
Ananthakrishnan et al.: Online Reviews and Political Consumerism
Article submitted to Management Science; manuscript no. MS-INS-2023-02789 33

Online Appendix for
“Political Consumerism and the Emergence of Rare
Information on User-Generated Content Platforms”

Uttara M. Ananthakrishnan
Heinz College of Information Systems and Public Policy, Carnegie Mellon

University, Pittsburgh, PA 15213
Email: uttara@cmu.edu

Xingchen Xu
Michael G. Foster School of Business, University of Washington, Seattle,

WA 98195, USA
Email: xcxu21@uw.edu

Maria Mitkina
Uber Technologies, Inc., San Francisco, CA 94158, USA

Email: mmitkina@uber.com

Yong Tan
Michael G. Foster School of Business, University of Washington, Seattle,

WA 98195, USA
Email: ytan@uw.edu



Ananthakrishnan et al.: Online Reviews and Political Consumerism
34 Article submitted to Management Science; manuscript no. MS-INS-2023-02789

A
pp

en
di

x
A

:
Su

m
m

ar
y

of
Id

en
ti

fic
at

io
n

C
ha

lle
ng

es
an

d
R

el
at

ed
C

he
ck

s

Ta
bl

e
A1

:S
um

m
ar

y
of

Co
nc

er
ns

an
d

An
al

ys
es

C
on

ce
rn

s
R

el
at

ed
R

ea
so

ni
ng

an
d

A
na

ly
se

s
R

el
at

ed
Li

te
ra

tu
re

R
el

at
ed

Se
ct

io
n

R
ev

er
se

C
au

sa
lit

y:
A

n
in

cr
ea

se
in

vi
sit

s
m

ay
le

ad
to

a
gr

ea
te

r
vo

lu
m

e
of

re
vi

ew
s,

th
er

eb
y

en
ha

nc
in

g
th

e
lik

el
ih

oo
d

of
re

ce
iv

in
g

a
B

la
ck

-o
w

ne
d

re
vi

ew
(e

ar
lie

r)
.

1.
N

on
-S

w
itc

hb
ac

k
Tr

ea
tm

en
t:

O
nc

e
a

re
st

au
ra

nt
re

ce
iv

es
its

fir
st

re
vi

ew
m

en
tio

ni
ng

B
la

ck
ow

ne
rs

hi
p,

it
re

m
ai

ns
tr

ea
te

d,
as

th
e

Ye
lp

sy
st

em
co

nt
in

ue
s

to
di

sp
la

y
it

in
se

ar
ch

re
su

lts
fo

r
“B

la
ck

-o
w

ne
d

re
st

au
ra

nt
s”

.
T

hi
s

co
nt

ex
t

ex
hi

bi
ts

a
cl

ea
r

no
n-

sw
itc

hb
ac

k
tr

ea
tm

en
t

st
ru

ct
ur

e,
th

er
eb

y
fu

nd
am

en
ta

lly
m

iti
ga

tin
g

co
nc

er
ns

ab
ou

t
re

ve
rs

e
ca

us
al

ity
.

(B
oj

in
ov

et
al

.2
02

3,
C

ha
n

et
al

.2
01

9,
B

ur
tc

h
et

al
.2

01
8)

Se
ct

io
n

4.
2.

1

2.
R

an
do

m
En

tr
y:

W
e

us
e

ba
sic

st
at

ist
ic

s
an

d
gr

ap
hs

to
de

m
on

st
ra

te
th

at
co

ns
um

er
s

ra
re

ly
m

en
tio

n
th

e
ow

ne
r’s

ra
ce

in
on

lin
e

re
vi

ew
s,

an
d

th
e

tim
in

g
at

w
hi

ch
di

ffe
re

nt
re

st
au

ra
nt

s
re

ce
iv

e
th

ei
r

fir
st

B
la

ck
-o

w
ne

d
re

vi
ew

is
ra

nd
om

ly
di

st
rib

ut
ed

.

(G
u

an
d

K
an

na
n

20
21

,
Pe

tr
ov

a
et

al
.2

02
1,

D
es

hp
an

de
an

d
Li

20
19

,
B

ur
tc

h
et

al
.2

01
8)

Se
ct

io
n

4.
2.

1
an

d
A

pp
en

di
x

B

3.
St

at
ist

ic
al

Te
st

of
R

an
do

m
En

tr
y:

W
e

ex
am

in
e

w
he

th
er

an
in

cr
ea

se
d

nu
m

be
r

of
re

vi
ew

s
or

an
y

ot
he

r
re

st
au

ra
nt

ch
ar

ac
te

ris
tic

s
ra

ise
s

th
e

lik
el

ih
oo

d
of

a
re

st
au

ra
nt

re
ce

iv
in

g
B

la
ck

-o
w

ne
d

re
vi

ew
,a

nd
fin

ds
no

ev
id

en
ce

su
pp

or
tin

g
th

is
re

la
tio

ns
hi

p.

(G
u

an
d

K
an

na
n

20
21

,
Pe

tr
ov

a
et

al
.2

02
1,

D
es

hp
an

de
an

d
Li

20
19

,
B

ur
tc

h
et

al
.2

01
8)

Se
ct

io
n

4.
2.

1
an

d
A

pp
en

di
x

B

4.
D

eb
ia

sin
g

w
ith

th
e

Se
m

i-P
ar

am
et

ric
O

dd
s

R
at

io
M

od
el

(S
O

R
M

):
W

e
em

pl
oy

a
se

m
i-p

ar
am

et
ric

ap
pr

oa
ch

to
jo

in
tly

m
od

el
th

e
tr

ea
tm

en
t

as
sig

nm
en

t
an

d
ou

tc
om

e
ge

ne
ra

tio
n

pr
oc

es
se

s,
eff

ec
tiv

el
y

m
iti

ga
tin

g
po

te
nt

ia
le

nd
og

en
ei

ty
iss

ue
s.

(Q
ia

n
an

d
X

ie
20

24
,F

ei
t

an
d

B
ra

dl
ow

20
21

,Q
ia

n
an

d
X

ie
20

14
)

Se
ct

io
n

4.
2.

1
an

d
A

pp
en

di
x

C

Si
m

ul
ta

ne
ity

:I
n

th
e

fir
st

tr
ea

tm
en

t
m

on
th

,b
ot

h
th

e
tr

ea
tm

en
t

va
ria

bl
e

an
d

th
e

po
st

-t
re

at
m

en
t

ou
tc

om
e

ch
an

ge
co

nc
ur

re
nt

ly
.

5.
Ex

cl
ud

in
g

th
e

fir
st

m
on

th
of

tr
ea

tm
en

t:
W

e
ex

cl
ud

e
th

e
fir

st
tr

ea
tm

en
t

pe
rio

d
fo

r
al

lt
re

at
ed

un
its

in
ou

r
an

al
ys

is.
U

po
n

re
-r

un
ni

ng
th

e
an

al
ys

es
w

ith
ou

t
th

is
pe

rio
d,

we
ob

ta
in

co
ns

ist
en

t
re

su
lts

.

(W
oo

ld
rid

ge
20

10
,A

ng
ris

t
an

d
Pi

sc
hk

e
20

09
)

Se
ct

io
n

4.
2.

1
(T

ab
le

2,
C

ol
4)

6.
D

eb
ia

sin
g

w
ith

SO
R

M
:A

s
di

sc
us

se
d

in
po

in
t

4,
th

e
SO

R
M

is
al

so
eff

ec
tiv

e
in

ad
dr

es
sin

g
sim

ul
ta

ne
ity

co
nc

er
ns

.
(Q

ia
n

an
d

X
ie

20
24

,F
ei

t
an

d
B

ra
dl

ow
20

21
)

Se
ct

io
n

4.
2.

1
an

d
A

pp
en

di
x

C

O
m

itt
ed

Va
ria

bl
e

B
ia

s:
So

m
e

un
ob

se
rv

ab
le

s
m

ig
ht

aff
ec

t
bo

th
th

e
tr

ea
tm

en
t

an
d

ou
tc

om
e

va
ria

bl
es

.

7.
B

la
ck

-o
w

ne
d

Sa
m

pl
e

O
nl

y:
To

en
ha

nc
e

sa
m

pl
e

co
m

pa
ra

bi
lit

y,
ou

r
pr

im
ar

y
an

al
ys

es
re

st
ric

t
th

e
sa

m
pl

e
to

B
la

ck
-o

w
ne

d
re

st
au

ra
nt

s,
al

th
ou

gh
in

cl
ud

in
g

no
n-

B
la

ck
-o

w
ne

d
es

ta
bl

ish
m

en
ts

yi
el

ds
sim

ila
r

re
su

lts
.

