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Abstract

Innovation is a tough element to measure. It is a very strong asset to have in the business
world, and businesses will do anything to get it. Innovation is a key component in
technological advancement. It is difficult to determine what factors affect a particular
areas innovation level. In this study, population density and other variables were
examined in order to determine their affect on patent production in different cities and
towns. Though population is a strong factor in regional innovation, there are other
determining factors as well.
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CHAPTER I
INTRODUCTION

The future of technology is a difficult thing to predict. What will be the next
innovation? In recent years we have been wowed by the emergence of the Internet, a
phenomenon that changed the world forever by connecting people. Also the
advancement of cellular phone technology has been a huge change in the last decade.
There is no telling where we can go from here, but there are factors that have effects on
the rate of technological change that we see.
How do you model technology? Is it all-random or are there patterns? And if so
what models exist. There are many technological models out there, but what are they
made up of?
Why do we advance technology? This is an excellent question. There are many
reasons. It is because we live in a world of unlimited wants and we desire convenience.
Before the cellular phone age, teenagers did not need cell phones, they probably did not
even think about them. But now that they are here, it has become the norm that all
teenagers and above „must have‟ a cell phone in order to survive. This is the culture that
we live in, and it is what drives our constant need for technology. Technology advances
because there is a huge market for new technology and its potential is practically
unlimited. The market is defined as the technology buyers. Without buyers, there is no
market, and very little reason to research and develop new technologies. There are
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many ranges of technological markets; Silicon Valley for example, is a hotbed for high
technology (“high-tech”) companies. High-tech is defined as technology that is on the
cutting edge. High-tech is an extremely valuable sector. It includes industries such as
pharmaceuticals, aerospace and defense, medicine, and other very important industries.
The market value for these industries is outrageously large, and this value is why so
many firms fund so much research in these areas. Another reason for research is
efficiency. The energy industry today poses a lot of problems with fossil fuels hurting
the environment and the potential threat of running out of oil. With this issue in mind,
lots of technological research is aimed at alternative energy such as wind, solar, and
geothermal energies. Innovation is a critical component in alternative energy research,
and the future of the energy business depends on it.
What factors drive these high-tech areas? They are not just randomly innovative.
The factors that influence innovations in technology are not exactly set in stone, and
determining how to measure it is a difficult task. There is no official index to gauge
innovation, because the trends of innovation itself are largely unknown. The only
statistic that makes the most sense as a measure of innovation and the advancement of
technology is patent production. Patents represent inventions, and inventions are a sign
of innovation. For this study patents will be my Y-variable.
The question that I am asking is how population density affects innovation in
technology. Population density usually brings a lot of secondary factors to the stage,
including better infrastructure such as Internet availability, superior colleges and
universities, and just more minds in a smaller area conversing with each other. This type
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of environment is what I associate with innovation, and the purpose of this thesis is to
test this theory.

LITERATURE REVIEW
The current global population is about 6,869,100,000 and growing.1 Twenty
years ago the population was 5.28 billion and fifty years ago the population was 3.03
billion. A recent UN report stated that more than half of the world‟s population lives in
urban areas as opposed to rural areas.2 With this constant growth of the human
population and the fact that people are living in denser and denser areas, how will
technology be affected? Does population growth spur innovation in technology? Do
denser areas support a network for rapid technological advances? Are urban areas more
inclined to generate innovation in technology than rural areas? What factors are at play
in this equation? Is it a coincidence that areas like Silicon Valley in California and
Route 128 in Massachusetts are home to some of the most advanced and innovative
companies in the world?
Technological change is a huge part of life and is the future of our world, and
without it we would have a lot of problems. It is important to understand the factors that
affect the rate of technological change, what areas succeed in innovation, and why.
Technological change is a huge part of economic growth, which is necessary to sustain
our growing population. We live in a finite world, with finite resources, which means
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we will run out of resources eventually. But today‟s technology has plenty of room to
grow, and it is the answer to many of our problems.
There has been significant research in this particular field. According to one
study, when population sizes rises, it increases the speed of technological progress. This
is because the more minds in the world, the more innovation and the more inventions.
Not only is population size important, but also human capital and population density.
Population density facilitates communication and exchange of knowledge. It also
increases the size of the market and allows for more specialization. This also creates
more demand for innovation. All of these things help spur the creation and diffusion of
new technologies.3
Communication is a big factor in these densely populated areas. When you have
a network of very smart scientists and innovators who are tightly knit, knowledge gets
diffused. More densely populated areas have a higher speed of communication, which
increases the rate of technological change.

Infrastructure

Infrastructure is a very important part of the equation in technological change.
Without infrastructure already in place, the creation of new technology can be very slow
and very costly. High population density means higher returns to investments in public
systems like power grids, telephone lines, and other types of infrastructure. These
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investments help the rate of technological change because once the infrastructure is
built; more new and efficient technologies can be afforded.4
A study conducted in the Philippines measured the effects of population density
and per capita income on infrastructure, electrification specifically. In this study the
dependent variable was percentage of households served by electricity in an area.5 The
results of this study found the both population density and per capita income have
strong positive effects on infrastructure. With higher population density, more money t
will be spent on infrastructure in the area where those people live, so everyone will
benefit from this situation. The fact that the Philippines is an archipelago may have
skewed the data but it is pretty clear that population density has a positive impact on the
value and amount of infrastructure. Infrastructure, especially in a third world country, is
very important for technological and economic development.
Another study was conducted to determine the effects of population density on
road building in the area. The theory they suggested was that the more people in an
area, the less it will cost per person to construct communal facilities such as a road. This
increased population would increase the rate of return on investment in roads.
Population density also means a higher road density to access more dwellings in the
area. They also suggested whether higher road density may cause higher population
density rather than the other way around. However, it would not make much sense for a
town or city to build denser roads if a population did not require them. The results of
this study found that an increase in population in an area has an extremely positive
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effect on the area‟s infrastructure such as road building. They also found that in areas of
higher income with increased population density caused the substitution of paved for
unpaved roads.6 This tells us that population and per capita income have a substantial
effect on the building of infrastructure. The more money an area has to spend on public
services, the better infrastructure they can afford. This will be an advantage for
innovators and inventors because they have more capital to work with.
Another infrastructure element that may go overlooked because it is somewhat
new is the Internet. It is no secret that the Internet was a huge revolution in many ways.
Twenty years ago, the Internet was nothing compared to what it is today. Today most
people in this country use it several times a day and feel lost without it. It has reshaped
a lot of businesses in society and connected people with information.
The Internet is a key component in the information age that we live in today.
The information age is a truly unique era that has changed the way people live. The
reason the Internet is so huge is because it rose and expanded at an incredible rate. It
took conventional forms of communication and surpassed them by creating a vast
interactive network.7 Our generation is known as the information age because
individuals have the capability of transferring information freely. The kids growing up
today are used to the fact that they can search and find almost anything on the World
Wide Web. They have, „the world at their fingertips.‟ This innovation has countless
impacts in the business world. The creation of online dating websites, the decline of the
newspaper industry due to online news content, and the emergence of web-based
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businesses like eBay and Facebook are all a result of the invention of the Internet. It has
sparked innovation all over the place with the emergence of companies such as Google.
Google has proven to be one of the smartest and most innovative companies of our
time. They changed the way people use the Internet by creating a superior search
engine.
Forbes magazine recently published an article that listed the top 20 US cities
with the most broadband-connected homes and businesses. They based their overall
rankings off of three categories that included broadband adoption, number of wi-fi hot
spots, and access options. „Broadband adoption‟ was quantified by the percentage of
home Internet users with high-speed connections. Access options were quantified by the
number of companies in the city providing high-speed Internet access. Wi-Fi hotspots
were determined by the number of public wireless Internet hotspots per capita. The
Internet is a crucial component in innovation in many ways. It is a huge source for
companies to acquire data, gain new knowledge, and communicate with other
companies amongst other things. This is a great way to analyze which city is the most
connected.
It is interesting to compare this list to Forbes list of America‟s most innovative
cities. The criteria for this list included number of technology and science jobs, number
of creative jobs, patents per capita, and venture capital investment per capita. These
variables are very practical and do a great job of quantifying innovation. Venture capital
investment per capita is a great metric for Technology based companies. San Jose, for
example, is rated the most innovative city, and is eleventh on the list of America‟s most
wired cities.

