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Executive Summary 

 
This paper examines the spatial characteristics of wireless Internet use in Austin Public 
Library branches.  Its larger purpose is to address the question of  wireless use in the 
context of the "digital divide," that is, whether activist efforts to promote wireless 
availability in Austin have successfully reached the communities which have historically 
been at a disadvantage with regard to access to information technology.  
 
I began by mapping public wireless hotspots throughout Austin and wireless usage 
session counts at Austin Public Library branches, normalized by ÒwirefulÓ terminal 
session counts in order to support library-to-library comparisons.  I then used spatial 
analysis features of ArcMap to assign Austin census block groups to the nearest public 
library, permitting the aggregation of demographic census data to libraries. 
 
The results support the hypothesis that wireless adoption has not reached all parts of 
Austin equally and there remains a Òwireless divide.Ó  However, the results also turned up 
a number of exceptional cases which cannot be explained by spatial analysis or 
demographics alone.  I suggest possible explanations for these cases based on brief 
interviews with library staff. 
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Introduction 

 
Austin, Texas, has a long history of community involvement in addressing the "digital 
divide," or the difference in access to information technology and the knowledge it 
mediates as experienced by groups with differing economic, educational or social 
advantages and disadvantages. Although precursors exist in the computer literacy 
movement of the early 1980s (Hoffman & Blake, 2003) and in the dialup community 
bulletin board movement of the late 1980s (Strover, 2005), efforts directed specifically at 
providing free Internet access to the general public in Austin date back at least to the 
founding of Austin Free-Net in 1995.   As early as 1997, this effort manifested itself in 
the form of experiments with free public wireless access or Wi-Fi (Fuentes-Bautista & 
Inagaki, n.d.).   Fuentes-Bautista and Inagaki identify several aspects of Austin culture 
which contributed to the exceptional strength of the movement in this city, including a 
critical mass of early adopters, a strong commitment to non-profit organizations and 
volunteerism, and pride in a tradition of creativity and tolerance (n.d.).  Whatever the 
reasons, Austin's efforts at promoting free public wireless paid off: by some accounts, by 
2003 Austin had more free wireless hotspots than any city in the country (Overholt, 
2004). 
 
In their enthusiasm to address digital divide issues that emerge with each new 
technological innovation, participants in this movement may have overlooked differing 
barriers to entry imposed by different technologies.  Some observers have dismissed 
wireless as a digital divide issue entirely, noting like Chaudhuria and Flammb that 
"wireless 'public' access-points cater only to those who own laptops" (2005).  This 
judgement of wireless may be premature: if developments like wireless mesh networks or 
Google's proposed citywide wireless network for San Francisco bear fruit, low-income 
Internet users may note that a low-end or refurbished laptop with a wireless card costs less 
than a year's worth of broadband charges.  In fact, it is already the case that the price 
difference between low-end laptops and roughly comparable desktops is negligible over the 
life of the computer, and the greatest cost of using most free public hotspots is the price of 
coffee. 
 
In any case, the claim that the free wireless movement is addressing a social justice issue 
and not merely a lifestyle issue for the digitally privileged deserves to be examined in detail.  
The purpose of this paper is to look at available data about the distribution and usage of 
public wireless in Austin to determine whether it has reached the same level of adoption 
among the city's "have nots" as among its "haves". 
 
In particular, the paper focuses on wireless use in Austin Public Libraries.  Libraries are the 
one institution distributed throughout the city which offer free Internet access to all.  
Furthermore, I was able to acquire usage data for both wireless and "wireful" or Internet 
terminal sessions for most Austin Public Library branches for a 12-month period. 
 
Hypothesis and Research Questions 

 
As an exercise in GIS methodology, this paper reflects both a semiformal hypothesis and 
a set of open-ended research questions. 
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Hypothesis:  There remains in Austin a "digital divide" with regard to the adoption of 
wireless access, a phenomenon which will be demonstrable by correlations between 
wireless usage rates in public libraries and demographic variables representing 
socioeconomic status (ethnicity, language, educational attainment, and income). 
 