(A
ng

ris
t

an
d

Pi
sc

hk
e

20
09

)
En

tir
e

an
al

ys
es

an
d

A
pp

en
di

x
N

8.
Fi

xe
d

Eff
ec

ts
:I

fu
no

bs
er

va
bl

e
fa

ct
or

s
ar

e
re

st
au

ra
nt

-in
va

ria
nt

,
tim

e-
sp

ec
ifi

c,
or

if
th

er
e

ar
e

ci
ty

-le
ve

lu
no

bs
er

va
bl

e
tim

e
tr

en
ds

,o
ur

fix
ed

eff
ec

ts
in

th
e

m
od

el
ac

co
un

t
fo

r
th

es
e

in
flu

en
ce

s.

(C
ha

n
et

al
.2

01
9,

B
ur

tc
h

et
al

.2
01

8,
A

ng
ris

t
an

d
Pi

sc
hk

e
20

09
,A

ut
or

20
03

)

Se
ct

io
n

4.
1

(T
ab

le
2,

C
ol

1)

9.
O

nl
y

“n
ot

ye
t”

tr
ea

te
d

as
co

nt
ro

l:
B

y
fo

cu
sin

g
ex

cl
us

iv
el

y
on

th
e

tr
ea

te
d

sa
m

pl
e,

we
el

im
in

at
e

po
te

nt
ia

lb
ia

se
s

ar
isi

ng
fro

m
un

ob
se

rv
ab

le
s

th
at

m
ig

ht
di

ffe
re

nt
ia

lly
aff

ec
t

tr
ea

te
d

an
d

ne
ve

r-
tr

ea
te

d
un

its
.

(H
oy

ne
s

et
al

.2
01

6)
Se

ct
io

n
4.

1
(T

ab
le

2,
C

ol
2)

10
.R

el
at

iv
e

T
im

e
M

od
el

:B
y

ve
rif

yi
ng

th
at

tr
ea

te
d

an
d

co
nt

ro
lg

ro
up

s
ex

hi
bi

t
sim

ila
r

tr
en

ds
pr

io
r

to
tr

ea
tm

en
t,

we
en

su
re

th
at

un
ob

se
rv

ab
le

tim
e-

va
ry

in
g

fa
ct

or
s

ex
ist

in
g

be
fo

re
tr

ea
tm

en
t

do
no

t
co

nf
ou

nd
ou

r
tr

ea
tm

en
t

eff
ec

t
es

tim
at

io
n.

(A
ng

ris
t

an
d

Pi
sc

hk
e

20
09

,
A

ut
or

20
03

,B
er

tr
an

d
et

al
.

20
04

)

Se
ct

io
n

4.
1

an
d

A
pp

en
di

x
P

C
on

tin
ue

d
on

ne
xt

pa
ge



Ananthakrishnan et al.: Online Reviews and Political Consumerism
Article submitted to Management Science; manuscript no. MS-INS-2023-02789 35

Ta
bl

e
A

1
co

nt
in

ue
d

C
on

ce
rn

s
R

el
at

ed
R

ea
so

ni
ng

an
d

A
na

ly
se

s
R

el
at

ed
Li

te
ra

tu
re

R
el

at
ed

Se
ct

io
n

11
.A

dd
iti

on
al

R
es

ta
ur

an
t-

M
on

th
Fi

xe
d

Eff
ec

t:
W

e
in

cl
ud

e
ad

di
tio

na
l

re
st

au
ra

nt
-m

on
th

fix
ed

eff
ec

ts
to

ac
co

un
t

fo
r

re
st

au
ra

nt
-s

pe
ci

fic
tim

e-
va

ry
in

g
tr

en
ds

,t
he

re
by

pr
ov

id
in

g
a

co
ns

er
va

tiv
e

es
tim

at
io

n.

(B
ur

tc
h

et
al

.2
01

8,
H

en
dr

ick
s

an
d

So
re

ns
en

20
09

)
Se

ct
io

n
4.

1
(T

ab
le

2,
C

ol
3)

12
.P

la
ce

bo
Te

st
:A

fte
r

as
sig

ni
ng

a
pl

ac
eb

o
tr

ea
tm

en
t

to
re

st
au

ra
nt

s
th

at
we

re
ne

ve
r

tr
ea

te
d,

we
fin

d
no

sig
ni

fic
an

t
di

ffe
re

nc
es

be
tw

ee
n

th
es

e
pl

ac
eb

o-
tr

ea
te

d
re

st
au

ra
nt

s
an

d
th

e
co

nt
ro

lg
ro

up
.

(B
ur

tc
h

et
al

.2
01

8)
Se

ct
io

n
4.

2.
2

an
d

A
pp

en
di

x
H

13
.C

oa
rs

en
ed

Ex
ac

t
M

at
ch

in
g

(C
EM

):
Em

pl
oy

in
g

C
EM

,w
e

m
iti

ga
te

th
e

po
te

nt
ia

ld
iff

er
en

ce
s

th
at

ca
n

be
id

en
tifi

ed
fro

m
co

va
ria

te
s

an
d

re
in

fo
rc

e
th

e
ro

bu
st

ne
ss

.

(Z
er

va
s

et
al

.2
01

7,
Ia

cu
s

et
al

.2
01

2)
Se

ct
io

n
4.

2.
2

an
d

A
pp

en
di

x
E

14
.D

eb
ia

sin
g

w
ith

SO
R

M
:A

s
di

sc
us

se
d

ea
rli

er
in

po
in

t
4,

th
e

SO
R

M
is

al
so

eff
ec

tiv
e

in
ad

dr
es

sin
g

th
e

om
itt

ed
va

ria
bl

e
bi

as
.

(Q
ia

n
an

d
X

ie
20

24
,F

ei
t

an
d

B
ra

dl
ow

20
21

)
Se

ct
io

n
4.

2.
1

an
d

A
pp

en
di

x
C

15
.S

en
sit

iv
ity

A
na

ly
se

s:
W

e
pe

rfo
rm

tw
o

se
ns

iti
vi

ty
an

al
ys

es
to

de
m

on
st

ra
te

th
at

ou
r

m
ai

n
es

tim
at

es
re

m
ai

n
ro

bu
st

ev
en

in
th

e
pr

es
en

ce
of

hi
gh

le
ve

ls
of

un
ob

se
rv

ab
le

co
nf

ou
nd

er
s,

st
re

ng
th

en
in

g
th

e
va

lid
ity

of
ou

r
re

su
lts

.

(S
te

ch
em

es
se

r
et

al
.2

02
4,

Se
n

et
al

.2
02

4,
Pe

tr
ov

a
et

al
.

20
23

,C
in

el
li

an
d

H
az

le
tt

20
20

,A
lto

nj
ie

t
al

.2
00

5)

Se
ct

io
n

4.
2.

1
an

d
A

pp
en

di
x

D

Va
lid

ity
of

th
e

O
ut

co
m

e
Va

ria
bl

e.
16

.A
lte

rn
at

iv
e

M
ea

su
re

m
en

t:
To

en
su

re
th

e
va

lid
ity

of
ou

r
ou

tc
om

e
va

ria
bl

e,
we

re
co

ns
tr

uc
t

it
by

in
co

rp
or

at
in

g
tim

e
sp

en
t

an
d

de
m

on
st

ra
tin

g
th

e
ro

bu
st

ne
ss

of
ou

r
re

su
lts

.

(L
ia

nd
W

an
g

20
20

)
A

pp
en

di
x

F

R
es

ta
ur

an
ts

m
ay

re
ce

iv
e

m
or

e
“B

la
ck

-o
w

ne
d”

re
vi

ew
s

an
d

vi
sit

s
du

rin
g

pe
rio

ds
of

he
ig

ht
en

ed
na

tio
na

l
in

te
re

st
.

