high value than product —i*.

Under volume information,

Pr[ui* = 'U;h,|X¢* = QC,XZ'* 2 ﬂ] o ph(phgs(x) +plga(‘i)) —
27 pu(Pngs(@) + pi9a (@) + pi(Prge(n1 — ) + prgs(na — x))

and the posterior for product —i* is

Priu_; =up| X =2, X3 > ﬂ] = Pr(Prs{ns — T) ¥ Piga(s — )

27 pr(prgs(ni — ) +piga(ni — @) + pi(Prga(®) + pigs(2))
By the property of binomial distribution we have g,(z) = g.(n1 —z). To prove Prlu;« = u,| X =z, X;» > 5] >
Prlu_; = up| X;» = 2, X;- > %], it thus suffices to show g,(x) > g.(n1 — ). Notice that as x > n,/2, we have
x > nq — x. Therefore, if  <m, it must be that g,(x) = g.(n1 — ) =0. Thus, we will focus on the case z > m.

Next we show g,(z) = (”1_'")(1)"1*” > ( mem )(l)"lfm = ga(n1 — ), where m =noF(p,A).

r—m 2 ny—x—m/ \2

To see the inequality, notice that x> &t and for t1,% € [0,n1 —m)], ("lfm) > ("lfm) if and only if |t; — (n1 —

ty ta

m)/2| < |tz — (ny —m)/2|. Notice that (n1 —m)/2—(x—m)<m/2 and (n; —m)/2 — (n, —x —m) >m/2.
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There are two cases: (i) (n1 —m)/2— (z —m) >0, then |z —m — (ny —m)/2| <|n1 —x—m — (ny —m)/2|. (i)
(np —m)/2—(x—m) <0, then |x —m — (ng —m)/2|=x—m—(ny —m)/2 and |n; —x —m — (ny —m)/2| =
(ni—=m)/2—(n1—xz—m). As (n1—m)/2—(n1—x—m)—(x—m—(n1—m)/2)=m, [t —m—(n —m)/2| <
[ny — 2 —m — (ny —m)/2|. Tt follows that the expected value of product i* is greater. By Lemma S.1 below, it

is optimal to search product i* first. [

LEMMA S.1. Assume that product value follows a two-point distribution. When the probability of high value
differs by product, it is optimal to first search the product with higher probability of high value if a consumer

searches.

Proof of Lemma S.1 We will prove that it is always optimal to first search the product with higher expected
value when either product’s value follows a two point distribution with possible values vy, vy (v1 > v3).

Let uy,us be the value of the two products. Define g, := Pr(uy =v;,us =vy,),j =1,2;k =1,2. Assume that
product 1 has higher expected value. That is, (¢11+¢q12)v1 + (1 — (11 +¢q12))v2 > (g11 +go1)v1 + (1 = (g11 4+ g21))v2,
which is equivalent to qi2 > ¢o1.

Consider a consumer’s expected utility if she searches product 1 first. If product 1 is high type, then the

consumer gets v; and this happens with probability ¢;1 + ¢12. If it is low type, then she compares qzzqfqm (v —v2)

with s to decide whether she should search product 2. In that case her utility is max[vg, vs + (mqf(m (v1 —vg2) — s8],

which happens with probability ¢-1 + g22. Let the expected utility be r;, then

q21

— (v —vy) — 8
QQ2+Q21(1 2) ]

r1 =v1(q11 + q12) + (g21 + g22) max|vy, vy +

Consider now the case that the consumer searches product 2 first. If product 2 is high type, she gets v;, which

happens with probability ¢i1 + go1. If it is low type, she compares —42—(v; — vy) with s, and the value is

q12+q22

max|[vy, vg + —12—(v; — vg) — s], which happens with probability g1+ ¢22. Let the expected utility be ro, then

q12+q22

q12

—  (vy—v9)—s
(I12+(I22(1 2) =]

ro = v1(q11 + ¢21) + (q12 + Go2) max(ve, vo +

Notice we have so —112 2L
Q12 > q21 q12+4q22 > q22+t4q21

Now we compare r; and ro in three cases. The first case is mqfqm (v —wv2) — s <0, which implies (mqf(m (vg —

vg) — s <0 and thus r; > 7y (as ¢12 > go1)-

The second case is —12—(v; — v s 2L (9, —vy). Thus
q12+q22( 1 2) >8> q22+q21( 1 2) ’

r1— 72 =v1(q11 + q12) + (g21 + ¢22)v2 — v1(q11 + ¢21) — (q12 + ga2) (v2 + L(w — V) —S)
Q22 + Q12
=0v1(q12 — ¢21) — V2(q12 — ¢21) — qr2(v1 —v2) + (q12 + g22) s
= (Ul - U2)(Q12 - Q21) + (Q12 + Q22)5 - Q12(U1 - U2)
= (q12 + q22)5 — @21 (v1 — v2)

= (q12 + q22) (s — L(’Ul —v2))

Q22 + Q12

> (q12 + Ga2) (s — L(m —03))
Q22 + g=1

>0

The last inequality follows from the condition of this case.
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The last case is s < —21—(v; —
q22+4q21

vy). In this case, we have

r1— 12 =v1(q11 + q12) + (G21 + ¢g22) (v2 + L(Ul —vp) —8)—

v +
Q22 + Q21 {1+ d21)

12
— (12 +q2) (V2o + ————(v1 —v2) — S
(12 + q22)(v2 q22+q12( 1—V2) —8)
= (q12 — ¢21)v1 — (q12 — G21)V2 + @21 (v1 — V2) — qr2(v1 —v2) + (q12 — @21)$S
:(912—%1)5
>0

As in all the cases we have r; > ry, it is always better to first search product 1 than product 2. O
Proof of Lemma 2 Before present the proof, we first derive the expression of 7], 75, 7¥(x), and 75 (z). Note
that i* =1 is equivalent to X; > %-. By the Bayes’ rule, if n; is odd,
7y = Priuy = up| X1 > 3]
Pr[u1 = Uy —uh,Xl - 71] +

Pr[u1 = U2y :Uh,Xl = 7]
+Prluy = wy, up = up, X1 >

PY[Uq = Up, U = Uy, X3
Pr
=

> 5]
[u1 fUmUQfUthZ%] )
+P [ug = ug = uy, X1 > 3]
PG (%) + pupGa()
P%G (nl)‘f'PhPlG (5 )+PthGa(7l)+Pz2@s(%)

=pi +2ppi(1 = Go(%))

The second equality takes account of four possible scenarios: (i) both products are of high value, (ii) the higher-
ranked product is of high value, while the lower-ranked one is of low value, (iii) the higher-ranked product is

of low value, while the lower-ranked one is of high value, and (iv) both products are of low value, and the last
equality is by the facts G,(5) = % and %pfl + pupr + %p% = % The expression of 7] when n; is even can be
derived similarly.

Similarly, the posterior under the sales-volume information is as follows: for x >n,/2

Pru; =us = up, X1 = 2]+ Prlus = up,us = vy, X1 = 2]

(@) = ( Prlu; = us = up, X1 = 2]+ Prlus = up,us =u;, X1 = 2] )
+Pr{us = uy,ue = up, X1 =] + Prius = us = uy, X1 =z

B P79s() + Prpiga(x)

 02gs(2) + Pupiga(T) + Papiga(na — x) +p7gs(x)

For 7%, by the Bayes’ rule, when n; is odd,

n
7T£ :PI'[UQ :Uh|X1 Z 71,1141 :Ul]

(S.1)
Prluy = uy, ug = up, X1 > 3]
© Prius =w,uo =up, X1 > 2]+ Priug = up = w, X1 > 2
DoA%) 52)
T G (B) +pG(R)
The expression of 75 under an even n; can be derived similarly. Furthermore, for z > n, /2
. Prluy = w;, us = up, X1 = 2]
Ty (@) = _ — — — _
Prluy = uy, us = up, X1 =] + Prlu; = us = uy, X1 =1
__ Pnga(m—x) (S.3)
Prga(n1 — ) + pigs(x)

vi and v} (x) can be derived similarly.
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For ranking information, when n; is odd, we have
ni
=p; + 2pupi(1 — Ga(?))

n
=p? + 2pup1Ga(—=)

2
Thus, v] <77 as G,(5%) <1/2. To see that 75 < v7, notice that
= tha(%) _ 20 G (71)
2 pnGa () + /2 2papiGa(%) + p?
Let a=ppn,b=2pypGa(5-), then
b
r r__ 2
l/l — Ty = a® + b— m
~ (a®+b)(b+(1—a)’)—b
N b+ (1—a)?
_ b*+ (20 —2a)b+a*(1 —a)?
N b+ (1—a)?
1 )2
_ (b—a(l-a)) >0
b+(1—a)? —

The case for n; is even is similar and omitted here.
For volume information, by definition we have:
v (z) =Prlu_s = up| X+ = 7
Priuy =u_jp =up, Xix = ] + Priugy = u, u_ = up, X =

Priuy =u_j =up, Xix = ] + Priugy = up, u_y = uy, Xox =
F+Pr{usy = up, u_se = up, Xox = 2] + Priuys =u_p =uy, X = a]

_ Prgs(®) + prpiga(n — x)
Pr9s(2) + Prpiga() + Prpiga(na — ) + pigs(z)
From the proof of Proposition 2, we have 7} (z) > v¥(x). To prove v} (z) > ws(x), note:

Pr(Prgs(2) + Piga(ny — )

vi(z) =
! Pr(pngs () + piga(n1 — @) + pi(prgs () + prga(2))
_ P
p19s (®)+Prga(z)
Pr +plph,gls(x)+mg};(n1—w)
v phga(nl - x) Pn
T2 (J?) = = gs(ni—x)
phga(nl - J?) + Pgs (nl - J)) Phr +pzm

: _ _ . _P19s(=)+Pnga(x) . gs(mi—a) P ;
Noting that g.(z) = g.(n1 — ), denote A(zx) := S ey and B(z) := = on—) and it is equivalent to
show A(x) < B(x),Vx > 7. Note that

_gs(m—x)  pigs(x) + prga(z)
(1 =) puga(x) + piga(ng — x)
_ Pn(9:(®)g:(n1 — ) — ga(7)ga (1 — x))
9a(n1 — @) (Prgs () + Piga(ni — )
Recall that for z < m, g,(z) =0 and thus B(z) > A(z). Now, consider > m and it is equivalent to show

gs(2)gs (n1—x) gs(2)gs (n1—x)
(o (m—my = 1. Recall that m is a nonnegative integer. If m =0, Ju(x) = g5(x) and hence oo (m—ay = 1. For

m >1, we have

gs(@)gs(mi—z) _ (7})(/2)™ (o) a/z)m

ga(@)ga(nmi — ) — (" m) 1/2)ma=m (0 ) (1/2)mm

1 (ni—=1)-...-(ng —m—|—1) ny-(ni—1)-...-(np—m+1)
(:c—m—i—l) (x m+2)-..cx(ni—x—m+1)-(np—z—m+2)-...-(ng—x)

=4

>1
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2

To see the inequality, notice that we have =52 4 for e+ f < c, where e, f,c are non-negative real numbers.
Thus, n? >4z(ny —z), (n1 —1)2>4(x—1)(ny —xz—1), ..., and (ny —m+1)2>4(x—m+1)(ny —z —m+1).
Combining these m inequalities, we have the desired inequality. [J

Proof of Lemma 3 Recall that a second period consumer makes a first search (and purchases) if and only
if miuy, + (1 — 7}) max(ug, mhuy + (1 — w)u; — s) — s > 0. For (i), we will show that the search threshold is
upmh +u (1 —7h). Similar to Lemma 1, a consumer with search cost less than w7t + u;(1 — 7%) will search. For
a consumer whose search cost is greater than w,mt + u;(1 —7t), as w} > 7%, she does not perform the second
search and thus her expected utility of first search is u, 7} + u;(1 — 7} ) — s, which is negative and thus she does
not search at all. The proof of (ii) is similar to that of Lemma 1. O

Proof of Proposition 3 When n; is odd, we have

")) = p(pn + 2001 = Ga(%2))) = pu(pr +p1) = P

77 =pi 4 2papi(1 — Gof 5 5

n n
vy :P;Ql + QPthGa(gl) =pu(pn + 2plGa(7l)) <pu(prn+p1) =Dn
G, (&
= PrGa( 2 ) Pn < Pn Pn

- PrGa(5) +pi/2 o +pi/(2G () T Pt -
where all inequalities follow from the fact G, (%) <1/2.

When n; is even,

n n n
=i+ 201 = Ga( ) +9a(5)/2) = pan + 201(1 = Gul

> )+ 90(%)/2) 2 i+ 20) =

v =+ 20m1(Ga( ) = 9a(5)/2) = pun + 200G () = 9a(5)/2) S pron+20) = i
. pr(Ga(3) —9.(5)/2) Ph Ph

Ty = Pn

frnd < frnd
Pr(Ga(%) = 9a(5)/2) +01/2  pu+0/(2(Ga(F) = 9a(F)/2) ~ Pr+m
where all inequalities follow from G, (%) —g.(%)/2<1/2. O
Proof of Lemma 4 We focus on the case where n; is odd. The case of even n; is similar and omitted here.

Throughout this proof, i =1,2. For (i), we have

Pr [uZ =Up, Uy F Uz, X; > %}

n
Prju; = up|ur #ug, X; > —1} =

T2 7Pr[uiZUh,u1#u2,XiZn_21]+Pr[ui:ul;ul#u27Xi2n_21]
1— G (% L
_ p”pl(m (5)) =1 -Gl (B> -
pupi(1—=Ga()) + pupiGa () 2 2

where the inequality follows from G, (%) < % In the meanwhile,

Pru; = up, u1 # usg) _ _ Dup _ 1
Priu; =wup,ur #uo) + Priu; =w,us #us]  pupi+0i0n - 2

Pru; = up|ug # ug] =

Thus, Pr [uz = up|ur #ug, X; > %} > Pru; = up|ug # us).
Furthermore,

n
ny Pr[u; = up, u1 = uz, X; > 2|

Pr {uizuh U1:U2,Xi2—:| =
21 Priui=unur=us, X; > 2]+ Pru; =, up =up, X; > 2|
_ p}QLGs(n_Ql) _ p%
PEG (%) + PG (%) pi+p?
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and

Pr[u; = up|ur = us] =Pr[i = 1) Pruy = up|ug = us] + Pri = 2] Prus = up|ug = us]
1 p 1 p
2ph+pi 2ph+Df
_ p?
PPl

Hence, Pr [ul =up|u; = ug, X; > ”—21] =Pr[u; = up|us = usg]. For (ii),

Priu; = up, uz_; = u;, Xy > B+ Priu; = u, uz_; = up, X; > 4
Pr[ul#uﬂXiZ%} [ hy U3— I ] [ 1, U3 — h - ]
2

Priu; =uz_; =up, X; > 2 ]—G-Pr[uz—uh,us s =, X; >
+Pr{u; = uj,us_ quh,X > B+ Priu; = us_; = uy, X; > %

_ phplGa(?l)_‘_phplGa(?)

p%Gs(%) +phplGa(n_21) +phplGa(n_21) +pl2GS(%)
=2pup
=Pr [Ul 7é ’LLQ]

Furthermore, Pr [ul =us| X; > %} =1-Pr [ul # us| X; > "—21] =1—Prus #us] =Prus =us]. O
Proof of Proposition 4 For (i),

7TU(£L') _ phga(nl — IE) — Ph
{0 D) = 8) el
Drga(ny nigs(na Prt Py =)

and it suffices to show % > 1 for > %L, To this end, we first show that g,(n1 —x)/g.(n1 — x) increases

in z. Recall that, when 0 <z <m, g,(z) =0 while g,(x) > 0, implying ¢,(z)/gs(z) =0. When 2 >m , we have
ga(x) (W m) (L2 2m(x—m+1) (z—m+2) ..-x

gs(z) — ("™)/2)m 7 np-(na—1)-.-(m—m+1)

which is increasing in x. Thus, g,(x)/g.(z) increases in  and g.(n1 —x)/g.(n1 — x) increases in x. Moreover, if

oL (5L ni-(n (np—m 3 ny— 3
m=0, gaiéi =1andif m>1, zaiéi :Q_m("llfnil)lz”l;:ﬁ?)fl")%l > 1 since 7}712 > 2 for k> 0. Thus, (i) is

proved.

For (ii), we first show that «}(z) increases in z.

Pr(Prgs(x) + piga(x))
Pr(Prs(T) +piga(2)) + Pr(Prga(n1 — ) + pigs(z))
_ p*9:(x) + pga(x)
P295(7) + pga(®) + g5(%) + pga(n1 — x)

where p=p;,/p, and it is equivalent to show

p°9:(x) + pga(z) P+ ga(z)/9s(2)

9s(x) + pga(ni —z) "1+ pga(ny —x)/g.(n1 — )

increases in x, where the equality follows from g,(z) = gs(n1 — x). Recall that in part (i) we have shown that

() =

9a(2)/g.(x) increases in x and g,(ny —x)/gs(n1 — x) decreases in . Thus, 7¥(x) increases in x.
Next, we prove 7} (n1) > p. Note that if m =0, then g,(z) = g;(z) and 7} (n1) =p,. If m > 1, we have

Pr(Prgs(n1) + piga(n1))
Pr(Prgs(n1) + piga(n1)) + pi(Prga(0) + pigs(ni))
_ ph(phgs (n1) +nga(n1))

Pr(Prgs(n1) + piga(n1)) +pigs(ny)
DPh

P1gs (n1)
Prgs(n1)+piga(n1)

w7 () =

Prn+ D
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where g,(n1) = ()™ and g,(ny) = (2)™ ™, implying that g,(n,) < ga(n1) and —22C) <1 Hence,

2 2 Prgs(n1)+prga(ni)

7w (n1) > pp in this case. Summarizing both cases, we have 7% (ny) > py.

Now we prove the properties of 7y (% ). Note that

(5 = o -
e
where
Pnga(3) +29:(5) | _ szgji 1o (-p0- Zé;)

Recall that g“ér%; < 1. Thus, %m lifand only if p>1,i.e., ps > . Thus, if p, > 3, 77 (%) > pa,

implying that 7} (x) > p, for all > % if, however, p, < 3, 7} (") < p,, implying that 7}(z) > p; if and only
if  is sufficiently high (e.g., when z = nl). O
Proof of Lemma 5 See proof for Proposition 4 (ii). O

Proof of Lemma 6 (i) Notice that we have

Pr [ui* = Up, U1 7& u27X'L* = LL'] ga(x)
Pr [ = X —a] = -
rlu Unlr 7 w2 7l Pruqs =up,ur Zug, Xopr =] + Prjugs =w,ur Zug, Xs =] go(2) + gu(n1 — x)
Pr[uy # ug, Xi» = 1] B Prpi(ga () + gu(n1 —x))

Prlu; # us, Xiv =]+ Prus =us, Xo =2]  prpi(9a(2) + ga(na — 2)) + (p2 + p?)gs(2)

Pru; Zus| Xy = 2] =

We have shown that 22) increases in z. As —g22) _ — golz) gs(mi=a)
g5 (x) ga(ni—z)  gs(x) ga(ni—=)

#% is increasing in x. For Pr[uy # ua| X, = 2], it suffices to show

is a product of two non-negative increasing

functions, it follows that

9a(®) + ga(n1 — )
9s(x)

increases in . When ny —z <m, g,(n1 —2) =0 and (g.(x) + g.(n1 — z))/gs(z) increases in x. When z <m, as

x>n1/2, x>ny —x and g,(x) = go(n1 — ) =0. When n; —x >m and z > m, we have

Go(@)+ ga(ma —2) _ (o) @/ 4+ (0, ) (1/2)m
9() () (1/2)m

(x—m+1)-(z—m+2)-...;.c+(ni—xz—m+1)-(ni—z—m+2)-...-(ny—x)
ny-(np—1)-..-(np—m+1)

=™

Now consider the numerator and let f(z):=(x—m+1)-(z—m+2)-...-.a+(ng —x—m+1)- (g —z—m+2)-
.+ (n1 —x), then

flx)=flz—1)
=@x—(z—m))z—m+1)-..-(z-1)—(m—az+1-—(n1—z—m+1)(ni—2x—m+2)-(n1—x—m+3)-...- (N1 —x)

=m[(x—m+1)-..-(x=1)—(ni—z—m+2) - (ni—z—m=+3)-...- (n1 — )]

It follows that f(z) — f(z —1) >0 if and only if z — 1 > n; — 2, which is 2 > “LH. Now consider two cases: if
ny is odd, then f increases in x > 4-; if n; is even, then as %+ +1> "1T+1, f(5+1)> f(%) and f increases in

x> 7. It follows that %&(}"1_” increases for x > % and x <n; —m.
It remains to show that, for m > 1, (g.(x) + ga(n1 — z))/g.(x) increases when z increases from n; —m to

ny —m+ 1. Notice that when m > ny/2, as & > nq/2, it must be n; —x < m and, thus, (g,(z) 4+ g.(n1—2))/g:(x) =
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9a(x)/gs(x) increases in x for x > nq/2. Therefore, it suffices to show that (g,(z) + ga(n1 — x))/gs(x) increases
when z increases from n; —m to ny —m+ 1, given 1 <m <n; /2. That is,
ga(n1 —m)+ga(m) < ga(n1 —m+1)
gs(mi—=m) 7 g —m+1)’

which is equivalent to
(np—2m+1)-(n1—2m+2)-...-(np—m)+1-2-...-m
ny-(ny—1)-.-(np—m+1)
<2m(n1—2m+2)-(n1—2m+3)-...-(nl—m)-(nl—m—i—l).
- ni-(mp—1)-..-(np—m+2)-(ny—m+1)
It is straightforward to verify that the inequality above holds when m = 1. For m > 1, we have

2m

(n=2m+2)-(n1—2m+3)-..-(nmn—m+1)—(n1—2m+1)-(n1—2m+2)-...-(ng—m)—1-2-...-m
=(n1—2m+2)-(ni1—2m+3)-...-(nu—m)- (g —m+1—n;+2m—-1)—-1-2-...-m
=(n1—2m+2)-(ni—2m+3)-...-(nu—m)- m—1-2-...-m
>0

where the last inequality follows from the fact n;y —2m+2>1,n; —2m+3>2, ..., and n; —m > m — 1. Hence,
Pr(u; # us| X« = z] increases in  and the proof is completed.

(ii) For 7¥(x), see the proof for Proposition 4 (ii). For 7(z), we have

2(2) = Prga(ni — ) B D
2 (ny — ) +pgs(ni —x) gs(my—x)
PrYa 1 Pi9s 1 Phn +pl 9o (n1—2)

The claim follows as we have shown that % increases in x (see proof of Proposition 4 (i)). O

Proof of Lemma 7 Notice that 7] is a number, which can be considered as a degenerate random variable and it
suffices to prove 7] = E[r{ (X;~ )], where X;. > %L stands for the sales of the higher sales product and is a random
variable. Specifically, if either n; is odd or z # %, Pr(X;« = x) = 2(p; + p7)gs(x) + 2pnpi1ga(®) + 2pnprga(n1 — ).
On the other hand, if n; is even, then Pr(X;. = %) = (pj 4+ p7)g:(%) + 2prp1ga (). Therefore, if ny is odd,
[ Pr(Prgs(Xiv) +nga(Xz ) |
Pr(Pngs(Xi) + prga(Xis)) + pu(p19s(Xi-) + Prga(ny — Xiv))
_ i Pn(Prgs(x) +piga(2))

Pr(Prgs(®) + pi1ga(®)) + Pe(Prgs () + Prga(ni —

Elry(Xi-)] =E

z=(n1+1)/2
ny
=2 > pu(pnga(@) + piga(x))
z=(n1+1)/2
ny
:pi+2phpl(1_Ga(7))

Now consider n; is even,
ni

. _ Pr(Prgs () + piga(z))
Efri (X)) = D Pr(Pngs (@) + piga (@) + P (Prgs () + Prga(ny —

z=n71+l
Pr(Prgs(5-) +2iga (%))
D (phgs(%)+nga( L)+ pu(pigs(5) + prga (-

+2phnga( 5 1))

) ((ph +pz)9<( D) )

=2 Z Pr(P9.(2) + Piga (2)) + Pa(Prg.(5) + Prga(5))

=I1
T=73

=pi 4+ 2papi(1 — G

2

)+ 9.(5)/2)

‘s
™

) (2(p; + P7)9s () + 2Pap1ga(2) + 2prpiga(n

1— 1))

) (2(p; + 17)9s(2) + 2Drp1ga (@) + 2PaPrga(n1 — T))
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For 7%, when n; is odd, as it is known that product i* has low value and it has higher sales, the conditional

probability that product i* has sales x > % is P}Z;X*;;“u::“é 3) = ;’ :é:(;_)?;gg(é’f)), then
. Prga(m1 — )
s (X)) = E[phga(nl — )+ pigs(x)
_ i Prga(mi =) paga(m — ) + pige(2)
5y Pr8a(m = @) + 2195 (@) PrGa(F) +piGa(F)
PG (nl)
~ pGa(B) G

:7‘(‘2

ﬂ Prga(ni—z)+pigs(z)
When n; is even, the conditional probability that product i* has sales = > is D) —aa (Y 3y 2 & d

Prga (") /24p1gs ()/2 Thus

has sales %L is

2 ph(Ga(TE)—ga(5E)/2)+p1 /2"
v _ Prga(n1 — )
B e =Bt — ) T 1 @)
. Prga(ni — ) Prga(ni — ) +pugs (x)
= >
w:%ﬂphga(m—chngs() Pr(Ga(F) — 9a(%/2)) +p1/2
Prda("5) Prda(5H)/2+pigs () /2
Prda(5) + 1195 (%) Pu(Ga (%) — 9a(5)/2) + 11/ 2
PrGa(5) — prga(3)/2
a(%)—phga(" )/24pi/2

O

Proof of Proposition 5 The corollary follows from the fact that 73 (x) is a mean preserving spread of 7] and
7}y (x) increases in x > %, [

Proof of Proposition 6 For the first part of (i), as we have shown that sales in the second period equals to
noF(mhuy + (1 — 7)), S, > S, follows directly from #7 > p, and monotonicity of F(as it is a cdf). For the
second part of (i), we construct the following example. Let p, = 0.6,u;, = 6,u; = 2. Thus, p,u, + pu; = 4.4
and py, (u, —u;) = 2.4. Consider a distribution function F' such that F(2.4) =¢/6, F(4.4) =¢€/2, and F(4.88) =
3/4. Let no = [6/€], then ny = 3,m =1, implying G,(%) = (3)%, 71 =p; + 2pppi(1 — G (%)) = 0.72, and
wiuy + (1 — 7] )u; = 4.88. Tt follows that

i _ na F(prn + prwy) _ F(prup + pow) % <e
ST TLQF(W{U;L-F(].—’]TI)UZ) F(’]T{Uh-f—(].—’ﬂ'{)ul) 3

Similarly, the first part of (ii) follows from the facts that 7}(%-) < p, when p, < 3 (Lemma 5) and ¥} (z)
increases in = (Lemma 6).

We exemplify that S, can be strictly less than S, by constructing a specific instance. Consider an example
with uy, = 2,4, =1, then w,m! +u,(1 —7}) =7} + 1 and 7t A =7}, Let ng =20,n2 =20, p, =0.1,p, =0.9 and
consider a F' with probability mass f(0.1) =0.1, f(1.092) =0.35, f(1.1) = 0.05, f(2) =0.5.

Then, noF(p, +1) =10, noF(p,) =2 as F(1.1)=0.5,F(0.1) =0.1. So, n; = 10,m = 2. Moreover, as 7} (5) =
pigs<5)+pi%z%f2§?)5>+ﬁ%f§2§5<>s)+p%gs<5) = 0.092,7(10) = pigs<1o>+j;fg(iol)otih;:jfé(j((g)+p'fgs<1o> = 0.3136 (where g,(x) =

(1/2)'°("9), ga(z) = (1/2)3(,%,) if > 2 and g,(z) =0 if z < 2), naF (7} (10) + 1) =10 and no F (7} (5) + 1) = 9.




supplementary document to Lu and Yu: The Economics of Bestsellers s1H

So the total sales in the second period under volume information is 9 when the sales in the first period for the
two products are 5 and 5. As we have shown that 7} (z) increases in x and noF' (7} (10) 4 1) = 10, the sales in the
second period under volume information is at most 10 for all other possible sales realization in the first period.
Thus, S4 =10 and S, <10 and we have S, < S;. O
Proof of Proposition 7 Part (i) of the proposition follows as 7} (z) < 7] when z is low and 7} (z) > 7] when
x is high (Proposition 5).

For the first part of part (ii), notice that we have

S =Ex[na F(upmy (X) + (1 =77 (X))w)]
=Ey[H(Y)]
where H(t) :=noF(upt +u (1 —t)) and Y =73(X). Also S, =noF(upn] + (1 —7])w;) = H(Ey [Y]). By Jensen’s

inequality we have the desired result. For the second part of part (ii), we construct a specific example such

that 2= <e. Let p, = 0.6,u;, = 6,u; = 2. Thus, pyus + piu; = 4.4 and pr(up —u;) = 2.4. Consider a distribution

S
function F such that F(2.4) =¢/36, F(4.4) =¢/12, F(4.88) =¢/6, and F'(5.36) =50/111. Let no = [36/¢], then
ny = 3,m =1, implying 7] = 0.72, wjuy, + (1 — 77 )u, = 4.88, 77 (3) = wesE =0.84, and 7}y (3)uy, +
Ph+py- 2

pr(3)34p($)2

(1—7¥(3))u; = 5.36. The probability that the bestseller’s first-period sales is 3 is p(3]3,1) =2-(0.6%-1/8 +0.42 -
1/8+2-0.4-0.6-1/4)=0.37, so

ni

So=ny Y plalng,m)F(a}(x)uy, + (1 -} (x))w)

z=(n1+1)/2
> ng - p(rafny, m)F () (z)un + (1 =77 (2))u,)
50
2
6
As S, =noF(mjus + (1 — 77)w;) = %2, it follows that
S < €eno /6 .
Sv - 712/6

O
Proof of Proposition 8 In preparation, we first note that, as a product’s value is either low or high, the
expected purchased value increases (resp. decreases) if the probability of a consumer purchasing a high value
product increases (resp. decreases), conditional on purchase. In the meanwhile, we remark that regardless of the
information available, a consumer who performs two searches purchases a high value product with probability
1 — p?. The logic behind is that a consumer who searches twice will purchase a high value product whenever
there is one and the probability that there is at least one high value product is 1 — p?.

(i) When 75 (us, — u;) < s < pp(up, — ), the consumer is willing to search twice under no information but only
once under ranking information. As it occurs with a positive probability that the higher-ranked product has low
value and the lower-ranked product has high value, it follows that the probability of the consumer purchasing
a high value product is lower than 1 — p? and thus her expected purchased value decreases.

(ii) When 73 (n1) (un, — ;) < 8 < w5 (us, —w;), the consumer is willing to search twice under ranking information;

under volume informative, however, she is willing to search only once when the sales of the higher sales product
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is high and is willing to search twice otherwise. As it occurs with a positive probability that the higher-ranked
product has low value and the lower-ranked product has high value, the expected purchased value decreases.

O
Proof of Proposition 9 For (i), the conclusion follows from the fact 7 > p, > 7} (notice that 7 =75 = py).

For (ii), we prove for each case of search cost:

e When 73 (nq)(ur, — u;) < s < wh(up, — ), under ranking information, the consumer always performs the
first search and also conducts the second search if the first search reveals a low value product. Under volume
information, on the other hand, the consumer may choose not to perform the first search when sales of the
higher-ranked product is low, or choose not to do the second search (if the first search reveals a low value
product) when sales of the higher-ranked product is high. Thus, both search probabilities weakly decrease.

o When mjuy, + (1 — 7w, < s < awy(ni)up + (1 — 7y (n1))u;, the consumer never searches under ranking
information. Under volume information, the consumer may perform the first search when sales of the higher-
ranked product is high and thus the first search probability is weakly higher than that under ranking information.
Similarly, the consumer never performs the second search under ranking information and thus the second-search
probability is also weakly higher under volume information. [

Proof of Proposition 10 Consider a consumer whose search cost is s. For this particular consumer, his

expected surplus when there is no information is
wy, = max|0, pyuy, + py max(u, pyuy, + piuw — s| — s

where the second maximum operator reflects his decision of whether or not to perform the second search and
the first maximum operator reflects his decision of whether or not to perform the first search.

Similarly, the expected surplus under ranking information is
w, =max|[0, T uy, + (1 — 77) max|u;, whuy, + (1 — 75)u; — 5] — s

The case for volume information is more complicated as the sales x is random. For a fixed value of z, the

expected surplus under sales volume information is
max|[0, 7} (z)uy + (1 — 77 (x)) max|uy, 75 (z)u, + (1 — 75 (x) )u, — 8] — ]
So, the overall expected surplus is
w, = E[max[0, 77 ()uy, + (1 — w7 (z)) max|ug, 75 (2)up + (1 — 75 (x))u; — ] — s]

where the expectation is taken over x.

We first show that the surplus increases from no information to ranking information. There are four cases:

1) s > prupn + prug: In this case the consumer’s surplus under no information is 0, so his surplus can never be
lower under ranking information.

2) pu(un —w;) < 8 < prup +prug: Recall that 75 < py,, and thus 75 (uy, — ;) < s. In this case the surplus under
no information and ranking information are p,u; + (1 — pp)u; — s and wjuy, + (1 — 77 )u;, — s, respectively. As
77 > pu, ranking information leads to higher surplus.

3) s < m5(up —uyp): In this case the surplus are pyuy + (1 — pr)(Prusn + (1 — pp)uy — ) — s and wjuy, + (1 —

m ) (mwhuy + (1 — 7h)u; — ) — s.
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Notice that we have p,uy, + (1 — pp)prun = 7ius, + (1 — wf)whus, which is py, + (1 —pp)pn =77 + (1 —77) 7. To
see this identity, notice that the two sides are the overall probability that the consumer can get a high surplus
product under no information and ranking information, respectively. As the consumer is willing to search twice
under both no information and ranking information, this is also the probability that at least one product has
high surplus and the identity follows (this can also be checked by direct calculation). Similarly, the probability
that the consumer gets a low surplus product is also the same. Thus the only difference between the two surplus
is search cost: as (1+1—p,)s > (1+ 1 —7])s, the consumer pays less search cost under ranking information
and it follows that the consumer’s surplus is higher under ranking information.

4) mh(up —w;) < s < pp(up —uy): In this case the surplus are ppus + (1 — pr) (pPrun + (1 — pp)u, — s) — s and
miup + (1 — 77 )u; — s. Note that

miup + (1= 7])u; — s
=max|0, mJuy, + (1 — 77) max|uy, mouy, + (1 — 75)u, — s] — s
>max[0, muy + (1 — 77) (mhuy, + (1 — 7h)u; — 8) — 8]
>max[0, ppup, + (1 = pr) (Prun + (1 — pr)u; — 8) — 5]
=pntn + (1 —pn)(paun + (L —pp)u; — 5) — s (S.4)
where the last inequality follows from the identity pj, + (1 — pp)pn =75 + (1 — 7])75.

Now we compare the surplus under ranking and volume information. There are three cases depending on
the value of s: (i) s > wjuy + (1 —7])wy, (i) 75 (up —wy) < s <mjuy, + (1 —77)wy, (i) s < 7wh5(up —w;). For case
(ii), the consumer’s surplus under ranking information is wjuy, + (1 — 7])u; — s. We have

E[max|[0, 77 (z)uy, + (1 — 7] (z)) max|u,, 75 (x)uy, + (1 — w5 (z))u; — s] — ]
S [ (@)un + (1 — 3 () mafur, w3 (2)un + (1 — 73())u — 5] — o
SB[ (w)un + (1 — 7 (@) — 5]
=miu, + (1 — 7)), — s (S.5)
Other cases follow similarly. Thus, the consumer’s surplus is higher under volume information than that under
ranking information. [

Justification for “sales information becomes more informative as ng increases” We first use nor-
mal distribution to approximate the binomial distribution G,. Recall that from the base model we have m =
[noF (pr(up, —u;))] and ny = |noF (prun + pruy)|. Here as we are using normal approximation, we drop the floor
operator and assume m = noF (pn(un, — w;)) and ny = noF(prusn + pru). Notice that G,(+) is the cumulative
distribution function for the sales of the high-value product ranging from m to n; when the two products are

of different values, i.e.,

T

Cu@) = Zga(i) _y (i = m)!(n1 —i)! 2n117m

(ng —m)!

where g,(x) = Binomial(z —m,n; —m,1/2),2>m (g.(z) = 0,2 < m) is the corresponding probability density
function. Therefore, G, () has mean

mtm o n F(pn(un —w)) + F(prun + powy)
2 0 2
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and variance

m—m_ F(pnun +piw) — F(pn(un —w))
4 0 4 '
Furthermore, note that

ni _ nitm

5 2 m - Jms F(pn(un —w))
ni—m Vni—m \/_\/F(phuh + i) — F(pr(un —w;))

4

Hence, by normal approximation, we have
1 F(ph(uh — ’U,l))

2~ a(- v

2 VF (prun + powr) — F(pr(un — w))

where ®(-) is the cumulative distribution function for the standard normal distribution.

Ga( (S.6)

As in (S.6), G,(%) decreases in ng. By definition of 7], we have: 7] increases in ng. Furthermore, as the

expectation of 77 (X;+) equals 77, we have: the expectation of 7% (X;+) also increases in ng. O

SB. Three Products

The base model examines social learning of two products. We now extend the base model to consider learning of
three products and show that our main results remain valid. Similar to the setting in the base model, we assume
that the products are ex-ante homogeneous: each product’s value is independently distributed - the value is
high (i.e., uj,) with probability p;, and low (i.e., u;) with probability p,. Consumers may sequentially search the
products before making their purchasing decisions. All the other assumptions remain the same as in the base

model. We start our analysis from the generation of the bestseller information in the first period.

SB.1. First Period

Recall that the first-period consumers do not have access to any bestseller information. The following lemma
characterizes the search and purchasing behavior of the first-period consumers. It confirms that the behavior is of
very similar structure to that in the base model. Specifically, the early consumers with search cost s < py, (us, —u;)
make “informed” purchases in that they always purchase a high-value product if one exists, while those with

search cost p, (up —u;) < s < pruy + pyu, randomly pick and purchase a product.

LEMMA S.2. In the first period, consumers with search cost s < ppuy +pu; purchase a product and consumers
with higher search cost leave without buying. Among the consumers who make a purchase,
o consumers with search cost s < py,(u, — ;) can search up to three products: they purchase a high-value product
if there is any and randomly purchase a product if all the products are of low value;
o consumers with search cost p,(u, —u;) < s < ppuy + pru; randomly search a product and purchase the searched

product regardless of its value.

While the first-period consumers’ search and purchasing behavior is akin to its counterpart in the two-product
model, the presence of three products leads to additional variability in the sales distribution. For example, in
the case that there are more than one high-value products, the high-value product purchased by an “informed”
consumer is the first high-value product that she discovers in her sequential search and thus is completely
random. In addition, the purchases made by “un-informed” consumers are spread out among three products,
instead of two products. As in the base model, let ng be the number of consumes in the first period. The

proposition below characterizes the sales distribution in the first period.
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PROPOSITION S.1. The sales distribution in the first period is characterized as follows:

(i) Conditional on all products being of high value or all products being of low value: the sales of the three
products follow a multinomial distribution with probability (1/3,1/3,1/3) and trial number ny;

(i1) Conditional on one product being of high value and the other two products being of low value: let x be the
sales for the high-type product and y, z be the sales for the two low-type products, respectively. Then, (x —m,y, z)
follows a multinomial distribution with probability (1/3,1/3,1/3) and trial number ny —m;

(iii) Conditional on two products being of high value and one product being of low value: let x and y be the
sales for the two high-value products and z be the sales for the low-value product, respectively. Then x = x1+ x»
and y =m — x1 + y2, where x1 follows a binomial distribution with success probability 1/2 and trial number m
and (x2,Y2, 2z) follows a multinomial distribution with probability (1/3,1/3,1/3) and trial number ny —m,
where ny = |noF(prun + piwy)| denotes the number of early consumers willing to perform the first search and
m = |noF (pn(up—w;))] denotes the number of early consumers willing to perform both the second and the third

search.

SB.2. Second Period
Now we analyze the late-arriving consumers’ search and purchasing behavior in the second period. As in the base
model, we first examine these consumers’ posterior beliefs about product values after observing the bestseller
information generated by the first-period consumer purchases.

Our first finding is that consumers’ posterior beliefs about the products’ values are nicely ordered in that a
product with a higher sales ranking is always believed as more likely to be of high value. This ordering applies
both before a late-arriving consumer performs a product search and after her first search reveals a low-value

product. Proposition S.2 follows.

PROPOSITION S.2. (i) After observing the first-period sales information (either ranking or volume) and before
conducting any product search, a second-period consumer believes that a product with higher first-period sales is
more likely to be of high value;

(ii) After her first search reveals a low-value product, a second-period consumer believes that, between the two

remaining products, the one with higher first-period sales is more likely to be of high value.

Based on Proposition S.2; we prove in Proposition S.3 that it is rational for the second-period consumers to

first search the product with the highest (or higher) sales ranking.

PROPOSITION S.3. (i) In the second period, if a consumer finds it worthwhile to search, it is optimal for her
to first search the product with the highest first-period sales.
(i) If a second-period consumer’s first search reveals a low type and she finds it worthwhile to continue her

search, between the two remaining products it is optimal for her to search the one with higher first-period sales.

Propositions S.2 and S.3 echo with their counterparts under the two-product model and confirm that, in the
three-product setting, it is optimal for the second-period consumers to search the products in a decreasing order

of the products’ first-period sales.

The results so far answer the question of how to search in the second period. What remains unclear is when

to search in the second period. That is, given a consumer’s search cost s and the first-period sales information,
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when it is worthwhile for her to conduct the first, second, or third search. Same as in the main model, we
examine the consumer’s expected utilities of each search. Let t = ¢, 7, v represent no sales information, sales
ranking information, and sales volume information, respectively and let 7%, 75, 75 denote the beliefs under sales
information ¢ that the highest sales product is high type, the second highest sales product is high type given
that the highest sales product is low type, and the lowest sales product is high type given the other two products
are low types, respectively. Without loss of generality, consider the situation that product 1 has the highest
first-period sales, product 2 has the second-highest, and product 3 has the lowest. Denote their (random) first-
period sales by 71, 12, and 73, respectively, and the corresponding realization by x;, x5, and x3, respectively.

Specifically, the posterior beliefs are defined as follows:

Ty = Prluy = un|m = n2 = ns)
Ty = Prlug = un|m > n2 > 13, ur = w]
Ty = Prlug = up|m =12 > 03, u1 = up = w))
T (21, @2, 23) = Prlus = up|m =02 > 03, m = 1,72 = T2, 3 = T3]
75 (T1, T2, 73) = Prlus = un|n =02 > m3,m = 21,72 = 22,13 = T3, U1 = uy]
75 (21, @2, 3) = Prlug = un|m =02 > 03,1 = 1,72 = T2, 13 = T3, U1 = Uz = i
Under sales information ¢, a second-period consumer’s expected utility for the third search is wiu, + (1 —
75 )u; — s, the expected utility for the second search is whuy, + (1 — %) max|u;, miuy + (1 — 75)u; — s] — s, and the
expected utility for the first search is 7whuy, + (1 — w}) max|u;, mhuy, + (1 — w5) max|u;, whuy, + (1 — 75 )u; — s] — ] — s.
Notice that the utility for a consumer to leave without purchasing is zero and a consumer considers the sec-

ond/third search when the previous searches reveal low-value products only. Therefore a second-period consumer

performs the third search when
mhun + (1 — 75w — s > wy,
the second search when
mhup + (1 — 7)) max|uy, mhuy, + (1 — m5)u, — 8] — s > wy,
and the first search when

miuy + (1 — 7)) maxug, mhuy, + (1 — 7)) max(uy, mhup, + (1 — 75)u, — s] — 8] — s > 0.

In what follows, we examine the impact of bestseller information on posterior beliefs and expected sales. Let
84,9, 9, be the expected sales in the second period under no information, ranking information, and volume
information, respectively.

Ranking Information

First consider ranking information. Proposition S.4 is consistent with its counterpart in the base model.

PROPOSITION S.4. When sales ranking information is released, a second-period consumer’s belief that the

highest sales product is of high value is higher than the prior belief, i.e., m > py,.
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Recall that when there is no sales information, consumers perform the first search and make purchase if
and only if s < ppu, + pu;. With ranking information, the expected utility of performing the first search is
mruy, + (1 —77) max|uy, 7wy +max|u,, mup, + (1 — 75w — 8] — s > wiuy, 4+ (1 — 7] )u; — s. Therefore, among others,
consumers with search cost s < w7uy, + (1 —77)u,; perform the first search and make purchase when sales ranking
information is released. As 7w > py,, sales ranking information increases the expected sales in the second period.

Corollary S.1 follows.

COROLLARY S.1. The expected sales in the second period under ranking information is greater than or equal

to that under no information, i.e., S, > S,.

This result is well aligned with that in the base model and confirms that ranking information is beneficial for
the platform under three products.
Volume Information

Now we proceed to volume information. We show in Lemma S.3 that the reinforcement by homogeneity effect
still exists when there are three products. In particular, upon observing the sales volumes, consumers’ belief

that the product with highest sales is of high value may become lower than the prior.
LEMMA S.3. There exist problem instances such that that ¥ (x1,x2,23) < pp.

Lemma S.3 is proved by an example. As illustrated by the example, the main driving force for the posterior
belief lower than prior is again the reinforcement by homogeneity effect. In particular, in the example, when the
three products have the same sales, a second-period consumer believes that all the three products are of the
same value, which in turn strengthens the initial belief, i.e., the posterior belief that either product is of high
type is lower than the initial belief when p,, is low.

Building on the result in Lemma S.3, we show in Proposition S.5 that sales volume information can lead to
lower expected sales in the second period. This proposition confirms, for the case of three products, that volume

information can backfire and hurt the platform.
PROPOSITION S.5. There exist instances such that S, < S,.

We conclude this subsection by showing that an important result in the base model about the belief under
volume information being a mean preserving spread of the belief under ranking information continues to hold

under three products.

PROPOSITION S.6. Under the three product extension, the belief that the bestseller is high type under volume
information, 7i(-,-,), is a mean preserving spread of the belief that the best seller is high type under ranking

information, w7.

SB.3. Three Products versus Two Products

So far we have shown that the key results under two products remain valid for three products. To explore the
implications of a greater number of products on consumer learning and purchasing, we numerically compare the
posterior beliefs and expected sales under three products and under two products. We focus on the effects of

ranking information in the numerical exploration.
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To evaluate the expected sales under three products, we first numerically confirm an important ordering of the
posterior beliefs, 77, 75 and 7;. The parameter values in our numerical study are as follows. We set ng =20 and
Fz)=(a+ (1 —-a)®(r—p)/o))l(x >0), where ®(-) is the cumulative distribution function for the standard
normal distribution and I(-) is the indicator function. We set o =0.08, p=4.5, 0 = 1.5, u;, =4+ A, and u; = A.
We vary p;, from 0.1 to 0.9 with interval 0.001 and A from 0 to 10 with interval 0.01. That is, we test over a
total of 800 values of p;, and 1,000 values of A, resulting in 800,000 problem instances. In all of the 800,000

instances, we observe 7] > 75 > 5. The following table exemplifies the posteriors 77, 75, and 73.

Table S.4  Value of 7,75, 75: p=4.5,0 =1.5,n0 =20,up, =6+ A,u; =2+ A, a=0.08
pn=0.4 pr=0.6

A m 5 5 m 5 5

0 0.6489 0.3544 0.0471]0.8404 0.5702 0.0672
0.5 0.6119 0.3901 0.0876 | 0.8195 0.6011 0.1110

1 0.5798 0.4029 0.1391 | 0.8031 0.6186 0.1479
1.5 0.5662 0.4031 0.1659 | 0.7913 0.6217 0.1894

2 0.5537 0.4078 0.1827|0.7800 0.6284 0.2171

The ordering 7] > 73 > 7§ is important as it allows us to characterize the search strategy of the second-period
consumers. Recall that the expected utility of performing the first search for a second-period consumer with

ranking information is
mruy + (1 — 77) max|uy, mouy, + (1 — 75) max|uy, whuy, + (1 — w5)u; — 8] — 8] — s

Therefore, given nj > 75 > 7%, a second-period consumer performs the first search if s <wjuy, + (1 — 77)u; and
the expected second-period sales with ranking information is noF'(7wju, + (1 — 77)u;). Note that this expression
is identical to its counterpart under two products. When comparing the three-product and two-product models,
the difference in the expected second-period sales is then driven by the difference in 77.

In what follows, we compare the expected second-period sales with ranking information under three products
and under two products. Under the same search-cost distribution as stated earlier in this subsection, we further
set ny =80, p, =0.14+6,, up, =4+94,, and u; =4, for §, varying from 0.04 to 0.8 with interval 0.04 (20 values
of ¢,) and §, varying from 0.05 to 2.5 with interval 0.05 (50 values of d,), resulting in a total of 1,000 problem
instances. We observe that, in all of these 1,000 instances, the expected second-period sales under ranking
information is higher when there are three products than when there are two products. For illustration, the

following table presents some instances for second-period expected sales with ranking information.

Table S.5 Expected sales in the second period with ranking information:

pw=4.5,0=15,n0=20,up =6+ 6q,u; =2+ ¢, =0.08,pp, =0.4 4 dy,
Three Products Two Products

0, |0,=01 6,=02 6,=03]| 9, |J,=01 6,=0.2 §,=0.3
0 49.43 59.18 61.45 0 44.12 54.32 59.01

0.5] 57.12 65.49 67.72 [0.5| 52.66 61.88 65.98
1 63.61 70.66 72.55 1 60.64 68.18 71.38

1.5 69.43 74.52 75.92 |1.5| 67.33 72.90 75.30
2 73.73 77.03 77.97 2 72.38 76.09 77.57
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The results so far lead to a very interesting implication: ranking information’s sales-enhancing effect seems
to be more pronounced under a greater number of products. This implication is drawn based on (i) when no
sales information is available in the second period, the second-period consumers behave exactly like the first-
period ones and, thus, Lemma S.2 implies that the expected second-period sales without sales information is
noF(prusn + piuy), regardless of whether there are two or three products; and (ii) the observation that, in all
of the 1,000 numerical instances tested, the expected second-period sales under ranking information is higher
when there are three products than when there are two products.

We conjecture that the aforementioned implication is related to two facts: first, the number of first-period
consumers who have made “informed” purchases (i.e., those who are willing to conduct the third search and
thus would always purchase a high-value product if at least one of the products is of high value) is independent
of the number of products, as implied by Lemma S.2; and second, under three products the probability that at
least one of the products is of high value is higher than that under two products (the former is 1 — p? and the
latter is 1 —p?). These two facts jointly imply that the expected sales of high-value products to the “informed”
consumers are higher under three products. This may have contributed to the observation that consumers are
more confident about the bestseller being of high value and thus are more willing to perform a first search under

three products than under two products.

SB.4. Appendix
Proof of Lemma S.2 We start from the third search. A consumer considers whether or not to conduct the
third search if and only if both of her first two searches reveal low-value products. Her expected utility of not
conducting the third search is u; and that of conducting it is p,uy + p;u; — s. Therefore, a consumer performs
the third search if and only if pyuy, + piu, — s > wy, ie., s <py(up — w).

Now, back to the second search. A consumer considers the second search if and only if the first search reveals

a low type. Her expected utility of not performing the second search is u; and that of performing it is
PrUn + prmax(ug, pyun +piug — s — s

where the maximum operator corresponds to the option of the third search. Thus, a consumer performs the

second search if and only if
Prtn + prmax(ug, ppus + Pty — 8] — 8 > uy

which is equivalent to s < py(u, —u;). To see the equivalence, note that if s < py,(u, —w;), prun + pru; — s >
uy, implying that ppu, + p, maxug, ppun + piug — 8| — s > ppun + prug — s > w;. If], however, s > py(up — wy),
PrUy + pruy — s < uy, implying that ppu, + p; max[ul,phuh +piug — s] —S=ppup +pruy — s < uy.

Based on the analysis of the second and third searches, now we consider the first search. The expected utility

of first search is
Prun, + prmax|ug, pruy, + pymax{ug, pau, +piu — S) — 8] — s

where the two maximum operators correspond to the options of the second search and of the third search,

respectively. As the utility of not searching is zero, a consumer performs the first search if and only if

P, + pymax(ug, pruy, + pymax{ug, ppuy, +piug — s)— s —s>0
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which is equivalent to s < pjuy, +pyu;. To see the equivalence, note that, if s < pyuy, +prug, pruy +p; max|ug, pruy +
prmax|uy, Pty + piug — S| — 8] — 8§ > prup + prug — s > 0. If, however, s > pruy, + piug, pruy + pruy — s < 0, implying
that ppus, + p max{ug, pruy, + prug — 8] — 8 = prus, + pruy — s < 0. Thus, pj,uy + pymax|ug, pruy, + prmax|u,, ppuy, +
piug — 8] — 8] = s=ppup +pu —s<0. O

Proof of Proposition S.1 The proof is similar to its counterpart in the main body of the paper. Note that
for the n; —m consumers with relatively high search cost, they only search once and purchase each of the three
products with equal probability. For the m consumer with low search cost, they keep searching until either a
high type product is revealed or all of the three products are found to be low type. When there is no high type
product, these consumers purchase each of the three products with equal probability. When there is only one
product, all of these m consumers purchase the high type product. When there are two high type products, these
consumers purchase one of the two high-type products with equal probability. When there are three high-type
products, these consumers purchase each of the three high-type products with equal probability. The proposition

follows by summarizing all of these cases. [

Proof of Proposition S.2 (i) The proof applies a technical lemma, Lemma S.4, which is claimed and proved
after the proof of this proposition.

Without loss of generality, consider the situation that product 1 has the highest first-period sales, product
2 has the second-highest, and product 3 has the lowest. This is without loss of generality since the products
are ex-ante homogenous and we can always re-label the products to attain such a ranking. Let ui, us, and
usz denote the value of product 1, product 2, and product 3, respectively, and let 1y, 72, and 73 denote the
first-period sales of product 1, product 2, and product 3, respectively. Let t1, o, t3, t4, t5, and tg denote
the probabilities that the sales ranking is HHL, HLH, HLL, LHH, LHL, and LLH, respectively, where, for
instance, HHL stands for the case that the product with highest first-period sales is high type, the one with the
second-highest first-period sales is high type, and the one with the lowest first-period sales is low type. That is,
t1 =Pr(HHL)=Pr(m >n2 > 13, u1 = Up, Ug = Up, Uz = Uy).