8
“Like Raleigh, this "capital of Silicon Valley" is home to a number of high-tech
firms and close to large research universities. It scores particularly high in Wi-Fi
availability and broadband usage, but lower marks in broadband access place it at No.
11.”8 It is no coincidence that San Jose is on both of these lists. This technology driven
city has shown serious growth in innovation and is a big piece of the technology puzzle.
There is a lot of overlap between these two lists, which is good evidence that there is a
strong correlation between innovation and broadband access. Ten of the cities appeared
on both of the lists. They included: San Jose, Austin, Seattle, San Francisco, Raleigh,
Washington D.C., Denver, San Diego, Portland Oregon, and Boston. Also three cities
appeared in both lists top five. They included Seattle, San Francisco, and Raleigh, North
Carolina.
“Though a surprise winner, Raleigh boasts plenty of technology assets,
including a high concentration of info-tech companies, research universities and state
government offices.”9 These factors support the demand for broadband access. Research
universities generally have large student populations, which require lots of broadband
activity and usage. Info-tech companies and state government offices demand a lot of
Internet usage as well. Austin may be another surprise to people, but there is no mistake
that this city is one of the most innovative in the country.
“Austin's huge student population and the annual South by Southwest
"interactive festival" have made the city a Wi-Fi paradise. It also ranks No. 9 in
broadband usage.”10 South by Southwest is a festival showcasing presentations from
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the brightest minds in innovative and emerging technologies. This makes Austin a
hotbed of innovation and very attractive for innovative companies and young bright
minds. Also, Austin ranked 2nd in America‟s most innovative cities.
“Austin‟s culture of innovation may be boosted by well-known tech credentials
like the South by Southwest Web startup and music festival held annually in March, as
well as the nearby headquarters of hardware industry giants Dell and Freescale
Semiconductor. But they also have two secret weapons in the innovation race: The
University of Texas‟s Cockrell School of Engineering, and IBM‟s Austin research lab.
IBM produces more patents than any other company in the world, and for the last seven
years Austin has produced more of those patents than any other IBM office. In total the
lab produced 880 patents in 2009. That‟s just 30 less than all of Cisco, and 300 more
than Sun Microsystems, Boeing, AT&T or Toyota. Six of IBM‟s top 25 inventors live
in Austin, including one with more patents to his name than any other IBMer, a chipfocused engineer named Ravi Arimilli…the University of Texas at Austin is a major
source of the area‟s innovative workers. It ranks ninth on the U.S. News World and
Report list of best engineering schools, but size helps to distinguish it. Every year its
Cockrell School of Engineering pumps out more than 1,000 undergraduates, far more
than higher-ranked engineering schools like MIT, Caltech or Stanford. “Employers
come to Austin because they can get quality and quantity,” says Michael Powell,
director of the school‟s career center.”11 It makes sense that large, established
engineering schools would be a good place for technical jobs to be created. These are
the reasons why Austin is on the technological map. Historically, Austin has not always
11
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been a city of technological significance, but currently, they are definitely a serious
competitor of innovation.
History is the best way to understand how these cities have become the
innovation leaders. The origins and development show a lot about what made these
cities grow. An excellent historical example is Silicon Valley, a thirty-mile strip of land
adjacent to Stanford University located between San Jose and San Francisco, CA.12The
birth of Silicon Valley is often argued to coincide with the birth of the first Apple
computer. This event occurred in 1976, when Steve Jobs and Steve Wozniak found
themselves in Silicon Valley. Together they collaborated and created the “Apple 1”.13
The emergence of personal computers in the 70s and 80s opened the door for
technological innovation. Companies including Apple, Hewlett-Packard, IBM, and
Microsoft led the way and were constantly competing with each other in order to meet
the consumer demands of the corporate computing market. Silicon Valley quickly grew
into the epicenter of this technological madness and it continues to grow today. The
invention of the computer has led to many other huge inventions, including the Internet.

One study suggested that growth in per capita income is caused by the
accumulation of human and physical capital and the discovery of new technologies. In
some urbanized economies, the increased density that comes with higher population
promotes specialization and greater investment in human capital, and also a more rapid
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accumulation of new knowledge.14 Per capita income rises as a result of increased
returns from specialization of accumulation of new knowledge. Also population is
predicted to raise the production of human capital because greater density leads to a
finer division of labor by extending the market and also by reducing the costs of
coordinating specialists. They also mention that declining populations could potentially
have a negative effect on specialization and other factors of productivity.15 Education is
a big part of a region‟s infrastructure. Good schools can help educate the areas youth
and create a brighter future. More densely populated areas have a higher return on
investments including public schools. Better schools produce smarter people and send
more kids to college, which eventually create innovative minds.
Areas of high population density are advantaged and disadvantaged in different
ways. One disadvantage is fewer acres of farmland per farmer, and more population
congestion.16 They usually have more money to spend on infrastructure but have to find
solutions to the other problems that arise from population density such as energy and
pollution problems. Japan is an example of this. “Japan is a world leader in energy
efficiency precisely because its high population density and dependence on foreign oil
make investments in energy-saving systems like mass transit and high-speed rail not
only economically feasible, but economically necessary.”17 It is because they were
backed against a wall that they had to use innovation. Their economic situation was not
working the way it was because there was so much population congestion so a solution
14
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had to be found and it was technological innovation that solved the problem. This
situation is likely to emerge in other overly congested urban areas, and innovation will
be the answer once again.
Population congestion may not be the worst thing for the world. Some think that
without congestion the world would not tackle the energy crisis as efficiently. Phillip
Longman says, “A world of 3 billion persons living in sprawling McMansions and
driving gas-guzzling SUVs will produce more pollution than a world of 9 billion
persons who, because of depleted carbon-based energy supplies, have shunned sprawl,
eliminated auto dependency, and developed alternative, cleaner forms of energy.”18
This is an excellent point because it puts in perspective the advantages of our situation.
We know that the way we are living currently cannot be sustained and because of that
we have teams of scientists and innovators conducting research and searching for
alternative methods to be cleaner and greener.

Patents

Innovation is a tough thing to measure. You cannot exactly put your finger on it,
but you know it exists and happens all over the place. One method of measuring
innovation and inventiveness is through patents. It is a great measure of technical
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activity because of the abundance of data available.19 A patent is a document issued by
a government agency. This document grants the right to exclude anyone else from the
production or use of a specific new device, apparatus, or process for a specific number
of years.20 In the United States a patent is good for 17 years after it is issued. When a
patent is granted, a public document is then created containing extensive information
about the person who invented it, his or her employer, and the technological antecedents
of the inventing. All of this information can be accessed in computerized form. Also
they include references or citations. The patent examiner decides what citations a patent
must include. The citations basically give credit to previous inventions that this patent is
building upon or modifying.21
The purpose of the patent system is to create incentive for inventiveness and
technological progress. This is done by providing the inventor with a temporary
monopoly and also forcing the early disclosure of the information necessary to create
this new device or process.22 When a patent is applied for, it is because something has
been created or discovered that most likely has some monetary value and has never
been created before. This is the most accurate measure of inventiveness and innovation.
Many studies have been conducted on the patterns of patent applications over
the years. It has been found that the amount of patent application is closely correlated to
the current economic conditions. For example, during the great depression, patent
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applications were essentially flat. Research and Development has proven to be a key
input that decides how many patents are applied for. When research and development
expenditures rise, so do patent applications. It is important to realize that there is a lag
factor. For example the money spent on research and development in a specific year
may not correlate to the patents that come out in that year because research and
development can take a lot of time. Patent applications in a current year could be from
five, ten, or even twenty years of research. It all depends on the specific patent.
Patents have been associated very closely with company‟s research and
development expenditures. Research is an extremely important part of a company‟s
survival. Why do companies conduct research? It has been said that companies research
in order to broaden their technological knowledge. Many people think that research is
conducted in order to create new products; however it is only the first step in the
process.23 There have been many studies focused on research and development and how
they affect patent applications. “Not only do firms that spend more on R&D receive
more patents, but also when a firm changes its R&D expenditures, parallel changes
occur in its level of patenting.”24 Research and development funding and expenditures
play a huge role on the innovation of a company or a geographical area.
It is also important to look at foreign patent patterns. Foreign influence is huge
on domestic patents and inventions and vice versa. One study done looked at whether
or not foreign multinational countries set up offices and plants abroad in order to
acquire new knowledge. The argument was that firms that are located in innovative

