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An online system ca(uncles a hft ut foot trallic at a store in
rcspollsc to all tlilvc(ttsemcllt ctllltpalgll at tile ollltllc svstelll.
'I'he online system identifies a physical location for the store
and obtains iocation data for a base gmup of users and a
lifted group of users, where the lifted group of users receives
advertisements associated with the store and the base group
of users does non Thc online system computes a distance
bc(wino thc location ol'hc store and thc user's location to
create a base distance array for thc base group and a lif(cxi
distance array for the lifted group 1 he online system then
determines an agiregnte value that represents a measure of
a number of users visiting the store for each of the hase
distance array and the lifted distance array. and estimates a
lift (n foot tratfic by comparing the two ag re ate values.
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1

ESTIMATING FOOT TRAFFIC LIFT IN
RESPONSE TO AN ADVERTISFMENT
CAMPAIGN AT AN ONLLNE SYSTEM

BA('K(iROIJNI)

This disclosure relates generally to estimatin B lift in foot
traffic at a store, Bnd more particularly to estimating foot
traffic lift at the store in response to an advertisement
Cdiltpdtgit ttl ail Otlltt&C SVSli:111

Businesses ofimt use behaviors ol lhctr customers lo
influence services provided to the customers Businesses
may prm ide advertisentents to users at an online system to
increase traffic to their stores Any business that provides
such advertisements may be interested in estimatin a lift in
foot traffic at a physical location of its stores in response to
thc advenisemcnt ctunpatgn io mcasurc Ihc cfii:ctn encss of
1IS dilvCrnst:tuCill iutillpB&gil.

('onventional techniques for estimating foot traffic lift use
direct nteasures of foot traffic such as tracking a nuntber of
visits to a store*s physical location by estimating, a number
of users witlfin a predefined region around the store*s
physical location. In such a technique, a user is counted as
d visitor lo a store &1 Ihc user's device is detcrlctl lo bc w i!lan
d prcdcftttcsf region around llm physical local&on of Ihe store.
'I'he accuracy of such a conventional technique depends on
a frequency with which the user's device reports its location.
For example. the accumcy of the fi&ot tmflic lift estimate
increases as the repottin frequency increases. It is impor-
tant for businesses with brick-Bnd-mortar stores engaging in
advcrlisemeni campmgns at onlute syslcms lo bc able lo
CslhlidlC foot IralhC lift 111 ii:SpoilSi: li& SttCh CaillptttgtlS
accurately irrespective of a frequency with which the user's
device reports its location

SUMF LARY

To determine the effectiveness of an advertisement cant-
paign at an online system, the online system estimates a lift
in foot traffic at B store ln response to the advertisement
campaign. For example. the online system estimates the foot
traflic ltfi by receiving locduon dale associated with users tn
the 1 ictnily of tlm store, aud by deicnnimng tm aggregate
&slue based on the rccetvcd location data. Tlm aggregate
value may be an indirect n&easure fi&r a nutuber of visitors to
the store such as. for example, a mean distance between the
store's physical location and the users'losest reported
location to the store*s physical location. The online system
cslimdics the mean distance lbom Ihc store lhr a base roup
ol users (t.c., control group) thai does nol rccctvc advcrlisc-
mcnls assoctatcsf with thc store. and lor a hllcd group of
users (i e.. treatment group) that does receive one or ntore
advertisements associated with the store. 'I'he oniine systent
then estimates a lift in foot traffic by computin a decrease
in the mean distance from the store for the base gmup of
users versus the hflcd group of users, whcrc tmy decrwtse tn
Ihe mean distance lrom lhe base gruup lo Ihc i&fled group
rcprcscnls a h f1 tn fi&ol tra flic at Ihe store in response lu thc
advertisentent cantpaign 1&oot traffic in the context used
throughout this descnption refers to in-person visits by users
(e.g.. by foot) to a physical or brick and mortar location of
a store/brand associated with an advertiser or entity tlmt
owns the store/brand).

To cstimatc a ltfi in I'ooi Irdflic m rcsponsc lo Ihc adver-
tiscmmti campaign associated with a store, the onlute system
identifies a physical location of the store or brand The
online system obtains location data of users correspotlditlg

11,465 B2

to ihc base group of users and to the hfted group of users.
'I'o compute a mean distance from the store for each of the
base group and lifted group of user~. the online system
computes a distance bet&veen the obtained location associ-
ated with a user and the physical location of the store for
each user of the base yt&up to create a base distance array,
and for each user ol Ihc liflixl group ol users lo create B lificsf
distance array. For thc base group of users and thc lificsf

gmup of users v, ith a number of users K. each of the base
lo distance array and the lifted distance array includes K

distances The online system determines a ntean distance
value for each of the base distance array and the lifted
distance array, ivhere the mean distance value ts an aggre-
gate value thai rcprescnis dn indirect mcasurc of a number
of users visiting Ihc store. Other example aggregate values
may relate to other statistical values of distance such as
standard deviation, median, I-score. and the like.

In one etnbodintent, the online system determines the
mean distance value fi&r a distance array using statistical

io teclutiques such as bootstrapping v,ith replacement statisti-
cal analysts. Boolslrapputg ts a statistical tccluuquc Ihal uses
resampling to cslimalc Bny statistic of a population. The
bootstrapping technique is used to contpute statistics on
mean distance value for each of the base distance array and
the lifted distance arnsy The technique includes generating
a hrst sample of the distance array and then generating
multiple distance sub-arrays by resampling the first sample,
where each distance sub-array ts ol'he same length as that
Of tl&C 111St wtillplC. Tilt: Otlltt&C SV'SICtil Coil&puli:S B 111CB11

so distance value for each of the nndtiple distance sub-arrays
,'ltltl gcflct'Blas a tucatl tltst;tace art'dv cotllptlstftg the mcatl
distance values of the multiple distance sub-arrays. 'Ihe
online system then orders the individual mean distance
values of the mean distance array in either an ascendin

&s order or a descanting order for further processing. A mern&

distance value is dclcrnuncd for the distance array using a
conlidmtcc interval such as a t)S% confidence utterval.

I'he online system estimates a lift in the foot traffic at the
store by computing a difference between the mean distance

do value for the lifted distance army and the mean distance
value for the base distance array, where the mean distance
value difi'crcnce rcprcsents a mcasurc of the tncrotsc in thc
number ol'sers vistung lhe store tn response lo receivutg
thc Bdvcrltsemcnt. Stdiisncal analysw such as a proportion
test and K-score contputation. as described below ivith
reference to Fl(i &L can be performed on the mean distance
values for the base group of users Bnd the lifted group of
users to estimate whether any higher mote of visitors
observed with thc liflcd group (i.c.. auy reduction in mern&

o distance) ts slansttcnlly significant.
In onc cmbodtmen( Ihc onlutc system cstimatcs Ihe lifi in

foot traffic for each set of users belonging to a frequent
reportmg group, where the users'lient devices report their
location data frequently to the online system (e.g . above a

» frequency threshold), and belonging to an infrequent report-
iug group, where ihc users* client dcviccs do not rcport their
location data frcqucnlly enough lo thc online system (e.g..
below a frcqucncy tlueshold). For example, thc users of
frequent reporting group might have opted in to location

io tracking such that the online system may obtam the location
data associated with the user (i.e., the current location of the
device) et en when a mobile application is ninning in the
background on thc mobile de&ice. such llrdt thc dcvicc has
an abthty to share the dci ice's location pcrioihcally without

ss any input from Ihc user. Allcmanvcly, thc users ol Ihe
infrequent reporting group might have opted out of location
tracking such that the online systent may obtain the location

Launch Labs EX1010 Page 6



US 10,311,465 B2

dain associated with Ihc user only when d mobile appl ice! ion
is ninning in the forebrround. and the user provides an input
to share ihe device's location. Thc proportion test mialysis
and I-score computation can be repeated for each of the
frcqucn( rcportuig group and uifrcquni( reporting group, and
individual Z-scores can bc combmccl usuig S(oufibr's
w nghtccl Z-score mc(hod.

BRIEF DESCRIPTION OF THE DRAWIN(iS

FIG. 1 is a block diagram ol' system cnviroiunent in
which an online systeni operates, in accordance with an
embodiment

FIG. 2 is a block diagram of an online system, in
accordsance with an embodiment.

FIGS. 3A-3F show example representations of foot trafhc
at a store, in accordance with an embodiment.

FIG. 4 is flowchurt ol an cxtunple process fiir cstimatuig
foot traflic lift at a store in response to advertisenient
cmnpai n at an online system, in accordance with an
entbodiment.

FI(iS. 5A-5D show example estimation of foot traffic lift
at a store in response to advertisement campaigt at an online
sv's(eili. lli accorcldllcc Wlfll all clIlboclililciln

llic ligures depict various cmbodimen(s of Ihc presnit
disclosure for purposes of illustration only One skilled in
the art will readily recognise from the fiillowing discussion
that alternative embodiments of the structures and methods
illustrated herein may be employed without departing fmm
the principles of the disclosure described herein.

l)l I I'A II,I il ) Dl IS('RIP('ION

System Architecture
FIG. I is a block diagrmn of a system environment 100 for

an online system 140 such as, a socml nc(v,orkmg system.
Thc sys(em environmnit 100 shown by FIG. 1 composes
one or more client devices 110, a network 120, one or ntore
third-party systenis (30, and the online system 140. In
alternative configumtions. different and/or additional com-
ponents ntay be included in the system environment 100.
Thc cmbodunen(s dcscnbcd herein can bc ddaptnl Io online
sysu:ms ihat arc no( social uetworlang systems.

llic chcnt devices 110 are onc or more computing devices
capable of receiving user input as well as transmitting and/or
receiving data via the network 120. In one embodiment, a
client device 110 Is a conventional computer sysrem. such as
a desktop or a laptop computer. Alternatively, a client device
110 mdy be a device lmvuig compuier lunctiouahty, such as
a personal digital assistant (PDA), a mobile Iclclthonc, a
smar(phone or another suitable device. A client devwc 110
is configured to comniunicate via the network (20. In one
embodiment, a client device 110 executes an application
allowing a user of the client device 110 to interact with the
online system 140. For example, a client device 110
cxecutcs a browser upplicdtion to enable uiteraction between
the clien( device 110 and thc online system 140 via thc
ac(work 120 In another cmbodimen(, a clien«lcvtcc 110
interacts with the onhne system 140 through an application
pmgramming interface (Apl) running on a native operating
system of the client device 110. such as IOSdc'r
ANDROIDr" In some embodiments, the client devices 110
ilicllldc liiciilioll Irdckillg folic(lollalltv, elle! cilli lch:11!llv Illc
locations of thc dcviccs basixl on global positioiung. IP
address. triangulation Io nearby cellular tov, crs, or any other
niechanism. In one enibodiment, a user of the client device
(10 can disable or opt out of location tmcking on the device,

and Ihc client dcvicc 110 w ill not truck Ihc device's loca(tun.
In other cases, the client device (10 only tracks location if
the user opts in to location tracking