The posterior belief about product 1 being high type is:
Pr(us = up,m > 12 > n3)

Pr(n >mn2>n3)
Pr@u::uhﬂm::uhﬂm::uhﬂh23n227h)4_Pr@u::uhﬂm::uhﬂm::uhn1thzind

Pr(ui = un|m >n2 >1n3) =

1/6 1/6
Pﬁw1:UMu2:uhw:ﬂ%ﬂh2nfim)+PWW12UmU22UuuyZWJh2n22nd
1/6 1/6
=6[p; /6 +t1 +ta + 3]

where Pr(n; > 12 > n3) = 1/6 as there are six permutations of the three products in their sales rankings and, since
the three products are symmetric ex ante, each of the six possible permutations occurs with equal probability.
Similarly,

Pr(uz = up,m > n2 > n3)

Pr(n > 12 >n3)
Pr@u::uhﬂm::uhﬂm::uhﬂh23n227h)4_Pr@u::uhﬂm::uhﬂm::uhn1thzind

Pr(ug = up|m >n2 >n3) =

1/6 1/6
PdUp=mﬂm=umu3=umn12nxzm)+Pduf=mﬂm=umu3=mﬂh2n22n9
1/6 1/6

=6[p3 /6 4+t 4ty +t5]
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and

Pr(us = up,n > 12 >13)
Pr(n >ne >n3)
Pr(u; = up, us = up, us =up,n1 > 12 >13) + Pr(us = w, ug = up, us = up, m =12 > 13)

Pr(uz = up|m >n2 >n3) =

1/6 1/6
Pr(uy = up, ug =, uz = up, 1 > 12 >13) n Pr(uy = uy, ug = uy, ug = up, m > 12 >1n3)
1/6 1/6
=6[p} /6 +tg+ 1o+t

To prove the proposition, it suffices to show to > t4, t3 > 15, t; > to and t5 > tg. These properties follow from
Lemma S.4.
(ii) Same as in the proof of part (i), without loss of generality, consider the situation where product 1 has the
highest first-period sales, product 2 has the second-highest, and product 3 has the lowest. Consider the following
three sub-cases:
(ii-a) consider first the subcase that a consumer first searches product 1 and discovers that it is low type. Now,

we compare her posterior belief about the remaining two products:

PY(U2 = Uh|771 Z M2 2 M3, U1 = Uz)
Pr(ui = ug, s = Up, Us = Up, M1 > 12 > N3) " Pr(ui =, us = up, us =, M1 > 12 > 13)
Pr(m >n2 > n3,u1 = w) Pr(n. >n2 > n3,u1 = w,;)

and

Pr(us =un|m > 12 > n3, u1 = w;)
Pr(uy = w, ug = up,uz =up, 1 =12 >1n3)  Pr(us =, us = 1wy, ug = up,m > 102 >13)
Pr(n >ne > ns,u1 =) Pr(n >ne > ns,u1 = ;)

By Lemma S.4 (i), Pr(u; = w;, us = up, uz = u,m1 > 12 > n03) > Pr(uy = w;, up = wy, uz = up,m1 > 12 > 13). Hence,
Pr(ug = up|m > ne > n3,ur = w;) > Pr(ug = up|m > 02 > n3,u1 = u;).
(ii-b) consider next the subcase that a consumer first searches product 2 and discovers that it is low type. Now,

we compare her posterior belief about the remaining two products:

Pr(uis =us|m > n2 > 13, us = w;)
Pr(ui =un, uo = w, ug =up, 1 > 02 >1n3)  Pr(us =us, uo = 1w, us = 1w, m1 > 12 >1n3)
Pr(n >n2 > n3,us = w;) Pr(n >m2 > 13, uz = w)

and

Pr(us =us|m >n2 > 13, us = w;)
Pr(ui =up, u2 = u, ug =up, M1 > 12 >n3)  Pr(ur =, us =wy, ug = up, M1 > 12 > n3)
Pr(m >n2 > n3, us = w) Pr(m >n2 > n3, us = w)

By Lemma S.4 (ii), Pr(us = up, ug = uy, uz = w,m > 12 > 13) > Pr(uy = wy, up = uy, uz = up,m > 12 > n3). Hence,
Pr(ui = unlm > n2 > m3,uz = w) > Pr(uz = unln > 12 > 13, u2 = w).
(ii-c) consider the last subcase that a consumer first searches product 3 and discovers that it is low type. Now,

we compare her posterior belief about the remaining two products:

Pr(uy = un|m > n2 > 13, us =)
Pr(uy =up, uz = up,us = wi, i 212 21m3) | Pr(uy = up, up = uy, us = w1 212 2 13)
Pr(m >n2 > n3,us = u) Pr(m = n; >3, uz = w)
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and

Pr(ug = wp|m > 12 > 03, us = ;)
Pr(u; = wp, ug = up, us = u;,n1 > 12 >13) | Pr(us = w, us = up, us = u, 01 > 102 >13)
Pr(n > e > n3,u3 =) Pr(m >n2 > n3,us = w)
By Lemma S.4 (iii), Pr(u; = up,ue = uj,us = u;,m1 > 2 > n3) > Pr(ug = wy,ug = up,uz = w1 > 12 > 13).

Hence, Pr(us = up|m >n2 > 13, ur = w) > Pr(ug =up|m > n2 >3, ur =w;). O

LEMMA S.4.
(i) For vy € {up,w}, Pr(m >n2 > ns, w1 =v1,Us = Up, Uz =) > Pr(ng > na > 03, U1 = V1, Us = Uy, Ug = Up);
(ii) For vy € {un,w}, Pr(n >z >3, uy = up, Uy = Va2, Uz = u;) > Pr(ny > 12 > 13, u1 = uy, ug = vg, Us = Uy );

(iii) For vs € {up,w;}, Pr(n. > n2 >Nz, u1 = up, ue = Uy, uz =v3) > Pr(ng > ne >3, u1 = ), s = up, us = 03).
Proof of Lemma S.4 Below we prove part (i) and v; =uy,. Other parts can be proved similarly. Note that
Pr(HHL)=Pr(n =mn2 2 n3,u1 = up, uz =up, us = w)
=Pr(n > n2 > n3lur = up,ue = up, uz = u;) - Pr(ug = up, us = up, uz = ;)
=Pr(m >z > nslur = un, us = up, uz = w) - prpi

= D Z Pr(m =z,me =t,n3 =n1 — x — tlus = up, ug = up, uz = w;)

r>t>ny—x—t

and
Pr(HLH)="Pr(m > no > 13, U1 = up, Us = Uy, Uz = Up)
=Pr(n1 >ne 2 773|U1 =Up, Uy = Uy, Uz = Up) - Pr(us = wp, ug = w, uz = uy)
=Pr(n =12 > n3lu1 = un, uz = wy, uz = uy) - prpy

=pim Z Prim =z, m=1t,n3 =n1 — ¢ — t|us = up, us = u;, U3 = up)

r>t>ny—x—t

Therefore it suffices to show
Pr(m =x,m=t,n3 =n1 —x —tjus = up,us = up,uz =1u;) > Pr(n =x,ma=t,n3 =11 — & — t{us = up, ua = u;, uz = uy)
for all x,t such that x >t >n; —x —t. By Proposition S.1,

Prim =x,ma=t,n3 =11 — & — tjug = up,us = up,uz =u;)
m! 1 (ny —m)! 1
(m—=s)ls! 2™ (x — )t —m+s)l(ng —x —t)! 20—

M-

Il
=

s

and

Pr(m =x,m2 =t,n5 =n1 — & — tlug = up, up = uy, u3 = uy,)

s m! 1 ny—m)! 1
3 ( )

(m—s)ls! 27 (z— s)lt!(ny —x —t —m—+s)! 2m1-m "

s=0
It suffices to show
m! 1 (ng —m)! 1
(m—=s)ls! 2™ (x — )t —m+s)!(ng —x —t)! 20—
S m! 1 (ny —m)! 1
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for all s, which is equivalent to
t—m+s)lni—z—t)! <tllng —z—t—m+s)!

Notice that y!(n; —x—m+s—y)! increasesin y fory > (ny —x+s—m)/2. As (t—m+s)+(ni—z—t)=n;—x—
m-+s, max[t—m+s,ny —x—t] > (ng —x+s—m)/2. Since s <mand t >ny —x—t, t > max[t —m+s,n, —z—1t,

which implies (t —m+ s)!/(ny —x —t)! <tl(ny —x —t —m+ s)! and completes the proof. O

Proof of Proposition S.3 We first note that part (ii) is a direct corollary of Proposition S.2 (ii) and Lemma
S.1. This is because Proposition S.2 (ii) shows that when a product is revealed to be a low type, between the
two remaining products the one with higher sales has a higher probability of being a high type and Lemma S.1
proves that it is optimal to search the product with a higher probability of being a high type when there are
two products.

Now we prove part (i). The proof is similar to that of Lemma S.1. A useful technical lemma, Lemma S.5, is
claimed and proved after the proof of the proposition.

Without loss of generality, consider the situation that product 1 has the highest first-period sales, product
2 has the second-highest, and product 3 has the lowest. For notational convenience, define v; = uy,, vy = u; and
let qijx = Pr(uy = v;,ue = v, u3 = vx),4,J, k = 1,2. Below we first compare a second-period consumer’s expected
utility of first searching product 1 with that of first searching product 2. We will then examine the case of her
first searching product three.

By part (ii), if a consumer first searches product 1 and finds it to be a low type, it is optimal for her to search

product 2 next if she decides to continue her search. Thus, the expected utility of first searching product 1 is

wy = Pr(u; = v1)v1 + Pr(u; = va) maxva, 1] — s

= (qu11 + qui2 + qr21 + q122)v1 + (1 — 111 — @112 — Q121 — G122) MaX([vg, 1] — 5 (S5.7)

t1 :=Pr(us = v1|us = v2)v1 + Pr(us = va|us = va) max[va, Pr(us = vi|u; = ug = v2)v1 + Pr(ug = va|us = ug = va)va — 8] — s

G211 + Q212 Q221 + Q222 Q221 Q222
max|[vg v +

= v + 1
Q211 + ¢212 + G221 + Q222 Q211 + ¢212 + Q221 + @222 " q221 + G202 Q221 + Q222

ve—8|—s (S.8)

where the maximum operator in (S.7) represents the possibility of a second search and the maximum operator
in (S.8) represents the possibility of a third search.
Similarly, if a consumer searches product 2 first, her optimal choice for the second search is product 1 and

the expected utility of first searching product 2 is
wy = Pr(us = v1)v1 + Pr(us = va) maxva, ta] — s
= (111 + @112 + @211 + @212)v1 + (1 — 111 — @112 — @211 — Go12) Max([va, o] — s

where

to:=Pr(u; = v1|us = v2)vy + Pr(u; = va|us = v2) maxvg, Pr(us = vy |u; = ug = v2)v1 + Pr(us = va|ug = ua =va)vg — s] — s

Q121 + 122 Q221 + @222 G221 G222
max|vg +

= V1 + s V1
G121 + Q122 + G221 + Q222 G121 + Q122 + Q221 + Q222 G221 + Q222 Q221 + Q222

vo— 8] —s
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Note that w; and wq share the same utility for the third search, which we denote by k1 := max|va, (mf?ﬁvl +

%’Ug —s]. Note that vy < k; < v;. For notational convenience, define ¢;; := ¢;;1 + qij2,%, 5 = 1,2. We have:

421 G22

wi =(g11 + q12)v1 + (1 — g11 — ¢12) max(vy, o1 + 0oa v+ o+ 0o ki —s]—s
qi12 G22

Wa :((I11+(I21)Ul+(1—(I11—QQ1)maX[U2, v+ k‘l—s]—s

q12 + q22 q12 + G22
As product 1 has higher sales than product 2, by Proposition S.2(i), product 1 is more likely to be a high
type than product 2. That is, ¢11 + q12 > q11 + @21, i-€., q12 > g21. It follows that w; > wy by Lemma S.5. That
is, searching product 1 first brings a higher expected utility than searching product 2 first.

Now counsider searching product 3 first. If a consumer searches product 3 first, by part (ii), her optimal choice
for a second search is product 1 and, thus, the expected utility of first searching product 3 is
wsy = Pr(ug =v1)v1 + Pr(us = vy) maxva, t3] — s
= (qi11 + Q121 + @211 + g221)v1 + (1 — qu11 — qu21 — G211 — Gao1) Max[va, t3] — s
where

ts :=Pr(u; = v1|us = v2)v1 + Pr(us = va|us = v2) max[va, Pr(us = v1|us = uz = v9)v1 + Pr{us = valus = ug =v9)va —s] — s

_ G112 + Q122 G212 + Q222 Q212 Q222
= v1 + max|va, v, +
G112 + G122 + G212 + G222 112 + G122 + @212 + Q222 g212 + Q222 G212 + G222

vy — 8] — s

To compare w; and ws, we consider another scenario where the consumer first searches product 1, and then
search product 3 (if product one is low type), and then product 2 (if both product 1 and product 3 are low
type). The expected utility of following such a strategy is

wy :=Pr(u; =v1)vy + Pr(u; = va) max[va, t4] — s
= (111 + qri2 + @21 + q122)v1 + (1 — 111 — @112 — Q121 — G122) MaX([va, ty] — 5
where

ty:=Pr(us = v1|us = v2)vy + Pr(uz = va|u; = v2) max[vg, Pr(us = vy |u; = uz = v2)v; + Pr(us = va|ug = ug =va)vg — s] — s

Q211 + ¢221 Q212 + @222 q212 G222
= v + max|va, v + vo— 8] —s
G211 + G212 + G221 + G222 G211 + Q212 + Q221 + Q222 G212 + Q222 Q212 + Q222
Notice that t3 and t4 share the same utility for the third search, which we denote by k3 := max|vs, (m‘fﬁvl +

(m‘fﬁvg —s]. Note that vy < ks <wvy. Define 7;; := qi1; + Gizj, %, = 1,2. Then we have
w3 = (q111 + G121 + G211 + @221)v1 + (1 — q111 — G121 — G211 — G221)
Qu12 T Q122 v G212 + Q222

1+
Q112 + q122 + Q212 + G222 Q112 + G122 + Q212 + @222
T22

1
T12 + To22 Ti2 + To2
wy = Pr(uy =v1)vy + Pr(u; = va) max[ve, Pr(us = v1|u; = va)vy + Pr(uz = va|us =v2)ks —s] —s

- max|va, ks —s]—s

= (711 + T21)v1 + (1 — 711 — T21) max|va, ks—s]—s

T21 o1 + T22
1
To1 + To2 To1 + To2

= (711 + 712)v1 + (1 — 711 — T12) max|va, ks—s]—s

As product 1 has higher sales than product 2, by Proposition S.2, product 1 is more likely to be a high type
than product 2. That is, (711 + 712) > (711 + 721), i.€, T12 > T21. By Lemma S.5, wy > ws3.

Now, since wy > wy (by part (ii)), ws > w3 implies wy > wsz. O
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LEMMA S.5. Given q;; >0,4,5=1,2, qi1 + qi2 + q21 + qa2 = 1, and q12 > a1, for vo <ky <vy and s> 0,

g21 G22

V1 —+
q21 + Q22 q21 + Q22
qi12 v G22

1
Q12 + Qo2 Q12 + Qo2

(q11 + qr2)v1 + (1 — 11 — qu2) max[va, ki —s]

>(q11 + g21)v1 + (1 — q11 — g21) max[vy, ki —s]

Proof of Lemma S.5 Let

G21 o1+ G22 ey — 5]
Q21 + Q22 Q21 + Q22

q12 q22
ro = (q11 + q21)v1 + (1 — g11 — @21) max]|vs, v+ ki—s
2= (qu+@)or + 1= d21) 2 G12 + q22 ' Q12 + Q22 1=l

r1=(q11 + q12)v1 + (1 — q11 — ¢12) max|ve,

We compare r; and r5 in the following three cases. Notice that —42—qy 4 —222 k) —g > B¢ 4 D22 |, g

q12+4q22 q12+4q22 q21+4q22 q21+4q22
as qi2 > @21 and vy > k.
(1) If q12qi2q22 v+ q12q§-2q22 ki —s< Y2,
r1—7r2=(q11 + q12)v1 + (1 — q11 — q12)v2 — ((g11 + @21)v1 + (1 — 11 — Go1)v2)
=(q12 — ¢21)(v1 —v2) >0
since v; > vy and g2 > go1.
13 q q: q q
(11) If Q12<1F2(Z22 Ul + Q12i2(Z22 kl - > U2 > (ZQlil(IQQ Ul + QQliQ(ZQQ kl - 57
r1—r2=(q11 + q12)v1 + (1 — q11 — q12)v2 — (q11 + q21)v1 — (12 + Ga2)( 12 VU1 + 022 k1 —s)
q12 + Q22 Q12 + Qo2
= (q12 — ¢21)v1 + (¢21 + G22)V2 — q12v1 — Gaok1 + (q12 + G22)s
= (q21 + q22)v2 + (12 + G22)5 — Ga2k1 — q2101
> (go1 + G22)v2 + (go1 + G22)s — qaok1 — Go101
> (g1 + G22)V2 + @21v1 + Gaok1 — (ga1 + G22)V2 — gaok1 — @211

0

where the last inequality follows from the condition in this case.

iii) If —21L—yp 422 [ — 5> vy, we have
( ) g21+4q22 1+q21+q22 1 =%

g21 g22
v+
Q21 + g22 Q21 + g22

qi2 g22
— (g +g21)v1 + (1 — a1 — vy + ky — s
g +ganjr + (1= qu (J21)(q12+q22 ! Q12 + q22 ! )

= (q11 + q12)v1 + @21V1 + a2kt — (@21 + ¢22)s — (11 + ¢21)v1 — G12v1 — @2kt + (12 + ¢22) s

r1—7re=(q11 + q12)v1 + (1 — 11 — q12)( k1 —s)

=(q12 — q21)8
>0
Summarizing cases (i) through (iii), we have 1 > rq. O
Proof of Proposition S.4 We have
71 = Pr(uy = un|m >n2 2 1s)

_ Pr(ui =up,m >m2>ns)
Pr(n >n2 > n3)
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Pr(ui = up, us = up, ug = up, 1 > 12 >13) n Pr(us =up, us = up, us =w;, 1 > 12 > 103)

1/6 1/6
Pr(ui =un, us =, ug =up, 1 > 12 >1n3)  Pr(ui =up, us =w, ug =u;, 1 > 12 > 1n3)
+
1/6 1/6

=pj, + 6papiPr(m > 12 > nslus = wp, us = up, uz = w)
+ 6prpPr(n > n2 > nslur = up, uz = wy, uz =uy) + 6pup Pr(n > n2 > nslur = up, ug = wy, uz = u;)
=pu[pi 4 6pnpi (Pr(n > m2 > n3|ur =, us = un, ug = w;) + Pr(n > n2 > nslur = un, us = ug, uz = uy,))
+6p7Pr(ny >n2 > n3luy = up, us = up, uz = 1u;)]
By Lemma S.4, we have Pr(ny > 12 > 1, u1 =y, us = wp, s = ;) > Pr(n >ns > s, uy =y, ug = wy, uz = up,) >
Pr(ny > 12 > 03, u1 = w;, ug = up, uz = uy). Notice that
Pr(m > 12 > 13, u1 =, uz = Uy, uz = ;)
=Pr(n > n2 > n3lur = up, ue = up, uz = u;) - Pr(ug = up,, us = up, uz = ;)
=papiPr(im > 12 > nglur = wp, us = un, ug = w)

and similarly

Pr(mn > 12 > 13, u1 = wn, tp = wy, uz = up) = PapiPr(m > 1 > nafun = up, us = uy, ug = uy,)
Pr(n > 12 > 13.u1 = wi, uz = Up, uz = up) = prpPr(m > 1o > nslur = w, uz = wp, uz = up)
Therefore Lemma S.4 implies Pr(n; > 12 > n3lus = up, us = up, ug = uy) > Pr(n > 02 > nslur = up, us = ug, uz =
up) > Pr(ns > n2 > nslur = w;, us = up, us = uy,). By relabeling products, this is equivalent to Pr(n; > ns > n3|u; =
Up, U = Up, Uz = W) > Pr(m > 03 > 2|t = up, o = up, uz =) > Pr(ns > 100 > m1|ur = up, s = up, Uz = ).
Similarly, Lemma S.4 states Pr(n; > 12 > 13, u1 = up, ue = uy, uz = u;) > Pr(ny >ne > 13, u1 = w;, ug = Uy, Uz =
w) > Pr(m > ne > 3, uy = wy,us = uy, uz = uy,), which is equivalent to Pr(n > e > 13, u1 = up, us = uy, uz =
) > Pr(ne > m > ns,ur = up, e = up,ug = up) > Pr(ns > n2 > N1, u1 = up, ua = uy,uz = u;) by relabeling prod-
ucts. This further implies Pr(n; > 172 > n3|u1 = up, uz = uy, uz =u;) > Pr(ne > m > nzlur = up, us = ug, uz =) >
Pr(ns > na > m|ur = up, u2 = up, ug = ).
As
Pr(m > mn2 > nafur = un, uz = up, uzg = w) + Pr(nz > m > nalur = un, uz = up, uz = w)
+Pr(m 2> 03 > nalur = up, uz = un, uz =w;) + Pr(nz > 0z > milur = up, uz = up, uz = ;)
+Pr(ns > n2 > miur = up, s = up, uz = u;) +Pr(ng > m > no|ur = up, ue = up, us = u;)
=1

It follows that

Pr(m > ne > nslur = up, us = up, ug = w;) + Pr(m > 02 > ns|ur = up, us = ug, uz = uy)
=Pr(nm > 12 > n3lur = up, ua = up, uz =u;) + Pr(m > ns > nofur = up, us = up, ug =)

2
Zg[Pr(m > 12 2> M3|ur = Up, Uz = Up, uz = u;) + Pr(ng > ng > nafur = up, ug = up, us = wu,)

+ Pr(ns >ne > ni|ur = up, us = up, ug = uy)]
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2 1

zg . E[Pr(nl Z T2 Z 773|U1 = Up, U2 = Up, U3 :’U,l) +PI‘(’I71 2 3 Z 772|U1 = Up, U2 = Up, U3 :ul)
+Pr(ne > n1 > nslur = wp, us = up, uz = w;) + Pr(ns > n3 > 1 Jug = up, us = up, uz = w;)
+Pr(ns >n2 > mlur = up, vz = up,uz =) + Pr(ns > n1 > majur = up, us = up, uz = 1))

_1

-3

The first equality follows from Pr(n; > ne > nz|ur = up, ug = uy, uz = up) = Pr(ns > 03 > ne|us = up, us = up, uz =
u;) (by relabeling product 2 and 3). The first inequality follows from Pr(n; > ns > nz|us = up, ua = up, uz = u;) >
Pr(nz > n2 > mjuy = up, s = up,uz = u;) and Pr(n; > 03 > maluyg = up, Uz = up, uz = uy) > Pr(nz >0y > npluy =
Up, Uz = Up, u3 = ;). The second equality follows from Pr(n; > ne > ns|us = up, uz = up, us =u;) =Pr(ny >n1 >
n3lur = un, uz = un, uz =w), Pr(m >ns > nelur = up, uz = up,uz = w) = Pr(ne > n3 > m|ur = up, uz = up, uz =
), and Pr(ng >nz 2 muy =, vz = un,us =w) =Pr(ng 2 n > nafur = un, us = up, us = w).
Similarly, we have
Pr(m >m2 > nalur = un, uz = w, uz = w) + Pr(nm > n3 > na2|ur = up, ug = ug, uz =)
+Pr(n2 > m > n3lur = up, uz = w,uz = w) + Pr(nz > m > mefur = un, uz = wy, uz = w;)
+Pr(nz > n2 > nrlur = up, ue = ug, us = wp) + Pr(ne > ns > mjur = up, us = ug, us = uy)

=1
it follows that

Pr(n > n2 > ns|ur = up, up = uy, uz = u;)
Z%[Pr(m > 12 > n3lur = Up, ug = uy, uz = uy) + Pr(ne > n1 > nslur = up, up = up, us = u;)

+ Pr(ns >ne > nilur = up, ua = uy, uz = uy))
:% : %[Pr(ﬂl > 12 > M3lur = up, us = up,uz =) + Pr(ng > ns > ne|ur = up, us = uy, uz =)
+Pr(ne > m1 > nslur = up, up = g, uz = ;) + Pr(ns >n1 > nalur = up, ug = w, uz = w;)

+PI‘(773 > Up) > 771|'U:1 = Up, U2 = U, U3 :’U,l) +PI‘(’I72 27’]3 > 771|’LL1 = Up, Us = Uy, U3 :Uz)]

Hence

Pr(uy =up|n =12 > n3)
=pn[p? + 6pnp (Pr(n1 > n2 > nalus = up, us = up, uz = u;) + Pr(ng > 12 > ns|us = up, ug = vy, us = uy))
+ 6p;Pr(n > n2 > n3lur = up, u2 = g, uz = )|
>pu [Py + 2pnpr + 7]
=Pn
O

Proof of Lemma S.3 This lemma is proved by the following example.
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EXAMPLE S.1. Consider a case where ng =5, u;, =6,u; =2, and p, =0.1. Let F' be such that F(z) =0,z <
04,F(2)=0.6,04<xz<25,F(z)=1,2>25. As prun +pu; = 2.4, pr(u, —u;) = 0.4, the numbers of consumers
who are willing to perform the first search and the second/third search when prior searches reveals low-value
products are both 3. Consider the sales realization 7, =12 =n3 = 1. Notice that as all the three consumers in the
first period are willing to perform the second or the third search when the products revealed are of low value, a
low-value product has no sales in the first period when there is at least one high-value product. Consequently,
the realization of (1,1,1) sales indicates that either all products are of high value, or all products are of low

value. As the three products have equal sales, the belief that either product is of high value is

Pr(ui =up|lm=1,m2=1,n3=1)
_ Pr(uy=up,m=1,p=1,m3=1)
Pr(nl = 15772 = 17773 = 1)

We have
Pr(ui =up,mm=1,m2=1,m3=1)
=Pr(u; =up, s =up,uz =up, 1 =1,m2=1,m3 =1) + Pr(us = up,us = up,uz =u;,m =1,m=1,m3=1)
+ Pr(ur =upn,us =uj,ug =up,mm =1,m2=1,m3=1) + Pr(u; = up,us =uj,uz=u;,m =1,m=1,m3=1)
=Pr(us = up,uz =up,uz =up) - Prim =1,m2 =113 = L|jug = up,us = up, us = uy)
=0.1*-2/9
=0.00022
and
Pr(uy=u,m=1,m=1,m13=1)
=Pr(u; = uj,uz =up,uz =up,mn =1, =1,m3=1) + Pr(us = wj,us = up,uz =u;,mm =1, =1,m3=1)
+Pr(us =u,us =up,uz =up, = 1,m=1,m3=1) + Pr(us = uj,us = uj,uzg =u;,m =1L,me=1,n3=1)
=Pr(u; =uj,us =uj,uz =) - Pr(n =1,my=1,n3 = Ljug = wy, e = uy, uz = ;)
=0.9%-2/9
=0.162
where Pr(n = 1,m2 = 1,n3 = lug = up,us = up,uz =up) =Pr(n =1,m = 1,m3 = Ljug = w,us = ug,uz = wy) =
2/9 as this is the probability that the three consumers purchase different products. This is the probability that
the second consumer purchases a product that is not purchased by the first consumer and the third consumer

purchases the product that is purchased by neither of the first two consumers, which is 1/3-2/3=2/9.
It follows that

77 (1,1,1) =Pr(us =uplm =1,m2=1,m3=1)
Pr(u; =up,mm=1,m=1,n3=1)
Pr(m=1,m=1,m3=1)
000022
~0.00022 +0.162
=0.0014

Hence 7¥(1,1,1)<p,. O
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Proof of Proposition S.5 The following example shows that the expected sales can be lower due to learning
through volume information. Let u;, = 10, u; =0, and p, =0.1. Let the search cost be uniformly distributed on
[0.5,1] and suppose that there are 3 consumers in the first period and 7 consumers in the second period. Then
as ppup + piuy = pr(up —uy) =1, all consumers in the first period are willing to perform the first search or the
second/third search when the prior search reveals a low-value product. When no sales information is released,
all second-period consumers search and purchase and the expected sales in the second period is 7.

When volume information is released, there is a positive probability that the sales in the first period is 1,1, 1.
By the same calculation as in Example S.1 (in proof of Lemma S.3), we have 7}(1,1,1) = 0.0014. Moreover, a
same proof as in Example S.1 shows that all the three products must be of the same value as all products have
positive sales. Thus, if the first search reveals a low-value product, then all the products are of low value and
no second-period consumer would perform the second or the third search. As 7¥(1,1,1)u, + (1 —7¥(1,1,1))u, =
0.0014-10 < 0.5, no second-period consumer performs the first search. It follows that the expected sales in the
second period is lower than 7 when sales volume information is released. Therefore the expected sales under
volume information is lower than that of no sales information, i.e., this finding in the base model is robust under

three products. [

Proof of Proposition S.6 Let i,j be such that i > j > n; —i — j. The belief under volume information when
the sales are 7,j,ny —¢—j is

Pr(ui =wup,m =i,m2=4,m3=n1 —1—j)
Pr(nl :ian2:jvn3:n1_i_j)

Pr(ui =un|lm =i,m=j,n3=n1—i—j)=

and
EPr(ur =uplm =i,m=j,m13 =n1—1—j)]
= ZiZ]’ZVM —i—j Pr(771 = iv T2 = ja N3 =mn1 — (s ]) ’ Pr(1;1YT:1}7=,7Z]»17;ZZ?;L’:]ESl::Zi;;_J)
Pr(n >n, >n3)
Zi>'>n —i—'Pr(ul =up, M =0,N=7J,n3=n1—1—j)
_ Z2J)=2n1 J
Pr(n >mn2 > n3)
_ Pr(uy =up,m >m2 >n3)
Pr(ny > 12 >n3)
=Pr(ui =up|n >n2 >n3)
O

SC. Asymmetric Products

In the base model we assume that the two products are ex ante symmetric. This is a baseline situation for two
products that are considered close substitute to each other. In this extension we consider a generalized setting
where the two products are ex ante asymmetric with different prior probabilities of being high value.

Without loss of generality we assume that product 1 (resp. product 2) is believed ex ante to be of high
value with a higher (resp. lower) probability. For expositional convenience, hereafter we may refer to product 1
(resp. product 2) as the more (resp. less) promising product. Let py,pa2 (p1 > p2 > 0) be the prior probabilities
that product 1 and product 2 are of high value, respectively. The probabilities p1,ps are public knowledge and
common prior beliefs shared by the consumers and the platform. All other assumptions remain the same as in

the base model. We first analyze the generation of bestseller information in the first period.
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SC.1. First Period
We start by analyzing consumers’ optimal search and purchase strategy in the first period. The following lemma

characterizes the optimal search and purchase strategy for a first-period consumer.

LEMMA S.6. In the first period, if a consumer decides to search a product, it is optimal to search product 1
first. Moreover, a consumer performs the first search if and only if s < pru, + (1 — p1)u, and the second search

if and only if product 1 is revealed to be of low value and s < pa(uy, — ;).

Unlike in the base model where an early consumer’s first-search choice is completely random, in the extended
model it is always optimal for a first-period consumer to search product 1 first as it is more likely to be of high
value than product 2. Therefore, the threshold for the first search is determined by p;, the prior that product 1
is of high value, while the threshold for the second search is determined by ps, product 2’s prior of being high
value. When the two products are symmetric, i.e., p; = pa = pp,, a first-period consumer’s optimal search and
decision strategy is the same as in the base model.

As in the base model, let ng be the number of first-period consumers, n; := |ngF (prus + (1 — p1)w;) ], and
m = |noF(p2(un —w;))]. That is, n; and m are the number of consumers willing to perform the first and the
second search in the first period, respectively. We refer to the m consumers with search cost s < pa(uy — ;)
as the low-cost consumers and the ny —m consumers with search cost pa(un, —w;) < s <pjup + (1 —p1)u; as
the high-cost consumers. As in the base model, the m low-cost consumers make “informed” purchases as they
are willing to perform the second search if the first search reveals a low-value product, while the purchases
made by the n; —m high-cost consumers are “uninformed” as these consumers only search once. The following

proposition characterizes the sales distribution in the first period.

PROPOSITION S.7. The sales distribution in the first period is characterized as follows:

(i) conditional on product 1 being of high value: product 1 has sales ny and product 2 has sales zero;

(ii) conditional on product 1 being of low wvalue and product 2 being of high wvalue: the ny —m high-cost
consumers purchase product 1 and the m low-cost consumers purchase product 2;

(i1i) conditional on both products being of low value: the ny —m high-cost consumer purchase product 1 and

the m low-cost consumers purchase either product with equal probabilities.

Proposition S.7 implies that the first-period sales of product 1 is at least n; —m. This is true even under the
case where product 1 is of low value and product 2 is of high value. The reason is as follows: since a first-period
consumer always searches product 1 first (if she ever searches) and the n; —m high-cost consumers never perform
the second search, the n; —m high-cost consumers always purchase product 1, regardless of its value. This
result differs from that in the base model (where each high-cost consumer randomly picks a product to search
and purchase) and bears two important consequences. First, product 1 has a higher probability of being the
bestseller compared to product 2, even under the case where both products have the same value. Consequently,
sales ranking information may become less informative, which we shall elaborate in the next subsection. Second,
since the high-cost consumers’ purchasing actions are perfectly predictable to the second-period consumers,
the latter ones are also able to deduce from the sales volume the purchasing actions of all the low search cost
consumers. Thus, compared to that in the base model, sales volume information can become more informative

about the product values, as we shall detail in the next subsection.
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Another interesting observation from Proposition S.7 is that, conditional on some realizations of the product
values (e.g., the realizations specified in parts (i) and (ii) of Proposition S.7), the first-period sales is deterministic.
This is in stark contrast with the results in the base model and, as we shall show, has important implications
on learning through sales volume information.

Before proceeding to the second-period analysis, we note that, when m =0, none of the consumers performs
the second search in the first period and, thus, the second-period consumers cannot derive any information

about product values from either sales ranking or volume of the first period. Hence hereafter we assume m > 0.

SC.2. Second Period
Given first-period consumers’ optimal search and purchasing strategy, we investigate consumers’ optimal search
and purchase strategy in the second period where the first-period sales information is publicized. Separate
analysis for sales ranking and volume information are provided below.
Ranking Information

We start by considering the case where the platform releases sales ranking information. Let 77 (i) denote the
posterior belief that product ¢ is of high value when product ¢ has a higher sales ranking. There are two different
cases depending on the values of n; and m.

Case 1 n; —m > m: In this case the number of high-cost consumers exceeds that of the low-cost consumers.

As all of the high-cost consumers purchase product 1, it follows that product 1 always has higher sales ranking
than product 2, regardless of the purchasing decisions of the m low-cost consumers. In this case, the posterior
beliefs are such that 77 (1) =p; and 77(2) = ps.

Case 2 n; —m < m: In this case it is possible for product 2 to have higher sales ranking than product 1. Let

77 (1) (resp. 77(2)) be the belief that product 1 (resp. product 2) is of high value under ranking information
when product 1 (resp. product 2) has higher sales ranking. We have the following proposition.

PROPOSITION S.8. Assume m > 0. When ny —m < m, it is optimal for a second-period consumer to first
search the product with higher sales ranking and the belief that the bestseller is of high value is higher than the
prior belief, i.e., (1) > p1 and 77 (2) > ps.

Proposition S.8 echoes its counterpart in the base model and confirms the robustness of two key results. First,
sales ranking directs the second-period consumers’ first search and the product with higher sales ranking is their
preferred choice for first search. To see the rationale behind this result, consider two cases: if product 1 has
higher sales ranking, the belief is sustained about it more likely to be of high value than product 2. Therefore,
same as the first-period consumers, the second-period consumers search product 1 first. On the other hand,
if product 2 is the bestseller, the second-period consumers know that product 1 cannot be of high value (as
otherwise, by Proposition S.7 all of the consumers should have purchased product 1, and, thus, product 2 cannot
have higher sales ranking). Hence, it is optimal to search product 2 first.

Second, ranking information enhances the belief that the product with higher sales ranking is of high value.
The intuition is similar to that under symmetric product. Specifically, if product 1 has higher sales, the second-
period consumers are more confident about product 1 being of high value as the probability for product 1 being
the bestseller is higher when it is of high value than when it is of low value. Similarly, given that product 2 is

ranked higher, the second-period consumers’ belief about product 2 being of high value is higher than the prior
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belief. In particular, as the n; —m high-cost consumers always purchase product 1, the fact that product 2 has
higher sales ranking than product 1 increases the belief about product 2 being of high value as the probability
for product 2 overselling product 1 is much lower when product 2 is of low value than when it is of high value.
Volume Information

We now proceed to sales volume information. Recall that in the first period, all of the high-cost consumers
purchase product 1. Thus, the low-cost consumers’ purchasing actions in the first period can be fully deduced
when sales volume information is released. Specifically, the following proposition characterizes a second-period
consumer’s posterior belief under different realization of first-period sales, where x denotes the first-period sales
of product 1 and k;(z) and ka(x) denote the posterior beliefs that product 1 and product 2 are of high value,

respectively, when the first-period sales of product 1 is realized to be .

PRrROPOSITION S.9. Assume m > 0. Under sales volume information, a second-period consumer’s posterior
belief and optimal first-search product choice are as follows:

(i) When the sales for product 1 is ny —m (i.e., x =ny —m), ki(ny —m) =0 and ka(ny —m) > pa. It is
optimal for the second-period consumer to first search product 2 if she decides to search;

(i1) When the sales for product 1 is strictly between ny —m and ny (i.e., ny —m <x <ni), k1(x) =0 and
ka(x) =0. The second-period consumer is indifferent between first searching product 1 and first searching product
2 if she decides to search;

(i1i) When the sales for product 1 is ny (i.e., x=n1), k1(n1) >p1 and ka(n1) <ki(n1). It is optimal for the
second-period consumer to first search product 1 if she decides to search.

Moreover, if the first search reveals a low-value product, the unsearched product is of low value for sure and none

of the second-period consumers performs the second search.

Proposition S.9 implies that product asymmetry can enhance the informativeness of sales volume about the
product values. This implication is reflected in two important aspects: first, sales volume may perfectly reveal
a product’s value under asymmetric products, but this never occurs when products are symmetric ex ante; and
second, product asymmetry eliminates the consumers’ need to perform a second search in the second period
when sales volume information is available.

The first aspect is evidenced by parts (i) and (ii) of Proposition S.9, which are driven by an earlier observation
(following Proposition S.7) that under asymmetric products, the sales distribution is deterministic conditional
on certain product value realizations. The deterministic sales realization allows the consumers to draw a perfect
inference about a product’s value: for example, since product 1’s first-period sales is n; for sure if product 1 is of
high value, consumers deduce that product 1 is of low value if they observe any sales realization other than n;.
Such an inference is never possible for the case of symmetric products because under symmetric products, the
sales distribution conditional on any value realization is never deterministic. In particular, recall from the base
model that the case of the products sharing high values and that of sharing low values lead to the same sales
distribution G, (z) and the corresponding density g.(z) is positive for any sales realization x between zero and
n1. That is why none of the possible sales realizations allows for perfect inference of product values, since sales
volume never enables the consumers to eliminate the possibility of two products being of equal values and, given

identical product values, it never enables them to perfectly infer the exact (common) value of the products.
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The second aforementioned aspect is elaborated in the last sentence of Proposition S.9. In particular, sales
volume and discovery of a low-value product in a first search jointly imply low value of the unsearched product
and, thus, a second search is never worthy. This is because, as the m low-cost consumers’ purchasing choices are
fully deducible, the second-period consumers learn from their purchases and always search a high-value product
first if two product values differ from each other. This result can be elucidated by considering three scenarios:
if all of the low-cost consumers purchase product 2 (i.e., part (i) of Proposition S.9), it implies that product 1
is of low value as otherwise the low-cost consumers would have purchased product 1 through their first search
and, thus, the second-period consumers first search product 2 and never search product 1; if all of the low-cost
consumers purchase product 1 (i.e., part (iii) of Proposition S.9), it implies that either product 1 is of high value
or both products are of low value. Hence, the second-period consumers first search product 1 and never need to
search product 2 because if product 1 turns out to be of low value, so is product 2; if the low-cost consumers’
purchases are split between two products (i.e., part (ii) of Proposition S.9), it implies that product 1 is of low
value as otherwise all of the low-cost consumers would have purchased product 1 through their first search. It
also further implies that product 2 is also of low value as otherwise all of the low-cost consumers would have
purchased product 2 through their second search. Thus, each second-period consumer randomly picks a product

to search and purchase.

Furthermore, as exemplified by part (ii) of Proposition S.9, the second-period consumers’ belief for either
product being of high value is sometimes lower than the prior belief. Hence, same as in the base model, sales
volume information may hurt the platform and lead to lower expected sales in the second period when the two

products are asymmetric. Proposition S.10 follows.

PRrROPOSITION S.10. There exist problem instances where sales volume information reduces the expected total

sales in the second period.

SC.3. Nwumerical Illustration

We now numerically illustrate the impact of sales information (either ranking or volume) on the second-period
expected sales under asymmetric products. As in the base model, we assume that the search cost density
is bimodal: F(z) = (a+ (1 — a)®((z — p)/0))I(xz > 0), where ®(-) is the cumulative distribution function for
the standard normal distribution and I(-) is the indicator function with o =0.08, p=4.5 and o = 1.5. Other
parameter values are: the total number of consumers in the two periods n = 100, the number of consumers in the
first period ng = 20, u, =4, and u; = 0. Table S.6 shows the expected sales in the second period under different

sales information and various values of p; and ps with p; = py + 0.

Table S.6 Impact of 6 on total expected sales in the second period: ©=4.5,0 =1.5,n=100,up, =4,u; =0, =0.08
6  Ranking Volume No Info. Opt. Info. | Ranking Volume No Info. Opt. Info.
0.05  20.29 18.56 9.04 Ranking 22.49 20.79 9.92 Ranking
0.1 21.41 19.83 9.92 Ranking 23.54 22.01 11.01 Ranking
0.15  22.56 21.14 11.01 Ranking 19.65 23.25 12.34 Volume
0.2 18.76 22.47 12.34 Volume 21.19 24.51 13.95 Volume
0.25  20.37 23.82 13.95 Volume 22.80 25.79 15.86 Volume
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We first observe from Table S.6 that, same as in the base model, either ranking information or volume
information can be optimal for the platform. Furthermore, the expected sales in the second period increases in
0 under either no information or volume information. This is intuitive: a higher § implies a higher prior belief of
product 1 being of high value, and, thus, the second-period consumers are more willing to search and purchase.

Another interesting, and perhaps surprising, observation from Table S.6 is that the second-period expected
sales sometimes decreases in § when the platform releases sales ranking information. This is counter-intuitive, as
it implies that the second-period consumers are more reluctant to search and purchase when product 1 becomes
increasingly likely to be of high value. To see the logic behind the result, recall that under asymmetric products,
in the first period the number of low-cost consumers is determined by ps while the number of consumers making
purchases (i.e., the low-cost and high-cost ones) is determined by p;. Therefore, when p; increases (due to a
higher §) and p, stays the same, the number of low-cost consumers remain the same and the number of high-
cost consumers increases. Consequently, the proportion of consumers who make informed purchases in the first
period drops and, thus, sales ranking information can become less informative, leading to lower expected sales
in the second period as ¢ increases. Notice that this does not occur for sales volume information (as we observed,
the second-period expected sales increases in § under volume information). This is because, with sales volume
information, the purchasing decisions of the high-cost consumers do not make an impact on the second-period
consumers as the low-cost consumers’ purchases are fully deducible.

The effects discussed so far also suggest that volume information is increasingly likely to outperform ranking
information (in terms of higher second-period sales) when the expected value of the more promising product

increases, as we also observe from Table S.6.

SC.4. Appendix

Proof of Lemma S.6 As product 1 is more likely to be high type than product 2, Lemma S.1 implies that it is
optimal for a first-period consumer to search product 1 first. If product 1 is revealed to be of low value, then the
consumer considers searching product 2. The utility of purchasing a low-value product is u; and the expected
utility of searching product 2 is pauy + (1 — pa)u; — s. Therefore a consumer performs the second search if and

only if s < ps(uy, —u;). For the first search, the expected utility of first search is
prupy + (1 — p1) max|uy, pouy, + (1 — p2)u; — 8] — s.

Therefore a consumer performs the first search if and only if pyuy, + (1 — p1) max|u,, pouy + (1 —pa)u; — | — s >0,
which is s <pyup + (1 —p1)u; (as pa <pp). O

Proof of Proposition S.7 For the n; — m high-cost consumers, they only search once. As it is optimal to
search product 1 first, these consumers purchase product 1 for sure. For the m low-cost consumers, they also
search product 1 first. If product 1 is of high value, then they purchase product 1 and will not perform the
second search. If product 1 is of low value, then they search product 2. If product 2 is of high value, they
purchase product 2. If product 2 is also of low value, then they randomly choose a product to purchase. The

proposition is proved by summarizing the above arguments. [J
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Proof of Proposition S.8 Let s, s, be the first-period sales of product 1 and product 2 and 7,7, be the
event that product 1 and product 2 has higher sales ranking, respectively. First consider the case that product

1 has higher sales ranking. The belief that product 1 is of high value is

w7 (1) =Pr(u; =uplry)

PI‘(’U,l = Up, 7"1)

Pr(ry)
_ Pr(u; =uy)
~ Pr(s; > s9) + Pr(s; = s3)/2
_ D1
"~ Pr(s; > s2) +Pr(s; =s2)/2

>P1

where the third equality follows from Proposition S.7. Similarly, the probability that product 2 is of high value

when product 1 has higher sales ranking is

7" (1) =Pr(uz = uplr1)
Pr(us =un,r1)
Pr(rq)
Pr(ui; = up,us =up,r1) + Pr(us = u, ue = up,r1)
Pr(s; > s2) + Pr(s; =s2)/2
_ Pr(ry|uy = up, us = up) - Pr(uy = up, ug = up) + Pr(ry|un = up, up = up) - Pr(uy = uy, us = up)
B Pr(s; > s2) +Pr(s1 =s2)/2

When ny —m < m,

Pr(ry|ur = up,ue = up) - Pr(us = up, ua = uyp,) + Pr(r|us = w, us = uyp,) - Pr(ug = uy, us = uy)
Pr(s; > s2) + Pr(s; =s3)/2

P1pP2
"~ Pr(sy > s2) +Pr(s; = s2)/2
< D1
Pr(s; > s2) + Pr(s; =s3)/2

when n; —m=m,

Pr(ri|ur =up,uz =up) - Pr(uy = up,us = up) + Pr(ri|us = uy, uas = up) - Pr(ug = uy, us = up,)
Pr(sy > s2) + Pr(s; =s2)/2

p1p2 + (1 —p1)p2/2
~ Pr(sy > s2) +Pr(s; =s2)/2
< D2
Pr(s; > s2) + Pr(s; =s3)/2
< D1
Pr(sy > $2) + Pr(s; =s2)/2

Therefore 77, <« and it is optimal for consumers to search product 1 first.
Next consider the case where product 2 has higher sales ranking. By Proposition S.7, product 1 is of low

value as otherwise it would have higher sales ranking. The belief that product 2 is of high value is

71(2) = Pr(us = us|re)
Pr(us = up,re)
Pr(ra)
Pr(us = up, r2)

Pr(us = up,r2) + Pr(us = u;, r2)
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Pr(u; = w;,us = up, r2) + Pr(us = up, us = up,r2)

Pr(u; = w;,us = up, r2) + Pr(us = up, uz = up,ra)
+Pr(us = up,ue =y, r2) + Pr(us = up, uz = uy,72)

Pr(u; = w;, us =up,r2)

Pr(ul = Uy, U2 = Up, 7'2) + Pr(u1 = Uy, Uy = Uy, 7‘2)
= Pr(ra|uy = up, up = up) - Pr(uy = uy, us = up)
PI‘(T2|U1 =Up, U2 = uh) 'Pr(ul = U, U2 = Uh) -+ Pr(r2|u1 = U, Uy = Ul) -Pr(ul = Uy, Uy = Ul)

When ny —m < m,

Pr(ra|ur = uj, us = up) - Pr(ug = uy, us = up,)
Pr(ra|ur = wy, ue = uy) - Pr(us = uy, ug = up,) + Pr(re|uy = wy, us = wy) - Pr(us = uy, ug = ;)

_ (1 —p1)p2
C (T=p1)p2+ (1 —=p1)(1 — p2)Pr(ra|ur =y, uz = wy)
(1 —p1)p2
(L=pi)p2+ (1 =p1)(1 —p2)

= D2

when n; —m=m,
Pr(rajus = w,ue = up) - Pr(us = uy, us = uy,)
Pr(ra|ur = wj,us =up) - Pr(ug = uy, ug = up) + Pr(rajus = up, us = wy) - Pr(us = uy,us = w)

_ (1—=p1)p2/2
(1 =p1)p2/2+ (1 —p1)(1 — p2)Pr(rafus = s, up = uy)
(1 =p1)p2
(L=p)p2+ (1 —p1)(1—p2)

= D2
Hence it is optimal to search product 2 first when product 2 has higher sales ranking. O
Proof of Proposition S.9 First consider the case x =mn; —m. Recall that we have shown that when product
1 is of high value it has sales n;. Thus, in this case product 1 is of low value. Hence, it is optimal to search
product 2 only. The belief that product 2 is of high value is

ka(n1 —m) =Pr(us =us|s1 =n1 —m)

Pr(us =un, 81 =n1 —m)

Pr(s; =ny —m)
Pr(u; =u;, us =up, 81 =ny —m)
Pr(u; = w;,us = up, $1 =n1 —m) + Pr(uy = uj, us = u;, 81 =ny —m)

_ (1—-p1)p2
(I—=p)p2+ (1 —p1)(1—p2)-(5)™

< (1—=p1)p2
(1=p1)pz+ (1 =p1)(1 —p2)

= D2

The fourth equality follows from Pr(u; = u;,us =, $1 =n1 —m) = Pr(us = uj,us = u;) - Pr(s; =ny —mlu; =
w,up =) = (1—p1)(1—p2)-(3)™ as each of the m low-cost consumers purchase product 2 with probability 1/2
when both products are of low value and the overall probability for all these m consumers to purchase product
2 is ( %)m (recall that all the high-cost consumers purchase product 1).

Now, consider the case n; —m < x < n;. Similar to the previous case, as x < ni, product 1 is of low value. If
product 2 was of high value, then by Proposition S.7 it would have sales m. Therefore, product 2 is also of low

value. That is, k1(n1 —m) =0 and k2(n; —m)=0. In this case, there is no need to perform a second search.
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We now proceed to the case x =n;. By Proposition S.7, this happens only if either product 1 is of high value
or both products are of low value. The belief that product 1 is of high value is

k1(n1) =Pr(us = up|s1 =nq)
~ Pr(uy =up, 51 =n1)
Pr(s; =nq)
Pr(u; = un, 1 =n4)

Pr(u; =up,s1 =n1) + Pr(u; =u;, 81 =ny)

_ D1
pi+(1—p1)1—p2)-(3)™
> D1
p1+(1—p1)

=P

For the fourth equality, notice that Pr(u; =, $1 =n1) =Pr(us = uy, ua = up, 51 =n1) + Pr(us = uy, us = uy, 81 =

n1). By Proposition S.7, Pr(u; = u, us = up,,$1 =n1) =0 and we have Pr(u; = uj, us = uy, 81 =n1) = Pr(ug =

up,ug =) - Pr(sy =nqjur = u,us =w) = (1 —p1)(1 —p2) - (%)m as each of the m low-cost consumers purchase

product 1 with probability 1/2 when both products are of low value and the overall probability for all these m
consumers to purchase product 1 is (%)m (recall that all the high-cost consumers purchase product 1).

The belief that product 2 is of high value is

kg(nl) = PI'(UQ = Uh|81 = nl)
PI‘(’U,Q = Up,S51 = nl)
Pr(s; =mnq)

Pr(u; = up, ug = up, 81 =n1)

Pr(uy = up, uz = up, s1 =n1) + Pr(us = up, ue = uy, $1 =n1) + Pr(ug = uy, us = uy, 81 =n1)

_ P1Pp2

pp2+p1(1—p2) + (1 =p1)(1—p2)-(5)™
_ P1Pp2

prt+ 1 —p)A—p2)-(5)™

<ki(n1)

If product 1 is revealed to be of low value, then product 2 is also of low value as otherwise product 1 would
have sales n; — m. Therefore no consumer performs the second search. [

Proof of Proposition S.10: Let S; be the expected sales in the second period when no sales information is
released and S, be the expected sales in the second period when sales volume information is released. We prove
the proposition by constructing the following instance. Let uw, = 5,u; =1, p; = 0.6 and py = 0.4. Let ny be the
number of consumers in the second period and set ng =4 and ny = 10. Consider a distribution F' such that
F(z)=1for £ >2 and F(z)=0.5 for 0 <z < 2. Then n; =m =4 and the expected sales in the second period
with no information is S, = 10. If sales volume information is released, then there is a positive probability that
the first-period sales for product 1 is strictly between n; —m and n;, under which case the sales in the second
period is na - F'(u;) = 5, by Proposition S.9 (ii). It follows that the expected sales in the second period when

sales volume information is released is lower than 10. So S, < S and the proposition is proved. [
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SD. More Than Two Levels of Product Value

In the base model model, we focus on the setting where either product’s value can be of two different levels, u; and
up,. The bi-valued product-value (or quality) model is commonly adopted in social-learning literature (e.g., Yu et
al. 2016) as it allows learning process to be captured by a single variable (i.e., probability of high quality /value),
and thus facilitates the analysis. With more than two quality (or value) levels, a posterior belief needs to be
evaluated for each level, which significantly complicates Bayesian learning. In the context of our model, the
analysis is further complicated by the presence of multiple products and consumers’ sequential product search:
the former indicates that the beliefs about each value are to be updated for each product, and the latter implies
that the belief updating occurs repeatedly, after each search. In particular, under a much expanded state space
(consisting of beliefs for each value of each product), consumers’ decisions on which product to search first and
whether to perform a further search become much more complex as the number of product-value levels increases.

In this extension, we consider the case where either product’s value can be one of N different levels with N > 2.
More specifically, either product is of a value in the set {v1,va,...,ux} Wwith 0 < v; <wvg < ... <wvy. We assume
that the probability for either product taking value v; is p; with vazl p; =1, which is a common knowledge to
the platform and consumers. As in the base model, we assume that the two products’ values, u; and u,, are
independently distributed. For the sake of exposition, in this extension we let Zf:j f@)=0 for j > k for any
function f(i).

SD.1. First Period

We first analyze consumers’ search and purchasing behavior in the first period. Lemma S.7 follows.

LEMMA S.7. A consumer performs the first search if and only if s < Z;V:l p;v;. If the first search reveals a

product with value v;, then the consumer performs the second search if and only if s < Z;\’:Hl pi(v; —v;).

Lemma S.7 identifies the threshold for a first-period consumer to perform the first and the second search,
respectively. The overall structure is similar to that in the base model, but as a product’s value is of n different
levels, the threshold for second search is more complicated.

Next, we analyze the purchasing behavior of a first-period consumer. Suppose now that u; = v;, us = v;. If
v; = v;, then the two products are symmetric and a first-period consumer purchases each product with equal
probabilities. If v; < v; and the consumer searches product 1 first, then the consumer purchases product 1
directly if s > Z:’:iﬂpk(vk —v;) and performs the second search when s < Z:’:Hl pr(v, —v;). If the consumer
performs the second search, then he purchases product 2. Alternatively, if the consumer searches product 2
first, then he purchases product 2 directly if s > Zi\’:j 41 pr(vy —v;) and performs the second search when
s < E]kvsz pr(vx —v;). After the second search, the consumer still purchases product 2. Therefore, if v; <wv;, a
first-period consumer purchases product 2 for sure if s < Zi\]:z 41Dk (v, — v;) and purchases either product with
equal probability if s > E]kvziﬂ pr(vx —v;). The case where v; > v; is symmetric.

So, for any given pair of values (v;,v;), the sales distribution is similar to that in the base model. Specifically,

we have the following proposition.
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PROPOSITION S.11. Define ny := |ng - F(Z;.V:lpjvj)J and m; = |ng - F(Z;.V:i+1 pi(v; — ;)] for given v,.

Suppose the value of the two products are v; <v;. For x € [0,n1] and

gs(x) := Binomial(z,n1,1/2),

g (z) := Binomial(x — m;,ny —my, 1/2) if £ >my, and 0 if z <m,,

where Binomial(x,y,p) is the probability that among y independent trials, x of them succeed, where the proba-
bility of success is p. Let G,(z) and G*.(z) be the cumulative distribution functions corresponding to g,(z) and
gi(x), respectively. Let G,(z):=1—G(x) and Gi(x) :=1—Gi(x).
(i) If v; =v;, the sales of either product follows distribution G,(x);
(ii) If v; < v;, the sales of the higher-valued (resp. lower-valued) product follows distribution G (x) (resp. G* (ny —

If the products share a common value, the sales of either product follows the distribution G,(+). If the products
have different values, the sales distribution of the higher-valued product is G% (), where the number of consumers

performing the second search is determined by the value of the lower-valued product.

SD.2. Second Period
Next, we consider consumers’ beliefs in the second period. We focus on the case where n; is odd. The case of
even ni can be analyzed similarly as in the base model.

