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Neighborhoods provide order to the chaos of the city

Help us determine: where to live / work / play

Provide haven / safety / territory

Municipal government: organizational unit in resource allocation

Centers of commerce and economic development. Brands.

A sense of cultural identity to residents




VWhat comes to mind
when you picture your
neighborhood”
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The Image of a Neighborhooo

You’re probably not imagining this.
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The Image of a Neighborhooo

What you’re imagining most likely
looks a lot more like this.
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The Image of a Neighborhooo
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What you’re imagining most likely
looks a lot more like this.
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The Image of a Neighborhooo
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What you’re imagining most likely
looks a lot more like this.

Every citizen has had long associations with some
part of his city, and his image Is soaked in
memories and meanings.

---Kevin Lynch, The Image of a City
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Studying Perceptions:
Cognitive Maps

lvf-‘x ".l‘ -‘ r

Kevin Lynch, 1960 Stanley Milgram, 1977
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Two Perspectives

“Politically constructed” “Socially constructed”

Neighborhoods have fixed Neighborhoods are organic,
borders defined by the city cultural artifacts. Borders are
government. blurry, imprecise, and may be

different to different people.
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Collective Cognitive Maps

Can we discover
automated ways of
identifying the “organic”
boundaries of the city?

Can we extract local
cultural knowledge from
social media?

Can we build a collective
cognitive map from data”?

MOOI& @livehoods | livehoods.org

“Socially constructed”

Neighborhoods are organic,
cultural artifacts. Borders are
blurry, imprecise, and may be
different to different people.

Mobile Commerce Lab, Carnegie Mellon University
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Observing the City:
SmartPhones

We seek to leverage location-based mobile social
networks such as foursquare, which let users
broadcast the places
they visit to thelr
friends via

check-ins.

foursquare
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Hypothesis

® [he character of an urban area is defined not just by
the the types of places found there, but also by the
people who make the area part of their daily routine.

® [hus we can characterize a place by observing the
people that visit it.

® [0 discover areas of unique character, we should look
for clusters of nearby venues that are visited the same
neople

The moving elements of a city, and in particular the people and their
activities, are as important as the stationary physical parts.

---Kevin Lynch, The Image of a City
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Clustering The City

® Clusters should be of geographically contiguous
foursquare venues.

® Clusters should have a distinct character from one
another, perceivable by city residents.

® Clusters should be such that venues within a cluster
are more likely to be visited by the same users than
venues In different clusters.
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Clustering Intuition
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Clustering
Viethodology
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Social Venue Similarity

We can get a notion of how similar two
places are by looking at who has checked
iInto them.

C, is a vector where the u!" component
counts the number of times user u
checks In to venue v.

We can think of ¢, as the bag of
checkins to venue v.

We can then look at the cosine similarity
between venues.

Ci; * Cy

s(2,7) = eall |les])

MOOI& @livehoods | livehoods.org

" 4t of uy checkins v
# of uy checkins to v

| # of uy,, checkins to v

Problems With This
Approach

(1) The resulting similarity
graph is quite sparse

(2) Similarity tends to be
dominated by “hub”
venues

Mobile Commerce Lab, Carnegie Mellon University
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Venue Affinity Matrix

7~

® [n addition to capturing the social similarity between places, we
want clusters to be geographically contiguous

® Ve also need to overcome the limitations of social similarity
(sparsity and hub biases)

We derive an affinity matrix A that blends
social affinity with spatial proximity:
A= (ai,j)i,jzl,...,nv

. s(t,7) +a if j € Np,(2) or i € Ny ()
“y 0 otherwise

Nn, (i) are the m nearest geographic neighbors
to venue .

Eiueﬂwmﬂs @livehoods | livehoods.org

Restricting to nearest
neighbors overcomes bias by
“hub” venues such as airports,
and it adds geographic
contiguity.

« 1S a small positive constant
that overcomes sparsity in
pairwise co-occurrence data.

»

Mobile Commmerce Lab, Carnegie Mellon University




Spectral Clustering

® Given the affinity matrix A, we

| . Ng, Jordon, and Weiss
segment check-in venues using well

studied spectral clustering (1) D'is the diagonal degree
techniques matrix
2 L=D—-A
' ' _ —1/2 1/2
® \\e use the variation of spectral (8) Lnorm =D '/2LDY

(4) Find e1,...,ex ,the k
smallest evects’s of L,,,rm,

(5) E = le1,...,ex] and let

clustering introduced by Ng, Jordan,
and Weiss NFPS 2007]

Yi,-- -3 Ynyv  De the rows
® \\Ve select k (hnumber of clusters) as of E
IS common by looking for large gaps  (6) Clustering Y1, - - - » Uny
in consecutive eigenvalues V\fith K'\/'eags iﬂdUCZS a f
clustering A1,..., A ©
between and upper and lower the original data.
allowable k.
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Post Processing

® Ve introduce a post processing step to clean up any
degenerate clusters

® Ve separate the subgraph induced by each A4; Iinto
connected components, creating new clusters for
each.