17
.E

xc
lu

di
ng

th
e

re
st

au
ra

nt
s

tr
ea

te
d

du
rin

g
in

cr
ea

se
d

na
tio

na
l

at
te

nt
io

n:
In

ou
r

m
ai

n
an

al
ys

es
,w

e
ex

cl
ud

e
th

e
re

st
au

ra
nt

s
th

at
re

ce
iv

ed
th

ei
r

fir
st

“B
la

ck
-o

w
ne

d”
re

vi
ew

du
rin

g
th

es
e

pe
rio

ds
.W

ith
th

es
e

re
st

au
ra

nt
s

in
cl

ud
ed

,a
ll

th
e

an
al

ys
es

st
ill

ho
ld

.

(A
ga

rw
al

an
d

Se
n

20
22

)
En

tir
e

A
na

ly
se

s
an

d
A

pp
en

di
x

L

18
.S

ub
sa

m
pl

e
A

na
ly

se
s

by
Ex

cl
ud

in
g

th
e

Pe
rio

ds
af

te
r

th
e

B
LM

pr
ot

es
ts

:W
e

ex
cl

ud
e

th
e

pe
rio

ds
af

te
r

M
ay

20
20

an
d

re
ru

n
th

e
an

al
ys

es
,

sh
ow

in
g

co
ns

ist
en

t
re

su
lts

.

(A
ga

rw
al

an
d

Se
n

20
22

)
Se

ct
io

n
4.

2.
1

(T
ab

le
2,

C
ol

5)

R
es

ta
ur

an
ts

th
at

re
ce

iv
e

“B
la

ck
-o

w
ne

d”
re

vi
ew

s
m

ig
ht

ha
ve

vi
su

al
cu

es
th

at
di

re
ct

ly
at

tr
ac

t
vi

sit
or

s
an

d
co

nf
ou

nd
th

e
eff

ec
t.

19
.S

ub
sa

m
pl

e
A

na
ly

se
s

w
ith

O
ffl

in
e

V
isu

al
C

ue
s

re
m

ov
ed

:W
e

m
an

ua
lly

ex
cl

ud
e

sa
m

pl
es

di
sp

la
yi

ng
vi

su
al

cu
es

in
di

ca
tin

g
th

e
ow

ne
r’s

ra
ce

an
d

pe
rfo

rm
su

bs
am

pl
e

an
al

ys
es

,w
hi

ch
ru

le
ou

t
th

is
al

te
rn

at
iv

e
ex

pl
an

at
io

n.

(Z
ha

ng
et

al
.2

02
1)

A
pp

en
di

x
G

T
he

im
pa

ct
of

ot
he

r
sim

ila
r

pl
at

fo
rm

s
is

no
t

co
ns

id
er

ed
in

th
is

an
al

ys
is.

20
.G

oo
gl

e
M

ap
s

C
on

tr
ol

:W
e

co
lle

ct
re

vi
ew

da
ta

fro
m

G
oo

gl
e

M
ap

s
an

d
re

co
ns

tr
uc

t
re

la
te

d
va

ria
bl

es
.I

nc
or

po
ra

tin
g

th
es

e
va

ria
bl

es
in

to
ou

r
re

gr
es

sio
n

an
al

ys
es

,w
e

de
m

on
st

ra
te

th
at

ou
r

co
nc

lu
sio

ns
re

m
ai

n
va

lid
.

(B
ur

tc
h

et
al

.2
01

8)
A

pp
en

di
x

I



Ananthakrishnan et al.: Online Reviews and Political Consumerism
36 Article submitted to Management Science; manuscript no. MS-INS-2023-02789

Appendix B: Randomness Timing of First Review

Figure B1 Distribution of Timing of First Black-owned Review

Note: The figure shows the number of restaurants with the first “Black-owned” review
over time. Observations before 2016 are not shown in this graph.

Figure B2 Distribution of Pre-Treatment Cumulative Number of Reviews

Note: The figure shows the distribution of cumulative number of reviews until the
month when the first black-owned review appears.

We include a set of control variables such as the cumulative number of reviews (serving as a proxy for
prior traffic and popularity), distance from other Black-owned restaurants, price level, and the political
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Table B1 Effect of Cumulative Number of Reviews and Other Characteristics on Getting Black-owned Reviews

(1) (2)
AfterBlackOwnedReview=1 AfterBlackOwnedReview=1

CumulativeNumReviewsPast 0.0000636 0.000909
(0.000441) (0.000648)

DistanceBlackOwned 0.0839 0.0980
(0.294) (0.221)

Democratic -0.160 -0.165
(0.151) (0.120)

PriceLevel1 -0.261 -0.247
(0.330) (0.347)

PriceLevel2 -0.306 -0.282
(0.225) (0.274)

PriceLevel3 -0.134 -0.291
(0.392) (0.570)

Constant -2.958∗∗∗ -
(0.290) -

Method Logistic Regression Survival Analyses
Observations 9124 9124

Note: Robust standard errors are reported. * p<0.10, ** p<0.05, *** p<0.01.

orientation of the city (classified as Democratic or Republican based on the 2020 Presidential elections).
Our dependent variable is a binary indicator that remains at 0 until treatment occurs and switches to 1
once the restaurant receives its first Black-owned review. We then employ both logistic regression and Cox
proportional hazards models to examine whether any of these control variables significantly influence the
probability that a restaurant receives a review mentioning Black ownership, thereby affecting its treatment
status. Notably, in both models, the coefficients associated with the covariates are statistically insignificant,
further supporting the randomness of treatment timing.



Ananthakrishnan et al.: Online Reviews and Political Consumerism
38 Article submitted to Management Science; manuscript no. MS-INS-2023-02789

Appendix C: More Details on the Semiparametric Odds Ratio Model
Before constructing the model, we encounter an obstacle: unlike the cross-sectional setting, the DiD set-
ting involves high-dimensional fixed effects. Directly including all these dummy variables is computationally
infeasible, yet they are essential to the model specification. Therefore, we adopt a fixed-point approach to
iteratively demean all three fixed effects (Gaure 2013), which is also the underlying philosophy of popular
packages handling high-dimensional categorical variables, such as reghdfe. Specifically, as outlined in Algo-
rithm C1, we construct adjusted treatment and outcome variables by simultaneously partialing out the fixed
effects. In each iteration, for every type of fixed effect, we first compute the category mean for each possi-
ble value of that fixed effect and then demean each observation by its corresponding categorical mean. For
instance, considering the restaurant fixed effect (αi), we calculate the mean of both the treatment variable
D̂it and the outcome variable Ŷit for each restaurant i, and subsequently subtract these mean values from
the original variables. This demeaning process is applied iteratively to all three fixed effects until the values
of both D̂it and Ŷit converge. Furthermore, if additional controls are employed for the outcome function and
the nuisance function, these controls can be demeaned simultaneously, as demonstrated in Algorithm C1.
Following this procedure, the influence of fixed effects is incorporated into the adjusted variables, allowing
regressions to be performed directly on these variables without the need to include high-dimensional dummy
variables. In fact, if we directly regress Ŷit on D̂it, we will obtain the same estimate of β1 as in Equation (1).

After the variable adjustment process, we consider two functions that must be estimated jointly: the out-
come function (C.1), which quantifies the treatment effect of D̂it on Ŷit and represents our primary interest,
and the nuisance function (C.2), which elucidates the relationship between the error term ϵ̂it and the treat-
ment variable D̂it, thereby addressing potential endogeneity. It is worth noting that the numerical demeaning
process disables the analytical traceability between the adjusted error term and the original ones. As a result,
we must directly model these adjusted error terms, which may not be ideal but is worth documenting as
a robustness check. Further, specifying both equations poses significant challenges, particularly when the
treatment variable D̂it exhibits complex distributional characteristics—such as being bounded and derived
from a binary variable in our case—and when the form of the regressor–error relationship is uncertain. To
address these challenges and ensure robust estimation, the nuisance function is modeled semiparametrically
using the SORM framework (Qian and Xie 2024, Feit and Bradlow 2021, Qian and Xie 2014, Chen 2004).

Ŷit = β0 +β1D̂it + ϵ̂it. (C.1)

fψ(D̂it = d|ϵ̂it = e) =
ηγ(d, d0; e, e0)fλ(d|e0)∫

d
ηγ(d, d0; e, e0)fλ(d|e0)d(d)

(C.2)

While the outcome function (C.1) is straightforward to interpret, analogous to a standard regression
function (Qian and Xie 2024), debiasing it necessitates a comprehensive understanding of the nuisance
function (C.2), which comprises two components: the baseline function fλ(d | e0) and the odds-ratio function
ηγ(d, d0; e, e0).