As in the base model, we assume without loss of generality that product 1 is the bestseller product. Let
H?(vi,x) and HY,(v;, ) be the beliefs that product 1 and product 2 have value v; when product 1 has sales
x, respectively. Let Hj(v;) and H”(v;) be the beliefs that product 1 and product 2 have value v; respectively,

when product 1 has higher sales. Lemma S.8 follows.

LEMMA S.8.
H(on, ) = g;v(a?) P+ ]gvi(w) -Ef;i Prp; + gii(mN— w).- P (i p]-)N
9s(@) - D, PP+ 200 2m 93(2) pipy + 20 gu(na — ) i (B0, Py)
Y (0n,2) = 9:(m — ) P} + g2l — ) PUSYLS ARG -_(zjikﬂpj)N
go(ma —x) - 32 P+ 300, 2 9 — @) pipy + 20,0, i) e (D 1)
and
k—1 N
Hi(vi) =2pi - (p - Gs(n1/2) + Z Gl (n1/2)p; +Gi(na/2) - ( Z ;)
=1 j=k+1
k—1 N
H”y(vr) =2pi. - (pi - Gs(n1/2) + Z Gl (n1/2)p; + Gy (na/2) - ( Z ;)
=1 j=k+1

Next, we consider second-period consumers’ beliefs after the first search. Let HY (v;, z|u; =v;) be the belief
that product 2 has value v; when product 1 has sales « and value v;. Similarly, let H”,(v;,x|us = v;) be the
belief that product 1 has value v; when product 2 has value v; and product 1 has sales x. Let Hj(v;|u; =v;) be
the belief that product 2 has value v; when product 1 has higher sales and value v; and let H",(v;|us = v;) be
the belief that product 1 has value v; when product 2 has value v; and product 1 has higher sales. Lemma S.9

follows.
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LEMMA S.9.
Pip;gs(z) ; _
= - if v, =,
pf~g.e(x)+2{€:11 pjpwg’j(x)frZiV:Hl pjpK-ga(ni—) f v 7
v Pipjge () .
. —.) = — ~ i v, <U;
H, (U“xml UJ) pf‘gs(w)ﬁ-z‘}c:ll pipr gk (@) +300 ;41 pipe-gh (n1—2) f o 7
Pipj g3 (n1—x) ;
—— = i v; > Vs,
p2-95 (2)+ 30} pipk-gk (@) + TN ) pipk-gh(n1—2) foi>v;
Pipjgs(ni—z) . _
7= . if v, =v;
p2-gs(n1—2)+30 7] P9k (ni—2)+3°50 ;) pypkegd(x) f i 7
v PiPjgq(n1—x) ;
. =)= — - i v, <U;
HY o (vi, |uz ’U]) pf'gs(nlfw)ﬁ-z‘}c:ll piprgl (n1—2)+30 541 pipr-a (2) f 7
pipjgi () ;
- r i v; > Vs,
pf-gs(n1—x)+2{€:11 pjpk-gk(n1—2)+3 00, pipk-g4(2) f i 7
and

_ pip;Gs(n1/2) i} ZfU =V
Pf'Gs(n1/2)+Zi;11 Pij'éﬁfﬁ1/2)+EkN:j+1 p;pr-Gh(n1/2) ¢ 7
, pipj Gy (n1/2) ;
. —.) = — = v if v, < U;
Hj (viluy ’U]) pf-Gs(m/Q)JrZ{c:llp]pk-G’;(m/2)+Zﬁ=J+1p]ka{L(m/?) f i 7
pipj Gy (n1/2) .
- — = - 1f v; > U;.
Pf'Gs("1/2)+Zf€=11 Pij'Gg(n1/2)+E£V:j+1 p;jpr-Gh(n1/2) f ¢ J
pip;Gs(n1/2) _ if vi=v,
Pf'Gs(n1/2)+Zi;11 PGl (n1/2)+30 4 pipk-Ga(n1/2) ¢ 7
” pipj Gy (n1/2) .
. =) = = = if v; <V;
Hy(vifup = v;) 3G (n1/2)+ 02 ppk-GE(n1/2)+ 50 1y pjp-Gh(n1/2) o <vj,
pip; Gl (n1/2) ;
o if v; > ;.

P2-Gs(n1/2)+ 5202 pipeGE(n1 /2420 1 pipk-Ga(n1/2)

Lemmas S.8 and S.9 show that when products’ value is of N different levels, the second period belief updating
is much more complicated than that in the base model as consumers have to form beliefs for each product to
take valuation v;. The beliefs after the first search are even more involved as consumers may perform the second
search when the first search reveals a value lower than vy, which is of N — 1 possibilities. In contrast, in the
base model a consumer only performs the second search when the first search reveals a low-value product.

Proposition S.12 shows that as in the base model, the belief under sales volume information is a mean-

preserving spread of the belief under sales ranking information.
PROPOSITION S.12. Hy(v;,x) is a mean preserving spread of H{ (v;),V1<i< N.

We further prove in Proposition S.13 that, under ranking information, the posterior belief for the bestseller’s

value is first-order stochastically higher than that for the other product.
PROPOSITION S.13. We have Y| H” (v;)v; < 33| Hi(v;)v;.

SD.2.1. Second Period Sales In this subsection, we compare the expected sales in the second period
and show that our findings in the base model remain robust.

Let Sy, S,, and S, be the expected sales in the second period with no sales information, with sales ranking
information, and with sales volume information, respectively.

Proposition S.14 shows that sales ranking information always leads to higher second-period expected sales

compared to no sales information.
PropoOSITION S.14. We have S, > Sy.

Therefore, as in the base model, it is never optimal to release no sales information and the platform always
benefits from offering sales ranking information.
Next, we compare the expected sales under ranking and volume information. Proposition S.15 shows that,

between ranking information and volume information, either one can lead to higher second-period sales.
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PROPOSITION S.15. There exist instances such that S, > S, and S, > S,.

Thus, as in the base model, either sales ranking information and sales volume information can be optimal for

the platform and our main findings remain robust when products’ value is of IV different levels.

SD.3. Appendix

Proof of Lemma S.7: As the two products are symmetric, assume without loss of generality that product 1
is searched first. We first prove the second part. Suppose that the first search reveals that the value of product
1 is v;. The expected utility of not performing the second search is v;, while the expected utility of performing

the second search is

E[max[v;, us]] — s
i N
=1 Jj=i+l1
Therefore, a consumer performs the second search if and only if Z;zlpj “v; + Z;\’:Hl p;v; — 8 > v;, which is
N
5< Ej=i+1 p;(v; —vi).
Next, we prove the first part of the lemma. The utility for not performing the first search is zero, and the

expected utility of performing the first search is
E[max|u, E[max|uy, us]] — s]] — s

where E[u;] — s is the value for the consumer if she decides not to perform the second search and E[max[uy, us]] —
s — s is the expected utility for the consumer if she decides to perform the second search after observing u.
We start with proving the “if” part. When s < Zj.vzl p;v;, since

E[max[uy, E[max[uy, us]] — s]] — s

1]

Y

Elui] —s
N
1

Jj=
0,

Y

the consumer performs the first search. Next, we prove the “only if” part. Suppose s > Z;.V:lpjvj, then as
Zj.vzl DU, > Z;.V:Z.H p;(v; —v;), Vi, no consumer with s > Zj.vzl p;v; performs the second search and
E[max[uy, E[max[uy, us]] — s]] — s

=E[ui] —s

N
j=1
<0.

Therefore, a consumer with search cost s > Z;V:1 p;v; does not perform the first search and the lemma is proved.
|
Proof of Lemma S.8:
Pr(u; =v;, X1 =2x)
Pr(X;=x)

HY (vi,x) =Pr(u; =v| X1 =x) =
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We have
N N
Pr(Xy=2) =Y Y (g:(x) - Tv; = v;] + g3 (x) - Tv; > v;] + i (1 — ) - Tw; < v;])
i=1 j=1
N i—1 N N
=g.(z sz +D 3 gh@) pips+ > gina—x)pi- (> ;)
i=1 j=1 i=1 Jj=i+1
So

9:(x) - P+ 3071 pip gl () + g5 (na — ) - pi - (1 1y)
N N i1 N ~
9s(@) - 22,2 PP+ 200 =1 95(@) iy + 32, 9a(n — ) pi (32,— 1 Pi)

By a similar derivation we have

H} (vg,x) =

gs(n1—x)-p2+ 34 pkpjgi(nl —2)+ k@) pr (s )
gs(na—x) - S0 P24+ ST gi(na — ) pipi+ Yo i (@) pi - (01 py)

For ranking information, we have

G.(n1/2)-pE+ Y21 Gi(n1/2) - pap; + GE(n1/2) o (X014 41 1))

Hzl(vkvx) =

Hi(vy) =

1/2
k— N
=2py; - (pr - Gs(n1/2) + Z (n1/2)p; + Gi(n1/2) - ( Z p;));
=1 j=k+1
and a similar derivation gives
k—1 ) N
H”y(vr) =2pi - (pr - Gs(n1/2) + Z Gl (n1/2)p; + Gy (na/2) - ( Z ;)
j=1 j=k+1

O
Proof of Lemma S.9: We have

H3 (v, z|uy =v;) = Pr(us = v;| X1 = z,u1 = v;)
_ Pr(uy =v;, X1 = 2,u1 = v;)
Pr(X; =z,u1 =v;)
Pr(us = v, X1 = z,u1 = v,)

1 N j
g5 (2) + Xy Pk 95 (@) + Yoy PP - g3 (na — )

and we have
Pr(us =v;, X1 =z, u1 = v;)
=Pr(us =v;,u; =v;) - Pr(Xy = z|ug = v;, u1 = v;)
=p;p; - Pr(X1 = z|us = v;,us =vy).

If v; = vy, Pr(X1 = zus = v, us = v;) = gs(2); if v; <wy, Pr(Xq = z|us = v, us = v;) = gi(x); and if v; > vj,

Pr(X; = x|us = v;, u1 =v;) =g’ (n1 — x). So,

PiPjgs(x) : _
if v; =,
p3gs(2)+307 Y pipregh () + XN a1 PPk gl (n1—=) ‘ 7
v pip; gl () if
) —0.) = it v; <w;
Hy (v;, xlur = ;) 295 (@) + X0y pipr-gh (@) +X0; pypk-gh(n1—a) N
pipj gl (n1—x) if v, > v;.

pf'gs(z)+2k 1PiPk-98 (@) +3 0 1 PPk gl (n1—z)
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By symmetry, we have

PiPjgs(ni—z)

— - if v; = v,
pf~g.e(n1—x)+2:{c:11 p;pk-9k (1 —2)+ 3200 ;1 pipr-ga(x) ‘ 7

v v PiP;j gy (ni—z) if
) —0.) = ) _ —0.) = _ s if v; <w;
H2y(vi, luz = v;) = Hy (vi, 1 — zfur = ;) P3-gs(m—2)+ 421 pipweob (m—o)+ I 1 pypk-ga (@) A

pip;gi (x) :

— - if v; > ;.
p2-9s(n1—2)+ 3021 pipk-gk (n1—a)+ N, 1) pipk-gh(e) ¢ J

Then, we have

Hi(vi|lur =v;) =Pr(us = v;| X1 > n1/2,u1 =v;)
PI‘(’U,Q Z’Ui,Xl Z n1/2,u1 :U]-)
Pr(X; >n1/2,u1 =v;)
Pr(us =v;, X1 >n1/2,u1 = v;)
cGa(n1/2) + 302 Pk GE(na/2) + 300 pipe - Gi(n1/2)

pj
and
PI‘(’U,Q = ’Ui,Xl Z n1/2,u1 = ’Uj)
=Pr(us = v;,u1 =v;) - Pr(Xy > nq/2|ug = v;,u1 = v;)
=p;p; - Pr(X1 >n1/2lug = v;,u1 = v;).

If v; = v;, Pr(X1 > n1/20us = v,uy = v;) = Go(ny/2); if v; < vy, Pr(Xy >ny/2|us = vi,u1 =v;) = G (n1/2); and
if v; > vy, Pr(Xy > ny/2|ua =v;,u1 =v;) = G (ny1/2). So,

‘ pip;Gs(n1/2) i if v, =0,
P2-Gs(m/2)+ 5021 pjpk-Gl(n1/2)+ TNy pjpi-Gln/2) D
- pipj Gy (n1/2) if
Ny =v,) = — g - if v; <w;
Hy (vz|u1 vﬂ) pf~Gs(n1/2)+Zi=11 pip-GE (n1/2)+30 5 1y PPk Gh(n1/2) ¢ 7
pip; Gy (n1/2) :
— ] . if v; > v;.
p2-Gs(n1/2)+ 3021 pype-GE(n1/2)+ XA ;4 pypr-Gh(n1/2) T

By a similar argument, we have

H' (viluz = v;) = Pr(us = v;| X1 >n1/2,us =v;)
_ Pr(uy =v;, X1 >n1/2,u1 = v;)
 Pr(Xy>n./2,us=1;)
PI‘(’U,Q = ’U]-,Xl Z n1/2,u1 = ’Ui)
P} Go(n1/2) + 3020 pape - Gli(na/2) + 300 41 pipe - G (1 /2)

and

Pr(us =wv;, X1 >n1/2,u1 =v;)
=Pr(us =vj,u; =v;) - Pr(X1 > nq/2|us = v;,u1 = v;)

=p;p; - Pr(X1 >n1/2[us = vj,u1 = v,).

If v; = v, Pr(X1 > nq1/2lus = vj,u1 = v;) = G4(n1/2); if v; <w;, Pr(Xy > nq/2|us =v;,u1 =v;) = G4 (n1/2); and
if v; > v;, Pr(X, > ny/2lus =v,,u; =v;) = G (n,/2). Hence,

_ pip;Gs(n1/2) _ if v = v

P3-Ga(n1/2)+30] ) pypi-GE(n1/2)+30 ;41 pipk-Ga(ni/2) ¢ 7
r pip; Gy (n1/2) :

Ny = 0,) = — — if v; <w;

H,(viluz = v;) p2-Ga(n1/2) 4221 pipw-Gl(n1/2)+ X4 ;4 pypr-Gh(n1/2) Lo
pipj Gy (n1/2) :

_ _ if v; > v;.

p2-Ge(n1/2)+ 502 pjpk-Gh(n1/2)+ 0,y pipr-Ga(n1/2) ¢
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Proof of Proposition S.12: It suffices to show that Ey, >y [HY (vx, X1)] = H{ (vi), V1 < i < N. We have

Exlz%l[Hf(UkaXl)]

. 9+(X1) P} + 92(x) - 3571 pup; + 9a(ma — X0) i (2000 25)
—Lx, >0 i
(X)L o g (Xa) s+ 0 g = Xa) e () )

B i 9:(x) P} +g(x) - S pepy + 95 (i — ) pr - (1 P))
— g5(x)- L 2+ 20 1ZJ 1 95(2) - ipj—i—Zf.V,lgfl(nl—x)~pi'(2f:i+1pj)
N N
ZP%ZZ% pzpﬂrzga ni—z)-pi- (Y p;))
=1 j=1 i=1 j=i+1
=2 Z pi- (pi - gs(x +ZP; AC: Z P~ ga(n1—x))
z=ni/2 j=k+1
k—1
=2pi- (pi- Go(n1/2) + Y p; - Gi(n/2) + Z pi+ Ga(n1/2))
j=1 j=i+1
=H7 (vk)

for all 1 <i < N, which concludes the proof. [

Proof of Proposition S.13: By the property of first-order stochastic dominance, it suffices to prove

S H' (ve) > Hi(v),V1<i<N
=1 k=1

which is
ZQPk pr - Go(n1/2) +ZG] (n1/2)p; + Gi(n1/2) - ( Z p;))
j=1 j=k+1
>22pk pr - Go(n1/2) +ZG] (n1/2)p; + G5 (n1/2) - ( Z p;)),Vi
j=1 j=k+1
We have
ZH:1<vk>—ZH{(vk)
—Zzpk (- Ga(n1/2)+ 3 Gi(m /2, + G /2)- (3 1)
j=1 j=k+1
—Zm (- Gol1/2)+ 3 G /2, + G /2)- (3 1)
j=1 j=k+1
=37 ZG] (n2/20p; + G /2)- (3 py) = 3G /2p, — G/ - (S 1))
k=1 j—1 j=k+1 j=1 J=k+1

As GI(n,/2) > 1/2 > GI(ny1/2),Vj, it follows that Ek LG (ny/2)p; + G¥(n1/2) - (Z:;.Vzk+1 pj) —
Zk LG (n1/2)p; — G¥(ny/2) - (Z;\’:Hlpj) is first positive and then negative (as k increases). Therefore,
Sy H™ (vg) >3, Hi(vy) first increases then decreases. As > o H™(vy) =Y p_, H{(v,) =1, it must be
that >p_, H”,(vx) > >, _; H{(vy),¥1<i < N. So the proposition is proved. [

Proof of Proposition S.14: Recall that n, is the total number of consumers in the second period. When
there is no sales information, Sy = ng - F' (Z;\Izl p;v;). When sales ranking information is released, second-

period consumers with search cost lower than Z;V:1 Hj(vj)v; always perform the first search. Therefore, S, >



supplementary document to Lu and Yu: The Economics of Bestsellers s49

r (Z;.V:l Hi(v;)v;). As F is a cumulative distribution function and is increasing, it suffices to show that

Z;'V=1 p;v; < E;\Izl H7(vj)v,. By the property of first-order stochastic dominance, it suffices to show

D ope=d Hi(w),Vi
k=1 k=1

which is
7 7 k— N
ZPkZZQPk'(I)k 711/2 Z 711/2 pj‘f'G (nl/z) ( Z p]-)),Vi
k=1 =1 j=1 j=k+1
We have
k— N
2pi - (pr - Gs(n1/2) + Z (n1/2)p; + Gi(n1/2) - ( Z ;)
j=1 j=k+1
k-1
=Dy - pk—f—Zp] 2G7 (n1/2) + Z p; - 2G%(ny/2))
j=1 j=k+1

By the result in the base model, we know that G7(n,/2) <1/2,Vj and G7(n,/2) >1/2,Vj. As py + ZJ 1p;+
Z;\’:,H_lpj =1, pp + ijl p; - 2G7(n1/2) + Zj:k+1 p; - 2G¥(ny1/2) is first lower than 1 and then higher than 1
(as k increases). It follows that pj, — Hj(vy) is first positive and then negative (as k increases). Since >, pi =
S, Hi(vg) =1, it must be that > _, px > >4, Hj(vg),V1 <i < N, which concludes the proof of this propo-
sition. [
Proof of Proposition S.15: We prove the proposition by constructing two examples.

We first show an example where S, > S,.. Consider an arbitrary 0 < e < 0.1. Define p; as the probability that

products’s utility is v;. Let p; =0.4,p; = 2<1< N. Let v¢:6+%,2§i§N. The v; is chosen

CeEnt
so that the average value of vy, vs,...uyx is 6. Let v; = 2.

Consider a distribution function F' such that F(x) =0,z < 2.4, F(2.4) =¢/36, F(4.4) =¢/12, F(4.88) =¢/6,
and F'(5.36) =2/3. From the search cost distribution it is clear that a first-period consumer only performs the
second search when the first search reveals a utility of v;, and the consumer performs the second search if
s <2.4. The expected utility of performing the first search is 4.4. Let no = [36/¢], we have n; =3,m; =1,m,; =

0,2 <1i < N. Consequently, we have

Hi(v1) =0.28

0.72 18
Hi(v,) = - 2<i<N
1) =y =SS

Notice that here by the construction, valuation 2 to valuation N can be considered as a ”pseudo-valuation” as
consumers’ search and purchase behavior are exactly the same for these NV — 1 valuations. The expected value
of the bestseller product is 4.88, so the expected sales under ranking information is ng - €/6. The probability

that the bestseller product’s first-period sales is 3 is 2-(0.4%-1/84+0.62-1/8 +0.4-0.6-2-1/4)=0.37. We have

HY(v1,3)=0.16

0.84 21
Hy(v,3) = - 2<i<N
13 =7 = o 2sis

The expected value of the bestseller product when sales is 3 is Zf\;l Hy(v;,3) - v; = 5.36, so the expected sales
under sales volume information is at least 0.37-ny- F'(5.36) = 0.74n/3. Picking an € < 0.1, we have an instance

where S, < S,.



s50 supplementary document to Lu and Yu: The Economics of Bestsellers

Next, we show another example where that S, < S,. Consider an instance where the p’s and v’s are the
same as in the previous example. Consider a distribution function F such that F(x) =0,z < 2.4, F(2.4) =1/6,
F(4.4)=1/2, F(4.88) =1, and F(x) =1/2,4.4 <z < 4.88. From the search cost distribution it is clear that
a first-period consumer only performs the second search when the first search reveals a value of vy, and the
consumer performs the second search if s < 2.4. The expected utility of search in the first period is 4.4. Let ng = 6,
we have n; =3, m; =1, implying that the expected value of the bestseller product is 4.88. So all second-period
consumers make purchase when sales ranking information is released. When sales volume information is released,
there is a positive probability that the bestseller product has sales 2, in which case the expected value of the
bestseller product is lower than 4.88 (as the belief under sales volume information is a mean-preserving spread
of the belief under sales ranking information). Therefore the expected sales under sales volume information is
lower than ny and in this case sales ranking information leads to higher expected second-period sales compared

to sales volume information. O

SE. Endogenous Consumer Arrivals with Platform-Visiting Cost

In the base model we assume that the total number of consumers arriving to the platform, n, is exogenous and
independent of bestseller information provision. This corresponds to many practical settings where consumers’
cost of visiting an e-commerce platform is negligible. If, however, such a cost is substantial, consumers’ platform-
visiting decision becomes non-trivial and needs to take account of the bestseller information upon arrival to
the platform. We now extend the model to incorporate endogenous consumer arrivals with a positive platform-
visiting cost. All the other assumptions remain the same as in the base model.

Specifically, assume that there are a total of N consumers who are interested in purchasing either product
and decide whether to visit a particular platform on which both products are offered for sales. Each consumer
incurs a fixed cost K for visiting the platform. Thus, a consumer chooses to visit the platform if and only if
the expected utility from a platform visit is no less than the cost K. Assume K < p,uy + piuy, i.e., the visiting
cost does not exceed the expected product value evaluated at the prior belief. The platform releases bestseller
information (if any) after Ny consumers make their platform-visiting decision. Same as in the base model, we
refer to the time phase before the information provision as the first period and that after as the second period.
Assume NoF(pypuy, + pu; — K) > 1 to ensure that some consumers make purchase in the first period and public
learning takes place in the second period.

In the first period, a consumer visits the platform if and only if

Pry + prmax(ug, prun + oy —s) —s > K

Consider the following two cases:

o K <wy: in this case, pru, + piu; — K > pp(un, —w;). Thus, consumers with search cost s < ppuy, +piuy — K
visit the platform and perform a first search. Among them, those with search cost s < p,(u, —u;) are willing to
perform a second search if the first search reveals a low type. In this case, the total sales of the two products in
the first period, nq, equals | NoF'(prup + pru, — K) .

o u; < K <ppuyp,+ pu: in this case, ppuy + pu; — K < pp(up — ;). Solving pruy, + pi(prun + piu — s) —s =K,

~ —K ~
we have s = §:= +p”/“h+p:’jr(fh“h+pl“l). It can be shown that § € (pyuy, +pu; — K, p,(up, — ;). Thus, consumers
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with search cost s < § visit the platform and are willing to perform a second search; and those with search
cost s > § does not visit the platform. In other words, all of the consumers who choose to visit the platform
are willing to conduct a second search. In this case, if the product types differ, the sales of the low type is
zero. Hence, a low type can never outsell a high type in the first period. Thus, learning from the bestseller
information is trivial in the sense that (i) no second-period consumer will perform a second search because,
if the first search of the higher-ranked product reveals a low type, it can be inferred that the lower-ranked
product is also a low type; (ii) sales volume sometimes perfectly reveals whether the two product types differ
from each other: specifically, if both products have positive sales, then it implies that the product types are the
same. This is because no one would purchase the low type if the product types differ. In this case, the total
sales of the two products in the first period, ni, equals | NoF(5)]. As K increases, § decreases: an increase in
the visiting cost reduces the first-period arrivals and purchases, but all the purchases are informed. Note that
NoF(8) > NoF(prupn + pru; — K) > 1 and thus the total first-period sales is positive.

In the second period, a consumer visits the platform if and only if

mhuy, + (1 — 78 max(ug, mhup + (1 —7h)uy —s) —s > K

where 7t > 7. Consider the following two cases:

e K <wy: in this case, miuy, + (1 — 7t)u; — K > wh(up, — ;). Thus, among the remaining N — Ny consumers
who are interested in the products, consumers with search cost s < 7wy, + (1 — 7%)u; — K visit the platform and
perform a first search. Among them, those with search cost s <7k (u;, — ;) are willing to perform a second search
if the first search reveals a low type. In this case, the expected total sales of the two products in the second
period, S;, equals to E[(N — No)F(miuy, + (1 — 7})u; — K)]. The extended model thus degenerates to the base
model with parameters (uj,u;, ng,n2), where uj, =u, — K, uj =u, — K, ng = Ny, and ny = N — N,. Essentially,
even if we endogenize the visiting decision, those who choose to visit must have decided to perform the first
search upon arrival. Thus, the visiting cost does not qualitatively alter the search or purchasing decision, except
that it shrinks the expected utility of the platform visit.

o u; < K <ppup + pu: in this case, following the first-period analysis, we have 7& =0 for ¢ € {r,v}. Thus,
among the remaining N — Ny consumers who are interested in the products, a consumer visits the platform
if and only if s < wiuy, + (1 — 7t)u, — K Upon visit, the consumer searches and purchases the product with
higher sales. In this case, the expected total sales of the two products in the second period, S;, equals to

E[(N — No)F(m}uy, + (1 — wt)u, — K)] for t € {r,v}. For the case of no information, S, =E[(N — No)F(5)].
PROPOSITION S.16. (i) S, > Sy; (ii) w7} increases in K.

Proposition S.16 is illustrated in Figure S.1. The proposition and figure highlight three important takeaways
of this extension:

e First, endogenizing the number of arrivals by incorporating the visiting decision and cost does not qualita-
tively change the main results in the base model. In particular, consumers visit the platform if and only if they
are willing to perform a first search. Thus, expected sales equals to expected arrivals.

e Second, increasing visiting cost may enhance the informativeness of the bestseller information as it reduces

the volume of uninformed purchase and essentially increases the proportion of informed purchases. This effect
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Figure S.1  Expected second-period sales (left) and 7] as functions of visiting cost K: F(z) = (a+ (1 — a)®((z —
w)/o))I(z>0) with p=4.5, c =1.5 and a=0.08, N =100, No =80, up, =6.5, u; = 2.5, p;, = 0.45.

is evidenced by the fact that, under ranking information, consumers are more confident about the high-ranked
product being of high type under a higher visiting cost, i.e., 7] increases in K.

e Third, the left panel of Figure S.1 suggests that increasing visiting cost may strengthen the platform’s
preference for volume information over ranking information, especially when the visiting cost is below ;. The
rationale is similar to that discussed in the base model: increasing K is similar to reducing u;, and u; by the
same amount, i.e., it results in a stochastically lower product value, which shifts the interval £ to the left and,
given the normal distribution of search cost, renders volume information more likely favored by the platform

over ranking information.

SE.1. Appendix
Proof of Proposition S.16 (i) When K < u;, by a similar proof as in the base model we have 7] > p,, implying
S, > Sy; When w; < K < ppuy, + pyug, by part (i) of Proposition S.22, 7 = p? + 2p,p;. In the meanwhile, recall
that § satisfies pyun + pi(prun + piuy — §) — § = K. These facts jointly imply wjup, + (1 — 7])u; — K > §, which
further implies S, > Sj.

(ii) Following a proof similar to that of Proposition S.22, ] increases in K for K <w; (in this case m is
independent of K and n; decreases in K) and is independent of K when u; < K < p,uy, + pyu; (in this case
m=mny; >1). 0

SF. Independently-Distributed Search Costs

In the base model we assume that the proportion of early consumers whose search cost is less than = equals to
F(z). It can be considered as a fluid approximation of the setting with independently-distributed search costs
when the size of consumer population is large (Yu et al. 2015). In this extension we consider an alternative
setting in which each consumer’s search cost is independently drawn from the search-cost distribution F'(+), i.e.,

the probability that each early consumer’s search cost is less than or equal to z is F(z).
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SF.1. Posterior Beliefs

Similar to the base model, we first derive consumers’ beliefs in the second period under no information, ranking
information, and volume information, respectively. Different from the base model, where the numbers of early
consumers willing to search once or twice are deterministic functions of the number of early consumers ng, these
numbers become random variables when consumers’ search costs are independently distributed. Specifically, let
71 and m denote the number of first-period consumers performing the first and second search, respectively. We

have 1y ~ Binomial(ng, F'(prun + (1 — pp)w;)) and m ~ Binomial(ng, F'(pn(un, — w;))). Note that 7; and m are

F(pp(un—u1))
n, F(ppup+prug) )

For n; =0,...,n9 and m = 0,...,ny, let P(ni,m) denote the (joint) probability that in the first period

correlated. Specifically, the conditional distribution of m given 72, =mny is Binomial(

ny consumers perform the first search and m consumers perform the second search. Specifically, P(ny,m) =
e [F(pn(un — w))]™ [F'(prun + prw) — F(pa(un — w))]™ ™™ [1 = F(prus + pow)]™ ™", Below we

m!(ny—m)!(ng—ni)!

derive the posterior beliefs under various types of sales information.

No Information

When there is no sales information, the posterior beliefs are the same as the prior, i.e., 70 = ¢ =3 = p,
where, similar to in the base model, 7{ denotes a late consumer’s belief that the higher-ranked product is of
high value before she makes a first search, v{ denotes her belief that the lower-ranked product is of high value
before she makes a first search, and 75 denotes her belief that the lower-ranked product is of high value after

her first search reveals a low value in the higher-ranked product.

Ranking Information

Under ranking information, let 7] be a late consumer’s belief that the higher-ranked product is of high value
before she makes a first search, and v be her belief that the lower-ranked product is of high value before she
makes a first search, and 75 be her belief that the lower-ranked product is of high value after her first search
reveals a low value in the higher-ranked product.

For given (ni,m) and for £ =0,1,...,n1, define

gs(zny,m) := Binomial(z,nq,1/2),

9a(z|n1,m) := Binomial(x — m,ny —m,1/2) if  >m, and 0 if © <m,

where Binomial(x,y,p) is the probability that among y independent trials, z of them succeed, where the proba-
bility of success is p. Let G4(z|n1,m) and G,(x|n1, m) be the cumulative distribution functions corresponding to
gs(z|n1,m) and g, (x|ny,m), respectively. Let G,(z|n1,m) :=1—G,(x|n1,m) and G, (x|n1,m) :==1— G, (x|ny, m).

Given (nq,m), define

71 (n1,m) = pi + 2pnpi(1 — Ga(%-|na,m))

vy (ny,m) = pi + 2pupiGa (5|01, m)
tha(nQ_l|n17 m)

N tha(%lnhm) +ple(n_21|nlam)

7~Tg(nla m)

when n; is odd. The definitions under even values of n; are similar to those in the base model and are omitted
here. As the late consumers cannot observe n; or m, they take account of all the possible values of n; and m.

Lemma S.10 follows.



sH4 supplementary document to Lu and Yu: The Economics of Bestsellers

LEMMA S.10.
Z P(ny,m)7](ny,m)
Z P(ni,m)vy(ny,m)

772—5 P(ny,m)7s(ny,m)

Volume Information

When sales volume information is publicized, the late-arriving consumers observe the sales volume of both
products. As the total sales in the first period is 7, it follows that the late consumers are aware of 7; under
volume information. Denote the realization of 77 by n1. On the other hand, the number of early consumers who
perform the second search, m, remains uncertain. Recall that z, the sales of the higher sales ranking product,
is also known to late-arriving consumers. Let p(nq,m,x) be the probability that 7; =n1,m =m and the sales

for the higher sales ranking product is z. Then for z > n;/2,

p(n1,m,x) =Pr(z|ny =ni,m=m) -Pr(fny =ni,m=m)
=[(p; + ) gs(x|n1,m) + prpiga(zni, m) + papiga(ni — x|ng, m)] - P(ny,m)

Let p(ni,z) = Emgnl p(ny,m,x). The knowledge of n; and z allows the late consumers to update their belief
about m: for m=0,...,n1, p(m|ny,x) =Pr[m =m|n, =nq,a] = %.

Under volume information, let 7% (x,n1) be a late consumer’s belief that the higher-ranked product is of high
value before she makes a first search, and vy (z,n1) be her belief that the lower-ranked product is of high value
before she makes a first search, and 7% (z,n1) be her belief that the lower-ranked product is of high value after

her first search reveals a low value in the higher-ranked product.

For given (ny,m), we define

Prgs(xng, m) + pupiga (zna, m)
Prgs(xng, m) + papiga (xn1, m) + papiga(ny — zny, m) + pigs(z[ni, m)
Prgs(x|ny,m) + prpiga(na — xna, m)
Prgs(zni, m) + prpiga(zing, m) + prpiga(ni — x|ny, m) + pigs(z|n.,m)
Prga(n1 — x|y, m)
Prga(n1 — zng, m) + pgs(xny, m)

71 (x,ny,m) =

vy (z,n1,m) =

7y (z,ny,m) =
where z is the sales of the bestseller. Lemma S.11 follows.

LEMMA S.11.

V(x,m1) Z pnl,mx 7y (x,my,m)
m<ni 711,
vi(z,n1) = Z plr,m, ) m>l/ L(z,n1,m)
m<nj p(nl’m)
s(x,ny) Z pn;mx 7y (x,ny,m)
1,

m<mnj
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SF.2. Robustness of Results in the Base Model
In this section we prove that the main results in the base model remain valid in this extended model (with the
statement of some results slightly modified, as highlighted in boldface below). For each result, we repeat its

(modified) statement in this subsection and prove it under independently-distributed search costs in §SF.4.

LEMMA 1 (Consumers’ purchasing choices in the first period)
(i) In the first period, consumers with search cost s <wuppp + wp; purchase a product and consumers with higher
search cost leave without buying. That is, the total sales of the two products in the first period is
n, ~ Binomial(ng, F(prun + (1 — pr)u)).
(i) If the two products’ values are identical (i.e., either u; =us =uy, or up =uz =u;), a consumer who chooses
to make a purchase buys either product with equal probabilities. If the two products’ values are different (i.e.,
u; =up, and uz_; =uy, i € {1,2}), a consumer with search cost s <p,/A purchases the product with high value,

while a consumer with search cost s € (P, unpy +wp;] purchases the first product that she searches.

PROPOSITION 1 Given n, € {0,...,n0} and m € {0,...,n.}, for x €[0,n],

gs(z|ny,m) := Binomial(x,n1,1/2),

gao(x|M1, m) ;= Binomial(x —m,n; —m,1/2) if c >m, and 0 if z <m,

where Binomial(x,y,p) is the probability that among y independent trials, x of them succeed, where the proba-
bility of success is p. Let Gy(x|nyi,m) and G,(z|n., m) be the cumulative distribution functions corresponding
to g.(x|ny,m) and g.(z|n.,m), respectively. Let G (z|ny,m):=1— G.(z|ny,m) and G,(r|n,,m):=1—
G, (z|n., m).

(i) If the two products’ values are identical, the sales of either product follows distribution G4(x|n.,m), con-
ditional on n; =n; and m=m;

(i) If the two products’ values are different, the sales of the high-value (resp. low-value) product follows distri-

bution G,(z|ny,m) (resp. G,(n, — x|n,,m)), conditional on f, =n, and m=m.

PROPOSITION 2 Under either ranking or volume information, if a consumer finds it worthwhile to search,

then it is optimal for her to first search product i*.
LEMMA 2 @7 > v >nh, and 7 (x,m1) > vy (z,n1) > 74 (x,11), YT > N1 /2.

LEMMA 3 (Consumers’ purchasing choices in the second period) For t € {¢,r,v},
(i) Consumers with search cost s < w,mh + w (1 — 7) purchase a product and consumers with higher search
cost leave without buying. That is, the total sales of the two products in the second period follows
Binomial(ng, F(wiu, + (1 — wi)wy));
(i) If a consumer’s first search reveals a low type, she performs a second search if and only if her search cost
is low (i.e., s <mhA). Thus, if the two products’ values are different, a consumer with search cost s < wiA
purchases the product with high value, while a consumer with search cost s € (thA,upmh +u(1 —m})] purchases

the first product that she searches.

PROPOSITION 3 7} > 7{ =p,, > vy, n5 < 7§ = py,.
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LEMMA 4 Fori=1,2,
(i) Pr [ui:uh|u1 #ug, X; > "—21] > Prlu; =up|us #us] and Pr [uizuh|u1 =y, X; > "—21} = Prlu; = up|us = usl;

(i) Pr [ul #ug|X; > %} =Pru; #us] and Pr [ul =ug|X; > ”—21} =Prlu; = uy].

PROPOSITION 4 (i) w3(z,m1) <pp, for all x >ny/2. (i) If pp > L, 7¥(x,m1) > py for any x> ny/2; otherwise,

w0 (z, 1) > pr if and only if x is sufficiently high.
LEMMA 5 @} (%, nq) > pp if pr > 5, 71 (% na) =pp if po=13, and 7} (%, n1) <pp, if pp < 5.

LEMMA 6
(i) Both Pru; = up|uy # ug, X;= = x] and Prlu; # us|X;- = x| increase in x, for x> -;
(ii) 7} (2, M) increases in x, for x> .

(iii) 73 (x, m1) decreases in x, for x> 5.
LEMMA 7 For given n,, m}(x,n1) is a mean-preserving spread of @ for j=1,2.

To evaluate the impact of sales information on the expected sales, we define the expected second-period sales
as follows:

e The expected second-period sales under no information is
E[S4] = na F(prun + prws)

e The expected second-period sales under ranking information is

E[S,] =noF <Z P(ni,m)7](ny, m)u, + (1 — Z P(ni,m)7](ny, m))ul>

niy,m ni,m

e The expected second-period sales under volume information is
E[S,] =) p(m) Y plxni)ns
ni x
= p(m) Y plalna)ne[F(w (@, m)un + (1= (@,10))w)]
ni x

)

p(ny,m,z) _, NPl me)
F(zm:mﬂ'l(ﬂ?,nhm)uh‘f'(l zm: p(nh 1( » 101 )) l>‘|

= p(ny, @)nalF(m} (2, m )up + (1 =7} (2,m1) )u)]

ny,x
where p(z|n,) is the probability that bestseller product has sales « (where x > n,/2) when there are in total n,

sales in the first period.

PrROPOSITION 6 Compared to no information:
(i) ranking information increases the expected second-period sales, i.e., E[S,] > E[Sy]. In particular, there

2531 < ¢ for any given €€ (0, 1).

exist problem instances in which e =

(ii) volume information reduces the second-period sales if both p;, < % and the first-period sales difference is
small, and increases the sales otherwise. Furthermore, volume information may lead to a lower expected

second-period sales, i.e., there exist problem instances in which E[S,] <E[S4].

PROPOSITION 7 Compared to ranking information:
(i) volume information reduces the second-period sales when the first-period sales difference is small and increases
the sales otherwise.

(i) volume information may lead to a lower expected second-period sales. In particular, when the search-cost
distribution F(-) is convez, E[S,] < E[S,]; and when F(-) is concave, E[S,] > E[S,].
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PRroroOsSITION 8 Consider a second-period consumer with search cost s.
(i) Compared to the case where no sales information is provided, ranking information provision reduces the
consumer’s expected purchased value if w(up — ;) < 8 < pp(up —uy);
(ii) Compared to the case where ranking information is provided, volume information provision reduces the

consumer’s expected purchased value if w5 (n1,mq)(up —wr) < s < mh(up —w).

ProrosSITION 9 Consider a second-period consumer with search cost s.
(i) Compared to the case where no sales information is provided, ranking information provision increases the
first-search probability and decreases the second-search probability;
(i) Compared to the case where ranking information is provided, volume information provision decreases both
search probabilities if w5 (n1,mq)(up —w;) < s <75 (up — ;) and increase both probabilities if miuy + (1 — 7] )w; <

s <7y (n1,na)u, + (1 — 7w (ny, ng))u.

PROPOSITION 10 A consumer’s expected surplus is higher under either ranking or volume information than
that under no information. Furthermore, it is higher under volume information than that under ranking infor-

mation.

SF.3. Optimal Timing of Sales Information Provision

In this subsection we confirm that our (numerical) findings about the optimal timing of sales information
provision remain valid under this extended model. Same as in the base model, we assume that the search
cost density is bimodal: specifically, F(z) = (a+ (1 — a)®((z — p)/0))I(x > 0), where ®(-) is the cumulative
distribution function for the standard normal distribution and I(-) is the indicator function. Furthermore, we
set @« =0.08 and pu=4.5, same as in the base model.

Table S.7 presents the effect of increasing the number of first-period arrivals, ng, on the expected total sales
in the two periods. Same as in the base model, we observe that ranking information is increasingly likely to
outperform volume information at a larger ng on under a stochastically higher product value.

Table S.8 illustrates the optimal value of ny. Same as in the base model, it is observed that the larger the
consumer population, the later the sales information should be released, i.e., nf increases in n. In addition, the
result that ranking information is more likely to be the optimal choice for the platform under either a larger

consumer population or a stochastically higher product value is robust, as observed from the table.

Table S.7 Impact of no on total expected sales in two periods: ©=4.5,0 =1.5,n =100,p;, =0.4,aa = 0.08

up =6,u; =2 up =6.2,u;=2.2
ng Ranking Volume No Info. Opt. Info. | Ranking Volume No Info. Opt. Info.
0 33.23 33.23 33.23 Tie 37.47 37.47 37.47 Tie

10 41.37 41.59 33.23 Volume 45.59 45.71 37.47 Volume
20 43.26 43.47 33.23 Volume 47.45 47.50 37.47 Volume
40  43.10 43.19 33.23 Volume 47.31 47.22 37.47 Ranking
60  40.67 40.67 33.23 Ranking 44.92 44.76 37.47 Ranking
80  37.21 37.18 33.23 Ranking 41.47 41.35 37.47 Ranking
100 33.23 33.23 33.23 Tie 37.47 37.47 37.47 Tie
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Table S.8 Impact of n on total expected sales in two periods: ©=4.5,0 =1.5,pp, =0.4,a =0.08
up =6,u; =2 up =6.2,u; =2.2
n Ranking Volume Opt. Info. Ranking Volume Opt. Info.
ny Sales |n§ Sales |ng  Type |n§ Sales | ng Sales | ny  Type
20 7 762 |7 765 | 7 Volume | 7 847 | 7 849 | 7 Volume
50 16 20.47 |16 20.56 | 16 Volume |16 22.57 |15 22.61 |15 Volume
100 28 43.62 |28 43.78 | 28 Volume |28 47.80 | 27 47.80 | 28 Ranking
200 47 92.99 |45 93.14 |45 Volume |48 101.43 |46 101.05| 48 Ranking
300 61 144.33 |59 144.31|61 Ranking | 63 157.14 |59 156.13 | 63 Ranking

SF.4. Appendix
Proof of Lemma S.10 Below we prove the equality for 7]. The proof of 1] and 7} is similar and thus omitted.

Denote the product with higher sales as i* and the sales of product i as X;.
7TI = PI‘[’LLl = ’LLh|X1 Z XQ]

= Z P(ny,m)Prlus = up| X1 > Xa, M1 =n1,m=m]

ni,m

= Z P(ny,m)7](ny,m) O

niy,m

Proof of Lemma S.11 Below we prove the equality for «}(x,n,). The proof of the other two equalities is
similar and thus omitted. Let p(m|n;) be the probability that m consumers perform the second search in the

first period given that n; consumers perform the first search in the first period. Then for z > n, /2,
ﬂf(x,nl) = Pr[u1 = Uh|X1 +X3,1 = nl,Xl = x]

:ZPrm=m|ﬁ1znl,Xlzx]-Pr[ulzuh|X1 =x,n1 =ny,M=m]

Prim=m,n1 =n1, X1 = ] . i
Z Pr[f, =ny, X; = 1] rfur = up| X1 =2, =n1,m=m)]

:ZP nl;max),frv(n m, z)
™ p(nlax) ! b ’
]

Proof of Lemma 1 The first part of (i) and (ii) can be proved by a similar proof to that of Lemma 1 in the
base model. To see the second part of (i), it suffices to notice that each consumer has search cost smaller than

prun + (1 — pr)w, independently with probability F(psup + (1 —pp)wy). O

Proof of Proposition 1 Since the proposition is based on given n; and m, the proof is the same as the proof
for Proposition 1 in the base model. [

Proof of Proposition 2 This Lemma holds as the proof for Proposition 2 in the base model applies for all
value of ny and m with m<n,. 0O

Proof of Lemma 2 For the first part, it suffices to prove that 77 (ni,m) > ] (n1,m) > 75 (ny,m) for all ny,m.
This is true by our proof for Lemma 3 in the base model as it applies to all value of n; and m with m <n;. For
the second part, it suffices to prove 7% (x,n1,m) > 0¥ (x,n1,m) > 75(x,n1,m), Ve > ny /2, which is true again by
Lemma 3 in the main paper. [

Proof of Lemma 3 The first part of (i) and (ii) follows similar proof of Lemma 3 in the base model. The

second part of (i) follows from the fact that each consumer’s search cost is independently drawn. O
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Proof of Proposition 3 This proposition holds as #}(ny,m) > 7} = p, > ¥} (n1,m), 75(n1,m) <7y =p, for
all ny, m, for which the proof follows that of Proposition 3 in the base model. [I

Proof of Lemma 4 This Lemma continues to hold as Lemma 4 in the base model holds for any given
pairs of nq,m with m <n; and the overall probability is simply an average value of corresponding probability
with given value of n; and m. For instance, Prlu; = up|u; # ug, X1 > %] = an’m P(ny,m)Prlu; = upluy #
ug, X1 > 8,7y = ny,m = m] where Prlu; = up|uy # uz, X1 > 5,71 = n1,7m = m] is the probability given that
n; consumers perform the first search and m consumers perform the second search in the first period. 0O
Proof of Proposition 4 For part (i), as 74(z,n1,m) < py, for all ny,m, it follows that 73(z) < p,. For part
(ii), it suffices to consider Lemma 5, which is examined below. Hence Proposition 4 holds. O

Proof of Lemma 5 Notice that under volume information n; is known and we have 7 (%, n1,m) > p;, for
ph>2,771( , M1, M) = P forph—Q,andﬂl( N1, m) < pp forph<%givenallm21 (by Lemma 5 in the base
model). If m =0, then all beliefs reduces to p,,. By the fact that 77(%",n1) is an average of 77 (%, n1,m), this
Lemma still holds. O

Proof of Lemma 6 Again it suffices to consider 7} (z,n1, m). (ii) and (iii) follows from the facts that 7% (z, n1,m)
increases in z and 74 (x,n1,m) decreases in x for all m by Lemma 6 in the base model. Part (i) follows similar

reasoning. [J

Proof of Lemma 7 We have

ﬂU n T,ni,m
1 nlv ( ! )
and
Z P nl, 71'1 nl,m)
ni,m
Then
p n17m .T/'
E[x n1] [7T1 (.13 nl ac ny Z nl (x,nl, m)
)
p(ni,m,x)
SN ,;1, ST
ni,x
= Z p(nlamam)ﬁ-’f(l‘anlam)
ni,m,z
=Y P(ni,m) Zp(xmhm)ﬂ(x,m,m)
ni,m
= Z P(ny,m)7i(ny,m)
ni,m
where p(z|ni,m) = % is the probability that the higher sales product have sales x given that there are

in total n; consumers perform the first search and m consumers is willing to perform the second search when
the first search reveals a low type product in the first period. The last equality follows from the proof for mean
preserving spread in the main model.

The proof for 75 is similar and the proof is complete. [
Proof of Proposition 6 The first part of (i) follows directly from previous result on 7} and py.

For the second part of (i), we construct the following example. Let p;, = 0.6, u), = 6,u; = 2. Thus, p,us, + piu, =
4.4 and pp,(up —u;) = 2.4. Let € <1 be given. Consider a distribution function F' such that F(2.4) = ¢/6,
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F(4.4)=¢/2, and F(7.) =3/4, where 7, is defined later. Let no = [6/¢], the probability that m =0 is clearly
less than 1/2 for any € < 1. Let G = G,(n1/2|[6/€],1), so G is the lowest value of G,(n,/2) for all realizations
of n1,m when m #0. Let ¢, =77([6/¢],1), so t, is the lowest belief that the bestseller product is of high value
when m # 0. We have

ZP nl; 7'('1 ny,m )Ztr/2+ph/2>ph

ny,m
Let 7. = (¢t,./2 + pr/2)un + (1 — t,./2 — pr,/2)u;. Notice that 7, > 4.4 as t,./2+ p,/2 > p,. It follows that
E[S,) _ no F(pruy, + prw) > F(prun + pow) _ 2e e
E[S,] mnoF(nlun+ (1 —a7)u) — F(r,) 3

The first part of (ii) can be proved similarly as its counterpart in the base model. To see that E[S,] can be strictly
less than E[S,], consider the same example constructed in the base model. In that example, volume information
can never lead to higher sales than no information, regardless of the realized value of ni, m,z. Moreover, there
exists a realization of ni,m,x such that the sales under volume information is lower than the sales under no
sales information. As this realization occurs with a positive probability, it follows that E[S,] < E[S,] in that
example. 0O

Proof of Proposition 7 Part (i) follows similar proof for Proposition 7 in the base model. For the first part

of part (ii),
] =naF( Z P(ny,m)i(ny, m)uy + (1 — Z P(ny,m)x] (n1,m))w)

n1m ny,m
=noF(u; + Z P(ny,m)7] (ny,m)(up —uy))
ny,m
:ngF(ul+ZP(nlv ZP (zln1, m)7) (z, n1, m)(un — w))
ny,m
=noF(u; + Z (n1,m,z)7) (z,n1,m)(up —uy))
and o
B18.] = 1Bl Bt o+ 1= 3 P )
=n9Epn, o [F (u + Z % 77 (e, m) (un, — w)))

=nyy_p(n, )| uﬁZ% 1 (@, n1,m)(un —w))]

The result follows by Je;sen’s inequality.

O
Proof of Propositions 8 and 9 The proof is similar to those of Propositions 8 and 9 in the base model. [
Proof of Proposition 10 The proof is similar to that of Proposition 10 in the base model, by substituting

¥ (x) (resp. w3 (x)) with 79 (z,n1) (resp. 75(z,n1)). O
SG. Platform’s Alternative Objectives

In the base model we focus on the platform’s objective of maximizing the total expected product sales. This
corresponds to the prevailing practice whereby platforms collect revenue in the form of commissions, which are
usually proportional to product sales. Such an objective of the platform is also commonly considered in prior
studies on platform operations (e.g., Kiiglikgiil et al. 2022). In this section we examine two alternative objectives

of the platform.
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SG.1. Welfare-Maximizing Platform
Some prior studies (e.g., Derakhshan et al. 2022) consider platforms’ consumer-centric objective of maximizing
consumer welfare. In our setting, as implied by Proposition 10, a welfare-maximizing platform always provides

bestseller information and prefers volume information over ranking information.

SG.2. Platform’s Preference For Selling Higher-Value Product

In light of certain long-term interests, some platforms may prefer selling high-value products over low-value

ones. We now consider this alternative objective of the platform and examine the situation where the platform

enjoys a higher benefit from selling a higher-value product and aims to maximize its total expected benefit.
Specifically, let &, and & denote the platform’s benefit of selling one unit of high-value and low-value product,

respectively, where &, > &. To evaluate the impact of bestseller information on the platform’s total expected

benefit, we focus on the second period since the bestseller information is only available in the second period and

thus is irrelevant to the platform’s benefit in the first period.

Impact of Ranking Information on Platform’s Ezpected Benefit

Given the posterior beliefs 7t and 7%, t € {¢,r}, the platform’s expected second-period benefit is:

By ={F (my(u, — w))(7] + (1= w)my) + (F(unmy +w(l = 71)) = F(my(un — w)))mi }n
A A{F (5 (un = w)) (1= 7)) (1= 75) + (F(uni +w (1= 71)) = F(my(un — w)))(1 = m1)}&

= F(m5 (un —w)) (7] + (1 = 71)m5) & + (1 —71) (1= 75)&) + (F(unmi +w (1 —77)) — F(ms(un — w))) (& + (1 —71)&)

In general, the platform benefits more from a purchase made by a consumer who has low search cost and is
willing to search both products (i.e., s < @i (pn, —p;)), than from a purchase made by a consumer with medium
search costs and willing to search only once (i.e., 75 (py, —p1) < s < upmi +w; (1 —77)). This is because consumers
in the former segment always purchase a high type, if any, while those in the latter segment may purchase a
low type even if there is a high type.

Due to ranking information, the former segment of consumers shrinks (i.e., 75 < p;,), which tends to lower the
platform’s expected benefit. In the meanwhile, the latter segment expands (i.e., upm] +u; (1 —77) — w5 (up —u;) >
uppn +u (1 —pp) — pr(u, — 1)) and so does the aggregate of the two segments (i.e., 7] > pj,). Furthermore, the
chance of the latter segment purchasing a high type also increases due to ranking information (i.e., 7] > pp),
while that of the former segment remains unchanged (because mi + (1 — 7i)wh = p? + 2pup;, for t € {p,r}).
These effects lead to an increase of the expected sales and tend to improve the platform’s expected benefit.
With the two opposing forces, the overall effect of the ranking information on the platform’s expected benefit
is ambiguous. Nevertheless, we note from the following (S.9) that, when the gap between the two marginal
benefits (i.e., £ — &) is sufficiently small, the sales-enhancing effect dominates, and the platform’s expected
benefit increases due to sales ranking information.

E;lLiLn& EL = F(upmi +w (1 — 7)€ (S.9)

Furthermore, if the search cost follows a uniform distribution with an upper bound greater than w,, we prove

that ranking information enhances the platform’s expected benefit under any given &, and &.
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PROPOSITION S.17. Assume that the search cost follows a standard uniform distribution, i.e., F(x) =x for
x €[0,1] and that u, <1 (as stated in the model section, we assume that the upper bound of the search cost, s,

is greater than uy ). Ranking information increases the platform’s expected benefit in the second period.

Impact of Volume Information on Platform’s Ezxpected Benefit
As for the volume information, given the posterior beliefs, 7} (-) and 74(-), the platform’s expected second-

period benefit is
g5 = E[F(m3 (#)(un — w))((m (2) + (1 =77 (2))75 (2))€n + (1 — 7 (2)) (1 = 75 (2))&1)
+ (F(unmy () + w (1 —my(2))) — F(rg (2) (un — w))) () (2)€ + (1 = 77 (2)))]
= E[F(m3 () (un —w)) (1 =77 (2))75 () (€n — &) + F(unmy () + w1 — 7y (2))) (7] (2) (€ — &) + &)

Thus,
T = EIF(r3() (0 — )1 = 7(@) 73 &) + P} &) + (1 = 7} () (o)
Recall:
25 = F(pn(un —w))papi(&n = &) + F (unpr, + wpr) (paén + (1 = p)&)
Z?f = F(pn(un —w))prpi + F(wnpn +wp)pn
‘222 <7 ;” (as exemplified with an instance??), Z3 — Z5 decreases in &, for given &,. Thus, volume infor-

mation can be more likely to be detrimental to the platform when the platform prefers selling higher-value
product (compared to the case when it does not hold such a preference). This finding substantiates the result

that volume information can be detrimental to the platform.