23

Ernst, Holger, “Industrial Research as a Source of Important Patents,” Research Policy, Vol. 27, no. 1
(May 1998):1-15
24
Grivliches, Zvi. R&D and Productivity: The Econometric Evidence (The University of Chicago Press,
1998), p. 7

15
regions would have greater access to new technological knowledge more than firms
more distant from innovative regions. They said that innovate regions serve as magnets
to new investment from international companies. It is no coincidence that regions, like
Silicon Valley, continually grow by adding new investment from domestic and foreign
companies. The methods of this study were following patent citations in the
semiconductor industry in order to look for geographic patterns.
They conducted interviews in Silicon Valley and found that almost all foreign
firms hired local employees and used local suppliers in order to buy into the local
knowledge networks. They found that over ninety percent of the executives interviewed
by these foreign firms had previously worked for another local firm. They also found
that the foreign firm‟s presence led to a leakage of firm-specific knowledge to the host
region. Once these channels are established knowledge passes back and forth through
them constantly.
For this study, they first identified every foreign semiconductor firm with
subsidiaries in the U.S. They identified twenty-two firms from Britain, Canada, France,
Germany, Italy, Japan, Korea, and Taiwan, who had plants in the U.S. who had patented
semiconductor inventions. The firms identified were among the top patent holders in the
semiconductor industry. Next, for each foreign subsidiary, they selected three design
and three fabrication patents filed between 1980 and 1990. The majority (52%) of these
patents came out of Silicon Valley. This shows that it is truly a magnet for foreign
investment due to the wealth of knowledge there. The patents they collected were
named as sample A. For each patent in sample A they matched it with a patent
belonging to a U.S. firm. The patents were matched using 4 criteria. The criteria were
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technology, time, geographic region, and firm size. They took these matched patents
and analyzed the contributing patterns of these innovations by looking at the patents
that they sited and the patents that cited them. The geographic location of patents cited
tells the spatial learning patterns of the firms being studied. By looking at the citing
patent or cited patent localization can be observed. This studies result confirmed the
hypothesis that foreign subsidiaries leech knowledge off of local innovators.25 Some
people call this knowledge spillover, and there has been lots of research on this unique
situation.
Knowledge spillovers are hard to measure, because there is no real way of
tracking every piece of information that is passed on. The only way to measure it is by
using the paper trail left behind by patent citations. Since the patent examiner and not
the inventor decide patent citations, there is little or no bias as to which previous patents
gets credited as citations or references.
One study was conducted in 2003 on the localization of knowledge spillovers.
They theorized that if knowledge spillovers are localized within countries, then citations
of patents generated within the United States will come mostly from the United States
Luckily, patents contain detailed geographic information about their inventors. Also,
citations should come from the same metropolitan area as the originating patent because
of localization of spillovers. For example, if a large portion of citations to Stanford
patents comes from Silicon Valley, it is likely due to localization of spillovers. The
results of this study showed that the effects of local knowledge spillovers are very
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significant statistically. Though it is hard to measure, localization of knowledge
spillovers occurs, especially in high technological areas like Silicon Valley.26
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CHAPTER II
THEORY

In order to determine how population density affects the rate of change of
innovation in technology I have created an equation with several different variables.
These variables are what I believe play a significant role in technological change. They
also are related to population density in some way. The independent, or X-variables that
I have selected include: infrastructure as determined by broadband availability, number
of four-year colleges/universities in the area, population In 2000 and in 2007, county
population in 2000 and 2004, county population density in 2000 and 2004, county seat
or not, and universities in the area per capita. I chose these variables because I think that
they are catalysts to the advancement of modern technology. I did not just select these
variables out of a hat; most of them have been researched and studied intently.
However, my formula is unique and it is my hope that it will show a positive correlation
to an areas innovation in technology.
The Y-value in my equation, what all the variables will amount to that is, will be
the technological change for the area, this number will be determined by the number of
official United States approved patents in that area. The data will be the number of
patents from each city from 1975 to 2004. This number will be found from patent data
from uspto.gov, which will be referenced by area using a GIS system, which has the
latitude and longitude of each individual patent. The patents will be assigned to the city
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that they are located in. This was done by using the program Arc GIS. In this program,
the patent data was spatially joined to each individual city so that the final result would
be a list of cities and a count of how many patents in each city. The data was acquired
from the Colorado College GIS lab with the help from Matt Gottfried. This data is from
the United States Patent Office. I believe this data will be the most accurate way to find
out which cities are the most innovative. A patent is a legal document that gives you the
exclusive rights to an idea or an invention. Patents are only good for a certain amount of
time, depending on the patent. The idea behind it is that you want to protect an original
idea of your own and prevent others from profiting off of it. This shows that when
someone applies for a patent, it is usually a good idea worth protecting, potentially
something that will make money. It is also seen as a new technology because the patent
office determines that based on previous patents.
The criteria for determining locations of patents will be limited to the city limits
of the particular city and not surrounding areas. This will also be true for obtaining city
population figures.
Total population will be from the city limits as obtained from the 2000 United
States census data and will also include the 2007 US Census population prediction data.
Population density will be from the same source but will be for the years 2000 and
2004. Both of these statistics will be acquired from the Colorado College GIS Lab with
the help of Matt Gottfried. Population data is extremely important in this model,
because the more people in an area, the more likely there are more innovative people
who invent things that are worthy of patent applications. Population density is the
variable that I wanted to test here. From what I have read and from my own thinking,
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the more densely populated a geographical area is, the more communication and
transfer of knowledge, and therefore the more innovation. Patents, of course, measure
innovation, in this case, and my prediction was that, the higher population density, the
more patents in the area.
The infrastructure in the area, another key variable, is part of what contributes to
the innovation in technology. For this matter, infrastructure for the area will be valued
by using data showing broadband and Internet availability for each county, as that is the
data that is available to me. The broadband categories will include the number of total
providers of fixed high-speed connections in the county, as well as the number of
Residential Fixed High-Speed Connections per 1000 Households. The second statistic
was recorded in ranges and will be determined by a value that corresponds to a range.
The values will be zero to five. Zero means there are zero connections per household,
while one means there are between 0 and 200 connections per household. Two means
there are between 200 and 400 connections per household. Three means there are
between 400 and 600 connections per household. Four means there are between 600 and
800 connections per household. And five means there are over 800 connections per
household. This data was collected by the Federal Communications commission and
made available to me through the Colorado College GIS Lab. In order to match the data
I spatially joined the broadband data with the list of cities in order to match each city
and county to its broadband data.
In order to determine the number of four-year colleges/universities I will be
using a list that ranks the top 864 schools in the United States and Canada by
endowment size. I have excluded the Canadian schools because they I am only doing a
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study on the United States. I think this is a strong determining factor because schools
with a sizable endowment are generally large spenders on academic research. This may
not be the best and most accurate way but I think it will be effective. This list is from
the NACUBO archive and is legitimate. I spatially joined my college list with the cities
list in order to match them. This gave me a school count for each city.1 I will also be
able to use the population data combined with the university data in order to create a
variable that is universities per capita. To get this number you simply divide the number
of schools by the population. This will give you the number of schools per person in
each city or town.
Another variable I will be including will be whether or not the city or town is
a county seat or not of its county. This will be a dummy variable, meaning the number
one will represent a county seat city and the number zero will represent a non county
seat city. This data, as well as each cities county name, was obtained from the 2000 US
Census, via the GIS Lab.
Once all the data was collected. I formatted it in an excel workbook placing
the name of the city on the left hand column and the variables on the top row. I then
imported the excel file into the program STATA. I used STATA in order to run my
regression and analysis of the data and the significance of my variables and my overall
hypothesis. I will use STATA in order to determine which variables are significant,
which are not, and if they are correlated to each other.