Research questions: What can spatial analysis tell us about patterns in the adoption of a 
digital technology like wireless Internet access?  Is the aggregation of  demographic data 
at the granularity of block census groups to the nearest service points (i.e., public 
libraries) a useful analytical technique?  Are there fruitful connections to be made 
between spatial analysis and other research methods? 
 
Methodology 
 
Data acquisition.  An application of GIS techniques to research questions surrounding 
wireless use in Austin must start with descriptive mapping of the wireless context.  I 
began by inquiring among acquaintances in the Austin technology policy community 
about the availability of wireless hotspot data.  Two of my contacts, Chip Rosenthal of 
the Austin Telecommunications Commission and Gary Chapman of the 21st Century 
Project at the LBJ School for Public Policy, UT Austin, referred me to the same source: 
Martha Fuentes-Bautistia and Nobuya Inagaki of the Department of Radio TV Film at 
UT Austin.  Fuentes-Bautista and Inagaki were kind enough to share the results of an 
extensive survey they had conducted of Austin wireless hotspots in the summer of 2004, 
as well as their unpublished paper on the historical development and social consequences 
of public Wi-Fi in Austin.  Their dataset consisted of a spreadsheet of 220 public wireless 
locations in Austin including venue names and addresses, venue types (coffeehouse, 
library, etc.), and payment models (paid or free). 
 
It was after reviewing  Fuentes-Bautista and Inagaki's work that I began to focus on 
wireless usage in libraries as a topic for further investigation.  The natural next step was 
to approach the Austin Public Library to find out about available Internet usage data from 
APL locations.  Joe Faulk, APL's Manager of Library Information Systems, responded to 
my request with a set of reports summarizing monthly terminal usage at APL branches.  
The reports were in HTML format and intended for a human reader using a Web browser, 
not for automatic processing, but I found that the reports were regular enough in format 
to allow me to write a simple program to extract the session counts and put them in 
tabular form for further processing. 
 
Joe Faulk also referred me to Less Networks, the provider of wireless services at APL as 
well as numerous other public and private wireless hotspots in Austin.  I contacted Less 
Networks' CEO Rich MacKinnon, who generously allowed me to use Less Networks' 
internal administrative interface to retrieve wireless usage counts for APL branches going 
back to the beginning of 2004.  As with the APL terminal session data, the counts were 
embedded in HTML pages not intended for further processing, but I was able to write the 
programs necessary to extract and tabularize them. 
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In order to compare wireless usage at Austin libraries with the demographics of 
surrounding neighborhoods, it remained to acquire demographic data.  After reviewing 
various options, I settled on Census 2000 SF3 block group data as the finest-grained 
source for the socioeconomic indicators relevant to my research questions.  I downloaded 
SF3 block group shapefiles and tabular data for Travis and Williamson counties from 
official government sources as described in Appendix 1. 
 
It remained to  acquire shapefiles for Austin municipal boundaries, road and water 
features necessary for visual orientation, and street address locator data.  I downloaded 
them from government sources as well, also as described in Appendix 1. 
 
Descriptive mapping.   With data in hand, a first step was to perform basic  descriptive 
mapping to place library branches in the context of wireless hotspots in Austin.  I 
geocoded the addresses from Fuentes-Bautista and Inagaki's survey and used it to 
produce map 1, Austin wireless hotspots.  I chose to distinguish among paid public 
hotspots, free hotspots, and public library locations, with the last category labeled by 
name.  I added two library locations to the map which were not open at the time of the 
survey, APL's Carver and Terrazas branches. 
 
Assignment of census block groups to libraries.  A prerequisite for associating census 
demographic data with libraries was to decide which block groups should be considered 
as applying to which libraries.  In the absence of data on the actual addresses of patrons 
of each library, I chose to use a simple proximity model rather than one based on network 
analysis, transportation patterns or other complex models beyond the scope of this study.  
In ArcMap I selected all census block groups which lay at least partly within the 
municipal boundaries of Austin and which had centroids within two miles of a library 
location, then assigned each block group to the nearest library.  This model is based on 
several assumptions: 
 

1. That people are more likely to use the nearest library branch to their home 
address. 

2. That Austin citizenship (and eligibility to use a library card) is a contributing but 
not necessary factor in a person's decision to visit an APL branch, which would 
justify the convenience of including block groups partly outside Austin and the 
exclusion of block groups entirely outside Austin. 