SG.3. Appendix
Proof of Proposition S.17 Notice that we have
25 = (F(pn(un — w))papi+ F(unpn +w(l = pa)) (05 +papi)) (€ — &) + F(unpr + (1 = pr))& (5.10)
and
25 ={F(m3(un —w))(w] + (1 = 7)) + (F(unm] +w (1 —71)) — F(my(wn —w))) 71 }n
FA{F (5 (un — w)) (L= 71) (1 = 75) + (F(upmi + w (1 —77)) — F(rg(un — w))) (1 —71)}&
= {F(m3(un —w))(py, +2pnpe) + (F(unmi + w1 —77)) — F(m5 (up, — w)))m }n
+A{F (g (un —w))p} + (F(upm] +w(l = 77)) = F(ms(un —w))) (1 = 77)}&
> {F (5 (wn —w)) (P + 20np0) + (F(unm] +wi(1 = 77)) = F (5 (un — w)))pa }n
+{F(m5(un —w))p} + (F(unmi +w(l —71)) = F(my(un —w)))pi}&
= F(m5 (un — w)((Ph + 20ap)én + p7&) + (F(upm] +w (1 —77)) = F(my (un — w))) (prén + pi&i)
= (F(m5(un — w))pape + F(upmi +w(l = 77))(0h +papi)) (En — &) + Flunn] + w1 - 7))&

20'We exemplify that E[F (73 (z)(usn —wi))(1 — 77 (x))78 (2) + F(upny () + w (1 — 77 (x)))77(x)] can be strictly less than
F(pn(un —u1))prpi + F(unpn +wipr)pn by constructing a specific instance. Consider an example with u, =2,u; =1, then
upmh +u(1—md) =7t 4+ 1 and 7t A =7t Let ng =20, pr, =0.4,p; = 0.6 and consider a F with probability mass f(0.4) =
0.1, f(1.4) = 0.4, f(2) = 0.5. It follows that n; =10 and m = 2, Straightforward calculation shows that E[F (75 (x)(un —
w))(1 =77 (z))7s (x) + F(unni () + w(l — 77 (z)))n} (z)] = 0.2223 and F(pp(ur —wi))prpr + F (unpn + wipr)pr = 0.2240.
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The first equality follows from 7§ + (1 —7})m5 = p? + 2p,pi- The first inequality follows from p, < 7] and & < &,.

Therefore, it suffices to show

(F (5 (un — w))prpy + F(upmi +w (1= 70)) (05 + prp)) (En — &) + F(upmi 4+ w (1 —77))&

>(F (pn(un, — w))pnpr + F(unpr +w(1 = pr)) (05 + prpr)) (En — &) + F(unpn +w (1 —pu))&

Since 7} > py, it suffices to show A, >0, where

Ay = F(rh(un — w))pap + F(upn] +w (1 — 77)) (07 + papi) — F (o (wn — w))prpr — F(unpn +wi(1 = pr)) (0;, + papi)

Since 0 < 75 (up, —w;) < p(up —w) <uppn +u(1—pp) <upml +u(1—77) <wy, < 1, we note that, given F(z) ==z
for x €10, 1],

Ay = mh(wn —w)prpr + (unmy +w (1 —77))(p7 + papr) — pr(un — w)papr — (unpn + w (1 — pn))(Pr + pupr)

Recall that if ny is odd, 7] = pj +2pppi(1 — G (%)) and 75 = ———2—— where 0 < G, (%) <

- and if nq is
ph+m/<2cu(71>>’ !

1.
2

even, 7] = pi +2pppi(1 — Go (%) + 9 (%) /2) and 75 = where 0 < G, (%) —ga(%)/2 <

prt+p1/(2(Ga ("1) 9a(74)/2))’
%. Next we consider two cases to show A, > 0:

e ny is odd:

Ay = (P74 200(1 = pn) (1 = Ga(3))) (un — w) +w) (pih + a1 —pn))
tha(%)
G iy T
_ph(uh - Ul)ph(l _ph) (ph(uh - uz) + uz)(pi +ph(1 —ph))

= 2Ga(%)Pi(Uh —u)(1—pn) 1— (1 DYe! ((?n;)) D

>0

where the inequality is due to 0 < G, (%) < %

e 1 is even:

Ay = ((p7 +2pn(1 = pr)(1 = Ga (%) + 9a(5)/2)) (un — w) +w) (p7 +pr(1 = pn))

pr(2Ga () — 9.(5))
Pr(2Ga(5) = ga () + (1 - oy (i = u)Pr(1=pn)
_ph(uh_ul)ph(l_ph)_(ph(“h_ul)‘Fuz)(Pi‘F n(L—pn))

p
S —u 1-p,
- ph( h l)]__p (1—2G ( )+ga(n_21)) <2Ga(

where the inequality follows from the fact 0 < G, (%) — g.(5)/2 < %

SH. First Best

Thus far our analysis takes the perspective of self-interested consumers and platform. A natural benchmark is
the first-best scenario (see, e.g., Glazer et al. 2021) in which a welfare-maximizing principal is aware of each
arriving consumer’s search cost, decides whether each consumer should search and, if so, which product to search
first and whether to search the other product, and observes all the search results. This (hypothetical) scenario
allows us to identify the highest possible welfare and to discuss inefficiencies due to self interests or other factors.

We formulate the principal’s decision problem as a stochastic dynamic program. Specifically, let & and &

denote the principal’s current beliefs about the two products’ values, i.e., & (resp. &) is the probability of
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product 1 (resp. product 2) being of high value. Let s be the search cost of a newly-arriving consumer. The
set (&1,&2,5) represents the states of the decision problem. Given (£1,£s,s), the principal decides whether the
consumer with search cost s should search and, if so, which product to search first and whether to search the
other product. The principal’s objective is to maximize the expected total surplus of all of the n consumers. For
k=1,...,n,let ®,(£1,&2,s) denote the principal’s expected optimal surplus-to-go from the k-th consumer to the

n-th consumer. We have:
D, (1,82, s) = max( 0 ,—s+&up + (1 — &) max(ug, Soup + (1 —&)u — 9),

search neither product

first search product 1
—5 4 &oup, 4 (1 — &) max(ug, & up + (1 —&1)u, — 5))

first search product 2

and for k=1,....,n—1,

@k(£1;£278):maX(Es/[(I)k—b—l(flvavs/)]v ¢k(£la£2asa1) ’ ¢k(£17£27872) )

search neither product first search product 1 first search product 2

where s’ denotes the search cost of the next arriving consumer and follows the distribution F(-), and ¢y (&1, &2, 8, 1)
denotes the principal’s expected optimal surplus-to-go from the k-th consumer to the n-th consumer when the

k-th consumer first searches product i € {1,2}. Specifically,

¢k(§1)€2585 1)

=—s+ fl (uh + Es’ [(bk+1 (17 §25 S,)])
first search reveals a high type

+ (1= &) max(u + Eo [®11(0,85,87)], s + & un +Eo[®41(0,1,8)] )+ (1= &) w+Es[®441(0,0,57)] )

no second search second search reveals a high type second search reveals a low type

first search reveals a low type

and, similarly,
i(61,62,5,2) = — s+ & (un + By [Prq1(€1,1,87)])

+ (1= &) max(w + Eo[®rp1(£1,0,87)], =5+ &1 (un + Ear[®rp1 (1,0, 8)]) + (1= &) (w + Eor [P111(0,0,57)]))

As the principal’s prior belief is either product being of high value with probability p;, the optimal total expected
surplus from the n consumers is E,[®1(pn, D, 5)]-

For notational convenience, define:
Uy, :=Ey[max(uy, — s',0)], U, :=E, [max(u; — s',0)]

Lemma S.12, Lemma S.13, and Corollary S.2 below characterize the surplus-to-go function ®,(&;,&2,s) for a

few states.
LEMMA S.12.

(I)k(fla£2a S) :max(uh - 870) + (TL - k)Uha ’Lfgl =1 or 52 =1 (S]']')
®,(0,0,s) =max(u;, —s,0) + (n— k)U, (5.12)
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LEMMA S.13.

D4 (£1,0,8) =max(Ey [@r41(£1,0,8)], —s+&(un+ (n=k)Un) + (1= &) (w + (n—=k)UY)), fork=1,...,n—1

(S.13)
®,,(£1,0,8) =max(0, —s + &up + (1= &)w) (S.14)
E,[®1(£1,0,9)] <& (n+1-k) U, +(1-&)(n+1=k)U, fork=1,...,n (S.15)

COROLLARY S.2.

@k(O,fg,s) :maX(ES/[(I)k+1(O,£2,S/)],—S+£2(Uh+ (n—k‘)Uh)—l— (]. —fg)(’dl-’- (n—k‘)Ul)), fOT‘ k= 1,...,TL—1
(I)n(()vf?a S) = max(O, -5+ £2uh + (1 - gQ)U‘l)
E [®1(0,&2,8)] <&n+1—-k)U,+(1—-&)(n+1-k)U, fork=1,...,n

Now we derive @ (pp,pn,s). Due to symmetry of the two products, ¢ (pn,pn, s, 1) = dr (P, s, S, 2). Further-

more, by definition,

&k (PrsPny 5, 1) = — s+ pu(up + (n—k)U,)

+ (1 = pn) max(uw; + Eg [@411(0,pn, )], =5+ pu(un + (n = k)Us) + (1 = pu)(w + (n — k)U,))
Hence,

@k(phvpha S)
=max(Ey [®ri1(Pn,Prs8)] O (PrsPrs 5, 1))
=max(Ey [®ri1(pn,pn,8)], —5 +pn(un + (n— k)Uy)

+ (1 = pp) max(u; + Eu [@11(0, pn, 8")], =5+ pr(un + (0 — k)Un) + (1 = pr) (w + (n — k)U))) (S.16)
The following lemma characterizes ®y,(p, pn, s).

LEMMA S.14.

Ey [®r(pr,Pn, 8 )] < (2= pr)Ee [®r(0,p1,8)] — (1 —pr)(n+ 1= k)U, + (5.17)

Based on the results so far, Theorem S.1 presents the principal’s optimal strategy in the first-best scenario.

THEOREM S.1. (First-Best Solution) Given the current belief &1,&5 € {0,pn,1} and the kth-arriving con-
sumer’s search cost s, the principal’s optimal strategy in the first-best scenario is as follows:

e If &, =1, i€{1,2}, instruct the consumer to search and purchase product i if s <wuy, and to leave without
any search or purchase if s > wuy;

o If & =& =0, instruct the consumer to search and purchase a randomly-picked product if s <wu; and to
leave without any search or purchase if s > u;;

o If & =0 and &_; = py, i € {1,2}, instruct the consumer to search and purchase product 3 —i if s <, and
to leave without any search or purchase if s > (,, where ¢, = pp(un + (n — k)Us) + (1 — pu)(u; + (n — k)U,;) —
Ey [®r41(0,pn,8")];

o If & =& =py, there exist two thresholds, T, and Ty, such that 7, <7 and:
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—if s <1, instruct the consumer to first search a randomly-picked product and purchase it if it is a high
type; if the first search reveals a low type, instruct the consumer to search the other product and to purchase a
high type if any and to purchase either product otherwise;

—if 7, < s <Ty, instruct the consumer to search and purchase a randomly-picked product;

—if s > Ty, instruct the consumer to leave without any search or purchase.

Specifically,

Ty = pa(un + (n = k)Up) + (1= pp)(w + (n — k)U1) — By [@111(0, pr,y 8')] — w

Tr=pn(un + (0 —=k)Up) + (1 = pp) (w + By [ @41 (0,p1, 8")]) = Eo [®rtr (Pr, D1, 87)]

As shown in Theorem S.1, the socially-optimal search and purchasing strategy is similar, structure-wise, to
that of an individual consumer. The learning dynamics, however, is fundamentally different due to the principal’s
welfare-maximizing objective and central-planning capability. Specifically, different from an individual consumer
who makes independent decisions based on his/her own search cost, a principal takes account of the search costs
of the current and future arrivals. In particular, starting from the prior belief (ps, pr), it essentially tackles two
optimal stopping problems: wait (i.e., instruct all the arriving consumers to leave without search or purchase)
until the search cost of a newly-arriving consumer (say, the k-th arrival) is below 7y, in which case it instructs
consumer k to do a first search. If the first search reveals a low type, the principal examines whether consumer
k’s search cost is below 7,: if so, it guides the consumer to conduct a second search; otherwise, it instructs
consumer k to buy the searched product and wait until another consumer (say, the i-th arrival, with i > k) with
search cost below (, arrives. Subsequently, the principal optimally asks consumer i to search the other product.

As aforementioned, the first-best solution is critically determined by the search thresholds (7, 7,,(,), which
are also solutions to the optimal stopping problems. Because of the principal’s objective to maximize the total
welfare, its incentive to explore the product values through searches differs from that of an individual consumer,

which is reflected in the comparison of the search thresholds in Proposition S.18 below.

PROPOSITION S.18. The search thresholds in the first-best solution are greater than or equal to their coun-
terparts in an individual consumer’s search problem whereby the prior belief for either product being of high
value equals py,. Specifically, C; > prun + (1 —pu)us, T, > pn(un —w), and Ty > ppun + (1 — pp)wy. Furthermore,
0<1,<Cp-

Proposition S.18 indicates that the welfare-maximizing principal has a stronger motivation to investigate the
product values than individual consumers. This result applies for both the first search and the second search. In
particular, the principal may instruct some consumer to search even if the consumer’s expected surplus from the
search is negative, in the hope of obtaining positive surplus from consumers arriving in the future. Conversely,
individual consumers, due to self interests, are less willing to search than the principal, leading to efficiency loss
under decentralized decision making.

In addition to self interests, efficiency losses in practical applications may also be attributed to other factors.
For example, while the first-best scenario assumes that the principal is perfectly aware of each arrival’s search
cost and search results, in practice consumers are privately informed about their search cost and search results.

Furthermore, due to search-cost heterogeneity, the search results cannot be (fully) deduced from consumers’
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purchases even if the latter are observable. On top of these, in practice early-arriving consumers’ purchasing
decisions may not be observable to later arrivals, who are often given access, periodically, to only a proxy (e.g.,
sales ranking or volume) of the purchasing history. All of these factors lead to inefficiency in social learning.

To illustrate various sources of inefficiencies, consider the following example of three consumers (i.e., n = 3).
The search cost distribution is F'(z) = (a4 (1 —a)®((x —p)/0))I(z > 0), where ®(+) is the cumulative distribution
function for the standard normal distribution, I(-) is the indicator function, o = 0.08, = 4.5, and o = 1.5.
Furthermore, u;, =6, u; =2, and p;, = 0.6. We will compare consumer welfare in three cases: first best, real-time
provision of volume information as in §SP, and the base model where volume information is released only once
and after the first consumer makes purchasing decision (i.e., ng =1). We focus on the volume information for
the inefficiency analysis to preclude the welfare loss due to lower granularity in the ranking information.

We first obtain the search thresholds for the first consumer under the three cases. For the first-best case, the
first consumer performs the first search if and only if s <5.3651 and the second search if and only if s < 2.9788.
The search thresholds in the other two cases are the same: specifically, the first consumer performs the first
search if and only if s < ppu, + pyu; = 4.4 and performs the second search if and only if s < p, (u, —u;) = 2.4.

Consider the following three scenarios, differing in the first consumer’s search cost, denoted by s;. In each
scenario we discuss the inefficiencies in the second and third cases by comparing them with the first-best case.

e 5; <2.4: For this scenario, the first consumer is willing (instructed) to perform two searches in all the three
cases and purchases a high value product if there is any. Thus, consumer 1’s welfare is the same across the three
cases. The next two consumers’ expected welfare, however, differ in the three cases. For the first-best case, as the
first consumer is willing to perform two searches, the principal’s learning about the product values is “perfect”
after the first consumer’s search(es). That is, either a high-value product is revealed, or the principal knows that
both products are of low value. Since the next two consumers follow the principal’s purchasing instruction, they
achieve their highest-possible expected welfare. This does not occur in the other two cases as the product values
remain uncertain and the next two consumers may either incur additional search cost or give up searching when
there is a high-value product, both leading to welfare loss. This exemplifies loss of efficiency due to incomplete
information, i.e., early consumers’ search results are unobservable to late consumers.

e 2.4 <s; <2.9788: For this scenario, the first consumer is willing (instructed) to perform the first search in
all the three cases, but, conditional on the first search revealing a low value, consumer 1 is instructed to search
the other product in the first-best case but is unwilling to perform the second search in the other two cases.
Consequently, in the first-best case the first consumer’s action reveals information about the product values,
which is exploited by the platform and increases the expected welfare of later consumers. For the other two
cases, as the first consumer’s purchase is uninformative, the remaining consumers cannot learn from her observed
action. This efficiency loss is due to the first consumer’s self interest under decentralized decision making.

e 4.4 < s; <5.3651: For this scenario, the first consumer is instructed to perform the first search in the first-
best case but is unwilling to search at all in the other two cases. Hence, learning occurs in the first best but not
in the other cases. Welfare is higher in the first best due to two effects: first, consumer 1 is dictated to search
in the first best, which allows for information revelation and collection; and second, the collected information is

“shared” with later consumers through the principal’s instruction, enabling learning and improving welfare.



s68 supplementary document to Lu and Yu: The Economics of Bestsellers

The three scenarios exemplify two primary sources of inefficiencies: decentralized decision making and incom-
plete information about prior search results. To examine the welfare implication of information provision fre-
quency, we further compare the second and the third cases. We find that, in this example, the aggregate consumer
surplus is higher under more frequent information provision (it is 3.0051 in the real-time case and 2.9622 in
the base model). The difference in aggregate surplus is due to a higher expected surplus for the third consumer
in the real-time case as the first two consumers’ expected surplus are the same in the two cases. The third
consumer obtains a higher surplus in the real-time case because she is able to observe the purchasing action of
the second consumer. In particular, we note that consumer 3’s expected surplus conditioning on sales realization
(2,0) is higher than that in the base model. This is because an observation of the first two consumers purchasing
the same product enhances the likelihood that the bestseller product is of high value as the second consumer
chooses to purchase the same product as the first consumer after observing the purchasing action of the latter.

To summarize, real-time information provision may improve consumer welfare from the level in the base model
because of consumers’ better informed search and purchasing decisions. In particular, notice that each arriving
consumer engages in both public learning and private learning, and his/her purchasing decisions reflect the
up-to-date sales information and his/her own private information acquired through product searches. Therefore,
real-time sales information represents accumulated outcomes of the public and private learning by all the earlier
arrivals, while those under the base model only reflect the early arrivals’ private learning outcomes. Specifically,
under real-time information, later-arriving consumers are able to rationalize the earlier-arriving ones’ purchasing
and search decisions, and deduce the sales information that the earlier arrivals face and in turn their search
outcomes. Essentially, the later arrivals can leverage both the public and the private learning conducted by their
predecessors. Hence, the real-time sales information may be more indicative of the product values compared to
the base model, and thus result in higher consumer welfare.

We observe that the aforementioned results and insights are robust in all of the problem instances that we
tested. As in Table S.9 below, the aggregate consumer surplus decreases from the first-best case to the real-
time case, and then from the real-time case to the base model. An interesting observation from Table S.9 is
that the welfare difference first increases and then decreases in p;,. That is, efficiency loss seems aggravated as
the product values become more uncertain ex ante. Intuitively, search and purchasing decisions may be more
involved under higher value uncertainty and, thus, consumers could benefit more from centralized planning and

a higher frequency of sales information provision.

Table S.9  Aggregate consumer surplus: ©=4.5, 0 =1.5, up, =6, w; =2, «=0.08, n=23, and no =1 for the base

model.
Expected Welfare Welfare Difference
Ph First Best (FB) Real Time (RT) Base Model (BM) | FB—RT FB—BM RT—BM
0.2 1.1814 1.0947 1.0911 0.0867 0.0903 0.0036
0.3 1.6604 1.4399 1.4301 0.2204  0.2302 0.0098
0.4 2.2545 1.8622 1.8434 0.3923 0.4111 0.0188
0.5 2.9266 2.3806 2.3503 0.5459 0.5762 0.0303
0.6 3.6242 3.0051 2.9622 0.6190 0.6619 0.0429
0.7 4.2993 3.7255 3.6728 0.5738  0.6265 0.0526
0.8 4.9167 4.5014 4.4484 0.4153  0.4683 0.0530
0.9 5.4535 5.2599 5.2227 0.1936 0.2308 0.0372
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SH.1. Appendix
Proof of Lemma S.12 Prove by induction. First observe that equations (S.11) and (S.12) hold for & =n by
definition of ®,,(£1,&2, ). Suppose that both equations hold for £+ 1. That is,

Dpi1(&1,82,8) =max(uy, —5,0)+ (n—k—=1)U,, if & =1or & =1

®41+1(0,0,s) =max(u; — $,0) + (n—k— 1)U,
It implies the following:
ES [(I>k+1(§1;€2; S)] = (n — k)U}u lf fl = 1 or EQ = 1 (818)
ES [q)k+l (O, 0, S)] = (TL - k)Ul (819)

We prove below that equations (S.11) and (S.12) also hold for k.
e (S.11): First consider the case £ =1 and & <1. By (S.18) and (S.19), we have
¢k(17§27s71) - _S+uh+ (n_k)Uh
¢k(17£27 S, 2) =—3S8 +£2(Uh + (TL - k)Uh) + (1 - 52) max(ul + (TL - k)Uh, —S+ fl(uh + (TL - If)Uh) + (1 - 51)(’&1 + (TL - If)Ul)),

Hence, ¢x(1,&2,5,1) > ¢1(1,&€2,5,2). Thus, by (S.18) and definition of ®(&1,&2, s),
ék(17§27 5) :maX(ES' [¢k+1(17§27 Sl)]a ¢k(17§25 S, 1)7 (bk(laf% S, 2))
=max((n —k)Up,up, —s+ (n—k)Uy)

=max(0,u;, — s) + (n — k)U,

That is, (S.11) holds for & if & = 1. Similarly, it can be shown that (S.11) holds for k if &, = 1.
e (S.12): By (S.18) and (S.19), we have
¢k(0, 0, S, 1) =—S+ max(ul + ESI [@k+1(0, 0, Sl)], —S+u; + ]ES/ [q)k+l (0, 0, S/)])
=—s+max(u; + (n—k)U;, —s+u,+ (n— k)U;)

=—s+u+(n—k)U,

and
?%(0,0,5,2) = — s+ max(u; + Ey [P441(0,0,5)], —s + u; + Ey/ [®141(0,0, 8")])
=—s+max(u; + (n—k)U,, —s+u+ (n —k)U;)
=—s+u+(n—kU
Hence,

©,(0,0,s) =max(Ey [®44+1(0,0,5)], —s +u; + (n — k)U;)
=max((n —k)U,—s+u,+ (n—k)U,)

=max(0,u; — s) + (n— k)U,

That is, (S.12) holds for k. O
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Proof of Lemma S.13 We first prove the case k =n. By definition,
®,,(£1,0,s) =max(0, —s + &ruy + (1 — &) max(ug, u; — s), —s + max(ug, & un + (1 — &1)uy — 8))
=max(0, —s + & up + (1 — &1)uy, —s +max(u;, Eyup + (1 — & )u — s))
=max(0,—s+ &up, + (1 — &)wy)

where the last equality is due to the facts u; < & up + (1 — &)w, and Eup + (1 — & )uy — s < Eup + (1 — &)y

Thus, (S.14) holds. Furthermore, since E,/[max(z — s’,0)] is a convex function of z,
B [®,(£1,0, )] = Es[max(0, —s + §run + (1 — &1)w)]
<& E max(0, —s + up)] + (1 — &)E,[max(0, —s + w;)] =&Un + (1 — &)U,

Thus, (S.15) holds for k =n.
Now, suppose that both (S.13) and (S.15) hold for k + 1. That is,

Di11(61,0,8) = max(Eo [@r42(61,0,8)], =s + &u(un + (n =k = 1UL) + (1 = &) (w + (n =k = 1U1))  (S.20)
B [®@r41(61,0,8)] <& (n—k)Up + (1= &) (n — k)U, (S.21)
Next we will prove that both (S.13) and (S.15) also hold for k. By (S.18), (S.19) and (S.21), we have
0(61,0,8,1) = — s+ &1 (un + B [Prp1 (1,0, 87)]) + (1 = &) max(u; + By [9441(0,0,5')], =5 + ws + Eor [@141(0,0, 5)])
=—s5+&(up+(n—k)Uy)+ (1 =&)(w+ (n—k)U)
and

¢x(£1,0,8,2) = — s+ max(u; + By [@ry1(£1,0,8")], —s + & (un + Eor [Prq1(1,0,5)]) + (1 — &) (w + Eor [Pry1 (0,0, 87)]))
=—s+max(u; + Ey[Pr11(£1,0,8)], —s+ & (un + (n—k)U,) + (1 = &) (w + (n— k)UY))
<—s+&(up+ (n—k)Us) + (1 —&)(w + (n—k)U1)

Hence, ¢x(£1,0,5,1) > ¢1(£1,0,5,2). It implies:

P4, (&1,0, s) =max(Ey (4 41(£1,0,5)], 0k (1,0, 5,1))
=max(Ey[®441(£1,0, )], =5 + & (un + (n = K)Ux) + (1 = &) (w + (n — k)UL))
That is, (S.13) holds for & + 1. Furthermore, by (S.21),
E[®x(£1,0,5)] = Es[max(Ey [®rr1(£1,0,8)], =s + &1 (un + (n = k)Un) 4+ (1 = &) (w + (n — k)U))]

< E [max(§i(n—k)Up + (1= &)(n = k)Us, —s + & (up + (n = k)Un) + (1 = &) (w + (n = k)U))]
— B, [max(0, —s + &run + (1 — €)u)] + & (n— k)Un + (1 — &) (n — KU,
<& E [max(0, —s + up)] + (1 — &) Eg[max(0, —s +w)] + &1(n — k)U, + (1 = &) (n — k)U,
=&H(n—k+ 1)U+ (1-&)(n—k+1)T,

That is, (S.15) also holds for k + 1. O

Proof of Corollary S.2 It follows from Lemma S.13 and the symmetry of the products. [J
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Proof of Lemma S.14 We prove (S.17) by induction. When k = n, by definition,
@,.(pns P, s) = max(0, —s + prup + (1 — pp) max(uy, ppun + (1 — pu)u, — 5))
®©,,(0,pn,s) =max(0, —s + pruy + (1 — pr)w)
That is to show:
E [max(0, —s + prup, + (1 — pr) max(uy, ppun + (1 — pn)u, — 5))]
< (2 = pn)E [max(0, —s + prup + (1 — pi)w)] — (1 — pr)Es[max(0, u; — s)] + w
We prove this by showing that, for each given s,
max (0, —s + pruy + (1 — pp) max(uy, prun + (1 — pp)u, — s))
< (2 —pn) max(0, —s + prun + (1 — pr)u;) — (1 — pr,) max(0,u; — s) + 1,
Let
Y (s) =max(0, —s + prun + (1 — pp) max(u;, prun + (1 — pp)u; — s))
— ((2 = pn) max(0, —s + prup, + (1 — pp)u;) — (1 — pr) max(0,u; — s) + ;)

Consider the following three cases:

o s<pu(un—w)

Y (s)=—s+purun+ (1 —pn)(prun + (L —pp)uw — 8) — ((2 = pu)(—=s + prun + (1 — pr)w) + w) + (1 — pp) max(u; — s,0)
=wu(pr —2) + (1 — pp) max(u; — s,0)
=max(—u; — s(1 —pp),w(pr —2)) <0

o pu(up —w) < s < ppup+ (1 —pu)u
Y(s)=(—s+prun+ (1 —pn)u) — (2 =pn)(=s+prup + (1 — pr)w) +w;) + (1 — p,) max(u; — s,0)
=5 — 2y + priup, — pru; — Spp — Patln + 2 + (1 — pp,) max(u; — s,0)
= max(—(l —Ph)Phuh —Piul - (1 - ph)ulv 5(1 - Ph) — 2 +Piuh —Piul — Prup + 2phuz)
where
s(1 = pr) — 2w + prun — Py — prun + 2pty < (prun + (1= pr)w) (1 = pr) — 2w + prun — prt — Prus + 2ppiy = —u,

Hence, Y (s) <0 as it equals to the maximum of two negative terms.

® prup+ (1 —ph)ul <s
Y(S) = (1 —Ph) max(O,ul - s) —u; <0
Therefore, (S.17) holds for k =n.

Now, suppose that (S.17) holds for k+ 1. That is,

Eo [Prt1(pn,or, 8")] < (2 —pi)Esr [@r41(0, 91, 8")] — (L —pr)(n — k)U; + (S.22)
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Next we prove that (S.17) holds for k. First, recall (S.16):

Es [(bk(phapha S)]
= Es [maX(Es’ [¢k+1(ph;ph7 5/)], —S +ph(uh + (n - k)Uh)

+ (1 = pp) max(u; + Eg [441(0, pr, )], —s + pr(un + (n = k)Us) + (1 — pa) (wr + (n — k)UL))]
To prove (S.17), it suffices to show the following three inequalities:

Eo [®ri1(Pn,pn, 5")]

< (2=pn)Es [@1(0,pn,5)] = (L =pn)(n+1-k)Ui+w (S.23)
Es[=s+pn(un + (n = k)Un) + (1 = pr)(w + Eo/ [@h41 (0, i, 8)])]

< 2=pn)Es[®4(0,pp, )] = (1 =pr)(n+1—-k)Ui+u, (S.24)
Ei[=s+pn(un + (n = k)Un) + (1 = pa) (=5 +palun + (n = k)Ux) + (1 — pr) (i + (n — k)U1))]

< 2=pn)Es (@40, pp, )] = (1 =pr)(n+1-k)Ui+u, (5.25)

In preparation, by Corollary S.2,
Es[®5(0,pn, )] = Es[max(Ey [@rr1(0,prs 8)], = + pu(un + (n = k)Up) + (1 = pu) (w + (n — k)U3))]
Hence,

E.[®x(0,pn,5)] > Eur [y 11(0,pn, 8)] (S.26)
E[®5(0,pn, 8)] 2 Ei[=5 + pu(un + (n = k)Un) + (1 = p) (s + (n — k)U))] (5.27)
Next we prove (S.23) through (S.25):
o (S.23):
Eor (@1 (s Pis )] — (2= pr)Ew [04(0,pn, )] = (L= pr) (n+ 1 = K)Us + )
< (2= pn)Ey [®rr1(0, 1, 8")] = (L= pn)(n — B)Ur + 1w = ((2 = pn)Es [ 21 (0, p, )] = (L= pi) (n+ 1 = k)U + w)
= (2= pn)(Ee [®141(0,pn, 8")] = B [®1(0, pn, ')]) = (1 = pn)Ur <0
where the first inequality is by (S.22) and the second inequality is by (S.26).
o (S5.24):
Es[=s+pn(un+ (n=k)Up) + (1 = pn) (w1 + Eo [Rye41(0, pr, 8)])] — (2 = pr)Eos [@1(0, pn, 8)] = (1 = pr) (n+ 1 = k)Ui +w)
<E[—s]+pu(un + (n—k)Us) + (1 = pn)us — B[4 (0, pr, s")] + (1 = pa) (n + 1 = k), —
=E,[—s] 4 pr(un —u + (n— k)Uy,) — By [04,(0,pp, s')] + (1 —pp) (n+ 1 — k)T,
<E [=s]+pu(un —w+ (n—k)Un) + (1 —pr)(n+1—k)U — E[—s+ pa(un + (n = k)Ux) + (1 = pp) (w + (n — k)U1)]
=1=p)U, —u; <0
where the first inequality is by (S.26), the second inequality is by (S.27), and the last inequality follows because

U, = E [max(u; — 5,0)] < u;.
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° (8.25):

Es[=s +pu(un+ (n = k)Un) + (1 = pr)(=s + pr(un + (n = k)Un) + (1 = pn) (w + (n = k)U3))]
— (2= pu)Eo [®1(0,pn, )] = (1 =pu)(n+1 = k)Ui+ w)

SEu[=s+pu(un+ (n—k)Us) + (1 = pr)(=s +pr(un + (n = k)Un) + (1 = pu) (s + (n = K)U1))]
+ (I =p)(n+1=k)U —u — (2= pn)Ei[=s +pu(un + (n = k)Un) + (1 = pu)(w + (n — k)U,)]

=U—u —Upn— (1 =pp)u,; <0

where the first inequality is by (S.27).
As we have proved (S.23) through (S.25), we conclude that (S.17) holds for k. This completes the proof. O

Proof of Theorem S.1 The first three bullet points are implied by Lemmas S.12 and S.13. For the last bullet
point, by (S.16), it is optimal for the principal to instruct the consumer to do the first search if and only if

Es’ [¢k+1 (phapl‘w Sl)]

< —s+pu(un+ (n—k)Un) + (1 — pr) max(u; + B [@i1 (0, pr, 8)], =5 + pu(un + (n = k)Un) + (1 = pi) (i + (n — k)U7))
and to do the second search (if the first search reveals a low type) if and only if
W+ Ey [®rt1(0,pn,8)] < —s+pp(up+ (n—k)U,) + (1 — pp) (w + (n — k)U;)
To prove the claimed structure of the optimal strategy, it suffices to prove:

8 > pp(un + (n—k)Up) + (1 = pn)(w + Eg [@441(0,pn, 87)]) — Bt [@pi1(Phs i, 87)]

=S >ph(uh + (n — k)Uh) + (1 —ph)(ul + (n — k)Ul) — Esl [¢k+1(07ph; S,)] — Uy
A sufficient condition for it is:

pr(un + (n—k)Us) + (1 — pa)(w + Eg [@411(0,pn, 8")]) — Egr [Prt1(phs pr, )]

= pr(un + (n = k)Us) + (1 = pr) (we + (n = k)U1) — Eo [@111(0, prs 8)] — w
which is equivalent to
Eor [®kt1(Pn pr, 87)] < (2= pn)Ear [@rg1 (0, iy 8)] = (1 = pi) (0 = B)UL +
That is:
Eo [®1(pn, pr, 8')] < (2= pr)Esr [@1(0,pn, )] = (1 = pu)(n+ 1 = k)Ui +
This inequality is proved as in Lemma S.14. [
LEMMA S.15.

pr(n—k+ 1)U, + (1 —pp)Ey [®x(0,pn,8")] — Eg [Pk (pr, pr, )] >0 (S.28)
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Proof of Lemma S.15 We prove (S.28) by induction. When k = n, by definition,
D, (Prspry §) = max(0, —s + ppuy + (1 — pp) max(ug, pyuy + (1 —pp)u — s))
®,,(0,pn,s) =max(0, —s + pruy + (1 — pr)w)
That is to show:
E,[max(0, —s + prup + (1 — pp) max(uy, ppun + (1 — pu)u; — 5))]
< (1 —pn)E [max(0, —s + prup + (1 — pr)w)] + prEs[max (0, uy — s)]
We prove this by showing that, for each given s,
max(0, —s + prup + (1 — pp) max(uy, prun + (1 — pp)u, — 5))
< (1= pp) max(0, —s + prupn + (1 — pr)w;) + pr max(0, uy, — s)
Let
X (s) =max(0, —s + prus + (1 — pp) max(uy, pruy, + (1 — pp)ug — 8))
— ((1 = pn) max(0, —s + prup, + (1 — pp)uy) + pr, max(0, uy, — s))

Consider the following three cases:

o s <pu(up—w)
X(s) = =s+pnun+ (1= pn)(prun + (1 —pn)ur — s) = (1= pu)(=s + paun + (1 = pr)ur) — pu(un — 5)
=—s(1-pn) <0
o pu(un —w) < s < ppup+ (1 —pu)u
X(s) = (=s+prun+ (L = pr)w) = (1 = pu) (=5 + prun + (1 = pr)w) — pu(un — 5)
= pr(=s+pntn + (1= pr)w) — pu(u, — )

=—pu(l —pu)(up —u;) <0
o prup+ (1 —pp)u < s
X (s)=—ppmax(0,u, —s) <0
Therefore, (S.28) holds for k=n.
Now suppose that (S.28) holds for k+1, i.e.,
B [@ut1(pn,prs 8] < pu(n—k)Up + (1 = pr)Es [Pr41(0, pr, 87)] (5.29)

Next we show that (S.28) holds for k. In preparation, recall:

@4 (pnspn, s)
=max(Ey[Ps+1(pn, Py 8)]s x(Prs Pry 8, 1))
=max(Ey [®p41(pn: Ph, 8')], =5 + pu(un + (n — k)Un)
+ (1= pn) max(u; + By [@441(0, pr, )], =5 + pa(un + (n — k)Un) + (1 = p) (s + (n — k)Uy)) (5-30)
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and
®5.(0,pn, s) =max(Ey [Pr11(0, pr, 8')], = + pu(un + (n — k)Un) + (1 = pu) (w + (n — k)Uy)),
which implies
Es[®4(0,pn, 5)] 2B [Pis1(0, pp, 87)] (S.31)
Es[®4(0,pn, 8)] ZEs[=s + pu(un + (n = k)Un) + (L = pi) (wi + (n = k)U))] (5.32)
To show
Eo [®1(pn, pr, 8")] < pr(n—k+ 1)U, + (1 — pp)Es [24(0, pr, s)],
by (S.30), it suffices to prove
Eo (@541 (Pr:Prs s)]
<pn(n—k+ 1)U+ (1 —pp)Ey[P(0,ps, s")] (S.33)

Ey[=s] +pn(un + (n = k)Us) + (1 — pn) (w + Eo [ @411 (0, pr, 5)])

<pr(n—k+ 1)U, + (1 = pp)Eo [@4(0, s, s')] (S.34)
E,[—s+pn(un+ (n—k)Up) + (1 = pp)(—s + pr(un + (n — E)Us) + (1 — pp) (u + (n — k)U)))]
<pr(n—k+ 1)U+ (1= pn)Ey [0, pr, s')] (S.35)

Next we prove (S.33) through (S.35).
(S.33): The inequality follows from (S.29) and (S.31).
(S.34):
Es[=s]+ pn(un + (n = k)Up) + (1 = pn) (4 Es [Rrt1 (0, pn, 8')]) — pr(n = k+ 1)Up = (1 = pp) Eyr [21(0, pr, s7)]
=E[—s] +pn(un — Up) + (1 = pr)uwi + (1 = pr) (B [@141(0, pn, 8)] — Eo [ (0, i, 7))
=E.[—s] 4+ pn(un —Un) + (1 = pr)w
— (1= pn)E,[max(0, —s + pr(up + (n — k)Uy) + (1 — pu) (wy + (n — k)U;) — Eg [@111 (0, pn, ')])]
SE[=s]+pu(un —Us) + (1 = pu)ug — (1 — pp) By [max(0, —s + puup, + (1 — pr)u)]
=E[=s+prun + (1 = pr)w] — prEs[max(uy — 5,0)] = (1 = pr)Es[max(0, —s + pyruy, + (1 — pr)u)]
<E,[-s+prun+ (1 —pr)w] — E max(0, —s + prup + (1 — pr)w)] <0
where the first inequality is by Corollary S.2.
(S.35):
Ey[=s+pn(un + (n = k)Ux) + (1 = pp)(=s + pr(un + (0 = k)Un) + (L = pa) (w + (n = k) U1))]
—pu(n—k+ 1)U, — (1 — pn)E,[@(0,pn,5")]
SEi[=s+pr(un + (n—k)Up) + (1 = pu)(=s + pa(un + (n = k)Ux) + (1 = pp)(w + (n — k)U1))]
—pn(n—k+ 1)U, — (1 —pu)Ei[—s+pnlup+ (n=Ek)U) + (1 —pn)(u + (n = k)U,))]

=E.[—(1—pn)s+pn(u, —s) — pp max(u, — $,0)] <0
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where the first inequality is by (S.32).
As we have proved (S.33) through (S.35), we conclude that (S.28) holds for k. This completes the proof. O

Proof of Proposition S.18 Both {, > pyus, + (1 — pp)w, and 7, > py(us — u;) follow from the inequality in
Corollary S.2. To show Ty > pruy, + (1 — py)uy, it suffices to show:

Ph(n - k‘)Uh + (1 - Ph)Es' [q)k+1(0aphv 5/)] —E. [(I)k+1 (Phapm 5/)] >0

and the inequality follows from Lemma S.15.
Furthermore, 7, > 0 is by the inequality in Corollary S.2 and 7, < (, follows immediately from their defini-

tions.

SI. General Sales Signals

So far we have focused on two specific forms of sales signals, i.e., sales ranking and sales volume. There can
be other signals about sales. Assume that the platform commits to a signaling mechanism at the beginning of
the horizon. The mechanism maps each possible realization of the first-period sales volumes to a signal. Since
the two products’ first-period sales add up to nq, it suffices to consider the realization of the first-period sales
volume of product 1, i.e., X;.

We focus on public signaling, where the mapping is independent of a consumer’s search cost and, at the begin-
ning of the second period, a single signal is generated and sent to all the second-period consumers. Furthermore,
assume that the platform commits to a partitioning strategy of the interval [0,7n;], which supersets the domain
of the first-period product-1 sales. (Candogan 2022 examines public signaling of a single state and shows that
the optimal public signaling can be derived based on interval partitioning.) Specifically, the interval [0,n4] is
partitioned into k non-overlapping sub-intervals (except that two sub-intervals may overlap at %, see below).
In the second period, the platform publicly announces in which sub-interval the first-period sales of product 1,
X, lies. This interval-partitioning signaling mechanism subsumes ranking and volume information as special
cases: for ranking, the partitioning is [0, %] U [+, n1], and for volume, it is such that each sub-interval contains
exactly one integer.

As the products are ex ante symmetric, the partitioning is symmetric with respect to “%-. Thus, the partitioning
takes one of the following two forms: for k € N and 0=: 6y <1 <d2 <... < g < Opq1:= 3,

(P1) One of the intervals contains “ as an interior point:

[0’%_5’“) [2 5’“’ ~ O 1)U U[2 52’2 51)U[2 i +51}

RN AN

(P2) None of the intervals contains % as an interior point:
nq ny n1 ny Ny
[077“%) [ 3 ey ) Un[Fon S oa)ulg-a g lul3 5 )

AN AN

Specifically, for (P2) if n; is an even number and X; = %", then the platform announces that X; lies in
["1 oL —1—51] with probability 3 L and X, lies in ["—21 — 01, "1} with probability %
We first show in Lemma S.16 that (P1) is dominated by (P2) from the viewpoint of the platform.
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LEMMA S.16. From the platform’s perspective, the partitioning (P1) is outperformed by the partitioning (P2).
That is, the expected second-period total sales under (P1) is no greater than that under (P2).

By Lemma S.16, the platform is better off providing at least the bestseller ranking information, i.e., upon
receiving the message, the second-period consumers become aware of which product generates higher sales in

the first period.

To facilitate further analysis, next we prove that, given the partitioning (P2), conditional on X; in any

interval, the first-search threshold is no lower than the second-search threshold. Specifically, for I € {0,1, ..., k},

denote by Event E-l the event X; € (& + 8, & + §i41] with &, < §11. Let AG, = > 9s(t),
te (St o, b +841] teN
NG, = > ga(t), and A_,G, = > 9a(t). The first-search and second-search
te (2 +8y, B +6141 ] N te[ B —6141, %L —61) teN

thresholds are:

Ozfil = P[’U,l = ’LLh|X1 S (% + 51, n—21 + 5l+1]]
p}QLAle +phplAlGa
(PE+p7) NG+ prpi NG + i A G,
Pn

- 1A Gs+pr A_1Ga
Prt D PrhAGs+piA1Ga

fil = ]P['U,Q = ’LLh|X1 S (% + 51, n—21 + 51+1],’U,1 = Ul]
_ Pl A_G,
PiAG 4+ prp A G,
—_ P
D AAJLCJC;Q +ph

We have:

LEMMA S.17. of 7' > pBF~.

Lemma S.17 indicates that, given any public message about X; in an interval, the total second-period sales

is determined by o .

For expositional convenience, we focus on the case where n; is odd in the analysis below. The case where ny
is even can be proved similarly. By product symmetry, the platform’s expected total sales in the second period
is:

k

$p1=2n0 > FEU(ay™))((0; + p7)9s () + prpi9a () + prpiga(na — )

1=0 pe(St+6,, 5 +6,11],2€N

where the subscript p stands for interval-partitioning.

PROPOSITION S.19. Among all the public signaling mechanisms based on sales-interval partitioning, ranking

(volume) information is optimal if the search-cost distribution F(-) is concave (convex).

The results jointly imply that, given the public signaling mechanism based on interval-partitioning of the
first-period sales, the platform optimally provides at least the ranking information. Furthermore, ranking infor-
mation is optimal under concave F'(-), while volume is optimal under convex F'(-). These findings generalize and

strengthen the insights in the base model.
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SI.1. Appendix
SI.1.1. Properties of G,(-) and G,(-)

By the analysis in the base model, we have the following properties:

ga(%) < gs( 5 1) (Proposition 4)
Zuég increases in z for all = (Proposition 4)
go(z) < go(x) for x < 7 (Proposmon 4)
ga(ni—z) < g,(ny—z) for x> 7
9a(z) > ga(n1 —x) for x> 7 (Lemma 2)
g9s(x) = gs(m—x)
G.(x) = 1-G.n1—2x)
Gy(ni—x) > Gu(ng—x)for x> %
G.(z) < Gi(z) for z < %

@
5]

&
IA

1
G.(z) gGs(%)z 5 fora< %

LEMMA S.18. G,(z) < G.(z) < Gu(ny — ) for all 0 <z <ny.

Proof of Lemma S.18 We first show G, (z) < G,(n1 — z). Since g,(z) > g.(ny — z) for > %, we have:

ni

Zga(t) < Z ga(t) for x < %
=0

t=n1—x

1 ny
n
Z:ga(t) > Zga(nl —t) for x> ?1

t=zx

The first inequality implies G,(z) < Go(n; — x) for x < %, and the second inequality implies G,(z) >
>y 9a(t') = Gu(ny — ) for x > %=, which further implies G, (z) < G,(n, — ) for z > %

Now we show G, (z) < G,4(z). Since g,(z) <gs(x) for x <%, we have: G, (x) = Z ga(t ) < E gs(t) = G4 (z) for
x < 5. Suppose G, (z) > G, () for some o > 5. Then there exists some yo € (5 xo] such that 9a(Yo) > gs(yo)-
Since Z‘*Ez; increases in z for all z, g,(z) > gs(x) for all z > yo. In particular, g,(x) > gs(z) for all x > xo.
Thus, Ga(n1) = Ga(wo) + 3272, ga(t) > Go(w0) + 32,2, 95(t) = G.(n1). This, however, contradicts with the fact
G.(n1)=Gs(n1)=1.

Last, we show G,(x) < G,(n; —z). This follows from the facts G,(z) = G.(n; — z) and G,(z) < G.(z). O

Recall that G,(z) (G, (n1 —z)) is the sales distribution of H-value (L-value) product when the two products

have different values, and G,(x) is the sales distribution of either product when the products are of the same

value. Hence, Lemma S.18 implies that these sales distributions are first-order stochastically ordered.

SI.1.2. Proofs
Proof of Lemma S.16 Note that (P1l) and (P2) coincide with each other except that the interval
[ﬂ — 01, % —1—51} in (P1) is substituted by [”—21 — 0, ”—21] [”21 5 +(51} in (P2). Thus, to prove the lemma,
it suffices to prove that a public message of X; € [ — 01, % +61} generates (weakly) lower sales than a
public message of X; € ["1 o4 51} By problem symmetry, this also implies that a public message of X; €

[7 — 01, o+ 61} generates (weakly) lower sales than a public message of X; € [% — 01, %}
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To this end, we examine the posterior beliefs under two events: X, € [”—21 — 4,4+ (5] and X, € [%, o+ 6}.

Under either event, we show that the first-search threshold is no lower than the second-search threshold, and
thus, the total sales is determined by the first-search threshold. Here, given the sales information, the first-
search threshold is determined by the posterior belief about the bestseller being of high value (if the bestseller
is unknown, then it is determined by the posterior belief about a randomly-picked product being of high value)
and the second-search threshold is determined by the posterior belief about the non-searched product being of
high value after a first search. Subsequently, we show that the the first-search threshold under the first event is
no lower than that under the second event, which then completes the proof.
e Event I: X; € [% —(5,"—21—1—5}

Let AG, = > gs(t) and AG, = > gs(t).

te[ L -5, L +5],teN te[ 5k 6, 55k +4],teN
of :=Pluy = up| X1 €[ — 6,2 +0)]
PRAG, + ppAG,

(P + ) AG, +2ppi AG,

Pn
PIAGs+pp AGa
pr+ D1 prAGs+p AG,

Bé I:]P[UQ :uh|X1 € [n_21 —5, % +6],U1 :ul]
_ phplAGa
PrAG, +ppAG,
Pn

N’ 222 +Dn

We have:

PAG+pAG.  AG,  pul(AG.)? = (AGL)?)
phAGs +plAGa AC;(a B (phAGs +plAGa)AGa

where AG, — AG, = > (9a(t) — gs(t)) := W(6). Since gq(z) > ga(n1 — x) for x> 4 and g,(z) =
te[ Sk —8, 5L +6],teN

gs(n1 —x), W(6) increases in ¢. Furthermore, W(0) = ga (%) — g:(%) <0 and W(%) = G4(n1) — Go(n1) = 0.
Thus, W (4) <0 for all § € [0, %-]. Hence, o (s) > 55(s).
e Event II: X, € ["—21, o —l—ﬂ

Let A1G, = > gs(), MG, = > 9a(t), and A_1G, = 9a(t).
te[ S, 5L +5],teN te[L, L +5],teN te[t -8, 5], teN
Oé{l I:P[Ul = ’LLh|X1 S ["_21’ n_21 + 6]]
_ PR G+ ppiAi G,
(P + ) A1G s+ A1 Ga + prpi A1 G,
Dn

o P1A1Gs+ppA_1Ga
Pntpu prRA1Gs+pA1Ga

3= Plug = up | X €[22 + 6], uy =]

272
_ PP A_1G,
PiALG + prpA_1G,
_ Pn
PANG o

We have:
PAG +prA G, AG, _ pAG(A G, — AGL) +Ph((A71Ga)2 — (Ale)Q)

phAle +plA1Ga A—IGa B (phAle +pZA1Ga)A—1Ga
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where A_1G, — A1G, = > ga(t) — > ga(t) <0 since g, (x) > gq(n1 — ) for > %+, Mean-
te[ 5k -6, 5], teN te[ Sk, Tl +6],teN
while, A_1G, — A1G, = (9a(t) — gs(t)) <0 since g,(z) = gs(n1 —z) and gq(z) < g.(x) for < 2.

te[SL -5, 5] teN

Hence, ot (s) > B3 (s).
e Now we compare ! (s) and al’(s):
Pu(Gs(5 +6) = G5 —6)) +Pn(Ga(5 +6) — Ga
PG.(E $0)=G.5 =0 +n(C.(4 <0 —C.
(G (5 40) —Ga(5) +pa(Ga(5 —9) — Ga(5
pr(Gs(5 +0) = Go(75)) + pi(Ga (5 +0) — Ga
_ pAG, +prAG, plAIGs +prnA G,
T pAG +pAG,  pAG,+pAG,
_pZQ(AlGaAGs — AG,ALGy) + 07 (AGAGy — A G AGy) + i AGL (A G, — A_1G,,)
B (PnAG,s + pAG,) (pnAi1Gs + piAiG,)

where, since g, (x) > gq(n1 — ) for x > %+, we have:

AlGaAGS - AGaAle =

]

9a(t) - 2 9s(t) — 2 9a(t) - > 9s(t)

te[ 5, S +6],teN te[ T -6, 5L +6],teN te[ %L —5, %L +6],teN te[ L, 5 +6],teN
= {2 > 9a(t) — > ga(t)}' > 9s(t)
te[S, L +6],teN te[ 5k —6, 5k +6],teN te[5h, 5L +6],teN
>0
AG,A G~ A G, AG, = > 9a(t) > gs(t) - 9a(t) - > 9s()
te (g —8, 5k +5],teN te[h, T +6].t te(5Hk -5, 5] teN te[ 5L -6, 5L +6],teN
:{ E ga(t)_Z E ga(t)}' Z ( )
te( Sk -5, 5k +6],teN te(Sk -5, 5] teN te[Sh -5, 5k +6],teN
>0
AG.—A LG, = > ga(t) — > 9a(t) >0
te[ Gk, +6],teN te[—6, 5], teN
Hence, of(s) < af’(s). O
Proof of Lemma S.17
QF-l _ gE-l DG +pALG, _ AG, _ JJTAV(ED (A—lGa - AlGa) +ph((A_lGa)2 - (Ale)Q)
! 2 AN Gs +pAG, A_G, (PG + piAGL)A LG,
where A_,G, — AG, = > ga(t) — > 9a(t) <0 since g,(z) > g,(n1 —x) for z >
te[%—51+1,"71—51,)7t6N te(%+5;,"71+51,+1]7t6N
L. Meanwhile, A_,G, — &G, = > (ga(t) —gs(t)) <0 since g,(z) = gs(n1 — ) and g,(x) < g.(z)

te[ S —8, 41,5 —58;),teN
for z < 5. Hence, alE_l > BQE_l. O

Proof of Proposition S.19 We first prove that under the public signaling mechanism based on interval

partitioning, the expectation of the posterior about the bestseller being of high value equals 77:

2% > ot (o7 + 1) s () + Prpiga () + prpiga(na — x))

1=0 ze (St +6;, L +8;41],2€N

=2) a7 > (7 + 1) 9s(%) + Pup1ga (%) + Prprga(na — )

e (5 +6,, 5k +6141],2€N

—2204 (7 +P))AGs + prpi A G + P A _Gy)
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k

—9 Z PRAG, + pupiAiG,
(pi +p7)

2 2
+p)AG + NG, + A_LG,
AGe 4+ pupi A Ga + oA Gl ((ph +p7) A PPt PR A Gy)

k
= QZpiAZGS + i AG,
=0
n n
=201 - Gu(5) + 2ppi(1 = Gu(5))

Hence, when F'(-) is concave,

2112 310 D (" o1, 451N F(EU(af*l))((pi +97)9:(2) + Prpiga(2) + prpiga(ni — )
< (BU (2500 X e 2y e 0 (02 49990 (@) + Prpiga () + pamiga (m — ) ))
=noF (EU (7]))
=5,
where the inequality follows from the facts that F(-) is concave and 22;“:0 er(%wh%wl“]’xel\,((pﬁ +
P7)9s(2) + Pupiga(@) + Papiga(na — x)) = 1.

Furthermore, recall the posterior under volume information: for z > %

Pigs () + prprga(T)
(P74 p?)9s(x) + Prpiga (@) + Prpiga(ny — )

71 (x) =Plus =up| X1 = 2] =

Thus,
> v () (p7 +p7)gs(x) + Prpiga () + Prpiga(ny — x)
1
P[X, € (& o
o€ (L +6p, L 48,4 ],wEN [ X1 € (5 40,5 + 0]
_ > P2gs(2) + prpiga(T) (P; +07)9s() + Prpi1ga () + Prprga(ny — )
(07 +07)95(2) + Prpiga(t) + Prpiga(na — ) P[X; € (% + 31, 2 + 6,11]]
2 2

we(G+6,, 5 +6141],2€N

_ 3 P19s (%) + Pupiga(T)
P[Xy € (% + 0, 5+ 6141]]

2 € (TG +8y, 5 4841 ] 2N
. Eme(%wl,"71+51+1],16N[p59s(37) +phnga($)]
PIXy € (5 + 61, 5 + 6i41]]

E
= al
Hence, when F(-) is convex,

202300 ve (2t s, 4oy wen FEU@T™)) (7 +07) 9 (2) + Prpiga (@) + papiga(nn — )
=2n; Ez:o (EU(ay"))P[X, € (5 401, 5 + 0141 ]

_ k v (P74+P7)9s (2)+PrP1ga(®)+PrP1ga(n1—2) n n
=2ny Zl:0 F (er(%+5la"Tl+5z+1],xeNEU(7r1 (CL')) — [Xle("}l +l6l oL +6}l+l1]] : ) ]P[Xl € (?1 + 517 ?1 + 51“‘1]]

k ( L+ )s(x)+ a(x)+ a(n x) n n
<y S et v e F (U (0)) U G muns 1B, € (5 45,5 +0140]

)
=205 3000 e (2t oy, 2ty Lwen FBU (2))) (03 +27) 9 (2) + Papiga (@) + prpiga(ny — )
=223 e e F (BU (2))) (05 + 07)9s(2) + Pupiga(r) + Prprga(na — 2))

= Sv

(P} +pP)gs(z )+thga( )+thga(n1 x) -1

where the inequality is by the convexity of F'(-) and ) (B 45,151, ]weN PIX1 € (5 161, T 4511

O
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SJ. Sales Milestone for Information Provision

In the base model we assume that bestseller information is released after ng consumers have arrived, where ng is
the platform’s decision. Alternatively, the platform may choose to release bestseller information when a certain
sales milestone is achieved. We examine this alternative scenario in this extension. Specifically, assume that
consumers sequentially arrive to the platform according to a general stochastic process and bestseller information
(if any) is publicized when the products’ total sales reaches a threshold n;, where n; is chosen by the platform.
In this case, the first (second) period is defined as the period of time before (after) the sales milestone is reached.