1

U.S. and Canadian Institutions Listed by Fiscal Year 2009 Endowment Market Value available at
http://www.nacubo.org/Documents/research/2009NCSE Public Tables Endowment Market Values.pdf

22
Another method I will be using will be conducting case studies on particular
cities in order to explain why they produced so many patents. This will give a better
picture of what variables matter in terms of innovation. I will be selecting the top five
cities and detailing how and why they belong on this list as I see it. I will also be
selecting three cities that are somewhere in the top 50 that are interesting cases because
they do not fit the mold of the others or are unexpectedly high on the list. These 3
outliers will be a good perspective of how innovation can exist in areas that you would
not normally think of.
The variables imported into STATA include: patent count, county seat status,
university count, city population 2000, city population 2007, county population 2000,
county population 2004, county population density 2000, county population density
2004, and residential fixed high-speed connections per 1000 households by county, and
total providers in county. The initial regression was run with all of the variables. The tstatistics for all of these variables were all significant, because they were all over 2. The
most significant one was the university count variable. The R-squared value was
34.75% however. When I ran a correlation between all of the variables, many of the
variables were correlated with each other. These variables included university count,
population 2000, population 2007, total providers in county, county population 2000,
county population 2004, county population density 2000, and county population density
2004, and residential fixed high-speed connections per 1000 households by county.
After doing some regressions and data analysis it was determined that university
count should be done per capita. In this case I combined the variables of university
count by city population 2007. The population 2007 divided the university count.
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By squaring the variables, it makes the variables exponential and non-linear,
which helps to better explain the data. Three variables were squared in order to
determine the possibility of a non-linear relationship. The variables that were squared
were residential fixed high-speed Internet connections per1000 households by county,
universities per capita, and county population density.
The final regression was run with the variables; county seat status, county
population density 2004, residential fixed high-speed connections per 1000 households
by county, universities per capita, county population density 2004 squared, residential
fixed high-speed connections per 1000 households by county squared, and universities
per capita squared.

CHAPTER III
DATA

Case Studies

In this section, I will give a case study for the top 5 patent producing cities according to
the data.

1. San Jose, California

This city is no surprise coming in at number one. Located in the technologically
driven „Silicon Valley‟, San Jose is a hotbed of innovation. The nickname „Silicon
Valley‟ stems from the areas high quantity of silicon chip manufacturers. However, it is
now used to describe the areas high concentration of high-tech businesses.
San Jose is located in Santa Clara County, California. It is the county seat of
Santa Clara County. The patent data shows that since 1975, 33,842 patents have come
out of San Jose. San Jose‟s population in 2000 was 894,943 and in 2007 was 946,979.
In 2000, Santa Clara Counties population density was 1296.3 people per square mile. In
2004 its population density was 1332.3 people per square mile. The broadband data for
Santa Clara County shows that it has between 600 and 800 Residential Fixed HighSpeed Connections per 1000 Households. The county has 29 total Providers of Fixed
High-Speed Connections.
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San Jose is home to several universities. The largest university is San Jose State
University, which has a student population of 24,000 undergraduates and 7,000
graduate students. According to Collegeboard.com sciences and engineering are among
the top majors at this school for undergraduates and graduates.1 Also, according to the
California State University system, San Jose State claims to provide Silicon Valley
companies with more computer science, business, and engineering graduates than any
other school.2 San Jose is also home to several community colleges. Also some schools
outside of San Jose such as University of California, Santa Cruz, operate Lick
Observatory, just east of San Jose. Other excellent schools nearby include Santa Clara
University, Stanford University, and the University of California, Berkeley. These
universities are all top-tier education providers.
San Jose also has numerous high-tech employers. Companies that have their
headquarters in San Jose include: Adobe Systems, Brocade Communications Systems,
Cisco Systems, SunPower, and eBay. Other companies that maintain facilities in San
Jose include: Flextronics, Hewlett-Packard, IBM, Hitachi, and Lockheed Martin.
This data really helps paint the picture that is San Jose, California. This “Capital
of Silicon Valley” is a big player in the high-tech industry. With the presence of a large,
scientist and engineer producing university and other top schools just down the road, it
is clear that the population will not be short of geniuses and innovators. The brilliance
of this area is not just generational; it has become part of the culture. Also with
companies like Hewlett-Packard, IBM, Hitachi and Lockheed Martin, venture

1
2

Statistics from Collegeboard.com
California State University website, available from Calstate.edu
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capitalism and research-based companies will most likely have an extremely strong
presence for centuries to come.
The presence of Universities in a region like this helps to ensure the forward
progress and innovation of the companies in the region. Companies with facilities in
San Jose will always have a steady output of smart engineers and business people to run
and advance them. The growth of business in this region is due to multiple factors. The
caliber of the universities nearby, the already well respected companies in the area, and
the fact that these companies draw in foreign companies who are trying to gain
knowledge by proximity and knowledge spillovers. Many foreign companies decide to
build facilities in areas of high-technology and innovation in order to obtain new
knowledge. Studies have been conducted on localization of knowledge spillovers by
examining a patent, and seeing where the patents that that patent cites originate from.
The study showed significant patterns of localization, especially in the Silicon Valley
area.3
Other companies that are not in San Jose but very close to it also help contribute
to the patent production of the area. These companies include: Apple, Facebook,
Google, Yahoo!, Oracle C, Microsoft, and many other companies that are considered at
the pinnacle of innovation and success. All of these companies are world-renowned and
add to the sterling reputation of the area.

3

Adam B. Jaffe, Manuel Trajtenberg, Rebecca Henderson, “Geographic Localization of Knowledge
Spillovers as Evidenced by Patent Citations,” The Quarterly Journal of Economics, Vol. 108, no. 3
(August 1993): 577
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San Jose ranked 11th on Forbes list of America‟s most wired cities and first on
Forbes list of America‟s most innovative cities.45 There is a lot overlap on these lists.
This is because most of these cities have large populations, including large student
populations, requiring lots of Internet usage and connections. Also Internet is a key
component to innovative companies and must be very accessible.

