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Appendix A: Empirical Study on Consumers’ Willingness-to-Pay

for New Product Purchases from Offline vs. Online

We conducted an empirical study to examine consumers’ willingness-to-pay for a newly introduced
product from a traditional vs. a web store. Our study comprises a variety of product categories
including apparel, electronics, furniture, home appliances, jewelry, and books. Within each product
category, we present each consumer with two scenarios that vary by the intrinsic value (low vs.
high) of the new product. In each scenario, the consumer is asked to indicate his/her willingness-
to-pay if he/she had to purchase the product from a web store without physical inspection. Using
apparel as an example, the two scenarios are presented as follows:

“Scenario 1: You are considering purchasing a piece of new apparel (e.g., sweater; coat; suit;
pants). You can get a piece of new apparel with average quality from a traditional store at $50.
How much would you be willing to pay for this item if you had to purchase it from a web store

without being able to physically touch and feel the product?



Scenario 2: You are considering purchasing a piece of new apparel (e.g., sweater; coat; suit;
pants). You can get a piece of new apparel with excellent quality from a traditional store at $500.
How much would you be willing to pay for this item if you had to purchase it from a web store

without being able to physically touch and feel the product?”

Table A1l. Consumers’ Willingness-to-Pay for New Product Purchases from Offline vs. Online

Product Category Apparel Electronics Furniture

Offtine Base Price $50 $500 $100 $1,000  $200 $2,000
Online Willingness-to-Pay $37.13  $333.33 $84.34  $873.24 $144.55 $1,473.45

% of Offline Equivalent 74.26% 66.67% 84.34% 87.32%  72.27% 73.67%

Ave. Category % 70.46% 85.33% 72.97%
Product Category Home Appliance Jewelry Book
Offline Base Price $400 $2,000 $200 $2,000 $10 $100

Online Willingness-to-Pay $328.61 $1,608.83 $147.78 $1,473.37 $8.85 $85.81
% of Offline Equivalent 82.15%  80.44% 73.89% 73.67% 88.52% 85.81%

Ave. Category % 81.30% 73.78% 87.17%

One-hundred and fifteen participants recruited from Amazon’s Mechanical Turk Online Con-
sumer Panel completed our study. The results are presented in Table Al. In this table, we report
the offline base price, average online willingness-to-pay, and the ratio of the two (i.e., % of offline
equivalent) by scenario and by product category. Our key findings can be summarized as follows.
First, due to the lack of physical inspection, consumers’ willingness-to-pay for purchasing a newly
launched product online is less than its offline equivalent for all the product categories in our study

across both scenarios. Second, by comparing scenario 1 with scenario 2 in each product category,



we find that, consistent with our model setup, consumers’ willingness-to-pay for a newly introduced
product online is proportional to the intrinsic value of the product (rather than equivalent to the
product’s intrinsic value minus a fixed disutility term as proposed in some prior research). Lastly,
in line with Chiang et al. (2003), we discover that consumers’ willingness-to-pay for new products
online varies by product category. In general, consumers’ willingness-to-pay is closer to its offline
equivalent when it comes to books, electronics, and home appliances. In contrast, their willingness-
to-pay associated with buying apparel, furniture, and jewelry online is considerably less than the

offline equivalent, due to the importance of touch-and-feel in these categories.

Appendix B: Proofs

Proof. of Lemma 1: The retailer sets his retailer price at p = ¢ if carrying the product, i.e.,

R

when 7"(q) = (¢ —w)a > R or w < ¢ — 7. The manufacturer sets her wholesale price at the

maximum possible level at w = ¢ — g = wp such that 77 > R. By maximizing her profit
™ (q,q — g) =(q¢— g — cq?)a, the manufacturer sets o = 2%, wy = 2% — %. And Qo =, pg = 2%,

7y = R, and ng* = £ — R at the equilibrium. =
Proof. of Propositions 1 and 2: 1) We first derive the retailer’s best response (BR). If Online-
Exclusive, the retailer gets 7h(q,w) = (0;g + s —w) + R if w < ‘Sl%ﬂg”q + s = W' wh(qw) =

(0hg+s—w)B+ R o/w. If Offline-Exclusive, 7] (q,w) = (¢ —w)a+r. Assuming o > /3, we have the

following cases. (i) For ¢ > ¢, m5(q,w) = (0;jg+ s —w) + Rif w < (‘Sl_‘)‘()lq_;of;rm =w; (—w)a+r
if w € [w, (O‘*'B(S*ZL(J:B’B)S*RH =w); (dhg+s—w)f+ Rif w e [W,opq+ s — % = wp]|. Note that from
(6—a)q+s+R—r (a—B0p)q—Bs—(R—T) (a=B)(s+R—r)+(1—a)(Bs+R—r) - ~ (:= A

Sl < s Ve have 0 > SR e pesy . = ¢ () Fora <4,

" (q,w) = (fig+s—w)+Rif w < %q—hs:w’; 7" (q,w) = (Opg+s—w)B+ R if w € [w', wo].