We first note that, in the base model, by Lemma 1 (i), the total sales reaching a milestone n; is equivalent
to the total arrivals reaching a milestone ng, where ny and ng satisty ny = |noF (unpsn + wp;)]. This is because
the proportion of consumers who perform a search (and thus make a purchase) is F'(uppp +wp;)-

Now, consider the situation where each consumer’s search cost is independently drawn from the search-cost
distribution F'(-), as in §SF. In this case, the proportion of consumers who make a purchase is a random
variable, and, thus, there no longer exists a deterministic mapping between sales milestone and arrival milestone.

Nevertheless, similar to that in §SF, we show that our main results remain valid under this alternative setting.

SJ.1. Posterior Beliefs
Similar to the base model, we first derive consumers’ beliefs in the second period under no information, ranking
information, and volume information, respectively. Note that the number of first-period consumers performing

the first search is the sales milestone, i.e., n;. Let m denote the number of first-period consumers performing the

F(pn(up—ur))

n, F(ppup+prug) ) For

second search. Since consumers’ search costs are independently distributed, m ~ Binomial(
m=0,...,n1, let P(m|ny) denote the probability that in the first period m consumers perform the second search.
Specifically, P(m|n;) = ("1) (M) (1 — M) " Below we derive the posterior beliefs under

m/) \ F(ppun+piur) F(prun+piur)

various types of sales information.

No Information

When there is no sales information, the posterior beliefs are the same as the prior, i.e., 7{ = v{ =75 = pj,
where, similar to in the base model, 7{ denotes a late consumer’s belief that the higher-ranked product is of
high value before she makes a first search, v{ denotes her belief that the lower-ranked product is of high value
before she makes a first search, and 75 denotes her belief that the lower-ranked product is of high value after

her first search reveals a low value in the higher-ranked product.

Ranking Information

Under ranking information, let 7] be a late consumer’s belief that the higher-ranked product is of high value
before she makes a first search, and v be her belief that the lower-ranked product is of high value before she
makes a first search, and 75 be her belief that the lower-ranked product is of high value after her first search
reveals a low value in the higher-ranked product.

For given (ni,m) and for £ =0,1,...,n1, define

gs(z|n1,m) := Binomial(xz,n,,1/2),

9a(z|n1,m) := Binomial(x — m,ny —m,1/2) if  >m, and 0 if © <m,
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where Binomial(x,y,p) is the probability that among y independent trials, z of them succeed, where the proba-

bility of success is p. Let G4(z|n1,m) and G,(x|n1, m) be the cumulative distribution functions corresponding to

gs(z|n1,m) and g, (x|n1,m), respectively. Let G,(z|n1,m) :=1—G,(x|n1,m) and G, (x|n1,m) :=1— G, (x|n1,m).
Given (nq,m), define

M

T(n1,m) =pi +2ppi (1 — Go (5% |ny,m))

oy (ny,m) =pi+ 2pnp1Ga (5 ne, m)
PhGa(%|n17m)
prGa( N1, m) +Pzés(n_21|n1,m)
when n; is odd. The definitions under even values of n; are similar to those in the base model and are omitted

w5(ny,m) =

here. As the late consumers cannot observe m, they take account of all the possible values of m. Lemma S.19

follows.

LEMMA S.19. 77 =3 P(m|ni)7{(n1,m), vi =) P(m|ni)v](ni,m), 75 =>_  P(m|ni)75(ni,m).

Volume Information

When sales volume information is publicized, the late-arriving consumers observe the sales volume of both
products. On the other hand, the number of early consumers who perform the second search, m, remains
uncertain. Given nq, let p(m,z|ny) be the probability that m = m and the sales for the higher sales ranking

product is z. Then for z > n, /2,
p(m,z|ni) =Pr(z|m =m) - -Pr(m=m)
=[(pi + p7)gs(@n1,m) + pupiga(xna, m) 4+ papiga(ny — xny, m)] - P(m|n,)

Let p(z[ni1) =3 ., p(m,z[n1). The knowledge of n, and z allows the late consumers to update their belief

p(m,z|ny)
p(z|ny)

Under volume information, let 7% (x,n1) be a late consumer’s belief that the higher-ranked product is of high

about m: for m=0,...,n1, p(m|ny,x) :=Prim =mn,,z] =

value before she makes a first search, and vy (z,n;) be her belief that the lower-ranked product is of high value
before she makes a first search, and 74(x,n1) be her belief that the lower-ranked product is of high value after
her first search reveals a low value in the higher-ranked product.

For given (ny,m), we define
Prgs(@|n1,m) + papiga(xna, m)
Prgs(z|ny, m) + pupiga (1, m) + prpiga(na — xny, m) + pigs(x|ng, m)
Pigs(xn1, m) + papiga(ny — x|ni, m)
Prgs(z|ny, m) + pupiga(zIn1, m) + prpiga(na — zny, m) + pigs(xz|ng, m)
Prga(n1 — x|y, m)
Prga(n1 — z|ny,m) + pgs(x|ny, m)
where z is the sales of the bestseller. Lemma S.20 follows.

ﬁqu(xanlam):

ﬂi}(xanlam):

7y (x,n1,m) =

LEMMA S.20.
p(m,z|ny) _
x nl Z (CE nlvm)
m<ni J)|n1
p(m a:|n1
x nl Z (CE nlvm)
m<ni J)|n1
p(m a:|n1
x n1 Z (J? nhm)
p(zlny)
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SJ.2. Robustness of Results in the Base Model
In this section we prove that the main results in the base model remain valid in this extended model (with the
statement of some results slightly modified, as highlighted in boldface below). For each result, we repeat its

(modified) statement in this subsection. The proofs are similar to those in §SF.4 and thus omitted for brevity.

LEMMA 1 (Consumers’ purchasing choices in the first period)
(i) In the first period, consumers with search cost s <wuppp + wp, purchase a product and consumers with higher
search cost leave without buying.
(i) If the two products’ values are identical (i.e., either u; =us =uy, or uy =uz =1,;), a consumer who chooses
to make a purchase buys either product with equal probabilities. If the two products’ values are different (i.e.,
u; =up, and uz_; =uy, i € {1,2}), a consumer with search cost s <p,/A purchases the product with high value,

while a consumer with search cost s € (P, unpy + wp)] purchases the first product that she searches.
PROPOSITION 1 Given n, and m € {0,...,n.}, for x €[0,n4],
gs(z|ny, m) := Binomial(z,n1,1/2),
gu(z|n1, m) := Binomial(x —m,n; —m,1/2) if x >m, and 0 if z <m,

where Binomial(x,y,p) is the probability that among y independent trials, x of them succeed, where the proba-
bility of success is p. Let Gy(x|nyi,m) and G,(z|n., m) be the cumulative distribution functions corresponding
to g.(r|ny,m) and g,(z|n.,m), respectively. Let G (z|ni,m):=1— G.(z|n,,m) and G,(r|n,,m):=1—
G.(z|ny, m).

(i) If the two products’ values are identical, the sales of either product follows distribution G4(x|n.,m), given
ny, and conditional on m =m;

(i) If the two products’ values are different, the sales of the high-value (resp. low-value) product follows distri-

bution G,(z|n.,m) (resp. G,(n, — x|n,,m)), given n, and conditional on m =m.

PROPOSITION 2 Under either ranking or volume information, if a consumer finds it worthwhile to search,

then it is optimal for her to first search product i*.
LEMMA 2 @} > v > x5, and 7 (xz,m1) > vy (z,n1) > 74 (x,11), YT > N1 /2.

LEMMA 3 (Consumers’ purchasing choices in the second period) For t € {¢,r, v},
(i) Consumers with search cost s <wu,mi 4+ u;(1 —7t) purchase a product and consumers with higher search cost
leave without buying. That is, for given ns, the total sales of the two products in the second period
follows Binomial(nq, F(miu, + (1 — 7wt)w,));
(i) If a consumer’s first search reveals a low type, she performs a second search if and only if her search cost
is low (i.e., s <7wiA). Thus, if the two products’ values are different, a consumer with search cost s < wiA
purchases the product with high value, while a consumer with search cost s € (ThA, upmh +u, (1 —7%)] purchases

the first product that she searches.
PROPOSITION 3 7} > 7{ =pj,, > v}, m5 < 7§ = py,.

LEMMA 4 Fori=1,2,
(i) Pr [ul =up|uy # ug, X; > ”—21] > Pru; =up|ur #us] and Pr [uz =up|ur =ug, X; > ”—21} =Priu; = uplu; = ual;

(i) Pr [ul # us| X; > %} =Prlu; #us] and Pr [ul =us| X; > "—21} =Prlu; = us].



supplementary document to Lu and Yu: The Economics of Bestsellers s85

PROPOSITION 4 (i) 73(z,m1) < py for all x >ny /2. (ii) If p, > 5, 7V (x,n1) > py for any x >nq/2; otherwise,
w0 (z, 1) > pr if and only if x is sufficiently high.
LEMMA 5 70 (%, ny) > py if pp > 3, 70 (%, na) =pu if po= 3%, and 7 (%, ny) <py if pp < 1.

LEMMA 6
(i) Both Prlu; = uy|ui # ug, X;» = x| and Prluy # us| X;« = x] increase in x, for x> %;
(ii) 7} (2, M) increases in x, for x> .

(iii) w5 (x,m1) decreases in x, for x>
LEMMA 7 For given n,, 7 (x,n1) is a mean-preserving spread of © for j=1,2.

To evaluate the impact of sales information on the expected sales, we define the expected second-period sales.
Recall that the number of consumers in the second period is 7.3 = n — fig. Given ni, denote the probability of
Ng =ngy as P(nz|n1). Note that, given ny, m and 75 are independent.

e The expected second-period sales under no information is

Ss] = <Z n2p(n2|n1)> F(prun + piw)

e The expected second-period sales under ranking information is

= <Zn273(n2|n1)> F <Z P(m|n1)7] (n1, m)uy, + (1 — Z P(m|n1)7~rf(n1,m))ul>

ni,m

e The expected second-period sales under volume information is

E[Sv]—<Zn27>(nzln1)>2p(wlm (mexf;'f“ {mamuy + (1 memf;'?l i, nl,m»ulﬂ

= <Z nﬂ’(%lm)) > plaln) [F( (2, m)un + (1= ) (2,n) Ju)]

where p(z|n1) is the probability that bestseller product has sales  (where & > n;/2) when there are in total n,

sales in the first period.

ProproOSITION 6 Compared to no information:

(i) ranking information increases the expected second-period sales, i.e., E[S,] > E[Sy]. In particular, there
]E[ «p]

exist problem instances in which <e€ for any given ¢ <€ (0,1).
(i) volume information reduces the second—pemod sales if both p, < 5 and the first-period sales difference is
small, and increases the sales otherwise. Furthermore, volume information may lead to a lower expected

second-period sales, i.e., there exist problem instances in which E[S,] <E[Sy].

PROPOSITION 7 Compared to ranking information:
(i) volume information reduces the second-period sales when the first-period sales difference is small and increases
the sales otherwise.
(i) volume information may lead to a lower expected second-period sales. In particular, when the search-cost

distribution F(-) is convez, E[S,] < E[S,]; and when F(-) is concave, E[S,] > E[S,].
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PRroroOsSITION 8 Consider a second-period consumer with search cost s.
(i) Compared to the case where no sales information is provided, ranking information provision reduces the
consumer’s expected purchased value if wh(up — ;) < 8 < pp(up —uy);
(ii) Compared to the case where ranking information is provided, volume information provision reduces the

consumer’s expected purchased value if w5 (ny,mq)(up —wy) < s <75 (up —uy).

ProroOSITION 9 Consider a second-period consumer with search cost s.
(i) Compared to the case where no sales information is provided, ranking information provision increases the
first-search probability and decreases the second-search probability;
(i) Compared to the case where ranking information is provided, volume information provision decreases both
search probabilities if w5 (n1,mq)(up —w;) < s <75 (up — ;) and increase both probabilities if miuy + (1 —7])w; <

s<m¥(ny,ny)uy+ (1 — 78 (ny,nq))u.

PROPOSITION 10 A consumer’s expected surplus is higher under either ranking or volume information than
that under no information. Furthermore, it is higher under volume information than that under ranking infor-

mation.

SK. Effects of Total Population Size on Optimal Timing of Sales Information Provision

In the base model we numerically illustrate the effects of total population size, n, on the optimal timing of
sales information provision, ng. In this section we prove these effects for sales ranking information and under
approximations of binomial and normal distributions, as detailed below:

Approximation 1 We use normal distribution to approximate the binomial distribution G,. Recall that
from the base model we have m = [noF (pn(un — w;)) ] and ny = |noF (pruy, + piw;)|. Here as we are using normal
approximation, we drop the floor operator and assume m = ngF(py,(u, —w;)) and nq = noF (prus + piw;). Notice
that G, (+) is the cumulative distribution function for the sales of the high-value product ranging from m to n,

when the two products are of different values, i.e.,

x

Gula) =3 0u(i) =3 SOt U an,m

(ng —m)!

where g,(z) = Binomial(x —m,n; —m,1/2),2>m (g.(z) =0,z < m) is the corresponding probability density

function. Therefore, G, () has mean

mAm_ n F(pn(un —w)) + F(prun + prw)
2 0 D)
and variance
ng—m n F(prun + prw) — F(pn(un, —w))
T 1 )

Furthermore, note that

F(pn(un —w))
V' F(prus + prug) — F(pr(ur, — w;))

v

m
nyj—m _\/nl—mi

Hence, by normal approximation, we have

ny F(ph (Uh - U'l))
Gu(—) ~P(—/no
( 2 )~ \/_\/F(phUh-f-szl)_F(ph(uh_ul))
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where ®(-) is the cumulative distribution function for the standard normal distribution.

Approximation 2 We use %:?2) to approximate ®(—x) when z is very large, the cumulative distribution

function for the standard normal distribution. To see this, notice that

[T exp(—y?/2)
() = / Py

> exp(—y®/2)
—
© V2T 4

*y exp(—y?/2)
< | 2.2V /2,

_exp(—2?/2)
V2mx
where the inequality follows from £ > 1 in the interval of integration. On the other hand, ®(—x) > M\/;ﬁﬂ) (% —
-5) as
o(-a)— [ SRCY2)
© V2T
_exp(=y?/2) [T [T exp(=y?/2)
Vary |, m vV 2my?

_ e/ eyt /2T, °°exp(—y2/2)dy
Very |, Verys |, . V2my!
_exp(=2?/2) 1 1 < exp(—y?/2) ,
- Ver G-t . V2t
exp(—z?/2) 1 1
SNl

The second equality follows from integration by part (separating exp(—y?/2) with 1/y):

(exp(—y2/2)),
V2ry
:(eXP(—y2/2) Ly
Ver y
(g exp(—y?/2) 1 1 exp(—y2/2))
Ver oy oy Ver
_exp(=y?/2)  exp(=y°/2)
Ver V2my?

and [ L\/wdy — %ﬁﬂ) - exl;\)/(T:y /2 qy. The third equality follows from performing integration

by part on [ exlf/(Q—:y (v /2) gy, (separating exp(—y?/2) with 1/y3):
(exp(—yQ/Q)),
V2my3
ep(~47/2)

=(——7=

(g exp(-y*/2) 1 _jeXp(—zﬁ/?))
Ver Ryt Ver
__exp(=y?/2)  3exp(—y*/2)
V2my? V2myl

00 exp(—y?/2) _exp(=y%/2) | oo exp(—y?/2)
andf W% dy = oI 3f et dy.
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Thus, %\/21:/2)(1 — %) <®(—x) < %\/21:/2)% These bounds of ®(—z) have been noted by Durrett (2019),

x

Theorem 1.2.6, page 13. When z is very large, % — 9%3 ~ % and we have the desired approximation.

Let n be the total number of consumers in the two periods and ny be the number of consumers in the first

period. By the base model, the expected sales in the first period is given by (again we drop the floor operator)
n1 = noF(pruy + prw)

with m = noF(pn(un — w;)). Recall that in the base model, we define 7] to be the belief that the bestseller
product is of high value with sales ranking information,

A A

= pi 4+ 2papi(1 — Ga(?)) =pu(l+p — 2sza(7))

where G, () is the sales distribution of the bestseller when the two products are of different values. As n; is a
function of ng, it follows that 7] is a function of ny and we denote it as 7 (no).

Given 77 (ng), the expected sales in the second period is
(n —n0) F( (no)ur, + (1 — 7y (no) )u)
and the total expected sales in the two periods is
Sr(ng,n) :=noF(prun + prw) + (n — ng) F (7] (no)un + (1 — 77 (no) )u;)
=nF(my (no)un + (1 — 7 (no))wr) — no(F(my (no)un + (1 — w1 (no))w) — F(prun + piw))

Let n§(n) := argmax,,, St(ng,n). In what follows we characterize n§(n). We first show that ng(n) increases in

n.
PROPOSITION S.20. Under Approxzimation 1, n§(n) increases in n, i.e., ng(n;) >ngs(n;),¥n, > n;.

Proof of Proposition S.20: First we show that F (7] (z)uy, + (1 — wf(2))u;) > F(7] (y)un + (1 — 75 (y))w,) for

x >y, which is equivalent to show 77 () > 77 (y) when z > y as F is a cumulative distribution function and hence
F(pp(up—u)) )
up+piug))—F(pp(up—u))

Clearly ®(—+/ng \/F(phuh,iz};iZ;L::é;i(uh,—uz,))) decreases in ng and it follows that G, (%) decreases in ng. As

non-decreasing. Using the first approximation, G, (%) is approximated by ®(—y/ng T
Ph

n n
w1 (n0) = pj, + 20api(1 = Ga()) = pu(1+ 9= 20Gu(55)

77 (no) increases in ng and 77 (x) > 7 (y) if > y.
We prove the proposition by contradiction. Suppose the proposition is not true, then there exist n; >n; such
that n§(n;) <ng(n;). By the definition of n§(n;),
Sr(ng(ni), i) =ng(n:) F(prun + prun) + (ns — ng (na) ) F (w1 (ng(na) )un + (1 = 71 (ng(n2)) )ua)

=ng4(n:) F (prun + prur) + (n; —ng () F (w7 (ng(na) )un + (1 — 71 (ng(ns)))w)

() F'(pnun + prwn) + (s = ng (1)) F (71 (ng () yun + (1 = 77 (ng(n;)))w)
=150 F (prun + prwr) + (n; = ng(ng)) F (w1 (ng(ng) Jun + (1 =71 (ng (1)) )
+ (ni =) F(m (ng (1) Jun + (1 = m1(ng(n;)))w)
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As ng(ng) >ng(na), F(ri(ng(n;))un + (1 =71 (n5(n;)))w) 2 F (i (ng(n:))un + (1 =77 (ng(n:)))uw) and
—(ni —ny) F (w7 (ng(n:))un + (1 =75 (n5(ns)))ur) = —(ni — ng) F(mi (ng (n;) )un + (1 = 77 (ng(ny)) )
Adding the above two inequalities together, we have

ng(n:) E(puun + pow) + (n; = ng(n:)) F (w1 (ng (ns) Jun + (1 = w1 (ng (n2)) )ur)

+ (i =g ) F(my (ng (14) Jun + (1 =1 (ng (1)) )wr) = (ni — ) F(my (ng (124) Jun + (1 = 1 (ng (1)) ) )
>0 (1) F(prun + prw) + (n; = ng(n,)) F (w1 (ng () )un + (1 = 71 (n5(n;)) Jw)

(

+ (i =) E(m (ng (1) )un + (1 = 71 (n5(n;)))w) — (ni = ng ) F(m (ng (1) )un + (1 = 71 (n5(n;)) ) wr)

which is

16 (n:) F (prun + pow) + (n; = ng(n:)) F (1 (ng () Jun + (1 = w1 (ng(ns)))w)

>ng(n;) F (pnun + prun) + (n; = ng (n)) F (71 (ng (n;) Jun + (1 = 77 (ng (1)) )ur)

which is Sr(ng(n;:),n;) > Sr(ng(n;),n;). This contradicts the optimality of n(n,;) and the proposition is proved.
0
It is clear that the shape of F' plays an important role here. For tractability, we consider a search cost
distribution F that follows uniform distribution with support [0, c] with ¢ > u,, (recall that we assume 5> uy)).

Then

St(no,n) =nF(m{(no)us + (1 — 7y (no))w) — no(F (77 (no)un + (1 — 71 (no))wi) — F(prun + piwr))
mi(no)un + (1 —mi(no))us - 77 (no) (un — wr) — pu(un —w)

[n(w + 77 (no) (un — w)) —nomy (no) (un — i) +nopr (un — w)]

—ol— 3

n n
=~ +n(un — w)pn(1+p— 2sza(71)) —no(un — w)prpi(1 — 2Ga(71))]
where the last equality follows from the definition of 77 (ng).
LEMMA S.21. When F follows uniform distribution with support [0,¢c] and n goes to oo, ni(n) > 1.

Proof of Lemma S.21: First notice that F' is uniform in [0,¢] and is therefore continuous. Let 7y =

[m—‘ and consider a total market size n > fig. Thus, when ng = 7ig, m = [noF (pn(un, —w))] > 1. We

claim that 77 (ng) > p, when m > 1. To see this, notice that when n; is odd, we have

) = pi (P + 2pr(1 — G (22

5 ))) > pn(Pn +p1) =pa

n
71 (no) = pi +2ppp (1 — Ga(71

where the inequality follows from the fact G, (%) < 1/2 when m > 1. To see this, recall that G, () is the probabil-
ity that the number of success for the binomial distribution with number of trials n; —m and success probability
0.5 is less than or equal to 2 —m. So G,(™F™)=1/2 when n; +m is odd and G, (“F2) — g, (=F2)/2=1/2
when ny +m is even. If ny +m is 0odd, G, (%) = G.(M52) < Go (M) < G, (25™) = 1/2, where the first equal-
ity follows as ny is odd . If ny +m is even, G, (2E™) — g, (F2)/2 > G, (252) — go(25H) /2 = G, (252) +
Ga(P1) /2> G (M) = G4 (). The first inequality follows from G, (z) — go(«)/2 strictly increases in x as
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Golx+1)—go(x+1)/2— (Go(x) — gu(2)/2) = gu(x + 1) /24 ga(x)/2 > 0 since G,(x+ 1) = G,(z) + ga(x + 1).

The first equality follows from G, (252) = G, (™52) + go(“5). The last equality follows as ny is odd.

Similarly, when n; is even,

ny

71 (no) :pi +2pppi(1 — Go( 5

)+ 90 (5)/2) = puon + 2011 = Gu(5) + 9(5)/2) > palpn+ ) =1

where the inequalities follow from G, (%) — ga(%)/2 < 1/2 when m > 1, which we prove below. Again recall
that G,(™£2)=1/2 when n; +m is odd and G, (“F2) — g,(*42)/2=1/2 when ny +m is even. If ny +m
is odd, Go(%) — ga(%)/2 < G (%) < G (BF2) =1/2. If ny +m is even, Go (%) — ga (%) /2 < G, (M52) —
9u(BE2)/2=1/2 as G,(x) — go(x)/2 strictly increases in z. Therefore 77 (ng) > p;, when m > 1.
Hence 77 (70) > py, and it follows that F(77](fig)us + (1 — 77 (7ig))uy) > F(pruy, + piw;). Note that
ST(ﬁo,n) — ST(O,n)
=nF (71 (7o )un + (1 = (720) )ur) — no (F (7 (720)ur, + (1 — 71 (Ro) )w) — F(prun +prwa)) — nF (prun + pou)
=(n — 7o) (F (7] (no)un, + (1 — 71 (o) )ur) — F(prun + prw))

>0

Hence ng =0 can not be optimal and nj(n) > 1 when n is sufficiently large. O

PROPOSITION S.21. When F follows uniform distribution with support [0,c] and n goes to oo, ni(n) ~

O(logn) under Approximations 1 and 2.

Proof of Proposition S.21: By Lemma S.21, we focus on ng > 1. Notice that

71)) —no(un —w)prpi(1 — 2Ga(71))]

_ %[nul +n(up —w)pn (1 +p)] + %[—n(uh —u)pn - 2sza(%) —ng(up —w)prpr(1 — 2Ga(%))]

1
Sr(no,n) = E[nul +n(un —w)pr(1+pr — 2pGa(

As our objective is nj(n), we focus on terms that involve ng, i.e.,

[=n(un = w)pn- ZplGa(%) —no(up —w)prpi(1 — QGa(%))]

(up — Ul)phpl[_znGa(%) —no(1— 2Ga(%))]

Ol

We factor out the multiplier %(uh —u;)prp; and consider

T(no,n) = —2nGa(%) “no(1—2G, (2

)

Note that T'(ng,n) and Sr(ng,n) are maximized at the same ng(n) for all n.
Using the first approximation and the fact that F* follows uniform distribution with support [0, c|, G, (%) is
approximated by

):@(_M)

<I)(—\/_ F(ph(uh_ul) \/C_UZ

" VF (prun + prur)) — F(pu (un — )

Next, we apply the second approximation

(1) ~ eXP\(/;_:iﬂ)
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G (ﬂ) ~ (- V1ops (un — ) N exp(—pj (up, — w)?no/2cw;)
9 Vew pn(un —uy) /270 [ cuy

and

T(no,n) = —2nGa(%) —no(1— QGG(%))

. exp(—p2 (un, —u;)*no/2cu;) exp(—p2 (upn — uy)*no /2cu;)
ph(uh - Uz)\/ 27T7”L0/Cul ph(uh - Uz)\/ 27T7”L0/Cul

We consider a continuous relaxation of T'(ng,n) where we place ng by a continuous variable  and denote

—2n

—no+2ng-

a:=p2(up —w)?/cu:

exp(—ax/2)
z)= (22— 2n) ———=—+
Qi) = (20— 2m) 2]
By Lemma S.21, when n is large we must have n(n) > 1 and we focus on z € [1,n]. We have

exp(—azx/2)(av2max + /2wa/x)

draz

Q'(z) = 2% — (20— 2n)
=2 e’q’(;;i””/ 2 (2~ n) exp(—az/2)(av/E + /D) ~ 1

-1

When n goes to infinity,

Q)= \/%[2 exp(—a/2) + (n — 1) exp(—a/2)(a+1)] — 1> 0

as Q'(1) increases in n and
1 _exp(—an/2)

= Voral vm

goes to 0 when n goes to infinity. Therefore these exist at least one x € [1,n] such that

Q'(n) ~1<0

as 1 2%\/%"/2)

V2ma
Q'(z) =0 and we must have Q’'(z*(n)) =0 where z*(n) maximizes Q(z). Hence,

2
—(z*(n) —n)(av/z*(n 1/z*(n))] =V27a
M(() )(ay/z*(n) +/1/z*(n))]

exp(—az”(n)/2)[

which is

2

z*(n)

+(n—a"(n))(ay/z" (n) + /1/2* (n)) = V2ra- exp(az”(n) /2) (S.36)

First notice that as n goes to infinity, 2*(n) must also goes to infinity as otherwise LHS goes to infinity and
RHS is finite and they can not equal. Next notice that IT(") — 0 when n — oo. If this is not true, then IT(") > ¢

for infinitely many n for some constant ¢y > 0 (if for all ¢ > 0, ”T(") > ¢ for only finitely many n, then for all

value ¢ > 0, we can find a value N(c) such that “T(") < ¢ when n> N(c), which implies 22 — 0 when n — o),

n

which is

+ (n—z*(n))(a/z*(n) + /1/2z*(n)) = V2ra - exp(az*(n)/2) > V27a - exp(acon/2)

a*(n)

+ (n —
z*(n))(ay/z*(n) +/1/z*(n)) < —2 ) +n(ay/z*(n) +/1/2*(n)) < 2n+n(an+n) (the last inequality follows

z*(n

for infinitely many n. Notice that +2ma - exp(acon/2) grows exponentially in n while

8]
* (|
3

from 1/z*(n) <z*(n) <n as z*(n) > 1) grows with rate at most O(n?). Therefore, it is impossible that

+ (n—2*(n))(a/z*(n) + /1/2*(n)) = V2ra - exp(az*(n)/2) > V2ra - exp(acon/2)

a*(n)
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for infinitely many n, which shows that == — 0 when n — co. Now we claim that

2t (-2 () (ay/a (m) + /I () = O(ny/a= ()

First notice that

2t (n—a" () (ay/z (m) + /T ()

WD) +n(ay/z*(n) +/1/2*(n))
<L2n+n(ay/z*(n) + /x*(n))

where the last inequality follows from 1/z*(n) <z*(n) <n as x ( ) >1. As n+n(a/x*(n) + ) grows

with rate O(n\/x*(n)), 3( ) + (n—a*(n))(ay/z*(n) + \/1/z*(n)) grows with rate at most O(n\/a: ( )). On

the other hand,

% + (n— 2" () (a/a"(m) + v/ 1]z~ ()

x*(n

>n(ay/z*(n) +/1/a*(n)) — 2" (n)(av/z* (n) + V/1/2*(n))

As % — 0 when n — oo, there exist a large value N; such that if n > Ny, z*(n) <n/2. So when n > Ny,

2 (- )T ) + VI W)

=)
>n(ay/a*(n) + v/1/a*(n)) = 2" (n)(ay/z* (n) + v/1/2* ()
>n(ay/a*(n) +v/1/*(n))/2

>n(ar/z*(n)/2

So \/% + (n—x*(n))(ay/z*(n) + /1/2*(n)) grows with rate at least O(n+/x*(n)) and therefore

2t (-2 () (ay/a (m) + /I () = O(n/a= ()

z*(n)

Next we claim that z*(n) = O(logn), which is ¢; < % ( )

z (n)
log

< ¢ when n goes to infinity for some constants c¢1, cs.

In particular we show that 2 <= 4 when n goes to infinity, which is equivalent to show that 110;7;) > ;

log

and <= 2 for finitely many value of n.

z*(n)
logn

Suppose thls is not true, then there are two possible cases. The first case is > % for infinitely many n.

Notice that O(ny/z*(n)) < O(n?) as we have shown @ — 0 when n — 0o0. So

2 *
+(n—a"(n))(ay/z*(n) + /1/2*(n))
z*(n)
grows with rate lower than O(n?). On the other hand, when %é"n) , exp(az*(n)/2) >n? and

V2ra-exp(az*(n)/2) > v2ran?

z*(n)

grows with rate at least O(n?). Since Tog

> 2 for infinitely many n,

+ (n— 2" (n))(ay/a (n) + /1/a* (0)) = V2ra- exp(az” (n)/2) > v2man’

z*(n)
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for infinitely many n (the equality follows from equation (S.36)), which contradicts with the finding above that

\/ﬁm + (n—a*(n))(ay/z* (n) ++/1/z*(n)) grows with rate lower than O(n?).

The second case is %:;) < 2 for infinitely many n. Notice that O(ny/z*(n)) > O(n) as we have shown z*(n)

goes to infinity when n goes to infinity. Therefore

2t (n-a"(n)(a/a () + /T2 ()

*(n)

grows with rate higher than O(n). On the other hand, when % < 2 exp(az*(n)/2) <n and

— a?

V2ra - explaz*(n)/2) < V2ran

z*(n)
logn

grows with rate at most O(n). Since < 2 for infinitely many n,

+(n—a"(n))(ay/z"(n) + /1/2"(n)) = V2ra - exp(az” (n) /2) < V2man

z*(n)
for infinitely many n (the equality follows from equation (S.36)), which contradicts with the finding above that
\/;m + (n—2*(n))(ay/z* (n) ++/1/2*(n)) grows with rate higher than O(n).

Therefore we must have z*(n) = O(logn) and therefore nj(n) =O(logn). O

SL. Consumers’ Strategic Waiting for Bestseller Information

Thus far we have assumed that consumers make their search and purchasing decisions upon their arrival at
the platform. In practice some sophisticated consumers may strategically postpone their decisions until after
bestseller information is available. Such strategic waiting behavior is captured in Yu et al. (2016) for consumer-
generated review information. In practice firms may face a mixture of strategic and non-strategic (i.e., myopic)
consumers (Kremer et al. 2017) and empirical studies (e.g., Li et al. 2014 and Mak et al. 2014) find that a
considerable proportion of consumers are non-strategic. Thus, we assume non-strategic consumers in the base
model to disentangle the effects of bestseller information on sales from those of strategic consumer waiting. In
this section we extend the base model to incorporate strategic consumer waiting for bestseller information.
First note that, because of consumers’ strategic behavior, the market sizes in the two periods, ny and na,
are endogenously determined by consumers’ choices. Hence, we assume that all of the n consumers arrive at
the beginning of the first period and decide simultaneously on whether to make their search and purchasing
decisions in the first period or postpone their decisions to the beginning of the second period. Assume that

consumers discount second-period utility at a rate of §. Furthermore, assume § < %

SL.1. Social Learning Through Sales Ranking
Consider a consumer with search cost s. His or her expected surplus without decision postponement (i.e., in

period 1) is
Ui (s) = max[0, pruy + py max(ug, ppus + (1 — pp)u; — ) — 8]
Under ranking information, his or her expected surplus by postponing his or her decisions to period 2 is
Uj (s; 77, m5) = d max|[0, miuy + (1 — 77) max(uy, mouy, + (1 — w5)u; — s) — ]

where the posteriors 7] and 7} are endogenously determined by all the consumers’ choice on whether or not to

postpone decisions. By the analysis in the base model, for given ny and m, 7] > p;, > 73.
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Given 7] and 7§,

Ui(s) = Us(s;y, m3)
(Prun + (1 = pr)(Prun + (1 = pr)u, — s) — 5)

S (rmun + (1= 27) (w5um + (1 — 75)us — 8) — 8, if 5 <5 (un — w)
) (prun + (1 = pr) (prun + (1 —pr)ug — s) — ) — 8(mjup + (1 — 7))y — s), if 75 (up —wy) < s <ppup —w)
) (prun + (1L —pr)uy — ) — 6(mwiup + (1 —7)uy — ), if pp(up, —w) < s <ppup+ (1 —pp)w
0—o(mjup + (1 — 75w — s) <0, if prup + (1 —pr)uy < s <7jup, + (1 — 77w
0 if s>7nlu,+ (1—77)y
dUy(s) — U (s; 71, m3)]
ds
—p—1-6(—-1=7)=1)==140+51—77)—p, <0, if s <mh(up—1w)
—-p—1-6(-1)=—p—14+6<0, if wh(up —wy) < s < ppup —uy)
=¢-1-§(-1)<0, if pr(un —w) < s <ppup+ (1 —ppy
0—0(-1)>0, if prup 4+ (1 —pr)uy < s <7wjuy, + (1 — 77wy
0 if s> miu, + (1 — 77w

Thus, 4%)- ZQS(S L)l () for 5 < prun + (1 — py)uy. Also note that Uy (s) — Us (s; 75, 75) < 0 if pruy + (1 —
pr)uy < 8 < wiuy + (1 — 7] )u,;. Hence, for given 7] and 75, there exists a unique § € [0, prun + (1 — pr)wy] such
that Uy(s) > Us (s; 75, w5) when s < § and U (s) < Uj (s;n}, 75) when s > §. That is, consumers with lower search
costs are less likely to postpone decisions, as they expect a higher utility from the decisions and thus, if they
wait, they would suffer a greater loss of utility due to time discounting. This structural result is similar to the
one in Yu et al. (2016), where consumers with higher valuations are less inclined to wait for reviews.

Now, we shall endogenize 7] and 75. By the analysis of the consumer behavior for given 7] and 7%, we will focus
on a threshold-type equilibrium: there exists a threshold §", such that consumers with search cost s less than §"
make their searching and purchasing decisions in period 1 and those with search cost s greater than or equal to
§" postpone their decisions to period 2. In particular, §” € [0, p,u, + (1 — pr)w;], implying that all the consumers
making decisions in period 1 will make a purchase. To explicitly recognize the dependence of 7] and 75 on 8", we
now denote them as 77 (5") and 75(8"). As follows, we define the variables as functions of the threshold search
cost s, for the sake of generality. Specifically, let ng(s) =ni(s) = |[nF(s)]|, m(s) = |nF(min(s,p,(us —w;)))],

and for z € [0,n4],

gs(xz; 8) := Binomial (z,n1(s),1/2),

ga(x; s) := Binomial(x —m(s),n1(s) —m(s),1/2) if £ >m(s), and 0 if z <m(s),

where Binomial(x,y,p) is the probability that among y independent trials, x of them succeed, where the
probability of success is p. Let G,(z;s) and G,(x;s) be the cumulative distribution functions corresponding to
gs(z;5) and g,(w;s), respectively. Let G.(z;5) :=1— G, (z;5) and G,(7;5) := 1 — G4(z; 5).

When n4(s) is odd,

wi(s) =17 + 21 —Ga<”1(5);s>>;

2
th ( 78)
tha(nIQ( 2. ) Gs(

my(s) =

=58
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When n4(s) is even,

w1 (9) =22 + 21— G (") 1,122

() = P(Ga(™5215) — gu("5715)/2)
O pa(Ga(m ) — g, (21 5) /2) + G (1 )

With posteriors endogenously determined by consumers’ strategic waiting behavior, we now define an equi-

librium among consumers. First, we define a threshold function for given 77 (s) and 75(s):
S,(s) =min{s" € [0, prup + (1 —pr)w] : U1 (s") <UL (s'; 77 (s), m5(s))} (5.37)

Note that Uy (s’) — U5 (s'; 77 (s), m5(s)) is continuous in s'. It is negative at s =p,uy, + (1 — pp)u,. Hence, the set
in S.37 is well defined.

Now, an equilibrium among consumers is sustained if there exists a value §" € [0, p,us, + (1 — py)w] such that

If there are multiple equilibria, we pick the one with the smallest §".
The expected total sales of two periods as a function of the marginal consumer’s search cost s and that in

equilibrium are denoted by

&.(s) =nF(n7(s)un + (1 —77(s))w), and

& =nF(m (8" )un + (1 -7 (8"))ur),
respectively.

LEMMA S.22. Let s:=min{s: nF(s) > 1}. If pp(up — u;) < s, §" = prun + piw;; otherwise, 8 > s if an equi-

librium is sustained.

The critical number, s, defined in Lemma S.22 is the threshold of marginal consumer’s search cost below
which no consumer performs the first search in the first period, i.e., no(s) =mn1(s) = 0. Notice that when s < s,
no sales information is available and, thus, social learning does not occur, i.e., 7} (s) = 75(s) = pp.

By Lemma S.22; when py, (u, —u;) > s, it suffices to consider s € [s, pyuy, +pju;] in our search for the equilibrium

threshold §".
PROPOSITION S.22. If p,(un, —w;) > 8, both wi(s) and &.(s) are non-increasing in s € [, ppup + pruy].

The intuition behind Proposition S.22 is as follows: when s is small, m =ny, i.e., everyone who buys in the
first period is informed. As s increases, as m is bounded by nF (py,(ur, —u;)), the proportion of informed buyers
among all the first-period buyers becomes smaller. That is, the bestseller information is increasingly noisy and
thus 77 (s) decreases, leading to the second-period sales shrinking in s due to a reduction in both the market
size and the proportion of consumers who conduct a first search in the second period. Since the total sales in
the two periods is determined by 77 (s), the total sales declines as s increases, as illustrated in Figure S.2.

Initially, as the early sales volume increases from zero, the first-period purchases start from the consumers with
the lowest search cost. Before the early sales volume reaches a certain threshold (i.e., the number of consumers

who are willing to do a second search under the prior belief), the informativeness of the bestseller information
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remains unchanged, as all the early buyers search twice and make “informed” purchases. Nevertheless, as the
early sales volume continues to increase, the number of informed buyers remains unchanged (as it is a fixed
portion of the total consumer pool) while that of uninformed buyers keeps rising. The more consumers buying
early, the more noisy the sales information is, and the less consumers are willing to wait. This is opposite to
review information, under which waiting incentive is reinforced by a higher early sales as the informativeness of

review information increases in review volume.

0.645 mie) ‘ : : : : : &)
67.5
0.64
67
0.635
66.5
0.63
0.625 - 1 66
0.62
65.5 [
0.615 . - - - - - . - - - - - - -
0 0.5 1 15 2 25 3.5 0 0.5 1 15 2 25 3 35 4
Figure S.2 77 (s) and &, (s) under ranking information: F'(z) = (a+ (1 —a)®((x — p)/0))l(x > 0) with p=4.5, c =1.5
and a=0.08, n=100, § =0.3, up =6.5, u; =2.5, pr, =0.4.
41 = i 67.4 &
4 ~ 67.2 /
~ —
39+ . 67 _
381 \\ 66.8 ’f—//
3.7 66.6 “—’J
3.6 66.4 - —
35 66.2 - —
341 66 “5’—“
331 65.8 [ —
321 656
31 ; ; ; 65.4 Lt ; ; ;
0 0.2 0.3 0.4 0 0.2 0.3 0.4
5 5
Figure S.3  §" and & under ranking information: F'(z) = (a+ (1 — a)®((x — u)/0))I(z > 0) with 4 =4.5, c =1.5 and

a=0.08, n =100, up =6.5, u; =2.5, p, =0.4.

Now, when the early sales volume is endogenous, as § increases, the volume of early buyers decreases and, yet,
a higher portion of them are informed. Thus, sales ranking becomes more informative and the total sales of the
two periods increases as it is determined by the first-search belief in the second period (Figure S.3). This implies
that, under social learning through bestseller information, consumers’ strategic waiting can be advantageous

to the platform. This is because, when consumers are strategic, those with lowest search cost self-select to
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purchase early and make informed purchasing decision after searching both products. Hence, the more patient
the consumers are (i.e., a higher §), the higher the proportion of informed purchases in first-period sales, and
the more informative the sales ranking. This, thus, promotes the second-period sales and benefits the platform.

In the meanwhile, since 77 (s) > p;, for any given s, ©7(8") > p,. Thus, same as in the base model, ranking

information increases total expected sales for the platform.

SL.2. Social Learning Through Sales Volume
We follow a similar approach to formulate the consumers’ problem under volume information. Under volume

information, the focal consumer’s expected surplus by postponing his or her decisions to period 2 is
U3 (s;m7 (), m3 () = Eu[d max[0, w7 (z)un + (1 — 7y () max(ur, 75 (x)up + (1 = 73(x) )ur — 5) — 5]

where the posteriors 7} (+) and n3(-) are endogenously determined by all the consumers’ choice on whether or
not to postpone decisions. By the analysis in the base model, for given n; and m, 73(z) < p, but 7¥(x) may
not always be greater than p,.

First, for given 7¥(-) and 75(-), we have

Ui(s) = U3 (s;my (), m3(-))
(Prun + (1= pa) (Prun + (1 = pr)u — s) — s)
(—Ex [0 rn(aulx[O7 W%(m)uh)—i— (1 — ¥ (z)) max(uy, 75 (x)up + (1 — w5 (x))u; — ) — 8],
= rUp + —Pr)Uu; — S .
—pEm[émax[Of)ﬂf(x)uh + (1 = 7¥(z)) max(u, 75 (z)up + (1 — 75 (2))u; — 8) — 8], if pr(un —w) < s <ppup + (1 —pp)w
—E,[d max[0, 7} (z)uy + (1 — w9 (x)) max(ug, 75 (z)uy + (1 — w3 (x))u, — ) — s, if s > prun + (1 — pp)w

d[Us(s) = U3 (s;m7 (), 75 ()]

if s <pp(up —w)

ds
—p1 = 1+ 0B, [(2 = 75 (%) Loy () (up —ur) T+ Lag(2) (un—up) <s<n? ()un+ (1w (2))ug)s i 8 < pp(un —wp)
=q-1+0E,[(2— W%(m))lsswg(x)(uh—ul) + 17r§(x)(uh—ul)<sg7rf(x)uh+(1—7rf(x))ul]a if pp(un —w) < s <prun + (1 —pu)w
OEL[(2 =77 (2) Loy (o) (un—w) H Lag (@) (un—ur) <5<l (@) + (1Y (2) if s> prun + (1= pr)w

Since Eac[(z - Wij(x))lsgwg(x)(uh—ul) + 1#5(%)(uh,—1tl)<s§7\'i’(Jc)uh+(1—7r“f(x))ul] < 2 and ¢ < %7 we have:

d[Ul(S)ng(;;"f(‘)’ﬂg(‘))] <0 if s <ppup + (1 —pr)u, and Uy(s) = Uy (s; 7y (1), m5(+)) <0 if s > prun + (1 — pr)uy.

Thus, consumers with lower search costs are less likely to postpone decisions.

Now we endogenize the posterior beliefs and again focus on a threshold-type equilibrium: there exists a
threshold §v, such that consumers with search cost s less than §” make their searching and purchasing decisions
in period 1 and those with search cost s greater than or equal to §” postpone their decisions to period 2. In
particular, §¥ € [0, prun + (1 — pp)wy], implying that all the consumers making decisions in period 1 will make a
purchase. To explicitly recognize the dependence of 7}(-) and 75(-) on §”, we now denote them as 7} (-; ") and
75 (+;8"). Similar to those for the ranking information, we denote the variables as functions of s, and refer to
s as the threshold or marginal search cost. Specifically, under the definitions of ni(s), m(s), g.(z;s), ga(z;$),

G.(z;5), Gi(z;5), Gu(z;5), and G,(x;s) (see the analysis of ranking information), we have: for = € ["12(5) ,n1(s)],

D3 (2;8) + Drpiga(2; 5)
P1gs(238) + Papiga (3 8) + papiga(ni(s) — ) + pigs(x; s)
Phga(nl(s) — 3)
Prga(ni(s) —x;8) +mgs(x;s)

T (x;s) = ;

3 (x5 5) =
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With posteriors endogenously determined by consumers’ strategic waiting behavior, we now define an equi-

librium among consumers. First, we define a threshold function for given 7% (-;s) and 73(+;s):
S, (s) =min{s" € [0, prun + (1 —pr)uw] : Ur(s') S U3 (s"s71 (-58), 75 (-5 8)) }

Note: Uy (s") — U3 (s';w8 (5 8), m5(+;8)) is continuous in s'. It is negative at s = puy, + (1 — p)u;. Hence, this set
is well defined.

Now, an equilibrium among consumers is sustained if there exists a value §* € [0, pyuy, + (1 — py)u;] such that

If there are multiple equilibria, we pick the one with the smallest §.
The expected total sales of two periods as a function of the marginal consumer’s search cost s and that in

equilibrium are denoted by

§o(8) = nEy [F(my (5 s)un + (1 — 77 (23 8) )], and

£, = nE [F(my (2; 8" Jun + (1 — 77 (2 8"))u )],

respectively.
We first note that, different from the result under ranking information that &,.(s) is non-increasing in s, the
expected total sales under volume information, £,(s), may not be monotonic in s (see right panel of Figure
S.4). This is driven by the fact that, compared to sales ranking, sale volume provides additional information
about bestseller utility, which leads to extra variability in the posterior belief, 7%(X; s), such that the posterior,
despite of its mean declining in s (see left panel of Figure S.4), may not be first-order stochastically decreasing
in s. Consequently, how &,(s) varies in s is determined by both the distribution of 7%(X; s) and the search-cost
distribution F(-).
Elmi(X;9)]

0.645 ! £:() :
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0.635 -

0.63
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Figure S.4  E[r{(X;s)] and &,(s) under volume information: F(z) = (a+ (1 — a)®((z — p)/o))I(x > 0) with p=4.5,
oc=1.5and a«=0.08, n=100, 6 =0.3, up =6.5, u; =2.5, p, =0.4.

To elaborate and exemplify the effects of increasing s on the posterior 7¥(X;s), consider the special case of

s < pp(up, —uy). For s in this range, by the definition of m(s) and ny(s) (recall: m(s) = |nF (min(s, ps(un, — wu;)))]
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and ni(s) = [nF(s)]), we have m(s) =ny(s), implying that all the early buyers have performed two searches.
In such a case, under ranking information, 77 (s) equals to p? + 2p,p, because, conditional on different product

utilities, all the consumers purchase the high-type product and thus the bestseller is of high type for sure, i.e.,

Ga(més) ;s) =0. Note that this posterior belief is independent of the common value of m(s) and n4(s), and holds
as long as s < pp,(un — uy).

Now, given s < pj,(uy, —u;), consider the distribution of the posterior under volume information, 7 (z; s). We
find that the posterior follows a binary distribution and may become more “variable” when s increases in the
range. To see the rationale, first note that, for any x < ni(s), 7} (z;s) = p?/(p? + p}) because m(s) =n;(s) and
the bestseller’s sales lower than m(s) implies that the product utilities are identical to each other (as otherwise,
the bestseller’s sales is at least m(s)). Hence, 7% (z; s) is binary and equals to either p? /(p: + p?) or ) (ni(s);s).

To see the effect of increasing s on 7% (x; ), first note that the mean of 7¥(x; s) equals to 77 (s), which is always
p? + 2ppp; when s < pj,(u, —u;), as discussed above. On the other hand, 7} (n(s);s) increases as a higher s
leads to a higher common value of m(s) and n1(s). This is because: conditional on different product utilities, the
probability of the bestseller’s sales equal to m(s) is one; conditional on identical product utilities, all the early
buyers randomly choose between the two products and the probability that all of them pick the same product
becomes smaller as ni(s) increases. Hence, as n;(s) increases, upon observing all the early buyers choosing a
same product, consumers believe that the product utilities are more likely to differ than to coincide. Furthermore,
since all the early buyers search twice (as m(s) =mn1(s)), conditional on different product utilities, the bestseller
is of high type for sure. Thus, as the common value of m;(s) and n;(s) increases, upon observing the early
buyers’ unanimous choice of a product, consumers’ belief about the bestseller being a high type increases. Also
note that, as ni(s) increases, the event © =n;(s) is less likely to occur, as noted earlier. Hence, as s increases,
the common value of m(s) and n1(s) increases and the posterior distribution 7 (x; s), while preserving its mean,
assigns a higher value for 7¥(n1(s);s) and yet a lower probability for taking this value. It can be shown that
this change leads to a higher variance of 7} (x; s).

The impact of such a change in the posterior distribution on the total expected sales £, (s) is ambiguous: even
though &, (s) =nE, [F(n}(z; s)us + (1 — 77 (x; s))w,)] is an increasing function of 7y, how it varies in response to a
higher variability of 7} («x; s) depends on the search-cost distribution F(-). Two detailed examples are presented
in Table S.10, whereby &,(s) (weakly) decreases in s in the first example (1 =4.5,0 = 1.5) and (weakly) increases

in s in the second example (u="7,0=3).

Table S.10  Impact of s on posterior 77 (z;s) and &,(s), where = denotes the bestseller’s sales volume:
prn=04,F(z)=(a+ (1 —a)®((z —p)/o))l(x >0) with o =0.08, up, =6.5, u; =2.5
pn=4.50=1.>5 p="70=3
T Wf (:L'; S) v . — v . I
s 7i(s) when 2 < n1(s) w1 (ni(s);s) Pr(z=ni(s)) &u(s) |mi(ni(s);s) Prlz=ni(s)) & (s)

0.3 0.64 0.3077 0.9942 0.4841 62.7890 0.9971 0.4820 33.7425
0.6 0.64 0.3077 0.9942 0.4841 62.7890 0.9971 0.4820 33.7425
0.9 0.64 0.3077 0.9942 0.4841 62.7890 0.9971 0.4820 33.7425
1.2 0.64 0.3077 0.9971 0.4820 62.7334 0.9985 0.4810 33.7488
1.5 0.64 0.3077 0.9985 0.4810 62.7055 0.9993 0.4805 33.7519

Now we endogenize the marginal search cost s and examine the equilibrium under volume information. We

observe that, similar to that under ranking information, more consumers postpone their purchases to the second
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period as they become more patient, i.e., §¥ decreases in § (as illustrated in the left panel of Figure S.5). On the
other hand, due to the aforementioned effects of increasing s on &,(s), the total expected sales in equilibrium,
&, may not be monotonic in ¢ (see Figure S.5, right panel). Nevertheless, consistent with the finding under
ranking information, £ may increase in J, implying that strategic consumer waiting can benefit the platform

under social learning through bestseller information.
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Figure S.5 5" and & under volume information: F(z) = (a+ (1 — a)®((x — p)/0))I(x > 0) with x=4.5, ¢ =1.5 and

a=0.08, n =100, up =6.5, u; =2.5, p, =0.4.

To examine the impact of sales information granularity, we numerically compare the equilibria under ranking
and volume information. We observe that, compared to ranking information, volume information induces more
consumers to postpone purchases, i.e., §. > §,, as illustrated in the left panels of Figure S.6. This is because
consumers expect a higher surplus in the second period under sales information of a higher granularity. It
echoes well with the finding in the base model that consumers benefit more from the sales information as the
information becomes finer. This result also implies that the platform can provide bestseller information of a
lower granularity to dampen consumers’ incentives to wait for bestseller information (if the platform finds it
desirable to dampen the incentives). In addition, similar to that in the base model, ranking information may or
may not lead to higher total sales than volume information, as exemplified in the right panels of Figure S.6.

We also note that several other key results of the base model remain robust. For example, for given s, it can be
shown that the posterior under volume information, 7} (x; s), is a mean-preserving spread of that under ranking
information, i.e., 7 (s). Likewise, the reinforcement-by-homogeneity effect continues to be valid for given s and,

due to this effect, no information can outperform volume information in terms of total expected sales.

SL.3.

Proof of Lemma S.22 Note that, for s <s, ni(s) =0, implying 77 (s) = 75(s) = ps. Thus, consider three cases:

Appendix

o if pruy +puy < s, fixing any s < ppuy, + prug, Ur(s) > UL (875 (s), 75(s)) for all 8" < pruy, + piuy and Ui (s') =
Uy (s';77(s),m5(s)) for ' = pyuy, + piwy. Thus, §" = pruy, + pru.

o If ppuy, + pruy > s > pr(up —wy), fixing any s < s, Ui(s') > Us(s';77(s), m5(s)) for all s’ < s. Hence, §" > s.
Furthermore, fixing any s < s < ppuy, + piug, n1(s) >0 and yet m(s) =0 since py,(uy —u;) < s. Thus, Ui (s’) >
Uz (s';77(s),m5(s)) for all 8" < prus + piuy and and Uy (s') = U (s'; w5 (s), m5(s)) for s’ = ppup + piuy. Thus, §" =
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Figure S.6  Comparison between ranking and volume in equilibrium: n =100, u, = 6.5, w; = 2.5, pp, = 0.4, F(z) =
(a+(1—a)®((x —p)/o))I(xz > 0) with a =0.08, and the top panels correspond to ;1 =4.5 and o = 2.5,

and the bottom panels correspond to ;1 =6 and o = 3.

Drlpn + Prty.
o If s < pp(up —w), fixing any s <s, Uy (s') > U (s'; 77 (s),m5(s)) for all s’ <s. Hence, §" >s. O

Proof of Proposition S.22 Given s < pj(u; — w;), we consider two cases, (i) s <s < py(up, — w;) and (ii)
pr(un —up) < 8 < prup + pruyg, to prove the proposition. Within this proof we omit the argument s in functions,
whenever no confusion arises.

(i) s <s<pu(ur —w): In this case, m(s) =n1(s) > 1 and all the consumers who perform the first search in the
first period are willing to perform the second search if the first search reveals a low type. Therefore in this case
consumers always purchase a high type whenever there is one. Therefore g,(n1) =1 and g,(z) =0 for all z < n;.
Hence, when n; is odd, 7} = p? + 2pupi(1 — Gu(n1/2)) and G,(n,/2) =0, implying 7} = p? + 2p;,p;. Similarly,
when ny is even, 7 = p? 4 2ppi (1 — Go(n1/2) + ga(n1/2)/2) (recall that when the two products have equal sales,
each product is ranked first with equal probability) and G,(n1/2) + ga(n1/2)/2 =0, implying 7} = p2 + 2p,p;.
Thus, 7] is independent of s for s < s < py(up —w).

