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BACKGROUND

This dataset 1is from the Places Rated Almanac, by Richard
Boyer and David Savageau, copyrighted and published by Rand
Mc Nally. The dataset analyzed for this project is from
1985. The Places Rated Almanac updates this data regularly
at approximately three year intervals.

The Places Rated Almanac i1s a guide to finding the best

places to 1live in the United States. The Places Rated
Almanac assigns scores to characteristics/attributes of
cities. They assign these scores to all U.S. metropolitan
areas with a population greater than 50,000 people. In
1985, there were 329 metropolitan areas with a population
greater than 50,000 people. 80% of the -entire U.S.

population lived in these 329 metropolitan areas.

PURPOSE

The purpose of this project is to determine if clustering
software can be effectively utilized to analyze the places
rated data. The goal 1is to perform exploratory data
analysis on the data, and see if the clusters that are
generated are meaningful.

In regards to the places rated data, (1) determine if the
geographic regions within the U.S. exhibit
clusters/patterns in regards to the data, (2) determine if
there is a relationship between the different
ratings/attributes, (3) identify how many locations fall
into each cluster, (4) explore how the different

ratings/attributes of the cities will cluster, and (5)
attempt to divide the data into natural groups.

EXPECTATION MAXIMIZATION (EM) ALGORITHM

The EM algorithm, implemented in the Waikato Environment
for Knowledge Analysis (Weka), was utilized to perform the
clustering on the data. Weka is a system developed at the
University of Waikato in New Zealand. Weka 1is written in
Java, an object-oriented programming language that is
widely available for all major computer platforms, and Weka
has been tested under Linux, Windows, and Macintosh
operating systems. Java provides a uniform interface to
many different learning algorithms, along with methods for



pre- and postprocessing and for evaluating the result of
learning schemes on any given dataset.

EM is a mixture based algorithm that attempts to maximize
the likelihood of the model. EM models the distribution of
instances probabilistically, so that an instance belongs to
a group with a certain probability. EM does not actually
calculate probabilities, instead it calculates densities.
The assumption 1is made by EM that the attributes are
independent random variables. EM can handle both numeric
and nominal attributes. The first step, calculation of the
cluster ©probabilities (which are the “expected” class
valuesg) 1is expectation; the second step is calculation of
the distribution parameters, is “maximization” of the
likelihood of the distributions given the data.

The output of EM is the number of clusters printed first,
followed by a description of each cluster, the cluster’s
prior probability, and a probability distribution for all
attributes in the dataset. For a nominal attribute, the
distribution is represented by the count associated with
each wvalue (plus one); for a numeric attribute it is a
standard normal distribution. EM also outputs the number
of training instances in each cluster, and the log-
likelihood of the training data with respect to the
clustering that it generates.

By default, EM selects the number of clusters automatically
by maximizing the 1logarithm of the 1likelihood of future
data, estimated using cross-validation. Beginning with one
cluster, 1t continues to add clusters until the estimated
log-likelihood decreases.

The foundation for statistical clustering i1s a statistical
model called finite mixtures. A mixture is a set of k
probability distributions, representing k clusters, that
govern the attribute wvalues for members of that cluster.
Each distribution gives the probability that a particular
instance would have a certain set of attribute values if it
were known to be a member of that cluster. Each cluster
has a different distribution. Any particular instance
belongs to one and only one of the clusters, but it is not
known which one. The clusters are not equally likely.
There i1s some probability distribution that reflects their
relative populations. The mixture model combines several
normal distributions, and its probability density function



looks 1like a mountain range with a peak for each of the
components.

DATA

The data analyzed by EM are rating criteria used by the
Places Rated Almanac to rate characteristics/attributes of
U.S. metropolitan areas. The rating criteria are Climate &
Terrain, Health Care & Environment, Crime, Transportation,
Education, The Arts, Recreation, and Econcomics. For all
but two of the above criteria, the higher score is better.
For Housing and Crime, a lower score is better. The scores
are computed using component statistics for each criterion.

Climate & Terrain: very hot and very cold months, seasonal
temperature variation, heating and cooling degree days,
freezing days, zero degree days, and ninety degree days.

Housing: utility bills, property taxes, and mortgage
payments.

Health Care & Environment: per capita physicians, teaching
hospitals, medical schools, cardiac rehabilitation centers,
comprehensive cancer treatment centers, hospices,
insurance/hospitalization costs index, fluoridation of
drinking water, and air pollution.

Crime: violent crime rate and property crime rate.

