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1 Proof of Lemma 2

To prove Lemma 2 in the Appendix, we first demonstrate the following results which provide a

range of prices and beliefs under which search is the best response for the consumer.
Lemma 1 [TA1] Assume that ¢ < W_

1. Consider the case where the firm engages in attribute-focused advertising, A1 = (aj, p) and

the consumer’s belief is i/ = (0,/;5\4,/;]]‘{). Consumer chooses to search iff
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2. Consider the case when the firm engages in uninformative advertising, A1 = (ao, p) and the

consumer’s belief is p° = (u%, p8,, u%). Consumer chooses to search iff
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Proof.

1. Consider the case the firm sends an attribute advertising, A1 = (aj, p).

First, suppose that E(V\/&I) -p>0< Vugq + g(l - ,uJH) > p. Consumer will search if
¢ < Pr(s|uly)lp — E(V|iy, s)] or
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If the price is sufficiently low such that p < min(p/ (MJI;),E(V| MJI;)), the consumer will not

search but still purchase without search since p < E(V/| /J,JH) Hence, consumer will search if
P () <p < E(V i) (2)

Note that at p = Q](;HH), the consumer’s best response is to mix between "purchasing the
product without search" and "search". Hence, the function p = Q] (,w}l) specifies the indiffer-
ence curve for the consumer between "purchasing the product without search" and "search"
when p < E(V|Miq)

By equating the lower and the upper bound on p, we can show that the consumer will
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Note that the above set of beliefs is not empty if ¢ <

N

[0, 1] since
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If the price is sufficiently high such that p > max(p’ (u%{), E(V|u§{)), the consumer will not

search and will not purchase a product since p > E(V/| F‘%{) Hence, consumer will search if

E(V|idy) < p <P (1idy). (4)

Also note that at p = ﬁj(,u%), the consumer’s best response is to mix between "not purchasing
the product" and "search". The function p = ﬁ(,ujH) specifies the indifference curve for the
consumer between "not purchasing the product" and "search" when p > E(V|ug). By
equating the lower and the upper bound on p, we can show that the consumer will search as
long as p < ,u% < Ti: which yields the same bounds on beliefs and prices as above. Hence,
combining the equations (2) and (4) suggests that when ¢ < M, if p’ () ) p <

ﬁj(,uﬁ) and H?; € [u, i}, search is the consumer’s best response.

At [u, p’], and at [@Z,p’], the consumer’s best response is to either mix between "search" and

"not buying the product" or mix between "search" and "buying the product."



2. Consider the case the firm sends a uninformative advertising, A; = (ao, p) -

First, suppose that E(V[u®) —p > 0 & Vb + gl‘(}w > p. Consumer will search if ¢ <

Pr(s|u)[p — E(V|p®, 5)] or

1 (1 =)V + 15, (1 — )Y + e P00
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If the price is sufficiently low such that p < min(p®(u’), E(V|u®)), the consumer will not

search but still purchase without search since p < E(V|u). Hence, consumer will search if

P (1) <p < E(V|uO). (6)

Note that at p = Bo(uo), the consumer’s best response is to mix between "purchasing the
product without search" and "search". Hence, the function p = ;go (u°) specifies the indiffer-
ence curve for the consumer between "purchasing the product without search" and "search"
when p < E(V|u?). By equating the lower and the upper bound on p for a given jur, we can

show that for a given pz, the consumer will search as long as () < p% (ur) < E(pY), where
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any ¢ € [0,1], because (yg — 3y + 2va)pd > 0 and (YHMLW;_’%; () > 0. Hence, if

c < M the above set of beliefs, [(p9),72(1Y)] , is not empty for a given u9 € [0, 1].

We also have to consider another constraint on the set of beliefs: as the level of ,u% increases,
the feasible range for 9 (uur) gets smaller since uY;(ur) + % < 1. Hence, at the large value
of n9 (for example, p9 = 1), the corresponding u%(ur) € [p(u?), m(u?)], which ensures the

search is not simply feasible. Given ,LLOL € [0, 1], for the corresponding ,u?{ (1) to exist, it must
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Note that the above set of beliefs is not empty since ¢ <
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Second, suppose that E(V|u®) —p < 0 or V¥ + gu(])w < p. Consumer will search if
¢ < Pr(3|p”)[E(V|1®,5) — p] or

< MOHVHV-F M%{YM% —c _ ,0( 0) (8)
= wyvm + S + 18

If the price is sufficiently high such that p > max(p°(u%), E(V|u?)), the consumer will not

search and will not purchase a product since p > E(V|u®). Hence, consumer will search if

E(WV|W") <p <P (1°). (9)

Also note that at p = p"(u°), the consumer’s best response is to mix between "not purchasing
the product" and "search". The function p = p°(u") specifies the indifference curve for the

consumer between "not purchasing the product" and "search" when p > E(V|u0).

By equating the lower and the upper bound on p, we can show that the consumer will search

as long as H(:“%) < u% < ﬁ(,u%): which yields the same bounds on beliefs and prices as above.

Hence, combining the equations (6) and (9) suggests that when ¢ < w, if pP(ud) <
p <p(p}) and p(ul) < pl < m(p), search is the consumer’s best response.

Finally, at [p(u?), p°(1?)], and at [@(n)),p(19)], the consumer’s best response is to either
mix between "search” and "not buying the product" or mix between "search" and "buying

the product."

Using this result, we can easily prove Lemma 2 (in the Appendix of main body of the paper).

1. From Lemma TA1 above, it directly follows that there exists a belief (u < ng < 71) under

which search is the best response for the consumer as long as Q] < p <P, where ]2] = Q] () =

72 — -2 —
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Moreover, when ¢ < W, the region is non-empty. The rest directly follows from the

Proposition above.