'I'he client devices 1(0 are configured to comnuuiicate via
the netv,ork IZO, ivhich may comprise any combination of
local area and/or wide area networks. using both wired
and/or wireless comnuinication systems. In onc embodi-
ment, thc network 120 uses suindard communications tech-
nologies and/or prctocOI. I'or exmnple. the network 120

Io includes comnnuiication links using technologies such as
Ethernet, g02.11, worldkvide interoperability for microwave
access (Wi)/LAX), 3(i, 4G. code division multiple access
(CDMA). digital subscriber line (DSL)„etc. Examples of
networking protocols usn! for conmiurucauug via thc net-
work 120 include muluprotocol label swi(clung (MPLS).
transnlission control pronicol11iternet pmtocol (I( P/IP),
hypertext transport protocol (I I'I'1 P), simple mail transfer
pmtocol (SM'I'P), and file tmnsfer protocol (liTP) Data
exchan ed over the netvvork 120 may be represented usin

scs any suitable format, such as hypertext marlnip language
(HTML) or cxtcnsiblc markup language (XML). In some
embodiments, all or some ol Ihc communication luiks of Ihe
network 120 may be encrypted using any suitable technique
or techniques

One or more third party systems 130 may be coupled to
the network IZO for conununicating v ith the online system
140. which is further described belocc in conjunction with
FIG. 2. In onc cmbodimcnt. a tlurd party system 130 is an
application provider conunumcatuig uilhnuauon dcscribuig

io applications for execution by a client device llfl or com-
municating data to client devices (10 for use by an appli-
cation executing on the client device In other embodiments,
a tlurd party system 130 provides content or other infomta-
tion for presentation via a client device 110. A third party

is s)'stclll 130 llliiv also comlIluillciltc lilforllla(loll Io Illa olllllle
system 140. such as adi crusemcnts, con(nit, or infonnauon
about an applicauon prox iclnl by thc tlurd party system 130.
Other third party systems 130 are associated with entities
having physical locations that niay be visited by users of the

do online system 140. For example, third party system 130 may
be associated with an entity that has brick-and-mortm busi-
ncsscs selling mcrchdndisc Io users of the online system 140.

Au example system operating as thc online system 140 is
a social nctworkuig system. FIG. 2 is an cxamplc block
diagram of an architecture of the online system 140 includ-
ing social networking functionality. 'lite online system (40
shown in FICi. Z includes a user prohle store 205. a content
store 210. an action lo ger 215. an action log 220, an edge
store 225, an ad s(ore 230. an authorize(cou scrvcr 235. d

o location module 240, a locaiion store 245, a traflic hfl enguie
250. and a wcb scrvcr 255. In other cmbodnueuts, the onluie
system 140 may inchide additional, fewer. or diiferent
cmnponents for various applications ( oilveiltional compo-
nents such as netivork interfaces. security functions, load

s. balancers, failover servers, management and network opera-
tions consoles, and thc lile are not shown so as to not
obscure Ihe detiuls of Ihc sysicm arclu(ccture.

Each user of Ihc online sys(nn 140 is associated with a
user profile, which is stored in the user prohle store 205 A

io user profile includes declarative information about the user
that was explicitly shared by the user and may also include
profile information inferred by the online system 140. In one
embodiment, a user prolilc uicludcs muluplc data lields,
each dcscnbing one or morc auributes ol'hc corresponduig

ss user of thc onluie systnu 140. Exiunples of uifonnation
stored in a user profile include bio raphic, dentogiaphic, and
other types of descriptive information, such as work expe-
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uence. educational h&story, gcndcr, hobbies or prclbrmiccs,
location and the like A user profile may also store other
information prov&ded by the user, for exainple, images or
videos In certain embodunents, images of users ntav be
tagged with information Iden&ilying the online system users
dispLayed in an &ma e, v ith information identifying the
images ui winch a user &s tagged or stored ui thc user proiile
ol'hc user A user proiilc in the user pro(ilc store 205 may
also n&ai&ttaiii references to actions by the correspo&tdi&tg
user per ti&rn&ed on content items in the content store 210 and
stored in the action log 220. I Or&hero&ore, a user protile in
the user pmfile store 205 may also store identifiers of
physical locations visited by the corresponding user.

Wh&lc user pro(iles &0 thc user pmiile store 205 arc
frcqucntlv'&ssoc&B&ixl w&th uld&vnlut&la, Blk&w Big uld&v&foals
to interact w&th each other via the online system 140, user
pmhles may also be stored for entities such as businesses or
organizations. 'I'his allows an entity to establish a presence
on the online system 140 for connecting and excl&anging
content &vith other onl&ne system users. The entity may post
inlonnation about Itself. about its products or prov&de other
inl'onnation to users ol'hc onluie system 140 usui a brand
page assoc&ated with the entity's user profile. Other users of
the online systeni 140 n&ay connect to the brand page to
receive information posted to the bmnd page or to receive
information from the bmnd page. A user profile associated
&vith the brand page may include information about the
mit&ty Itself. prov&d&ng users w&th bacl round or uifomia-
uonal data about thc entity Brands lor wluch fi&ot trallic
adve&tising lift is calculated for one or more brick and mortar
stores may have a brand page representing an online pres-
ence ti&r the brand within the online system 140. I &ach store
can also have a separate brand page.

The content store 210 stores objects that each represent
I arious types ol content. Extunples of content represented
bv an oblcct ulchulc B pBgc posn a status update, a photo-
graph, a iidco, a luck, a shared content &&em, a gaming
application ach&evement, a check-in event at a local bus&-

ness. a pape fe.g.. brand pagei, or any other type of content.
Online system users may create objects stored by the content
store 210. such as status updates, photos ta ed by users to
bc assoc&a&ed w&th other objects ui thc onlmc system 140,
events, groups or nppl&cat&ons. In some embod&mm&ts,
oblccts drc rccc&vcd from th&rd-pin(I'pphcatnn&s 0& th&rd-

party applications separate from the online system 140 In
one embodiment, objects in the content store 210 represent
single pieces of content. or content "items." Hence. online
system users are encoumsged to conununicate with each
other by posting text aud content items ol'anous types of
mcd&a to thc onluic system 140 through various conumuu-
cauon cluutnels Thw uicrcascs the tmiount ol interact&on of
users &vith each other and increases the frequency v ith
which users interact within the online systein 140.

The action logger 215 receives conmtunications about
user actions internal to and/or external to the online system
140. populatuig the act&on log 220 w&th infomiation about
user actions. Examples ol'ctions mcludc addu&g a co&u&m-

inn& &0 Iux&thor user, scndulg B nlcssagc &0 Bun&he& i&set,

uploading an image. reading a message from another user,
vie&vina content assoc&ated with another user, and attending
an event posted by another user. In addition. a number of
actions may involve an object and one or more particuLar
users. so these act&ous arc associated w&th thc part&euler
users as well and stored &0 the schon log 220.

11&e acuon lo 220 may be used by the onlmc system 140
to track user actions on the online system 140, as well as
actions on third party systems 130 that comimu&icate infi&r-

mat&on to thc onluic system 140 Users may in&cruet w&th

various objects on the online system 14U, and information
describing these intemctions is stored m the actiim log 220
Exmnples of interactions &vith objects include commenting
on posts, sharing link~, checkin -in to physical locations via
a cheat de& ice 110, accessing content items, and any other
su&table uiteractions. Additional cxtunples ol uitcractions
w&th oblccts on thc online system 140 that nrc u&cludcxI in the
act&on log 220 include commenting on a photo album,

u& cmnn&unicating v,ith a user. esnsblishing a connection &vith

an object, joining an event, joming a group, creating an
event, authorizing an application. usin an application,
expressing a preference for an object ("fiking'* the object),
slid cngi&gulg ul a transact&on. Add&t&0&tally& thc sct&on log
220 may record a user's &ntcracuons w &th adverusemcnts on
the onbne systen& 140 as &veil as with other applications
opensting on the online system 140 In some embodiments,
data from the action loa 220 is used to infer interests or
preferences of a user. augntenting the interests included in

&0 the user's user profile and allowing a more complete under-
standulg of user p&clc&cnccs.

Thc action log 220 may also store user actions taken on
a tlurd party system 13U, such as an external website and
cmnn&unicated to the online system 140 l&or example, an
e-con&merce v,ebsite that primarily sells apparel at bargain
prices may reco nize a user ofan online system 140 through
a social plug-in enabling the e-cotmnerce v ebs&te to identify
thc user of thc online system 140. Bccausc users of thc
onlu&c system 140 arc uniquely &dcntiliablc, c-conunercc

&0 v ebsites, such as in the apparel retailer, may communicate
inforn&ation about a user's actions outside of the online
system 140 to the online system 140 for association with the
user. Hence, the action log 220 may record inii&rmation
about actions users perfomt on a tlurd party system 130,

&I iucludu&g webpage viewing histories, adverusemcnts that
werc cngagixl, purchases nu&dc. m&d other patterns from
shopp&ng mid buyuig.

In one embodiment. the edge store 225 stores information
describing connections between users and other objects on

so the online system 140 as edges. Some edges may be defined
by users. alio&ving users to specify their relationships with
other users. For cxamplc. users may gm&crate ixigcs w&th

other users that parallel Ihc users'eal-lili: relationslups.
such as fncndk, co-workers, partners. aud so forth. Other
edges are generated &vhen users uiteract with oblects in the
online system 140. such as expressing interest in a page on
the online system 140. sharing a link u ith other users of the
online system 140. and conunenting on posts made by other
users of the onhnc system 140.

0 In onc cmbod&menu an edge may include venous li:sturcs
iu&clt rcp&csun&fig chaiscic&1st&cs ol nltc&dct&ons bctwccn
users, mteractions bet&veen users and oh(acts. or interactions
between objects l&or example. features included m an edge
describe a rate of interaction between two users, how

&s recently two users have interacted v, ith each other, a mote or
an mnount of ufiomiation retncvcd by onc user about an
obicct, or numbers and types of comments posted by a user
about an object. The fenturcs may also rc3&resent infonnat&on
describing a particular object or user l&or exmnple. a feature

ic may represent the level of interest that a user has in a
particular topic. the rate at which the user lo s into the online
system 140, or information describing demo raphic infor-
mauou about thc user. Each Ihaturc may bc assocmted w&th

a source object or user. a target object or user. and a feature
Si value. A fi:aturc may bc spcciiicd as an cxprcss&ou based on

values describing the source object or user, the target object
or user, or interactions benveen the source object or user and
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target object or user, hcncc, Bn edge may bc rcpircscntcxf as
one or more feature expressions.