3. That beyond a certain distance from any library branch, a person is either less 
likely to use the library altogether or less likely to choose a branch predictable by 
proximity alone.  This would justify the exclusion of Austin block groups which 
are more than the (arbitrarily chosen) limit of two miles from a library. 

 
The accuracy of this model necessarily depends on the accuracy of these assumptions.  It 
produced some "islands" of block groups included or excluded due to the idiosyncrasies 
of their shapes, for example where a compact block group less than two miles east of the 
St. John branch is surrounded by larger block groups with centroids more than two miles 
from a  library. 
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Note that for purposes of assigning block groups to libraries, I included three libraries for 
which I had no wireless usage data and which were hence excluded from further analysis: 
the Spicewood Springs and Manchaca branches of APL, and the one non-APL library 
within the boundaries of this study, the Westbank Community Library. 
 
To illustrate this process of census block group assignment, I produced map  2, Library 
study areas. 
 
Maps based on the model.  Having defined the study area for each library, I produced 
map 3, Wireless usage in Austin libraries.  It displays a unitless ratio of wireless sessions 
divided by terminal sessions for each library.  The intent of normalizing wireless session 
counts in this way is to permit library-to-library comparisons, regardless of the size of the 
library.  I chose to normalize by terminal sessions rather than some other metric (library 
circulation, door count, collection size, etc.) because the adoption of wireless among 
Internet users is more relevant to my research questions than the penetration of wireless 
among library users in general. 
 
Then, using the same extent and orientation features, I produced maps 4 through 11, 
corresponding to 2000 Census demographic variables for ethnicity, language, educational 
attainment and income.  The particular census variables used are detailed in Appendix 1 
section 4 and Appendix 2 section 5. 
 
Note that for the purposes of this study I use "ethnicity" in the sense of the broad notions 
of race or cultural identity in common use in Texas.  This conflates the distinct categories 
of "race" and "hispanic/latino" identity introduced in the 2000 Census.  I believe that this 
choice is defensible in the context of Austin, where political and cultural discourse 
continues to speak of three primary "ethnic groups" or "races": white, black/African-
American, and hispanic/latino/Mexican-American.  It would be less appropriate if Austin 
had a larger Caribbean or Brazilian population, among whom concepts of "white latino" 
and "black latino" are more prevalent. 
 
 
Findings 
 
The principal findings are the attached series of maps. 
 
Analysis 
 
Map 1, Austin wireless hotspots.  Certain conclusions about the availability of public 
wireless in Austin are apparent even from my simplest descriptive map.  There are few 
hotspots east of I-35, the historic and common conceptual dividing line between 
predominantly black and hispanic East Austin and the rest of the city.  Among East 
Austin hotspots, Austin Public Library locations predominate: clearly the model of free 
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public wireless in commercial establishments has not resulted in service to East Austin at 
the same level as in Central, South and Northwest Austin. 
 
Interestingly, there is also little public wireless west of MoPac and Research Blvd.  Why 
this might be is beyond the scope of this study; I would speculate that contributing factors 
might be less small and independent retail business in general; longer driving distances to 
reach retail centers and hence a preference for carrying out one's Internet access at home; 
conversely, a greater willingness when one is driving anyway to travel greater distances 
to the parts of town with more wireless options; or lower student population and a higher 
population of families with children. 
 
Within the areas of high wireless availability, paid wireless locations appear to represent 
a greater portion of hotspots the further one travels from Central Austin.   
 
Map 3, Wireless usage in Austin libraries.  The pattern of wireless usage in Austin 
Public Library branches largely matches the expected east-west divide, with notable 
exceptions.  Ruiz and Oak Springs, two eastside branches, surprisingly have wireless 
usage levels in the same category as the typical westside branch.  Two branches just west 
of I-35, Little Walnut Creek and Twin Oaks, have usage levels more like the typical East 
Austin branch, which is less surprising since their study areas actually straddle I-35 and 
they are in economically mixed neighborhoods.  Yarborough, a north-central branch, is 
an outlier in a category by itself with a wireless/terminal session ratio of 0.22, nearly 
twice that of the second-highest branch, Old Quarry in Northwest Austin. 
 