_ BR—ar+afs _ Bép R+afs—ra

Note that from w = wp, we get ¢ aB(-5) = q, and w sy = w'. We summarize



his BR below

Ifg<qg w<uw': Online p=4§qg+s  All purchase
w € (w',wo] : Online p=0drg+s More-online-skilled segments (8) purchase
Ifg>q w<w: Online p=4dg+s Al
w € (w,w] : Offline p=g¢q Offline-accessible segments («) purchase
w € (W, max [wo,wr]]: Online p=4Jdy,g+s More-online-skilled segments () purchase

Outside these regions, the retailer chooses not to carry.
2) We now derive the equilibrium. Because 7 (¢, w) = (w — cq¢?) - Q*(q,w), we know that,

in any case, the manufacturer will set his wholesale price at the upper bound. There are four

possible cases. (1) Carry online and serve both segments for w < w = w;as;d%—r & q > q,
and w < w' = 5ghq + s & ¢ < ¢. The manufacturer gets 73} (q, w) = (w — cq?) subject to

(0ig+s—w)+ R > R+ r. Note that both w and w’ are decreasing in ¢, and w = §jg+ s —r

intersects with w’ = 'B‘shq +satqg= %; with w = (6’_0‘()1‘17;;;% at ¢ = w Hence,
s (- 4R . _ —B6)q—Bs— R+

(¢, w*) = (min[gL, (L2 QCorlbRy 50 g 1), (2) Offline for w € (w,w = (@=Blufoltir)

and q € [§,§ = W]. The manufacturer gets 7 (q,w) = (w — cg*)a. Hence, (¢*,w*) =

(2?:‘@’6253),( ﬁah()g 75[)35 RJ“T) if a(a’%g) < q; = (¢,w') o/w. (3) Offline for w € (w, wWp = q — g]

and ¢ > ¢’. The manufacturer gets 7"(q,w) = (w — cg?)a. Hence, (¢*,w*) = (§,0') if &= <
q; = (QC,q - E) o/w. (4) Online and serve d, segment only for w € (W, wo] & q € [q,d],
and w € (w',wo] & ¢ < §. The manufacturer gets 75 (q,w) = (w — cq*)B. Hence, (¢*,w*) =
(min[3L, ¢'], 0ng” + 5 = 5).

From - < ¢, wehave R > R = M4—%7"—043. Hence, when R > R, the optimum is achieved

at ¢ = ¢'; otherwise, at ¢ = i From QC(QB‘;E) < §, we have R > R = % + %7" — as.

Hence, when R < R, the optimum is achieved ¢ = ¢’; otherwise at ¢ = ( ) In addition, R < R




holds. The equilibrium quality, prices and profits are summarized below:

3 1 1 R
If R<R, Offline ¢ =g, w" =5 -3, 0" =¢", Q" =a,nly" =L —Rnig=R+r
* _ BR—ar+afs 1 * _ PBopR—artafs * __* *
4 = “apa-oy) > 5w = aB(i-s, P =4 Q" = a,

IfRe (E, E] ,  Offline

mx __ aﬂ(l—éh)(ﬂéhR-Hxﬁs—ar)—c(ﬂR+aﬁs—ar)2 7% R+r

Ty = aBZ(1—6,)2 s Ty =
* _ a—Boy 1 * (a765h)2 Bs+R—r % _ % *
— A q = — >77w_(.a_2_ — P _an =aQ,
IfRe (R, R] . Offline selami) 7z 2e(a—p)"  (@=8)
ome _ a(a=B5,)° _ a(BstR=r) _r+ _ a(fstR—r) _ aB(1-5;)(a—F5y)
le ™ dc(a—p)? (a=p) 1 "le ™ " (a=h) 2c(a—p)?
2
s<§:q" = %,w* =g +s—1r/B,p" =g  +5,Q =p,m5, = 466” +sB—1r
. . 2
If R > R, Online 5>§:q*:%,w*:§lq*+s—r,p*zélq*—i-s,Q*:l,ﬂg’i*:%—i—s—r

™ =R+7r

where R = Q(IT_CE’I) —as + ar/B, R = % — as + ar/p, R is such that T =

ey s B0
max (52", wh*), and § = i ™

Proof. of Propositions 3 and 4: 1) We first derive the retailer’s BR. The following tables list

consumers’ channel choice in different price regions when the product is carried as a brick-and-click.

(Q7 (5lq + s,
Forg<dg+s U U, ifp<qg ifpe ifpe ifp>dng+s
01q + ] dnq + 3
af q—p Ong+s—p online online online no buy
a(l—p) q—p dg+s—p online online no buy no buy
(1-a)p / d0ng+s—p online online online no buy
1-a1-8 / 0ig+s—p online online online no buy
(0 + s, 2
For g € (0ig+ s,0nq+s] Ui Us ifp<dqg+s ifpe ifpe ifp>dng+s
q] nq + s
af q—p Ong+s—p online online online no buy
a(l—=p5) q—p dq+s—p offline offline no buy no buy
(1-w)pB / 0nqg+ s —p online online online no buy
1-a)(1-p) / d0ig+s—p online no buy no buy no buy




(0ig + s, (Ong + s,

For g > dng+s Ui Us ifp<dig+s ifpe if pe ifp>gq
6nq + 3] q]

af q—p Onq+s—p offline offline offline no buy

a(l-p8) qg—p dig+s—p offline offline offline no buy

1-wo)p / 0nqg+s—p online online no buy no buy

1-a@1-8 / dig+s—p online no buy no buy no buy

Hence, Q3(p) is given by

0+1 ifp<gq

0+1 if p € (¢,019 + 3]
When ¢ < dig+ s Qs(p) =
B ifpe (dig+ s, 0nq+ 5]

0 otherwise

1 ifp<dig+s

a+(1—a)B ifpe (dig+s,q]
When ¢ € (0iq + s,0ng+ 5]  Qa(p) =

B if p € (¢,0nq + 3]
0 otherwise
1 ifp<dig+s
a+(1—a)B ifpe (ig+s,ong+ s
When ¢ > 6nq + s Qs(p) =
! if p € (6ng + s, 4]
0 otherwise

As discussed in the paper, only two cases are not dominated by the other strategies: (i) nj =

(g —w)[a(l =)+ ] = m for ¢ < %5-; and (ii) 75 = (dhg+s—w)[a+ (1 - a)8] = m o/w,
where p = ¢ if ¢ < ﬁ; dnq + s o/w. Note that the retailer can price ;g + s when carrying in
both channels, but all consumers will purchase from the online channel, which is dominated by
carrying online only (because of the offline-participation criterion R). We know that carrying the
product in both channels gives 75(q, w) = min [}, 7], carrying offline only gives 77 (¢, w) = (¢ —

w)a+7, and carrying it online only gives 75(q, w) = max [(§;g + s — w) + R, (phg + s —w)B + R] =



max [, Th,].