'lhe educ store 225 also stores intilrmation about edges,
such as afiinity scores for objects, interests, and other users.
Affinity scores, or "afiinities,*'ay be computed by the
online system 140 over time to approximate a user's interest
in an object or ln another user ln the onhne systmn 140 based
on Ihc Iictlons pcrlornnxl bv thc Uscn A llscr s Iiibnlty nlay
be computed by the onhne system 140 over time to approxi-
nlate the user's interest in an object. in a topic, or in another
user in the online system 140 based on actions perfornled by
the user. Computation of afiinlty is further described in U.S.
patent application Ser No. 12/978.265, filed on Dec. 23,
2010, U.S. patent apphcatlon Scr. No. 13/690.254, filed on
Nov. 30. 2012, U S patent application Scr. No. 13/689,969,
filed on Nov. 30, 20I2. and U.S. patent application Ser No.
13,'690.088. fled on Nov 30, 2012, each of which is hereby
incorporated by reference m its entirety. Multiple interac-
tions between a user and a specific object may be stored as
a single edge In the edge store 225, in one embodiment.
Altcmatively, each interaction betwimn a user mid a specific
obicct is stored as u separate edge. In some emboduncnts,
connections between users may be stored in the user profile
store 205. or the user profile store 21)5 nmy access the edge
store 225 to deternlme connections between users.

One or more advertisement requests f"ad requests**) are
included in the ad store 230. An advertisement request
includes advcrtiscment content tmd a bid mnount. Thc
divertisement content is text, image, audio, video, or any
other suitable data presented to a user In various embodi-
ments. the advertisement cimtent also includes a landing
page specifying a network address to ivhich a user is directed
when the advertisement is accessed. The bid amount Is
associated ivith an advertisement by an advertiser and Is
used to dctemunc Bn cxpcctcd value, such as monetary
compensation. provided by tm advcrtiscr to thc onlulc sys-
tem 140 lf the advcrtlsemcnt ls prcscnted to a user. if the
advertisement receives a user interaction. Or based on any
other suitable condition I'or example, the bid amount speci-
fies a monetary amount that the online system 140 receives
from the advertiser if the advertisement is disphsyed and the
cxpcmcd value la dctcnnlncd by multiplyulg thc bid unount
by a probability of tlm adveniscmcnt beulg accessed.

Additionally, un advcrtlscment request may ulcludc onc
or more tar eting criteria specified by the adveniser. Tar-
getin criteria included in an advertisement request specify
one or more characteristics of users eligible to be presented
with content in the advertisement request. For example,
targcilng cntena urc a filter to apply to lields of a user
prohlc. cdgcs, Bnd/or dctlons Bssoclatcil wnh a Ilscr 10
idcntil'y users huvuig user profile ulformatlon. ufgcs, or
actions satisfyin at least one of the targeting criteria I lence,
the targeting criteria allow an advertiser to identify groups of
users matclfing specific targeting criteria, simplifyin sub-
sequent distribution of content to groups of users.

In oneembodnnent, the targeting crneria may spccll'y
dctlons iir lopes ol connections bctw ccn B Uscl Bnd Iinothcr
user or object of'thc online system 140. The targctm cntcria
may also specify interactions between a user and objects
performed external to the online system 140. such as on a
third party system 130. For example, the targeting criteria
identifies users that have taken a particular action, such as
sending a message to another user, usulg ml application,
Ionung d group, lcavulg a gloUp, lonlln Bn event, gcncrBI-
hlg iin ci cnt ih:scllptlon, pllrchasnlg in leva:v, nlg B producl
or service usmg an online nlarketplace, requesting informa-
tion fmm a third-party system 130, or any other suitable

action. Including actions in Ihc turgcung critcna allows
advertisers to further refine users eligible to be presented
v ith content front an advertisement request As another
exanlple, targeting criteria may identify users having a
connection to another user or object or having a particular
type of connection to another user or object. Furthermore,
targeting cnteria may also specify a locauon vtsitcxf by a
user. For example, thc targeting cntcria Idmitlfics a city,
buildmg, or room in which the user is or was located

io I'he authorization server 235 enforces one or more pri-
vacy settings of the users of the online system 141) A privacy
setting of a user detemlines lmv, particular infomlation
associated with a user can be shared. and may be stored in
thc user profile of a user ln tlm user prolile store 205 or
stored ul the authonzauon scrvcr 235 und associated with a
user profile In one embodiment. a privacy setting specifies
particular intilrnlation associated with a user and identifies
the entity or entities with ivhom the specified information
may be shared. Examples of entities with which infilrmation

Io cml be shared may include other users. applications. third
party systems 130 or any cutify Ihat can potenually access
the inlilnnatlon. Examples of infonnauon that can bc sharcxf

by a user include user pmhle information like profile photo,
phone numbers associated with tbe user, user s connections,
actions taken by the user such as adding a connection,
changing user prohle infomlation, locations visited by the
user. and the like.

Thc privacy scttulg spccdication may be pmvldrxl at
dlffi:rent levels of granulanty. In onc embodiment, a pnvacy

lo setting may identify specific infornlation to be shared ivith
other users For example. the privacy setting identifies a
v ork phone munber or a specific set of related information,
such as. personai infomtation including pmfile photo, home
phone number. and status. Alternatively. the privacy settin

li may apply to all the udormauon associated with the user.
Spccilication ol thc sci of cntitics Ihut cun access particular
infilrmatlon may also bc spccificxf ut various levels of
granularity Various sets of entities with which information
can be shared may include, filr exanlple, all users connected

do to the user. a set of users connected to the user. additional
users connected to users connected to the user all applica-
tions, all tlurd party systems 130, specific third party sys-
tems 130, or all extcmal systenno

Onc cmbodlmcnt uses dn enumeration of cntltlcs to
specifj the entities alloived to access identified information
or to identify types of intilrmation presented to different
entities. For example. the user may specify types of actions
that are comnumicated to other users or communicated to a
spccilicd group of users. Altcmatlvcly, the user may spccily

0 types ol iictlons ill othci hlfliilndtlon thtit ls not pUbllshcd ol
prcscnted to other users.

I'he authorization server 235 includes logic to determine
if certain information associated v ith a user can be accessed
by a user's friend~, third-party system 130 and/or other

17 applications and entities. For example, a third-party system
130 tlmt attempts to access a user's conunent aboui a
ulufoml resource locator fURL) associated with thc tlurd-
party system 130 must gct authonzatlon from thc authori-
zation scl'I'cl'35 10 access lnfol'Ination associated with the

io user. Based on the user's privacy settings. the authorization
server 235 detemlines if another user. a third-party system
130. an appiication or another entity is allowed to access
infilrmatlon associated with thc user, including ulfonnatlon
about actions taken by thc user. For cxamplc, tlm mithori-

Si dation scrvcr 235 uses a user's privacy seuing to detcnuule
if the user's comment about a URI, associated with the
tlurd-party system 130 can be presented to the third-party
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system 130 or can bc presented to another user. Tins m&shies
a user's privacy setting to specify which other users. or other
entities, are allowed to receive data about the user's actions
or other data associated with the user

The location module 240 determines locations of B client
device 110 and stores the locations in a user's user profile.
Il'hc user of the cl&cnt device 110 has optcxi u& to location
tracking, tlu: locauon module 240 acccsscs tlm location
detem&ined by the client device 110 to determine a current
phYsical locat&on of the device In one embodiment. the
location module 24U periodically fe.g . every 15 minutes)
samples locat&ons of the client device 110 and stores the
locations in the user*a user profile. Additionally or nlterna-
ni el)i thc locdt&on da&B ol thc chen& dcv&cc Is s&oicd Bt thc
location store 245. The locdt&on module 240 may retncvc thc
device's location fron& any k&cation-iensina capabilities of
the client device ill), including. fi&r example, CIPsk IP
address, and cell phone tower trianguLstion

In one embodiment. the location module 240 is conlig-
ured to convert the raw location data received lbom B client
dcv&cc 110 &i& Bn cnn&Y o& obfcct ol n&&crcs&, which Is
detcrmu&ed to bc B locdt&on v&sitcxi by d user. For ex&unple,
the location module 24U may access map data to ident&fy. by
reverse geocoding. an address corresponding to a location
received from a client dev&ce 110 'I'he address may include
a street address. a city, a county, a state. and/or a country.
The location module 240 may also identif& a nome of Bn
m&i&ty di thc address For cxamplc, Ihe location module 240
iden&ilies an mldrcss v&s&tcd by a user of d client device 110
as beina an address of a store, and determines the name of
the store at the address I'or locations within a building (e g.,
departments within a departn&ent store). the location module
240 may access map data provided by an entity associated
with the budding that converts locations received from a
client dc&ice 110 to locanons w&tlun thc bu&lding. Tluis, the
loca&&on module 240 may dcline locdt&ons vis»ed by users at
a vane&y of d&fleren& granularit&cs, u&eluding c&ucs, build-
ings. and locations within buildings l&urthernx&re. by con-
vertina raw location data to an entity or object of interest. the
location module 240 aggregates siunples of the location of a
user device 110 collected from the same location.

Bascxi on a number ol siunplcs collected at the s&unc

location. &hc locauon module 240 may dcternnnc an unoun&
oftime ihe user spent at thc loca non. In onc mnboduncnt, thc
location module 240 stores locations visited by a user in the
location store 245 (as an address, raw location data as
received from the client dev&ce 110, or both) in association
with a time stamp„an amount of time spent nt the location,
and B user &denulicr of &he user.

11&c &rdflic lifl cng&nc 250 estima&cs d 1&f& in loot Iraflic at
d s&o&c hl Icsponsc to iul Bdvcit&si'n&cnt can&piugn B! &hc

online system 14(l 'I'he traflic lift engine 250 obtau&s a
location for a store from the location store 245, v here the
store is associated with the advertisement campaign Bt the
online system 140. The store may represent a brick-and-
n&o&tar busuu:ss that sells merchandise to consumers. Thc
traflic hft engine 250 obta&ns locution data ol'sers from
location s&orc 245 and/or user prolile s&ore 205. The traflic
lift canine 25(l obtams location data of users corresponding
to a base an&up of users that does not receive any adver-
tisements associated with the store, and correspondin to a
lifted group of users that does receive one or more adver-
t&scnu:nm iissoc&rued wlfl& thc sto&ii

11&c udflic lift cngu&e 250 computes d d&stance between
thc ob&aincd loca&&on assoc&atixi w»h s user and the location
of the store. for each user of the base group to create a base
distance array, and of the lifted group of users to create a

1&fted d&stance array. For B base group of users and a lifted
gmup of users &vith a m&mber of users K. each of the hase
distance array and the lifted distance array includes K
distances I'he traflic lift engine 25U determines an aggregate
value for each of the base distance army Bnd the lifted
distance array, where the aggregate value represents a mea-
sure of a number ol'sers v&siting thc store. In onc embodi-
nlcnt, fllc i&ggtcg&IB: YBha: of B d&sL'ulcc BITBy Is II a&can
distance value of the distance array representing an average

&o value of the distance between the physical location of the
store and location data correspond&ng to each user of the
distance array. Alternatively„aggregate value may relate to
other statistical values of distance such as. for example,
standard deviauon, mcd&an, Z-score, and thc hkc.