(ii) pn(up —u;) < s < pruy + prug: In this case, m(s) = [nF(pn(un, —w;))] and nqi(s) = [nF(s)|. When s increases,
m(s) remains unchanged while n;(s) increases. Therefore, in this case 77 (s) depends on s only through n,(s)
and, thus, it suffices to consider 7] as a function of n; (within this proof we shall re-write it as 77(n1)) and

show that it decreases in n;. We prove this by considering the change in 7] when n, increases from ¢ to ¢ + 1.
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To explicitly recognize the dependence of the functions G, () and g¢,(-) on n;, within this proof we write them

_ 1 (n1—m)!
T 2m1m™ (i—m)!l(ng—i)!?

(ii-a) ¢ is even: @} (t) = pj + 2papi(1 — Ga($]t) + ga(5[t)/2) and 77 (t + 1) = p7 + 2pupi (1 — Go (]t 4+ 1)). By

as G, (-n1) and g, (n;). Recall g, (iln)

for i =m,...,n;. Consider two subcases:

definition,
t+1
Gu((t+1)/20t+1)= Y galilt+1)
i=t/2+1
& (t+1—m)!
_¢=§2:+1 2tF1=m (j —m)!(t +1—1)!
R 1 (t —m)! (t —m)! 1
_i:;;l i G =i Dl Gomie =) T 3
1 (t—m)! (t—m)!
’2t+1—m((t/2—m)!(t/2)! (t/2+1—m)!(t/2—1)!)
1 (t—m)! (t—m)!
M= EA ey S e Ty s R Ty N g Ty g U
1 1
+m(t—m+1)+m
! (t —m)! 1 (t —m)! 1
S 2tFlm (3/2 —m)(t/2)! Torm ¢=§;+1 (i —m)!(t —)! 25
1 (t—m)! 11 : (t—m)!
o 2—m)(tj2) 2 2w iz;ﬂ G—m)(t—0)!
=ga(t/21)/2+ Y ga(ilt)
i=t/2+1
=g.(t/2[t)/2+ G.(t/2]t)
where we use the identity:
t! t! (t+1)!

==+ =il d+i—i)
for i=1,2,...,t. Hence, 7} (t) =77 (t+1).
(ii-b) t is odd: 7{(t) = pj + 2papi(1 — Go(5]t)) and 77 (t +1) = P} + 2papi(1 — Gu (Bt 4+ 1) + ga (5[t +1)/2).

By definition,

Ga((t+1)/2/t4+1)/24 G ((t+1) /2]t +1)
t+1

>

i=(t+1)/2+1

=g.((t+1)/2]t+1)/2+ ga(it+1)

1 (t+1—m)! 1 A 1 (t+1—m)!
2t (4 1)/2 - m)!((E+1)/2)! 2 +¢=(t-g):/2+1 20 (L =m)!(t +1 —)!
1 (t+1—m)! 1 : 1 (t—m)! (t—m)! 1
T (G D2 m) (1 D)/2) 2 +¢=(t+21:>/2+1 s GoiomiG—it 0l Gempa—n) Tz
1 (t+1—m)! 1 1 (t—m)! (t—m)!
Sy (D2 —m D) 2 e (Ga D2 —m =2 T (GF D2 = m (=12 =T
1 (t—m)! (t—m)! 1
T (Ga Dm0 2-1  (@r Dz e—mi-De-20 T Tt m iUt g
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1 (t+1—m)! 1 1 (t—m)!

T (D2 —m) (/2 2 2 (G 1)/2 — m)l((t —1)/2)!
— 1 t—m)! 1

P =" (i—(m)!(t)_i)!”'zm—m

i=(t4+1)/2+1

t

1 (t+1—m)! 1 1 (t—m)! 1 (t—m)!
T (G 2= (D)2 2 T e (G D)2 —m)((t=1)/2)] +i=<t+zl):/2+1 S (i — )\t —)!
1 (t+1—m)! 1 1 (t—m)!
T (G D2 —m)((E /2 2 2w (f 1 D)2 —m)l(( —1)/2)!
_ (t—m)!

RN S e G D 2 — = 2]
A 1 (t+1—m)! 1 1 (t—m)!
=G, (t/2|t) + eri-m (1 1+ 1)/2 —m)((t + 1)/2)! "9 gttl-m (t+1)/2—=m)((t—1)/2)!
A (t—m)! (t—m)! 1
=Gl e oD R —m @ D2 T G D2 G- D)L 2

1 (t—m)!

S 2t m (t41)/2—m)!((t—1)/2)!
=G, (t/2]t) + [ (t=m) - (t—m)! ].l
e 2 -m (= 1)2—m)((t+1)/2)]  ((t+1)/2—m)((t—1)/2)I' 2
<G, (t/2]t)
where the last inequality follows from the fact that (t=m)! — (t=m)! < 0. To see this

((t=1)/2=m)H((t+1)/2)!  ((E+1)/2-=m)!((t-1)/2)!

fact, notice that #LZ), increases in ¢ for i <t/2 and (t—1)/2—m < (t+1)/2—m < (t —m)/2. Hence, 7} (t) >

77 (t+1). Thus, it implies that both 7] (s) and &.(s) are non-increasing in s. O

SM. Personalized Information Provision

In the base model we assume that sales information provision is public. In particular, all the consumers access
to the same type of information if the platform offers it. This is in line with platforms’ current practices as
noted in the introduction section. Nevertheless, web-analytics techniques have allowed platforms to gain a better
understanding of individual consumers’ searching and purchasing behavior, and may soon create opportunities
for personalized information provision. In this extension we explore the situation when the platform is aware of
each late consumer’s search cost (e.g., by analyzing a consumer’s product search and browsing history on the
platform) and can customize the type of sales information provision (ranking or volume) accordingly.

Recall that we show in Proposition 11 that the optimal personalized provision strategy is characterized by
a simple cutoff on a consumer’s search cost. The proposition is stated and explained in the main body. It is

replicated below for readers’ convenience.

PROPOSITION 11 (Personalized information provision)
It is optimal for the platform to provide ranking (volume) information to a consumer if her search cost, s, is

less than or equal to (greater than) mwiuy, + (1 —7])u.

In terms of welfare implication of the personalization strategy, the platform never gets worse off by customizing
its information provision, which represents a higher level of operational flexibility. Nevertheless, the following

proposition reveals that information personalization may hurt the consumers.
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PROPOSITION S.23. (Impact of personalized information provision on consumer welfare)
If ranking (resp. volume) information is optimal to the platform in the base model, aggregate consumer welfare

is higher (resp. lower) due to information personalization.

This result is implied by our previous analysis of consumer surplus. As we showed in §5.2, consumer surplus
increases in the information level. If the optimal information level in absence of personalization is ranking (resp.
volume), since customized information provision may result in more (resp. less) information offered to some
consumers, aggregate consumer surplus is enhanced (resp. reduced) by information personalization. Therefore, a

platform may, in its own interest, individualize its information provision, which may be detrimental to consumers.

SM.1. Appendix

Proof of Proposition 11 The first part of the proposition follows from the fact that, for any consumer, ranking
information always increases the chance of purchase in the second period compared to no information. For the
second part of the proposition, notice that consumers with search cost no greater than juy, + (1 —7])u; purchase
for sure under ranking information and may not purchase under volume information, and thus it is optimal for
the platform to offer them ranking information. For consumers with search cost greater than nju, + (1 — 7])u,
they do not purchase under ranking information but might purchase under volume information if the sales
difference between the two products is significant. Thus, it is optimal to offer them volume information. [
Proof of Proposition S.23 This proposition follows from the fact that volume information results in higher

consumer surplus than ranking information. [

SN. Consumer Heterogeneity in Reservation Utility

In the base model we have focused on consumer heterogeneity in search cost. Search cost is an important
determinant of consumers’ purchasing decisions as most consumers search before making a purchase. Anderson
(2022) note that a majority (81%) of shoppers perform product research online before purchasing. Good search
and navigation features are considered as a key factor of online shopping experience by nearly 50% of consumers
(Brophy 2023). Moreover, search can be very costly to consumers in practice: as estimated by Koulayev (2014),
the median of search cost is around $10 per page of search results, and can be as high as $30 per page for a
subset of consumers. In line with these estimations, a Millward-Brown study in 2014 finds that 70% of Amazon
users never browse beyond the first page of search results (Derakhshan et al. 2022). Thus, search cost plays a
critical role in determining the set of products that consumers examine before purchasing.

We now incorporate additional consumer heterogeneity to enrich the model and results. Recall that in the
base model we assume that consumers are homogeneous in terms of their reservation utility (i.e., the utility of
the no-purchase alternative). In particular, the reservation utility, denoted by wug, is lower than the low value of
a product. In this extension we relax these assumptions and consider the setting where the reservation utility
is heterogeneous across consumers and may be higher than the low product value. Specifically, consumers are
privately informed about their own reservation utility, which follows a general distribution on [uy, @], with
probability density function h(-) and cumulative distribution function H (). That is, similar to the assumption on
search-cost distribution, among any m randomly-selected consumers, the number of consumers whose reservation

utility is less than z equals to mH (x). Here we assume u, < u; < uy, < o, implying that the reservation utility is
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higher than the low product value for some consumers. Note that in this extension consumers are heterogenous
in both search cost and reservation utility. Under this two-dimensional consumer heterogeneity, we start our
analysis in §SN.1 from the same setting as in the base model, where search is required for purchase. Subsequently,
we relax this assumption in §SN.2 to examine the scenario where consumers are allowed to purchase without

search. All other settings remain the same as in the base model.

SN.1. Search Required for Purchase
We start from the case that a consumer needs to search a product before purchasing it. This is aligned with the
assumption in the base model and allows us to disentangle the effects of (heterogenous) reservation utility by

comparing the findings in this subsection with those in the base model.

SN.1.1. First Period We start the analysis from the first period. The following lemma characterizes

the optimal search and purchasing strategies for first-period consumers.

LEMMA S.23. In the first period, the optimal search and purchasing strategies of a consumer with reservation
utility ug and search cost s are as follows:

(i) If uo > uy,: the consumer neither searches nor purchases.

(1) If u, < wug < uy: the consumer performs the first search if s < py,(un — uo) and leaves without search or
purchase if s > py,(un, —ug). If the first search reveals a high-value product, the consumer purchases the searched
product. If, however, the first search reveals a low-value product, the consumer performs the second search.
Subsequently, the consumer makes a purchase (and buys a high-value product) if the second search reveals a
high-type product and leaves without purchase otherwise. In particular, the consumer with u; < ug < u;, never
purchases a low-value product.

(1) If ug < wu;: the consumer performs the first search if s < ppuy + piuy — uo and leaves without search or
purchase if s > ppuy, + pruy — ug. If the first search reveals a high-value product, the consumer purchases the
searched product. If, however, the first search reveals a low-value product, the consumer performs the second
search if s < pn(up —w;) and buys the searched product otherwise. The consumer purchases a low-value product

(after search) if the second search also reveals a low-type product and buys the high-value product otherwise.

Lemma S.23 shows how a first-period consumer’s optimal search and purchasing strategies vary as her search
cost and reservation utility fall in different ranges. In particular, those consumers with reservation utility higher
than u; would never purchase a low-value product and, thus, some of these consumers search and leave without
purchase if both products are found to be of low value, as in case (ii) of Lemma S.23. This is in contrast to the
result in the base model, whereby all of the first-period consumers purchase after search under the assumptions
of homogenous ug and ug < u;. As we shall elaborate below, this change in some consumers’ purchasing strategy
has important implication for the sales distribution in the first period.

Based on Lemma S.23, we now derive the first-period sales distribution. Let

k1= |no - Pru; <ug <up,s < pp(un —uo)l],
ky == |no - Prluo <uy,s < ppuy + prug — uol

my = |[ng - Prlug <wu;,s <pn(up, —w)]],
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where, as in the base model, ny denotes the number of consumers in the first period. Define
g"(x) := Binomial (x,k; + ko, 1/2),
g (z) := Binomial(z,ka,1/2),
ga(x) := Binomial(x — my — k1, ko —mq,1/2) if £ > mq + k1, and 0 if © <mq + k1,

Let G"(-), G'(+), and G,(-) be the cumulative distribution function of g"(-), ¢.(-), and g,(-), respectively. Define
G"'(z)=1-G"(z), G'(z) =1 - G'(z), and G,(z) =1 — G,(z). Here we slightly abuse the notation G,(z) for
expositional convenience (note that its definition is different from and yet very similar to that in the base model).

Lemma S.24 characterizes the sales distribution in the first period.

LEMMA S.24. (i) The total sales in the first period is ki + ko if at least one of the products is of high value,
and is ko if neither product is of high value.

(i1) If both products are of high value, the sales of either product follows distribution G"(z).

(i1i) If both products are of low value, the sales of either product follows distribution G (z).

(iv) If the product values are different, the sales of the high-value (resp. low-value) product follows distribution
Go(z) (resp. Go(ky+ke —x)).

Lemma S.24 shows that, unlike in the base model where the total sales in the first period is independent of the
product values, here the total sales in the first period is determined by (and thus also reveals) whether at least
one of the products is of high value. This is driven by the fact that consumers with u; < wug < wu; only purchase
a high-value product. Specifically, if there is at least one high-value product, all of the consumers who perform
a search (including those with u; < ug <uj) purchase a product; otherwise, consumers with u; < wug <y, do not
purchase any product even if they have searched some product(s) and thus the first-period total sales is lower.
Since the total sales is now informative about the product values, the learning process under volume information

is qualitatively different from that in the base model, as we detail next.

SN.1.2. Second Period Next we consider the optimal search and purchasing strategies for consumers
in the second period where different levels of first-period sales information are released by the platform.
Sales Ranking Information

We first consider sales ranking information. As in the base model, we define 7] as the belief that the bestseller
product is of high value and 7" ; as the belief that the product with lower sales ranking is of high value. Let 75 be
the belief that the product of lower sales ranking is of high value when the bestseller product has been revealed
to be of low value. Since the two products are ex ante homogeneous, we assume without loss of generality that
product 1 has higher sales ranking throughout this extension. Let X7, X2 be the first-period sales of product 1
and product 2, respectively. Denote x1,xs as the sales realization of X; and X,, respectively.

By similar analysis to that in the base model, when both k; and k; + k2 are odd,

71 = Prius = up,| X1 > Xo]
Prlu; = us = up, X7 > kl;kQ] + Prlus = up, us = uy, X3 > %]

Prluy =us = up, X3 > %] + Prluy = up, ue = uy, X1 > —kl-%kz]
+PI’[’U,1 = U, U2 :uh,Xl > %] +Pr[u1 = Uy :uth > 72]

_ piéi‘(%)whm@a(klékz)
PGl (BER2) 4y Gy (BE52) + G (B1122) + p2GL (B2)
=p? +2ppi(1 — G, (BER2)),
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7y = Prlus = un| Xy > X5
Prlui =us = up, X1 > BE52) 4 Priug = wy, us = uy,, Xy > 2352]
Pr[ul =Uz2 = U’h)XI 2 %] +PI‘[U1 = Up, Uz = U“Xl 2 —kl-%:kz]
FPr[uy = g, up =y, Xy > 25E2] 4 Prluy = up = uy, Xy > 2]

B PrGh (Bt 4 pyp G, (B2
piGh (B2 4 G, (222 4 g G, (2EE2) + p2GL(R2)
=pi +2pppiGa (1152),

and

7y = Priug = uy| X1 > Xo,u1 = u)
Prlu = u, ug = up, X1 > 2]
Prlus = ug, ug =up, X1 > 852 + Priug = up = uy, X1 > 2]
_ Ga(MF2)
CpnGo(BEE2) 4G (52)
tha(%)

B tha(k1;k2)+pl/2

The case where either ko or ki + ko is even can be derived similarly and is omitted here. As in the base model,

we have the following lemma.
LEMMA S.25. The posterior beliefs satisfy: @] > pp > 7" > 75.

Lemma S.25 shows that, despite the additional complexity in sales distribution due to consumer heterogeneity
in reservation utility, the ordering of the posterior beliefs under ranking information is sustained as in the base
model. It allows for a full characterization of the optimal search and purchasing strategies for the second-period

consumers under ranking information, as in Proposition S.24 below.

PROPOSITION S.24. When first-period sales ranking information is released, the optimal search and purchas-
ing strategies of a second-period consumer with reservation utility uy and search cost s are as follows:

(i) If uo > uy,: the consumer neither searches nor purchases.

(1) If u; <wug < uy: the consumer searches the bestseller product if s <7} (u, —ug) and leaves without search
or purchase otherwise. If the bestseller is of high value, the consumer purchases the bestseller. If, however, the
bestseller is of low value, she performs the second search if s < wh(uy, —ug) and leaves without further search
or purchase otherwise. If the second search reveals a high-value product, the consumer purchases the high-value
product; otherwise, she leaves without purchase.

(11) If up < w;: the consumer searches the bestseller product if s < wjuy + (1 — 77 )u, — ug and leaves without
search or purchase otherwise. If the bestseller is of high value, the consumer purchases the bestseller. If, however,
the bestseller is of low value, she performs the second search if s < mh(up, — ;) and purchases the bestseller
otherwise. If the second search reveals a high-value product, the consumer purchases the high-value product;

otherwise, she randomly purchases a product.

Proposition S.24 proves that, same as in the base model, it is optimal for the second-period consumers to
search the bestseller product first when sales ranking information is released. The intuition is also the same as

in the base model: a high-value product is more likely to be the bestseller product compared to a low-value
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product. This confirms our finding in the base model that sales ranking information strengthens the belief that

the bestseller product is of high-value and converts random search into directional search.

Sales Volume Information

We now proceed to the case where first-period sales volume information is released by the platform. In this
case, by Lemma S.24 a second-period consumer is able to learn from the total sales whether there is at least
one high-value product and update her belief about the product values, as detailed below.

Given first-period sales volume 1, xs with 21 > xa, let 7¥(x1,z2) and 7, (z1,x2) be the posterior beliefs that
product 1 and product 2 are of high value, respectively. Let 7% (z1,22) denote the belief of product 2 being of
high value when product 1 is revealed to be of low value. Consider the following two cases:

o If 1 + x5 = ko, by Lemma S.24 neither product is of high value and thus
7T11}(J)1, 1‘2) = ﬂ-zl(l‘hx?) = W;(l‘l, 1‘2) =0

o If 1 + x5 = k1 + ko, by Lemma S.24 there is at least one high-value product and thus

Prlu; =us =up, X1 =21, Xo = 22 + Pr{ug = up,us =u;, X1 =21, Xo = 23]
Prlu; =us =up, X1 =21, Xo = 22] + Prlug = up,us =u;, X1 =21, Xo = 23]
+PI‘[U1 = U, U2 :’U,h,Xl :xl,XQ 2332] —|—Pr[u1 = Uy :UI;X1 :$1,X2 2332]
_ Prgt(x1) + prpiga (1)
 phgh(a) + (1) + (22) +0

Pr9s(T1) T PrP1GaX1) T PrPiGa T2
_ Prge(®1) +piga(@1)

Prgl (1) + piga(®1) + P1ga(@2)’

) (1, x2) =
(

Prlu; = us =up, X1 =21, Xo = x2] + Prlu; = uj, ua = up, X1 =21, Xo = 2]
Prlu; = us =up, X1 =21, Xo = 22 + Prlug = up,us = uy, X1 =21, Xo = 2] )
+Prlus = up, g = up, X1 =21, Xo = 22| + Pr{us = us = u;, X1 =21, Xo = 5]
. Pr9"(x1) + Prpiga(2)

 pRgt(w) 4 prpiga(T1) + prpiga(z2) +0

_ prg”(21) + prga(a2)

© pngh (1) + piga (1) + Piga(@2)’

(1, 20) =
(

and
o ) Priuy = uy, us = up, X1 = 2, Xo = x9)
To(x1,22) =
2 PI"[U1ZUZ,U2=uh,X1=$1,X2=$2]+P1“[U1=U2=Uaz,X1=$1,X2=$2]
_ _DPwpiga(T1)
PrPiga(T1) +0

=1

Notice that here 7y(x1,22) =1 when x1 + x2 = k1 + k2. That is, in this case the unsearched product is of high
type for sure. This is because a total sales volume of k; + ko indicates that a high-value product is present and
the probability 74(-,-) is conditional on product 1 being revealed in the first search to be of low value.

We note that a few important properties of the posterior beliefs shown in the base model are preserved in this
extended model. First, Lemma S.26 proves that, consistent with our findings in the base model, the bestseller
product is more likely to be of high value than the other product. It implies that, in this extended model and

under volume information, it is optimal to search the bestseller first if a consumer would like to search.

LEMMA S.26. We have 7} (x1,22) > 7" (21,T2),
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Furthermore, the properties of mean-preserving spread and reinforcement-by-homogeneity effect remain valid,
as below.

Mean-preserving spread The following proposition shows that the mean-preserving-spread result still hold.

PROPOSITION S.25. The belief that the bestseller product is of high value with sales volume information is a

mean-preserving spread of the belief that the bestseller product is of high value with sales ranking information.

Reinforcement-by-homogeneity: In the base model we show that sales volume information gives rise to
the reinforcement-by-homogeneity effect, which may render the belief that the bestseller product is of high
value lower than the initial belief. The underlying reason is that sales volume information, in contrast to sales
ranking information, allows the second-period consumers to update their belief about the number of high-value
products. In this extension, this effect is even stronger as the second-period consumers are able to fully deduce
from sales volume information about whether there is at least a high-value product. When consumers deduce
that neither product is of high value (i.e., when z; + x5 = k3), their posterior belief is zero, clearly lower than

the initial belief.

Building on the findings so far, Proposition S.26 characterizes the optimal search and purchasing strategies

for the second-period consumers when sales volume information is released by the platform.

PROPOSITION S.26. Upon observing the first-period sales volume x1 and x2, the optimal search and purchasing
strategies of a second-period consumer with reservation utility ug and search cost s are as follows:

(i) x1 + x3 =ka:

e If ug > uy, the consumer neither searches nor purchases.

o Ifug <uy, the consumer randomly chooses a product to search and purchase if s < u; —ug and leaves without
search or purchase otherwise.

(1) x1 + xo =ky + ko

e If ug > uy,, the consumer neither searches nor purchases.

Up —UQ

—=h=0 __ gnd leaves without search
22—y (z1,22)

o Ifu; <wg < wuy: the consumer searches the bestseller product first if s <
or purchase otherwise. If the bestseller is of high value, the consumer purchases the bestseller. If, however, the
bestseller is revealed to be of low value, the consumer performs the second search and purchases the searched
product (as it is of high type for sure) if s <wy, —ug and leaves without search or purchase otherwise.

e If ugp < w;: there exists a threshold s, such that the consumer searches the bestseller product if s < s,
and leaves without search or purchase otherwise. If the bestseller is of high value, the consumer purchases the

bestseller. If, however, the bestseller is revealed to be of low value, the consumer performs the second search and

purchases the searched product (as it is of high type for sure) if s <wuy —u; and buys the bestseller otherwise.

Up —UQ

m ’LUh@’I’L Uy — (1 — Wf(xl,xg))(uh — ’LLZ) S Ug < U; G/Tld §1 = Wf(xl,xg)uh =+ (1 —

Specifically, s; =

7y (21, T2)) U — uo when ug < w; — (1 — 75 (z1,22)) (up, — ).

Proposition S.26 suggests that, compared to that in the base model, sales volume becomes more informative
of the product values in this extended model, as it allows the second-period consumers to perfectly infer about
whether both product values are low. In particular, if the sales volume implies that neither product is of high

value, consumers’ uncertainty about the product values is fully resolved. Such a perfect-learning outcome is
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never possible in the base model. As aforementioned, the difference in results is driven by the heterogeneity in
consumers’ reservation utility: in particular, consumers with u; < ug < u; never purchase a low-value product.

Sales volume reveals these consumers’ purchasing decision and thus is indicative of the product values.

Numerical Illustration

Table S.11 exemplifies the expected second-period sales under no sales information, sales ranking informa-
tion, and sales volume information. The reservation utility is assumed to be uniformly distributed in [“’TJ”” —
0,23 4 0] and the search cost distribution is F(z) = (a + (1 — &)®((z — p)/0))I(x > 0), where ®(:) is the
cumulative distribution function for the standard normal distribution and I(-) is the indicator function. The
parameter values are as in the table and its caption.

The results in Table S.11 confirm that bestseller information can improve total product sales and either

ranking or volume can be the preferred form of the information to the platform. This is consistent with the

findings in the base model.

Table S.11 Impact of p;, on total expected sales in the second period (search required for purchase):
pw=4.5,0 =1.5,n2 =100, up =10,u; =6, =0.08
=6 0=6.5

pn  Ranking Volume No Info. Opt. Info.| Ranking Volume No Info. Opt. Info.
0.3 14.46 14.18 11.02 Ranking 16.02 14.85 13.02 Ranking
04 17.83 17.94 13.28 Volume 19.28 18.62 15.28 Ranking
0.5 21.18 21.88 16.25 Volume 23.17 22.99 18.50 Ranking
0.6 25.26 25.28 19.52 Volume 25.46 26.40 21.52 Volume
0.7  27.58 28.06 21.73 Volume 28.57 29.19 24.73 Volume
0.8 29.77 30.29 25.84 Volume 30.82 31.47 26.88 Volume

SN.2. Optional Search for Purchase
So far we have assumed that search is required for purchase. In this subsection we relax the assumption and

consider the setting where consumers are allowed to purchase a product without searching it.

SN.2.1. Equilibrium Analysis
We first analyze the consumers’ optimal strategies and start from the first period.
First Period

Lemma S.27 characterizes the optimal search and purchasing strategies for consumers in the first period.

LEMMA S.27. In the first period, the optimal search and purchasing strategies of a first-period consumer with
reservation utility ug and search cost s are as follows:

(i) If ug > up, the consumer neither searches nor purchases.

(i1) If prun + prug < ug < up, the consumer performs the first search if s < pn(up — ug) and leaves without
search or purchase otherwise. If the first search reveals a high-value product, the consumer purchases the searched
product. If, however, the first search reveals a low-value product, the consumer performs the second search if
s < pr(un —up) and leaves without search or purchase otherwise. If the second search reveals a high-value product,

the consumer purchases the high-value product; otherwise, she leaves without purchase.
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(111) If uy < g < prun + piug, the consumer randomly purchases a product without search if s > pnp;(u, —u;)
and, otherwise, performs the first search and purchases the searched product if it is of high value. If the first search
reveals a low-value product, the consumer purchases the unsearched product without searching it if s > p;(ug —w;)
and performs the second search otherwise. If the second search again reveals a low-value product, the consumer
leaves without purchase.

() If up < uy, the consumer randomly purchases a product without search if s > pnp;(un —w;) and, otherwise,
performs the first search and purchases the searched product if it is of high value. If the first search reveals a

low-value product, the consumer purchases the unsearched product without performing the second search.

Lemma S.27 shows that the first-period consumers’ optimal strategies become more diverse when the require-
ment of search for purchase is lifted. Specifically, as in cases (iii) and (iv) of Lemma S.27, consumers with both
low reservation utility (ug < prus, + piu;) and high search cost (s > ppp;(uy — u;)) randomly purchase a product
without any search and, after the first search reveals a low-value product, consumers with medium search cost
(max(p;(up — w;),0) < s < ppp;(uy, —u;)) purchase the unsearched product without searching it. An interesting
implication of these strategies is that, in contrast with the result in §SN.1 that consumers with ug > u; never
purchase a low-value product, with the option of purchase without search some consumers with ug > u; may
end up buying a low-value product even if there is a high-value product. Nevertheless, some other consumers
with ug > u; search at least once and make a purchase if and only if a high-value product is present. This leads
to a finding as in §SN.1 that the total sales volume is informative of the product values, as elaborated below.

Define

k1= [noPr(prun + prw < uo <up, s < py(un —uo))]

ko1t = [noPr(w < uog <ppun + piwg, s > prpi(un —wp)) |

(
(
noPr(w < ug <prun + prw, pi(to — w) < s < prpi(un —w))]
(
(
(uo

=

=

Kop =
Kag : = [noPr(u < ug < prup + prug, s < prug —wp)) |

=

=

K31: noPr(ug < wug, s> prpi(uy, —wy))|

K32 : z;SSPth(Uh—Ul))J

and

t"(z) := Binomial (z, ka1 + K31 + Ko + K32 + K1 + Kaz, 1/2),
t (x) := Binomial (x, ko1 + K31 + Koz + Kaa, 1/2),

s

ta(l') = anomzal(x - (Iﬁ}gg + K32 + K1+ I€23),I€21 + K31, 1/2) if o 2 Koo + K32 + K1 + K23, and 0 if x < Koo + K32 + K1 + Ka3.

Let T"(-), T'(-), and T,(-) be the cumulative distribution function of ¢"(-), t.(-), and t,(-), respectively. Define
Th(zx)=1-TMNx), T(x) =1-TYz), and T,(z) =1—T,(z).

Lemma S.28 characterizes the sales distribution in the first period.

LEMMA S.28. (i) The total sales in the first period is ka1 + K31 + Koz + Kaz + K1 + Ka3 if there is at least one

high-value product and is ko1 + K31 + Koo + K32 if there is no high-value product.

(i1) If both products are of high value, the sales of either product follows distribution T"(x).
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(iii) If both products are of low value, the sales of either product follows distribution T'(x).
(i) If the two product’s value are different, the sales of the high-value (resp. low-value) product follows
distribution T,(z) (resp. T,(ko1 + K31 + Koz + K3 + K1 + Koz — T) ).

Lemma S.28 shows that sales distribution in the first period is similar to that in §SN.1 where search is required
for purchase. In particular, the total sales is determined by and thus also implies whether there is at least one
high-value product. This is because consumers in the cases corresponding to x; and ka3 make a purchase if and
only if one or both of the products are of high value.

By comparing the first-period sales distributions with or without the requirement of search for purchase, we
note that lifting the requirement raises the total sales in the first period. The sales increase is due to some
consumers with high search cost either purchasing a product without searching at all or conducting a first search
and purchasing the unsearched product without searching it. On the other hand, the number of first-period
consumers who make “informed” purchases (i.e., always purchase a high-value product if the product values
differ from each other) may be lower when search becomes optional for purchase. For example, when ug < u,
if search is required for purchase, consumers with s < p,(u, — u;) are willing to conduct two searches and
purchase a high-value product if there is any; while under optional search, some of these consumers (specifically,
those with relatively higher search cost, pyp;(un, —u;) < s < pp(u, —u;)) randomly purchase a product without
searching at all. Hence, in this case, fewer consumers in this case (ug < u;) make informed purchases when search
is optional for purchase. The number of informed purchases, however, may increase for other consumer cases
(e.g., u; <up < prup + pruy), as some of the consumers in this case may skip the second search and directly
purchase the unsearched product if the first search reveals a low-value product. Thus, the overall impact of
search requirement on the number of informed purchases is ambiguous.

Second Period

Next we consider the optimal search and purchasing strategies for the consumers in the second period where
different levels of first-period sales information are released by the platform.
Sales Ranking Information

We start from ranking information. Define 7] as the belief that the bestseller product is of high value and
7", as the belief that the product with lower sales ranking is of high value. Let 75 be the belief that the product
of lower sales ranking is of high value when the bestseller product is revealed to be of low value. For ease of
exposition, define (7 := Ko1 + K31 + Koo + K32 + K1 + ka3 and (o := Ko1 + K31 + Koo + K32. When both (; and (»

are odd, we have

ﬁ'; = PI‘[’LLl :uh|X1 Z XQ]
Pr[u1 = U2 :’U,h,Xl Z %] +PI‘[U1 = Up, U :U“Xl Z
Pr[u1 = Uy :uh,Xl Z %] +PI'[U1 = Up, U2 :Ul,Xl 2
+Prluy = up, up = up, X1 > %] +Pruy = ug = u;, X3 > ]
_ PRl (S) + e Ta()
PRTHS) +popiTa($) + popi Tu(F) + PPTIHE)
=pp +2pupi(1 = Tu (%)),

ﬁ-il = PI‘[’LLQ = ’U,h|X1 Z XQ]
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. Pr[u1 :’LLQ:’LLh,Xl [ulzul7u2:uh7X1

B < Pr[u1 = Uy = ’LLh,Xl

,_. Mll\ le\

-]+
-]+ Priuy
+Prluy = ug,up = up, X1 > 4| +Pr [u1—u2=U17X1
_ T () +prpiTa(%)
B PZTS}L(%)‘FPhPlT (%) + i Ta() + 0T )
:pi+2phplTa(%)a

and

75 = Prlus = up| X1 > Xo,u1 = ]
Prluy; = wj, us = up, X1 > %]
Prlu; = wj, us = up, X1 > %] +Priuy =us =u;, X5 > %2]
paTu($)
PhT (%) +nT.(%)
_ pTu()
e Tu($) + /2

The case where either (; or (5 is even can be derived similarly and is omitted here. The following lemma shows

that the belief ordering under ranking information remains the same as that in §SN.1 and in the base model.
LEMMA S.29. We have 7] > pp > 7", > 7h.

Lemma S.29 allows for a full characterization of the optimal search and purchasing strategies for the second-

period consumers under ranking information. Proposition S.27 follows.

PROPOSITION S.27. When first-period sales ranking information is released, the optimal search and purchas-
ing strategies of a second-period consumer with reservation utility ug and search cost s are as follows:

(i) If ug > uyp,: the consumer neither searches nor purchases.

(1) If Tiup + (1 = 7)) uy <wg < uy, the consumer searches the bestseller if s < 7 (uy —uo) and leaves without
search or purchase otherwise. If the bestseller is of high value, the consumer purchases the bestseller. If, however,
the bestseller is of low value, she performs the second search if s < 75 (uy —uo) and leaves without further search
or purchase otherwise. If the second search reveals a high-value product, the consumer purchases the high-value
product; otherwise, she leaves without purchase.

(1) If whuy, + (1 — 75wy <wug < 7Tyup, + (1 — 77wy, there exists a threshold sy such that the consumer searches
the bestseller if s < s, and purchases the bestseller without searching otherwise. If the bestseller is of high value,
the consumer purchases the bestseller. If, however, the bestseller is of low value, she performs the second search
if 8 < @5(up — up) and leaves without purchase otherwise. If the second search reveals a high-value product,

the consumer purchases the high-value product; otherwise, she leaves without purchase. Specifically, sy = (1 —

Ayup+(1—F)u
17T +75

FAyup+(A—7)uy
1—art+75 -

(iv) If uy < wug < Thuy + (1 — 75wy, there exists a threshold s5 such that the consumer searches the bestseller if

) Ty up+(1—75 )ug—u;
T

=T
P when Thuy + (1 —

77)(uo —wi) when <wug < Tjup + (1= 7)) u; and sy = (1 —

7w <up <

s < 5 and purchases the bestseller without searching otherwise. If the bestseller is of high value, the consumer
purchases the bestseller. If, however, the bestseller is of low value, she performs the second search if s < (1 —
75)(up — ;) and purchases the unsearched product otherwise. If the second search reveals a high-value product,

the consumer purchases the high-value product; otherwise, she leaves without purchase. Specifically, s;3 = (1 —
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A=77)75 (up

o~ —uy) ~ ~ whup+(1—78)ug—u
a5 (uy, — wy) when T’ +u <wug < Thup + (1 — 75)u; and sq = S —2m0L

o when u; < ug <

(1—%1')1715;11;1—“1) Ty
2
(v) If u; < g, the consumer searches the bestseller if s < (1 — w7)w5(un — w;) and purchases the bestseller

otherwise. If the first search reveals a low-value product, the consumer purchases the unsearched product.

Proposition S.27 confirms, once again, that it is optimal for a second-period consumer to first search the
bestseller if she ever searches. In addition, the proposition shows that the bestseller is also a consumer’s optimal
product choice for purchasing without search if the consumer decides to do so. Thus, under this model, sales

ranking guides consumers in both their first search and their purchase without any search.

Sales Volume Information

Now we consider sales volume information. Akin to the case of search required for purchase, when sales volume
information is released, the second-period consumers are able to fully deduce from the total sales about whether
there exists a high-value product. Given observed first-period sales x; and xo with z; > xo, let ¥ (21, 22) and
¥ 1 (z1,22) be the beliefs that product 1 and product 2 are of high value, respectively, and let 75 (x1,22) be the
belief that product 2 is of high value when product 1 is revealed to be of low value.

If 1 + 25 = (5, by Lemma S.28 there is no high-value product and
Ty (@1, 22) =724 (21, 22) = T3 (21, 22) =0

If 1 + 22 = (3, by Lemma S.28 there is at least one high-value product,

Pr[u1 = Uy = ’LLh,Xl = xl,XQ = IEQ] —+ Pr[u1 = Up, U2 :Ul,Xl = xl,XQ = IEQ]
Pr[u1 = Uy = ’LLh,Xl = xl,XQ = IEQ] —+ Pr[u1 = Up, U2 :Ul,Xl = xl,XQ = IEQ]
+P1“[U1 = Up =Up, X1 =21, Xo = 332] +PY[U1 =uUy=u, X1 =21, X0 = 332]

77 (T1,22) =
(

- Pt (x1) + prpita(21)
©pith(x) + papita(®1) + prpita(x2) +0
- prth(x1) +pita(r1)
©opath (@) + pita(z1) + prta(ze)’
and
(21, 20) = Prlu; = us =up, X1 =21, Xo = x2] + Prlu; =, us = up, X1 =21, Xo = 23]
Prlu; = us =up, X1 =21, Xo = 22 + Prlug = up,us = uy, X1 = 21, Xo = 29]
(—l—Pr[ul =uy, Uy = Up, X1 =21, Xo = xa] + Pru; =us = uy, X1 =1, Xo = 2] )
_ Piath(z1) + prpita(@2)
- pEth (@) + prpita(z1) + prpita(22) +0
_ Pt (1) +pita(2)
©opath (@) + pita(z1) + pita(ze)’
and
. Prlu; = wu;,us = up, X1 =, Xo = x|
ﬂg(xl,xg):P — — — — ——— — —
rfur =y, us = up, X1 =21, Xo = 22] + Prlu; = ug =y, X1 =1, Xo = 22]
~ papita(1)
 pupita(1) 40

=1

Recall that, if the total sales equals (7, it indicates that there is at least one high-value product. Conditional on
product 1 found to be of low value in the first search, product 2 must be of high-value, i.e., 75(21,z2) =1 when
21 + 22 = (3. This result is in line with its counterpart in §SN.1. Following a similar approach as in §SN.1, we
prove an ordering of the posterior beliefs in Lemma S.30. Similarly, the mean-preserving-spread property and

the reinforcement-by-homogeneity effect can also be shown and are omitted for brevity.
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LEMMA S.30. We have 7% (x1,x2) > 7¥ (21, T2).

The following proposition characterizes the second-period consumers’ optimal search and purchasing strategies

under sales volume information.

PROPOSITION S.28. Upon observing the first-period sales volume x1 and x2, the optimal search and purchasing
strategies of a second-period consumer with reservation utility ug and search cost s are as follows:

(i) x1+ 22 = (a:

e If ug > u;, the consumer neither searches nor purchases.

o If ug < wuy, the consumer randomly chooses a product to purchase without searching it.

(it) x1+ 12 =C(:

e If ug > uy, the consumer neither searches nor purchases.

o If 7 (xy,xa)up+ (1 =7y (21, 22))u <ug < uy, the consumer searches the bestseller product first if s <y, —ug
and leaves without search or purchase otherwise. If the bestseller is of high value, the consumer purchases the
bestseller. If, however, the bestseller is revealed to be of low value, the consumer purchases the unsearched product
without searching it (as it is of high value for sure).

o If ug < 7y (x1,22)up + (1 — 7 (x1,22))u;, the consumer searches the bestseller product first if s < (1 —
7V (x1,22))(un — w;) and purchases the bestseller directly without search otherwise. If the bestseller is of high
value, the consumer who performs the first search purchases the bestseller. If, however, the bestseller is of low

value, the consumer purchases the unsearched product without searching it (as it is of high value for sure).

Similar to the roles of ranking information shown in Proposition S.27, sales volume guides the second-period
consumers in both their first search and their purchase without any search (unless it reveals low value in both
products, inducing the consumers to randomly purchase without search), as confirmed by Proposition S.28. In
addition, Proposition S.28 implies that, as in the case of search required for purchase (§SN.1), heterogenous
reservation utility renders sales volume more informative about the product values. This is again reflected in
the fact that the second-period consumers are able to perfectly infer from the total sales volume about whether
or not there is any high-value product.

While the learning outcome is largely the same with or without the requirement of search for purchase, an
interesting difference is that the second search never occurs when search is optional for purchase. This is because
the second-period consumers only perform the first search when they infer that there is at least one high-value
product. Thus, if the first search reveals a low-value product, the remaining product must be of high value and

thus consumers purchase it without the second search.

Numerical Illustration

Under the same assumptions for search-cost and reservation-utility distributions as in §SN.1, Table S.12
illustrates that relaxing the requirement of search for purchase does not alter the key insights of the model.
That is, bestseller information can be advantageous to the platform by enhancing the total product sales and

sales volume is sometimes, but not always, the platform’s preferred form of bestseller information.
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Table S.12 Impact of p;, on total expected sales in the second period (search optional for purchase):
pu=4.5,0 =1.5,n2 =100,up =6,u; =2, =0.08

prn  Ranking Volume No Info. Opt. Info.| Ranking Volume No Info. Opt. Info.
0.3  50.08 51.00 12.57 Volume 47.05 49.89 24.57 Volume
0.4 67.48 63.53 31.48 Ranking 61.44 62.91 38.12 Volume
0.5 85.94 75.00 51.00 Ranking 73.19 73.31 51.00 Volume
0.6 94.04 84.00 68.88 Ranking 82.11 82.34 63.72 Volume
0.7 95.37 91.00 88.37  Ranking 90.29 89.57 76.37 Ranking
0.8 98.68 96.00 98.68 Ranking 96.72 95.85 88.72 Ranking

SN.2.2. Impact of Sales Information on Consumer Search and Welfare
In this subsection we take the perspective of consumers and verify, under the assumptions of optional search
for purchase and heterogeneous reservation utility, the effects of sales information on consumers from two aspects:

search probabilities and aggregate welfare.

Search Probabilities

We consider ranking and volume information separately and start from the impact of ranking information.
Sales Ranking Information

Lemma S.31 characterizes the effects of ranking information on consumers’ search probabilities.

LEMMA S.31. Consider a second-period consumer with search cost s and reservation utility ug. Compared to
the case where no sales information is provided, ranking information provision leads to the following changes in
the consumer’s search probabilities:

e ug > uy,: both search probabilities remain the same for all s;

o Tiuy + (1 — 7wy <wg < uy: first-search probability increases while second-search probability decreases for
all s;

o pruy +pruy, <ug < Tup + (1 — 7 )u: change in first-search probability is ambiguous; second-search proba-
bility decreases for all s;

o Thup + (1 — 75w <ug < prun + piun: change in both search probabilities is ambiguous;

o +uy <wg < Thup + (1 —75)w,: first-search probability decreases and second-search probability

=75
increases for all s;
oy <y < % + u;: change in first-search probability is ambiguous; second-search probability

2

increases for all s;

e ug < uy: first-search probability decreases and second-search probability remains the same for all s;

In the base model we find, under the assumption of search required for purchase, that public learning can
be complementary to private learning, as public sales information sometimes promotes private product search.
Lemma S.31 shows that the same phenomenon may occur when the requirement of search for purchase is
lifted. In particular, as exemplified in the second case of the lemma, the first-search probability may increase
since ranking information enhances consumers’ confidence about discovering a high-value product through their
search (of the bestseller). This is similar to the rationale in the base model. The increase in the second-search

probability is, however, driven by the assumption of optional search for purchase, as explained below.
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When a consumer’s reservation utility satisfies u; < wug < 7huy, + (1 — 75)u; (i-e., the fifth and sixth cases in
Lemma S.31), conditional on the first search revealing a low-value product, the expected utility of purchasing
the other product (say, product 2) without searching it dominates that of leaving without purchase. Thus, the
consumer compares two options: (i) purchasing product 2 without searching it and (ii) searching product 2 and,
if it turns out to be of low value, leaving without purchase and obtaining ug. In addition to the search cost
associated with option (ii), a key difference between the two options is that, if product 2 is of low value, the
consumer obtains u; under option (i) and ug under option (ii). Since ug > u;, option (ii) becomes more desirable
in relative to option (i) when product 2 is increasingly likely to be of low value. (Intuitively, the less confident
a consumer is about a product being of high value, the less inclined he is to purchase it without search.) As
in Lemma S.29, the belief that the lower-ranked product is of high value is lower than the prior (i.e., 75 < pp),
implying that ranking information increases the belief about the lower-ranked product being of low value and
thus renders the second search (i.e., option (ii)) more appealing.

In other cases, consumers may become more reluctant to search due to availability of the ranking information.
For example, in the last case of Lemma S.31, a consumer with low reservation utility (up < u;) and intermediate
search cost (e.g., 75 (1 —77) (ur, —w;) < s < prpi(up —u;)) conducts the first search in absence of sales information,
while purchases without search at all under ranking information. This highlights another potential benefit of
social learning to consumers (in addition to enabling better informed purchases): it can alleviate consumers’

time and efforts spent in product search. We shall reiterate on this point in the subsequent welfare analysis.

Sales Volume Information

Now we consider the situation when sales volume information is released. Recall that, under heterogeneous
reservation utility, sales volume information allows consumers to learn from total sales volume about whether
there is (at least) a high-value product. If it is inferred that both products are of low value (i.e., when x; + x5 =
(2), none of the second-period consumers searches as the product value uncertainty is fully resolved. Thus, in
such a case, volume information provision reduces both first-search and second-search probabilities for all the
consumers. Lemma S.32 and S.33 below focus on the more interesting case, when volume information reveals
that there is at least one high-value product (i.e., 1 + 3 = ;). For this case, recall that the second search never
occurs, as discussed after Proposition S.28. Thus, the second-search probability under volume information is

(weakly) lower than that in absence of any sales information and that under ranking information.

LEMMA S.32. Consider a second-period consumer with search cost s and reservation utility ug. Compared to
the case where no sales information is provided, volume information provision leads to the following changes in
the consumer’s search probabilities (assuming 1+ x2=_(1):

e ug > uy: both search probabilities remain the same for all s;

o TV(C1,0)up + (1 — 79(¢1,0))uy < ug < up: first-search probability increases and second-search probability
decreases for all s;

e pruy + pruy <ug <77 (Cr,0)up + (L —7Y(¢r,0))w: first-search probability decreases for s < py(up —ug) and
increases for s > py(un, —ug), second-search probability decreases for all s;

o u; <wug < pruy + pruy: first-search probability decreases for s < pnpi(u, —w;) and increases for s > ppp;(u, —

w;), second-search probability decreases for all s;



s118 supplementary document to Lu and Yu: The Economics of Bestsellers

e ug < wy: first-search probability decreases for s < pyp(un, —w;) and increases for s > pup(un —w;), second-

search probability remains the same for all s.

LEMMA S.33. Consider a second-period consumer with search cost s and reservation utility ug. Compared
to the case where first-period sales ranking information is released, volume information provision leads to the
following changes in the consumer’s search probabilities (assuming x1 + x2 =(1):

e ugy > uy: both search probabilities remain the same for all s;

o 7V(C1,0)up + (1 — 79(¢1,0))uy < ug < up: first-search probability increases and second-search probability
decreases for all s;

o Tiuy 4+ (1 —77))u <up < 7Y(Cr,0)up + (1 —7Y(C1,0))uy - first-search probability decreases for s < 5 (us, —uo)
and increases for s > @} (un, — ug), second-search probability decreases for all s;

o Thuy + (1 —75))u <wg < Ty + (1 —77))uy: first-search probability decreases for s < s, and increases for
s> 8,5, second-search probability decreases for all s;

o u; <wug < Thuy + (1 —75))w: first-search probability decreases for s < s, and increases for s > s5, second-
search probability decreases for all s;

o ug < uy: first-search probability decreases for s < (1—77)75(up —w;) and increases for s > (1 —77) 75 (u, —uy),
second-search probability remains the same for all s,

where s, and s; are as defined in Proposition S.27.

Lemmas S.32 and S.33 detail the changes in the search probabilities due to volume information provision, in
comparison with no sales information and ranking information provision, respectively. Once again, we note that,
under (finer) public sales information, consumers may become more willing to conduct costly private search.
This is, again, because bestseller information guides consumers to the product with higher expected value. Thus,
the comparative analysis of the search probabilities confirms that public sales information may promote private
product search, even when search is no longer required for purchase. Note that, as search becomes optional
for purchase, the only incentive for consumers to search is to acquire product information. Thus, the finding
that sales information sometimes boosts consumer search under optional search strengthens the result regarding
complementarity between public learning and private learning.

In the meanwhile, similar to the results under ranking information, we note that some consumers may lower
their search probabilities when volume information is provided. For example, in the last case of Lemma S.32,
when the sales realization is such that 1 — 77 (x1,22) < pnpi, & consumer with low reservation utility ug < u; and
intermediate search cost (e.g., (1 — 7} (21, x2))(un — w;) < 8 < pppi(uy, —u;)) performs the first search when no
sales information is provided but purchases without search at all with sales volume information. In addition,
as aforementioned, none of the second-period consumers performs the second search under volume information.
This, again, suggests that social learning can be advantageous to consumers by lowering the search cost incurred

before purchase, as we discuss in the following welfare analysis.

Aggregate Welfare

To evaluate the effects of bestseller information on aggregate consumer welfare, as well consumers’ benefits

from public learning and private learning, we numerically compare aggregate consumer surplus in four settings:
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(i) no search and no (public) learning, labeled as “N L& N S”, where product search is infeasible (equivalently,
search cost is infinite for all the consumers) and no sales information is provided;

(ii) search without learning, labeled as “NL&S”, where product search is feasible (with heterogenous search
costs) and yet no sales information is provided;

(iii) learning without search, labeled as “L& N S”, where product search is infeasible and yet sales information
is provided (ranking and volume information are considered separately);

(iv) learning with search, labeled as “L&S”, where product search is feasible (with heterogenous search costs)
and sales information is provided (ranking and volume information are considered separately)

The welfare gains due to public or private learning are defined as the differences in the aggregate consumer
surplus of two different settings. Specifically, +S, NL and +S, L represent the welfare gains due to search in
the absence and presence of social learning, respectively, and +L, NS and +L, S represent the welfare gains
due to public sales information when product search is infeasible and feasible, respectively. The assumptions
on reservation-utility distribution and search-cost distribution (if search is feasible) are as in §SN.1 and the

parameter values are as given in the captions of Tables S.13 and S.14.

Table S.13  Aggregate consumer welfare: =4.5, 0 =1.5, up, =6, wy =2, « =0.08, pr, =0.6

Ranking Information
0 NL&NS NL&S L&NS L&S +S,NL  +S,L +L,NS +L,S
0.5 4.4050 4.4829 5.1100 5.1281 0.0779 0.0181 0.7050 0.6451
1 44900 4.5377 5.1680 5.1855 0.0477 0.0175 0.6780 0.6478
1.5 4.6017 4.6361 5.1619 5.1874 0.0344 0.0255 0.5602 0.5513
2 4.7200 4.7518 5.2782 5.2981 0.0318 0.0199 0.5582 0.5463
Volume Information
0 NL&NS NL&S L&NS L&S +S,NL  +S,L +L,NS +L,S
0.5 4.4050 4.4829 5.4300 5.4414 0.0779 0.0114 1.0250 0.9585
1 44900 4.5377 5.4880 5.4983 0.0477 0.0103 0.9980 0.9606
1.5 4.6017 4.6361 5.4612 5.4720 0.0344 0.0108 0.8595 0.8359
2 4.7200 4.7518 5.5260 5.5356 0.0318 0.0096 0.8060 0.7837

Table S.14  Aggregate consumer welfare: 1 =4.5, 0 = 1.5, up, =6, v, =2, «=0.08, p, =0.15

Ranking Information
0 NL&NS NL&S L&NS L&S +S,NL +S,L +L,NS +L,S
0.5 4.0000 4.0185 4.0000 4.0245 0.0185 0.0245 0 0.0060
1 4.0000 4.0187 4.0030 4.0277 0.0187 0.0247 0.0030 0.0090
1.5 4.0017 4.0207 4.0620 4.0854 0.0190 0.0234 0.0604 0.0647
2 4.0450 4.0639 4.1522 4.1738 0.0189 0.0216 0.1072 0.1099
Volume Information
0 NL&NS NL&S L&NS L&S +S,NL  +S,L +L,NS +L,S
0.5 4.0000 4.0185 4.5550 4.5574 0.0185 0.0024 0.555 0.5388
1 4.0000 4.0187 4.5550 4.5574 0.0187 0.0024 0.555 0.5387
1.5 4.0017 4.0207 4.5550 4.5574 0.0190 0.0024 0.5533 0.5367
2 4.0450 4.0639 4.5489 4.5514 0.0189 0.0025 0.5039 0.4874

As observed from Tables S.13 and S.14, product search and sales information, either in isolation or combined
with each other, improve consumer welfare. This demonstrates consumers’ gain from both private learning and

public learning. In particular, we note that the welfare gains from ranking information (i.e., +L, NS and +L, S)
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are lower than their counterparts from volume information, with or without product search. This resonates with
the finding in the base model that the value of bestseller information to consumers increases as the information
becomes finer.

In the meanwhile, the welfare gain from private learning can be reduced by the opportunity to learn from
public sales information (i.e., +S5,L < +S, NL). This is in line with some cases in Lemmas S.31 and S.32
where some consumers leverage social learning and save on search costs. In some other cases, e.g., ranking
information in Table S.14, the result is opposite and the welfare gain from private learning is higher due to
social learning (i.e., +S,L > +S, NL). This corresponds to the discussion immediately following Lemma S.31,
where sales information may promote private search for consumers with relatively high reservation utilities, by
either enhancing their confidence about discovering a high-value product through search or lowering the relative

value of their option to purchase without search.

SN.3. Appendix
Proof of Lemma S.23 For the first case, as the utility of the no-purchase alternative is higher than that of a
high-value product, the consumer does not search or purchase.

For the second case, as the utility of the no-purchase alternative is higher than that of a low-value product,
the consumer never purchases a low-value product. Given that the first search reveals a low-value product, the
expected utility of second search is p,u, + pjug — s and the utility of not performing the second search is uq (as

uo > ;). The consumer is willing to perform the second search if and only if
Drp + Do — 8 > Ug

which is s < pj,(uy, — ug). The expected utility of the first search is pyuy, + p, max[pyus, + prug — S, ug] — s and the

consumer performs the first search if and only if
Prn + prmax[paus + P — S, U] — $ > U

which is again s < pj,(u, — ug). To see this, notice that p,us, + piuo < prus + prmax[pyuy, + prug — S, ug] so the
consumer must perform the first search when s < pj, (u), — ug). Conversely, when s > p, (v, — ug), the consumer
does not perform the second search, p,uy + piug = pruy + prmax[pruy, + prug — s, ug] and the consumer does not
perform the first search.

For the third case, the consumer is willing to purchase a low-value product as the utility of the no-purchase
alternative is lower than that of a low-value product. Given that the first search reveals a low-value product,
the expected utility of second search is p,uy + p;u; — s and the utility of not performing the second search is u;

(as up < u;). The consumer is willing to perform the second search if and only if
DPrUn + Py — 8 2> W

which is s < pp,(u, — u;). The expected utility of the first search is pj,u; + pymax[pyus, + pu; — $,w;) and the

consumer performs the first search if and only if

DPrn + prmax[pyuy, + piu — S, ) — s > g
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which is s < pjuy, + piu; — ug. To see this, notice that ppus + pruy < prus + pymax[pyuy, + piu; — $,1] so the
consumer with s < p,uj, + pyu; — uo must perform the first search. Conversely, when s > p,u;, + piu; — ug, the
consumer does not perform the second search as py,(u, — w;) < pruy, + prug — o (as ug < uy). So pruy, + pruy; =
Prup + pymax[pyuy, + pruy — s, ;] and the consumer does not perform the first search. O
Proof of Lemma S.24 By definition, k; is the number of consumers who search in the second case and ks is
the number of consumers who search in the third case. As consumers in the second case only purchase when
there is at least one high-value product and consumers in the third case always purchase after search, total sales
equals to ki + ko if there is at least one high-value product and equals to ko if there is no high-value product.