2. Houston, Texas

Houston has been technologically developed for some time, with its history. It
has always been known for its role in the energy industry. The famous Enron
Corporation was based in Houston before its demise. One factor that has a huge
influence on patent production is population. Houston is the fourth most populous city
in the United States of America and it is still growing. It takes the prize for most
populous city in the top 5 of this list.
Houston is located in Harris County, Texas. It is the county seat as well.
Houston‟s population in 2000 was 1,953,631. According to the patent data, 30,226
patents have come from Houston since 1975. In 2007 its population was 2,109,413. It is
the most populous city in Texas, the fourth most populous city in the country, and the
sixth largest metropolitan area in the country. Harris County‟s population density in
2000 was 1917.4 people per square mile. In 2004 its population density was 2095.9
people per square mile. Broadband data for Harris County shows that it has between

4

Elizabeth Woyke, America’s Most Wired Cities, (on-line article) accessed 15 December 2010; available
from http://www.forbes.com/2009/01/22/wired-cities-2009-tech-wire-cx_ew_0122wiredcities.html
5
Andy Greenberg, America’s Most Innovative Cities, (on-line article) accessed 15 December 2010;
available from http://www.forbes.com/2010/05/24/patents-funding-jobs-technology-innovativecities.html
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400 and 600 Residential Fixed High-Speed Connections per 1000 households. It also
says that there are 46 total providers of fixed high-speed connections in the county.
There is a lot happening in Houston. The Aeronautics Industry is big in
Houston. One huge contributor to patent production could be the National Aeronautics
and Space Administration‟s Lyndon B. Johnson Space Center. This facility is used for
human spaceflight training, research, and flight control. This research center is a big
part of NASA. It does a lot of research because it is very well funded. They conduct a
lot of scientific and medical research here, which would certainly contribute to patent
output.
The energy industry is even larger than the aeronautics industry here. It‟s
probably because five of the six supermajor international energy companies have either
headquarters or facilities in Houston. ConocoPhillips has its international headquarters
in Houston. Exxon-Mobile maintains its United State operational headquarters in
Houston. Shell Oil has its US headquarters in Houston. BP has facilities in Houston.
Chevron also has offices in Houston. It is no coincidence that all of these companies are
located in Houston. It is the energy capital of the world and plays a monumental role in
the global energy industry.
Houston is also headquarters to energy companies including: Marathon Oil
Corporation, Schlumberger, Halliburton, Apache Corporation, and CITGO. The energy
industry is so essential to this city and has become part of the culture. The port of
Houston is the most active in the country and among the top in the world because of the
energy industry. This is definitely a reason that it ranks second in patent production.
There is just so much activity here it all just makes sense.
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There are many colleges and universities in Houston, which gives them a large
student population. The University of Houston, for example, is a huge research
institution. It has a student population of 30,000 undergraduates and 8,000 graduate
students. This is a large research institution in the sciences, including bioengineering. It
is a huge contributor to patent production and overall innovation of the area. The
University of Houston graduates many promising scientists and business people who
get jobs in the area and contribute to the economy.6
Another university in Houston is Rice University, which has a student body of
over 5,000 undergraduates and graduate students. It is also a research university known
for its research in applied sciences.7
Other Houston universities include: Texas Southern University, Houston Baptist
University, University of St. Thomas, South Texas College of Law, and Baylor College
of Medicine. Baylor College of Medicine is known for its research in the Biomedical
world.
Houston is also home to the Texas Medical Center. The Texas Medical Center
conducts a huge amount of research in medicine and the sciences. It is the largest
medical center in the world and contains numerous hospitals, medical schools, and
research institutions.
All of these aspects of Houston help to produce so many patents. It is clear that
there is a lot happening here and that Houston will continue to produce patents because
of the business and government activity in the region.

6
7

University of Houston website, available from www.uh.edu
Rice University website, available from www.rice.edu
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3. Austin, Texas

Austin is located in Travis County, Texas. It is the County Seat as well as the
state capital. Austin‟s population in 2000 was 656,562. In 2007 it was 736,677. Travis
County‟s population density in 2000 was 793.5 people per square mile. In 2004 its
population density was 885.2 people per square mile. The patent data says that there
have been 25,292 patents from Austin since 1975. The broadband data for Travis
County shows that there are between 600 and 800 Residential Fixed High-Speed
Connections per 1000 Households. Also there are 41 total providers of fixed high-speed
connections in the county.
Austin is the fourth largest city in Texas and is growing at a rapid rate. It was
ranked second on Forbes Magazine‟s list of most innovative cities in America. In the
article they say,
“Over the last year residents of Austin have patented inventions including a laserguided nail clipper for dogs and cats, an electronic fishing reel system, a fertilizer that
also functions as a pesticide, and a gadget that can detect explosive chemicals with
microphones--along with about 2,900 other ideas, the second-most per-capita of any
metro area in the U.S.”8 The people of Austin are extremely smart and driven, working
toward advancing technology in many unique ways. Forbes also mentions that Austin
has adopted the nickname “Silicon Hills” because of its large quantity of hightechnology corporations. This is a true testament of Austin‟s credibility as a leading

8
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power of innovation and technological advancement. Also NBC in the bay area dubbed
the American Airlines flight from San Jose to Austin as “the nerd bird” because it
carried so many high-tech employees of Dell, Apple and other companies.9
Round Rock, the town next to Austin and part of the Austin metropolitan area is
home to Dell Inc., one of the biggest computer companies in the world. Dell is a huge
company and employs a lot of people in the Austin metro area. They are a huge source
of patent production for the city and are very respected and admired in their industry.
Austin is home to a lot of other large innovative companies as well. Some of
these companies that have facilities in or around Austin include: 3M, Apple Inc.,
Hewlett-Packard, Google, AMD, Applied Materials, Cirrus Logic, Cisco Systems,
eBay, PayPal, Bioware, Blizzard Entertainment, Intel Corporation, Hoover‟s, National
Instruments, Samsung Group, Silicon Laboratories, Sun Microsystems, and United
Devices. This is a lot of companies who focus on technologies in one geographical area
and explains why this city has such a large patent output. Also, IBM has a research lab
in Austin.
“IBM produces more patents than any other company in the world, and for the
last seven years Austin has produced more of those patents than any other IBM office.
In total the lab produced 880 patents in 2009. That's just 30 less than all of Cisco, and
300 more than Sun Microsystems ( JAVA - news - people ), Boeing ( BA - news people ), AT&T ( T - news - people ) or Toyota ( TM - news - people ). Six of IBM's 25
top inventors live in Austin, including one with more patents to his name than any other

9
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IBMer, a chip-focused engineer named Ravi Arimilli. "For IBM, Austin has evolved
into a real hotbed of innovation," says Tony Befi, the company's site manager.”10
Education is another big part of why Austin is so smart. The University of Texas
at Austin has a big engineering program. The Cockrell School of Engineering graduates
1,000 undergraduates every year. Many of these graduates go onto work for companies
locally in high-tech firms in Austin. Companies are at a huge advantage in Austin
because of this school.
“Employers come to Austin because they can get quality and quantity," says
Michael Powell, director of the school's career center.11 This is extremely convenient
for these companies. Engineering programs at other schools such as Stanford and
Massachusetts Institute of Technology are very esteemed, but they do not produce
nearly as many graduates each year. Quantity and convenience of the Cockrell School
of Engineering is what drives the future generations of Austin‟s high-tech workforce.
Austin is home to other institutes of higher education including St. Edwards
University, Acton School of Business, Concordia University, and Huston-Tillotson
University.
Another factor, also mentioned in Forbes article of most innovative cities, is
Austin‟s annual festival known as South by Southwest. This is a web-startup and music
festival held every year in March. This festival is a huge draw to tech-savvy people and
companies, small and large. It is a great way for young companies to get exposure to
people interested in their products and services. This festival has had extremely
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innovative keynote speakers over the years including Jimmy Wales, Craig Newmark,
and Mark Zuckerberg. Jimmy Wales is known for starting the website Wikipedia. It is
an innovative idea of a user-edited encyclopedia about anything and everything. Craig
Newmark started Craigslist, which is a free classifieds website. Mark Zuckerberg
started the phenomenon known as Facebook. It is a social networking website and is
currently the second most visited website in the world. These are some of the most
innovative people in their industry and if not the world, and their presence at this
festival in Austin helps solidify its high-tech reputation.