Thc traflic hfi cnginc 250 detcnnu&es thc mean dis&ance
value fora distance army usin statistical techniques such as
bootstrapping with replacement stat&stical analysis 'lhe
bootstrapping technique is used to con&pute statistics on
mean distance value fi&r each of the base d&stance army and

Ic the hfted distance array. The technique includes generating
a lira& sample of thc d&stance array and then gcncra&u&g
mult&pie dis&ance sub-a&niys by rcsiunpl&ng thc lira& Bdmplc,
where each distance sub-array is of the san&e length as that
of the first sample 'I'he traflic lift engine 251) computes a
mean distance value for each of the multiple distance
sub-arrays and generates B mean distance array comprising
the mean distance values of the multiple d&stance sub-arrays.
Thm& thc &raflic lift cnginc 250 orders thc &nd&v&dual mean
d&s&ance values of thc mcm& distance array &n e»hcr sn

&o ascending order or a descending order for further processing
'I'he tratfic lift engine 251) determines a mean distance value
for the distance array using a confidence interval such as a
95% confidence interval or another interval (e.g.. 90%. 96%,
98%, 99.5%. etc.).

&i Thc &rdflic l&f& engu&e 250 esnmates a hft in thc fool traflic
a& the store by compunng a difli:rcncc betwimn the mern&

d&s&ance valuefor &hc lifu:d disLu&cc array and &hc mern&

distance value for the base distance array. where the mean
distance value difference represents a n&easure of the

do increase in the number of users visit&ng the store &n response
to race&ving the advertisement. Statist&cal analysis such as a
proport&on test and Z-score computat&on, as described below
with rcfi:rance to FIG. 3, can be performed on thc mean
d&s&ance values ff&r thc base group ol'sers and the lifted
gmup of users to estimate whether any higher mate ofvisitors
observed ivith the lifted amup (i e.. any reduction in mean
distance) is statistically siyfificant.

In one embodiment, the traffic lift eng&ne 250 estimates
the hft &n fool traflic lor each sct ol users bclongu&g to a

o frixpicnt rcport&ng group, where the users'lient dcviccs
rcport the&r locauon data lbequently to thc onlu&c system, and
belonging to an infrequent reporting group. where the users *

client devices do not repon their locat&on data frequently
enough to the online system. For example. the users of

11 frequent reportin group might have opted &n to location
tracking such tha& thc udflic lift m&gu&c 250 may obtain thc
locanon dB&a dssoc&dred wnh thc user (I c., thc current
loca&ion of thc dcv&ce) even when a mobile apphcauon is
nu&ning in the background on the mobile dev&ce, such that

io the device has m& ability to share the device's location
periodically vvithout any input from the user Alternatively,
the users of the infrequent reportin gmup might have opted
out of loca&&on tracking such tlrdt thc traflic l&fl cng&nc 250
may ob&ain thc locauon data associated w &th thc user only

si when a mob&le Bppl&canon &s ruruung in thc foreground, and
the user provides an input to share the device*s location The
pmportion test analysis and /-score computation can be
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rcpcatcd for each ol'hc frequen( rcportuig group mid infre-
quent reporting group, and individual /-scores can be cnnt-
bined using Stnufi'er's weighted I-score methnd

'(lie iveb server 255 hnks the online system 140 via the
network 120 to the one or more client devices 110. Bs well
as to the one or more third party systems 130. The web
server 255 scrvcs web pages, as well as o(hcr content. such
99 JAMAIS. FLASH,B,, XML mtd so Ionh. Tlic web scrvcr
255 may receive and route messages between the nnline
system (4(3 and the client device 110, for example. instant
ntessages, queued messages (e g, email), text messages,
short message service (SMS) messs es, or messages sent
using any other suitable messaging technique. A user mny
amid a rcqucst to thc wcb server 255 Io upload mfiimtation
(c.g.. images or videos) Ihal arc 9(orcxl ui Ihc content s(orc
210 Additionally, the iveb server 255 inay provide applica-
tion programnting interface (API) hmctionality to send data
directly 10 native client device operating systems. such as
IOStf, ANDROIDV", WEBOS:tu or BlackberryOS.
Example Representation of Foot Trnffic at n Store

FIGS. 3A-3F show example rcprcsema(iona of foot Iralfic
at a s(orc, in accordance with an embodiment. There nuiy be
direct and indirect measures for estimating fmit trafiic and
foot trafiic hft due to an advertisement campaign. An
example direct measure niay relate to detecting a location of
a user (e.g.. through a client device 110 associated with the
user) and determinin that user visited the store if the
deme(ed location is within a bmmdary of 9 s(ore's physical
location. An cxnmplc uidirect measure may rela(e 10 receiv-
ing location data of users'lient devices 110 while the users
are in the vicinity of the store and pertiinning statistical
analysis nn the received data 'I'he results from the statistical
analysis can then be used to estimate foot tratfic at the store,
and foot trafiic lift due to an advertisement campaign nt the
online system 140. In onc cmboduncnt, s(aIistmal mialysis
cmi be perlbnncd to cnlculate a mean distmicc of a group of
users in the iicuu(y of thc store mid dc(ermine whether the
ntean distance of the gniup reduces as a result of the
advertisement campaiyi. where the mean distance is an
indirect measure of the font tmsflic and a reduction in the
mean distance in response to the advertisement campai n
provides mi indicauon ol foot Irallic lil1. An exmnple process
Ol CSIllliatllig 1001 ICB(llC 11(1 USlllg 9(ati911CBI BitBlvSis lS

dcscubml below with rcfcrcnce Io FIG. 4.
(1G 3A shows an example representation of a visit by a

user at a physical location of a store A visit bv a user at a
physical location of the store may be detemtined by detect-
in a location of the user*a client device (e.g.. client device
110 such as a smart phone) wnlun a pre-delinixl area
99soclatcd with tile pll)'sictll stoic loca(toit. Fol cxillllplc, il

s(ore has a physicul locauon tha( may be rcprcsented wi(h a
set of (iPS cnordinates (e g, latitude and longitude coordi-
nates) An exantple physical location of a stnre is repre-
sented as location 301 in FIG. 3A. An example pre-defined
area associated isith the physical store location 301 of the
store is represented by a shaded circular region 302 ut FIG.
3A such that whmi a locauon of a user's clien( device 110 is
deme(ed withui Ihc prc-dclincd area 302, the user is con-
sidered 10 have visited the store. Iior exmnple„a user's client
device 110 is detected within the pre-defined area 302 at
location 304 such that the user is considered to be n visitor
to the store If a location of the user's client device 110 is
detix(cd outside ol'hc prc-dclincd area 302, tlm user is
considercxl to no( hnvc vmitcd thc siorc. For example, an
additional user's clmnt device 110 is dc(ected 91 a loca(ion
305 that is outside of the pre-defined area 302 (e g.. area
betiveen the circular regions of 3(32 and 303) such that the

addi(ional user is not a visiior to Ihc store. The example areas
3U2 and 303 may be configured based on the size of the
store. Iior example, as the size of the store increases. a radius
of an example circular area 3U2 may also inctuase.

An estimation of a lift in foot traffic at a physical store in
response to an advertisement campaign requires detemtinin
a number ol'isitors from a base group (i.c., contml group)
and dc(crnuning a number of traitors I'rom a hficd gmup
(i e, treatment gmup), ivhere the base group does not

10 receive advertisements related to the store and the lifted
youp receives nne or ntore advertisements related to the
store. Users are randomly placed in either the base group or
lifted group of users. FIG. 3B shoivs an example represen-
tation of visits by users in both thc busc group of users and
thc hftcd group of users a( thc store Thc cxamplc physical
location nf the store 301, the pre-defined area 302 repre-
senting an area within ivhich the user is considered a visitor
to the store, and also the pre-defined area 303 of I'I(ig 3i3,
3C. and 3E are same as described above with reference to

zn FIG. 3 k. The dot 306 represents a detected location of a first
user's client device 110 w itlun the arcs 302, where thc lira(
user is part Of thc base group of users. Thc do(307 rcprcsents
a detected lncation of a second user*s client device 110
outside the area 302, ivhere the second user is also part of the
base group of users. The dnt 300 represents a detected
location of a third user's client device 110 withm the area
302. v here the tiurd user is part of the lifted grnup of users.
Thc dot 309 rcprcscn(s a dc(ectixl locution ol'a I'muth user's
client device 110 outside thc arcs 302, where Ihe I'ourth user

io is also part of the base roup of users
A factor in being able 10 record a user's visits to a store

is the frequency vvith which the user's cheat device reports
its location to the online systent 140 For example. ifthe user
of the client device 110 has opted in to location tracking. the

is loca(ion module 240 acccsscs Ihc locution dc(cmtincd by Ihe
chcnt device 110 Io dc(ernnnc a curren( loca(ion ol'he
dcvicc In onc mnbodunmi(, thc location module 240 peri-
odically (e g, every 15 ntimites) samples locations of the
client device 1(0 and sends them to the onlme system 14(l

so If the location reporting frequency is hi h enough (e.g.,
above a tlueshold, such as once every 15 minutes) as with
thc frcqucnt rcporung group of users, thc onluic sys(cm 140
will likely rcceivc inl'ounation of all visi(s by a user io a
particular physical location ol' store. H; on thc other hmid.
v hen the user has not opted in for location tracking or if the
location repnrting frequency is nnt high enough (e g., below
a threshold. such as once every hour) as with the infrequent
reportin group of users, the online system 140 might not be
able Io accurately rccmi c a( less( some visim 10 thc store

0 whcrc Ihe user docs no( spend a signilican( ammin( of time
a( the store. For cxamplc. if Ihc loca(ion reporting frequency
is once every hour, the online system 14(l might not receive
the user's visits ivhen the user spends less than one hour at
the store. In other words, the online system 140 might not

19 get an accurate measure of the users'isits especially in the
sccllarlo wlicrc Ihc locil(loii lcpi1r(lllg lrcqUciicv Is riot lllgll
mtough. Additionally. Ihc onluie system 140 might also no1

gcl till Bcc ill ale lllca9Urc of (lie iiscrs vi aim vvllcii Ilii'. 11 set lla9
not npted in fnr lncation trackiim because the online system

io 14U receives information alxiut only those visits where the
user chooses to check in the actual location of the client
device 110. Accordingly, a direct measure for estimating a
number of visits ui a store such as dctemiuung whether Ihe
user's clmnt dcvicc 110 is witlun a pre-delincd arcs of Ihe

ss store nught undcrrcport Ihe actual number of visitors Io Ihe
store. In one embodintent, as the location reporting fre-
quency increases, the accuracy nf estiniating a number of
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1 Istm Io a store also utcreases. An extunple IllustraIion of thc
underreportiim of the actual nmnber of visitors to the stnre
is shown in ltl(ig 3('hrough 31(

lqCi 3( shows an exantple representation ot locations
reported by client devices 110 of users in the vicinity of the
store, where the users belon to the frequent reporting group
such that all visits by the users Io Ihestore are actually
rimctved and recorded at thc onhne system 140. Each arrow
of the set of arrows 310 shown in I'l(i 3G represents a path
that a user takes while walking amund the area In the
vicinity (e.g . includes areas 302, 303. and beyond) of the
physical location 301 of the store. Each dor within each
arrocv represents a reported location of the user's client
dcvicc that Is closest to thc store'1 physical locauon 301. For
example. dot 312d represents a reported location of a user
correspondin to arrow 312a that is clnsest to the stnre
location 301, which happens to be within the pre-defined
area 3U2. I)nt 3)4t( represents a reported location of a user
corresponding to arrow 314a that is closest to the store
location 301. v, hich happens to be outside of the pre-defined
arcs 302 and at the edge of the penphery of armi 303.