When both products are of high value, the two products are symmetric and total sales is k; + k2. So the sales
distribution for either product follows distribution G”(z). Similarly, when both products are of low value, the
two products are symmetric and total sales is ko and the sales distribution for either product follows distribution

When the two products are of different values, the k; consumers in the second case and the m; consumers
in the third case must purchase the high-value product as they are willing to perform the second search when
the first search reveals a low-value product. For the k; — m; consumers in the third case, they do not perform
the second search and randomly pick a product to search and purchase. So the sales of the high-value product
follows distribution G, (z) and the sales of the low value product follows distribution G, (k; + ke —z). O
Proof of Lemma S.25 The proof is same to the base model by replacing n; with k1 +ky. O
Proof of Proposition S.24 For the first case, as the utility of the no-purchase alternative is higher than that
of a high-value product, they leave without search or purchase.

For the second case, the expected utility of performing the second search is whuy, + (1 — 75 )ug — s and utility of
leaving without purchase is uq. So the consumer performs the second search if and only if whuy, + (1 —75)ug — s >

ug, which is s < 75 (uy, —up). The expected utility of first search is
miuy + (1 — 77) max|ug, muy + (1 — 75)ug — 8] — s

while the utility of not performing the first search is ug. The consumer performs the first search if and only if
s <77 (uy, — ug). To see this, notice that wjuy, + (1 — 77 )ug < wiuy + (1 —77) max|ug, whuy + (1 — 75 )ug — 8] so the
consumer must perform the first search if s <7 (u;, —up). Conversely, when s > 77 (us, — o), the consumer does
not perform the second search. So 7juy, + (1 — 7] )ug = wjuy, + (1 — 77) maxfug, Touy, + (1 — 75)ue — s] and the
consumer does not perform the first search. As the consumer has higher utility for the no-purchase alternative
than the low-value product, she never purchases a low-value product.

For the third case, the expected utility of performing the second search is whu;, + (1 — 75)u; — s and the
utility of purchasing the low-value product is w;. The consumer performs the second search if and only if

whuy + (1 — 75)u; — s > wy, which is s < a5 (uy —w;). The expected utility of first search is
miup, + (1 — 7)) max|u;, mhu, + (1 — wh)u; — s] — s

while the utility of not performing the first search is ug. The consumer performs the first search if and only if
s <miup+ (1 —77)u; —up. To see this, notice that mjuy, + (1 —77)u; < wfup + (1 —77) max|u, whu, + (1 —75)u; —

so the consumer must perform the first search when s < wju;, + (1 — 77)u; — ug. Conversely, when s > wju;, +
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(1 — 7])u; — up, the consumer does not perform the second search as mjuy, + (1 — 7])u; — ug > wh(up, — u;) (as
u, > ug and w5 > 7). So wiuy + (1 — w))u = wiuy, + (1 — 77) max|uy, mhuy, + (1 — 75)u; — s| and the consumer
does not perform the first search. As the consumer in this case prefer a low-value product over the no-purchase
alternative, she always purchases a product after search. [J

Proof of Proposition S.25 Denote P(z1,x2) as the probability that the sales realization is X7 =z, Xo = 5.
Notice that 7¢(x1,22) =0 when x1 + x5 = k» and it suffices to consider the case z; + x2 = k1 + k2. Assuming
k1 + ko is odd, we have

P(l’l,xg)’ﬂ"f(iﬁl,xg)

> taa=kytko,x1>
Elx? _ z1txo=kitka,x12>22
[y (@1, 2) Pr(zy > za|z1 + 2 = k1 + ko)
h
Prgs (1) + piga(z1)
=2 P(xy,x 2
Z (1 2)ph9?($)+nga($1)+plga($2)

z1taro=ki+ko,x12>w2

h
Prg(x1) + piga (1)

=2 (Pr g™ (z1) + Prpiga (1) + Prpiga(22)) .

x1+x2:1€1§+:k2,x12x2 " phgi‘(x)+nga(a:1)+plga(x2)
=2 Z (Prgl(x1) + papiga(T1))

z1tz2=kit+ko,x12>22

— ki +k — ki+k

= 2p; G ( 12 )+ 2ppiGa( 12 2)

k1 + k2
2

r

) =1

=p; + 2prp1Ga(

The second equality follows from Pr(x; > za|z1 + 22 = k1 + k2) = 1/2 as the two products are ex ante homo-
geneous. The third equality follows from the identity that P(x1,x2) =pig"(z1) + papiga(z1) + Prpiga(z2). The
case where ki + ko is even can be proved similarly and is omitted here. [
Proof of Lemma S.26 It is equivalent to show g.(z1) > g.(x2) for 1 > x2,21 + 22 = k1 + k2, which is the
same as the proof in the base model by replacing nq, with &y +ko. O
Proof of Proposition S.26 When x; 4+ x5 = ks, both products are of low value. So only consumers with ug < u;
and s < u; — ug search and make purchase.

Next we consider the case where x1 + x5 = k1 + k2. For the consumer with ug > u;, she does not search or
purchase. For the consumer with u; <wug < uy, if the first search reveals a low-value product, then the unsearched
product must be of high value. So she performs the second search if and only if u; — s > ug, which is s < uy — ug.

The expected utility of the first search is
) (z1, x2)up + (1 — 7w} (21, 22)) max|ug, up, — 8] — s

and the consumer performs the first search if and only if 7 (21, x2)uy + (1 — 7} (x1, z2)) max|ug, up, — s] — s > ug,

which is s < ;b= To see this, notice that w21, x2)up + (1 — 7l (z1, x2)) (un, — 8) < (@1, x2)up + (1 —
e

Up —UQ

i) Conversely, when

7y (21, T2)) max[ug, u, — s| so the consumer must perform the first search when s <

Up —UQ
2—n} (z1,22)7

5> 7y (21, T2)up + (1 — (21, @2)) (U — 8) — s <wp and w4 (z1, x2)up, + (1 — 78 (21, 22) )uo — s < ug (as

Ty 2T (z1,22)(up — up)), and the consumer does not perform the first search.
(e,

For the consumer with u; — (1 — 7} (21, 22)) (up, —w;) <wo < uy, she performs the second search if and only if

up — s>y (as u; > ug), which is s <wuy, — u;. The expected utility of the first search is

77 (21, x2)up, + (1 — 75 (21, 22)) max|uy, uy, — 8] — s
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and the consumer performs the first search if and only if 7¥ (21, z2)up + (1 — 7Y (21, x2)) max|u;, up, — 8] — $ > g,

which is s < —2-%0__,
2—7y (z1,%2)
For the consumer with uwg < u; — (1 — 7¥(z1,22))(up — w;), she performs the second search if and only if

up — s> (as u; > ug), which is s <wuy, — u;. The expected utility of the first search is
7y (21, x2)up, + (1 — 7} (21, 22)) max|uy, uy, — 8] — s

and the consumer performs the first search if and only if 7} (21, x2)up + (1 — 7Y (21, x2)) max|u, up, — s] — s > ug,
which is s < 7Y (21, z2)up + (1 — 78 (21, z2)) max|u;, uy, — 8] — up. This is equivalent to

Up — Up
S S max[ﬂf ((El,xg)uh + (1 - Wij(xl,(ﬁg))ul — Uop, m .

Up —UQ

O S =5—0v7 ——
S =1 2—7} (z1,22)

when u; — (1 — 7} (21, 22))(un —w;) <up <wy and s; =78 (21, z2)up + (1 — 7y (z1, 22))u; — ug
when ug <wu; — (1 — 7(z1,22)) (up, —w). O
Proof of Lemma S.27 For the first case (ug > uy), the consumer neither searches nor purchases as the utility
of the no-purchase alternative is higher than the utility of a high-value product.

For the second case (prun, + piu; < ug < uy), as the utility of the no-purchase alternative is higher than the

expected utility of an unsearched product, the consumer does not purchase a product without search. For the

second search, the consumer performs the second search if and only if
Prtn +Pio — 5 = Uo
which is s <pj, (u, — ug). The consumer is willing to perform the first search if and only if
PRy + prmax[pyus + pito — 8, U] — s > ug

which is again s < pj,(us — ug) (see Lemma S.23). The consumer in this case does not purchase a low-value
product as ug > u;.

For the third case (u; < ug < prun +piw), as ug > u;, the consumer does not purchase a product that is revealed
to be of low value. For the second search, the consumer considers the second search when the first search reveals
a low-value product. The utility of purchasing the unsearched product is p,u; + pyu;, the utility of choosing the
no-purchase alternative is ug, and the utility of searching the unsearched product is p,us + piug — s (note that
the consumer chooses the no-purchase alternative when the second search again reveals a low-value product).
As ug < ppup + prug, the consumer performs the second search if and only if pj,u; + pru; < prus, + prug — s, which
is s < p;(ug — u;), and purchases the unseareched product directly otherwise.

Then consider the first search. As the two products are ex-ante homogeneous, the expected utility of pur-
chasing a product without search is p,u; + pyu;, the utility of choosing the no-purchase alternative is ug, and
the utility of searching a product is p,uy + p, max(ppup, + piug, Patts + piig — 8) — s. Since ug < pruy, + piuy, the
consumer performs the first search if and only if p,u, + p, max(prun + prug, Pty + pii — S) — § > Pruy + pruy,
which is s < ppp;(uy, —w;). The sufficiency of the condition follows from pju, + p, max(pnus + prug, priy, + pruo —
$) — 8 > prup, + pi(prus + pruwy) — s > pruy + prug. To see the necessity, consider the consumer with search cost
5> pppi(un — w;). Notice that pupi(un —w) — pi(uo — w) = pi(Patn + prg — uo) >0 as ug < pruy, + pruy, thus

s> pi(ug — uy). Therefore, if the first search reveals a low value product, phus + piug — s < prpus + piu; and
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the consumer does not perform the second search and purchases the unsearched product directly. Hence, her
expected utility of first search is pyuy, + p; max(uo, prtn, + Pitty, Prin + Prvo — 8) — 8 = Pry, + Pr(Prun + pruy) — s <
DrUp + Pty

To summarize, in the third case, the consumer with search cost s > pnp;(u, — u;) does not perform the
first search. As the two products are symmetric, she purchases either product with equal probability. For the
consumer with search cost p;(ug — u;) < s < pppi(un, — w;), she performs the first search but not the second
search. When the first search reveals a high-value product, she purchases it; if it reveals a low-value product,
as ppUp + prug > ug, she purchases the other product without searching it. For the consumer with search cost
s < pi(uo —u) and u; < ug < prup + piuy, she performs the first search and the second search if the first search
reveals a low value product. Thus, the consumer never purchases a product without searching it. If both products
are of low value, she leaves without purchase as ug > u;.

For the fourth case (ug < u;): The consumer is willing to purchase a low-value product. If the first search reveals
a low-value product, the expected utility of performing the second search is pju;, + p;u; — s and the expected
utility of purchasing the second product without search is pyuy, + pyu;. So the consumer purchases the unsearched
product directly without performing the second search. For the first search, the expected utility of purchasing a
product directly is pj,us + pu; and the expected utility of performing the first search is pyuy, + pi(prurn +pruy) — s.
The consumer chooses to search if and only if pnus, + pi(prun +piw;) — 8 > prun +pru; , which is s < ppp;(un — ;).
When search cost is higher than py,p; (u;, —u;), the consumer randomly chooses a product to purchase as ug < ;.

|
Proof of Lemma S.28: From Lemma S.27, k1 + ko3 consumers only make purchase when there is a high-value
product, ka1 + k31 consumers randomly purchase a product, and kas + K32 consumers makes one search and
purchase the searched product if it is of high value and purchase the other product if it is of low value. Hence,
the total sales in the first period is ko1 + K31 + K22 + K32 + K1 + Kag if there is at least one high-value product and
K21 + K31 + K2z + k32 if both products are of low value and (i) is proved. For (ii) and (iii), it suffices to notice
that the two products are symmetric and consumers purchase each product with equal probability. For (iv),
notice that the koo + K32 consumers purchase a high-value product for sure whenever there is one and k; + Ko3
consumers only make purchase when there is a high-value product and purchase a high-value product when
there is one. So the k1 + ka3 + Koo + K32 consumers always purchase the high-value product while the remaining
consumers randomly pick a product to purchase. [
Proof of Lemma S.29 The proof is the same as the base model by replacing n; with ¢;. O
Proof of Proposition S.27 For the first case with ug < uy, the consumer does not search or purchase as
ug > uy,. For the second case with 77wy, + (1 — 77 )u; < ug < uy, the consumer does not purchase a product without
search and only purchases high-value product as 7ju;, + (1 — 77 )u; < ug. The expected utility of performing
the second search when the first search reveals a low-value product is #5u, + (1 — 75)uo — s and the utility
of not performing the second search is ug. The consumer in this case performs the second search if and only
if ug < whup + (1 — 75)ug — 8, which is s < 75(up, — ug). The expected utility of first search is 7ju, + (1 —
77) max[ug, Thup + (1 — 75)uo — s] — s and the consumer performs the first search if and only if 77wy, + (1 —

1) max(ug, Touy + (1 — 75)ug — 8] — 8 > ug, which is s <77 (uy, —ug) (see the proof of Proposition S.24).
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For the third case with 75wy, + (1 — 75)u; < wup < Tjuy + (1 — 7] )y, the consumer is willing to purchase the
bestseller product directly but not the lower sales product. The expected utility of performing the second search
is whuy + (1 — 75)uo — s and the utility of not performing the second search is uo given that the first search
reveals a low-value product. The consumer in this case performs the second search if and only if 75u, + (1 —
T )ug — 8 > ug, which is s < 75 (uy, — ug). For the consumer whose first search reveals a low-value product and
is unwilling to perform the second search, she leaves without purchase. The expected utility of the first search
is Tiup + (1 — 77) max|ug, Toup + (1 — 75 )ug — s] — s and the expected utility of purchasing product 1 directly
is up + (1 — 77 )u;. The consumer performs the first search if and only if 7ju, 4+ (1 — 77) max|ug, Thuy + (1 —
T ug — 8] — s > wuy + (1 — 77 )y, which is

ﬁguh + (1 - 7~r§)u0 — Uy

s <max[(1 —77)(uo —w), (1 —77)

]

T
2—77

~ Foup+(1—7T - ~ ooy FEup (17 _
So s, = (1 — 77)(ug — u;) when W <ug < Tiup + (1= 77w, and s, = (1 — W{)W when
1 2 1
) . ro e (1_aT
7T£Uh + (1 - 7T£)’U,l < Ug < W

For the fourth case with w; < ug < 75wy, + (1 — 75)u;, the consumer is willing to purchase both products
without search. The expected utility of performing the second search is 75uy, + (1 — 75)ug — s and the utility of
purchasing the unsearched product directly is 75u, + (1 — 75 )u; when the first search reveals a low-value product.
The consumer in this case performs the second search if and only if 5w, + (1 — 75)u; < Thup, + (1 — 75)ug — s,
which is s < (1 —75)(uo —u;). When the consumer has higher search cost, she purchases the unsearched product
directly. The expected utility of the first search is 7wy + (1 — 7]) max([75us + (1 — 75wy, Toup + (1 — 75)ug — s] — s
and the expected utility of purchasing the bestseller directly is 7wy, + (1 — 77 )u;. The consumer performs the
first search if and only if 77w, + (1 — 77) max[Touy, + (1 — 75wy, Toup + (1 — 75)ug — 8] — s > 7wy, + (1 — 77wy,

which is equivalent to
ﬁguh + (1 - 7}5)’&0 — Uy

s <max|(1— 7)) 75 (up — w), T ].
1
2 77

(=77 75 (up—uy)
T—75

So s3 = (1 —77)75 (up, — w;) when +u <wg < Thup + (1 —75)u, and s3 = when

w S < SO 4,
For the last case with ug < u;, the consumer always purchases and never performs the second search as
ug < u;. If the first search reveals a low-value product, the consumer purchases the lower sales product directly
as Thuy, + (1 — 75)u; > u;. The expected utility of searching the bestseller is 7wy, + (1 —77) (T5up + (1 —75)u;) — 8
and the expected utility of purchasing the bestseller directly is 7juy, + (1 — 7] )u;. The consumer performs the
first search if and only if s < (1 — 77)75(un, — u;). The consumer with higher search cost purchases the bestseller
directly. O
Proof of Lemma S.30 Same as base model by replacing n; with ¢;. O
Proof of Proposition S.28 When z; + x5 = (2, both products are of low value. The consumer with ug > u;,
leaves without purchase while the consumer with uy < u; randomly chooses a product to purchase directly.
Next we consider the case where x1 + x5 = (;. Notice that as 75(x1,z2) = 1, the consumer does not perform the
second search. If the first search reveals a low-value product, the consumer purchases the unsearched product.
For the first case, the consumer does not search nor purchase. For the second case, the expected utility of

searching the bestseller is u, — s (as one of the two products must be of high value and the consumer can
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purchase without search) and the utility of not searching is wg. The consumer performs the first search if
and only if ug < up — s, which is s < wu, — ug. The consumer leaves without search or purchase when search
cost is higher. For the third case, as ug < 7} (z1,22)us + (1 — 7 (z1,22))w;. the utility of not searching is
7V (x1, w2)up + (1 — 7 (21, 22))u; and the utility of searching the bestseller is u;, —s. The consumer performs the
first search if and only if 79 (z1,x2)uy, + (1 — 7Y (21, 22))u; < uy, — 8, which is s < (1 — 77 (21, 22)) (un, — u;). The
consumer purchases the bestseller directly when search cost is higher. O

Proof of Lemma S.31 We consider different cases as discussed below.

e ug > uy: In this case, the consumer does not search and both search probabilities remain the same.

o 7wy, + (1 —77)u; <wug <uy: In this case, without sales information the consumer performs the first search
and the second search if and only if s < pp,(un — ug). When sales ranking information is released, the consumer
performs the first search if and only if s <77 (u, — ug) and the second search if and only if s <75 (up, —ug). As
7wy < pp <77, first-search probability increases and second-search probability decreases.

o pruy, + pruy, < ug < Tuy, + (1 — 77)wg: In this case, without sales information the consumer performs the

first search and the second search if and only if s < pj,(u, — up). When sales ranking information is released,

mAyup+(1-75)uo—uy

T and

the consumer performs the first search if and only if s < (1 —7])(ug —u;) or s < (1 —77)
the second search if and only if s < 75 (u, — ug). As 75 < py, second-search probability decreases. Change of
first-search probability is ambiguous.

o Thuy + (1 — 75w, < ug < prup + pruy: In this case, without sales information the consumer performs the
first search if and only if s < p,p;(ur, — u;) and performs the second search if and only if s < p;(ug — u;). When

sales ranking information is released, the consumer performs the first search if and only if s < (1 —7])(uo — w;)

ors<(l- ﬁ{)%ﬁf)“w and the second search if and only if s <75 (uj, — ug). Change is ambiguous here.

% +u; <wug < whuy, + (1 —75)uy: In this case, without sales information the consumer performs
2

[ ]
the first search if and only if s < p,p;(u;, — u;) and performs the second search if and only if s < p;(ug —u;). When
sales ranking information is released, the consumer performs the first search if and only if s < (1 —77)75 (uy, — ;)
and the second search if and only if s < (1 —75)(ug — w;). As 75 < p, < 77, second-search probability increases
and first-search probability decreases.

o u; <wug < % + u;: second-search probability increases as the previous case while the change for
first-search probability is ambiguous.

e uy < u;: In this case, without sales information the consumer performs the first search if and only if s <
prpi(un, —w;) and never performs the second search. When sales ranking information is released, the consumer
performs the first search when s < (1 — #7)75(uy — u;) and never performs the second search. So first-search
probability decreases and second-search probability remains the same. [

Proof of Lemma S.32 We consider the following cases. Recall that no consumer performs the second search
when sales volume information is released.

® Uy > uy: the consumer does not search and both search probabilities remain the same.

o TV(C1,0)up+ (1 —7Y(¢1,0))u <wup < uy: Without sales information, the consumer performs the first and the
second search if and only if s < p,(up —ug). When sales volume information is released, the consumer performs

the first search if and only if s < uj, —ug. So first-search probability increases and second-search probability

decreases.
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o pruy, + pruy < ug < 7 (ng, 0)uy + (1 — 7Y (n1,0))u,: Without sales information, the consumer performs the
first and second search if and only if s < pj(u), — up). With sales volume information, the consumer performs
the first search if and only if s <wuj, —ug or s < (1 — 7Y (x1,22))(up — u;) depending on the value of x1,z5. So
first-search probability decreases for s < pj, (u, — ug), increases for s > py, (u, —uo), and second search probability
decreases.

o u; <ug < prup+pu: Without sales information, the consumer performs the first if and only if s < pyp; (up, —
u;) and performs the second search if and only if s < p;(ug — u;). With sales volume information, the consumer
performs the first search if and only if s <wy, —ug or s < (1 — 7Y (z1,22))(ur, —w;) depending on the value of
Z1,22. So first-search probability decreases for s < pp,p;(u;, — w;), increases for s > p,p;(u, —u;), and second
search probability decreases.

e uy < u;: Without sales information, the consumer never performs the second search and performs the first
search if and only if s < pp,p;(uy, —u;). With sales volume information, the consumer performs the first search if
and only if s < (1 — 7Y (x1,x2))(ur — ;). So first-search probability decreases for s < p,p;(u, — u;), increases for
s> pppi(un, —w;), and second search probability remain the same. O
Proof of Lemma S.33 We consider the following cases. Again notice that no consumer performs the second
search when sales volume information is released.

e ugy > uy: the consumer does not search and both search probabilities remain the same.

o TV(¢1,0)un+ (1 —7¥(¢1,0))u; < up < uy: When sales ranking information is released, the consumer performs
the first search if and only if s < 77 (u;, —ug) and the second search if and only if s < 7L (uj, — up). When sales
volume information is released, the consumer performs the first search if and only if s < u;, — ug. So first-search
probability increases and second-search probability decreases.

o mup + (1 —77)ur < uo < 77 (Cr,0)un + (1 — 77(¢1,0))u;: With sales ranking information, the consumer
performs the first search if and only if s < 77 (u, — uo) and the second search if and only if s < 75 (uy, — uo).
With sales volume information, the consumer performs the first search if and only if s < wuj, —ug or s < (1 —
7V (21,®2))(un — u;) depending on the value of x1,z5. So first-search probability decreases for s < 77 (u, — uo),
increases for s > 7} (us, — up), and second-search probability decreases.

o Thup+(1—75))u <wuo < Tiup+ (1 —77))u;: With sales ranking information, the consumer performs the first
search if and only if s < s, and the second search if and only if s <75 (uj, —ug). With sales volume information,
the consumer performs the first search if and only if s < wuj, —ug or s < (1 — 7Y (x1,22))(ur — u;) depending
on the value of x1, 2. So first-search probability decreases for s < s,, increases for s > s,, and second-search
probability decreases.

o u; <wug < Thuy, + (1 — 75))u;: With sales ranking information, the consumer performs the first search if
and only if s < s; and the second search if and only if s < 75 (uj, — up). With sales volume information, the
consumer performs the first search if and only if s <wuj —ug or s < (1 — 7 (x1,22))(un, — 1) depending on the
value of z1, z2. So first-search probability decreases for s < s, increases for s > s,, and second search probability
decreases.

o uy <u;: With sales ranking information, the consumer never performs the second search and performs the
first search if and only if s < (1 —#7)75 (us, —u;). With sales volume information, the consumer performs the first
search if and only if s < (1 — 7V (21, x2))(un —u;). So first-search probability decreases for s < (1 —77)75 (up —wy),

increases for s > (1 — 77)75(us — u;), and second-search probability remain the same. [
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SO. Consumer Heterogeneity in Valuation

In the base model we assume that consumers share a common valuation for a product. In practice, idiosyncratic
factors (e.g., personal tastes) can lead to heterogeneity in consumers’ product valuation. In this extension we
generalize the base model by incorporating consumer heterogeneity in product valuation. Specifically, let 7 be
a consumer’s individual valuation for the products. Assume that, for a consumer with individual valuation 7,
consuming a high-value (resp. low-value) product results in a total (gross) utility of u;, + 7 (resp. u; + 7) and
the reservation utility is ug, independent of the individual valuation. Such an additive utility model is widely
adopted in the operations-management literature (see, for example, Yu et al. 2015 and 2016). We assume that
7 is privately known by each consumer and follows a given distribution T'(-).

In what follows, we consider two different settings: in the first setting the individual valuation is known by
a consumer upfront, i.e., before she searches or purchases a product; and in the second setting the individual

valuation is not known until after a consumer purchases a product.

Heterogeneous Valuation Privately Known Before Search or Purchase

We first consider the setting where a consumer is aware of her individual valuation before she searches or
purchases. Thus, she takes account of the individual valuation in her search and purchasing decisions. We note
that, under this setting, the model with heterogenous valuation and homogenous reservation utility is equivalent
to a model with homogenous valuation and heterogenous reservation utility. Our analysis is detailed as follows.

As consumers choose between the reservation utility and consumption of either product, the case where a
high-value product is of utility u; + 7, a low-value product is of utility u; + 7, and the reservation utility is ug
is equivalent to the case where a high-value product is of utility u,, a low-value product is of utility u;, and the
reservation utility is ug — 7. More precisely, when a consumer decides whether or not to search/purchase a prod-
uct, it is the difference of utilities between different options that matters, not the absolute utilities. For instance,
a consumer who discovers low-value products only chooses a low-value product instead of the no-purchase alter-
native when w; + 7 > ug, which is equivalent to u; > ug — 7. Hence, heterogeneity in consumer valuation (with
homogenous reservation utility) is equivalent to heterogeneity in reservation utility (with homogenous consumer

valuation). Thus, the analysis and results in §SN apply to this setting of heterogeneous valuation.

Heterogeneous Valuation Privately Known After Purchase

We next consider the second setting where the value of 7 is known by a consumer only after the consumer has
purchased a product (e.g., experience goods). Denote E[7] as the expected value of 7. Same as the base model,
we assume ug < ;.

We start by considering the optimal search and purchasing strategy for a first-period consumer. Following
backward induction, we first consider the second search. The consumer considers the second search when the
first search reveals a low-value product. The expected utility of skipping the second search and purchasing
the low-value product is E[u; + 7] and that of performing the second search is E[p,(up +7) +pi(w, + 7)) —s=
pruy, + pruy + E[7] — s. Hence a first-period consumer performs the second search if the first search reveals a
low-value product and her search cost satisfies u; + E[7] < ppuy + pyu; + E[7] — s, which is s < p;, (us, — u;). Note
that the condition for the second search is the same as in the base model. Therefore, the individual valuation 7

has no impact on the second search for a first-period consumer.
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Next consider the first search. The expected utility of the first search is E[py, (uy, + 7) 4+ p; max[u;, + 7, py (un, +
T)+pi(u +7) — 8] — 8| = prup, + prmax|uy, pruy, + piu; — 8]+ E[7] — s. As the utility of the no-purchase alternative
is ug, the first-period consumer performs the first search when ug < ppuy, + piu; + E[7] — s (the analysis is the
same as that in the base model), which is s < pjuy + pu; + E[7] — ug. Denote @y, = uy, + E[7] and @, = u; + E[7].
Then the first-period consumer’s optimal search and purchasing strategy is the same as the case where a high-
value product has utility @, and a low-value product has utility @; as w, — @ = u, — w; and ppus, + pit; =
Prtin + prug + E[7].

Similarly, let 7} and 7} be the beliefs that the bestseller is of high value and the lower sales product is of high
value when the bestseller is revealed to be of low value, respectively, when sales information type t is released,
where ¢ € {r,v} represents either sales ranking information or sales volume information. The same argument
shows that consumers perform the second search when s < x%(u;, — ;) (and the first search reveals a low-value
product) and the first search when s < wiuy, + (1 — 7})u;, + E[r]. This is again the same as the case where a
high-value product has utility u; and a low-value product has utility %;. Therefore, this extension can be reduced
to the base model by redefining the utility of products as @, = u, + E[7] and @, = u; + E[r] and our analysis in

the base model applies.
SP. Real-Time Sales Information Provision

In the base model we assume that sales information is publicized after an endogenously-determined number
of consumers arrive. It allows us to focus on the impact of information about aggregate, instead of individual,
purchases. It also enables a separate analysis of the exploration and exploitation stages of social learning, an
approach not uncommon in the prior studies of social learning (e.g., Yu et al., 2016, Papanastasiou and Savva
2017). This is also in line with the prevalent practice: platforms usually release bestseller information periodically
(e.g., Amazon.com updates sales rankings hourly?!).

What if there is no delay in sales information provision? In particular, what if sales information is publi-
cized and updated in real time? What is consumers’ optimal searching and purchasing strategy, and how is it
influenced by the bestseller information (and its granularity)? Do consumers get better off by more frequent
information provision (i.e., compared to periodic information release as in the base model, does real-time infor-
mation provision improve consumer surplus)? Likewise, does the platform prefer more frequent information
provision (i.e., is the expected total sales higher under real-time provision than that in the base model)? In this
extension we address these questions by considering the case where sales information is released in real time
and comparing the results with those in the base model.

Specifically, we consider the setting in which consumers arrive sequentially and each consumer knows the
number of arrivals prior to him or her. In line with the prevailing practice in online marketplaces, we assume that
a consumer cannot observe the actions (i.e., search and purchase) taken by his or her predecessors. Instead, the
consumer can observe aggregate information (either sales ranking or sales volume) about the purchases made
by the predecessors. The information is publicized and updated in real time. Again, in line with practice, we
assume that the information is “memoryless” in the sense that a consumer observes a snapshot of the bestseller
information upon arrival and cannot observe its full history. All other settings are the same as in the base model.

2! References: kdp.amazon.com/en_US/help/topic/G201648140, www.amazon. co.uk/gp/help/customer/display.html?
nodeId=GGGMZK378RQPATDJ.
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SP.1. Learning under Real-Time Sales Information Provision

SP.1.1. An Example of Three Consumers We start from an example with a total of three con-
sumers. As in the base model, since the two products are ex ante homogeneous, hereafter whenever sales ranking
or volume information is available, we assume without loss of generality that product 1 has (weakly) higher sales
than product 2. Let 7} (j, 1, 22) and 7%, (j, x1,22) (with £1 > x2) be the beliefs that product 1 and product 2 are
of high value when product 1 and product 2 have sales x; and z, among the first j — 1 consumers, respectively.
Similarly, let 77 (j) and 75(j) be the beliefs that product 1 and product 2 are of high value, respectively, when
product 1 has higher sales ranking among the first 7 — 1 consumers, respectively. Here and thereafter, we shall
use the term “among the first j — 1 consumers” to denote a time point that is after the first j — 1 consumers
arrive and before the jth consumer arrives. Let 74 (j,21,22) (with 21 > x2) be the belief that product 2 is of
high value when product 1 and product 2 have sales x; and x5, respectively, among the first j — 1 consumers
and product 1 is revealed to be of low value. Let 75(j) be the belief that product 2 is of high value when product
1 is revealed to be of low value and has higher sales ranking among the first j — 1 consumers.

The three consumers’ search and purchasing strategies are analyzed as follows.
e Consumer 1: For the consumer who arrives first, her beliefs for the two products to be of high value are the
prior beliefs. The first consumer performs the first search if and only if s < p,u;, + p;u; and the second search if

and only if s < pj(u, — ;) and the first search reveals a low-value product.

e Consumer 2: For the second arrival, first consider the situation that she observes real-time sales volume. The

sales realization she observes is either both products having zero sales, or one product having one unit of sales
while the other product having zero sales. For the first case the second consumer learns that the first consumer
does not search as otherwise one of the products would have one unit of sales. Therefore she knows that the
first consumer has search cost higher than pj,u; + p;u;. As the first consumer does not search and therefore does
not have private information regarding the products’ values, the second consumer’s beliefs in this case remain
the same as the prior beliefs. Hence when neither product has sales, consumer 2 performs the first search if and
only if s < ppu, + pyu; and performs the second search if and only if s < p,(un —u;) and the first search reveals
a low-value product.

For the second case where only one product has positive sales, we have the following lemma.
LEMMA S.34. 7¥(2,1,0) > py >7"1(2,1,0) and 75(2,1,0) < ps.

Lemma S.34 indicates that, in this case, product 1 is believed to be more likely to be of high value than
product 2 and, thus, should be searched first. In this case the second consumer performs the first search if and
only if s <7¥(2,1,0)uy, + (1 —77(2,1,0))u,. If the first search reveals a low-value product, consumer 2 performs
the second search if and only if s <7§(2,1,0)(us, — ;).

When only sales ranking information is revealed to the second consumer, we have the following lemma.

LEMMA S.35. @7(2) > py > 7" 1(2) and 75(2) < py,.

Lemma S.35 suggests that, under ranking information and for consumer 2, product 1 (the bestseller product)

is more likely to be of high value and should be searched first.
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e Consumer 3: For the third consumer, first consider the situation that sales volume is revealed in real time..

There are four possible sales realizations that the third consumer may observe: (x1,22) = (0,0), (x1,22) =
(1,0), (z1,22) = (1,1), (21, 22) = (2,0). Consider each of these cases as below:

Case (z1,x2) = (0,0): In this case neither consumer 1 nor consumer 2 makes purchase and consumer 3 learns
that both consumer 1 and consumer 2 have search cost higher than p,u;, + p;u;. As neither of the first two
consumers searches, their no-purchase actions do not imply any information regarding the product values. Hence
the consumer 3’s beliefs remain the same as the prior beliefs.

Case (x1,22) = (1,0): In this case one of the first two consumers makes purchase. As a consumer’s no-purchase
implies no information regarding the product values, the consumer who does not purchase does not make impact
on learning and it suffices to consider the consumer who makes purchase. If the first consumer makes purchase,
her beliefs at time of her own purchase are the prior beliefs. If the second consumer makes purchase, her beliefs
at time of her own purchase are again the prior beliefs, by our analysis in the first case of consumer 2 as the
first consumer does not purchase. Hence, the analysis for this case is the same as the second case for consumer

2 and we have the following lemma.
LEMMA S.36. 77(3,1,0)=n7(2,1,0), fori=1,—1,2.

Case (21,22) = (1,1): In this case both of the first two consumers make purchase. The two products have the
same sales and consumer 3 randomly picks a product to search first. According to our analysis in the second case
for consumer 2, consumer 2 must first search the product that is purchased by consumer 1 if any. As consumer 2
purchases the other product, it follows that the product purchased by consumer 1 is of low value and consumer

2 performs the second search and purchases the other product. We have the following lemma.
LEMMA S.37. 7¥(3,1,1)=7",(3,1,1) < p, and 75(3,1,1) < py.

In Lemma S.37, the posterior belief 7¥(3,1,1) is lower than p;, because consumer 3, upon observing sales
(1,1), infers that at least one of the products is of low value. This result is similar to its counterpart in the
base model and shows that consumers’ belief about either product being of high value can be lower than the
prior belief when the two products’ sales are known to be close to each other. As we shall elaborate in §SP.1.2,
however, the driving forces of this result are much more complicated than in the base model since multiple
rounds of deduction are involved. In particular, when sales information is released in real time, a consumer
needs to consider the belief updating process of all of her predecessors, rendering inference much more complex.

Case (x1,22) =(2,0): In this case the first two consumers purchase the same product. Lemma S.38 follows.
LEMMA S.38. 79(3,2,0) > pp,.

In this case consumer 3’s belief that the bestseller product is of high value increases compared to the prior
belief. This is aligned with the result in the base model that unbalanced sales between the two products increases
the belief about the bestseller being of high value. The analysis, however, is more complex, for the aforementioned
reasons.

When sales ranking is revealed in real time, Lemma S.39 characterizes consumer 3’s posterior belief.

LEMMA S.39. 77 (3) >pp, and 7" 1(3) <py.
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Thus, like the base model, when sales ranking information is released, the bestseller product is more likely to

be of high value than the other product and should be searched first.

To summarize, for the case of three consumers, we confirm that, similar to the periodic sales information in the
base model, real-time ranking information increases consumers’ willingness to search the bestseller product, while
real-time volume information may reduce it. Furthermore, we note that the belief updating process for the third
consumer becomes more involved as she needs to rationalize the learning process of all the consumers arriving
prior to her and also takes account of all of the possible sales realizations if the sales volume is unobservable.
Thus, analytical complexity grows rapidly in the number of consumers. Nevertheless, in the next subsection we

show that several key results in the base model continue to hold under real-time information provision.

SP.1.2. General Results Now we proceed to consider the general case with any number of consumers.
We show that both the mean preserving spread property (i.e., the belief under volume information is a mean
preserving spread of that under ranking information) and the reinforcement-by-homogeneity effect, which could
lead to lower expected sales when sales volume information is released, continue to hold when the sales volume
information is updated in real time.

Mean-preserving spread

Recall that 77 (j) is consumer j’s belief that product 1 is of high value when product 1 has higher sales ranking
than product 2 among the first j — 1 consumers and 73 (j, 1, x2) (resp. 7°;(j,21,22)) is consumer j’s belief that
product 1 (resp. product 2) is of high value when the sales of the two products among the first j — 1 consumers
are 1 and x, respectively (with z; > x5).

The following proposition shows that the mean-preserving spread property continues to hold.
PROPOSITION S.29. We have E,, ., [7} (4,21, 22)] =77 (J).

Reinforcement-by-homogeneity
In the base model, we show that under volume information, a consumer’s belief for either product being of
high value can be lower than the prior belief. The following proposition shows that volume information may

also reduce belief when it is released in real time.
PROPOSITION S.30. There ezist problem instances where w3 (4,21, 22) < py and 7%, (j,z1,22) < Dp.

Proposition S.30 is proved by the three-consumer example in §SP.1.1, where we showed 7¥(3,1,1) < p;, (ref.
Lemma S.37). The result is mainly driven by two forces, as we now elaborate. The first force is unique to
real-time information provision. As volume information is released in real time, a consumer needs to consider
the belief updating and the corresponding optimal strategies of all of the arrivals prior to her. Consequently,
consumer 3’s observation of one unit sales for both products indicates that the product purchased by consumer
1 must be of low value as otherwise consumer 2 would have purchased the same product as consumer 1 since
it is optimal for consumer 2 to first search the product purchased by consumer 1. Hence, consumer 3 deduces
that both products cannot be of high value, which reduces her belief that the bestseller product is of high
value. In the base model, such an effect does not exist as the first-period sales distribution conditional on both
products being of high value is identical to that conditional both products being of low value and, consequently,

a second-period consumer cannot rule out the former case solely by the observed first-period sales.



supplementary document to Lu and Yu: The Economics of Bestsellers s133

The second driving force is similar to the reinforcement-by-homogeneity effect identified in the base model.
To disentangle the second force from the first one, we consider the probability that a randomly selected product
is of high value without sales information conditional on at least of the products being of low value (recall: upon
observing the sales realization (1,1), consumer 3 believes that both products cannot be of high value). Denote
this probability as g2. We have

_ PrPi _ DPn
2000+ 07 2P0+ D0

q2

On the other hand, by the proof of Lemma S.37,

v _ Ph
US (371;1)* 9 + F(ppup+prug)
Ph T PUE oy up oy ) — F (op (un—1u1))
F(prun+piur) v ; ) :
As Forar o) ey = b 77 (1,1,3) < g2, which suggests that consumer 3’s belief about the bestseller

product being of high value is further driven down from the prior belief (conditional on at least one of the
products being of low value). That is, given that at least one of the products is of low value, compared to the
case without volume information, when both products are revealed to have one unit of sales consumer 3 is more
inclined to believe that both products are of low value rather than to believe that the two products’ values differ
from each other. The intuition is that the probability of the first two consumers purchasing different products
is higher when both product values are low than when the products are of different values (to be explained
in the next paragraph). Thus, the observation of equal product sales increases consumer 3’s belief about equal
product values (conditional on at least one of the values being low), which, in this case, lowers the consumer’s
belief about a randomly-chosen product (or equivalently in this case, the bestseller) being of high value.

To see why “the probability of the first two consumers purchasing different products is higher when both
product values are low than when the products are of different values”, consider two cases: (i) both products are
of low value and (ii) the products are of different values. In case (i), both products have one unit of sales if and
only if (i-a) consumer 2 performs the second search and (i-b) consumer 2 purchases the product examined in
her second search. In contrast, in case (ii), both products have one unit of sales if and only if (ii-a) consumer 1
only searches once, (ii-b) consumer 1 searches the low-value product, and (ii-c) consumer 2 performs the second
search. Note that the probability of consumer 2 purchasing the product examined in the second search in case
(i) (i.e. event (i-b)) is the same as the probability of consumer 1 first searching the low-value product in case (ii)
(i.e. event (ii-b)) and, specifically, both probabilities equal 1/2. Also note that event (i-a) is identical to event
(ii-¢). Thus, the probability that both products have one unit of sales is lower under case (ii) than under case
(

i) as it requires consumer 1 not performing the second search (i.e., the event (ii-a)).

SP.2. Impact on Product Sales
Now we investigate the impact of real-time sales information on the expected total sales. We first show that,
similar to volume information provided periodically (as in the base model), volume information released in real

time could also lead to lower expected total sales and thus hurt the platform. Proposition S.31 follows.

PrOPOSITION S.31. There exist problem instances such that the expected total sales under real-time volume

information is lower than that under no information.
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The rationale for Proposition S.31 is that real-time sales volume information allows consumers to update
beliefs about the number of high-value products. In particular, as we discussed in the three-consumer example,
when the products have equal sales, consumer 3 deduces that at least one of the products is of low value. This
reduces her belief about either product being of high value and also lowers the probability of her making a
purchase.

Furthermore, by comparing the expected total sales under real-time information and that in the base model,

we note in Proposition S.32 that more frequent information provision may be undesirable to the platform.

PROPOSITION S.32. There exist problem instances such that the expected total sales under real-time volume

information is lower than that under volume information in the base model.

Proposition S.32 is due to the fact that real-time volume information allows consumers to learn more about
the product values than volume information released after a certain number of consumers arrive. For example,
as in the three-consumer example, consumer 3 deduces that at most one product is of high value after observing
equal sales. This kind of inference is never possible in the base model, because two high-value products and
two low-value products lead to the same first-period sales distribution and hence the second-period consumers
are never able to rule out, based on realized sales volume, the possibility that both products are of high value.
The key driver of the difference is multi-round inference under real-time volume information. As noted in
the proposition, however, consumers’ better knowledge about the product values may backfire and reduce the

platform’s revenue.

SP.3. Impact on Welfare

By numerically compare the consumer welfare under real-time information provision and that in the base model,
we note that real-time information provision may improve consumer welfare from the level in the base model
because of consumers’ better informed search and purchasing decisions. Details of the numerical results and the

corresponding discussion are presented at the end of §SH.

SP.4. Appendix
Define Pr;(y) as the probability that event y occurs among the first j — 1 consumers. This notation will be used
in some of the proofs below.

Proof of Lemma S.34 We have

71(2,1,0) =Pra(us = uplzs =1,20 =0)
_ Pry(uy = up, 2y = 1,25, =0)
o Pry(zy =1,20=0)
Pro(us = up, us = up,x1 = 1,29 = 0) + Pra(us = up, us = uy, 01 = 1,20 =0)

B Pro(u1 = up, s =up, 21 = 1,22 =0) + Pro(us = up, us = u;,z1 = 1,22 = 0)
+PI’2(’LL1 =Up, U2 = Up, L1 = 1,(E2 :0) +PI’2(U1 =U, U2 = U, L1 = ].,CL'Q :O)

P%F(Phuh +plul)/2 +phP1(F(Ph (Uh _ Ul)) + F(ph,thrpz,uz,)gF(ph(uh—uz)))

(pbe(phuh +pzul)/2 +phpz(F(ph (uh — ul)) + F(ph'thrp"u");F(ph(uh_ul)) ) )
+pap F(phuh,ﬂnuz);F(ph(uh—uz,)) +pl2F(phuh +pu) /2

p%F(phuh +P1Ul) + 2PhP1(F(Ph(Uh _ Ul)) + F(ph,thrpz,uz,);F(m(uh—uz)))
F(pruy + prw)
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F(ph (Uh _ ul)) + F(prup+prug) —F(pp(up—uy))

: )

=pn(pn +2p
(P : F(prun + prw)

F(pruptpiug)

>pn(p +2p+
(P lF(phuh +piw)

=pn(pn +p1) =P
For the fourth equality, notice that Pra(u; = up,us = up, 1 = 1,250 = 0) = Pr(u; = up,uz = up) - Pra(z; =
1,29 = 0|u; = up,up = up) = p? - Pro(z; = 1,25 = 0Juy = up,uz = uy). As both products are of high value, the
probability that consumer 1 purchases product 1 is the probability that she is willing to perform the first search
and she searches product 1 first, which is F(pnup, + piu;)/2. Similarly, we have Pra(u; = up, us = uj, 1 = 1,20 =
0) =Pr(u; = up,uz =) - Pro(z1 = 1,22 = 0|ug = up, ua = w;) = ppp; - Pra(z1 = 1,25 = 0|ug = up, uz = ;). There

are two possibilities for consumer 1 to purchase product 1 in this case. The first is that consumer 1 is only willing

to perform the first search and searches product 1 first, which happens with probability £(&xunte “”);F(p n(up=up))
The second is that consumer 1 is willing to perform the second search. In this case it does not matter which
product consumer 1 searches first and the probability is F'(p, (u, —u;)). So Pra(z1 =1, 29 = 0|ug = up, us = u;) =

F(ph (uh _ ul)) + F(Phuh,+mul);F(Ph(uh,—ul,) .

For Pro(u; = uj,us = up,x1 = 1,29 = 0) = Pr(uy = uj,us = uyp,) - Pra(ry = 1,20 = 0|lug = wy,us = uy,) =

prpr - Pra(zy = 1,29 = Olu; = wj,us = uy), the probability that consumer 1 purchases product 1 is

F(ppuntpiug) —F(pp(up—u1))
2

as it must be the case that consumer 1 is unwilling to perform the second search
and searches product 1 first. Lastly, for Pro(u; = uy,us = uj, 21 = 1,22 = 0) = Pr(u; = uj,ue = w;) - Pra(z, =
1, 2o = 0|us = up,us = u;) = p? - Pra(zy = 1,20 = 0|us = uy, uz = u;), we have Pra(z1 = 1,20 = 0|us = u, ug = u;) =
F(prun + piuy)/2 as consumer 1 must be willing to perform the first search and choose to purchase product 1
instead of the other product, which happens with probability 1/2.

Similarly,

7 1(2,1,0) =Pray(ug = up|z1 = 1,20 =0)
_ Pry(uy = up, 21 = 1,25, =0)
N Pr(z; =1,2,=0)
Pro(us = up,us = up,x1 = 1,20 =0) + Pro(us = uy, ue = up,z1 = 1,25 =0)

B Pro(us = up, ue = up, 21 = 1,29 = 0) + Pra(u1 = up, 2 = uj, 21 = 1,20 =0)
+PI’2(U1 =Up, U2 = Up, L1 = ].,(EQ = O) +PI’2(’LL1 =Up, U2 = U, L1 = ].,CL'Q :0)

pbe(phuh +pwy) /2 + pupy F(Ph,thrpz,uz);F(Ph,(uh—ul)))
a (piF(phuh +pur) /2 + prpi(F (pr (un — wi)) + F(phuhmul);F(ph(qu))) )
+p7 F(phun + piw) /2 + pup F(phuh'ﬂnul);F(ph(uh_u"))
piF(phuh + plul) + 2pnp F(Phuh-‘rmuz);F(Ph(u;ﬁul))
B F(prun + pou)
F(pnun +pru) — F(pn(un —w))
F(prun + pouw)

=pn(Pr + D1 )
<pn(Pn + 1) =pn
For 73(2,1,0), we have

75(2,1,0) =Pra(us = up|us = uy, 21 = 1,25 = 0)
_ Pry(us = up,uy = up, 2 = 1,25, =0)
o Prg(ulzul,xlzl,xQZO)
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Pro(ug =up,u1 = u;, w1 = 1,29 =0)

Pro(us = up,u1 = up, 21 = 1,29 = 0) + Pra(us = uy, us = u;, 21 = 1,22 = 0)
lF(Phuh-’-muz)*F(P;L(uh*uz))

bnp

2
Db F(phuh,ﬂnuz);F(ph(uh—uz,)) +Pl2F(phuh +plul)/2
Dn

F(ppuptpiur)

prt D F(prup+tpiug)—F(pp(up—ur))
Dn
< =DPn
Prn+ D

O
Proof of Lemma S.35 Let 7(i|j) be the probability that among the first j — 1 consumers, i consumers make

purchase, so Zf;é 7(i|j) =1 for all j > 1. Then, conditioning on how many consumers have made purchases, we

have
m1(2) =7(0[2)77(2,0,0) + 7(1]2)77(2,1,0)
7 1(2) =7(02)7",(2,0,0) +7(1]2)7"(2,1,0)
m5(2) =7(0|12)75(2,0,0) + 7(1]2)75(2,1,0)

As 7¥(2,0,0) =7¥,(2,0,0) = 75(2,0,0) = p), (as consumer 1 does not purchase and consumer 2’s beliefs stay
the same as prior beliefs) and by Lemma S.34 7}(2,1,0) > p, > 7°,(2,1,0) and 75(2,1,0) < py, it follows that
w7 (2) > pr, 7" 1(2) < pu, 75(2) < pp,, which concludes the proof. O

Proof of Lemma S.37 We have

7m1(3,1,1) =Pr3(us = uplz1 =1, 20 =1)
_ Prs(us = up, 21 =1,25,=1)
o Pra(zy =1,z =1)
Pra(u; =up,us =u;,x1 =1,29 = 1)

Pr3(u1 =Up, Uz =U;, T1 = 1,12 = 1) +P1“3(U1 =Up, Uz =Up, Ty = 1,10 = 1)
+PI’3(’LL1 =Up, U2 = U, L1 = ].,CL'Q = 1)

Phpi F(Ph,thrpz,uz,);F(Ph(uh—ul)) CF(m3(2,1,0) (ug, —w))

 2pypy - Plentetere) FlenCen=n)) | p(rs(2,1,0) (up — w)) + pEF (prun + pou) F(m3(2,1,0) (un —w)) /2
Pn

= F(ppup+prug)
2Ph + PUF G prun) —F (o (an =)

Dn
Prn+ D

=Pn

The third equality follows as we know one product must be of low value when x; =1 and x5 =1, as explained in
the text. The fourth equality follows from Prs(u; = up,us = uj, 21 = 1,20 = 1) = Pr(us = up,us = u;) - Pra(a; =
1,ze =1|ug = up,us =w;) = pup; - Pra(z1 = 1,20 = Lug = up, us = u;). For Pry(zy = 1,20 = 1juy = up,us =), it
must be the case that the first consumer purchases the low-value product and the second consumer purchases
the high-value product. It follows that first consumer searches once and is unwilling to perform the second
search while the second consumer performs the second search. Hence, the first consumer must have search
cost lower than puy, + pu; and higher than pp,(u, — u;) and the second consumer has search cost lower than

75(2,1,0)(up, —wy). Pra(xy = 1,20 = Nug = up,us = ;) = F(”““er“”);F(”(“’”“l)) - F(735(2,1,0)(u, —u;)) as the

first consumer searches the low-value product first with probability 1/2. Same analysis applies for Prs(u; =

Upy Uz = Up, 1 = 1,20 =1).
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Similarly, Prs(u; = uj,us = uj, 21 = 1,20 = 1) = Pr(uy = wj,ue = w;) - Pra(zy = 1,20 = 1ug = wy,us = ) =
p? - Pra(xy = 1,29 = 1|uy = uj,us = w;). For Pry(z; = 1,22 = 1ju; = u;,us = u;), consumer 1 must be willing
to perform the first search and consumer 2 must be willing to perform the second search. The probability
is Fpyup, + prwy) F(75(2,1,0)(up, — w;))/2 as consumer 2 purchases different product than consumer 1 with
probability 1/2.

For 74(3,1,1), we have

7m5(3,1,1)

=Pr3(us = uplus = uj, 1 =1,29 =1)
_Prs(us =wpn,ua =w, v =1,2,=1)

Prg(ul =U;,ry = ].,CL'Q = 1)
Pl"s(u2 =uUp,uy =U, Ty =1, = 1)

_Prg(u2 =Up, U1 = U, T1 = ].,CL'Q = 1) —+ PI'3(U2 =U, U1 =U, T1 = ].,(EQ = 1)
B Prpi - F(Pnuh-O-pzuz);F(Pn(u;ﬁw)) F(”S (2’ 1, 0)(Uh _ Ul))
ppy - Hepater) Elenlin—u)) . B(7(2,1,0)(up — w)) + pRF(paun + prn) F(73(2,1,0) (un — w)) /2
Pn

= F(pruptpiug)
Prt P F(prup+tpiur)—F(pp(up—ur))

Dn
Tt

=Dn

O
Proof of Lemma S.38 We have

77(3,2,0) =Pr3(u; = up|z1 =2,22 =0)
_ Pra(us = up, 21 =2,25,=0)
o Pra(z; =2,22 =0)
Pra(uy = wun,us = up,x1 = 2,25 =0) + Pra(us = up,us = u;,x1 = 2,25 =0)
( Pra(us = un,us = up,x1 = 2,25 =0) + Pra(us = up, us = u;,x1 = 2,25 =0) >

+PI’3(U1 = U, U2 = Up,Tq :2,5E2 = O) +PI’3(’LL1 =Up, U2 = U, L1 = 2,1’2 :0)

p}%F(phuh +plul)/2 : F(ﬂﬂlj(Zv 1) O)uh + (1 - 7T11}(2a 17 0))“'1)
(+phpl(F“’”“’L+"’“”2F"”L‘“’L“”’ + F(pn(un —w)))F (w2 (2,1,0)un + (1 — 72(2,1,0))w) >
P2F (prup +piwy) /2 - F(m¥(2,1,0)uy, + (1 — 79(2,1,0))w)
(+phpl(F“’h“h*mW;F(ph(“h—“l” + F(pn(un —w))F(x?(2,1,0)uy + (1= 72(2,1,0))u) + T>

where

T =pupy F(prup + prw) ; F(pn(un —w)) (

+pP F(prun +pig) /2 - (F(7Y(2,1,0)u, + (1 —7¥(2,1,0)w;) — F(75(2,1,0) (up — w)) + F(75(2,1,0) (up —w))/2)

F(m7(2,1,0)up + (1 —77(2,1,0))w;) — F(75(2,1,0) (up — wp)))

For the fourth equality, notice that Prs(u1 = un, s = up, 1 = 2,22 = 0) = Pr(us = up, us = uy,) - Pra(z, = 2,25 =
Oluy = up,us = up) = p? - Pra(zy = 2,22 = 0|us = up,us = uy). For Prz(xy = 2,25 = 0|us = up,uz = uy), as
consumer 2 always searches the product purchased by consumer 1 first, this is the probability that both consumer
1 and consumer 2 are willing to perform the first search and consumer 1 purchase product 1 (this occurs
with probability 1/2 as the two products are symmetric), which is F(pyuy, + piw;)/2 - F(73(2,1,0)u, + (1 —
m7(2,1,0))u;). Similarly, Prs(u; = up,us = uy, 21 = 2,29 = 0) = Pr(us = up,us = ;) - Prag(z; = 2,20 = Olu; =

Up, Uz = Uy) = ppp; - Pra(x1 = 2,29 = Olug = up, ua = w;). Pra(x; = 2,20 = 0|ug = up, uz = ;) is the probability



s138 supplementary document to Lu and Yu: The Economics of Bestsellers

that the first consumer purchases the high-value product and the second-consumer makes purchase, which is

(Plentntrrn) “F@alin=v)) 4 f(p, (uy, —u,)))F (7} (2,1, 0)up + (1 — 73(2, 1,0))u,).