The above results immediately follow from the fact that

w,OB = q(él_é(}i[f:)((llioé))ﬁ])—kR +s and wop =

T . 1 /
and between 7, and 7] are given by wzp

The boundaries between 7] and 75, and between 77, and 7} are given by wro =

and wor = 7(‘51_(1“:”3'

aregivenbywpzq—gandwozéhq—ks—%.

_ 0—pBo,

by w’

— 46n[at+(A=a)f]-a)t+s[at+(1=a)f]-r

5 a+ts Denote the intersection of wr and wo by ¢ =

[at(1—a)B]s+R

.
ony,
w

0

qld—a—(1—0)8]+s+R
(T—a)(1-5)

(1-a)B

= 1< 2 = [+ (1-a)f]
= —f3. The boundaries between 73, and 7; and between 75y, and 7, are given by

. The boundaries between 7; and 7}

and WBF = (q — m
(a=0pB)q—sB+r—R

a—p

afBs+BR—ar
aB(1-dp) -

intersection of wpop and wpp by ¢ = =

_ (1—a)BR—(1-p)ar

)B+a—(1—a)Boép—ad;

wro intersect at ¢’ = =6, (1—B)a?

between 7, and 75, are given by wlz, = 0pq + s — ﬁ and wpp =

(1—a)BR < (1—p)ar, wpr and wro intersect at ¢ < =

a(1-p)

1-6p "

) The boundaries between 7] and R + r and between 75, and R + r
The boundary between 75, and 5, is given
Denote the
If (1-a)BR>(1-p)ar, wyy and
+ (1—86h) > 1%~ The boundaries between m and 73, and

dlot(1-0)8-08-sB-R 14

Ifg<qg w<w Online p=dq+s Al
w € (w,wo] Online p=6dg+s B
Ifqe (4,4"], w<wos Online p=4dq+s All
max (wos, Wog) , a (1 — ) offline,
w e Both q < ﬁ pP=4q
min (wpo, wWso) af and (1 — «) B online
af and a (1 — 8) offline,
92 =5, P=0nq+s
(1 — «) S online
w € (W, wo] Online p=10dn,q+s B
Ifqe (¢",4d], w<max(wop,wog) Online p=4dq+s Al
w € (max (wop, wop) ,min (wpr,wpr)] Both same above same above
w € (min (wpr,Wsr), WFO] Offine p=gq a
w € (wro,wo Online p=dnqg+s fB




Ifg>q¢ w<weg Online p=4dqg+s All
w € (wop,wpo] Both p=6ng+s af and a(l— ) offline, (1 — ) S online

w € (Who, W] Offline p=gq «

where ¢" < %5 if (1-a)BR < (1—pB)ar; > %5 o/w. Outside these regions, the retailer
chooses not to carry the product.
2) We now derive the equilibrium. (1) In the region of 7(q,w) (offline), (i) at the upper

boundary, wp = ¢ — £, by maximizing 7 (g, w) = (w — cg®)cv, the manufacturer sets ¢* = 5

2¢?
and gets 72" = £ — R, (ii) at (¢’,%'), by maximizing 7™ (¢, w), the manufacturer sets ¢* =
R— SpR— 1—63,) (88, R+aBs—ar)—c(BR+afs—ar)?
SRR > g = PSR, and gots mfyr = OUMERATGEepbAbradarl and (i)
at the upper boundary, wpo = (2= )j:ﬁsﬁ =R 1y maximizing 77 (¢, w), the manufacturer sets
_ (a—6nB) 1 _ a(a—=pon)* _ a(Bs+R-r)
i e R T e e =)

S

(2a) In the region of m3(q,w) = m; (both), which happens when ¢” < -, (i) at the upper

boundary, wpr = ¢ — ==, by maximizing 7 (¢, w) = (w — ¢¢®) [a + (1 — ) f], the manufac-
(1-a)

/87
turer sets ¢* = -, and gets 7" = |+ — ~———|[a+ (1—a)p], (i) at (¢”,w"), the manufac-
2¢ a 4c (1-a)B
turer sets ¢* = (1(_1a_)£l]){(_1(_1;)%)2w + (1f5h) > L (because (1 — ) BR < (1— ) ar), and gets m™* =

2
1—a)BR—(1-p)ar s r 1—a)BR—(1-p)ar s
[( (1_)5h)(1(_a)g)2 T e T ¢ {( (1_)5h)(1(_a)5)2 + (1%)} ] [+ (1 — @) B], and (iii) at the

upper boundary, wpo = Q[O‘Jr(l_ogg:%)ﬁ]_sﬁ_}%, the manufacturer sets ¢* = i [1 + (i(_ligﬂ > %,

2
and gets " = [410 [1 + ga?‘g)ﬁ} - ;(Bltg)} [a+ (1 —a)p].