FIG. 3D shows another rcprcsenuitton of a number of
reported users as a function of a distance ofthe user's clnsest
location to the physical location of the stnre. where the
users'isits of ltl(i. 3)) correspond to the users'isits slxown
in FIG. 3C. The X-axis of FICI. 3D represents a distance
between the store location 301 and the user's closest
reported location to the store's location 301 (c.g., each dot
on the set of arrows 310). Thc Y-axis of FIG. 3D represents
a munber of reported users at a given distance from the
store's physical location 301 Because Itl(i 3('hows the
number nf reported locations of users'lient devices 110
that is constant as a distance between the location of the
client devices 110 and the store location 301. the vertical
bars rcprcscnun number of rcponcd client devices 110 of
users dt a given distance Io thc store*s location 301 are also
constant at venous distances on Ihe X-axis. For extunple,
vertical bar 322 corresponding to client devices 110 that are
close to the store location 301 represents the same nuntber
of reported users as vertical bar 324 correspondin to client
devices 110 tltat are farther from the store location 301.

FIG. 3E shows a rcprcsentatton ol'ocations reported by
client devices 110 ol'sers ut thc vtcuuty ol'he store, w herc
Ihe users belong Io thc Infrequent rcportutg group such Ihat
all visits by the users to the store are not necessarily received
and recorded at the online system 141) The underlying
nun)her of visits to the store by userc is same for both
representations of FICIS. 3C and 3D, and the only difierence
is the location repornng frequency, where Ihc frcqucncy Is
not lugh enough Ibr FIG. 3E to bc able Io receive and record
all vtstm Io Ihc store. In other words, Ihe reported locanons
of the client devices 110 show:n in FI(ig 3('nd 3): are
actually the same except that the kication data slmwn in III(i.
3C corresponds to users v hen they belong to rhe frequent
reporting group and the location data shown in FICI. 3E
corresponds to users when they belong to dte utfrequmtt
It:porung groUp.

Each arrow of the sct of armws 330 shown In FIG 3E,
similar to arrnws 310 of I'l(i 3(', represents a path that a
user takes while walking amund the area in the vicinity (e g.,
includes areas 302. 303. and beyond) of the physical loca-
tion 301 of the store. Each dot within each arrow represents
a rcporlcd location of thc user*a clmnt device tlru Is cloacal
to the store's physical location 301. Because the location
reportutg frcqucncy Is not lugh enough, Ihc closest reported
location nf a client device 110 is not necessarily the actual
closest location of the client device ivhile the corresponding

user Is walking around Ihc area in the vicinity of Ihe store.
ltor example, dot 33ZII represents a reported location of a
user corresponding to armw 332a that is closest to the store
location 301, ivhich happens to be outside of the pre-defined
area 302. Arrocv 332a of FICi. 3E corresponds Io the same
user associated with arrow 312a shown In FICI. 3C, and
sunilarly dot 334J of FIG. 3E corresponds to thc same user
associated with dot 314tf of FICI 3C. Even though Ihe
closest actual location of the client device 110 associated

In with the user corresponding to arrow 33211 and dot 332d is
a location represented by dot 312II of lq(i 3(', the closest
reported location v:hen the user belongs to the infrequent
reporting group is a location represented by dot 332d, wlfich
is much farther acc ay from Ihc store's location 310 than Ihd1

of dot 312d. That is. thc closest rcpottcxt locduon corre-
sponding to the infrequent reporting group might not be the
actual closest physical location that a user traverses to and
accordingly. the accuracy of estimating a nun)her of visitors
as represented by a munber of reported users as a function

Io of a distance of the user*s closest location to the physical
location ol Ihc store Is lower than that of Ilm frequent
reporting group of FIG. 3C. A loss of accuracy correspond-
ing to the infrequent location reporting scenario is repre-
sented by an example representation of lti(i 3I(

lti(i 3F shnws a representation of a number of reported
users as a function of a distance of the user s closect location
to the physical location of the store. The X-axis of FICI. 3F
rcprcscnts a dtstanct: bixwecn Ihc store location 301 and thc
user's cloaca( reporu:d location to thc store's locauon 301

so (e g, each dot on the set of armws 330) 1 he Y-axis of I'l(i
3) ) represents a number of reported users at a given distance
from the store's physical location 3UI Because Itl(i 3)i
likely under reports the number of actual visits to the ctore
because of infrequent location reporting by the client

)c dcviccs 110, thc vertical bars rcprcscnung a number of
reported locations ol'sers'lient dcvtccs 110 also under
report thc actual number of visitors to the store. For
exantple, the tnimber of reported chent devices increases as
a function of distance front the store's physical location 301

do because the reported closest location for some client devices
110 Is farther than the actual closest location as described
above with rcfurencc to FIG. 3E. Accordutgly. a direct
mcasurc of counting the number of visitors based on
whcthcr the closest rcpoucd locauon ol'thc chcnt device 110
is witlnn a boundary of the store's physical location might
not result in an accumte estimate in foot traffic and any lift
in the foot traffic in response to an advertisement campafyt
especially cvhen including an infrequent reporting group of
itscrs Au cxBnlplc process tII I:sfinldtulg loot lrdlhc ltll Usulg

II dn ulihrcct nlcdsUrc SUch ds pcrioruuug a(Bus(Ical dutll)'sts
on closest rcporlixt location of Ihc chen) devices 110 Is
described beloiv with reference to III(i. 4, which pmvides
intproved accunccy titr estimatin a hft in foot traflic even
when including an infrequent reporting group of users.

1. Statistical analysis such as a pmportion test can be
pcrfomtcd on the base group of users mtd the hftcd group of
usi:rs to cstuudtc v;hcthcr Bnv higher rate ol vlsttols
obscrvtxl with the fiftcxl group is statistically signtlicant. In
an example proportion test betv een the base gmup and the

io lified group nf users, a /-score can be computed for the data
from the base and lifted groups to find out whether the
Z-score is over 1.96. which represents that there is a 1%
chance ol'iming a result this high randomly. Z-score is a
measure of standard dcvtanon. The actual visuors Io Ihe

sc store will compnse users tluu belong to either Ihc Ibequent
reportmg group or the infrequent reporting gn)up The
pmportinn test analysis and /-score computation can be
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rcpcatcd for each ol'hc frequent rcportuig group mid infre-
quent reporting group After computing Z-scores ftir each of
the frequent reporting group and infrequent reporting group,
the individual /-scores can be combined to find out whether
the there is a lift in the foot tratfic iiir the overall users (timt
includes frequent reporting group and infrequent reporting
group) ds a result ol Ihc advertiscmeni cmnpaign An
cxrunple method of combuting Z-scores is Stoufli:r's
wei hted /-score method. 11ie pnicess of computing Indi-
vidual /-scores for each of the frequent reporting group and
infrequent reporting group. and then combining to result in
an overall Z-score can be used on either a direct measure
such as counting a number of visitors to the store or on an
indirect measure such as cstimaiui a mean distance of thc
Users 10 Ihl: store.
I:stimating lioot 'Iraflic l,ift at a Store in Response to
Advertisement ('ampaign at an Online System

lq(i 4 is flowclmrt of an example pmcess for estintating
foot traffic lifi at a store in response to advertisement
campaign at an online system, in accordance with an
cmbodimcnt. In onc cmbodunent, Ihe online system 140
csiimdics a lift in fool traflic for each ol Ihc Ircqucni
reporting group of users and the infrequent reporting gmup
of users, where the pmcess of estiinating foot traflic lift is
described below with reference to lil(i. 4 and is identical fiir
each group ofusers. In some embodiment~, the process may
include different or additional steps than those described in
conjunction with FIO. 4. Additionally, in some embodi-
menis. ihe steps of the method may bc pcrformixl ut diflcrmii
orders than the order described in conjunction with I'l(i 4.

'lite online systent 140 identities 410 a location fora store,
where the store is associated w:ith the advertisement cant-
paign at the onhne system 140. For example. the onhne
system 140 identifies a physical location iiir the store. In one
cmbodimcnt, thc store rcprcscnts a buck-dnd-mortar busi-
ness tluii sells merchandise to consumers.

11&c online system 140 obiauis 420 location data ol'sers
to estimate a lift in foot tratflc at a store in response to an
advertisement campaign 1 he online systein 140 estintates a
lift in foot tratfic at a store by estimatin. an increase in the
number of visitors to the store in response to the advertise-
ment campaign. In one embodiment, cstimatuig thc hfi in
foot Iraflic includes csumaiuig Riot traflic for a base group
of users thai docs not rcccivc miy advcriisemmIIs associated
with the store, and for a lifted group of users that does
receive one or niore advertisements associated with the
store. In this example embodiment. the online system 140
obtains location data for each of the base group of users and
tlic llficd gtoilp of Users.

In one embodiment, thc onhne sys(em 140 obtains the
location dais ol' user lkom a mobile device (c.g., clmnt
device 110) associated with the user lior example, the
niobile device can report its current location to the oniine
system 140. In one embodiment, the online system 140
receives location data from the mobile device periodically
(c.g.. every 15 minutes). For example, If Qte user of thc
mobile dcvicc has opted in Io location Irdckmg, Ihc location
module 240 ol'hc onlutc system 140 may rcxcive thc
location data associated with the user (i e. the current
location of the device) and stores the location data at the
user's user profile store 205 and/or the location store 245. An
example scenario occurs v hen the user has opted in to
location tracking and shares the device's location evmt when
d InobllC BppllCatloil ls nllllllllg ill Ihc baCkgroilllil Oit IIIC

mobile dct icc, such that thc device hds mi ability to slmre the
device's location penodically to the online systtnn 140
without any input from the user

16
Altcmatively, Ihc online system 140 receives Ihc location

data from the mobile devices in response to certain user
interactions such as fore rounding the mobile application111'eceivingan input pmvided by the users of the mobile
devices. where the input provided by the users of the mobile
devices provides an indication to share the location data of
the mobile devices with the onluie system 140. For example,
if the user of thc mobile dcvicc lrds opted oui of locauon
tracking, the location module 240 of the online system 140

Io may receive the location data associated with the user (i.e,
the current location of the device) only after the user
provides an input that indicates that the user is willing to
share the device's location tvith the onhne system 140. An
cxiunplc scmiano occurs when the user has opted out of

I IOCalioll IIIICklllg dill SlidrCS lht: ih:viCC S IOCrlilon WIICU II

mobile application is runnina in the foreyound. Another
exaniple scenario occur: tvhen the user has opted out of
location tracking, and shares the device's locatitm when the
mobile appiication is running in the foreground and the user

Io provides an input to share the device's location.
In onc embodimcnn Ihe onluic systtan 140 estimates fool

IritfliC lifl B( B SIOIC Ill ICSpoiisC to rtdvCIIISCIIICBI CBlnpalgll
for each of two sets of lifted group of user~. where the first
set of lifted gmup of users is a lifted group of users
corresponding to a frequent reporting group and the second
set of lifted group of users is a lifted mup of users
corresponding to an infrequent reporting group. For
cxiunplc, thc lirsi sci of iiflcd group of users Is a sci of users
thai opted into locduon reporting and their dcviccs rcpurt

so their location data periodically (e g. every 10 minutes) to
the online systeni 140. Another example of the first set of
lifled group of users is a set of users that opted into location
reportin and their devices report their location data auto-
matically without an input from their users. And the second

is sct ol Iiscrs Is. Ioi cxaniplc, d st:I til Users illa( oplcx! Uili ol
(or did noi opt in) location reporting such thai Ihcir dcviccs
report Ihcir location daid Io Ihc online system 140 only when
the user provides mi input to indicate that the user would like
to share the device's location. 1he exaniple enibodiment

do described herein is applicable to both the first set of lifted
group of users and the second set of lifted gniup of users.