Transportation: daily commute, public transportation,
interstate highways, air service, and ©passenger rail
service.

Education: pupil/teacher ratio in the public K-12 system,
effort index in K-12, and academic options in higher
education.

The Arts: museums, fine arts and public radio stations,
public television stations, universities offering a degree
or degrees 1in the arts, symphony orchestras, theatres,
opera companies, dance companies, and public libraries.

Recreation: good restaurants, public golf courses,
certified lanes for tenpin bowling, movie theatres, =zoos,
aquariums, family theme parks, sanctioned automobile race
tracks, pari-mutuel betting attractions, major and minor



league professional sports teams, NCAA Division I football
and basketball teams, miles of ocean or Great Lakes
coastline, inland water, national forests, national parks,
or national wildlife refuges, and Consolidated Metropolitan
Statistical Area access.

Economics: average household income adjusted for taxes and
living costs, income growth, and job growth.

The data are recorded in an ASCII file. The file contains
329 observations plus an index column. The index is for
the location. All data are numeric except for the index
which is nominal.

DATA CLEANING AND PREPARATION

The actual dataset was obtain from
lib.stat.cmu.edu/datasets/places.data

The fields in the database were tab separated. There was
no missing data, since all the fields were filled.

To be processed by the EM algorithm in Weka, data must be

in the .arff format. The .arff format wuses commas to
separate fields and places the @ symbol in front of the
relation name and each attribute. The line preceding the

data is @DATA.

The database was opened in Excel, and the wvalues in the
columns were adjusted so that the first wvalue in each

column lined up perfectly. The data was then saved in a
.csv format which is a format where commas are placed
between wvalues in adjacent columns. The database was then

opened 1in Word, header information added, and the file
extension changed to .arff prior to saving.

CLUSTERING TRIALS

To try and identify geographic regions within a cluster, I
modified the nominal place attribute/index. Each city was
indexed in alphabetical order in the original database from
1 to 329. I separated the mainland U.S. into 16
geographical regions, and added one region each for Hawaii
and Alaska. I then went through the database index and
changed their index to my geographical index. I looked at



each city in the database and assigned to a geographical
index. So, my index went from 1 to 18.

Place index 1 includes all cities in Maine, New Hampshire,
and Vermont.

Place index 2 includes all cities in Connecticut,
Massachusetts, and Rhode Island.

Place index 3 includes all cities in New York,
Pennsylvania, and New Jersey.

Place index 4 includes all «cities in Maryland, West
Virginia, Delaware, and Washington, DC.

Place 1index 5 includes all «cities 1in North Carolina,
Virginia, and South Carolina.

Place index 6 includes all cities in Florida, Georgia, and
Alabama.

Place index 7 includes all cities in Louisiana,
Mississippi, and Tennessee.

Place index 8 includes all cities in Kentucky, Ohio, and
Indiana.

Place index 9 includes all cities in Michigan, Wisconsin,
and Minnesota.

Place index 10 includes all cities in Illinois, Iowa, and
Missouri.

Place index 11 includes all cities in Kansas, Nebraska, and
Oklahoma.

Place index 12 includes all cities in Arkansas, New Mexico,
and Texas.

Place index 13 includes all cities in North Dakota, South
Dakota, and Montana.

Place index 14 includes all cities in Wyoming, Utah, and
Colorado.

Place index 15 includes all cities in Washington, Oregon,
and Idaho.



Place index 16 includes all cities in California, Nevada,
and Arizona.

Place index 17 includes all cities in Hawaiil.
Place index 18 includes all cities in Alaska.

The first clustering trial was run on all the attributes
including the nominal place attribute with geographical
index.

The second series of <clustering trials was zrun on
individual attributes with the place attribute (e.g., crime
and place, The Arts and place). So, the second series of
trials resulted in a total of nine trials, with one for
each characteristic/attribute.

The third series of clustering trials was run on pairs of
attributes and the place attribute (e.g., crime,
recreation, and place, Economics, Education, and place).
This third series of trials resulted in a total of thirty-
six trials, with one for each unique ©pairing of
characteristics/attributes.

In some practice trials, I removed the place attribute from
the input, and this did not impact the number of clusters,
the size of the clusters, or the mean of the clusters.
Therefore, utilization of the place attribute, which was
the only nominal attribute, did not effect the clustering
results.