S

(2b) In the region of 74(¢q, w) = m; (both), which happens when ¢’ > 5 (i) at the upper

boundary, wfy,  “HeHI=e e lect =00 by macimizing 77 (g, w) = (w-cq?) o+ (1~ @) Bl
2
the manufacturer sets ¢* = % < i, and gets m"* = [ﬁ %]

—I—%] [a+ (1—a)pB], (ii) at (¢",%"), the manufacturer sets ¢* = (1(—101)511)%(—1gﬁ—)i)2ar +

s Mk op o —a)fl—a —a —(1-B)ar
ey < + (because (1 — a) BR > (1 — 8) ar), and gets )™ = | ?1[7;5)1(17)5)}012 R—c((l(lji’f(l(fﬁ)i)g +

OpT

(1_s6h))2 — T35 + 1_35h] [+ (1 — «) B], and (iii) at the upper boundary, wj&?o =0pq+s— ﬁ,




2
the manufacturer sets ¢* = % < &, and gets 7 = [% +s5— ﬁ] [a+ (1 —a)p].

(3a) In the region of 75(¢q, w) = nh, (online), the upper boundaries wj, 5 between 7l and 7},
wop between 7, and 7, wor between 7l and 7], and w’ between 75, and 75, are all decreasing

62
in ¢q. Hence, the manufacturer sets ¢* 3(:7 Y=0q"+s -1yt =k +s—r.

(3b) In the region of 75(q, w) = 7}, (online), at the upper boundary, wo = 6,g+s, by maximizing

2
(g, w) = (w — cq?)3, the manufacturer sets ¢* = ‘;C, =0pg" +s—r/B, T = % + 58 —r.

The decreasing rates of the manufacturer’s profits in R determine the sequence of emergence of
each of the above equilibria: (i) When ﬁ is high enough, we have offline (case 1) appear first,
then both (case 2a), and finally online (case 3a or 3b), as R increases; (ii) Otherwise, we have offline
(1), then both (2b), and finally online (3a or 3b). The equilibrium quality, prices and profits are
summarized below:

(i) When % is high,

A< B, Offfine ¢* =, w' =¢" — £.p" = ¢",Q" = a.7ii’ = £ — Ronls = R+r
* _ BR—ar+afs _ BépR—ar+apfs * % *
¢ =S T e = P =4, Q =

IfREe (EF,EF} ,  Offline

2
ot = aﬁ(l—5h,)(ﬁ5h,R-;%/j-(sl—j;}j)—ZC(BRﬁ-aﬁs—ar) T =R+

* _ a—fB5 x _ (a—B&y)? Bs+R—1r _x __ % *
— ~ q = — > 77“) — 9¢(a—B)2 — P =4a 7Q -
it Re (Re i), Offfine selamf) oz sela=pt ey

T ey N SLUMPSY
5 ey

e = Ge(a-p)? (a=p) Me ™ " (a—p) 2c(a—

* 1 * * ™
. qg =5,,wW =4 —j»p =¢,Q"=a+(1-a)p,
IfRe (Rl,EB], Both 2 (1-)p

= [d - gt | e+ (- @) B, 7 = s e+ (1— ) B) > R+7

(1 a)BR—(1—-B)ar s 1 k% r * % *
Gospi—mp® T e > 20w =4 — qmap P =¢Q =a+(1-a)p,

If Re (Rg, Rp], Both
=0 - g —e?] o+ (L= @) Bl m" = s la+ (L= 0) B = Rt

2
* 1 (1-=6,)8 1 x 1 (1—-63)8 sB+R
4 =3 [1 + a(l—hﬁ)] > 55W = 55 [1 + a(l—hﬁ)] ~ a(I-8)’

p* :q*7Q* :CM+(1*O{)[‘37

IfRe (EB,RQ} . Both ,
wr = [ [ 250] - e v - 08

T 5L s s
mL = [—%[ +(i(1' ]({1(1 hgf-s-agtg)} [+ (1—a)B]>R+r




q*:%7w*:6hq*+‘s_r/ﬁ7
s<3$§
2
. PT=0ng" 45, Q" = Bty = Tk +sf v
If R > Re, Online T =R+
q = %,w* =6q" +s—r,
s> 3§
2
P =0 +5Q =15 =L +s—r

where, Ry is such that 77%" = n"*, and Ry is such that 7" = 732" or 7.

(ii) When %~ is low, for R < Ry, and R > Ry, the equilibrium is the same as in (i).

x __ Oplat(l—a)B]— On % _ 1 (bplat+(1-a)f]-a)? [at+(1—a)B]—
qa = hazc(kz)@ S <P wt =g ha(17a)a2ﬁ2 -4 2 (17;);3 of

R P =0rq"+5,Q =a+(1-a)p,
IfRe (Rl,EB} . Both

mx Opla —a)f]—« 2 sla —a)B]—r
wp = | [mlegissp=e)” y desoapior] 0y (12 a) ),

.~ [(lféh,>a2<f(hi[f:>(21;2a>mfa> +s— s[a+((11:aa)>ﬁmfr] [a+(1—a)f]>R+r

* _ (1—a)BR—(1—-B)ar s Sn * _ (Opla+(1l—a)B]—a) as—dpT
¢ = Tmaa—pa? T T S 200 T toaa-pa? 0T Thje

p* :5hq*+3»Q* :Of+(1*0()/87

5) 2
If Re (R, Re|, Both Splat(1-a)fl-ap ((1—a)BR—(1—B)aT s )
(& R e R=c(Tasnmmer T o ot (1— )]
Spr s
_(1—}6h)a 1-5,

Wg*:ﬁ[aJr(lfa)ﬂ}zRJrr

2
fhe (B i Both =< aw =Pt s p =0 +5,Q =a+(1-a)B,
e( B, Q]a ot

2
= [ s - o] e+ (L= @) 8,7 = gy la+ (L= a) Bl = Rt

Note that in the region, R € (]:21, Rg], the manufacturer’s profit 7™ is higher than that in Section
32. m

Figure A1l depicts the equilibrium wholesale prices in the model of Section 3.3.