The baseline function represents the marginal distribution of the treatment variable, conditional on the
error term being fixed at a specific value e0. To minimize the risk of model misspecification, we model this
baseline function fλ(d | e0) nonparametrically by adopting the empirical distribution of the treatment variable
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D̂ derived from the data (Qian and Xie 2024). Specifically, conditional on e0, we observe m unique values
of D̂ with corresponding probabilities p = (p1, . . . , pm). During the estimation process, these probabilities
are reparameterized as λ= (λ1, . . . ,λm), where λi = ln

(
pi
pm

)
and pi =

exp(λi)∑m
j=1 exp(λj)

, allowing for unrestricted
optimization in the estimation procedure.

Furthermore, the odds-ratio function is more complex, as detailed below.

ηγ(d, d0; e, e0) =
fψ(d|e)fλ(d0|e0)
fψ(d0|e)fλ(d|e0)

(C.3)

The odds-ratio function ηγ(d, d0; e, e0) quantifies the ratio of the odds of observing the treatment variable
D̂ at value d relative to d0 as the error term ϵ varies from e0 to e. This concept is analogous to the odds ratio
used to interpret coefficients in logistic regression models. In principle, the odds-ratio function may assume
any functional form; however, consistent with the approach of Qian and Xie (2024), we adopt a log-bilinear
specification for the odds-ratio function due to its simple functional form and inherent flexibility.

lnηγ(d, d0; e, e0) = γE(e− e0)(d− d0) (C.4)

Therefore, with both the baseline function fλ(d | e0) and the odds-ratio function ηγ(d, d0; e, e0) specified,
we successfully derive the nuisance function using a semiparametric odds-ratio approach. Consequently,
we obtain the corresponding likelihood contribution for each observation as fψ(D̂it | ϵ̂it). For the outcome
function, analogous to standard regression models, we assume that the error term (ϵ̂it = Ŷit − β0 − β1D̂it)
follows a normal distribution, ϵ̂it ∼N (0, δ2), thereby obtaining the corresponding likelihood. By combining
both components across all units and time periods, we derive the total log-likelihood function as follows:

logL(β0,β1,γ
E, δ2) =

N∑

i=1

T∑

t=1

[
lnf(ϵ̂it + lnfψ(D̂it | ϵ̂it)

]
(C.5)

Before conducting the formal estimation, a crucial identification assumption for the SORM is that the
treatment variable should not follow a normal distribution. To assess this assumption, we perform both the
Kolmogorov-Smirnov test and the Anderson-Darling, confirming that the distribution of D̂it significantly
deviates from a normal distribution.

To construct uncertainty measurements while addressing potential model misspecification, we employ
bootstrap sampling, repeating the estimation process 25 times to derive the standard errors. In each iteration,
we randomly sample the same number of observations with replacement and perform maximum likelihood
estimation (replacement at the restaurant level and re-demeaning yields consistent results).

Finally, to mitigate computational intensity, particularly for the nonparametric components, we adopt the
profile likelihood approach and, following Qian and Xie (2024), retain only the first two decimal places for
independent variables (treatment and control variables) during bootstrap sampling.23

In the absence of control variables, the debiased estimate of β1 is 0.093 (p < 0.01). We further incorporate
the cumulative number of reviews as a control variable in the outcome function and adjust the nuisance
function to condition on both the error term and the (rounded) control variable. Upon re-running the
analyses, the estimate of β1 becomes 0.185 (p < 0.01). These results collectively reinforce the robustness of
our findings.
23 The estimates are robust to this approximation process.
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Algorithm C1 Iterative Demeaning Procedure (Partial Out Fixed Effects)
1: Initialize adjusted variables:
2: Ŷit←LogV isitsit

3: D̂it←AfterBlackOwnedReviewit

4: X̂it←Controlsit

5: Set convergence parameters:
6: tolerance← 1× 10−6

7: Define fixed effects:
8: fixed_effects← {αi,γt, µct}

9: Initialize variables for convergence tracking:
10: prev_Ŷit← Ŷit

11: prev_D̂it← D̂it

12: prev_X̂it← X̂it

13: Initialize max_change←∞
14: while max_change> tolerance do
15: for all fe in fixed_effects do
16: Compute group means:
17: group_mean_Ŷit←GroupBy(fe)[Ŷit].mean()
18: group_mean_D̂it←GroupBy(fe)[D̂it].mean()
19: group_mean_X̂it←GroupBy(fe)[X̂it].mean()
20: Demean adjusted variables:
21: Ŷit← Ŷit− group_mean_Ŷit

22: D̂it← D̂it− group_mean_D̂it

23: X̂it← X̂it− group_mean_X̂it

24: end for
25: Check convergence:
26: Ŷmax_change←max

(∣∣∣Ŷit− prev_Ŷit

∣∣∣
)

27: D̂max_change←max
(∣∣∣D̂it− prev_D̂it

∣∣∣
)

28: X̂max_change←max
(∣∣∣X̂it− prev_X̂it

∣∣∣
)

29: max_change←max
(
Ŷmax_change, D̂max_change, X̂max_change

)

30: Update previous adjustments:
31: prev_Ŷit← Ŷit

32: prev_D̂it← D̂it

33: prev_X̂it← X̂it

34: end while
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Appendix D: More Details on Omitted Variable Sensitivity Analyses
To evaluate the risk of omitted variable bias, we adopt the method proposed by Cinelli and Hazlett (2020)
and assess the relative sensitivity of unobservables compared to a set of control variables derived from Yelp
review content. To address the computational challenges posed by high-dimensional fixed effects - analogous
to our approach for SORE - we apply the demeaning process described in Algorithm C1 to partial out
these effects. Subsequently, we employ the method described by Cinelli and Hazlett (2020) and illustrate
the sensitivity of the main estimates to unobserved confounders. In the following graphs, the horizontal axis
represents the hypothetical residual share of the treatment variation explained by unobserved confounding,
denoted as R2

D∼Z|X , which is derived from regressing the treatment variable D on the unobserved confounder
Z while controlling for observed covariates X. The vertical axis denotes the hypothetical partial R2 of the
unobserved confounder with the outcome, R2

Y ∼Z|X,D, obtained by regressing the outcome variable Y on Z

while controlling for X and D, where Y is the outcome, D is the treatment, X represents the observed
covariates, and Z is a single unobserved confounder.

Figure D1 Sensitivity Analyses (Cumulative Reviews as the Benchmark)

Since the unobserved variable Z is not available, we approximate its effect by leveraging the observed
covariates. The contour lines in the plot represent the potential treatment effect estimates that would have
been obtained from a full regression model incorporating hypothetical unobserved confounders with specified
strengths. The dashed line indicates a hypothetical treatment effect of zero, whereas the diamond markers
denote the estimated treatment effects under scenarios in which the unobserved confounder is assumed to be
a scalar multiple of the observed covariates. Each marker is accompanied by a numeric label that indicates
the estimated treatment effect when the confounding is as strong as the corresponding level of the observed
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Figure D2 Sensitivity Analyses (Cumulative Reviews with Reactions as the Benchmark)

Figure D3 Sensitivity Analyses (Cumulative Reviews with Images as the Benchmark)

covariates. For example, the left marker in Figure D1 illustrates that when the confounding is 20 times as
strong as this covariate, the effect remains positive (0.015).

Collectively, these contour plots demonstrate that the direction of the treatment effect remains robustly
negative even when confounding is more than 14 times as strong as that of the observed covariates, a threshold
that substantially exceeds the sensitivity limits reported in previous literature (Stechemesser et al. 2024).
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In addition to the Cinelli-Hazlett method, we also perform sensitivity analyses using the traditional
approach proposed by Altonji et al. (2005), which has been widely employed in previous empirical studies
(Sen et al. 2024, Petrova et al. 2023, Galor and Özak 2016, Nunn and Wantchekon 2011). Specifically, we
re-estimate the model by incorporating additional control variables to obtain an alternative set of estimates.
We then compare the new coefficient to that obtained from the regression without the additional controls,
using the ratio defined as βoriginal

βoriginal−βcontrol
. The underlying rationale for this ratio is straightforward: a smaller

difference between the original and controlled estimates suggests that the parameter of interest is less affected
by selection on observables, thereby requiring a stronger selection on unobservables (relative to observables)
to fully account for the observed effect. Conversely, a larger numerator indicates that a greater proportion
of the effect is attributable to selection on unobservables, resulting in a higher focal ratio.