The output of the running the EM algorithm within Weka on

the dataset includes: (1) the type of data mining performed
(e.g. clusters), (2) the name of the relation, (3) the
number of instances, (4) the number of attributes, (5) the
names of the attributes, (6) the number of clusters
selected by cross wvalidation, (7) the mean and standard
deviation of the normal distribution of each cluster that
is generated, (8) the counts for each possible value of the
nominal attribute, (9) the number of clustered instances in
each cluster, (10) the percentage of instances in each

cluster, (11) and the log likelihood.



CLUSTERING RESULTS

ALL ATTRIBUTES

When the EM clustering algorithm was run on all the
attributes of the Places Rated database, six clusters were
generated. There was good separation between the mean
values of each of the six clusters.

One of the six clusters had the Dbest (the highest mean
value for the attribute in any of the clusters) Health Care

and Environment, Transportation, Education, Arts, and
Recreation. This was the smallest of the six clusters with
only 23 of the 329 cities (7%) in this cluster. The

highest percentage of cities in this cluster were from the
eastern mid-atlantic region from New York to Washington,
DC.

One of the other six clusters had the worst (the lowest
mean value for the attribute 1in any of the clusters)

Climate and Terrain, Health Care and Environment,
Transportation, Education, and Arts. 54 of the 329 cities
(16%) were in this cluster. The highest percentage of

cities in this cluster were from the southern U.S. ranging
from Florida to New Mexico.

The largest of the six clusters had 87 of the 329 cities
(26%) in the cluster. The highest percentage of cities in
this cluster were primarily from the northern states of
Ohio, 1Indiana, Michigan, Wisconsin, Minnesota, Illinois,
and Iowa. This cluster had the best crime and the worst
recreation and the worst economics.

In one of the six clusters, all its attributes were close
to a medium wvalue. This cluster had very few cities from

the western states.

INDIVIDUAL ATTRIBUTES

Climate and Terrain

When the EM clustering algorithm was run on only the
Climate and Terrain attribute with the place index, six
clusters were generated with good separation between the
mean value of each cluster. The best cluster, the one with
the highest mean value for Climate and Terrain, had 19 of
329 cities (6%) in the cluster. The highest percentage of



cities 1in this cluster were from the western states of
Washington, Oregon, Idaho, California, Nevada and Arizona.

The worst cluster, the one with the lowest mean wvalue for
Climate and Terrain, had 16 of 329 cities (5%) 1in the
cluster. The cities in this cluster were primarily from
the southeast states (Florida, Georgia, and Alabama), the
northern states (Michigan, Wisconsin, Minnesota, North
Dakota, South Dakota, and Montana), and Alaska. The cities
in the southeast states were probably in this cluster
because their temperatures are too hot, and the other
cities in this cluster were probably in this cluster
because their temperatures are too cold.

The second best cluster had only 4 of 329 cities (1%) in
the cluster. Those four cities were Honolulu, Hawaii,
Galveson, Texas, Olympia, Washington, and Salem, Oregon.

Most of the cities, 290 of 329 (88%) fell in the clusters
with medium mean values.

Housing

When the EM algorithm was run on the Housing attribute with
the Place index, four clusters were formed with good
separation between the mean values of those four clusters.

The Dbest cluster had 147 of the 329 cities (45%) in the
cluster. The cities in the best housing cluster were
primarily from the eastern and central time zones excluding
cities from the New England states.

The worst cluster had 33 of the 329 cities (10%) in the

cluster. The cities in the worst housing cluster were
primarily from the southwestern states of California,
Nevada, and Arizona, Hawaii, and Alaska. The number of

cities in the worst housing cluster were much less than the
number of cities in the best housing cluster.
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Health Care and Environment

When the EM algorithm was run on the Health Care and
Environment attribute with the Place index, four clusters
were formed with very good separation between the mean
values of the clusters.

The Dbest cluster had 16 of the 329 cities (5%) in the
cluster. The cities in this cluster were Atlanta, Georgia;
Baltimore, Maryland; Boston, Massachusetts; Chicago,
Illinois; Cleveland, Ohio; Detroit, Michigan; Los Angeles,
California; Minneapolis-St. Paul, Minnesota; Nassua-
Suffolk, New York; New York, New York; Newark, New Jersey;
Philadelphia, Pennsylvania; Pittsburgh, Pennsylvania;
Raleigh-Durham, North Carolina; San Francisco, California;
and Washington, DC. These cities are very 1large
metropolitan areas with large hospitals, specialized
treatment facilities, and many physicians. All of these
cities are eastern half of the country except for Los
Angeles and San Francisco.