2. Similarly, it directly follows from Lemma TA1 that there exists a belief ( ,u(,u%) < ,u% <

ﬁ(,u,%)) under which search is the best response for the consumer as long as 120 <p<p

and pf < %(1 +,/1— ﬁ), where BO = minOSu%SﬁLBO(M%) < BO(O) = }27 and pY =

(’YHS—"/M) < V(va—7L)

maXgc,0 <, p°(19) > p%(0) = p’. Moreover, when ¢ < v < 1 , the region is

non-empty. The rest directly follows from the Proposition above.



Q.E.D.

2 HL Equilibrium without Search

Proposition A semi-separating HL equilibrium without consumer search does not exist.

Proof. We show this result by contradiction. Suppose that there exists an H L equilibrium without

consumer search: (ag = ar, = ao,pr = pr, = P, am = aj,pm = + ). Note that in equilibrium,

ol <

given a prior beliefs, the belief following (ag, pgz) must be u?% =
Lemma 1, we know that p7¥, < p° = 2(1=m)Vre
’ Prr =P = 105+ 10—y

Hence, this implies that if ¢ < w, P, < % and H-type prefers to deviate to M’s strategy,

Hence, applying

N[ =

0 _
7ML_

Note that BO < g as long as ¢ < w_

V(ya—7L) > V(va—vMm) )

which would destroy the proposed equilibrium. Finally, note that T 3

Hence,

for ¢ < w, this equilibrium similarly does not exist. Note that even under the general prior

(19;) this equilibrium does not survive DI. We adopt this less general proof for brevity. m

3 Proof of Proposition 5 (Other equilibria: HM L and HM)

We prove Proposition 5 of the main body of the paper showing the following two propositions. First

proposition deals with HM L equilibrium while the second proves the case of HM.

3.1 HML Equilibrium

Proposition HML Consider HM L equilibrium, where all types engage in the same type of adver-

tising and post the same price (ag = ajprp and pg = Py, where 0 € {L, M, H}).
1. A full pooling equilibrium (HM L) without consumer search does not ezist.

2. A full pooling equilibrium H ML where the consumer chooses to search after observing (ao,
Dirarr)s exists if yar is high enough and the price is in the intermediate range. Here, II*(H) >

IT*(M) > II*(L). Moreover, this equilibrium survives D1.

Proof. 1. Proof of part 1:
Suppose that there exists an H M L equilibrium, where all types pool on image advertising and price
(a0, P¥h), and the consumer does not search. In equilibrium, the beliefs following (ao, p}fy,; ) must

be equal to the a priori beliefs, which are u% = 4, 1%, =1 —p, u9 = £. According to Lemma 2 in



the Appendix, the maximum price that the firms can charge in equilibrium such that the consumer

(I=ym)pV+(1=yar)(1=p)V+2¢
(2—vm *7L)P+2(1777M)(179)

turn implies that H and M types would prefer to deviate to (aj;, plev = %), which credibly signals

< ¥. This in

does not search (given these beliefs) is Q%ML =p(p) =

that the firm is not L type and hence results in purchase. This destroys this potential equilibrium.
Note that we can show that even under the most general priors, NOH = q, u?w =f, /J% =1l—-a—-p,

this equilibrium does not survive D1. We adopt this less general proof mainly for brevity. B

2. Proof part 2:

Before we turn to the equilibrium conditions, we first examine the restrictions on out-of-equilibrium

beliefs that are imposed by D1:

Lemma 2 [TA2] The out-of-equilibrium beliefs that are consistent with D1 have the following prop-

erties:

1. When the consumer observes the deviation A; = {aj,p?}, where max(’yMpquL,gj) <

P < min(piar, D) or YmPiag < P < min('pr*HML,Qj), the consumer forms the

off-equilibrium belief that ppr(Ar) = 1.
2. When the consumer observes the deviation A1 = {ag, p®"},

(a) if max(yrpiar, %) < p% < min(piy . 0°) or Yol < p% < min(yaply . %), the

consumer forms the off-equilibrium belief that pp(Ap) =1,

(0) if YD < P < min(ye /pia,p°), the consumer forms the off-equilibrium belief

that p(A) =0.

Proof. We consider the HML equilibrium with search: all firms choose (ag, pj;;) and the
consumer searches in equilibrium. We first derive the restrictions that D1 imposes on the out-of-
equilibrium beliefs following the deviation A;. The consumer’s mixed best response has 2 possible
forms: (1) ag = {0, g2, 1 — 22} (mixing between no purchase and search), and (2) ag = {a21,0,1—
o1} (mixing between purchase and search). In the first case, II(A1, ag,0) = (1 — a92)7ep®’; in
the second case, TI(A1, ag,0) = (a21 + (1 — a21)yg) p?®’.  Also, of course, IT1*(0) = yppky . for
0={L,M, H}.



Let us first define the sets for § = {L, M, H}

D(0,A1) = XpUYy = (10)

d

* * dev
P —p Y6 (P — P
{(070@2, 1 —a)|ax= devHML} U {(0421,07 1 —ag)|ag = ElIiMf}ng)pdev ) } :

D(0, A1) = XgUYy =
d

plev — p Yo (P} - pdev
{<07 g, 1 — a22> ’ Qg < devH]V[L} U {(agl, 0,1— CV21) ‘0421 > ElH_M’}Z)pdev ) .

One can easily note that X% = X]% = XIO{7 and X7 = X3y = Xpg. Hence,

D0, A1) UD(0, A1) = XgUYy = (XG U Xpg) U (YUY = (11)
dev dev
P — pumi Yo (pHML — P™)
{(07022, 1 —ag)|ax < pdev} U {(0421707 1 — ) |ag > (1= g)p }

Note that 0 < agr, < 1 (where k € {1,2,3}), and hence some of the sets may be empty depending

dev

on the value of p® relative to pi;/r.-

1. Consider a deviation to a price such that the consumer chooses not to purchase at any off-

dev )

equilibrium belief: A; = (aj,pdev) where p?? > 57 or A; = (ao,p where p?? > 0. Here,

none of the types are better off than in equilibrium, which implies that D1 does not apply.