Proof. of results in Section 4.1 (Two Wholesale Prices) and Lemma 2: When carrying the
product in both channels, only two cases are not dominated by the other strategies: (i) 7§ =
(g —wi)a(l—B)+(q —we) f =, for g < ﬁ; and (ii) 75 = (0pg + s — w1) a4+ (0pg + s — w2) (1—
a)f = m; o/w, where p = ¢ if ¢ < ﬁ; dnq + s o/w. Carrying the product in both channels

T

gives 75 = min [m;, 7], carrying it offline only gives 7] = (¢ — w1)a + r, and carrying it online

10



Offline Both Online Offline Both Online

Eqpilibjum:wholesale price

(w")

Biscline equilibriun}
whole$ale, price

Equilibrium wholesale price (o)

(w)

Bascline cqilibritm
wholesale pricé|
= i (wo)

Ry Ry Ry Ry
1 002 0.04 0.08 008 0.1 012 0.14 018 018 02 0.02 0.04 0.06 008 01 012 014 0.8 018 02
Participation Criterion R Participation Criterion R
(a) When s and/or 4y, is Small. (b) When s and/or §j, is High.

Figure 1: Equilibrium Wholesale Price as a Function of R in the Model of Section 3.3. (The
parameter values are the same as in Figure 3.)

only gives 75 = max [(0;q + s — w2) + R, (6pq + s — w2)B + R] = max [}, 75,]. The retailer’s best
response remains the same, except that the boundary conditions are obtained using the above profit
functions. Below, we derive the equilibrium in the region of carrying the product in both channels,
with two subcases. In the case of carrying the product offline- or online-exclusive, the equilibrium
remains the same because of the single wholesale price.

(a) In the region of 75(q,w) = m,, which happens when ¢” < 5

Subregion (i) at the upper boundary, wppe = awpri + (1 — a)g — v/, by maximizing 7" (q, w) =

(w1—cq?)a(1—B)+ (w2 —cq?) B, the manufacturer sets wi = ¢*, wy = ¢*—r/B, ¢* = 5=, which is the

same as above, and gets 77" = L[a(1 — ) + 8] — r, which is higher than above. Subregion (iii) at

the upper boundary, wgo; = q[a(l_ﬁ)zﬁzga_ﬁ‘s)h)]_sﬁ_}z (same as above), the manufacturer sets wj =

o=BIBOB =88R _ o (=BG IBAR e o o (15,05
B =" = BRI g = g0t = 4 1

] > % which is lower

—0
than above (¢" =  [1 4+ 520] > 1), and gets 7" = (a"—cq'?)[a(1-5)+6] ~[s0+ B 516"
which is higher than above. According to continuity theory, in the intermediate region (ii), the

optimal ¢* and w* are linear functions between the above values. it
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(b) In the region of m5(¢q, w) = mj, which happens when ¢" > %50

Subregion (i) at the upper boundary, Wz = (0pq + $) — % (same as above), by max-

imizing 7" (q,w) = (w1 — cq®)a + (w2 — cg?) (1 — ) B, the manufacturer sets w; = dnq* + s,
* __ 6 * . . .

ws = (0pg* +5) — %, g = g—’é - m < % which is higher than above (¢* =

On e

%~ 2o ays < 20 and gets 7 = (0pq* + 5 —cq*?) [a + (1 — @) ]~ ([¢" — (9nq" + )] + 7) which

is higher than above. Subregion (iii) at the upper boundary, w5, = (dpg +s) (1 — B) + w23 — g,

R

o’

wy = 0pq" + s, ¢F = g—’g < £ which is the same as

the manufacturer sets wi = (9,¢" +s) — %

above, and gets 7" = % +s5— 04-5-(1#—04)6 [+ (1 — «) 8] which is higher than above. According
to continuity theory, in the intermediate region (ii), the optimal ¢* and w* are linear functions
between the above values.

Hence,

(i) when %~ is high (switch segment a8 buy online)

(a) The manufacturer offers a product of high quality ¢* = 2%: + %, which happens in the

upper region of R.

(b) The retailer still gets 7§ = (s —(1=6n) 5 [1 + %]) B+ R.

(¢) The manufacturer’s wholesale prices wj = ¢* > (w) = ¢* —r/f in main model), and w] =

q — % (< wj = ¢* in the main model).

(i) when % is low (switch segment o3 buy offline)

(a) The manufacturer offers a product of low quality ¢* = ‘;—’; — m, which happens in the

lower region of R;

(b) The retailer still gets w5 = [(1 —n) (‘Lh - M) - s] a+r.

C

g —=(0ng* +9s)]atr .