4. Rochester, New York

Rochester is located in Monroe County, New York. It is the county seat of
Monroe County. It is the center of the Rochester Metropolitan area. Rochester‟s
population was 219,773 in 2000. In 2007 Rochester‟s population was 215,625. In 2000
Monroe County‟s population density was 1103.1 people per square mile. In 2004 its
population density was 1116.4 people per square mile. According to the patent data,
Rochester has produced 21,949 patents since 1975. The broadband data shows that
Monroe County has between 600 and 800 Residential Fixed High-Speed Connections
per 1000 Households. It also has 27 total providers of fixed high-speed connections in
the county.
Rochester is surprisingly high on this list. How did it produce so many patents?
Is it just a random collection of very smart people? The explanation of this city‟s high
technological output is most likely in imaging. Also, Rochester‟s total population was
once over 300,000 but has since declined to its current population of 215,625.
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Rochester is home to many advanced imaging companies and programs. For
example, Eastman Kodak is headquartered in Rochester. Eastman Kodak, or simply
Kodak, is one of the most famous companies in the imaging and photography
equipment industry. It is so famous that the phrase „A Kodak Moment‟ was coined
when referring to something that needs to be photographed. When a company‟s name
becomes embedded in a popular culture phrase like this, it is safe to say they are
influential and well known. Xerox was founded and originally located in Rochester.
They still maintain offices in Rochester. Xerox is also a well-established company
known for its printers and copy machines. The verb Xerox, which means to copy a
document, is a trademark based on the invention. This fact shows how successful the
company was and shows its innovation in the industry.12
Universities in the area also offer imaging programs as well. The University of
Rochester has a department called The Institute of Optics, which grants degrees in
imaging.13 Many of these graduates most likely go onto work for imaging companies in
the area such as Kodak or Xerox. The Rochester Institute of Technology also maintains
a similar program.
Western Union, a financial service and communications company, was also
founded in Rochester. Other companies and corporations that have headquarters located
in Rochester include Abbott‟s Frozen Custard, Ambrosia Software, Bausch & Lomb,
Carestream Health, eBaum‟s World, ESL Federal Credit Union, Genesee Brewing
Company, Gleason Corporation, Hickey Freeman, Home Properties, Monro Muffler
and Brake, North American Breweries, Rochester Midland Corporation, and Rohrbach
12
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Brewing Company. These companies make up a big part of Rochester‟s employers‟ and
its economy.
Rochester also has many universities and colleges, which contribute to the
intelligent population of the city and region. The University of Rochester is a researchbased institution with a student population of around 9,000 made up of undergraduate
and graduate students. According to the schools website the most popular majors are
Biology, Economics, Engineering, and other applied sciences.14 This institution does a
lot of research and most likely is granted numerous patents due to its research.
Another research institute in Rochester is the Rochester Institute of Technology.
This school is nationally ranked for its engineering and sciences programs. It is also
known for it‟s used of cooperative education program. This is where students work for
businesses in the workplace as a method of alternative hand on education. It is an
excellent way to ready students for the working life.
Many of the students of RIT go on to be very innovative people, for example,
Daniel Carp, an RIT alumnus, was the former Chairman and Chief Executive Officer of
Eastman Kodak Company. This is a perfect example of a local institution producing a
successful businessman and innovator at a local company.
Other institutions in the area include Monroe Community College, Nazarene
College, and St. John Fisher College. The strong student body presence in the Rochester
area helps add to its technological reputation and advancement.
Rochester was ranked 14th on Forbes list of America‟s Most Innovative Cities.
This list is based on four categories. These categories are patents per capita, tech and
science jobs, creative jobs, and venture capital investment per capita. Rochester scored
14
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extremely well in the patents per capita category. This shows a little bit of why
Rochester is such a powerhouse when it comes to producing patents.

5. San Diego, California

San Diego is a city in San Diego County, California. It is the county seat of San
Diego County. Its population in 2000 was 1,223,400. In 2007 its population was
1,301,514. It is the 2nd largest city in California and the 8th largest city in the country. In
2000, San Diego County‟s population density was 663.9 people per square mile. In
2004 its population density was 706.2 people per square mile. San Diego has produced
20,353 patents since 1975. The broadband data shows that San Diego County has
between 600 and 800 Residential Fixed High-Speed Connections per 1000 Households.
It also says that San Diego County has 35 total providers of fixed high-speed
connections in the county.
The city of San Diego has a lot of things going on. It has a large population, a
couple of very innovative and prestigious universities, and a lot of biotechnology and
medical oriented companies. Forbes ranked San Diego 6th on its list of America‟s most
innovative series. It‟s most impressive statistic was that it was 4th in the category of
Venture capital investment per capita.15 This means that a lot of people are investing in
the companies in San Diego. The more venture capital investment that goes into a city,
the more research can be conducted. This means that more patents and more innovation
will come out of this area. San Diego was also ranked at number 14 on Forbes list of
15
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America‟s most wired cities. This list measures the cities overall Internet connect ability
in three categories including broadband adoption, access option, and Wi-Fi hot spots. In
the article it said
“San Diego--home to wireless technology giant Qualcomm and hundreds of
biotechnology companies--has a long reputation as a high-tech city. It also consistently
shows up on our list.”16 This tells a little bit of the story that is San Diego; an advanced
Internet friendly city that has proper infrastructure in place for research and innovation.
Biotechnology is huge in San Diego. There are many companies located there
and also some companies who are headquartered there as well. These companies make
up a large part of the city‟s economy and also produce many patents in the
biotechnology field. Companies that have headquarters in San Diego include
Neurocrine Biosciences and Nventa Biopharmaceuticals. Other companies who have
research facilities and offices in San Diego include BD Biosciences, Biogen Idec,
Integrated DNA Technologies, Merck, Pfizer, Elan, Genzyme, Cytovance, Celgene, and
Vertex. There are also a couple of non-profit institutes including the Salk Institute for
Biological Studies, the Scripps Research Institute, the West Wireless Health Institute,
and the Sanford Burnham Institute.17 Many of these companies and institutes are world
renowned for their research and presence in the biotechnology and pharmaceutical
industries. For example, the Gary and Mary West Foundation founded the West
Wireless Health Institute, in San Diego in 2009. The purpose of this institution is to
help lower healthcare costs by using wireless health solutions. The institution was
16
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granted $45 million dollars and was founded in San Diego for strategic reasons. Gary
West, one of the benefactors of the institute stated his reasons for selecting San Diego
during a press conference. He said,
“With more than 600 life sciences companies, 300 wireless companies and the
combination of wireless health, genomics and biotech, San Diego is poised to become
the global center of health care innovation.”18 This is why he chose San Diego, because
all of the necessary components were there. His goal for the institute was also stated,
“Through the West Wireless Health Institute, the Foundation supports research on the
uses of wireless technology to advance human health, including applications to prevent,
diagnose, manage and treat disease. We believe these applications will result in better,
safer, more cost-efficient health care.”19 This institute was very helpful in outlining why
San Diego is such a popular place for Innovation.
Another institute that has long contributed to innovation and research in the area
is the Scripps Research Institute. This institute is located in La Jolla, a coastal suburb of
San Diego. It is the largest independent non-profit biomedical research facility in the
world.20
Another contributor is the giant Qualcomm. Qualcomm is a huge wireless
telecommunications company and it is headquartered in San Diego. It is such a big part
of San Diego; it purchased the naming rights to the sports stadium. The stadium is
named Qualcomm Stadium and it is home to the San Diego Chargers of the National
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Football League and also the San Diego State University Aztecs, a college football
team.
As you could probably guess, higher education is very important in San Diego.
It has many excellent research based universities. The University of California San
Diego is one of the best universities in the country for the sciences. It has a student
population of more than 23,000 undergraduates and about 5,000 graduate students.
UCSD claims its most popular majors include biology, economics, psychology,
electrical and computer engineering, and computer science and engineering. 21 These
students are the future of this cities innovative culture and industries.
Another part of UCSD that is important is its huge medical center. The UCSD
Medical Center is a huge employer and one of the most respected research based
medical schools in the country. They conduct a lot of research from various grants and
educate young aspiring doctors. Also the medical center promotes research in
biotechnology and other related fields for the area.22
San Diego State University is another large research university. SDSU has a
student population of over 30,000 of both graduates and undergraduates. This school is
known for its quality research over the years and produces lots of innovative young
minds.
Overall, San Diego is a place of vast knowledge and scientific thinking which is
well recognized in the fields of medical sciences, biotechnology, pharmaceuticals,
higher education and research, and wireless telecommunications. It is no mistake that
this city comes in 5th in patent production since 1975.
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These top five patent producing cities have much in common. Their similarities
include a relatively high population, strong presence of technological driven
corporations, a few large universities with excellent science and engineering programs,
and a bevy of innovative-minded people. But are there any cities near the top of this list
that do not exactly fit the mold? And if so, what factors make them so innovative? I am
going to select three more cities to analyze that you may not have heard of or would not
expect to see on this list.