Thc online system 140 computes 430 a distance bctwccn
a location associated w iih a user and the location of thc store.
for each user of mich of Ihe base group and lifted group of
users For exmnple, the online system 140 computes 430 a
distance benveen the store's physical location and the
obtained location data associated with each user of the base
group to create a base distance array. The online system 140
computes 430 a distance between thc store's physical locd-

0 tion and thc obtained location data associated with each user
of the lified group of users to create a lifted distance array.
The user's location for each user of the base youp of users
and the lifted youp of users is deterntmed fmm the obtained
location data corresponding to the user. For a base group of

11 users and a lifled roup of users with a number of users K,
each ol'hc base distance array and thc lificd distance array
includes K distances. Example distance value may include
350 mctcrs, 3SO meters, 267 mctcrs. and thc like.

'I'he online system 140 deterniutes 440 an aggregate value
to for each of the base distance array and the lifted distance

array. v here the a gregate value represents a measure of a
number of users visitin the store In one embodiment. the
dggregdtCvdltlC Of B dlSIIIIICC iuray Is II IIICdll illSIBUCC VBhlC

of thc distance array rcprcscnting an average value of Ihe
ss distance between thc physical locution of thc store and

location data corresponding to each user of the distance
array Alternatively. 3 gregate value may relate to other
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stansiical I alucs of ihstaucc such as, lbr cxamplc, standard
deviation. niedian. /-Score, and the like. 3tv'hfle the embodi-
ments herein describe estimating a lift in fiiot tratfic v ith
respect to a mean distance value. it is understood that the
method described in those embodiments is not limited to
mean distance value but also extends to other smtistical
Values of distance such as, but not inn«cd to, standard
deviauon, Z-score, and median.

In one embodintent, the online system 340 determines the
niean distance value for a distance army using, bootstrapping
with replacement statistical analysis. I3ootstrapping imolves
sampling a population. measuring a statistic of the sample,
and then using the statistic for inferring something about the
corresponding purametcr of the population. Samplutg can bc
done ui a couple ol'hlfi:rent ways dcqtendutg on what is
done to an object after the object is selected and recorded
with a measurement of the attribute being, studied. One
option is to replace the oblect into the population being
sampled. and another option is to not replace the object Into
the population bein sampled. In the currently descnbed
cmbodimcnt, sampluig fund rcsiunpluig j uscxl ui the boo1-
strappuig tccluiiquc is pcrlormcd with rcqtlacemeut.

1he bootstrapping technique can be suminarired as fol-
lows Suppose it is possible to draw repeated samples (of the
same sixej fmin a population ot interest, v;here the santples
are drawn a large number of times. Sampling the population
repeatedly a Large number of times results in a fairly good
iden about thc sampluig dwtnbution of a particular statistic
tc.g.. mean distance bctwccn thc store location aixl thc
users) front the collection of its values arising from these
repeated santples l3ut sampling repeatedly a large munber
of times is typically too expensive and inight even defeat the
purpose of a sample study of the population. which is to
ether information cheaply and in a timely fashion. The idea

behind boo(strapping Is to usc the data of a smnple study at
hand as a surrogute of the population, for thc purpose of
approxunating thc sumpling dist«button of a stanstic. i.c. Io
resaniple (with replacentent) from the sainple data at hand
and create a large muuber of "phantom samples" known as
bootstrap samples. The sample summary is then computed
on each of the bootstrap samples (e.g.. a few thousand). A
lnstogriun of thc sct of these computed values Is refcrrcd to
as thc bootstrap distnbution of thc statistic.

11&c bootstrappuig tcclutiquc Is used to compute statistics
on mean distance value for each of the base distance array
and the lifted distance array ln one embodiment, determin-
in the niean distance value for each of the base dismnce
array and lifted distance army usiitg bootstrapping with
replacement slausncal analysis comp«sea gcncratuig a lirst
sample of Ihc ihstauce array by samplm thc distmtce array.
For cxiunple, euch distance army of length K is randomly
sampled to generate the first sample of length N, where the
length N is smaller than or equal to the length K of the
distance array The length N is typically chosen to be a large
enough nmnber such that the first sample is a fair represen-
tanon ol'hc distance army.

11&c online system 140 gcncmtes multiple distimcc sub-
arrays by resampluig thc first sample, where each distance
sub-array also composing of the same length N as that of the
fir:t sample 'I'he muuber of nndtiple distance sub-arrays
Ie.g.. M sub-arraysj that are enerated can vary from fev
tens of sub-armsys to lnmdreds and even thousands of
sub-arrays. lite accuracy ol'he bootstrappuig tecluuquc can
be improi ed by utcrcasuig thc number of sub-arrays (i.c., MI
generated. In ouc embodiment, thc onhne system 140 com-
putes a mean distance value for each of the multiple distance
sub-arrays. The online system I 40 generates a mean distance

airiI)'oluprlSillg IhC «ICilll dIStilllCC Valilcs Of tllC lllllltiplC
distance sub-arrays. For exaniple. M number of sub-arrays
would result in a mean distance array of lmtgth Ivi. The
online system 340 orders the individual ntean distance
values of the mcmi distance array In either an asccnduig
order or a descending order for further processing.

The online system 140 determines a mean distance value
for the distance array using a contidence interval. I ol'xample.a 95% confidence interval is generated by includ-

ui
iug all individual memi distance values ol'he mean distance
array that remain afler discarding the highest and lowest 5%
values ol the mean distance array to detcrnune a range of
values that one can be 95% certain to contain the true mean

I
distance value. A 95'/o conlidence interval roughly aqua(ca
to rwo standard deviations.

In one embodiment, the online system 340 estimates a lift
in the foot traffic at the store by contputing a difference
between the mean distance value for the lifted distance array

111 and thc mean distance value for thc base distance array.
where the mean distance value difference represents a mea-
sure of thc increase in thc number of users visiting Ihc store
in response to receivin the advertisentent 33ecause mean
distance value of a distance betiveen the store location and
the users* location is an indirect measure of the number of
visitors to the store. any decrease in the mean distance value
from the base group of users to the lifled mup of users
represents Bll 111CICBSC ill 1IIC lilllubcI'l USIYS Visitillg thC

stoics 111 Icspollsc lo rcccivillg Bdvcrtisclllcllts iissoctatix!
Ic v ith the store

In one einbodinient, the online system 3413 estimates a lift
in foot traffic for each of the frequent reporting group of
users and the infrequent reporting group of users. where the
lift estimatin process for each group of users is same as the

11 example process descnbcd aboic with rcfi:re«co to FIG. 4.
For example, thc online system 140 estimates a lifi in the
loot Irafllc Bt thc stoic kir cilch ol thc IrcqUcllt Icporllllg
gmup ofusers and the infrequent reporting group ofusers by
cmnputing a ditference between the mean distance value tiir

So the lifted distance array and the mean distance value for the
base distance array corresponding to each group, where the
mean distance value d«lcrcnce represents a mcasurc of thc
111CICBSC lll thC IIUlubCI Of IISCIS VHltlilg thc Stoic ill ICSpiitlSC

to rccctvillg thc ildvc«lscitictin
Statistical analysis such as a proportion test and /-score

computation, as described above with reference to I'l(i. 3,
cmt be performed on the base group of users and the lifted
group ofusers to estimate whether any reduction in the mean
distance value observed with flie lificd group is statistically

o sigmlicant. Thc actual visitors to the store will comprise
users Ihat belong to cithcr the Ircqucnt rcporung group or the
infrequent reporting roup I'he pmportion test analysis and
/-score computation can be repeated for each of the frequent
reporting group and infrequent reportin group, and indi-

ss vidual Z-scores can be combined usin Stoufl'er's weighted
Z-score method.
Exmnplc Estimation of Foot Traflic Lift at a Store in
Response to Advcrtiscment Campaign at an Online System

lii(iS. 5A through 5D shoivs an example estimation of
ic foot traflic lift at a store in response to advertisement

cmnpaign at an online systent. in accordance with an
embodiment. Each of the FICIS. 5A-5D show a representa-
tion of a mimbcr of rcportixl users iu Ihc vicuiity ol a store
as a function of a distance ol Ihc user's cloacal location lo the

si physical location ol'hc store. Tlu: X-axis of each of FIGS.
5A-5D represents a distance between the store location and
the user's closest reported location to the store's location
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Thc Y-axis of each ol'IGS. 5A-5D rcprcscnts a number of
reported users at a given distance from the store's physical
location

11Cig 5A and 5('how a representation nf the number of
reported users. where the users belong to the frequent
reporting group. FICi. 5A shows number of reported users
lord biisc giolip ol Users wilhii&lhc fI&Spic&&1 icpoitii& g&Clip,

and FIG. 5C shows number ol'iponcd users for a l&ftcd

mup ofusers within the frequent reporting grnup I ine 510
represents a mean distance value for the base grnup nfusers
of l&I(i 5A generated using the exemplary methnd descnbed
above with reference to FICi 4. For an example data set. the
mean distance value 510 is 260 meters. The lifted group of
FIG. 5C u&cludcs add&uonal v&s&ts by users ds rcprcsenlcd by

3 crucal bar 532 that w &aller than the correspondu&g bar
512 of lil(i. 5A at the san&e distance foun& store. After
analyxing the location data for the exainple set of lifted
gn&Up of users of 11(i 5(1 the n&ean distance value 530 &s

247 meters. which corresponds to a confidence interval of
much higher than 95%v 1e.g., corresponding to about five
standard dcv&a&iona). In other words, lherc &s a confidence
le& cl that &s much lnrgcr than 95% that lhe true mean
distance value of the total number of visitors in the lifted

mup of the frequent reporting on&up would be less tl&an or
equal to 247 n&eters 1'he decrease of in the mean distance
value from the based group to the lifted group represents an
increase in the visitors to the store in response to the
ddvcrnsemenl cmnpa&gn