Taken alone, this map offers weak support for the hypothesis of limited wireless adoption 
in less privileged neighborhoods, with the troubling exceptions of Oak Springs and Ruiz 
yet to be explained. 
  
Maps 4-11, demographic data.  Each of the demographic maps shows some form of 
east-west differential in socioeconomic conditions but none of them explain the outliers 
of Oak Springs, Ruiz and Yarborough.  Comparing each demographic map in turn with 
the wireless usage map (map 3), a number of them show additional deviations from any 
naive model that would expect a direct correlation between the two.  For example, on the 
white ethnicity map (map 4), the Twin Oaks study area is predominantly white like West 
Austin but shows wireless usage like East Austin; on the median household income map 
(map 10), Southeast Austin University Hills and Little Walnut Creek are in the second 
highest income category of four, alongside North Village and Pleasant Hill, yet remain in 
the lowest category for wireless usage.  Whether because of the limitations of visualizing 
correlations between two maps or because of real divergences from any correlation, the 
demographic maps do not add much to the analysis beyond a vague confirmation of the 
common belief in an east-west divide in Austin. 
 
Statistical analysis.  In order to supplement geographic visualization, I calculated 
PearsonÕs r to  test the correlation between each of the eight demographic variables and 
the wireless usage for all available library branches, excluding the Downtown library as it 
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serves so many non-neighborhood patrons.  For all eight variables the correlation was 
positive or negative consistent with my hypothesis.  However, by comparing PearsonÕs r 
with the critical value required to prove significance with 95% certainty, I saw that three 
of the correlations failed: those for black ethnicity, income and poverty rate.  The latter 
two were particularly surprising: if not an artifact of changes in income patterns between 
the 2000 census and the 2005-2006 usage data, then they suggest that economic resources 
by themselves are not the strongest factor determining wireless use in libraries. 
 
Local knowledge.  In an effort to address these explanatory gaps, I decided to 
supplement spatial analysis with a very cursory excursion into qualitative methods.  I 
made a short visit to each of the three outlier branches and asked the desk staff on duty 
whether they had an idea why their wireless session counts were higher than neighboring 
libraries'.  Their responses were revealing. 

 
¥ Yarborough.  The belief of the desk staff was that Yarborough gets heavy traffic 

from laptop users because it provides a place for them to work in the form of 
spacious tables and electrical outlets.  That matches my own anecdotal 
experience: at some other Austin branches I myself have resorted to sitting on the 
floor in the stacks in order to have access to an electrical outlet. 

¥ Ruiz.  The staff's reply was unequivocal: Ruiz gets very heavy usage by students 
from the adjacent Austin Community College campus, many of whom have 
laptops.  

¥ Oak Springs.  The Oak Springs staff were less sure of an answer, their one 
suggestion being that it could have to do with the library being "quiet."  They 
pointed out that many branches are adjacent to elementary or middle schools and 
receive very heavy activity on weekday afternoons which might disturb wireless 
users.  That suggests an additional effect: schoolchildren rarely have laptops but 
are often avid users of Internet terminals, so a library next to a school might have 
an unusually high denominator in the usage ratio of wireless session counts over 
terminal session counts, depressing the normalized wireless score.  That could 
apply to the St. John and Carver branches, among others. 

 
Clearly more systematic contextual research would be necessary to be sure of these 
assertions and to identify other potential local effects.  Nevertheless, they seem plausible 
enough to constitute a provisional explanation pending confirmation.   
 
 
Conclusions 
 
Hypothesis.  In terms of the direct hypothesis that public wireless in Austin still faces a 
digital divide, at least a weak confirmation is suggested by the visually apparent east-west 
difference in wireless usage coupled with the modest but significantly significant 
correlation between wireless use and a number of demographic measures. 
 
Research questions.  
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¥ By itself, spatial analysis of  wireless usage did little more than confirm a very 
general differential between historically more and less privileged parts of the city, 
and subject to doubts posed by significant outliers which could not be explained 
by geography.  