17. Midland, Michigan

Coming in at an impressive 18, Midland, Michigan is a surprise to many people.
Midland, a small city in the middle of Michigan may not be the most recognized name
on this list, but there are facts to back up its position. What secrets does this city have
helped produce so many patents?
Midland is the county seat of Midland County, a common trait among the cities
on the top of this list. In 2000 Midlands‟s population was 41,685. In 2007 its population
was 42,488. This makes it the smallest city in the top 25 patent producing cities. In
2000 Midland County‟s population density was 157 people per square mile. In 2004 its
population density was 161.1 people per square mile. Its patent production since 1975
was 10,478 patents. The broadband data shows that Midland County has between 400
and 600 Residential Fixed High-Speed Connections per 1000 Households. It also has 22
total providers of fixed high-speed connections in the county.
One factor that has contributed to this small cities patent production is its
corporate presence. The Dow Chemical Company was founded in Midland, Michigan in
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1897. Dow Chemical is one of the largest chemical manufacturers in the world. Their
annual research and development expenditure is over one billion dollars. This is a
tremendous amount of research. This factor could explain the cities large amount of
patents.23 Dow Corning, a silicon and silicone technology company is also
headquartered in Midland.24
Midland is also home to multiple educational institutions including a regional
campus of Davenport University, Northwood University, and a research facility
belonging to Michigan State University. Higher education is always a positive influence
on research and effects patent output production.
This city is an interesting case because it appears to be out of place on this list of
innovative giants. The most interesting thing is its astoundingly low population.

27. Boulder, Colorado
Boulder, Colorado is known to be a very liberal city. It is ranked as the 27 th
highest patent producing cities in the country. What factors cause this western mountain
city to be so innovative?
Boulder is a city in Boulder County, Colorado. It is also the county seat of
Boulder County. In 2000 Boulders population was 94,673. In 2007 its population was
94,437. In 2000 Boulder County‟s population density was 364.3 people per square mile.
In 2004 its population density was 393.5 people per square mile. Since 1975 it has
produced 7,663 patents. The broadband data for Boulder County shows that it has
23
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dow chemical company

42
between 600 and 800 Residential Fixed High-Speed Connections per 1000 Households.
Boulder County has 32 total providers of fixed high-speed connections. This is a lot for
such a small city and could be related to the cities high student population.
The one obvious explanation for Boulders spot on this list is its large university
in the University of Colorado at Boulder. The University of Colorado at Boulder is
home to about 25,000 undergraduate students and 5,000 graduate students. UC Boulder
has an excellent engineering program and also a good business school. This school does
a lot of research in many fields.25
Boulder is often considered as a very environmentally conscious city, with
innovative residents who support alternative energy sources. It is home to one of the
facilities of the National Center for Atmospheric Research. This center is known for its
advanced research in the sciences and has a lot of very intelligent employees.26 There
are many other research institutions in Boulder giving further evidence to their patent
productions.
With a city full of college students, environmental researchers, and people
committed to going green in order to be more efficient and save the environment, the
pieces of this puzzle are explained.
Green technology is a huge growing market that is being researched widely.
This important market can explain the patent volume and could keep increasing
Boulders patent output in the future since green technologies are widely considered to
be the future. With the price of oil constantly fluctuating and the buzz of global

25
26

University of Colorado at Boulder website, available at www.colorado.edu
National Center for Atmospheric Research website, available at http://ncar.ucar.edu/
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warming and climate change, Boulder is in a good position to grow its economic output
and contribution to the energy industry in the near future.

28. Plano, Texas
Plano is a city in Collin County, Texas. Plano‟s population was 222,030 in
2000. Its population was 269,265 in 2007. It is the 9th largest city in Texas and the 69th
largest city in the country. In 2000 Collin County‟s population density was 554.8 people
per square mile. In 2004 its population density was 703.4 people per square mile. Plano
has produced 7,507 patents since 1975. Collin County has 600 to 800 Residential Fixed
High-Speed Connections per 1000 Households. It has 36 total providers of fixed highspeed connections.
Plano is another surprise to be in this part of the most patent producing cities
list. It certainly does not have the technological reputation as giants like San Jose or
Houston, but Plano has a few tricks up its sleeve that contribute to its technological
production.
Plano‟s most obvious explanation for these patents is its corporate presence.
Lots of companies have offices or headquarters in Plano. Some of these companies
include Capital One Financial Services, Dr Pepper Snapple Group, Cinemark Theatres,
Ericsson, Frito-Lay, Oracle, Siemens PLM Software, Gearbox Software, J.C. Penney,
Rent-A-Center, and many others.
Many of these companies are extremely large. For example, Siemens PLM
Software is a division of Siemens AG, which is an enormous European conglomerate.
This software division is known for managing and creating 3D data. This is a very
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specialized field and they are responsible for managing 40 percent of the world‟s 3D
data. A company of this stature definitely has a lot of research expenditures and
produces patents at an advanced level.27
Plano‟s only colleges are Collins College, a local community college, and
Southern Methodist University-Plano, who enroll about 900 graduate students.28 This is
a relatively small amount of educational institutions compared to the patent giants at the
top of the list.
One advantage Plano has going for it is its proximity to the Dallas metropolitan
area. Plano is situated about 18 miles north of Dallas, which is ranked 10 th on the list of
most patents in the country since 1975. This proximity is a serious asset to Plano,
making it a convenient home for corporate employees of the Dallas and Plano areas,
and also making it an easy transition for recent college graduates of Dallas area
students.
These interesting innovative cities may not fit the mold of the technological
giants like Houston, San Antonio, and San Jose, but they put up technological numbers
almost as impressive as the big ones. There are many patterns observed in the cities on
this list, and although there is no concrete formula that depicts a top patent producing
city, it is interesting to observe the factors that influence it. There is a lot of potential for
future studies to research what other factors are at play here.

27

Siemens PLM Software website, available from
http://www.plm.automation.siemens.com/en_us/about_us/index.shtml
28
Southern Methodist University at Plano website, available from
http://smu.edu/plano/aboutsmu/index.asp
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Statistical Results

TABLE 3.1
STATISTICAL RESULTS

Variable
Coefficient
T-Stat
County seat status
1.520448
(19.16)***
County population density
.0011057
(23.28)***
2004
Residential fixed high.1998782
(0.59)
speed connections per 1000
households by county
Universities per capita
22856
(5.81)***
County population density
-1.91e-08
(-21.62)***
2004 squared
Residential fixed high.1411014
(2.44)***
speed connections per 1000
households by county
squared
Universities per capita
-2.51e+07
(-6.69)***
squared
*= Significant at the 10% level, **=significant at the 5% level, *** significant at the
1% level
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TABLE 3.2
X-VARIABLE DATA

X-Variable

Minimum

County
0
population
density 2004
Residential
0
fixed highspeed
connections per
1000
households by
county
Universities per n/a
capita