The two clusters with the lowest mean Health Care and
Environment scores contained 240 of the 329 cities (73%),
and the worst cluster of these two had 112 of the 329

cities (34%) 1in its cluster. The cities in the worst
cluster were primarily from the southern states of Florida,
Alabama, Louisiana, Mississippi, Tennessee, Arkansas,

Texas, and New Mexico; the northwestern states of Wyoming,
Utah, Colorado, Washington, Oregon, and Idaho; and Alaska.

Crime

When the EM algorithm was run on the Crime attribute with
the Place index, three clusters were generated with good

separation between the mean of each cluster. There were an
equal number of cities in the best cluster and the worst
cluster. For the three clusters, 25% of the cities were in

the best cluster, 25% of the cities were 1in the worst
cluster, and 50% of the cities were in the middle cluster.

The cities in the best cluster were primarily from the
northern states of Maine, New Hampshire, Vermont, New York,
Pennsylvania, New Jersey, Michigan, Wisconsin, Minnesota,
North Dakota, South Dakota, and Montana. The cities in the
worst cluster were primarily from the southern states of
Florida and Georgia, the southwestern states of Texas, New
Mexico and Arizona, and Alaska.
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Transportation

When the EM algorithm was run on the Transportation
attribute with the Place index, only two clusters were
generated. There was a large separation between the mean
values of these two clusters.

There were an approximately equal number of cities in the

best cluster and the worst cluster. There were 158/329
cities (48%) in the best cluster and 171/329 cities (52%)
in the worst cluster. Cities in the best cluster were
spread rather evenly across the U.S., but included very few
cities from the northeastern states. The cities with the
very best transportation were from Michigan, Wisconsin, and
Minnesota. The cities in the worst cluster were primarily

from the southern states of Florida, Alabama, Arkansas,
Texas and New Mexico.

Education

When the EM algorithm was run on the Education attribute
with the Place index, three clusters were formed with good
separation between the mean values of the three clusters.

There was almost an equal number of cities in the Dbest
cluster and the worst cluster. There were 69/329 cities
(21%) in the best cluster, 57/329 cities (17%) in the worst
cluster, and 203/329 cities (62%) in the middle cluster.
Cities in the best cluster were primarily from the eastern
U.S., and cities in the worst cluster were primarily from
the western U.S., Hawaii, and Alaska.

The Arts

When the EM algorithm was run on the Arts attribute with
the Place index, three clusters were formed with a very
large separation between the mean wvalues of the three
clusters.

The best cluster was extremely small with only 8 of 329
cities (2%) in the cluster. These 8 cities were Baltimore,
Maryland; Boston, Massachusetts; Chicago, Illinois; Los
Angeles, California; New York, New York; Philadelphia,

Pennsylvania; San Francisco, California; and Washington,

DC. These are all very large urban metropolitan areas with
several museums, television stations, and symphony
orchestras.

12



The worst cluster was the largest of the three clusters
with 216 of the 329 cities (66%) in the cluster. Cities
from all over the U.S. were included in this cluster.

The middle cluster had 105 of the 329 cities (32%) in the
cluster. Cities 1in the midwestern states of Kansas,
Nebraska, and Oklahoma; the far western states of
California, Nevada, and Arizona; and Hawaii had more cities
in the middle cluster than the worst cluster.

Recreation

When the EM algorithm was run on the Recreation attribute
with the Place index, three clusters were formed with good

separation between the mean wvalues of the clusters. Each
of the best and worst clusters had 78 of the 329 cities
(24%) in its cluster. There were 173 of the 329 cities

(52%) in the middle cluster.

Cities in the best cluster were primarily from the western
U.S., Hawaii, Alaska, and Florida. Cities in Florida had
the highest recreation scores.

Cities in the worst cluster were primarily from the eastern
mid-Atlantic states and southwestern states. Cities in
West Virginia had the lowest recreation scores.

Economics

When the EM algorithm was run on the Economics attribute
with the Place index, three clusters were formed with a
good separation between the mean values of the clusters.
There were almost an equal number of cities in the best
cluster and the worst cluster. There were 83 of 329 cities
(25%) 1in the best cluster, 91 of 329 cities (28%) 1in the
worst cluster, and 155 of 329 cities (47%) in the middle
cluster.