2. Next, consider a deviation to a price such that the consumer chooses to purchase without

de“) where

search at any off-equilibrium belief: A; = (aj, pde”) where p?v < Q] or A) = (ag, P
plev < QO, ie, ag; = 1 and X; = @ for all i € {L,M,H}. Here, a type ¢ is (weakly)
better off in deviation than in equilibrium if p? > viPiag, (we can also see this from
examining the Y sets). Hence, D1 rules out type j if vip§;p, < pler < YViParr- Therefore,
if Ay = (aj,pde”), for all pdev e (YMPiraer, min(Yapiar, 7)), D1 imposes that pgy = 0.

dev g (’YLpquL,min(mfp*HML,pO)), pr =1, and pg =0

Similarly, if A} = (ao,pde”), for all p

for all pe? e (fyij{IML,min(’pr?_IML,po))-

3. Consider the deviation A; = (aj,pde”), where BJ < plev < p (so that there exists a belief

where search is the best response based on Lemma 2).

(a) Let us first identify the conditions under which D°(H, A1) U D(H, A1) C D(M, Ay)
holds. This condition is equivalent to ()/(; U l//;]) C (Xg UY)y) using the notation
defined above. This would, of course, imply that D1 imposes the out-of-equilibrium

belief MM(AI) =1.



i. Note that Xy C )/(E Hence, it must be the case that Xy = )/(E Otherwise,
(j(; U }//1;) C (Xg UY)y) would not hold. This, in turn, implies that X, = )/(;
The condition X3; = Xp can hold if (i) Xy = Xy = @, which implies that
oy < pdeq;;# <0 pl < piags or (i) % > 1< pjy < 0. Hence,
for Xy = Xpg to hold under a non-negative equilibrium price, it must be the case
that p’ < DI ML

ii. Note that 3//;1 C Yy since vy < vg. For the condition (ﬁ U 1//1\{) C(XgUYy) to

hold, the range of prices must be such that 1//;1 C Y since we just determined that

YM (p*H[\/jL _pdev)
(1—ynr)pdey
(Yas is non-empty) < yuply, < p%, and (i) p/ < p?® < P (search is best

Xy = Xp. Hence, the additional conditions needed are that (1) <1

response based on Lemma 2).

Hence, it must be the case that when maX(VMpquL,Qj) < p% < min(pyyp,7), D1

imposes the belief that pp(A41) = 1.

(b) Next, let’s look at the conditions under which D°(M, A1) U D(M, A;) € D(H, A;) or
()/(—E Ul//—]\;) C (Xg UYpy), which would impose the belief that pg(A;) = 1. As we
noted before, Xy C )/(E, and we can see that Yy C 371; since vps < vm, which rules out

the case DY(M, A1) U D(M, Ay) C D(H, Ay).

4. Consider the deviation A1 = (ao, pdev) where 130 < p?ev < 70 (so that there exists a belief where
search is the best response based on Lemma 2). Using the same techniques as before, we can

dev * Yo Y. _ Y. _ YL (Pirars—p™") vt (Pirar —P™")
show that for p™” < pyar, Xu = Xy = X = @, and A p®e <~ et <

’YH(p;{ML_pdeu) L (pEML_pdw) e od :
(T “oppter < Vit p™ > yipy . This

implies that 17;1 C Yy, and }/’E cYypif mam(go,fpr}}ML) < plev < min(p*HML,ﬁO); therefore,

Moreover, we can show that

D1 implies that uz = 1 in this region. As before, if p?® > p%,,;, Xn < X, X ¢ Xu,

etc., which implies that D1 does not apply.

One example of an off-equilibrium belief which is consistent with the properties described above
is pur, = 1 for all (ao,p # pPiprr) and par = 1 for all (aj,p). This is the off-equilibrium beliefs we

assume from now on. m

. 1% — VvV — .
Next we show that if ¢ < M, YMDiaL = s and Py € [Q?LIML’p%ML]’ there exists

HM L equilibrium with search. According to Lemma 2 in the Appendix, in order for the consumer



to search in equilibrium, it must be the case that ¢ < w and pyar € [B?LIML@%’ML]’ where
0 _ 0 (I=ym)pV+A=a)(1=p)V+2c _ V =0 _ =0/ _ pyeV+A—pymuV—-2c _ V
Prvr = PP = o St —n. < 2 2 Paar = P2(0) = S5 St~ 2

Either H or M type can deviate on both advertising and price. If it deviates on price alone
(@, P’ # Piyprp), the consumer believes that the firm is L type, which cannot be profitable. If it
deviates on advertising, the consumer believes that the firm is M type, which yields a maximum
profit of g Hence, for equilibrium to exist, II*(ao, piarple = H) = Yapi g > MazpI(aj, plg =
H) = g and II*(ao, piarpla = M) = yubip > Maxpll(aj,plg = M) = g The L-type by
definition cannot deviate on advertising. A deviation on price can yield a maximum profit of
0. Hence, IT*(ao, p}pspla = L) = vepjyap > 0, which is trivial. Since IT*(ao, pjpspla = H) >
IT*(ao, pirpspla = M), the non-deviation condition for H-type is not binding if the non-deviation

condition for M-type holds. This proves part 2 of Proposition 3.1 (HML). N1

This completes the proof of Proposition HML. Q.E.D.

3.2 HM Equilibrium
Next, we consider HM equilibrium.

Proposition HM Suppose that search cost is low enough such that ¢ < %p(l —p)(vH — YM)-
1. A semi-separating HM equilibrium without consumer search does not survive D1.