® Ve delete any clusters that span too large a
geographic area (“background noise”) and reapportion
the venues to the closest non-degenerate cluster by
(single linkage) geographic distance
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Related Livehoods

To examine how the Livehoods are related to one another, for
each pair of Livehoods, we
compute a similarity score.

For Livehood A; the vector ca,
IS the bag of check-ins 1o 4,.

Each component measures

for a given user u the number of
times u has checked in to

any venue in A,.

CA; " CA;
e, |l

Az'aA' —
8( ]) HCAi
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Data
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The Data

® Foursquare check-ins are by default private

® \Ve can gather check-ins that have been shared
publicly on Twitter.

® Combine the 11 million foursquare check-ins from the
dataset Chen et al. dataset [ICWSM 2011] with our
own dataset of 7 million checkins gathered between
June and December of 2011.

® Aligned these Tweets with the underlying foursquare
venue data (venue ID and venue category)
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lvenoods.org
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Home Maps About

Livehoods — A new way to understand a city

using social media.

TP B e S A ¥ .. %8

Re-Imagining the City in the Age of Social Media
Livehoods offer a new way to conceptualize the dynamics, structure,
and character of a city by analyzing the social media its residents
generate. By looking at people's checkin patterns at places across
the city, we create a mapping of the different dynamic areas that
comprise it. Each Livehood tells a different story of the people and
places that shape it.

> MORE

Current Maps

\( Q > New York City
\\/_ \

< Q > San Francisco

-

\\/— e
Recent Tweets

News and Press

Livehoods in the Atlantic @nicolasnova

Research  Press

/‘ /B \
\ v > Pittsburgh \/ > More Maps
\ -
\Vand \Vand

Contact

Using Machine-Learning to Study Cities

Our research hypothesis is that the character of an urban area is
defined not just by the the types of places found there, but also by
the people that make it part of their daily life. To explore this idea,
we use data from approximately 18 million check-ins collected from
the location-based social network foursquare, and apply clustering
algorithms to discover the different areas of the city.

> MORE

Subscribe to our newsletter

Find out more about Livehoods and get

Livehoods appeared as the Map of the Day
on the Atlantic's Cities blog. See their post

Representing the city as it's lived: livehoods.
It's been few days that I'm following the

updates on future developments by
subscribing to our mailing list.

Currently maps of New York, San Francisco Bay, Pittsburgh, and Montreal
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Evaluation
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How do we evaluate this?

® Livehoods are different from neighborhoods, but
how? In our evaluation, we want to characterize
what Livehoods are.

® Do residents derive social meaning from the Livehoods
mapping?

e (an Livehoods help elucidate the various forces that
shape and define the city?

® Quantitative (algorithmic) evaluation methods fall far
short of capturing such concepts.

MOO‘(& @livehoods | livehoods.org Mobile Commerce Lab, Carnegie Mellon University
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Evaluation

® [0 see how well our algorithm performed, we
interviewed 27 residents of Pittsburgh

® Residents recruited through a social media campaign,
with various neighborhood groups and entities as seeds

® Semi-structured Interview protocol explored the
relationship among Livehoods, municipal borders,
and the participants own perceptions of the city.

® Participants must have lived in their neighbborhood for at
least 1 year
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Interview Protocol

® [Lach interview lasted approximately one hour

® Began with a discussion of their backgrounds in relation their
neighborhood.

Asked them to draw the boundaries of their neighborhood over it
(their cognitive map).

Is there a “shift in feel” of the neighlborhood”?
Municipal borders changing?

Show Livehoods clusters (ask for feedback)

Show related Livehoods (ask for feedback)
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INterview Results
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South Side Pittsburgh
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South Side Pittsburgh
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South Side Pittsburgh
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Carson Street runs along the length of
South Side, and is densely packed with
bars, restaurants, tattoo parlors, and
clothing and furniture shops. It is the most
popular destination for nightlife.
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South Side Pittsburgh
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South Side Works is a recently built,
mixed-use outdoor shopping mall,
containing nationally branded apparel
stores and restaurants, upscale
condominiums, and corporate offices.
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There is an small, somewhat older strip-
mall that contains the only super market
(grocery) in South Side. It also has a liquor
store, an auto-parts store, a furniture
rental store and other small chain stores.
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South Side Pittsburgh
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The rest of South Side is predominantly

residential, consisting of mostly smaller row

houses.