Cities in the best cluster were primarily from the New

England states, southeast states, and Midwest states.
Cities in the worst cluster were mostly from the northern
states of New York, Pennsylvania, New Jersey, Ohio,

Indiana, Michigan, Wisconsin, Minnesota, Washington, and
Idaho.
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TWO ATTRIBUTES PLUS THE PLACE INDEX

When the EM algorithm was run on the Climate & Terrain
attribute and the Housing attribute, 60% of the cities were
clustered with a good mean housing rating and medium mean
climate & terrain rating. 7% of the cities were clustered
with the best mean climate & terrain rating and the worst
mean housing rating. These 7% of the cities were primarily
from the western states and Hawaii.

When the EM algorithm was run on the Climate & Terrain
attribute and the Health Care & Environment attribute, 22
of the 329 cities (7%) had the best mean climate & terrain
rating and the best mean health care & environment rating.
These 7% of the cities were primarily from New York, New
Jersey, and Pennsylvania. 129 of the 329 cities (39%) had
a poor mean climate & terrain rating and the worst mean
health care & environment rating. These 39% of the cities
were primarily from the northern New England states of
Maine, New Hampshire, and Vermont; the southern states of

Florida, Georgia, Alabama, Louisiana, Mississippi,
Tennessee, Arkansas, New Mexico and Texas; and states 1in
the mountain time zone states of Wyoming, Utah, and
Colorado.

When the EM algorithm was run on the Climate & Terrain
attribute and the Crime attribute, 18 of the 329 cities
(5%) had the worst mean climate & terrain rating and the

best mean crime rating. These 5% of the cities were from
the traditionally colder areas of the U.S. which are the
northern states (Michigan, Wisconsin, Minnesota, North

Dakota, South Dakota, and Montana) and Alaska. 24 of the
329 cities (7%) had the best climate & terrain rating and a
poor mean crime rating. These 7% of the cities were from
some of the traditionally warmer areas of the U.S. which
are the western states (California, Nevada, and Arizona)
and Hawaii. 232 of the 329 cities (71%) fell in the middle
cluster and had a medium mean climate & terrain rating and
a medium mean crime rating.

When the EM algorithm was run on the Climate & Terrain
attribute and the Transportation attribute, only 33 of the
329 cities (12%) were in a cluster that had the best mean
climate & terrain rating with the best mean transportation
rating. These 12% of the cities were primarily from the
western states and Hawaii. 138 of the 329 cities (42%)
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were 1in a cluster that had the worst mean climate and
terrain rating with the worst mean transportation rating.
These 42% of the cities were primarily from the
northeastern section of New England, the southeastern
states, and the midwestern states.

When the EM algorithm was run on the Climate & Terrain
attribute and the Education attribute, only 9 of the 329
cities (3%) were 1in a cluster that had the worst mean
climate & terrain rating and the worst mean education

rating. These 3% of the cities were from the cold weather
states in the northern U.S. and Alacska. 36 of the 329

cities (11%) were 1in a cluster that had the Dbest mean
climate & terrain rating with a poor mean education rating.
These 11% of the cities were primarily from the western
states.

When the EM algorithm was run on the Climate & Terrain
attribute and the Arts attribute, eight clusters were
formed. Only 8 of the 329 cities (2%) were in a cluster
that had the best mean arts rating and a medium mean
climate and terrain rating. These 8 cities were all major
metropolitan area. 63 of the 329 cities (19%) were in a
cluster with the worst mean arts rating and a medium mean
climate and terrain rating. Only 7 of the 329 cities (2%)
were in a cluster with the worst mean climate and terrain
rating and a low mean arts rating. 21 of the 329 cities
(6%) were in a cluster with the Dbest mean climate and
terrain rating and a medium mean arts rating.

When the EM algorithm was run on the Climate & Terrain
attribute and the Recreation attribute, many of the cities
(239 of 329 cities = 73%) were in clusters with a poor mean
recreation rating and a medium mean climate & terrain
rating.

When the EM algorithm was run on the Climate & Terrain

attribute and the Economics attribute, the worst mean
climate & terrain rating clustered with the worst mean
economics rating. Several cities were in this cluser, and

these cities in this cluster were primarily from northeast
New England states of Maine, New Hampshire, and Vermont;
the southern states of Florida, Georgia, Alabama,
Louisiana, Mississippi, Tennessee, Texas, New Mexico, and
Arkansas; the midwestern states of Kansas, Nebraska, and
Oklahoma; the Rocky Mountain states of Wyoming, Utah, and
Colorado; and Alaska.
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When the EM algorithm was run on the Housing attribute and
the Health Care & Environment attribute, the worst mean
housing rating clustered with the best mean health care &
environment rating. Cities in this cluster were primarily
from the states of California, Nevada, Arizona, Hawaii, and
Alaska.