2. A semi-separating HM equilibrium, where the consumer chooses to search after observing (a;,
Dirar)s exists if yar is sufficiently high and the price is in the higher range. Here, II*(H) >
IT*(M) > II*(L). Moreover, this equilibrium survives D1.

Proof. 1. Proof of part 1:
We present a proof by contradiction. Suppose that there exists an HM equilibrium where both

types pool on (aj, p¥ys), and the consumer buys without search.

1. First, we show that p,, <P’ if ¢ < gp(l —p)(ve —Yar), where P/ is the upper bound in price
where consumers may choose to search. Note that in equilibrium, the prior probabilities on
the two types {H, M;} are (p,1 — p). Given this, and using Lemma 2, we can show that the
highest price that the firm can charge so that the consumer chooses not to search in equilibrium
, _ (=m)pV+-m)(1-p)§4e _ : ;
is max(p',,) = ST T o = P’ (p). We can also show that p%/,, < p’(p) <P’

as long as ¢ < gp(l —p)(yH — YMm)-




2. Next we derive the restrictions that D1 imposes on the out-of-equilibrium beliefs following the
deviation A; = (a;, p?®’) where p?¥ € (p%,,,7’]. From 1 above, as long as ¢ < gp(l—p)(’yH—
yar), we know that there exists a belief for which search is the best response since p?e? < 7.
Therefore, the consumer’s mixed best response has 2 possible forms: (1) ag = {0, a2, 1 — 22}
and (2) ag = {a91,0,1 — az}. In the first case, II(A1, a0, H) = (1 — ag)ygp™ and
(A1, a0, M) = (1 — qg2)yap?; in the second case, I1(A1, ag, H) = (ag1 + (1 — ao1)vg) p?e®
and TI(Ay, g, M) = (a1 + (1 — ao1)yar) p?¥. Also, of course, IT*(H) = pt¥,, and II*(M) =
PHM-

This yields the sets,

DO(M, Ay) U D(M, A1) = X1 UYar = )
{(0’0‘22’1 —an)| azg < W} u {(azl,O,l —an1) oy > W}
D(H,A)=XgUYy = 1)
{(0’%271 —om)|an < W} U {(0621,071 — ao1) |ag > W}

. ,y]wpdevipns ,prdev 7pns i . A —
We can show that since vy > v, mzpde”H M < vadevH M - which implies that Xy C Xpy.

<1 & ph,, > 0, it must be the case that )/(]\\/[ C Xpg. Finally,

d.
Yarp*e? _p%SA/I
yarpdev

. . pns _,Ylwpdev pns ) _,prde’u . . . —
we can similarly show that éfl]‘ij)pdm) > (Iiji]’yH)pde“ , which implies that Ya; C Yy. Hence,

we have shown that ()/(]\\4 U ﬁ) C (Xg UYy), which implies that D°(M, A1) UD(M, A;) C
D(H, Ay) for all Ay = (a;,p?) where p® € (p%,,, 7]

In addition, since

This implies that D1 constrains the belief to be ng = 1 following 4; = (a;, p™)

, where pl7,, <
p?ev < 77, which implies that both H and M types prefer to deviate to Ay, which, in turns, destroys

this equilibrium. W

2. Proof of part 2.
Before we turn to the equilibrium conditions, we first examine the restrictions on the out-of-

equilibrium beliefs that are imposed by D1:

Lemma 3 [TA3] The out-of-equilibrium beliefs that are consistent with D1 have the following prop-

erties:

1. When the consumer observes the deviation Ay = (aj,pde” # i), Where maX(WMp*HM,Qj) <

plev < min(pl ) or Ympiy < plev < min(’prj‘gM,gj), she forms the belief upr(A1) = 1.

10



2. When the consumer observes the deviation Ay = (ag,p™” # 0), where 0 < p? < p0, she
forms the belief pr (A1) = 1.

Proof. We follow the same logic as we do in the Proof for Lemma (TA2). For example, D°(H, A;)U
D(H, A1) and D°(M, A1) UD(M, Ay) are the same as equations (10) and (11). The only difference

is that L type in equilibrium earns 0 profit. Hence,

DL, A)) = X2UY = {(0, 02,1 — ) | vy = 1} U @,

D(L,Al) =X, UuY, = {(O, Q99,1 — 0422) | Qo9 < 1} U {(0521,0, 1-— 0521) |0 <ag < 1} .

1. Consider a deviation to a price such that. the consumer chooses not to purchase at any off-

dev )

equilibrium belief: A} = (aj,pde”) where p?¥ >/ or A = (ao, P where p?¥ > 0. Here

D1 does not apply.

2. Next, consider a deviation to a price such that. the consumer chooses to purchase without
search at any off-equilibrium belief: A; = (aj, pde“) where p?ev < BJ or A; = (ag, pde”) where
plev < QO; i.e., ag; = 1. Therefore, if A; = (aj,pde”) where p?® € (Yarpiass min(’pr}{M,Bj)),

de”) where p® € (0, min(varpiraz %)),

D1 imposes that gy = 0. Similarly, if Ay = (ao,p

pp =1, and for all p? € (yapyypp min(vapiyay, 1)), o = 0.

3. If the deviation is A; = (aj, p% # pi;,,) and QJ < pdev < 7. the proof is identical to the
Proof for Lemma (TA2): D1 imposes the belief that pup (A1) = 1if max(yuply,,,p7) <
p?%® < min(p};,,,P7). Furthermore, we can see that p/ < yaplyy, since ply, € [P0 PHMI:
where Dy = PP(p) < P’ from Lemma 2. Also, we can show that pi,, < p/. This is
so because M must prefer its equilibrium strategy to an optimal deviation, in equilibrium
YMmPia > Max 4, 11(Aq]lg = M). In particular, a firm can deviate and charge a price p < ]37
such that the consumer chooses to purchase without search. Hence, Maxz 4,11(A|qg = M) > p’

and, therefore, yarpja, > Q] Therefore, D1 imposes the belief that par(A1) = 1if yaypiyy, <
pdev < pﬂqu.