Maximum

Average

55774.2

5

n/a

Standard
Deviation
347.5

840.6

2.615715

0.995000

n/a

n/a

TABLE 3.3
Y-VARIABLE DATA

Y-Variable

Minimum

Patents

0

Maximum
33842

Average
72

Standard
Deviation
527

CHAPTER IV
ANALYSIS

Figure 4.1 is a map of the United States and each point on the map represents a
college or university. The purpose of this figure is to see the distribution of these
schools and to notice any patterns and clusters. Since Universities per city is an
important variable in the model, I wanted to use this figure to get a good understanding
of the numbers in the table.
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FIGURE 4.1
U.S. COLLEGES AND UNIVERSITIES

As you can see, there is a significant cluster of schools in the San Jose San
Francisco area, which correlates highly with the areas high patent output. This is a result
of schools and universities conducting a lot of academic research. Many of these
schools have advanced science, medicine, and engineering programs and facilities, and
these programs and facilities produce a great number of patents. It is most likely that the
scientists and researchers of these facilities live nearby, and are therefore credited with
the patents from their research.
The cities in and around the San Francisco area had outputs as follows San Jose,
#1 overall, 33,842 patents, Palo Alto, #7 overall, 17,273 patents, Sunnyvale, #9 overall,
15,022 patents, San Francisco, #19 overall, 10,143 patents, Woodland, #20 overall,
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9,527 patents, Cupertino, #21 overall, 9,510 patents, Santa Clara, #30 overall, 7,415
patents, Menlo Park, #44 overall, 5,588 patents, Los Gatos, #47 overall, 4,951 patents,
Berkeley, # 50 overall, 4,847 patents, Half Moon Bay, #71 overall, 4,227 patents,
Redwood City, #84 overall, 3,767, and Kensington, #100 overall, 3,417 patents. This is
a remarkable cluster of high patent producing cities and is not a coincidence. Figure 4.2
is a close-up map of the area, each point representing one of the cities mentioned above.
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FIGURE 4.2
SAN FRANCISCO AREA CITIES THAT ARE IN THE TOP 100 PATENT
PRODUCING CITIES IN THE COUNTRY

This data is remarkable evidence of innovative trends occurring in the San Jose
metropolitan area and extensions of that area. It is clear that something is happening
here that is unique and significant. There is no other area in the country with such a high
concentration of top patent producing cities and townships. These cities are most likely
the homes of many of the most innovative people in Silicon Valley. This distribution
makes it pretty clear that the hype of Silicon Valley is completely true, and will
continue to be true because of the factors that are set up there. The factors in this area
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include excellent broadband availability, lots of top-tier research based universities, and
a significant population size.
Each variable that was squared was graphed with its original variable against
patents in order to see their unique relationships. Figure 4.3 below shows that the
relationship is negative parabolic. It shows that as population density gets higher, more
patents are produced up until a certain point, where patents begin declining as
population density increases. This makes me think that the surrounding communities of
urban areas are the most innovative. This may be due to the fact that many people who
get patents work for innovative companies in urban areas are well off and can afford to
live in the suburbs. The patents are credited to the inventor‟s home address, so this
theory is possible. Though there is an interesting correlation, the significance of this
graph is not very significant, because the graph only goes up to 16 patents and each
interval of population density changes by only a patent or two. Despite the
insignificance, the data makes for an interesting theory and idea that suburbs around
urban areas are very innovative.
FIGURE 4.3
PATENTS VS. POPULATION DENSITY

Patents vs. Population Density
20
15
10
5
0
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The second graph, figure 4.4, shows residential fixed high-speed connections
per 1000 households against patents, is also somewhat insignificant. Note that each
number of connections actually represents hundreds of connections, for example 1
means there are between 0 and 200 connections per 1000 households, 2 means there are
between 200 and 400 connections, and so on. It shows a positive correlation between
connections and patents, but the patent number changes only fractions of a patent
between each interval of 200 connections.

FIGURE 4.4
PATENTS VS. CONNECTIONS
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The third and final graph shows universities per capita and patent production.
This graph is not very helpful, because the squared university per capita‟s coefficient is
negative, thus resulting in a negative correlation between the universities per capita and
patents, which is not what I wanted to show with this study. The unique thing about
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figure 4.5 is that the patent figures are much more significant with large intervals, just
in the wrong direction.

FIGURE 4.5
PATENTS VS. UNIVERSITIES PER CAPITA
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This thesis was very interesting, but not as successful as I had hoped. There are
many things that I would do differently if doing them again. I could have run a
regression with better variables. Though the variables I had were good, they could have
been better. For example, if I had data of population density by each city instead of
county, there may have been better, more accurate results. Also, a lot of the population
statistics were inaccurate or incomplete, posting negative numbers in cities that it did
not have the data for, this error was checked, but some may have slipped by me, and
there data was either a zero or a negative 99, which could have skewed the data.
Also the list of colleges and universities that I used for my universities per capita
variable was not a complete list, and though schools endowment may be a good
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measure of the top innovators, it is not completely accurate. A more accurate list could
have provided better results. Originally, I had planned on including a variable that
determined the number of advanced companies in each city and town; however, I could
not figure a good way to gather this data. I had ideas of finding out how many startups
in each city as well, but the data just is not out there.

CHAPTER V
CONCLUSION

This thesis is only the early stages of many possible studies that can be
conducted in this field. I imagine that as innovation increases, the studies of innovation
itself will also increase, leading to more accurate models and better overall results in
these studies. Technology has been advancing at rapid rates recently, so why wouldn‟t
the way we study it advance also. The future studies can explore different aspects of
innovation.
One alternative aspect to study innovation would be the psychological factors
that influence innovation. It would be interesting to see what type of minds the biggest
innovators have and what led them to think this way psychologically. A breakthrough in
this field could lead to better education to create innovation.
There are many opportunities of similar studies with models including more
accurate variables and new variables. For example, a study could be done with
population density data for individual cities, as opposed to county population density.
Also, a better measure of universities that conduct research would be more likely to
produce better results. A model including variables such as the number of high-tech
start-ups in the area, or average IQ by city would be interesting. Another potential
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tweak to this study would be a similar model with time restrictions, comparing
innovation in different time periods, instead of an accumulation of 30 years of patents.
Another angle, which would be easy, would be a global study of innovation. The
study I conducted was done in the United States purely because that was the data that
was available, but a global study or even a study of another country could reveal some
interesting data about the subject of innovation.
Another study could look at population density and examine the solutions that
have already put in place as a response to problems like congestion and overpopulation.
I bring this idea up because a similar quote, which I mentioned in the literature review
section, gave me this idea for my thesis. The quote was
“A world of 3 billion persons living in sprawling McMansions and driving gasguzzling SUVs will produce more pollution than a world of 9 billion persons who,
because of depleted carbon-based energy supplies, have shunned sprawl, eliminated
auto dependency, and developed alternative, cleaner forms of energy.”1 This quote
really made me think about the potential problems of overpopulation, and it made me
think about how population density could potentially effect innovation in technology.
These are interesting questions that may arise because of the current trend of
populations heading towards urban areas. If urbanization is the future, what will come
of these trends? How will we respond to congestion and energy issues?
The future is up in the air, and it is completely up to us to decide what it will
look like. Twenty years ago, the Internet was still being developed. Fifteen years ago,
cell phones were a luxury, not a societal norm. Ten years ago, nobody had a Facebook
1

Phillip Longman and others, Overpopulation and Sustainability, (article on-line) accessed October
2010; available from
http://www.udc.es/dep/bave/jfreire/pdf_blog/Overpopulation%20and%20sustainability.pdf
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or Twitter account, and now they are extremely popular websites with lots of
international traffic. What will be the next innovation that everybody must have? Only
time will tell.
Innovation geographical studies are going in the right direction, with Forbes
putting out its annual list of America‟s most innovative cities, the trends of innovation
will be in the public‟s eye and open up studies and spark interest in the topic. More
research in this area may lead to a more accurate index of innovation, which could be
applied to any region in order to measure innovation.
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