LogV isitsit = β0 +β1AfterBlackOwnedReviewit +β2Controlit

+αi + γt +µct + ϵit
(D.1)

Table D1 Effect of Yelp Reviews with Yelp Review Controls

(1)
LogVisits

AfterBlackOwnedReview=1 0.0905∗∗

(0.0372)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 18070
R2 0.865

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

After incorporating these observables, the coefficient β1 changes from 0.0952 to 0.0905. The similarity
of the coefficients, as reflected by a ratio of 0.0952

0.0905−0.0952 =−20.3, suggests that selection on unobservables
would have to be more than 20 times stronger than selection on observables to fully explain the observed
effect, thereby further mitigating concerns regarding omitted variable bias.
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Appendix E: Coarsened Exact Matching Results
Although our fixed effects account for unobservable differences among restaurants in the DiD framework and
prior analyses indicate minimal endogeneity concerns, we aim to enhance the comparability of observations
before estimation as another robustness check.

To achieve this, we apply coarsened exact matching (CEM) to derive sample weights based on observable
restaurant characteristics (Pattabhiramaiah et al. 2022, Mayya et al. 2021, Blackwell et al. 2009). Continuous
covariates (Dissimilarity and Isolation) are coarsened into four equally spaced bins, and AverageV isits

is divided into three; all remaining categorical covariates are matched exactly. Covariate balance is then
assessed via weighted t‑tests on the original variables using the CEM‑derived weights. As shown in Table E1,
post‑weighting differences between treatment and control groups in all the variables are statistically insignif-
icant.

Table E1 Covariate Balance

Variable Treated Mean Control Mean % Bias t-stat p-value

AverageVisits 183 167.31 12.4 1.55 0.123
Dissimilarity 32.71 33.241 -4.7 -0.68 0.495
Isolation 54.333 54.681 -6.1 -0.80 0.423
PriceLevel 1.8338 1.8073 3.7 0.58 0.559
Democratic 0.74212 0.74924 -1.6 -0.21 0.837
BlackNeighborhood 0.56447 0.56575 -0.3 -0.03 0.974

Applying the CEM‑derived weights, we re‑estimate the regression models with the full set of fixed effects
to further mitigate bias from unobservables. The weighted estimates in Table E2 remain consistent with our
original findings.

Table E2 Effect of Yelp Reviews after CEM

(1)
LogVisits

AfterBlackOwnedReview=1 0.1318∗∗∗

(0.0455)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Restaurant-Month FE Yes
Observations 16184
R2 0.901

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Appendix F: Alternative Outcome about Time Spent at a Restaurant
In this subsection, we verify that the outcome variable, defined as a logarithm of total foot traffic, is a
reasonable approximation of sales. We utilize an alternative approach to rule out short visits unrelated to
actual sales, similar to Li and Wang (2020). In particular, we use an alternative metric SafeGraph provides
that breaks down the visits by the times spent at the location. For this analysis, we only include visitors who
spent more extended periods (between 10 minutes and 2 hours) at the venue. We define the new outcome
variable LogEatInV isits as the logarithm of the number of more extended visits. We present our results in
Table F1.

Table F1 Effect of Yelp Reviews on Dine-In Visits

(1)
LogEatInVisits

AfterBlackOwnedReview=1 0.122∗∗∗

(0.0378)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 17339
R2 0.859

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

As the table demonstrates, our results still hold and are similar to the baseline results, where we include
all foot traffic. This result demonstrates that the overall foot traffic is a good approximation for longer visits.
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Appendix G: Alternative Mechanism Check about Visual Cues of Black Ownership
One of the potential factors that may impact our estimates of the impact of online reviews revealing Black
ownership on consumption is offline visual cues. For example, a restaurant can add posters outside the venue
that inform potential customers about minority ownership.

To address this concern, we manually checked more than five thousand photos on the Yelp page of all
the restaurants in our sample. The photos include visuals of the exteriors and interiors and checked if the
restaurants had any posters or signs identifying them as Black-owned. Such visual cues are rare, with only
7 restaurants out of 696 restaurants having such displays. We re-run our baseline analysis excluding these
restaurants from the sample and present our results in Table G1. Our results remain consistent even after
removing restaurants with posters and signs indicating Black ownership.

Table G1 Effect of Yelp Reviews after Removing Restaurants with Offline Labels

(1)
LogVisits

AfterBlackOwnedReview=1 0.0959∗∗

(0.0380)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 17888
R2 0.864

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Appendix H: Placebo Test
The Placebo Test is a standard additional method for verifying the parallel trends assumption. It compares
the performance of the control group with the performance of the placebo group, which is usually a subsample
of control units with randomly assigned “treatment” periods (Gertler et al. 2016). This test checks whether
the placebo group deviates from the control group’s performance. The two groups should demonstrate similar
performance trends over time since none had an actual treatment.

For this test, we select only the restaurants that were never visible as Black-owned on Yelp. Next, we
randomly choose half of them in the “treatment group.” The restaurants from the treatment group also get
assigned a random month at the start of the treatment. Next, we run the basic specification on this sample.
We present our results in Table H1. We find that none of the regression coefficients attributed to treatment
are significant, demonstrating the test’s validity.

Table H1 Effect of Yelp Reviews - Placebo Test

(1)
LogVisits

FalseTreatment=1 -0.0494
(0.0482)

Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 8700
R2 0.851

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Appendix I: Controlling for exposure on Google Maps
In our context, the impact of Yelp reviews on visits to Black-owned restaurants is primarily driven by online
discoverability after the search. More specifically, Yelp places restaurants with at least one black-owned
review in the search results when consumers search for “Black-owned” restaurants.

It is possible that some of the foot traffic came to restaurants through searches on other platforms like
Google. Google Maps works differently in that businesses could opt for Black-owned business badges, which
were adopted later than Yelp. The badges are not visible from a traditional Google search but only when
the users search from within Google maps. Further, reviews within Google Maps are not searchable, and the
businesses shown for Black-owned are not necessarily the ones with Black-owned reviews or Black-owned
badges. Therefore, it is less likely that traffic from Google would be biasing our results.

However, it is possible that consumers might browse a large number of reviews to identify Black-owned
restaurants, potentially introducing bias into our results. Fortunately, fewer than 20% of the restaurants in
our sample with Black-owned reviews on Yelp also have Black-owned reviews on Google. We utilize this
information to conduct two additional analyses.

First, we identify the first Black-owned review for each restaurant on Google Maps and construct a new
treatment variable, AfterBlackOwnedReviewBoth, which equals 1 if the restaurant has received Black-
owned reviews on either platform and 0 otherwise.24 Since the number of restaurants that obtained the
Black owned reviews on Google before Yelp was so few, we do not expect the results to change that much.
Our results show that this is indeed true, as shown in Column (1) of Table I1. Additionally, we rerun the
regression with the cumulative number of Google reviews as a proxy of traffic based on Google reviews, and
as indicated in Column (2), the treatment effect remains consistent.

LogV isitsit = β0 +β1AfterBlackOwnedReviewBothit +β2GoogleControlit

+αi + γt +µct + ϵit
(I.1)

Table I1 Effect of Yelp Reviews Considering Google Map’s Impact

(1) (2)
LogVisits LogVisits

AfterBlackOwnedReviewBoth=1 0.121∗∗∗ 0.121∗∗∗

(0.0354) (0.0354)
Google Controls No Yes
Restaurant FE Yes Yes
Year-Month FE Yes Yes
City-Year-Month FE Yes Yes
Observations 18070 18070
R2 0.865 0.865

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

24 In the month that receives either type of review, this treatment variable is also set to 1. Excluding this month from
the treated sample and considering only the month following treatment leads to consistent results.
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Appendix J: Calculating Exposure
Massenkoff and Wilmers (2023) use the same data from SafeGraph that indicates the number of users from
a census block group. We closely follow Massenkoff and Wilmers (2023) to calculate the probability that
a restaurant patron of one group would encounter another patron of any other pre-defined group. We can
calculate the exposure metrics for any group. In our analysis, we focus on racial groups. We aggregate the
visits from each census block group to a census tract (CT) level. Further, we categorize each census tract
as White or non-White based on the dominant racial group. First, we calculate the exposure of members of
each group G in each CT to each establishment k without counting the focal group. The metric is calculated
using the equation below:

FirmExposureiGk =
V isitorsk(G−i)∑

m∈I:m ̸=i V isitorsk(m)
(J.1)

We calculate the FirmExposureiGk metrics for each group G in each census tract i for each restaurant
without including the focal CT i. Then, we average the FirmExposureiGk metrics weighted by total visits
from each CT i. In other words, the exposure of the non-White group (NW) to the White group (W) has
two components. The numerator is the product of Firm exposure of members of W CTs at a restaurant k

and the total number of visitors to the restaurant k from CT i. We sum over all W CTs indexed by i. Then,
we sum the total visits by residents of W CTs. More specifically, we define Exposurek(NW,W ) as

Exposurek(NW,W ) =

∑
i∈W FirmExposureiGk×V isitorsk(i)∑

i∈W V isitorsk(i)
(J.2)

The above equation gives us the mean exposure of White CT residents to non-White CT residents, weighted
by total visits to a restaurant k. The procedure is exactly similar to the one followed in Massenkoff and
Wilmers (2023) except that we do not sum over k. ExposureA(NW,W ) is 0.65, which indicates that a visitor
from a non-White CT at restaurant A is likely to be exposed to 65% of White residents. Given that there
are only two groups, the average exposure is 50% when no segregation exists.