(¢) The manufacturer’s wholesale prices wj = dpq¢* +s > (> wi = (6pq* + ) (—a)p in

main model), and w} = (0p,¢* + )

— 8 (< wj = 6p¢* + s in main model). =

Proof. of results in Section 4.2 (Two Retail Prices): The firm has two possible pricing strategies:
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1) p1 = q, and py = 6pq + s; and 2) p; = ¢, and p2 = d;¢ + s, and each consumer type purchases

from either channel, as follows:

Table A3. Consumers’ Channel Outlet Choice with Differential Pricing

Consumer Type When p2 = 619 + s When p2 = dig + s
More-online-skilled, offline-accessible buy in either channel buy online
Less-online-skilled, offline-accessible buy offline buy in either channel
More-online-skilled, offline-inaccessible ~ buy online buy online
Less-online-skilled, offline-inaccessible ~ no purchase buy online

We analyze below the conditions under which the retailer will choose strategy (1) over (2). Under
strategy (1), 71'(1) = [max (q,0pq + s) —w]af+ (¢ —w)a(l—pF)+ (dhg + s — w) (1 —«a)B and 71'2’11) =

(w—cq?)[1—(1—a) (1 — B)]. The manufacturer will price the product such that the retailer will gain

max(q,0nq+s)af+(0ng+s)(1—a) B+qa(1—F)—(dng+s)B -
at+(1—a)B+pB o

more than her profits under online-exclusive, i.e., w <
w(y). Similarly, under strategy (2), where o) = (019 + s — w) af + [max (q, 0 + s) —w]a(l — 8) +

(0ig+s—w)[(1—a)f+(1—a)(1—p)] and o) = (w — cq*), the manufacturer will price the product

such that w < max(q"slq+5)a(1_5)+(5ﬁrﬁs)[(1—°‘)+a5]—(5hq+3)5 = w(y). The manufacturer then chooses

L. 0 19} . Sy e .
q by maximizing W?ll) or ﬂg). Because % > 1;;2), it must hold that the equilibrium quality

*

4y > qa). In addition, the higher d;, the higher qi“l). Therefore, when 9, is sufficiently high, the
manufacturer will prefer (1) to (2) because of a sufficiently high profit margin, even though the
demand under (1) is lower than (2); he will prefer (2) otherwise. m

Proof. of results in Section 4.3 (Retailer Dictating Wholesale Price): We know that the retailer
sets his retail price at ¢ in the case of offline-exclusive, at §,¢ + s in the case of online-exclusive,
and at ¢ (or dpq + s) when - is high (or low) in the case of brick-and-click. It follows that the
dp

retailer will set the optimal quality ¢* at 2% in the case of offline-exclusive, at 3* in the case of

online-exclusive, and at 5- (or %) when %~ is high (or low) in the case of brick-and-click. m
h

Proof. of results in Section 4.4 (Two Qualities): Suppose that the retailer accepts both prod-
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ucts. Given consumers’ utilities below

Consumer Type Proportion Uy Uz

More-online-skilled, offline-accessible af Qg —p1 Ong2+8—p2
Less-online-skilled, offline-accessible a(l—p5) g1 —p1 dig2+s—Dp2
More-online-skilled, offline-inaccessible (1 — «)f / Ong2 + s —p2
Less-online-skilled, offline-inaccessible (1 —«a)(1 —8) / 0192 + s — p2

there are three scenarios in the retailer’s pricing strategies:
(a) The retailer sets prices p; and py, such that ¢ — p1 > dpq2 + s — p2 and dpq2 + s — p2 > 0.

Consequently, p1 = ¢1 and ps = §p,q2 + s. And the market demand and firms’ profits are given by

(D17D2) = (aﬂ_‘_a(l_ﬁ)a(l_a)ﬁ)
Tse) = (@ —wi)a+ (6hg2 +5—w2)(l—a)f

Ty = (w1 —cqi)a+ (w2 —cg3)(1 - a)p

(b) The retailer sets prices p; and pe, such that ¢; — p1 > §g2 + s — p2 and d;g2 + s — p2 > 0.

Consequently, p1 = ¢1 and p2 = §;q2 + s. And the market demand and firms’ profits are given by

(D1,D2) = (a1l =B),af+(1-a)B+(1—-a)(l-p)
Ty = (@1 —wi)a(l = B) + (digz + 5 — wa) B + (1 — )]

Ty = (= cqp)a(l = B) + (w2 — cg)af + (1 - a)]

(c) The retailer sets prices p; and po, such that ¢ — p1 > dpq2 + s — p2 and &2 + s — pa > 0.

Consequently, p1 = ¢1 — ¢2(dp, — 0;) and p2 = ;g2 + s. And the market demand and firms’ profits

14



are given by

(D1,D2) = (aB+a(l-0),1-a)8+(1—-a)(l-75)
7rg(c) = (@1 — q2(0n — &) — w1 a + (01q2 + s — w2)(1 — @)

T3y = (wi— cq)o+ (wo — cg3)(1 — @)

By comparing wg(a), wg(b), and ﬂ'g(c), it is easy to show that the retailer chooses pricing strategy

(a) when dy, is large, (b) when 6, is intermediate, and (c) when ¢y, is small because

Tha) < Thp) =
af+(1—a) (s—w)af+(1—-a)— (g —w)af (s—ws)
R e A (1~ a)ba: -
r r 1 (57102)(1704)(1*/8)
T = a0 = O SO sl YT (- a)B + a)
(g1 —w1)B

Suppose that the retailer accepts only the low end product, and carries it online only. We have

that po = §;q2 + s. Firms’ profits are given by

my+ R = max[(dq2+ s —w2),(0pg2 + s — w2)f] + R

Ty = (w2 —cgj) or (w2 — cg3)p

Suppose that the retailer accepts only the high end product, and carries it online only. We have

that p;1 = ¢1. Firms’ profits are given by

m+r= (g —w)a+ra"=(w — cq%)a
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The retailer will accept only the low end product if

(1 —wi)a+ (Opg2 + s —w2)(1 — @) B,

(g2 + 5 = wa) + R =max | (g —wy)a(l = ) + (figz + 5 — wo) @B + (1 - )],

(g1 — q2(6p — &) —wn]a + (Gig2 + 5 —w2)(1 — )

The retailer will accept only the high end product if

(g1 —wi)a+ (Ong2 + 5 —wa)(1 — @) B,
(@ —wi)a+7rZmax | (g —w)a(l — ) + (§ig2 + s — w2) [ + (1 — )],

(g1 — q2(6p — &) —wr]a + (Gig2 + 8 —w2)(1 — )

We limit our attention to the optimal quality levels at the tipping point from brick-and-click to
online-only and the tipping point from offline-only to brick-and-click. Following a similar arguement
above, the manufactuer determines her wholesale prices and product quality levels by maximizing
her profits in each of the following scenarios.