FIGS. 5B and 5D show a rc7&rescnrdfion of d&e munbcr of
reported users, where the users belong to the infrequent
reporting group. I&I(i. 5('hows number of reported users
fi&r a base group of users within the infrequent reporting

roup, and FICi. 5D shows number of reported users for a
lifted group of users within the infrequent reporting group.
Lu&c 520 rc7&resents a mean dwuu&cc value for thc base roup
ol'sers of FIG. 5C gm&crated usu&g lhe cxcmplary method
descnbcd above with rcli:rance to FIG. 4. For an example
data set. the n&ean distance value 530 is 340 meters 1 he
lifted amup of l&I(i 5D includes additional visits even
though the increased number of visits might not be seen
easily seen by companng the FIGS. 5C and 5D with n naked
cye. But by aoalyzu&g thc locdt&on dale fi&r thc example scl
of fift&xf group ol'users of FICi 5D, Ihe mean distance value
540 is detcrm&ned as 337 mctcrs, wluch corresponds to a
95% confidence interval 1e.g. corresponding to about tv o
standard dev&ations) In other words, there is a 95% confi-
dence tl&at the true mean distance value of the toml iuunber
of visitors in the lifted roup of the infrequent reporting
group would bc less than or equal to 337 meters. The
dcmrcasc in llu: mean &balance value lrom Ihc based group lo
thc hflcd group represm&ls m& increase in Ihe vis&lors lo the
store in response to the advenisement cmnpaign As the delta
bet&veen mean distance value fn&m the base group to the
lifted group increases. the number of users visiting the store
also increases, winch further increases a lift in the foot trafhc
in rcsponsc to the advert&semen& cim&paign.
Add&1&oiud Coi&sidiuiitioi&s

11&c foregou&g descnpuon of Ihe embodiments has been
presented for the purpose of illustration; it is not intended to
be exlwustive or to limit the patent rights tn the precise
fonna disclosed Persons skilled in the relevant nrt may
appreciate that many modifications and variations are pos-
sible u& light of thc above d&sclosurc.

Some portions of llus descnpuon describe lhc ranbud&-
ments in tenne of algonlluns m&d symbohr. representations
ofopemtions on information. 1'hese algorithmic descriptions
and representations are commonly used by those skilled in

thc data processing arts lo comey thc substance ol'heir
v ork effectively to others skilled in the art. I'hese opera-
tions, while described functionally, con&putationally, or logi-
cally, are understnod to be implemented by computer pro-
gmms or equivalent electrical circu&ts. microcode, or the
like Furthermore. it has also proven convenient at times, to
refer to these arrangemcnls ol operat&ons as modules, wid&-

out loss of generality. Thc dcscribcd opcrauons m&d their
associated modules may be en&lx&died in software, firmware,

ln hardware, or any combinations thereof
Any of the steps, operations. or processes described

herein may be performed or implemented with one or more
hardware or software modules, alone or in combination with
other dcviccs. In onc embodunm&t, a software module is
implemcntcd w&lh a computer progrmn product compnsu&g
a computer-readable medium containing con&puter program
code, which may be executed by a con&puter processor for
perforn&ing any or all of the steps, opemstions, or pn&ceases
described.

&U Embodiments may also relate to an apparatus for per-
fi&rming the opcrauons here&n. This apparnlus may bc spe-
cially constructed for thc rcquircd purposes, and/or il may
cmnprise a general-purpose computing device selectively
act&vated or reconfiaured by a computer program stored in
the cnmputer. Such a con&puter program may be stored in a
non-transitory, tan ible con&puter readable storage medium
or any type of media suitable for storing electronic instruc-
t&ons, which may be couphxf to a computer system bus.
Furthem&ore, any compuung systmns rcfcrrcd lo u& thc

&o specification may include a single processor or may be
architectures employing multiple processor designs fbr
increased computing capability

Embodiments may also relate to product that is produced
by a computing process described herein. Such a product

&s &in&)'o&upi&sc iiifoinidlioi& rcsUltii&g fin&i& a cot&&pi&lit& pro-
cess. where Ihc u&formauon &s stored on a non-trimsitory,
tang&blc computer readable storage medium and may
include any einbodin&ent of a computer progra&n pmduct or
other data cnmbination described herein

dn Finally, the language used in the specification has been
princ&pally selected fi&r readability and instructional pur-
poses. and &t may nol have been selcclcd to dcfincstc or
c&rcumscribe thc u&vcnlive subject maucr. It &s thcrcforc
intended that thc scope ol ihe patent nghls be hnuled not by
tlus detailed description. but rather by any claims that issue
on m& application based hereon Accordingly, the disck&sure
of the embodiments is intended to be illustmstive, but not
lim&t&n . of the scope of the patent rights, which is set forth
in the follow u&g claims.

U What &s cia&med &s.

I A computer-implemented nu:thod compnsing:
identifying a physical location for a store:
defining an area around the physical location of the store,

the area bavin an outer edge that &s a set distance from
&s the physical location:

&dm&tifying, by an online system, a lirst population of
&&acts rcprcsc&11&ilg d lifiixi popUlatioi& lhdl Icccivcd &I

content item about thc store,
identifying, by the online systen&. a second popuhstion of

users representing a base population of users who did
not receive a content item about the store:

periodically receiving and recordin „by the online sys-
tem, a rcport of a location ol'ach of thc users within
thc base population and Ihc 1&fled population, Ihe

ss rcportcd locations rccc&v&xf from mob&lc applications
on mobile devices of each of the users, wherein some
of the repnrted locations are fron& users that belong to
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Bn UlhcqUOBI rcpoltnlg gloUp thai Icpiirls locallons
beloiv a location reporting frequency threshold such
that there are fewer reports of locations than fnr nther
users not belonging to the infrequent reporting grnup,

computing, for each user in the base population of users
and the lifted population of users, a dismnce between
Ihe physical location of Ihe store mid Ihc reported
location ol thc user and for creating a base distance
array corresponding to the base populatinn of users and
a lifted distance armsy corresponding to the lifted pnpu-
lalion of users, wherein, for users of the infrequent
reporting group. the reported location used in the
computation is an estimated actual closest locarion to
thc store bascil on B plilh ol Ildvi 1 ol each 01 fllosc Uscls
tllrough the delinixl arcs,

determining an aggregate value for each of the base
distance armsy and the lifted distance array, the aggre-

ate value representing a measure of a munber ofusers
visiting the store, U herem users are counted as having
visited the store when the users have at lensr one of the
IcpoIICi! 10CdtlonS Wllhhl lhc dCiinCd BICB BIIJUnil lhC

store or when the users have no reporlcd locations
within the defined area but have an estimated actual
closest location ivithin the defined area: and

estimating a foot traflic lift for the store by comparing the
avvregate value of the lifted distance army with the
avvregate value of the base distance array, the esti-
BJIJICi! fool IrafllC if1 rcprcscnlnlg B Illeasulc Of Bn

cfli:ct thai receiving thc contcnl ilem lwd On whelhcr or
not users visited the store and a measure of an increase
in a number of users visiting the store in response to
receivin the content item

2. The computer-implemented method of cLsim 1,
wherein the store represents a brick-and-mortar business
scllmg mcrchandisc lo users.

5. Thc computer-implcmcnted method of claim h
whcrcul the rcportcd locduons indicate current physical
locations of the mobile devices of each of the users, v herein
the reported locations are received from some of the nlnblle
applicatioIJS while they are ninning in the background on the
mobile devices and from some of the mobile applications
while Ihl:1'rC nlnnulg nl lhc lolcgliiUnd iin lhe nlobilc
dcviccs.

4. Thc computer-lmplcmentcd method ol'laim h
wherein penodically receiving and recording the report of
the location of each of the users within the base population
and the lifted population. the reported locations received
fronl the mobile applications on mobile devices of each of
thc users compnscs: penodlcally reccivulg mid recording the
report of ihe location from thc mobile devices wllhout input
from thc users of thc mobile devices.

5 lie conlputer-implemented method of clainl 1,

wherein determining the aggregate value fnr each ofthe base
distance array and the lifted distance array comprises deter-
mining a mean distance value for each of the base distance
array mid liu: hftcxt ihslancc array, Ihe mean distance value
colvcsponihng 10 d dlsIBncc dirdv'cplcscnllng iin Biol'Iigc
Value of Ihc distance bctwccn Ihc physical location Of thc
store and the location corresponding, to each user of the
distance array.

6. The computer-implemented method of cLsim 5,
wherein estimating the foot traffic lifi comprises computing
a dilference betwccn the mean distance value fiir thc hftcd
dlsiancc array and thc mean distance value lor Ihe base
dlslBncc drl'Ills lhc nlcBB ilHIBncc valiic dlflcrcncc rcprcscnl-
ing a measure nf the increase m the number of users visitiag
the store in response to receivmg the content item.

so

7 The computer-Implcmcntcd method ol'lmm 5,
v herein the mean distance value for each distance array is
deternnned using bootstrappin v ith replacement statistical
,'UlalvSJS

8 The computer-implemented method of claim 7,
v herein the bootstrapping with repLacement statistical
analysis comprises.

ginmra lulg a lira I sample of Ihc distance array by samplulg
the distance array. Jhe first sanlple conlprising a length
N, the length N is smaller than a leogth of the distance
array: and

generating multiple distance sub-arrays by resampling the
first sample. each distance sub-array compnsing length
N.

9 The computer-Implcmcntcd method ol'lmm 8,
v herein the bootstmpping with replacenlent statistical
analysis further conlprises

conlputing, for each of the multiple distance sub-arrays, a
mean distance value;

Io generating a mean distance array comprising the mean
distance values ol'lhc multiple distance sub-arrays, and

ordcnng individual mean distance values ol'hc mewl
distmlce array in an ascending order or a descending
order

Ill. I'he computer-implemented method of claim 9,
wherein the bootstrapping with replacement statistical
analysis fiirther comprises;

delcnninulg a mean dlsiance value ibr thc distance array
usulg a confidence ullerval

lo I 1. Vv computer progmln product comprising a non-tran-
sitory computer-readable storane medium having instmc-
tions encoded thereon that. v hen executed by a processor,
cause the processor to perform teps, the steps comprisin:

identifying a physical location for a store:
ls dclining Bn arwi around the physical location of thc store,

thc arcs havnl an UUlcr cdgc thill ls B scl ihsldncc loni
thc phy'sical locdllon:

identifying, by an online system. a first population of
users representing a lifted population that received a

do content item about the store:
identifying. by the online system. a second population of

users representing a base population ol'sers who did
nol rixmvc lhe content iicm about Ihc store,

periodically receiving and recorihng, by the onlule sys-
tem, a report of a location nf each of the users within
the base population and the lifted population, the
reported locations received from mobile applications
on mobile devices of each of the users. wherein some
of thc reported locauons arc from users thai belong lo

JJBB ullrcqllcnt rcporlulg griiUp thai reports locations
below a location reporting 1'rcqucncy tlucshold such
that there are fewer reports of locations than for other
users not belonginn to the infrequent reporting group;

computing. for each user in the base populatinn of users
Ss and the lifted population of users„a distance between

lhc physical location ol Ihc store and thc rcporlcxl
location ol'hc user mid for creatuig a base distance
array corrcspondulg lo the base population ol'users and
a lifted distance array corresponding to the lifted popu-
lation of users, wherein. for users of the mfrequent
reporting group, the reported location used in the
computation is an estimated actual closest location to
thc store based on d path of travel ol'each of Ihosc users
throllgh lhc dcihux! drJ:d,

ss dctcmnlung an aggregate Value filr each of thc base
distmlce array and the lifted distance armsy. the aggre-
gate value representinn a measure of a number of users
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1 lsllhlg thc store, whclcln tlscrs src coitntcd Bs havulg
visited the store when the users have at least one of the
reported locations within the defined area around the
store or when the users have no reported locations
tvithin the defined area but have an estimated actual
closest location within the defined area: and

esunuitulg a fool Iraflic lift for Ihe slorc by comparing the
dggrcgatc value of the hftcsf distance array with the
aggregate value of the base distance array, the esti-
mated filot traffic lift representing a measure of an
effect that receiving the content item had on whetherot'ot

users visited the store and a measure of an increase
in 0 number of users visiting the store in response to
rccctvtng the content item.