Thus, we calculate the exposure for residents from non-White CTs to White CTs for each of the restaurant
in our sample over all the months in our study period. We use this as a dependent variable to study how
reviews mentioning Black ownership change the exposure experienced by different racial groups at different
restaurants.



Ananthakrishnan et al.: Online Reviews and Political Consumerism
50 Article submitted to Management Science; manuscript no. MS-INS-2023-02789

Appendix K: EatOkra
We leverage EatOkra data to identify Black-owned restaurants, which might not have been identified as such
on Yelp. Other studies in this literature address the issue of ground truth by performing image analytics on
business owners’ images (Zhang et al. 2021). However, Yelp restaurants rarely have photos of business owners,
making this issue even more difficult. Fortunately, we obtain this information from the website “EatOkra”.25

Starting in 2016, EatOkra initially used various online resources to list Black-owned restaurants.
EatOkra is the only resource to identify Black-owned restaurants in a central location. We contacted the

chiefs of Black Business Bureaus in all the ten cities in our data through our university’s Consulting and
Business Development Center, which had a Black Future Co-op Fund and Black-Led Business program. We
even interviewed one of the Black business leaders in Seattle. All our contacts replied that such a consolidated
list does not exist, and even governments that contract out to minority-business owners don’t have access to
such a list and rely on user-generated content in the form of lists that were available on forums and social
media.

We looked into how EatOkra obtained these lists, and according to an interview with Salon,26 “Over the
next six months, Edwards built the website whenever he wasn’t working at his full-time job at a construction
project management software company. The couple input all the data themselves—some 350 mostly New
York-based restaurants they’d unearthed like so many diners before: through word of mouth, articles, and
informally shared Google Doc lists. They debuted the app in May 2016, calling it EatOkra in a nod to
their Southern heritage and the ingredient’s literal and symbolic role as a binding agent and connector of
Black Americans. ” They also started having partnerships with other organizations like U.S. Black Chambers
(USBC) which offers certification for Black businesses.27 In summary, EatOkra is a combination of user-
generated lists, with manual verification and certifications from USBC.

As of September 2022, “there are more than 11,000 Black-owned restaurants nationwide are listed on
EatOkra.” and they were awarded one of 15 annual App Store Awards in December 2021.

25 https://www.eatokra.com/
26 https://www.salon.com/2022/09/13/eatokra-aims-to-be-the-next-for-black-owned-businesses/
27 see https://certification.byblack.us/?_gl=1*12rxe79*_ga*MTI5NzQyODEyMS4xNjYxNzg1MzAy*_ga_T23J87ML1
W*MTY3Mjg0NDk3My4xLjEuMTY3Mjg0NTA2Mi4wLjAuMA.. for the certification process
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Appendix L: Analyses including Restaurants Treated during BLM-period
In this appendix, we replicate all regression analyses using a sample of restaurants that were treated during
the period of peak attention following the BLM protests. Our findings demonstrate that all results remain
consistent within this less restricted sample.
Main Results (Replication):

Table L1 Effect of Yelp Reviews Mentioning Black-Ownership on Restaurants’ Visits

(1) (2) (3) (4) (5)
LogVisits LogVisits LogVisits LogVisits LogVisits

AfterBlackOwnedReview=1 0.117∗∗∗ 0.112∗∗∗ 0.132∗∗∗ 0.122∗∗∗ 0.0847∗∗

(0.0347) (0.0352) (0.0393) (0.0365) (0.0391)
Restaurant FE Yes Yes Yes Yes Yes
Year-Month FE Yes Yes Yes Yes Yes
City-Year-Month FE Yes Yes Yes Yes Yes
Never-Treated Excluded No Yes No No No
Restaurant-Month FE No No Yes No No
First Treatment Month Excluded No No No Yes No
Obs after BLM Excluded No No No No Yes
Observations 19162 10462 19144 18972 11066
R2 0.866 0.881 0.907 0.865 0.923

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

Event Study Analyses (Replication):

Figure L1 Event Study Analysis

Note: The figure shows relative time model estimates with log of visits as the depen-
dent variable. The estimates are shown with a 95% confidence intervals.
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Results of SORM (Replication):
We replicate the SORM analysis using the procedure detailed in Appendix C. The SORM estimate without
controls is 0.113 (p < 0.01), while the estimate with controls is 0.253 (p < 0.01). Both estimates are positive
and statistically significant.
Results of Sensitivity Analyses (Replication):
As shown in Table L1, the main estimate for the unrestricted sample is 0.117. After incorporating controls
for this sample, the estimate decreases to 0.112, as presented in Table L2. Consequently, the ratio using
Altonji’s method is calculated as 0.117

0.112−0.117 =−23.4. Additionally, we present the sensitivity analysis graphs
following the methodology of Cinelli and Hazlett (2020) in Figures L2, L3, and L4.

Table L2 Effect of Yelp Reviews with Yelp Review Controls

(1)
LogVisits

AfterBlackOwnedReview=1 0.112∗∗∗

(0.0345)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 19162
R2 0.866

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

Figure L2 Sensitivity Analyses (Cumulative Reviews as the Benchmark)
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Figure L3 Sensitivity Analyses (Cumulative Reviews with Reactions as the Benchmark)

Figure L4 Sensitivity Analyses (Cumulative Reviews with Images as the Benchmark)

The contour plots indicate that the direction of the effect remains robustly negative even when confounding
is more than 17 times as strong as that of the observed covariates, surpassing the threshold utilized in
previous studies (Stechemesser et al. 2024).
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Results of Coarsened Exact Matching (Replication):
We also perform coarsened exact matching on this sample and re-estimate the regression analyses, demon-
strating that the results for the full sample remain robust to this matching procedure.

Table L3 Effect of Yelp Reviews after CEM

(1)
LogVisits

AfterBlackOwnedReview=1 0.1442∗∗∗

(0.0416)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Restaurant-Month FE Yes
Observations 17484
R2 0.902

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

Results of Time Spent as the Alternative Outcome (Replication):
Furthermore, for this sample, we also define use an alternative outcome variable, LogEatInV isits, repre-
senting the logarithm of the number of more extended visits, and present the corresponding results in Table
L4.

Table L4 Effect of Yelp Reviews on Dine-In Visits

(1)
LogEatInVisits

AfterBlackOwnedReview=1 0.143∗∗∗

(0.0352)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 18376
R2 0.859

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Results Considering Visual Cues of Black Ownership (Replication):

Table L5 Effect of Yelp Reviews after Removing Restaurants with Offline Labels

(1)
LogVisits

AfterBlackOwnedReview=1 0.121∗∗∗

(0.0352)
Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 18928
R2 0.865

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

Results of Placebo Test (Replication):

Table L6 Effect of Yelp Reviews - Placebo Test

(1)
LogVisits

FalseTreatment=1 -0.0494
(0.0482)

Restaurant FE Yes
Year-Month FE Yes
City-Year-Month FE Yes
Observations 8700
R2 0.851

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

Results with Google Map’s impact Considered (Replication):

Table L7 Effect of Yelp Reviews Considering Google Map’s Impact

(1) (2)
LogVisits LogVisits

AfterBlackOwnedReviewBoth=1 0.137∗∗∗ 0.137∗∗∗

(0.0328) (0.0329)
Google Controls No Yes
Restaurant FE Yes Yes
Year-Month FE Yes Yes
City-Year-Month FE Yes Yes
Observations 19162 19162
R2 0.866 0.866

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Heterogeneity by City Level Segregation (Replication):

Table L8 Effect of Yelp Reviews by City Level Segregation

(1) (2) (3) (4)
LogVisits LogVisits LogVisits LogVisits

AfterBlackOwnedReview=1 0.0606 0.144∗∗∗ 0.0507 0.181∗∗∗

(0.0755) (0.0368) (0.0536) (0.0439)
Restaurant FE Yes Yes Yes Yes
Year-Month FE Yes Yes Yes Yes
City-Year-Month FE Yes Yes Yes Yes
High Dissimilarity Yes No - -
High Isolation - - Yes No
Observations 6811 12351 10264 8898
R2 0.867 0.863 0.865 0.866

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.