When the EM algorithm was run on the Housing attribute and
the Crime attribute, 48% of the cities were clustered with
the best mean housing rating and a medium mean crime
rating. These cities were primarily from the southeastern
states.

When the EM algorithm was run on the Housing attribute and
the Transportation attribute, six clusters were formed.
The largest of these six clusters, with 25% of the cities,
had the best mean housing rating and the worst mean
transportation rating. Cities in this largest cluster were
mostly form the southeastern states. A cluster with the
worst mean housing rating and a very good mean
transportation rating was formed. Cities in this cluster
were from New York, Pennsylvania, New Jersey, California,
Nevada, Arizona, Hawaii, and Alaska.

When the EM algorithm was run on the Housing attribute and
the Education attribute, the worst mean housing rating

clustered with the best mean education rating. 10% of the
cities were in this cluster, and they were mostly from
California, Nevada, Arizona, Hawaii, and Alaska. 59% of

the cities were in a cluster with the best mean housing
attribute clustered with the worst mean education rating.
Cities in this cluster were spread out across the U.S.,
except from the northeastern U.S., western U.S., Hawaii,
and Alaska.

When the EM algorithm was run on the Housing attribute and
the Arts attribute, 7 of the 329 cities (2%) were 1in a
cluster with the worst mean housing cluster and the best

mean Arts rating. These 7 cities were Boston,
Massachusetts; New York, New York; Philadelphia,
Pennsylvania; Washington, DC; Chicago, Illinois; Los
Angeles, California; and San Francisco, California. The

largest cluster, with 103 of the 329 cities (31%), had the
best mean housing rating clustered with the worst Arts
rating. Cities in this cluster were mainly from the
southeastern states.
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When the EM algorithm was run on the Housing attribute and
the Recreation attribute, 24% of the cities were in a
cluster with the best mean housing rating and the worst
mean recreation rating. Cities in this cluster were
primarily from the southeastern states.

When the EM algorithm was run on the Housing attribute and

the Economics attribute, 7 clusters were formed. 66 of the
329 cities (20%) were in a cluster with the worst mean
economics rating and a good mean housing rating. 34 of the
329 cities (10%) were 1in a cluster with the Dbest mean
economics rating and a medium mean housing rating. 31 of
the 329 cities (9%) were in a cluster with the worst mean
housing rating and a medium mean economics rating. The

largest cluster, with 83 of the 329 cities (25%) 1in the
cluster, was formed with the best mean housing rating and a
medium mean economics rating.

When the EM algorithm was run on the Health Care &
Environment attribute and the Crime attribute, 15 of the
329 cities (5%) were in a cluster with the best mean health
care and environment rating and the worst mean crime
rating. Cities 1in this cluster were the wvery 1large
metropolitan areas.

When the EM algorithm was run on the Health Care &
Environment attribute and the Transportation attribute, 115
of the 329 cities (35%) were in a cluster with the worst
mean health care & environment rating and the worst mean
transportation rating. Cities in this cluster were mainly
from the southeastern states and the western states. 19 of
the 329 cities (6%) were in a cluster with the best mean
health care & environment rating and the best mean
transportation rating. Cities in this cluster were the
large U.S. metropolitan urban areas that have large medical
facilities, many physicians, many interstate highways, and
much public transportation.

When the EM algorithm was run on the Health Care &
Environment attribute and the Education attribute, 102 of
the 329 cities (32%) were in a cluster with the worst mean
health care & environment rating and the worst mean
education rating. Cities in this cluster were mainly from
the southern states, western states, and Alaska. 33 of the
329 cities (10%) were 1in a cluster with the Dbest mean
health care & environment rating clustered with the best

17



mean education rating. Cities in this small cluster were
mainly from the states of New York, New Jersey, and
Pennsylvania.

When the EM algorithm was zrun on the Health Care &
Environment attribute and the Arts attribute, 99 of the 329
cities (30%) were in a cluster with the worst mean health
care & environment rating and the worst mean Arts rating.
Cities in this cluster, which was the largest of the five
clusters involving the health care & environment attribute
and the arts attribute, were mainly from the southern
states and the western states. A very small cluster was
formed with only 11 of the 329 cities (3%) in the cluster.
This very small cluster had the best mean health care &
environment rating and the best mean Arts rating. Cities
in this very small cluster were from the large metropolitan
areas of Boston, Massachusetts; New York, New York;
Philadelphia, Pennsylvania; Newark, New Jersey; Washington,
DC; Baltimore, Maryland; Detroit, Michigan; Minneapolis-St.
Paul, Minnesota; Chicago, Illinois; Los Angeles,
California; and San Francisco, California.