¥ The aggregation of  demographic data at the granularity of block census groups to 
the nearest public libraries was shown to be useful, not so much because of its 
value for geographic visualization -- the relationships between the wireless usage 
map and individual demographic maps was hard to grasp simply by visual 
comparison -- but mostly through tests of  statistical significance. 

¥ The combination of spatial, statistical and qualitative methods shed more light 
than any technique alone.  In particular, geographic visualization highlighted 
exceptional cases deserving of closer investigation, and statistical analysis could 
confirm or call into question relationships which seemed to be visible in the maps.  

 
Further Research 
 
Two directions for followup research are clear.  
 

¥ Certain gaps in the data constituted a clear limitation on this study: the absence of 
usage data for three westside libraries and the chronological mismatch between 
2000 census data and 2005-2006 usage data.  It would be useful to repeat the 
study when data from the Census Bureau's planned system of annual updates, the  
American Community Survey, becomes available for Austin. 

¥ The apparently fruitful conversations with APL staff about high wireless usage at 
outlier branches suggest that initial spatial and statistical analysis may be a useful 
first step in qualitative and contextual analysis in order to identify particular data 
points and research questions which call for further investigation. 
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Maps 

 
 
List of maps: 
 

1. Austin wireless hotspots 
2. Library study areas 
3. Wireless usage in Austin libraries 
4. Ethnicity: white non-hispanic 
5. Ethnicity: black non-hispanic 
6. Ethnicity: hispanic/latino 
7. Home language other than English 
8. Linguistic isolation 
9. Educational attainment 
10. Median household income 
11. Poverty 
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Appendix 1: Data Sources and Preparation 

 

1. Wireless hotspots in Austin, Texas 
 

Producer/Source: Nobuya Inagaki (inagaki@mail.utexas.edu) and Martha 

Fuentes-Bautista (m.fuentes@mail.utexas.edu), College of Communication, the 

University of Texas at Austin. 

 

Description: Results of an extensive survey of Austin wireless hotspots conducted 

in summer, 2004. 

 

Format: Excel spreadsheet. 

 

Data for each venue of interest to this study include: 

• Name 

• Venue type (coffee, library, etc.) 

• Price (free or paid) 

• Street address 

 

Because of the importance of  library locations to my study, I added two Austin 

Public Library branches which had been omitted because they were closed for 

renovations at the time of Inagaki and Fuentes-Bautista's survey: 

• Carver Branch, 1161 Angelina St. 

• Terrazas Branch, 1105 East Cesar Chavez St. 

 
2. Wi reless session counts for Austin Public L ibrary locations 
 

Producer: Less Networks. 

 

Source: Richard MacKinnon (rich@lessnetworks.com), CEO, Less Networks. 

 

Description: Monthly wireless Internet session counts for Austin Public Library 

branches in the form of online usage reports.   

 

Format: a hierarchy of HTML pages (URL not to be disclosed at Richard 

MacKinnon's request). 

 

The available reports covered the period of January, 2004 through September, 

2006 and a large number of Less Networks customer sites.  Because the original 

reports were formatted for human eyes, not for automatic processing, I wrote a set 

of small programs in Perl to retrieve the individual reports and parse or "screen-

scrape" them for monthly usage counts, producing a comma-separated text (CSV) 

file for each provider and year.  
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I then selected the reports for the period of this study, September 2005 through 

August 2006 and for Less Networks provider code "40" (Austin Public Library).  

In Excel, I used these reports to create a single table with a column for each 

month and a row for each branch.  I cleaned the data further by combining the 

rows for some branches that had multiple servers listed.  I removed the row for 

the Monster Book Store.  I added a column representing the mean monthly 

session count for the 12 months of the study.  

 

Some branches had empty cells for some months during the study period.  I 

consulted news releases at the Austin Public Library site 

(http://www.ci.austin.tx.us/library/) and confirmed that the empty cells represented 

months when the branches were out of service: 

 

Oak Springs 1/05-2/05 

Old Quarry 1/05-4/05 

Terrazas 1/05-4/05 

 

To address this issue, I adjusted the formula for the mean monthly session count 

to cover only the months when each branch was in service. 