Effects with Moderators Considered (Replication):

Table L9 Effect of Yelp Reviews with Moderators

(1) (2) (3) (4) (5)
LogVisits LogVisits LogVisits LogVisits Exposure

AfterBlackOwnedReview=1 0.0963∗ 0.120∗∗∗ 0.0337 0.140∗∗∗ 0.0374∗∗∗

(0.0569) (0.0407) (0.0680) (0.0391) (0.0103)

AfterBlackOwnedReview=1 × BlackInterest=1 0.0595∗∗∗ 0.0199 0.0365 0.0485∗∗∗

(0.0197) (0.0170) (0.0242) (0.0155)

AfterBlackOwnedReview=1 × BlackNeighborhood=1 -0.0378∗∗∗

(0.0131)
Restaurant FE Yes Yes Yes Yes Yes
Year-Month FE Yes Yes Yes Yes Yes
City-Year-Month FE Yes Yes Yes Yes Yes
Black Neighborhood No Yes - - -
w/ CuisineSignal - - Yes No -
Observations 9879 9283 5485 13677 17095
R2 0.870 0.867 0.888 0.859 0.811

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Appendix M: Survey for Cuisine Type
To bolster our subsample analyses concerning the inference of Black ownership based on cuisine type, we
administered a survey via Prolific. The survey consisted of a single question in which participants were asked
to select all cuisines from a provided list that they believed were most frequently associated with Black-owned
restaurants in the United States. One hundred USA-based, English-speaking participants were recruited
from Prolific’s subject pool to complete a choice-based questionnaire. Based on the demographic information
provided by Prolific, 34 participants identified as male and 66 as female, with an average age of 38.5 years.
All survey responses were included in the subsequent analysis. The results, depicted in the bar chart below,
indicate the number of participants (out of 100) who associated each cuisine with Black ownership. Notably,
11 cuisines received votes from over 60% of the respondents, aligning with our expectations. These cuisines
include: Soul food, Jamaican restaurant, African restaurant, East African restaurant, West African restau-
rant, Creole/Haitian restaurant, Caribbean restaurant, Ethiopian restaurant, Barbecue, Cajun restaurant,
Southern restaurant (US). For our subsample analyses, a restaurant is considered to exhibit a cuisine signal
(i.e., w/ CuisineSignal = True) if it is categorized under one of these 11 cuisines.

Figure M1 Survey Results (Inference from Cuisine)

Note: The figure shows the number of respondents who chose each cuisine type.
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Appendix N: Analysis including non-Blacked-owned Restaurants
To further demonstrate the robustness of our findings, we expand the control group to include non-Black-
owned restaurants. Restaurants that have received Black-owned badges remain excluded from our analyses.
Consequently, the control group comprises Black-owned restaurants that have not yet (or never) received
any review mentioning Black ownership, as well as non-Black-owned restaurants. Our results indicate that
the main effect remains robust within this alternative sample.

Table N1 Estimation with Non-Black-Owned Restaurants Included

(1) (2)
LogVisits LogVisits

AfterBlackOwnedReview=1 0.143∗∗∗ 0.174∗∗∗

(0.0316) (0.0350)
Restaurant FE Yes Yes
Year-Month FE Yes Yes
City-Year-Month FE Yes Yes
Restaurant-Month FE No Yes
Observations 715453 715069
R2 0.864 0.901

Note: Cluster-robust standard errors are reported at the restaurant level. * p<0.10, ** p<0.05, *** p<0.01.
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Appendix O: Time To First Review Analysis
We calculate the median interval (in months) between a Black-owned restaurant’s opening and the receipt of
its first review mentioning specific attributes. The attribute “staff” with service-related keywords is mentioned
within the first month of a restaurant’s opening. However, the median time for a restaurant to get a review
mentioning vegan or vegetarian food as an attribute is over 10 months since opening. Rarer, non-obvious
attributes about local ownership, locally sourced ingredients, or the one in our study, such as Black-ownership
takes over 22 months since opening. This suggests that the attributes consumers mention in reviews are
idiosyncratic, and we can leverage the variation in the time consumers mention attributes in reviews (and
thus, make them part of search results for these attributes) to obtain the impact of these attributes. Figure
B1 shows the distribution of the number of restaurants that get the first review mentioning Black ownership
over time. This appears visually uniform, demonstrating that the timing of the first Black-owned review is
more or less random.

Table O1 Time in Months since opening to get the first attribute related review

Attribute (Type)
Median time in months of the
first attribute related review
since the time of restaurant opening

Staff related keywords 1.37
Drinks or bar related keywords 3.77
Music related keywords 5.17
Decoration related keywords 6.6
Restaurant discovery related keywords 9.93
Vegetarian food related keywords 10.87
Parking related keywords 11.4
Local food keywords 22.67
Black-ownership related keywords 25.78
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Appendix P: Event Study Leads and Lags
We extend Model (1) by incorporating a complete set of lead and lag dummy variables. Specifically, this
approach captures the distance in months from the time of treatment, where leads represent periods after
the treatment and lags represent periods before the treatment. This method is commonly used to alleviate
concerns about the validity of control groups, and there is a plethora of studies in the economics, information
systems, and marketing literature that employ the relative time model to address this issue (Ananthakrishnan
et al. 2025, Chan et al. 2019, Burtch et al. 2018, Greenwood and Agarwal 2016, Angrist and Pischke 2009,
Autor 2003).

LogV isitsict =
6∑

j=−6

βjReviewict(t= k+ j)+αi + γt +µct + ϵit. (P.1)

In this equation, each coefficient βj (j =−6,−5, . . . ,5,6) captures the treatment effect at j months relative
to the time when treated units receive their initial review mentioning Black ownership. In Figure P1 (same
as the figure in Section 3, reproduced here for convenience), the point estimates to the left of the dashed line
represent the foot traffic to restaurants prior to receiving their first review mentioning Black ownership, in
comparison to other Black-owned restaurants that have not yet received such reviews. These estimates are
statistically insignificant, thus supporting the parallel trends assumption and demonstrating the validity of
the control group.

Figure P1 Event Study Analysis

Note: The figure shows relative time model estimates with log of visits as the depen-
dent variable. The estimates are shown with a 95% confidence intervals.
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Appendix Q: Black-Owned Badges and Changes to Search Algorithm
Q.1. Black-owned Restaurants

We first consider the different mechanisms through which Black-owned restaurants get increased visibility
on Yelp. First, some restaurants have user-generated reviews mentioning Black ownership. Next, we have
voluntary adoption of Black-owned badges by some businesses after the introduction of these badges in
June 2020. These two mechanisms are distinctly different — the reviewers drive the former in the form
of UGC. The platform (as a feature introduction) and the restaurants on the platform (adoption of these
badges) drive the latter. Each of these mechanisms confers different avenues of increased digital visibility, as
described below. In our analysis, we want to study the impact of UGC in enabling political consumerism.
More specifically, we want to measure the impact of online reviews in enabling the discovery process when
consumers want to support Black-owned restaurants.

Q.2. Black-Owned Restaurants on Yelp Search

Users on Yelp can encounter Black-owned restaurants in two ways: a generic search and a “Black-owned”
search. The differences in how Black-owned restaurants appear in each of these search results are critical to
our identification strategy.

Generic search. We refer to searches that most customers would perform on Yelp as generic searches.
For example, we categorize searches such as “Restaurants”, “Takeout”, “Italian Restaurants” under generic
search. Such a search would display all restaurants based on Yelp’s search algorithm (this is a function of
the user, location, restaurant type, etc.).