4. Consider a deviation strategy of A7 = (ag,p? < pY), where BO < pler < B0 First, note
that the consumer’s response (0,a2 = 1,0) ¢ D°(H, A;) U D(H, A;) and (0, a2 = 1,0) ¢
D°(M, Ay) U D(M, Ay). This is true since in equilibrium the H and M types make non-

zero profit. Hence, Xy C X and Xy € X;. Moreover, Yy C Yy and Yy, C Y}, since

11



vL < Ym < vym. This implies that DY(H, A;) U D(H, A1) C D(L,A;) and D°(M, A;) U
D(M,Ay) € D(L,Ay). Note that if p?®” > 5°, the consumer’s best response is no purchase,
i.e., agy = 1, which in turn would imply that D(L, A;) is an empty set or that D1 does not
apply. Hence, if A1 = (ag, p%’ < p°), D1 implies that pr (A1) = 1.

One example of an off-equilibrium belief which is consistent with the properties described above is

pr, =1 for all (ag,p) and ppr =1 for all (aj, p # pjyys), which we assume from now on. m

Next, we show that the HM equilibrium with search exists if ¢ < gp(l —p)(yg — ym) and
Max [Z,Y%,QHM} <Py < Pum-
On the equilibrium path, the probability that the firm is type H is p, and the probability that it
is type M is 1 — p . As we can see from Lemma 2, search will not occur at any price unless p <
p<Torc< gp(l — p)(yg — M) (see the proof of Lemma 2 above). In addition, in order for

the consumer to engage in search at the equilibrium price, the price must be such that pj;,, € |

= — 1% 1-p)V—c _ 1— V+(1—ya)(1—p)V4e _
BHMapHML where pgs = WH?YH:J’Z]:Z\S(lf)p) =p’(p) and Pum = ( (A{Ij)vii):—i(lzi\y[]gj()(lfi,)+ = BJ(P)

(see Lemma 2). Hence, when ¢ < %p(l —p)(vm — M) and pyys € [Py, Prmls the consumer

chooses to search along the equilibrium path.

In order for the equilibrium to hold, all types must prefer the equilibrium profits to the optimal
deviation. Given the assumed out-of-equilibrium beliefs, this reduces to the following conditions:
*(aj, pralg = H) = vuplpy > Maza,T(Ar|g = H) = § and T1(aj, punlg = M) = vy >

Max g, II(A1lg = M) = This of course reduces to the non-deviation condition on M-type:

v
5.
YMDPiar > % or Pl > 27% This along with the condition that pj;,, € [QHM@HM} results in
the necessary condition for existence: Max [}YLM’BH]\J} <Py <pPgn.- N

This completes the proof of Proposition HM. Q.E.D.

4 Proof of Proposition 7: Advertising Costs and Endogenous Ad-

vertising Spending

ya(A=ym)V+elyp+yn) V
22 ) <
YHTYL=YL Vg YH

- _ _
o [aEV—chrtya) V _ _ Vv - —
mm{ = o Q’YM}' Here ®%; = vyupy, >®y = 5 > @7 = vipjy ond II*(H) =

2 * 2 2 2 (% 2
’\/H(szL) > H*(M) — V7 > H*(L) — 'YL(PéqL) )

Proposition 7 HL equilibrium with consumer search exists if maa?{
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Proof. The equilibrium concept is Perfect Bayesian Nash Equilibrium. To solve for the equilibrium
investment in advertising, we assume (and later check) that there exists an H L equilibrium, where
the H and L types pool on (ao, pj;;,), the M-type separates with (a;, g), and the consumer searches

after observing (ao, pj;;). The firm’s maximization problem (by type) becomes: maz Sy (YuPY L) —
H

2

554 2 2
q%H, n%jtla: @M(%) — %, and T%Cix Q1 (vepi) — Q—QL, respectively. Solving for the F.O.C.s yields:

> @7 = vLpyp- (14)

* * * V
Oy = vupHL > Py = 0}

Also, the consumer who observes (ag,p};;) forms the following posterior belief:

* p
2 YH

Prob(Oy|ao, piyp) = 1Y = —5 2y = : 15

(Omlao,pyL) = 1y ©H§+©L§ NH 4L (15)
o7 5 VL

Prob(0r|ao, pirr,) = 1 = (16)

O35+ 075 ym L
Although the consumer does not observe the actual level of reach, she can invert each firm type’s
problem, and hence uses the equilibrium reach levels, ®; and ®7 in her inference.

Using Lemma, 1 in the Appendix, we can now derive the price bounds that will result in consumer

v (1=ve)V+e(ya+L)

3V —c(ya+r) :
ey o), = P < ———5—. Note that this set

Vir+i
. The proof of non-deviation conditions for firms is the same as

searching after observing (ao,pj; ),

is non-empty if ¢ SW

before in Proposition m. Q.E.D.

5 Proof of Proposition 8: Consumer Heterogeneity and Asymmet-
ric Attributes

(1=yg) (uo+V)+(1—vL)uo+2c
2—YH—L ’

+oV +V)+ -2 +(1—¢)V _ .
s M | < maa { e T Qe Wl CEAT A Here, TU(H) = Nyppy > T (Ma) =

Ao + ¢V) > I1*(My) = Aug + (1 — )V) > I*(L) = Ayupiyy.