(a-1) From both to online only,

max myl) = (w1 — cqd)a+ (wo — cg3)(1 — )p
s, Ty = (@ —wi)a+ (Ghg2 +s—w2)(1—a)B = (qg2 + s —w2) + R
We then have ¢ = i and g5 = g—}é.
(a-2) From both to offline only
max 7y, = (w1-— cqt)a+ (we —cg3)(1 — a)B
st Ty, = (@ —w)at (0hge+s—w2)(1—a)B 2 (g1 —wi)a+r

16



We then have ¢} = 5 and ¢} = on

2c 2c”
(b-1) From both to online only,
max 7y = (w1 — cgd)a(l - B) + (ws — cad)af + (1 — )
st g = (@ —wi)a(l = B) + (hge + 5 —wa)[af + (1 - a)] > (dig2 + 5 —w2) + R
We then have ¢} = i and g5 = %.
(b-2) From both to offline only
max 7y = (w1 — cgd)a(l - B) + (ws — cad)af + (1 — o)
stomy = (@ —wa(l—B)+ (Guas +5 —w)oB+ (1 —a)] > (@1 — wi)a+r
We then have ¢i = 5= and ¢} = %.
(c-1) From both to online only,
max Ty = (wi— cqid)a + (wy — cg3)(1 — a)
st Ty = a1 —q2(0h —0) —wila+ (g2 + s —w2)(1 — @) = (dig2 + s —w2) + R

8;— (87, —8;) -2
We then have ¢ = L and gf = 2= s

2c
(c-2) From both to offline only
max Ty = (w1 — cqid)a + (wy — cg3)(1 — a)
s.t., Fg(c) = (g1 —@0r—08) —w]a+ (g+s—w)(l—a) > (¢ —w)a+r

2c u

We then have ¢ = 2% and g5 =
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Proof. of results in Section 4.5 (Two-Part Tariff Supply Contract): Results are obvious because
the fixed fee does not interact with product quality in the retailer’s best response function or the
manufacturer’s profit function. m

Proof. of results in Section 4.6 (Retailer’s Endogeneous Participation Criterion): Results
immediately follow by inspecting the retailer’s profit in Figure 4(b), which is weakly increasing for
R < Rg, followed by a drop at Ry, and then is increasing for R > Rj. The equilibrium quality level
remains the same as in the main model, because the retailer’s endogenous participation criterion
does not affect the basic premises of the manufacturer’s profit maximization. m

Proof. of results in Section 4.7 (Partial Online Access): When the product is carried as brick-
and-click, 75(q,w) = min [my, mg], where 75 = (¢ — w) [a(1 — B)y + Bv] = g for ¢ < =%, and
= (0pg+ s —w) [ay + (1 —a)By] = 7; o/w. When the product is carried as offline-exclusive
71 (¢, w) = (¢g—w)a+r, and online-exclusive 74 (g, w) = max [rh;,, 75, ], where 7}, = (§;,g+s—w)y+R
and 75, = (6pq + s — w)By + R. Following a similar argument. We obtain the equilibrium quality

as follows. When offline-exclusive, for R € (ﬁF,EF], g = % > 2%; R € (EFJSQ},

g = % > % When brick-and-click, (i) if ﬁ is high, the equilibrium quality ¢* =

i {1 + %} (< q = i [1 + (;(*15_}%?] in main model) for R € (EB,R2:|; (ii) if ﬁ is low,

¢ = % < % (> q- = % in the main model) for R ¢ (Rl,ﬂB}. When

online-exclusive, the equilibrium quality remains the same. m

Proof. of results in Section 4.8 (Continuous Consumer Heterogeneities) and Lemma 3: The
retailer’s profit from the new product is given by 7" (p, ¢, w) = Q1(p)-(p — w) and the manufacturer’s
profit is given by 7" (p, ¢, w) = Q1(p) - (w — cqz), with I = {0,1,2,3}. In the offline-exclusive case,

the offline demand is given by Q1(p) = %2. In the online-exclusive case, the online demand is given
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1 ifp<8g+s

by Q2(p) = B ifpe (6ig+ s,0nq+s] - In the case of brick-and-click, the demand is given by
\ 0 otherwise
' 1 ifp<ég+s
Qs(p) = B+(1—B)52 ifpe (8qg+s,duq+s] - The manufacturer decides (¢, w), and then
=P otherwise

the retailer decides whether to carry the product and, if carrying it, his retail price p.