When the EM algorithm was run on the Health Care &
Environment attribute and the Recreation attribute, 93 of
the 329 cities (28%) were in a cluster with the worst mean
health care & environment rating and the worst mean
recreation rating. Cities in this cluster were mainly from
the southern states excluding Florida, and the northwest
states. A small cluster was formed with only 22 of the 329

cities (7%) in the cluster. This small cluster had the
best mean health care & environment rating and the Dbest
mean recreation rating. Cities in this small cluster were

from the 1large metropolitan areas that have large and
specialized medical facilities and several professional
sports teams.

When the EM algorithm was run on the Health Care &
Environment attribute and the Economics attribute, £five

clusters were formed. 85 of the 329 cities (26%) were in a
cluster with the worst mean economics rating and a low mean
health care & environment rating. The largest cluster,

with 103 of the 329 cities (31%) in the cluster, was formed
with the worst mean health care & environment rating and a
medium mean economics rating. 36 of the 329 cities were in
a cluster with the best mean economics rating and a medium
mean health care & environment rating. The smallest
cluster, with only 21 of the 329 cities (6%) in the
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cluster, was formed with the best mean health care &
environment rating and a medium mean economics rating.

When the EM algorithm was run on the Crime attribute and
the Transportation attribute, a very small cluster with
only 9 of the 329 cities (3%) was formed. This very small
cluster had the worst mean crime rating and the best mean
transportation rating. These cities had high crime rates,
many interstate highways, and availability to public
transportation. These 9 cities were Boston, Massachusetts;
New York, New York; Philadelphia, Pennsylvania; Baltimore,
Maryland; Washington, DC; Atlanta, Georgia; Chicago,
Illinois; ©Los Angeles, California; and San Francisco,
California.

When the EM algorithm was run on the Crime attribute and
the Education attribute, a cluster was formed with the
worst mean crime rating and the best mean education rating.
93 of the 329 cities (28%) were in this cluster that had
the worst crime clustered with the best education. Cities
in this cluster were from the southern U.S., California,
and Nevada.

When the EM algorithm was run on the Crime attribute and
the Arts attribute, a very small cluster was formed with
worst mean crime rating and the best mean arts rating.
This wvery small cluster had 15 of the 329 cities in the

cluster. Cities in this cluster were major metropolitan
areas with high crime rates, several museums, television
stations, and symphonies. Cities in this cluster were
Boston, Massachusetts; New York, New York; Newark, New
Jersey; Philadelphia, Pennsylvania; Washington, DC;
Baltimore, Maryland; Atlanta, Georgia; Detroit, Michigan;
Minneapolis-St.Paul, Minnesota; Chicago, Illinois; St.

Louis, Missouri; Dallas, Texas; Los Angeles, California;
San Francisco, California; and Seattle, Washington.

When the EM algorithm was run on the Crime attribute and
the Recreation attribute, a clustered was formed with the
worst mean crime rating and the best mean recreation
rating. 90 of the 329 cities (27%) were in this cluster.
Cities in this cluster were mainly from Florida, Georgia,
Utah, Colorado, California, Nevada, Hawaii, and Alaska.

When the EM algorithm was run on the Crime attribute and

the Economics attribute, four clusters were formed. The
largest cluster, with 131 of 329 cities (40%) in the
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cluster, was formed with the worst mean economics rating
and a medium mean crime rating. The smallest cluster, with
51 of the 329 cities (16%) in the cluster, was formed with
the worst mean crime rating and a medium mean economics
rating.

When the EM algorithm was run on the Transportation
attribute and the Education attribute, only two clusters

were formed. The worst mean transportation rating
clustered with the worst mean education rating, and almost
all of the cities (281 of the 329 cities = 85%) were in
this cluster. In the other cluster, the Dbest mean
transportation rating clustered with the Dbest mean
education rating. There were 48 of the 329 cities (15%) in

this cluster, and these cities were primarily from the New
England states.