Proposition 8 HL equilibrium with consumer search exists if min{

Proof. We first turn to the consumer’s problem. When the firm engages in uninformative ad-
vertising, A7 = (ao, p), the consumer’s belief is pu® = (M%,ug/[a,ug/lﬁ,u%). Applying Lemma

1, in order for the consumer to search after seeing (ao,p};;), it must be the case that pgr €

[(1*’YH)(“0+V)+(1*’YL)UO+20 va (wo+V)+yruo—2c
2—YH—YL ’ YHAYL

](since the probabilities that the firm is H-type and
L-type on the equilibrium path are 3 and 3). This set is not empty as long as ¢ < W (which

is the case when ¢ < W)

13



Next, we need to ensure that all types prefer their equilibrium strategy to the maximal deviation.
To show existence, we impose the following out-of-equilibrium belief: ;17 = 1 for all (ag,p # pj;)-
pr = 0 for all (an,p # up + ¢V) and puy = 0 for all (ag,p # ug + (1 — ¢)V). While we omit
the proof here for brevity, we can show that this belief is consistent with D1. Given the assumed

out-of-equilibrium beliefs, the non-deviation conditions for H-type and M-type are the following:

11" (a0, prla = H) = yuppyy > Max 4 1(Ai]qg = H) = ug + ¢V (17)
T (aj, parlg = Ma) = uo + @V > Maxa, TI(A1|lg = M) = yuphp (18)
1" (aj, pyylg = Mp) = ug + (1 — ¢)V > Maza, 1(A1lg = Mp) = ympi (19)

" (a0, pLlg = L) = Myupy, > Maza, 1(A1|lg = L) = ug (20)

Note that since ¢ > %, ug + (1 — ¢)V > yuyp}y, implies that ug + ¢V > yarpjy,. The rest of the

proof is the same as before in Proposition. m Q.E.D.

6 Proof of Proposition 9: n-Attribute case

Lemma 4 [TA4] Assume that ¢ < (h_m)z(w‘
Consider the case when the firm engages in uninformative advertising, A1 = (ao, p) and the con-

sumer’s belief is p° = (1%, 18, 1%). Consumer chooses to search iff

P°(1°) < p < (1%
(1) < pyp < J(pd)
1 4-n-c
and < —|h+ h.<h—> ,
- 2'h< \/ Vve — 1)
0/ ov 1A=y il 1) ™ e I S A A e
where p°(p7) = 10 )+ 19, L) 12 (1) P H') = 1Yy vl
( 0) _ 1 <1 + (h(ymr—yL)+m(ve =270 +vL)) 1 . T(u?)
H\HL) =3 » (h—)ﬂ’b)('Y(H—’YM) (h=m) ()7 )
— _ 1 h(yar—vL)+m(va —2vm+7L)) 1l (v2) _ (T2
A(eY) = § (1 Clocdinbe il | S0 ) and T(u)) = (VA — v+
— N 1
1 (v =) + 4V (va — ) (V(yar —yo) (1 — ), — 2¢))2.

Proof. The proof is basically identical to the proof of Lemma 2 above. First, suppose that
EWV|p’) —p > 0 & ﬂ,uH + mV(l - /LH) > p. Consumer will search if ¢ < Pr(s|u®)[p —

hV mV
E(V|MO,§)] HH(l 'YH) +HM( ’YM) +c 0(

— 0 . . .
or p > 0 (1= 'YH)“’#M(I ’YM)"‘HL(l o = Pk ). If the price is sufficiently low such
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that p < min(p®(u°), BE(V|u®)), the consumer will not search but still purchase without search since

p < E(V|u®). Hence, consumer will search if p°(1°) < p < E(V|u®). By equating the lower and the

upper bound on p for a given py,, we can show that for a given py, the consumer will search as long as

_ h(yar—yL)+m(ve =2y + 0 (0
NU&)SM%U@)SMU&%ﬁhmeMQ&):%(1+(0WO%3mﬁg’$€70WL_(MWM$£MUV>
— 0y _ 1 (h(ym —yL)+m(vEa —2ym+7L))p T(p7)
m(pr) = 2 (1 + (h—m)(yw—vm) b (h*m)('YHL*’YM)V) » and

2
T(uy) = (V ((h = m) (v = var) + 3, (Myar = z) + v — 2901 +72)))* + 4 (h—m) (vi —
. 1 Vs —~r)(1—
)V (mV (yar =) (1 = p§)ud —n-¢))? . Note that ¥(uf) > 0 & ¢ < V=)A= )i +
-

((h_m)('YH—’YIM)'FM%gZ(’YAI_’Y_L)+m(’7H_2’YM+’YL)))2. Here, we can see that ¢ < (h—m)V (v —yar)
dn(h—m)(ye—vm) ) in
V((h=m)(var—yar)+8 (h(yasr =) +m(va—27m+7L)))
dn(h—m)(va—vm)

im-

plies ¢ < for any p? € [0,1]. Hence, if ¢ <

(h—m)V(WH—’YM)
4n

, the above set of beliefs, [H(MOL),E(/,L%)} , is not empty for a given u§ € [0, 1].

We also have to consider another constraint on the set of beliefs: as the level of 9 increases, the
feasible range for % (ur) gets smaller since u% (ur) + p9 < 1. Hence, at the large value of u9
(for example, p) = 1), the corresponding u%;(uz) € [u(p?), 7(p?)], which ensures the search is
not simply feasible. Given 9 € [0,1], for the corresponding u% (ur) to exist, it must be that

p(pl) + g < 1.

1 4-n-c
0 0 0
p(up) + g <1ep §h+>fv(h—> (21)
AV L LS5y V(1)
Note that the above set of beliefs is not empty since ¢ < (h_m)z(gH_W‘/f) < hv(vjj;%).