For Pra(ui = wj,us = up,x1 = 2,29 = 0) = Pr(uy = w;,us = up) - Pra(zy = 2,20 = 0|ug = wy, us = up) = pap; -
Prs(x1 = 2,22 = Olug = uy, us = uy,), where Prg(a; = 2,20 = Olu; = u;,us = uy) is the probability that the first
two consumers purchase the low-value product when there is a high-value product. So both consumers must
have refused to perform the second search and consumer 1 searches the low-value product first. The probability

s Flmentor) Elealo—t) (F(ry (2, 1,0)u, + (1= 73(2,1,0))u) — F(m5(2,1,0) (un — w)))-

For Prs(u; = w;,us = w,x1 = 2,25 = 0) = Pr(u; = uj,us = w;) - Pra(x1 = 2,20 = 0|ug = uy,us = u;) = prp; -
Pra(zy = 2,29 = 0lu; = w;, us = u;), where Pr3(zq = 2,22 = 0Juy = u;,us = w;) is the probability that the first
two consumers purchase the same low-value product. So either consumer 2 refuses to perform the second search,
or consumer 2 performs the second search and purchases the same product as consumer 1. Moreover, consumer
1 purchase product 1 with probability 1/2. Hence, the probability is F(pnus, + piw;)/2 - (F(73(2,1,0)u, + (1 —
m(2,1,0)u;) — F(75(2,1,0)(up, — w;)) + F(75(2,1,0) (up, — w;))/2).

Note that we have

Pn

7(3,2,0)=—2n
i ) pr+pT

with

< py, Hentntere) Fn ) (F(7v(2,1,0)uy, + (1 — 717(2,1,0))u,) — F(75(2,1,0) (up — w)))
= +plF(phuh +plul)/2 ( (7T1 (27 1a0)uh+ (1 _71—1 (27 1,0))’[14) (71—12)(2a 170 (uh_ul)) (W (2a 170)(u

T:
pnF(prun 4+ pow) /2 - F(7y(2,1,0)u, + (1 = 77(2,1,0))w,)
Ay (Henende) F@n(nn)) 4 B(p, (u), — ) F () (2, 1,0)up + (1 — 77(2,1,0))u,)

<1

The inequality follows from

F(prup + prw) — F(pn(u, —w))
2

SF(phuh +Pﬂtl)/2 : F(ﬂ—i}(Qv 1, O)Uh + (1 - 71—1)(27 1, 0))’[14)

(F(m7 (2,1, 0)un + (1= m(2, 1,0))w) = F(73(2, 1,0)(un — w)))

and

F (ot +pr) /2 (P (2,1, 0)un + (1= 7 (2,1,0))u) = (2,1, 0)(un — ) + F(n8(2,1,0) (s — w)),2)
<(F(phuh +powy) — F(pr(un —w,))

5 + F(pn(un —w)))F (7} (2,1,0)up + (1 —77(2,1,0))w;)

Hence 74 (3,2,0) >p,. O

Proof of Lemma S.39 To prove the lemma, we first show that sales ranking information does not change
consumers’ belief about the number of high-value products. Let 1 > 2 and 2 > 1 represent the events that product
1 and product 2 has higher sales ranking, respectively. Denote HH, HL,LL as the events that there are two
high-value products, one high-value product, and no high-value product, respectively. For instance, Prz(1 > 2)
is the probability that among the first two consumer, product 1 has higher sales ranking.

We first introduce the following lemma, for which the proof is provided after the current proof.
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LEMMA S.40. When sales ranking information is released in real time, there is

Pr,(HH|1>2)=Pr,(HH|2>1)=Pr(HH) =p;
Pry(HL|1>2)=Pr,(HL|2>1)=Pr(HL) =2p,p,

Pr,(LL|1>?2)=Pr,(LL|2>1)= Pr(LL) =p}
forallt>1.

Notice that 77(3) + 77 (3) is the expected number of high-value product after sales ranking information of
the first two consumers is released. It follows that 77(3) + 7", (3) =2-Prs(HH|1>2)+1-Prz(HL|1 > 2) = 2p,.
Hence, to show 77 (3) > p;, > 7" ;(3), it suffices to show 77(3) > p,. Conditioning on the number of high-value

products, we have

77 (3) =Prs(u1 = un|l > 2)
=Prs(HH|1>2)-Prs(u; =u,|HH,1>2)+Prs(HL|1>2)-Prs(uy =u,|HL,1>2)
+Pr3(LL|1>2) Prsy(u; =u,|LL,1>2)
=p; - 1+ 2pup; - Pra(uy = up|HL,1>2) +p; -0
=pi +2ppp; - Pra(uy = up|HL, 1> 2)

=pn(pn +p1 - 2Pr3(us = up|HL, 1> 2))

To show 77 (3) > py, it is equivalent to show p,, + p; - 2Pr3(u; = u,|HL,1 > 2) > 1, which is Pry(u; = u,|HL,1>
2) >1/2 (as p, +p=1). Notice that
Prs(us =up, HL,1>2)
Pry(HL, 1> 2)
_ Pra(us = up,up = u;, 1> 2)
N Pry(HL,1>2)
~ Prs(uy = up, us = wp) - Pra(1 > 2|ug = up, ug = ;)
N Pr3(HL|1>2)-Pr(1>2)
_papi Pra(1 > 2]us = up, ug = wy)
a 2pnpi-1/2
=Pr3(1 > 2|u; = up, us =u;)

PI‘3(’U,1 :’U,thL, 1> 2) =

and it is equivalent to show Prs(1 > 2|u; = up,us = u;) > 1/2. To prove this we consider two different cases
depending on whether consumer 1 makes purchase.

The first case is that consumer 1 purchases a product. If consumer 1 is only willing to search once, then she
purchases each product with equal probabilities as the two products are ex ante homogeneous. If consumer 1
is willing to perform the second search when the first search reveals a low-value product, then she purchases
product 1 with probability one as product 1 is of high value while product 2 is of low value. Therefore, when
consumer 1 makes purchases, she purchases product 1 with probability at least 1/2. Next we show that if
consumer 1 purchases product 1, then product 1 must have higher sales ranking after consumer 2. As there is
only one consumer before consumer 2, consumer 1 can be considered as the early consumer and consumer 2 can
be considered as the late consumer, which is a special case of the base model. By the result in the base model,

when product 1 has higher sales ranking, it is optimal for consumer 2 to search product 1 first. As product 1 is
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of high value, consumer 2 would purchase product 1 (if search) without performing the second search. Thus, if
consumer 2 decides to search, product 1 must have higher sales ranking after consumer 2 purchases. If consumer
2 decides not to search, then product 1 still has higher sales ranking as it has one unit of sales while product 2
has no sales. It follows that when consumer 1 makes purchase, the probability that product 1 has higher sales
ranking after consumer 2 is at least 1/2.

The second case is that consumer 1 does not purchase. In this case the two products are symmetric for
consumer 2. If consumer 2 is only willing to search once, then she purchases each product with equal probabilities.
If consumer 2 is willing to perform the second search when the first search reveals a low-value product, then she
purchases product 1 with probability one as product 1 is of high value while product 2 is of low value. It follows
that the probability that consumer 2 purchase product 1 is at least 1/2 and product 1 has higher sales ranking
with probability at least 1/2. Combining the two cases we have established that Pr3(1 > 2|u; = up, us =u;) > 1/2,
which finishes the proof. O
Proof of Lemma S.40 It suffices to prove for the event HL, events HH and LL can be proved similarly and
is omitted here. We have

Pr,(HL,1>2) Pr(HL)-Pr,(1>2|HL)
Pr,(1>2) Pr,(1>2)

Pr,(HL|1>2) =

where Pr,(HL,1 > 2) is the probability that there is one high-value product and consumer ¢ observes sales
ranking 1> 2, Pr;(1 > 2) is the probability that consumer ¢ observes sales ranking 1 > 2, and Pr,;(1 > 2|HL) is
the probability that consumer ¢ observes sales ranking 1 > 2 conditioning on there is one high-value product.
Notice that the two products are symmetric under all events HH ,H L, and LL. In particular, the two products
are symmetric when there is one high-value product as the two products are equally likely to be the high-
value product (specifically, since the products are ex ante homogeneous, we can swap product labels). Therefore
Pr,(1>2|HL)=Pr,(1>2)=1/2 and

Pr(HL)-Pr,(1>2|HL
Pr,(HL|1 >2)= ( ;rt(lti ) | ):Pr(HL):2phpl

a
Proof of Proposition S.29 Let g(z1,22|j) be the probability that the sales of the two products are z; and

To, respectively, with x; > x5, among the first 7 — 1 consumers. Then

> q(z1,72]j) =1

z12®a,®1+x2<j
and

() =Y qlar, 22|f)my (G, 21, 02) = By o [17 (G, 21, 22)]

T2
|
Proof of Proposition S.31 We prove the proposition by constructing the following example. Let p, = 0.4,
up =5, w; = 1. Consider a F' with F(z) =1,2>2, F(z) =0.5,1 <2 <2 and F(z) =0,z < 1. Consider a case

with three consumers. When there is no sales information, as p,u; + p;u; = 2.6 > 2, all the three consumers make
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purchase. When real time sales volume information is released, there is a positive probability that the first two

consumer purchase different products. As

v _ DPh
™ (371;1)_ 2p +p F(ppup+piug)
h VFlpnun+piu)—F (pp (up—up))
- 0.4
=0.2

The third consumer makes purchase with probability F'(7%¥(3,1,1)us + (1 — 77 (3,1,1))u;) = 0.5 when the first
two consumers purchase different products. It follows that the expected sales under real time volume information
is less than 3 and the proof is completed. [

Proof of Proposition S.32 We prove the proposition by constructing the following example. Let p, = 0.4,
up =5, u; = 1. Consider a distribution function F(-) with F(z) =1,2 > 2, F(x) =0.5,1 <z <2 and F(z) =
0,z < 1. Consider a case with three consumers. First consider the case where sales volume information is only
released once and after the first consumer makes the purchasing decision. As ppu; + pyu; = 2.6 > 2, the first
consumer makes purchase. As the two products are ex ante homogeneous, assume without loss of generality
that the first consumer purchases product 1. The second and third consumers’ belief that the product with one
unit of sales is of high value is

Prlu; =us =up, X1 = 1]+ Prlu; = up, us = uy, Xy =1]

( Prlu; =us =up, X1 = 1]+ Prlu; = up, us = uy, Xy =1] )
+Prlus = uy,ue = up, X1 = 1] + Prlus = us = uy, X1 = 1]

_ Pi/2 + papi(F (Prtn + piw) — F(pr(un — w))) /2 + F(pr(un —w)))

© 02/24 pup (F(paun + pown) — F (pr(un — w))) /2 + F(pr(un — w))) + pap(F (prun + prw) — F(pa(un — w))) /2 + p?/2
B 0.16/2+0.24%0.75

©0.16/240.24%0.75+ 0.24 % 0.25 + 0.36/2

—0.52> p,

It follows that both the second consumer and the third consumer make purchase and the expected sales is 3
when sales volume information is only released once and after the first consumer makes the purchasing decision.
When real time sales volume information is released, there is a positive probability that the first two consumers

purchase different products. As

Pn

F(ppup+prug)
2Ph + PUE G o) —F (o (an =)

B 0.4
©0.840.6% =
=0.2

m(3,1,1)=

The third consumer makes purchase with probability F(7}(3,1,1)u;, + (1 —a}(3,1,1))u;) = 0.5 when the first
two consumers purchase different products. It follows that the expected sales under real time volume information

is less than 3 and the proof is completed. [
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SQ. Learning-Induced Pricing Competition

So far we have abstracted away from the possibility that the selling prices of the products may be adjusted after
bestseller information is released. This is because product pricing is typically a decision of product providers and
beyond the control of an e-commerce platform. When product pricing can be adapted to bestseller information,
how does it impact the platform’s incentive to provide the information? To address this question, we extend the
model to consider the situation that the two products are offered by two different product providers (referred to
as “sellers”), one product by one seller. The sellers simultaneously and independently choose the second-period
price of their own product upon observing the bestseller information (if any) released by the platform. That is,
the two sellers are engaged in a pricing competition induced by social learning. The platform anticipates the
pricing competition and aims to maximize the expected total commission collected from the two sellers, which
is equivalent to maximizing the expected total revenue from the product sales, as the per-sale commission is
typically proportional to the selling price.

Specifically, let r; and 75 denote the second-period selling price of product 1 and product 2, respectively, after
the bestseller information (if any) is released. Same as in the base model, assume without loss of generality that
product 1 is the bestseller. We focus on the case that ry,ry <wu; so that the prices can not be higher than the

utility of a low-type product.

SQ.1. Model Analysis
The first-period analysis is similar to that in the base model. Thus, we focus on the second period and start
from second-period consumers’ search and purchasing decisions. To this end, define the following beliefs in the
second period given information type ¢ € {¢,r,v}:

e 7i: Probability that product 1 is of high value before any search in the second period

e v!: Probability that product 2 is of high value before any search in the second period

e 7iH: Probability that product 2 is of high value after a first search reveals high value in product 1

e 7il: Probability that product 2 is of high value after a first search reveals low value in product 1

e 47 Probability that product 1 is of high value after a first search reveals high value in product 2

e iL: Probability that product 1 is of high value after a first search reveals low value in product 2

SQ.1.1. Consumer Beliefs We first analyze the beliefs under sales ranking information. We have

71 =Prlus = up| X1 > %]

Pr[ul—UQ—uh7X1 ] =Up, Uz = Uy, X1 ]

+ Pr
Pr[ulfugfuh,Xl ] P
—|—Pr[u1ful,u27uh,X1 ]

>
>

o2l [SI2

[u1

[ 1= Up, Us = Uy, X1

+ Priuy = uo = uy, Xy > %
ni

t)

G ( )+phpl a( 2 ) _
PPGL (% )+phsza( L)+ pppiGa (%) + PG ()
=ph+2phpz(1— Ga(%))

=Prlus = up,| X1 > —]

2
_ Pruy = ug = up, X1 > 5]+ Prlug = wy, up = up, X1 > 3]
Prluy =us =up, X1 > ]-I-Pr[ulfuh,uQ:uZ,XlZ”—Ql]
+PF[U1—UZ,U2—uh,X1 2]+PI‘[U1 ZUQZUZ;XIZLQI]
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(71)+Phpz a(5) _
PG, (5 )+PhP1G (%) + o Ga(5) + PG (%)
=p; + 2pnp Ga(5)

n
o =Prlug = up| X1 > 71,111 = uy)

n
Prluy = up, up = up, X1 > 3]

Prluy = up, up = up, X1 > 3]+ Prlus = up, ue = uy, Xy
PGS (%)
TG + (1= Ga ()

7ol =Prug = up| X1 > 7,u1 =)

— _ n
Pr[u1 =Up, U2 = ’LLh,Xl > ?1]

:Pr[ul:ul7u2:uth12%]"‘Pr[ul:uQ:ul,XlZ%]
prGa()
T pGa(% )+P1G( ~)

l/g :Pr[ul = Uh|X1 Z 7, Ug = uh]

n
Prluy = up, ug = up, X1 > 5]

=

Prluy = up, ug = up, X1 > 3]+ Prluy = wy, ug = up, X1 >

PG ()
TG + G ()

n
L =Prlu; = up| X, > ?1,7@ = u]

n
Pruy = up, ug = u;, X1 > 4]

Pr[ul = Up, U2 :ulel > %] +P1"[’LL1 = U2 :Ul,Xl > %]
_ pu(l = Ga(t3))
pr(l=Ga(5)) + G ()

Lemma S.41 shows a nice ordering between the six beliefs under sales ranking information.

LEMMA S.41. 3 > 77 > vpl > qpf > 7 > gk

7

The intuition of Lemma S.41 is that whenever a product is revealed to be high type in the first search, the

probability of the other product being high type increases. Similarly, whenever a product is revealed to be low

type in the first search, the probability of the other product being high type decreases. Essentially, the fact that

a product outsells a high type increases the probability that the product itself is of high value; and the fact that

a product is outsold by a high type (instead of an unknown type or a low type) also increases the probability

that the product itself is of high value. Conversely, the fact that a product outsells a low type decreases the

probability that the product itself is of high value; and the fact that a product is outsold by a low type (instead

of an unknown type or a high type) also decreases the probability that the product itself is of high value.

Next, we present the belies under sales volume information. When volume information is released, we have

7} (z) =Pr[u; = up| X1 =z

Prluy = ug = up, X1 = 2] + Prlus = up, ue = uy, X1 = 2

Prluy = ug = up, X1 = 2] + Prlus = up, ue = uy, X1 = 2
+Pr{u; = u,us = up, X1 =] + Prlus = us = u;, X1 =z
_ P19s(%) + Prpiga(z)
Pgs () + Prpiga(®) + Prpiga(na — x) + pigs ()
vy (z) =Prus = up| X1 = z]

)
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Prlu; =us = up, X1 = x] 4+ Prlus = wy, us = up, X1 = z
B Prlu; =us = up, X1 = 2] + Prlus = up, us = u;, X1 = z
+Prlus =y, us = up, X1 =]+ Prius = us = uy, X1 = 2]

_ Pi9s(2) + prpiga(n1 — x)
PE9+(%) + Prprga() + prprga(nn — &) + piga(x)
WEH(‘W) =Prluy = up| X1 = z,u; = uy]

Prlu; = up,us =up, X1 = 2]

Prluy = up, us = up, X1 = 2] + Prlug = up, us = u;, X1 =2
_ Prgs(x)
 pngs(@) + piga(x)
ol () =Prlug = up| X1 = 2, u1 = wy]

Prlu; = uy,us = up, X1 =z

Prluy = uy, us = up, X1 = x] + Prlug = us = uy, X1 = 2
B Prga(ni — )
 prga(na —x) + prg.(z)
v (z) =Prlu; = up| X1 = 2, us = uy]

Pr{u; = up, us = up, X1 = 2]

Prlui =up,us = up, X1 = x] + Prlus = wy, us = up, X1 = z
_ Pngs(x)
Prgs(®) + piga(ni — )
vt (x) =Prlu; = up| X1 = 2, us = uy]

Prluy = up, us = uy, X1 = 2]

Prlu; = up,us = u;, X1 = 2]+ Prlu; = us = vy, X1 = 2]
_ phga(x)
Prga(T) +prgs(z)

Lemma S.42 confirms an ordering of the posterior beliefs for volume information, similar to that in Lemma

S.41 for ranking information. The underlying logic is aligned with that for Lemma S.41.
LEMMA S.42. v3f(z) > n¥(z) > vi*(x) and 737 (z) > vV (z) > w5t (z),Vo > ny /2.
SQ.1.2. Consumers’ Search and Purchase Behavior We first derive the optimal search sequence
of consumers. Given search cost s, a consumer’s expected utility of first searching product 1 is:
Ui(s) =— s+ 7} max(0,u, — r1, —s + 75" max(uj, — r2,up, —r1,0) + (1 — 75") max(u; — r2, up, —71,0))
+ (1 —7}) max(0,u; — ry, —s + 5" max(uy — ro,u; — r1,0) + (1 — w5*) max(u; — ro,u; — r1,0))
= — s+l max(uy, — 1, —s + 75 max(uy, — ro,up —r1) + (1 — 75 max(u; — ro, up — 1))
+ (1 = 7y max(u; —ry, —s + wbF max(uy, — ro,u; — r1) + (1 — 7w5"%) max(u; — ro,u; — 1))
that of first searching product 2 is:
Ul(s) = — s+ vimax(0,uy, — 72, —s + vi¥ max(uy, —r1,up, — re,0) + (1 — vi") max(u; — r1,up — 7r2,0))
+ (1 = v4) max(0, u; — 72, —s + vi" max(uy, — r1,u — ra,0) 4+ (1 — v5) max(u; — r1,u; — 12,0))
= — s+ vi max(uy — ro, —s + V¥ max(uy — ri,up —12) + (1 — vi") max(u, — r1, up —12))
+ (1 — vh) max(u; — ro, —s + vi max(uy, — 71, u; —ro) + (1 — &%) max(u; — 71, u; — 732))

A consumer searches product 1 first if and only if Uf(s) > Uk(s) and searches product 2 first if and only if
Ui(s) < Uk(s).
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To further characterize consumers’ first-search strategy, we consider below two cases: 1 > 7o and r; <7s.

e | >1y: we have

Ui(s) =— s+t max(uy, — 1, —s + 75 (up, —r2) + (1 — 7&5) (up — r1))
+ (1 =7 max(0,u; — ry, —s + 75 (up, — 12) + (1 — w55 max(u; — ro,0))
=— s+ max(up — 71, =5+ 7 (up — o) + (1 — 75 (up — 1))
+ (1 =7ty max(u; — 71, —8 + w55 (up — 1) + (1 — wh5) (uy; — 72))
Ul(s)=—s+vi(up —ra) + (1 — vh) max(0,u; — 79, —s + v (up, — r1) + (1 — viF) max(u; — ro,0))
=—s+vi(up —ro) + (1 — vi) max(u, — ro, —s + v&" (up — 1) + (1 — vi") (u; — 1r3))
To derive the condition for Uf(s) > Ui(s), we start by considering U} (s). When —s+ w5 (uy, —ra) + (1 —755) (u, —
ro) < u; — 11, which is s > w&¥ (uy, — u;) + r1 — r2, consumers do not perform the second search when product
1 is revealed to be of low value. Similarly, when w;, — r; > —s + 7% (us, — r2) + (1 — 75¥)(up, — r1), which is

s> miH (ry — ry), consumers do not perform the second search when product 1 is revealed to be of high value.

Hence,

Ui(s)
—s+miup+ (1 —7)u —ry, s > s (up, —w) +r1 — 72

= —s+mi(up—7r1)+ (A —7)(—s+ 7 (up —r2) + (1 — mEE) (uy — r2)), w5 (11 — 12) < s < bl (up — wy) + 71 — 7o
—s+mi(=s+m(up —r2) + (L= m")(up — 1)) + (L= 7)) (=s + 5" (un —72) + (1 — m5") (w — 12)), s <7 (ry —12)

Then consider U(s). When u; — 13 > —s + v (uy, — 1) + (1 — i) (wy — 72), which is s > v (uy, — u, — 71 + 12),

consumers do not perform the second search when product 2 is revealed to be of low value. Hence,

Ui(s) = —s+vi(up —r2) + (1 —vi)(u; —ra2), s> Vi (up —uy — 11 +12)
—s+vi(up—ra)+ (1 —vi)(—s+viF(up — 1)+ (1 — V5 (uy — 12)), s <vil(up —u;—7r1+72)

To compare U}(s) and Ul(s), we consider the following six cases.

Case 1 When s > viF(u, —u; — 1 +12) and s > wbl (up, — wy) + 11 — 72,
Ui(s)=—s+miun+ (1 —7)u; —ry
Us(s) = —s+vy(up —r2) + (1 —vy)(w, —12)

and Uf(s) > Ui(s) when ry —ro < (mh —vd)(up —wy).

Case 2 When s < v (u, —u;—r1 +712) and s > w5k (uy, —w;) +r1 — 7o
Ui(s)=—s+miun,+ (1 —7h)u, —ry
Us(s) = —s+vi(un —7r2) + (1 —v1)(=s + 05" (un — 1) + (1 = 3") (0 — 72))
and U{(s) > Ui(s) when
(1= (1= V) < b+ (L= 7y — (= 72) — (1 — ) (=5 + v + (1= ) (g — 7).
which is

(1 =v1)s = (1=(1 = v3)pp")rs — mun — (L= m)u+ vy (un — 12) + (1= v3) (W5 un + (1 = 15") (w = 12))
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Case 3 When s > viF(u, —u; —r1 +712) and wi¥ (ry — ) <s < 7wl (up, —w;) + 711 — 72,
Ui(s) = —s+ i (un — 1) + (1 = 71) (=8 + 75" (un — 72) + (1 = 75") (w, — 72)))
Us(s) = —s+vy(up —r2) + (1 —vy)(w; — 72)
and U{(s) > Uj(s) when
T S miup + (L= mp)(=s + 5" (un —r2) + (1= m5") (i — 72))) = vy (wp, —12) = (1= vp)(w —12),
which is
(1=71)s <mj(up — 1) + (1= 7)) (75" (un = r2) + (1= 75") (w = 72))) = 5 (un —72) = (1 = v)) (w, — 72)
Case 4 When s < v (u, —u; —r1 +712) and w57 (ry — ) <s < 7wl (up, —w;) + 711 — 72,
Ui(s) = —s 471 (un —71) + (1= 71) (=5 + 75" (un — r2) + (1 = 75") (w — 72))
Us(s) = —s+vi(un —r2) + (1= 1) (=5 + 5" (up — 1) + (1 = v5") (wy — 72))
and U{(s) > Ui(s) when
(mi = (1 =)™ )y <miuy, + (1= 71) (=5 + 75" (un — r2) + (1 = 75") (w, — 72))
— v (up —72) = (L= ) (=s +v5 u, + (1 = v5") (w, — 2))
which is
(mf —vi)s > =i (up —71) = (1= 77) (5" (up —7r2) + (1 = 75") (wy — 73))
+ v (un —r2) + (1= v]) (5" (up — 1) + (1 = v5") (w = r2))
Case 5 When s > vi-(u, —u; — 1 +12) and s < wb (ry —ra),
U () = s (4 747y — ) 4 (L= ) — )+ (L= ) (s 5o = )+ (1= 745) o — 72)
Us(s) = —s+vy(up —r2) + (1 —vp)(w —12)
and Ui(s) > Ui(s) when
t tH t tH tH t tL tL
(1 =my )ry <Ay (=s+m5 " (up —7r2) + (1 =75 Jup) + (1= 71) (=5 + 75 (up —7r2) + (1 — 757 ) (u; —12))
- ’/i(uh —ry)—(1— V{)(Ul —T3)
which is
s <my (w5 (up —7) + (1= m5") (up, —71)) + (1= 77) (w5" (up — 72) 4+ (1 = 15") (wy — 72))
— vy (up —72) = (1= v7)(w —72)
Case 6 When s < vil(u, —u; —r; +1r9) and s <wif(ry —ra),
Ui(s) = —s+m1(=s+ 75" (un —72) + (1 =757 ) (un — 1)) + (1 = 7)) (=8 + 5" (un — r2) + (1 = 715") (us — 72))

Us(s) = —=s+vi(un —r2) + (1= v])(=s + 5" (un —r1) + (1 = 15") (wr = 12))
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and Uj(s) > Uj(s) when

(i (1= m5") = (1 = v)vs")ry <mi (=5 + 75" (un — r2) + (1= 5 )un) + (1 = 1) (=5 + 75" (un — r2) + (1 = 757) (s — 72))

—vi(up —r2) — (L= vp)(=s +v5 un + (1 — v5") (w; — r2))
which is

T (=s+ " (up = r2) + (L= m5") (un —71)) + (L = 1) (=5 + 75" (un — 72) + (1 = m5") (w — 72))

>vi (un —7r2) + (1= v7) (=5 + V5" (un — 1) + (1 = v57) (w, — 72))

vis <y (s (un —r2) + (1= my™) (un —11)) + (1= 1) (5" (un, = r2) + (1 = m5") (w = 72))

=i (un —72) = (L= v]) (5" (un, — 1) + (1 = v5") (w, — 73))
e 1 < Ty: we have

Ui(s) = — s+ v} max(uy, — ro, —s + Vi (up, — r1) + (1 — vi7) (uy, —12))
+ (1 —vH) max(0,u; — ro, —s + viF (up, — 1) + (1 — V&%) max(u; — 71, 0))
=—s+vimax(u, — 12, —s + Vs (up —r1) + (1 = vEF) (up, — r2))

+ (1 — vh) max(u; — ro, —s + viF (up, — 1) + (1 — i) (u; — 1))

Ui(s)=—s+mt(up —71) + (1 —7t) max(0,u; — r1, —s + w5 (up, — 72) + (1 — 75%) max(u; — rq,0))
=—s+mi(up—r1)+ (1 — 7)) max(u; — 71, —s + 75" (up — ro) + (1 — 785) (u; — 71))
To derive the condition for Ut(s) > U}(s), we start by considering Us(s). When —s + v&% (uy, —ry) + (1 — vEF) (u; —
r1) < u; — o, which is s > vt (u, — w;) + 72 — r1, consumers do not perform the second search when product
1 is revealed to be of low value. Similarly, when uy, — ry > —s + V3% (u, — r1) + (1 — v37)(up, — r2), which is

s> vt (ry — 1), consumers do not perform the second search when product 1 is revealed to be of high value.

Hence,

Us(s)
—s+viu, + (1 —vihu, —ra, 8 > vE (up, —w) +ra — 11

= —s+vi(up—7r2)+ (1 —vi)(—s+ v (up —r1) + (1 —vi) (uy —71)), 5 (ra — 1) <s <wF(up —w) +ra— 11
—s+vi(=s+ 5" (un —r1) + (L= v5")(un —72)) + (1 = v]) (=s + 5" (un — 1) + (1 = v3") (ws —711)), s <3 (r2 — 1)

Then consider Ui (s). When u; — 1 > —s+ w&- (uy, —r2) + (1 — wi5) (u; — r1), which is s > w8l (up — uy — r2 +71),

consumers do not perform the second search when product 2 is revealed to be of low value. Hence,

Ut(s) = —s+ 7 (up —r1) + (1 — 7)) (u — 1), s>ms(up —u —ra+711)
—s+mi(up—7r)+ (1 =7 (—s+mEE(up — o) + (1 —miE) (wy — 1)), s <mbl(up—u—ra+71)

Case 1 When s > mi%(u, —u; —ro+11) and s > vE- (up, — ;) + 19 — 71,
Us(s)=—s+viun+ (1 —v))u, — o

Ui(s) = =s+mi(up —r1) + (1 =71)(w — 1)
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and Ui(s) > Ui (s) when ro —ry < (V] —w8) (up — wy).

Case 2 When s <8 (up —u; —ra+1r1) and s > v (up, —w) +ra — 11

Us(s)=—s+viun+ (1 —v)u, —
Ui(s) = —s+mi(un — 1) + (1= 71) (s + 5" (un — r2) + (1 = m") (wg — 1))

and Ui(s) > Uj(s) when

(1= = m)ms")ra < viup + (L= vi)u — my (up —71) — (1= m3) (=5 + 755w + (1 — 757) (ur — 1))
which is
(1= 7)s > (1=(1 = 7 )mtEra — v — (1= Y — 1) + (1 = 78) (5 + (1 = 755 g — 7))
Case 3 When s > wi% (u, —u; — o +71) and vi¥ (ro — i) <s <vil(u, —wy) +ro — 11,

Us(s) = —s+vi(un —7r2) + (1 = 1) (=s + 15" (un — 1) + (1 = 3") (0, — 11)))
Ui(s)

—s+mi(up —r1)+ (1 —7)(u — 1)
and Ui(s) > Ui(s) when
vire <viup 4+ (1= vi)(=s+ " (up — 1) + (1= v5") (u = 1)) = 7y (up — 1) — (1 = 7)) (w — 71),
which is
(1 —vp)s <vi(up —r2) + (1= v1) (o™ (up — r1) + (L= v5") (w — 11))) = i (wp — 1) = (L= 77) (w — 1)
Case 4 When s < 7wb% (uj, —u; — o +71) and vi¥ (ro — 1) < s <vil(u, —uy) +ro — 1y,

Us(s) = —s+vi(un —r2) + (1= 1) (=5 + 5" (up — 1) + (1 = v5") (w — 1))
Ui (s)

—s 4+ (un —71) + (1= 7)) (=5 + 75" (un —72) + (1 = m5") (s — 1))
and Us(s) > Ui(s) when
(1= (1 = 7)) 5" )re <viup + (1= v)(=s + 05" (up — 1) + (1 = v5") (w — 1))
=7 (un = r1) = (L= 71) (=8 + w5 up + (1= m5") (w — 1))
which is
(1 —71)s > = vy (un —72) = (L= ) (5" (un — 1) + (1= v5") (w — 1))
+ 3 (un —71) + (L= m)) (75" (un — 72) + (1 = m5") (u, — 71))

Case 5 When s > w8 (up —u; — o +11) and s < vt (ry — 1),

U4(5) = =+ VA (=5 + 147 (= 1) + (L= A7) (= 7)) + (1= 14) (=5 + 145 (s — 12) + (1 = V) 1 — 7))
Ui(s) = =s+mi(un —r1) + (1 —m1) (wr — 1)
and Ui(s) > Uj(s) when
V(1= Uy <t (= + 48 (un — ) + (L= V2 Yu) (1= 1) (=5 + 04 (= 0) + (1 — ) (i — 1))

=y (up —r1) = (1 =) (w — 1)
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which is
s <vy (3" (un — 1) + (1= 1") (un — 12)) + (1= v) (03" (un — 1) + (1 = 15") (wy — 11))
—my (un —71) = (1= m1) (w — 1)
Case 6 When s < wi"(uj, —u; —ro+71) and s <vi(ry — 1),

Us(s) = =s+vi(=s+ v (un — 1) + (1= 15") (un = r2)) + (1= v)(=s + 5" (un = 1) + (1= v5") (w = 11))

Ui(s)=—s+mi(un —711) + (1= m)(=s +m5" (un —r2) + (1 = 75") (wr — 1))
and Ui(s) > Ui(s) when

(1 =5 = (1 = m)my")re <vq(=s + 5" (un = 1) + (1= 15" )un) + (1= ) (=s + 5" (un = 1) + (1= v5") (w = 11))

— i (un —71) = (1 =71)(=s + 755w, + (1 — 75°) (w, — 1))
which is

s <vi (Wi (up — 1) + (1= viT) (up, —r2)) + (1 — ) (W (up — 1) + (1 — i) (g — 1))

=y (un = 1) = (L= 7)) (75" (un — 72) + (1 = 75" ) (w, — 1))

SQ.1.3. Consumers’ Search and Purchasing Behavior after First Search Now we analyze
consumers’ search and purchasing behavior after the first search. Consider the following two cases, each consisting
of three sub-cases:

e Search Product 1 First
- Sub-case r; >ry

If product 1 is of high value, then consumers with s < w5%w;, + (1 — 757 )u; — ro — (us, — 1) perform the
second search, and the remaining consumers purchase product 1 without performing the second search. For those
consumers who perform the second search, if product 2 is of high value, they purchase product 2; if product
2 is of low value, they purchase product 1 if w; —r; > u; — ra, purchase product 2 if u;, —r; < wu; — 79, and
randomly choose a product to purchase if u; —ry =u; — ro. If product 1 is of low value, then consumers with
s <milup 4+ (1 — w5%)u; — 1o — (u; — r1) perform the second search and always purchase product 2. Consumers
with higher search costs purchase product 1 directly.

- Sub-case r; <1

If product 1 is of high value, no consumer performs the second search and all the consumers who perform
the first search purchase product 1. If product 1 is of low value and u;, — r, > u; — r1, then consumers with
s <mrluy, 4+ (1 —755)u; — ro — (u; — 1) perform the second search. Consumers with higher search costs purchase
product 1 directly. For the consumers who conduct the second search, if product 2 is of low value, they purchase
product 1; otherwise (i.e., if product 2 is of high value), they purchase product 2.

- Sub-case 7, =1y

If product 1 is of high value, no consumer performs the second search and all the consumers who perform

the first search purchase product 1. If product 1 is of low value, then consumers with s < w5%uy, + (1 — 755 )u;, —

ro — (u; — 1) perform the second search. Consumers with higher search costs purchase product 1 directly. If
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product 2 is found to be of low value through the second search, the consumers who conduct the second search
randomly choose a product to purchase; otherwise (i.e., if product 2 is of high value), they purchase product 2.
e Search Product 2 First
- Sub-case r; >

If product 2 is of high value, no consumer performs the second search and all the consumers who perform
the first search purchase product 2. If product 2 is of low value and u;, — r; > u; — 72, then consumers with
s <vhFup + (1 —vi¥)u, — ry — (u; — ro) perform the second search. Consumers with higher search costs purchase
product 2 directly. For the consumers who perform the second search, if product 1 is of low value, they purchase
product 2; otherwise (i.e., if product 1 is of high value), they purchase product 1.
- Sub-case r; <7y

If product 2 is of high value, then consumers with s < v5u, + (1 — v5")u; — 1 — (u, — r2) perform the
second search, and the remaining consumers purchase product 2 without performing the second search. For those
consumers who perform the second search, if product 1 is of high value, they purchase product 1; if product
1 is of low value, they purchase product 2 if w;, — 72 > u; — r1, purchase product 1 if w; — 72 < u; — 71, and
randomly choose a product to purchase if u;, — ro =u; — r1. If product 2 is of low value, then consumers with
s <vituy + (1 — vi¥)u, — 1 — (u; — r2) perform the second search and purchase product 1. Consumers with
higher search costs purchase product 2 directly.
- Sub-case 7, =1y

If product 2 is of high value, no consumer performs the second search and all the consumers who perform
the first search purchase product 1. If product 2 is of low value, then consumers with s < v3%u;, + (1 — 5% )u; —
r1 — (u; — o) perform the second search. Consumers with higher search costs purchase product 2 directly. If
product 1 is of low value, the consumers who perform the second search randomly choose a product to purchase;

otherwise (i.e., if product 1 is of high value), they purchase product 1.

The consumers’ purchasing behavior as detailed above determines the sellers’ second-period sales for given
prices r,79. For i € {1,2} and t € {¢,r, v}, let S!(r;,73_;) denote product i’s expected second-period sales under
bestseller information ¢. For given ¢ € {¢,r, v} and r3_;, seller i’s second-period profit is then r;S!(r;,r5_,;) and
its best response is ;" (r3_;) = argmax,, 7,5 (r;,73_;). For t € {¢,r,v}, a Nash equilibrium is attained if there
exists a price pair, (r7™*,75™*), such that r{"™* = r{*(ry™) and 75" = ry* (r7"**). If multiple Nash equilibria exist
for the pricing game between the two sellers, we select a Pareto-dominant one from the sellers’ perspective. If
multiple Pareto dominant equilibria exist, we apply a second selection criterion of choosing the one maximizing
the total profit of the two sellers. In case a tie remains after applying the second criterion, we choose the pricing
equilibrium that is lexicographically lowest.

The platform chooses an information type ¢ € {¢,r, v} to maximize the total expected second-period profit in

equilibrium, i.e., P SE(ry ry ") Fry S (ry YY),

SQ.2. Numerical Experiments and Results
As consumers’ search and purchasing behavior becomes very complicated under sellers’ pricing competition, it is
difficult to obtain analytical results and thus we resort to numerical experiments. In the numerical experiments,

the basic subroutine is to compute the sales for either product under given prices r; and ro. Specifically, we
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compute the profit of both sellers for different combinations of ry, 7y, obtain the best response of either seller,
and, subsequently, search for the Nash equilibrium.

For numerical tractability, we consider discrete price points and assume that either seller selects its price from
a finite price menu. Specifically, we focus on the case where the domain of r; and 7o is {u;/4,u;/2,3u;/4,u,}.
Throughout the numerical study, we adopt the same search cost distribution as in the base model. We assume
that the first-period price of either product is the same as the equilibrium second-period price in the no-

information case, as no bestseller information is available in the first period.

Robustness of Key Insights in Base Model

Table S.15 reports the equilibrium prices and profits under different types of sales information. We first notice
that when sales ranking information is provided, the total profit for the two sellers increases compared to the
case without sales information. This is consistent with our result in the base model, where ranking information
is always beneficial to the platform. Furthermore, we note that the total profit under sales volume information
is sometimes lower than that under sales ranking information, as exemplified in the cases of §, = 2. This is
again in line with our finding in the base model whereby sales volume information may be outperformed for the

platform by sales ranking information.

Table S.15

number in the column “profits” represents the second-period profit for the product with higher (lower) sales ranking

Second-period profits and prices under pricing equilibrium for ¢t € {¢,r,v}, where the first (second)

and the last number represents total profits of the two products: ©=4.5, 0 = 1.5, no =40, n2 =60, p, =0.2, « =0.08,
wp =10 4 0y, u; =6+ 4.

t=¢ t=r t=v
Ou profits prices profits prices profits
0 | 32.71, 32.71, 65.42 1.5, 1.5 66.93, 3.61, 70.54 1.5, 1.5 67.19, 3.73, 70.92
1 | 45.22,45.22,90.44 1.75, 1.75 88.72, 4.25,92.97  1.75, 1.75 84.19, 9.58, 93.78
1.5 151.09, 51.09, 102.18 1.875, 1.875 | 99.57, 4.56, 104.13 1.875, 1.875 | 94.23, 10.47, 104.70
2 | 56.54, 56.54, 113.09 2,2 110.27, 4.82, 115.09 2,2 110.09, 4.83, 114.92

Impact of Flexible Pricing on Profits

To examine the impact of learning-induced pricing competition, we compare the equilibrium outcome (profits,
sales, prices) when prices are adjusted according to the bestseller information and its counterpart when prices
are fixed at the no-information equilibrium levels. For expositional convenience, we refer to the first scenario
as “flexible pricing” and the second as “fixed pricing”. Tables S.16 and S.17 exemplify the comparative results
under sales volume information for each first-period sales realization.

We first note in Table S.16, where prices are adjusted according to the first-period sales volume, that both
products’ prices (weakly) increase in the bestseller’s sales volume. In particular, when the products’ sales dif-
ference is great (as indicated by a high sales volume of the bestseller, x), consumers assign a high belief for the
bestseller being of high value, allowing the higher-ranked seller to capitalize by setting a high price, compared
to when the sales difference is low or when the price is fixed at the no-information level. Thus, the flexibility to
adapt price to bestseller information enhances the profitability of the higher-ranked seller. Interestingly, so does
it for the lower-ranked seller: as the higher-ranked seller raises price, some consumers shift to first search the

lower-ranked product and may eventually purchase it, which benefits the lower-ranked seller. Essentially, the
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pricing flexibility enables the sellers to differentiate from each other along a second dimension, i.e., pricing, in
addition to the dimension of the first-period sales difference. It leads to a finer market segmentation, rendering
more consumer surplus extracted and thus a win-win for the two sellers.

Table S.16 Equilibrium outcome in the second period under volume information for different sales realization

no = 40, ne =60, pr, =0.2, up = 10, and u; = 6, where x denotes the first-period sales of the bestseller.

T profits prices sales
15 62.22,3.67,65.89 1.5,1.5  41.48,2.44
16 64.90, 3.62, 68.50 1.5,1.5  43.26,2.41

17 67.53,3.59,71.12  1.5,1.5  45.02,2.39

27 |123.00,7.56,130.56  3,1.5  41.00,5.04
28 126.49,7.56,134.05  3,1.5  42.16,5.04
29 129.60,7.56,137.16  3,1.5  43.20,5.04
Expected | 67.19,3.73,70.92 1.5433,1.5 43.88,2.49

Table S.17 Equilibrium outcome in the second period under volume information for different sales realization with
fixed prices 1 =r; = 1.5 (i.e., the equilibrium prices under no information ¢ = ¢) and no =40, n2 =60,p, =0.2,

up = 10, and u; = 6, where x denotes the first-period sales of the bestseller.

T profits sales

15 62.22,3.67,65.89 41.48,2.44
16 64.90, 3.62,68.50 43.26,2.41
17 67.53,3.59,71.12 45.02,2.39

27 |82.52,3.51,86.03 55.02,2.34
28 |83.05,3.51,86.56 55.37,2.34
29 |83.49,3.51,87.00 55.66,2.34
Expected | 66.67,3.61,70.28 44.45,2.41

Similar comparative results under another problem instance, with no = 60 and ny = 40, are presented in

Tables S.18 and S.19. In particular, we observe the profit advantage of flexible pricing for both sellers.

Table S.18 Equilibrium outcome in the second period under volume information for different sales realization

no = 60,n2 =40, pp, = 0.2, up =10, and u; = 6, where x denotes the first-period sales of the bestseller.

T profits prices sales
22 10.88,2.42,43.30 15,15 27.25,1.62
23 42.83,2.40,45.23  1.5,1.5  28.56,1.60
24 44.83,2.38,47.21  1.5,1.5  29.88,1.59
41 99.25,5.04,104.29  3,1.5  33.08,3.36
42 99.95,5.04,104.99  3,1.5  33.32,3.36
43 100.54,5.04,105.58  3,1.5  33.51,3.36
Expected | 46.66,2.63,49.29 1.6299,1.5 29.11,1.75

Impact of Flexible Pricing on Granularity of Bestseller Information Provision
Now we examine how sellers’ flexible pricing impacts the granularity of the platform’s bestseller informa-
tion provision. Table S.20 illustrates the total-profit-maximizing type of sales information among the three

information types (no information, ranking, and volume) under flexible pricing and fixed pricing, respectively.
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Table S.19 Equilibrium outcome in the second period under volume information for different sales realization with

fixed prices 1 =r; = 1.5 (i.e., the equilibrium prices under no information ¢ = ¢) and no = 60, n2 =40,p, =0.2,

up, = 10, and u; = 6, where = denotes the first-period sales of the bestseller.

x profits sales
22 40.88,2.42,43.30 27.25,1.62
23 42.83,2.40,45.23 28.56,1.60
24 44.83,2.38,47.21 29.88,1.59
41 57.07,2.34,59.41 38.05,1.56
42 57.13,2.34,59.47 38.08,1.56
43 57.17,2.34,59.51 38.12,1.56
Expected | 45.24,2.38,47.62 30.16,1.59

Table S.20 Two products’ total profits in the two periods as functions of ng: ©=4.5, 0 = 1.5, n=1000, py, =0.1,

a=0.08, up =10, and u; = 6. The underlined number in either panel corresponds to the optimal granularity and

timing of the bestseller information provision.

Flexible Pricing

Fixed Pricing

ng  Ranking Volume No Info. Opt. Info.| Ranking Volume No Info. Opt. Info.
60  1001.5 1012.4  955.1 Volume 1001.5 1012.2  955.1 Volume

110  1031.8 10489  955.1 Volume 1031.8  1028.8  955.1 Ranking
160 1041.6 1061.6  955.1 Volume | 1041.6 1027.3  955.1 Ranking
210 1041.2 1070.1 955.1 Volume 1041.2  1021.9 955.1 Ranking
260 1038.7 1073.7 955.1 Volume 1038.7  1015.1 955.1 Ranking
310 1035.0 1073.7  955.1 Volume 1035.0  1008.0  955.1 Ranking
360 1030.4 1070.9 955.1 Volume 1030.4  1001.1 955.1 Ranking
410  1025.3  1066.1 955.1 Volume 1025.3  994.5 955.1 Ranking
460 1019.9 1062.5  955.1 Volume 1019.9  987.0 955.1 Ranking
510 1014.2 10544  955.1 Volume 1014.2  981.8 955.1 Ranking
560 1008.4  1045.6 955.1 Volume 1008.4 977.1 955.1 Ranking
610 1002.5 1036.3  955.1 Volume 1002.5  973.0 955.1 Ranking
660  996.5 1026.5  955.1 Volume 996.5 969.3 955.1 Ranking
710 990.4 1015.6 955.1 Volume 990.4 966.2 955.1 Ranking
760 984.4 1005.9 955.1 Volume 984.4 963.4 955.1 Ranking
810  978.3 995.7 955.1 Volume 978.3 960.8 955.1 Ranking
860  972.2 985.1 955.1 Volume 972.2 958.9 955.1 Ranking
910  966.1 974.4 955.1 Volume 966.1 957.3 955.1 Ranking
960  960.0 963.7 955.1 Volume 960.0 956.0 955.1 Ranking
1000 955.1 955.1 955.1 Tie 955.1 955.1 955.1 Tie

A comparison of the two panels of Table S.20 reveals that, compared to fixed pricing, flexible pricing renders

volume information increasingly likely to be the most preferred one by the platform among the three information

types: specifically, when ng is greater than or equal to 110, the optimal information type switches from ranking to

volume as the pricing scenario shifts from “fixed pricing” to “flexible pricing”. In particular, it appears from the

table that the profit enhancement due to pricing flexibility is more pronounced under volume information than

ranking information. This could be attributed to the fact that, under volume information, prices can be adjusted

to each possible sales realization of the bestseller product, while pricing according to ranking information is less

flexible in the sense that it is based on coarser information.

Impact of Flexible Pricing on Timing of Bestseller Information Provision
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Similar to that in the base model, the optimal timing of the platform’s bestseller information provision is
represented by the value of ng (i.e., the number of first-period consumers) which maximizes the total expected
two-period profit in equilibrium. We further observe from Table S.20 that, due to sellers’ pricing flexibility, the
platform optimally postpones its provision of the bestseller information. Specifically, the optimal value for ng
increases from 160 to 260, as the scenario shifts from fixed pricing to flexible pricing. That is, we observe that
flexible pricing tilts the platform’s preference over more exploration in the exploration-exploitation tradeoff.

To see why pricing flexibility may prolong the optimal duration of exploration, we perform a detailed analysis
of the products’ total profit in the two-period horizon by breaking it down into the total profit in the first period
and that in the second period, and examine how the profits vary as functions of the value of ny and the pricing
flexibility (or lack thereof). Table S.21 presents an example, which illustrates the impact of pricing flexibility

on the platform’s choice of ng.

Table S.21 Two products’ total profits as functions of no: p=4.5,0 =1.5,n=1000,p, =0.1,a =0.08,

up =10,u; =6
Second Period
ng | First Period | Flexible Pricing Fixed Pricing
t=v t=r t=¢|t=v t=r t=¢
60 57.3 955.1 944.2 897.8 |954.9 944.2 897.8

110 105.1 943.9 926.8 850.0|923.7 926.8 850.0
160 152.8 908.8 888.8 802.3 | 874.5 888.8 802.3
210 200.6 869.5 840.6 754.5|821.3 840.6 754.5
260 248.3 825.4 790.4 706.8 | 766.8 790.4 706.8
310 296.1 T77.6 738.9 659.0 | 712.0 738.9 659.0
360 343.8 727.1 686.6 611.3 |657.2 686.6 611.3
410 391.6 674.4 633.7 563.5|603.0 633.7 563.5
460 439.3 623.2 580.6 515.7 | 547.7 580.6 515.7
510 487.1 567.3 527.1 468.0 | 494.7 527.1 468.0
560 534.8 510.8 473.5 420.0 | 442.2 473.5 420.0
610 582.6 453.7 419.9 372.5]390.4 419.9 372.5
660 630.4 396.1 366.1 324.7]339.0 366.1 324.7
710 678.1 337.5 3123 277.0]288.1 312.3 277.0
760 725.9 280.0 258.5 229.2|237.6 258.5 229.2
810 773.6 222.0 204.7 181.5|187.2 204.7 181.5
860 821.3 163.7 150.8 133.7|137.5 150.8 133.7
910 869.1 105.3 97.0 86.0 | 88.2 97.0 86.0
960 916.9 46.8 43.1 382 | 39.1 431 382
1000 955.1 0 0 0 0 0 0

Specifically, as ng increases, the first-period profit increases as either product’s first-period sales is proportional
to ng. In particular, it increases at a constant rate as the per-consumer first-period profit is independent of
ng. On the other hand, for given pricing scenario and information type ¢ € {r,v}, how the second-period profit
varies in ng is determined by the joint effect of two opposing forces, similar to those discussed in the base model.
The first force is that, as ng increases, sales information becomes more informative, which enables the platform
to extract more surplus from each second-period buyer, whose search and purchasing decisions are now better
informed. The second force is that an increase in ny reduces the number of consumers in the second period,

naturally limiting the platform’s profit potential from exploiting the information.
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As the optimal ny maximizes the sum of profits in the two periods, it is such that the increasing rate of the
first-period profit equals the decreasing rate of the second-period profit. Due to the sellers’ pricing flexibility,
the platform is able to better capitalize on the sales information and extract more value from it. As a result, the
first force in the second period tends to be strengthened, which may slow down the decrease in the second-period

profit (compared to the case with fixed pricing). Thus, the optimal ng may increase because of pricing flexibility.

SQ.3. Appendix

Proof of Lemma S.41: Clearly we have 7] >v]. Then,

W;H—T(;L
_ G (%) prGa(y)
TG () +p(1-Gu(R)  prGu(%) +mGl(2)
_pi-Ga("—l)/2+phpl/4—ph a(”—)/2 PapiGa (%

(1-Ga())

(PrGs (%) +pi(1 = Ga(5)) (0rGa () + piGa (%))
>0
as G, (%) <1/2. Also,
PG (%) pr(l—Ga(5))

th (%) +pGa(%) _ph(l_G (71))+sz
P (1= Ga(5))/24 papr/4 = P - (1= Ga(5))/2 = prpiGa(5) (1 = Ga ()
(PnGs () + piGa(5)) (pr (1 = Go(5)) + G ()

w
—~
NI
N

We can rewrite
=Prlus = uy,| X1 > %]
ZPI‘(U,l :’U,thl Z %) -PI‘[’U,Q :uh|u1 :uh,Xl 2 %] +PI‘(’U,1 :’U,Z|X1 Z %) 'PI‘[’LLQ = Up|U1 :U“Xl Z %]
=Pr(u; = u,| X1 > %) iy + Pr(uy = w| X, > %) ok

2

As w3 > wik it follows that mh? > vf > wpl.

Similarly, we have

77 =Pru; = up| X, > %] (S.38)
nq ny ny n
ZPI‘(U,Q = ’U,thl Z ?) . Pr[u1 = ’LLh|U,2 = uh,Xl 2 7] +PI‘(’U,2 = ’U,Z|X1 Z 7) . PI‘[Ul = Up|Ug = ’LLl,Xl Z 7]
(S39)
ny rH ni rL
=Pr(us = u| X1 > 7)-% + Pr(us =w| X7 > 7)-1/2 (5.40)

rH rL rH s rL
As v >wvit it > wt > vht.

Finally, we have

e
. Ph(l_G (%)) Pth(%)

(1= Ga(B)) +2Go(%)  prGo(%) + (1= Ga(2))
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_Ph (1 =Ga(8))/ 24+ pip(1 = Ga())* — P - (1 = Ga(5)) /2 — pupr/4
- (pn(1 = Ga(3)) + piGa () (PnGa () + (1 = Gu(3)))

. phpl(l_Ga(ﬂ)) —prpi/4
(a1 = Gu(3) + G () (G () + pi(1 = Ga(3)))

>0

Hence the ordering of the beliefs is v5# > 77 > vil > mi? > v >mik. O
Proof of Lemma S.42: From our result (Lemma 3 2) in the base model we know that vy (z) > 73 (z), Vo > nq /2.
We first show that v3% (z) > 7} (x), Vo > ny /2, which is

Prgs(x) < Pigs () + pupiga()
Prgs(@) + piga(ni — ) ~ pEgs() + papiga(®) + Prpiga(na — ) + pigs(x)’

which is equivalent to

Prgs(x) _ Pigs(x)
Pugs(®) +piga(na —x)  prgs(x) + Prpiga(ng —x)
PrPiga() B Prga(x)

~ prpiga() + P29 (x)  prga(T) + prgs(z)

or

DPh > DPh
prtpiga(ny —x)/g:(x) = pu+pigs(2)/ga(2)

So it suffices to show g,(n1 —x)/gs(x) = gu(n1 — ) /gs(n1 — ) < gs(x)/g.(x), which is g,(n1 — 2)g.(z) < gs(n1 —
x)gs(x), which has been proved in the proof of Lemma 3 (2). So vy (z) > n¥(x),Vz > ny /2.
Next, we show that 7} (z) > v3%(z),Vx > ny /2, which is

P79s(x) + prprga () S Prga(x)
P19s(2) + Prpiga(T) + Prpiga(ni — o) + pigs(®) ~ prga(z) + pigs(x)

This is equivalent to

Prgs(x) _ Pngs(z)
P29:(x) + prpiga(ni — ) prgs(x) + piga(ni — x)
Prpiga(x) B Prga(T)

T papiga(2) +079s(2)  Prgal(@) +pigs(@)
which is what we have proved above. So 7¥(z) > v3% ().

Finally, we show that 75 (x) > v?(z),Vz > ny /2, which is

Prgs(@) o Prgs(z) + papiga(ni — )
Pr9s(@) + piga(z) = P7gs () + Prpiga () + Prpiga(na — x) + pigs(x)

This is equivalent to

pgs(x) Phgs(x)
Prgs() +piga(x)  Drgs(T) + Prpiga ()
PrPiga(n1 — ) B Prga(ni —x)

T prpiga(ni — ) +p2g.(x)  prga(ni — ) + pigs(z)’

which is equivalent to P;L+Plgf(};‘)/gs(1) z P}L+Pzgs(1p)h/ga("1fz)’ or g.(2)/9:(z) < gs(x)/ga(m1 — x) = gs(n1 —
x)/ga(n1 — x). This is equivalent to ¢.(z)g.(n1 — z) < g.(x)g:(n1 — ), which we know is true from above.

Therefore, 757 (x) > v7(z) and the lemma has been proved. U
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