12. The computer program product 01 claim 11, whcrcln
the reported locations indicate current physical locations of
the mobile devices of each of the users, wherein the reported
locations are received from some of the mobile applications
while they are runnin in the background on the mobile
devices and fmm some of the mobile applications while they
arc ruruung tn thc ihrcground on thc mobile devices.

13. The computer progrmn product of clmm 12, wherein
periodically receiving and recording the repon of the loca-
tion of each of the users within the base opulation and the
lifted population. the reported locations received front
mobile applications on the mobile devices of each of the
users comprises: periodically receiving location data from
Ihe mobile devices without ulpul from Ihc users of thc
nlobllc dcvlcim.

14. 1 he conlputer program pn1duct ot claim 11, wherein
deternlinina the aggregate value for each of the base dis-
tance array and the lifted distance array cotnprises deter-
mining a mean distance value for each of the base dismnce
array and the lifted distance array. the mean distance value
col'Icspondnlg 10 0 distance BITBv Icplcscnlnlg tin Btclttgc
(Blue of ihe distance between Ihe physical localton of the
store and locauon data corrcspondulg to each user of the
distance array.

15. 'I he computer pmgram pmduct of claim 14, v herein
estimatin the foot tmsfiic lift comprises computing 0 dtfier-
ence between the mean distance 1 slue for the lif'ted distance
array dnd Ihc mean (balance value fitr the base dislmlcc array,
the mean distance value dtflhrencc rcprcsenling a measure of
Ihe incrcdsc tn thc number of users vistlulg lhc slorc ln
response to receiving the content item

16. 1 he computer pmgranl pmduct of claim 14, wherein
the nlean distance value for each distance array is deter-
mined using bootstmspptng statistical analysis with replace-
ment, Ihe bool strapp ulg w 1th rcpl ac emml1 ala ital ical mls lysis
conlprlscs.

genera ling a 1 i rat sample of the (balance array by sampling
the distance array. the first sample comprising a length
N, the length N is smaller than a length of the distance
array; and

generating multiple distance sub-arrays by resampling the
lllst munplL, cttch ihsldncc sub-BITav conlprlshlg lcn lh
N.

1'7. The computer progrmn pmduct of clmm 16, whcrcln
the bootstrapping with replacement statistical analysis fur-
ther comprises:

computing, for each of the multiple distance sub-arrays. a
mean distance value:

gcncldlhlg 0 nn an dlsntncc'. (tndv conlpllsln lhc nlcan
distance values of the multiple dtsuulce sub-arrays.

ordcnng uldtvldual mean distance values of the mean
distance array in an ascending order or a descending
order: and

20

3(t

3(

delcnninulg a mean dtsiance value ihr thc distance array
using a confidence internal

fg .St system for estinlating foot traffic lift at a store
cotnprlslllg:

0 processor: and
0 non-transitory computer-readable memory comprisin

ulstnm lions that when cxccutcd by tlm processor cause
thc processor lo.
identify a physical location for a store;
define an area around the physical location of the store,

the area having an outer edge that is a set distance
from the physical location„

identify, by an online system, a tirst population ofusers
rcprcscnltng 0 if(ed population that rcccivcd 0 con-

I lent item about thc store,
identify, by the online systenl. a second population of

users representing a base population ofusers who did
not receive a content item about the store;

periodically receive and record, by the online system. a
report of a location of each of the users within the
base population and Ihc hficd population, Ihc
rcporlcsf locations received from mobile applications
on mobile devices of each of the users, wherein some
of the reported locations are front users that belong
to an infrequent reporting group that reports loca-
tions below a location reporting frequency threshold
such than there are fewer reports of locations that for
other users nol belonging lo Ihc ultrequenl rcportulg
gro lip:

compute. for each user in the hase population of users
and the lifted population ofusers. a distance between
the physical location of the store and the reported
location of the user and for creating a base distance
array corresponding to the base population of users
and a h ftcsf (balance array corresponding to thc lif1csf

population oi'sers. wherein, for users oi'he infre-
quent reporting group, Ihc reported locauon used in
the computation is an estimated actual closest loca-
tion to the store based on a path of travel of each of

ao those users tluough the defined area:
determine an a gregate value for each of the hase

dls(BBCC t(IT(IV Bnd lht: liftoff dlsIBBCC BITSY, lhC

aggrcgalc value rcprcsenling a mcasurc of a number
of users visiting thc store. wherein users arc countcsl
as having visited the store when the users have at
least one of the reported locations within the defined
area around the store or when the users have no
reported locations witlfin the defined area but have
an esltmau:d actual cloacal locauon witlun Ihc

0 dcllncd BIL'.d, itnd
cstimatc a litol frnfhc hfi ibr the store by companng Ihc

a gregate value of the lifted distance armsy with the
a gregate value of the base distance array. the esti-
mated foot uaffic lift representin a measure of an

s. efi'ect that receiving the content item had on whether or
nol llsLIS vlslfcd lhc stole Bnd d nlcdsurc of Bn nlcrcasc
in a number oi'sers visiting thc store ul rcsponsc to
receiving Ihc conicnl iu:m

f(f 'I'he system of claim 18. wherein the instmctions
(0 further cause the pmcessor to determine the aggregate value

for each of the base distance array and the lifted distance
array is fitrther configured to determine a mean distance
value for each oi'hc base distance array and thc liftcsf
distance array, thc mean distance value corresponding lo a

Ss distance array rcprcsenlulg dn avcragc value of Ihe distance
between the physical location of the store and the location
corresponding to each user of the distance armsy
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20. Thc system of claun 19, whcrcul lhc instructions
further cause the processor to estimate the foot traffic lift ls
further conligurcd lo compute a dilli:rcnce between Ihc mean
distance value for the hfted distance array and the mean
distance 1 slue for the base distance array, lhe mean distance
value ditference representing a measure of the increase In the
nunlber of users visiting the store in response ro receiving
Ihe couteol Item

21. The system of claim 19, wherein the instructions
further cause Ihc processor lo delcnnule Ihe mean distance
value for each distance array using bootstrapping with
Icplacculcul slBllsllcal Bualy'sls.

ZZ. The system of claim 21, wherein the instnictions to
detcrmule thc mean disttmce value liir each distance array
using bootstrapping with replacement statistical analysis
further cause the processor to

generate a first sample of the distance array by sampling
the distance array. the first sample comprisilig a length
N, the length N ls smaller thtm a length of thc distance
array, and

generate multiple distance sub-arnlys by resampling the
fiist sanlple. each distance sub-array cmnprising length
N.

23. The system of cLaim 22, wherein the instructions to
determine the mean distance value for each distance army
using boolslrapping with rcplaccmenl stausllcal mlalysis
further cause to the processor to.

compute, for each of the multiple distance sub-arrays, a
nlean distance value:

generate a mean distance arnly comprising the mean
distance values of the multiple distance sub-arrays, and

order individual mean distance values of the mean dis-
tance array In au a ac mid ulg order or a descendulg order.

24. The system ol claun 23, whercul thc uwlruclions lo
detemiine the nlean distance value for each distance array
using bootstrapping with replacement statistical analysis
further cause to the processor

determine a mean distance value for the distance army
usin a confidence interval.

25. Thc computer-Implcmenlcd method ol'laim 1,
whermn pcnodically riwciving and recordmg, by lhe online
systenl. a report of a location of each of the users within the
base population and the lifted popuLstion, the reported
locations received front ulobile applications on nlobile
devices of each of the users comprises:

accessing one or more locations of the mobile device
associated with each user thorn Ihe mobile device; and

Identifying. by thc ouhnc system, ml address correspond-
ing to the one or morc locations.

26. I'he conlputer-implemented method of clainl 25,
wherein

identifying. by the online system. an address correspond-
ing to the one or more locations of the mobile device
coulprlscs.

26
periodically samphng locations ol'hc mobile device

Bssoclatcii with lhc liscr,
detemlinin an address of the mobile device for each

sampled location; and
aggregating the sampled locations based on the deter-

nnned addresses
27. Thc computer-implemcntcd method ol'lmm 1,

wherein pcnodlcally recco ing and recording, by the onlulc
system. a report of a location of each of the users within the

111
base population and the lifted population. the reported
locations received from nlobile applications on mobile
devices of each of the users further comprises

recording a frcqucncy al which each ol'the mobile devices
rcport thc location lo lhe onhnc system:

comparing the recorded frequency to a tlueshold ibe-
ql.1cucv, Iiud

scparatulg thc mobile dci ices into a group ofdcviccs with
recorded frequencies above the threshold frequency
that are not in the infrequent reportmg gnlup and a
group of devices with recorded frequencies below the
threshoid frequency that are in the infrequent reporting
group.

28. Thc computer-implemcntial method ol'laim 27,
whcrcin thc reported locations from the group of dcviccs
with recorded ibcqucncics below thc threshold frequency Is
collected based on one or more user interactions w:ith the
nulbile application on the mobile device that indirectly
indicate location of the user. the one or more user intemsc-
tions ulcludin at least one interaction with an object stored
willun a social nctworiang system, Ihc at least onc ullerac-
tlon represented as ml edge belwcwn the user and thc oblecl
willun thc social networkmg system.

29 '1'he computer-implemented method of claim 1,
v herein periodically receiviag and recording, by the online
system. the report of the location of each of the users within'he base population and the lifted population, the reported
locations rcceivcd from mobile apphcatlons on mobile
dcviccs ol'ach of Ihc users comprises.

periodically receiving mid rccordulg, by thc onlulc sys-
tem, the report of the location in response to an input
provided by the user, the input providing an indication
to share the location data of the mobile device of the
user.

30. Thc computer program product of claun 11, wherein
pcuodlcally rcceivulg and recording, by the ouhnc system.
thc rcqtolt of thc location ofeach of Ihc users wlllun Ihe base
population and the lifted population, the reported locations
received from mobile applications on mobile devices ofeach
of the users comprises:

periodically receiving and recordin „by the online sys-
tem, thc rcport of Ihc location ln rcsponsc lo an input
provulcd by Ihc user, Ihe ulput pro»ding m»nihcallon
to share Ihc location data of lhe mobile dcvlcc of Ihe
user.

s r r a
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