Second, suppose that E(V|u") —p < 0 or %ug + mTV(l — ,u%) < p. Consumer will search

if ¢ < Pr(3|u)[E(V|u°,3) — p] orp < e e 2 e = p°(u®). If the price is sufficiently high
- H s PLOTP = P iyt — P\ P y hie

such that p > max(p®(u°), E(V|u?)), the consumer will not search and will not purchase a product

since p > E(V|u®). Hence, consumer will search if E(V|u%) < p < p°(u°). By equating the lower and
the upper bound on p, we can show that the consumer will search as long as H(“%) < uY <m(ul):
which yields the same bounds on beliefs and prices as above.

Hence, combining these two cases suggests that when ¢ < V(W%—VM)

Af pO(u)) < p < (i)
and () < ply < E(w)), search is the consumer’s best response. Q.E.D.

Using the result from Lemma 4 above, we now prove Proposition 9 of the main paper.

(h=m)V (s —ynr)
4n ’

RA—y)V+2ne mV IV A by V=2 % . _ . .
and (2) mam{m, Pl W}< mm{%, gﬂlm}' Here, IT*(H) = yup};, > II* (M)

V * *
o> (L) = yLpyr-

Proposition 9 When k < m, HL equilibrium with consumer search exists if (1) ¢ <
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Proof. Above Lemma [TA 4| shows that when ¢ < (hfm)i(+w”) the consumer decides to search
) AV
In

1Y (U =ym) B8 (=) ™ +c P (ur) = NH'YH +quM—fc
M%(lf’YH)JruM( —va)+u§ (1=v1)’ pYyve+eS el

addition, on the equilibrium path, the probabilities that the firm is H-type and L-type following
. L _ AV g
(ao, ;) are % and %7(1.6 ;)+p and ,)+,, for H and L-type, respectively). Hence, po(%) = %

if p° < p <P°, where p°(ur) =

N

1 Y 42¢ . . N .
and p°(1) = -7m)7742¢ - Hence, in order for the consumer to search in equilibrium, the price
£ 02 2—=YH—7L ’ J

(1—ym) M +2¢ WH%—QC]

must be in the appropriate range: pj;;, € [F5— 2, — -

Next, we need to ensure that all types prefer their equilibrium strategy to an optimal deviation.
To show existence, we impose the following out-of-equilibrium belief: p7, = 1 for all (ag,p # p}p)
and pg = 0 for all (aj,p # g) Given the assumed out-of-equilibrium beliefs, the non-deviation

conditions for H-type and M-type reduce to the following:

<l

* * * m
(a0, pyrla = H) = yupyp > Maxa, 11(Arlg = H) = — (22)

mV
T(aj, pulg = M) = —= > Maz 4, I(Ailg = M) = yuphy
The L-type by definition cannot deviate on advertising. A deviation on price only yields a maximum
profit of 0 under the off-equilibrium beliefs. Hence, II*(ao, prrlg = L) = yrpj; > 0, which is
trivially satisfied. The rest of the proof is the same as in Proposition 3 in the main body of the

paper. m Q.E.D.

7 Experimental Investigation

In this Section we provide an example of consumer behavior in a laboratory setting that is consistent
with the predictions made by the H L equilibrium: (1) consumers may not always view non-attribute
ads as being associated with high quality products, and (2) compared to attribute ads, non-attribute
ads may increase consumers’ likelihood to search for information about the product.

We recruited respondents from a university-maintained online panel to participate in an online
study on advertising effectiveness. The respondents were given three hypothetical scenarios featuring
products in three different categories: hotel, restaurant, and books. For example, in the hotel
scenario, the subjects were told, “Suppose that you are planning your summer vacation in Vermont
and come across an ad for the hotel called The Green Mountains Inn.” The subjects were randomly
assigned to either (1) the non-attribute-focused ad condition or (2) the attribute-focused ad condition.

Both types of ads contained the product name as well as the same image. The only difference across
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the conditions was that the attribute-focused ad also made an attribute-based product claim. (See
Figures 1-3). After seeing the ad, each subject was asked to answer two questions. First, we asked
the subjects to estimate the quality of the product, where the choices were, a) High, b) Average,
¢) Low, or d) Could be high or could be low, can’t tell from the ad alone. Second, we asked the
subjects what choice they would make about the product, where the choices were, a) Purchase the
product, b) Search for more information, and ¢) Decide not to purchase the product.

We present the results of the analysis in Tables 1- 3.* The analysis in Tables 1 and 2 addresses the
first question: we demonstrate that consumers may not always view non-attribute-focused ads as
being associated with high quality products. Table 1 contains the results of a probit model, where
the dependent variable is whether consumers select that the product could be high or low quality
and the independent variable is the ad condition (as well as a constant term). Here we can see that
both in the Hotel and the Book scenario, consumers are more likely to select “could be high or low”
in the non-attribute ad condition. In contrast, as we can see from Table 2, consumers are more
likely to estimate that the product’s quality is “average” in attribute ad condition. This is consistent
with the prediction of the H L equilibrium that an non-attribute ad will create uncertainty on the
product quality. It is also important to note that there was no statistically significant difference

between conditions in the restaurant scenario.

Table 1: Dependent Variable: Y = 1 if “ Quality could be high or low” is selected, 0 otherwise

Hotel Restaurant Book

(1) (2) (3)
Non-attribute-focused ad | 0.74** (0.26) | 0.08 (0.28) | 0.97* (0.27)

LR Chi2(1) 8.12 0.08 13.56
Prob > Chi2 0.004 0.774 0.000

**Significant at 1%
*Significant at 5%

N=100

*For our analysis we remove the subjects who took an unreasonably short time to complete the study. That is,

we remove all subjects who took less than a minute (in total) to complete all the scenarios.
fSince the goal of the study was to provide an example, we did not investigate further whether this pattern of

results is stable and is perhaps driven by different equilibria that arise in different categories.
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Table 2: Dependent Variable: Y =1 if “Quality is average” is selected, 0 otherwise