In the case of offline-exclusive (the same as in the baseline case), the equilibrium results are
below. From FOC, the retailer’s best response retail price is p* (¢, w) = %(q + w), and he carries
the manufacturer’s product when 7" (q, w) = % (¢ — w)2 > R. Substituting the best response retail

rice into the manufacturer’s profit and from FOC, we obtain the equilibrium ¢* = &, w* = &
b

2¢? 8¢’
p* = %, = ﬁ, and 7" = 128 Toscz;- Lo satisfy the retailer’s participation criterion, we need
T = 25662 ;> R. When it does not hold, i.e., ¢ > S \ﬁ we have the manufacturer’s maximum

possible wholesale price given by ¢ — 2v/ Rt. Substituting this maximum wholesale price into the

manufacturer’s profit and from FOC of quality ¢, we get ¢* = QL * — 2V Rt, p* = 5= — VR,
™ =R, and 7™ = ‘2; 2R. That is, when the margin cost is low, i.e., ¢ < 16f or R < 16216%,

the retailer’s participation constraint is not binding, i.e., n" > R. That the retailer gains

25602t
more than R is due to his added ability to fine-tune the retail price in the linear model. In the case

of online-exclusive, the equilibrium remains the same.

In the case of brick-and-click, the retailer’s best response retail price is given by p*(q,w) =

0q + s f2(1 B)<s+5lq—qi"

+ t8 . B + . .

o e if Py (s +6,g — Y s+ 5 — 4 w] . Note that the retailer will not set
Onq + s if pTg ﬁ)>8+(5hq—m

his retail price higher than dpq 4+ s because, otherwise, this case reduces to the offline-online case.
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The equilibrium quality and wholesale price are given by

B ugei(rh o)
¢ = i 1f(1t_55)6(%(s%—%—ﬁ),%(sﬂL%—éﬂ
7 1f(1tg)>§(5+%_ﬁ>
T is-R 1f(1t_ﬁﬁ)§§<s+%—liﬁc>
W= Rty e (3o ) (s B - )]
W ot > 4 (s 8 2)

where
A [pt—s(1-B)
+one Bt — s (1— B)] (1—on) (1 B)
L es(1— B) — Bt +8u(1— 81)(1— ) + (9 +3es) (1-00)° (1 - 9)°
¢ 30— on)(1— Ble - 30— on)(1— Ble
SR (R+r)t
w’ = opq +S—

(1=6n)(1 = B)q" — (1 - B)s + bt

One can observe that the impact of s and d, on ¢” is mainly dictated by the first term,

cs(1-8 )3;16? gg&(igf g)(lfﬁ ) which is increasing in both s and &,. Hence, consistent with our main

model, the manufacturer designs a product of higher (lower) quality than the baseline case when s
and/or 8y, is high (low), i.e., goon > 5= (Gcon < 5=)- ®

Proof. of results in Section 4.9 (Inspect Offline and Buy Online): As discussed above, con-
sumers z < 1[(1 — 0)g — s] will first inspect the product in-store and then purchase it online.

Meanwhile, we need to satisfy ps < p;. Hence, consumers either purchase the product online di-

rectly or inspect it offline and then buy online. The firm’s profit in brick-and-click is given by
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1 if po < d1q + s
s = Q3(p2) - (p2 —w), where Q3(p2) = B+ (1—B)EE2 ifpy € (8,g+s,6nq+ s] - Hence,

P2 otherwise

\
brick-and-click in this case is identical to that without such strategic behavior except that we
require po < p;. W
Proof. of results in Section 4.10 (Uncertain Demand): We illustrate the extension using Section

3.2. We show below the derivation of the equilbrium qualities by using the same notations as above.

™ (g,w) = {[p(1=A)+ (1 =p)w—[pAh+ (1 —p) N] —cg’} - Q(q)

m(gw) = [pA=A)+A-p)]-(p—w) Q)

(1) Equilibrium quality in region R € (R, R} From 77 (q,w) (= [p(1 = A) + (1 = p)| (¢ —w)a+71) =

m5(q, w) (= [p(1 = A) + (L = p)] (0ng + s — w) 5 + R), we get

@:Ka—%wmﬁﬁw( N+ (1—p) - Rir
(0= B) (1= ) + (L= p)

Substituting it into 7™ (g, w) = {[p(1 — A) + (1 — p)] w — [pAh + (1 — p) M| — c¢*} o and optimizing

q get

_ (a—Bdp)
= 2¢(a — P)

(2) Equilibrium quality in region R € (E, m . From w = wp, where wo = 0pq+s— m,

we get,

' BR — ar + afs
T A= =N+ -p)

(3) Equilibrium quality in regions R < R and R > R, the equilibrium quality is m of
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that in Section 3.2. As a summary,

. * 1 * 1 1 R *
IfR<R, Offtine  ¢* = spr=xyra=py ¥ = pa=nra=p (2 ~a) ™ = R+r
R i * BR—ar+ap * BépR—ar+af T
fRe(BR], Offine ¢"=gu=g paonra=an ¥ = spa-sopa—n+a=ay ™ = B+7
g = 2B (a=Bon)a—Bs R—r

IfRc (§7 R] . Offline 2c(a—p) (a=B) (a=B)[p(1=2)+(1—p)]

T* a—pB36 a—B0y)q—PBs _

i = [y - ORIt  [p(1 = ) + (1- p)a+ Efatr
~ SS*§:q*:%vw*zéhq*""s—%fﬁg*:fi"'_r
IfR> R, Online 2¢[p(1-A)+(1-p)] Blp(1=X)+(1=p)]
ALk §; * * r T
$>58: 4 = spaora W =0 s - parap ™ = BT

where R = Wfas[p(l—A)Jr(l—p)]Jr%,R: %fas[p(l AN+ =-pl+ %
It is easy to see that the equilibrium quality ¢* in regions R < R, R € (E, m and R > R increases
and w* also increases. In the region R € (E, R}, q* stays the highest as in Section 3.2, while w*
reduces. The retailer’s profit or surplus in R € (E, I:{} increases with R as in Section 3.2. It is easy

to see that g—? > 0 and % < 0. Similar results can be obtained for an extension similar to that in

Section 3.3. m
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