Eiueﬂworfd @livehoods | livehoods.org

Mobile Commerce Lab, Carnegie Mellon University



http://mcom.cs.cmu.edu/
http://mcom.cs.cmu.edu/
http://www.cmu.edu/
http://www.cmu.edu/

South

w
-
g )
@ @ N
3 @ Muriel St Fox W, ;
3 v ox .
2 ” | o Fox way || Southside
Emg"mm St . B.r gham SL Sitney S¢ Flats
cmw.y [ ] ) T Ty ) y.
. Sy @y S [ S m Mu“—-' L~J ‘(4 Dautle
3 "Q':'. OY -4 é ? P s . .5 c‘c,,ey ¥y 1F ‘ g_"‘Y CnlL
e @ X \ Cu'v w,
» W Sarah S Sarah St Hornng ¥ a, ‘.\
w rah S5t )
T -g': = rc’? ; & & b & Larking Way Glory L Sarah &t W
303§ § Jane St Carlns Way +
V,'. - Q . 7 i ‘é - g -— “ N/ .
s, we 2, - » Pl ane St
£ ~= X
o A ® — | UPMC South 3
@0 St % @ Side Hospital - 5
g ¢ . &
7 Margord St | & Josephine 5¢ x
g3 Pius st
g8 Mec Lain St Y X s Gregory i
E < Eureka St 3 -~ 9 Magdalen, & Leticy, o
@ » Ceras \Way '5 0“ - Z % & Missip,
8  Excelsior St \5‘& 3 e = -
A ST 3 Gr‘- é (,;" :—
Allentown S WA & 3
E Warrington Av® @ SF Paul St e wd“’ 8
=  Manton Way angelo St s\é\ ?

@reoham Brigo.

Ide Pittsburgh

SprngHil Suites
Pirsburgh
Soushside Works

My Cognitive Map of South Side
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South Side Pittsburgh

9

.......

The Livehoods of South Side

I'll show the evidence in support of the Livehoods
clusters in South Side, and will describe the forces that shape
the city that the Livehoods highlight.
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LH8 vs LH9

Demographic
Differences

MOOI& @livehoods | livehoods.org

“Hal Yes! See, here is my division! Yay!

Thank you algorithm! ... | definitely feel

where the South Side Works, and all of
that is, is a very different feel.”
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LH7 vs LH8

Architecture & “from an urpan standpoint it is a lot
: tighter on the western part once you
Urban DeSIQn get west of 1/th or 18th [LH7].”
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South Side Pittsburgh

LH7 vs LHS8 “Whenever | was living down on 15th Street [LH7] |
had to worry about drunk people following me home,
Safety but on 23rd [LH8] | need to worry about people trying

to mug you... so it’s different. It’s not something | had
anticipated, but there is a distinct difference between
the two areas of the South Side.”
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LHG

“There is this interesting mix of people there | don't

DemOg raph IC see walking around the neighborhood. | think they

: are coming to the Giant Eagle from lower income
leferenCeS neighborhoods...| always assumed they came from
up the hill.”
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Shadyside
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The Train Tracks
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The Whole Foods

MOOJA @livehoods | livehoods.org Mobile Commerce Lab, Carnegie Mellon University



http://mcom.cs.cmu.edu/
http://mcom.cs.cmu.edu/
http://www.cmu.edu/
http://www.cmu.edu/

The Pedestrian Bridge

MOOI& @livehoods | livehoods.org Mobile Commerce Lab, Carnegie Mellon University



http://mcom.cs.cmu.edu/
http://mcom.cs.cmu.edu/
http://www.cmu.edu/
http://www.cmu.edu/

Conclusions

® [hroughout our interviews we found very strong
evidence In support of the clustering

® Interviews showed that residence found strong social
meaning behind the Livehood clusters.

® Ve also found that Livehoods can help shed light on
the various forces that shape people’s behavior in the
city, the city including demographics, economic
factors, cultural perceptions and architecture.
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Limitations

® Most Livehoods had real social meaning to participants, but
no algorithm is perfect. There are certainly Livehoods that

don’t make sense.

® [here are obvious biases to using foursquare data. However
this a limitation to the data, not our methodology.

® Some populations are left out (the digital divide)

® Ve don’t want to overemphasize sharp divisions between
Livehoods. In reality neighborhoods blend into one another.

® This is not comparative work. We’re not making the claim
that ours model is the best model for capturing the areas of a
city, only that its a good model.
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Future Work

® Comparative Work

® (Our model works well, but it’s just one way to
accomplish the end goal.

® |t would be fascinating to compare how different
model variations segment the city differently.
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Thanks!

Please explore our maps at livehoods.org
You can also find us on on Facebook and Twitter @livehoods.

Justin Cranshaw Raz Schwartz Jason |. Hong Norman Sadeh
jcransh@cs.cmu.edu razs@andrew.cmu.edu jasonh@cs.cmu.edu sadeh@cs.cmu.edu

School of Computer Science
Carnegie Mellon University

@livehoods | livehoods.org
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