Hotel Restaurant Book
(1) (2) (3)
Non-attribute-focused ad | —1.02** (0.29) | —0.04 (0.26) | —0.66* (0.29)
LR Chi2(1) 13.22 0.03 5.50
Prob > Chi2 0.000 0.867 0.020

**Significant at 1%
*Significant at 5%

N=100

The analysis in Table 3 addresses the second question: whether compared to attribute ads, non-
attribute ads may increase consumers’ likelihood to search for information about the product. In
particular, we investigate whether the uncertainty created by non-attribute ads in the hotel and
book scenarios (as we saw in Tables 1) leads to additional search as compared to the attribute-based
ads. Equations (1) and (3) in Table 3 present the results of a probit model, where the dependent
variable is whether the respondent chose “Search” and the independent variable is the respondent’s
ad condition (as well as a constant). As we see from the Table, in the book scenario, indeed more
search occurs in the non-attribute-based ad ad condition (the effect is not seen in the hotel scenario).
We can go further and test whether this effect of the ad condition is indeed driven by the uncertainty
created by the non-attribute ad. Equation (4) presents the result of a model where we also add
whether the subject indicated that her estimate of the product was “High or Low — can’t tell from
the ad alone.” As we can see, once we control for the estimate of quality, the effect of the ad
condition is no longer significant. On the other hand, the effect of “Quality High or Low” is positive
and significant at 1%. Hence, the additional search in the non-attribute-focused condition is being

driven by the extra uncertainty generated about product quality.
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Table 3: Dependent Variable: Y = 1 if “Search for more information” is selected, 0 otherwise

Hotel Book
1) @) 3) )
Non-attribute-focused ad —0.39 (0.26) —0.45 (0.27) 0.50* (0.25) 0.23 (0.28)
Quality high or low 0.20 (0.27) 0.84** (0.29)
LR Chi2(1) 1.36 2.93 3.89 12.53
Prob > Chi2 0.12 0.23 0.05 0.00
**Significant at 1%
*Significant at 5%
N=100
Suppose that you are planning your summer vacation in Vermont and Suppose that you are planning your summer vacation in Vermont and
come across an ad for the hotel called The Green Mountains Inn. come across an ad for the hotel called The Green Mountains Inn.
O oot ool Tonis Court, 1 Wies From Ko, -

-

,.:',

B | {77 Creen Mountains Liin

| —————TTie Creen Mountains In

4 3 Chitténden, Vermont
Chittenden, Vermont

Conie Celebrate with Us

Conie Celebrate with Us

Based on the ad, please estimate the quality of the hotel Based on the ad, please estimate the quality of the hotel
) High © High
' Average ' Average
o Low @ Low
' Could be high or low — can’t tell from the ad alone @ Could be high or low — can’t tell from the ad alone
Suppose that you are driving in the Green Mountains in Vermont, Suppose that you are driving in the Green Mountains in Vermont,
looking for a place to stay, and you pass this hotel. What would you choose to looking for a place to stay, and you pass this hotel. What would you choose to
do? do?
- Stop at the hotel and stay there if the price fits your budget ) Stop at the hotel and stay there if the price fits your budget
-, Search for more information by visiting an online site or talking ~, Search for more information by visiting an online site or talking
~ to the employees at the gas station. _ to the employees at the gas station.
' Keep driving, looking for other hotels ) Keep driving, looking for other hotels
(a) Attribute Condition (b) Non-Attribute Condition

Figure 1: Hotel
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Suppose that you are visiting another city and are looking for
a restaurant for dinner. You come across an ad for a restaurant
called Shuhei.

SHUHEI
JAPANESE CUISINE AND SUSHI BAR

« Fresh fish, seafood, meats, vegetables and rice
* Kimono-clad waitresses who go the extra mile to
make you smile

Based on the ad, please estimate the quality of the restaurant
@ High
~' Average
o Low
7 Could be high or low — can’t tell from the ad alone

Suppose that you are walking down the street and come across this restaurant.

What would you do, assuming that the price level fits your budget?
7' Have dinner there
= Check out reviews on an online site or a guide book
before making the decision
' Look for other places for dinner

(a) Attribute Condition

Suppose that you are visiting another city and are looking for
a restaurant for dinner. You come across an ad for a restaurant
called Shuhei.

SHUHEI
JAPANESE CUISINE AND SUSHI BAR

Based on the ad, please estimate the quality of the restaurant
@ High
- Average
o Low
7 Could be high or low — can’t tell from the ad alone

Suppose that you are walking down the street and come across this restaurant.
What would you do, assuming that the price level fits your budget?
7' Have dinner there
= Check out reviews on an online site or a guide book
before making the decision
' Look for other places for dinner

(b) Non-Attribute Condition

Figure 2: Restaurant
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Suppose that you see the following ad for a
novel called "Three Dollars."

The narrator of Perlman'’s novel is a man
at odds with himself and the world
around him. Eddie Harnovey is an
idealistic liberal thinker living a
conservative, middle-class life. He's an
honest man struggling to choose between
telling the truth or keeping quiet.

3

Based on the ad, please estimate the quality of the book
2 High
© Average
0 Low
@ Could be high or low — can’t tell from the ad alone

DOLIARS

movet—elliot perlman

Shortly after seeing the ad, you are browsing books at a book
store and come across the book. What would you do?
> Buy the book
@ Check out reviews online or talk to the salesperson
= Decide not to buy the book

(a) Attribute Condition

Suppose that you see the following ad for a
novel called "Three Dollars."

3

Based on the ad, please estimate the quality of the book
~ High
© Average
@ Low
© Could be high or low — can’t tell from the ad alone

DOLLARS elliot perlman

T Tover

Shortly after seeing the ad, you are browsing books at a book
store and come across the book. What would you do?
' Buy the book
@ Check out reviews online or talk to the salesperson
= Decide not to buy the book

(b) Non-Attribute Condition

Figure 3: Book
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