After June 2020, Black-owned restaurants that have voluntarily adopted a Black-owned badge displayed
on the search results with a gem icon indicating Black ownership, as shown in the first restaurant in the
top half of Figure Q3. In other words, if a Black-owned restaurant that has adopted a badge were going to
be featured in a generic search result, this restaurant would be shown with increased visibility with an icon
denoting Black ownership.28 Black-owned restaurants that have not voluntarily adopted a badge would be
displayed according to Yelp’s search algorithm but featured without a badge. Thus, the increased visibility
afforded by the Black-owned badge in a generic search depends on whether a Black-owned restaurant has
adopted a badge.

Importantly, in our context, Black-owned restaurants that have not adopted a Black-owned badge but
have a review mentioning Black ownership are not treated in any unique way in a generic search result (they
don’t have any icons to display Black-owned reviews).

Figure Q1 is a stylized example of changes to the search algorithm when the user performs a generic
search (such as “restaurants”). In this example, Restaurant A has reviews mentioning Black ownership,
Restaurant B has no reviews mentioning Black ownership but has voluntarily adopted a badge indicating
Black ownership, and Restaurant C is not Black-owned. Before the introduction of badges and the changes
on Yelp, Restaurants A, B, and C would look similar on the search result page. After the introduction of

28 Yelp’s official blog details how Black-ownership (voluntary adoption of badges) became a searchable attribute - “If
you choose to opt in, [...] when a user searches for Black-owned businesses, a gem will appear in the search results of
your business page highlighting the attribute.”. Yelp does not verify Black ownership.
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badges, Restaurant B would have a gem icon indicating Black-owned since it has voluntarily adopted a
badge indicating Black ownership. There is no difference between Restaurants A and C since the user did
not specifically search for a particular term.

Figure Q1 Results For Generic Search

Increase in political consumerism – “Black-owned” search. Next, we consider the searches that are
more relevant to our analysis. Consumers conduct specific searches due to increased political consumerism.
In other words, we have consumers explicitly looking to support Black-owned businesses due to offline events
or an increase in national attention to Black causes. It is reasonable to assume that a consumer who searches
for a “Black-owned” business does so to discover these businesses. It is crucial to note that such searches are
not a rarity. Customers searched for “Black-owned” restaurants in an unprecedented manner in the aftermath
of BLM protests. In fact, according to Yelp’s official blog, this search increased by 3600%.

“Black-owned” searches are essential in our analysis because of two reasons: First, they allow us to delineate
political consumerism clearly. Second, the presence or absence of a restaurant in the results of a Black-owned
search depends on whether the restaurant has received at least one review mentioning Black ownership at
the time of the search. In other words, “Black-owned” searches help us measure the value of UGC in enabling
political consumerism.

Specifically, when customers searched for Black-owned restaurants, the search results would display all
restaurants with at least one review mentioning “Black-owned” as a simple string match. A lot of restaurants
obtained reviews mentioning Black ownership much before 2020. Before June 2020, search results for the term
“Black-owned business” would only include restaurants with at least one review mentioning “Black-owned”
in the review text. After June 2020, search results for the term “Black-owned business” would include both
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restaurants with at least one mention of “Black-owned” in the reviews and restaurants that have voluntarily
adopted a badge even if users had not mentioned Black-ownership in the text of their review. Further, during
our study period, Yelp’s search results mentioned why a restaurant was displayed when users searched for
“Black-owned”. For example, the search would say - restaurant A has ten reviews mentioning “Black-owned”
or the search would have a gem icon indicating that restaurant B has adopted a badge as shown in the
restaurant in Figure Q3.

Therefore, Black-owned restaurants with at least one review mentioning Black-ownership would appear
in Black-owned searches if they had at least one review mentioning Black ownership at the time of search,
during the entire period of our analysis from January 2019 to June 2021. Black-owned restaurants that have
voluntarily adopted a badge declaring Black-ownership and not have any Black-owned review would appear
in Black-owned searches only after they adopt the badge. This feature was released after June 2020. Note that
only about 27 percent of all the Black-owned restaurants in our sample had voluntarily adopted a badge even
by September 2021, so the majority of the restaurants still became visible to users who searched for Black-
owned restaurants only through reviews that mentioned minority ownership. In fact, these restaurants with
reviews were the only ones displayed on the “Black-owned” search before June 2020. We isolate restaurants
that only have user-generated reviews mentioning Black ownership in our analysis and discuss more in our
identification section below.

Figure Q2 is a stylized example of changes to the search algorithm when the user performs a “Black-
owned” search. As before, Restaurant A has reviews mentioning Black ownership, Restaurant B has no
reviews mentioning Black ownership but has voluntarily adopted a badge indicating Black ownership, and
Restaurant C is not Black-owned. Before the introduction of badges and the changes on Yelp, a search for
“Black-owned” restaurant would only display Restaurant A with an explanation of why Restaurant A was
being displayed. Restaurants B and C would not be displayed in the Black-owned search since they don’t
have any reviews mentioning Black ownership. After the introduction of badges, the voluntary Black-owned
badges became a searchable attribute, placing them in the “Black-owned” searches along with Restaurant
A. Restaurant C would not be displayed since they do not have a review mentioning Black ownership nor
have they voluntarily adopted a badge.

Q.3. Identification Strategy

How do we measure the impact of coordinating offline movement with online reviews that promote digital
visibility? In other words, how do we measure the impact of user-generated content in enabling political
consumerism? In our analysis, we choose to study the digital visibility afforded by reviews when users search
to support Black-owned businesses. When a consumer searches for a specific term on Yelp, Yelp’s search
algorithm displays restaurants with at least one review containing the term that the consumer searches for
that term. Restaurants have no control over whether and when consumers mention “Black-owned” in their
reviews. Different Black-owned restaurants obtain reviews mentioning Black ownership at different times, if
at all, which determines their presence in the “Black-owned” search results. This provides us with a staggered
DiD framework.
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Figure Q2 Results For Black-Owned Search

Figure Q3 Difference between restaurants with reviews mentioning Black ownership and restaurants that have
voluntarily adopted Black-owned badges in the search interface for Black-owned searches

Black-owned restaurants only with reviews in the generic search result without any information about
being Black-owned and would look the same way as any other restaurant on the search result but would
be highlighted as Black-owned in the “Black-owned” search as shown in Figure Q4. Therefore, having at
least one review mentioning Black-ownership would ensure a position in the “Black-owned” search results
(searches proxying for political consumerism).
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Figure Q4 Black-owned restaurants with reviews mentioning Black-ownership and no voluntary badges
appearing in generic and Black-owned searches

Some nuances are worth clarifying. When users search for “Black-owned” restaurants, search results contain
Black-owned restaurants that obtain at least one review mentioning Black ownership and those that have
adopted a “Black-owned” badge (if the search happened after June 2020 after Yelp introduced these features
and after the voluntary adoption of the badges by a restaurant). Our analysis only focuses on political
consumerism and how consumers choosing to support Black-owned businesses discover these businesses
through online reviews. We do not consider accidental encounters in generic search. Hence, we remove the
restaurants that have voluntarily adopted badges for four reasons: First, such restaurants could get increased
digital visibility on searches through the Black gem icon unrelated to offline political movements (generic
search) and could confound our results. Second, these restaurants could be part of both generic and “Black-
owned” searches, and since the time of adoption is unknown, we would not know when they became part of
the “Black-owned” search result. Third, Black-owned restaurants adopting badges could self-select and be
very different from other Black-owned restaurants. Fourth, badges require restaurant owners to adopt these
badges. Technology adoption and increased visibility can increase revenue (Ghose et al. 2014, Agarwal et al.
2011, Ghose and Yang 2009). However, technology adoption among minority business owners is low, even if
technology adoption reduces the revenue gap between Black and White business owners (Zhang et al. 2021).
The number of such restaurants is less than 27% even during our data collection in September 2021. Other
studies estimate this number as around 10% on all of Yelp one year after the introduction of these badges
(Aneja et al. 2023). Fortunately, user-generated content does not require technical savvy among minority
business owners or any other particular interventions from the platform.

This setting isolates political consumerism (with Black-owned searches as the proxy). Further, our modeling
choice enables us to infer the precise time a restaurant would be featured in a Black-owned search based
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on the time of the first review mentioning Black ownership. Further, our decision to only consider Black-
owned searches and the Black-owned restaurants with and without reviews mentioning Black-ownership
would enable us to keep the treated and the control group among Black-owned restaurants.
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