When the EM algorithm was run on the Transportation
attribute and the Arts attribute, one of the clusters was
formed with the worst mean transportation rating and the
worst mean Arts rating. 67 of the 329 cities (20%) of the
cities were in this cluster. Another cluster was formed
with the best mean transportation rating clustered with the
best mean arts rating. This was a very small cluster with
only 9 of the 329 cities (3%) in this cluster. Cities in
this cluster were large urban metropolitan areas with good
public transportation, many interstates, several museums,
and several television stations. These 9 cities were
Boston, Massachusetts; Philadelphia, Pennsylvania; New
York, New York; Newark, New Jersey; Baltimore, Maryland;
Washington, DC; Chicago, Illinois; Los Angeles, California;
and San Francisco, California.

When the EM algorithm was run on the Transportation
attribute and the Recreation attribute, one of the clusters
was formed with the worst mean transportation rating and

the worst mean recreation rating. 72 of the 329 cities
(22%) were 1in this cluster. Almost all the cities in
Arkansas and New Mexico were 1in this cluster. Another
cluster was formed with the best mean transportation rating
and the best mean recreation rating. 75 of the 329 cities
(23%) were in this cluster. Cities in this cluster were
primarily from Florida, Georgia, Utah, Colorado,

California, and Hawaii.

When the EM algorithm was run on the Transportation
attribute and the Economics attribute, one of the clusters
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was formed with the best mean transportation rating and the
best mean economics rating. Only 7 of the 329 cities (2%)
were 1in this wvery small cluster, and these cities were in
the New England area.

When the EM algorithm was run on the Education attribute
and the Arts attribute, 48% of the cities were in a cluster
that had a medium mean education rating clustered with the
worst mean arts rating. Another cluster was very small.
This very small cluster, with only 7 of the 329 cities (2%)
in the cluster, had the Dbest mean education rating
clustered with the best mean arts rating. These cities
were all major urban metropolitan areas. Cities in this
very small cluster were Boston, Massachusetts; New York,
New York; Philadelphia, Pennsylvania; Washington, DC;
Chicago, Illinois; Los Angeles, California; and San
Francisco, California.

When the EM algorithm was run on the Education attribute
and the Recreation attribute, 69 of the 329 cities (21%)
were 1in a cluster that was formed with the worst mean
education rating and the Dbest mean recreation rating.
Cities in this cluster were primarily from Florida,
Georgia, Alabama, Wyoming, Utah, Colorado, Washington,
Oregon, Idaho, California, Nevada, Arizona, Hawaii, and
Alaska.

When the EM algorithm was run on the Education attribute
and the Economics attribute, four clusters were formed.
There were an equal number of cities, 94 of the 329 cities
(29%), in the clusters with the worst mean education rating
clustered with a medium mean economics rating, and the
worst mean economics rating clustered with a medium mean
education rating.

When the EM algorithm was run on the Arts attribute and the
Recreation attribute, 50 of the 329 cities (15%) were in a
cluster that was formed with the worst mean arts rating and
the worst mean recreation meaning. Most of the cities in
this cluster were small in size and population. Another
cluster was formed with the Dbest mean arts rating
clustering with the best mean recreation rating. This was
a very small cluster with only 9 of the 329 cities in this
cluster. Cities in this cluster were all major
metropolitan areas. The cities in this cluster were
Boston, Massachusetts; New York, New York; Philadelphia,
Pennsylvania; Newark, New Jersey; Washington, DC; Chicago,
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Illinois; Los Angeles, California; San Francisco,
California; and Seattle, Washington.

When the EM algorithm was run on the Arts attribute and the
Economics attribute, 145 of the 329 cities (44%) were 1in a
cluster that was formed with a poor mean arts rating and
the worst mean economy rating. Another cluster was formed
with the worst mean arts rating clustered with the best
mean economy rating. This cluster had 76 of the 329 cities
(23%) in the cluster. Cities in this cluster were
primarily from Maine, New Hampshire, Vermont, Florida,
Georgia, Alabama, Arkansas, New Mexico, and Texas.

When the EM algorithm was run on the Recreation attribute
and the Economics attribute, 64 of the 329 cities (19%)
were 1in a cluster with the worst mean recreation rating
clustered with the worst mean economics rating. Cities in
this cluster were from Maryland, Delaware, West Virginia,
Virginia, North Carolina, and South Carolina.

SUMMARY

Using the EM algorithm for exploratory analysis on the
Places Rated Almanac data, produced clusters with good
separation between the mean values of the clusters. For
the 329 cities in the database, the number of clusters
generated wvaried between two and six regardless of the
number of attributes included in the clustering. The
option with the EM algorithm, to set the maximum number of
clusters, did not have to be utilized. The elapsed time to
generate the clusters