 

I saved the resulting summarized and cleaned data in the Excel spreadsheet 

"sessions-2005-2006.xls". 

 

A remaining limitation in the data even after this cleaning: the reports from Less 

Networks omitted two Austin Public Library locations which were open for much 

of the study period but closed for renovation as of October, 2006: the Manchaca 

and Spicewood Springs branches.  In addition there was no data for the Westbank 

Community Library, a library not part of the APL system and not serviced by 

Less Networks. 

 

As a result I have excluded these three library locations from analysis, although 

since they did influence library patrons' choice of libraries I did include them in 

the assignment of Austin census block groups to the nearest library branch. 

 
3. Terminal session counts for Austin Public L ibrary locations 
 

Producer: Austin Public Library. 

 

Source: Joe Faulk (Joe.Faulk@ci.austin.tx.us), Manager of Library Information 

Systems, Austin Public Library. 

 

Description: Monthly session counts for public Internet terminals at Austin Public 

Library locations. 
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Format: Crystal Reports HTML files, delivered via e-mail (not available on a 

public Web site). 

 

As with the wireless session counts from Less Networks, the terminal session 

reports were in HTML intended for human readers, not automatic processing, so I 

wrote a small set of Perl programs to parse them and produce summaries in 

comma-separated text (CSV) format. 

 

In Excel, I selected the monthly counts for the period of this study, September 

2005 through August 2006.  I added a column representing the mean monthly 

terminal session count for each branch, again adjusted to represent only the 

months when the branch was in service. I saved the resulting Excel spreadsheet as 

"sessions.xls". 

 
4. Census 2000 SF3 demographic data for Travis and Wi lliamson Counties 
 

Producer/Source: US Census Bureau. 

 

Description: Detailed Short Form 3 (SF3) demographic data for each block group 

as documented at: 
  http://www.census.gov/prod/cen2000/doc/sf3.pdf 

 
Procedure: Downloaded from the American Factfinder site: 
   http://factfinder.census.gov/ 

 

Followed the sequence of menus, once for Travis County and once for 

Williamson: 

Download Center > Census 2000 Summary File 3 (SF 3) > All block 

groups in a county > Texas > Travis (or Williamson) > Detailed tables 

Selected the following tables: 

P7.  Hispanic or Latino by race 

P20. Household language by linguistic isolation 

P37. Educational attainment 

P52. Household income in 1999 

P53. Median household income in 1999 

P87. Poverty status in 1999 by age 

 

The result downloaded was a separate text file " dc_dec_2000_sf3_u_data1.txt" 

for each county in delimiter-separated text format, delimited by the "pipe" 

character "|".  After confirming that the headers for the two files matched, I 

combined them using the Unix commands: 
% cat Travis/dc_dec_2000_sf3_u_data1.txt > rawdemog.txt 

% tail +3 Williamson/dc_dec_2000_sf3_u_data1.txt >> rawdemog.txt 

 

Reviewing the SF3 data dictionary, I selected the variables needed for my study. I 

wrote a short Perl program "aggcolumns" to parse the pipe-separated data, 
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calculate some new derived variables (see below), and save the result as a new 

pipe-separated text file, "demog.txt". 

 

The resulting file contained the following variables (excerpt from the 

documentation in "aggcolumns"): 

 
# Var i abl es t o be kept  ( +)  or  cr eat ed ( ! )  
# +   0  GEO_I D     Geogr aphy I dent i f i er  
# +   1  GEO_I D2    Geogr aphy I dent i f i er  
# +   2  SUMLEVEL   Geogr aphi c Summar y Level  
# +   3  GEO_NAME   Geogr aphy 
# +   4  P007001    Tot al  popul at i on:  Tot al  
# +   6  P007003    Tot al  popul at i on:  Not  Hi spani c or  Lat i no;  Whi t e al one 
# +   7  P007004    Tot al  popul at i on:  Not  Hi spani c or  Lat i no;  Bl ack or  
#                   Af r i can Amer i can al one 
# +  13  P007010    Tot al  popul at i on:  Hi spani c or  Lat i no 
# !       P007OTHR   Tot al  popul at i on:  Asi an or  " ot her "  ( not  whi t e/ Hi spani c/ bl ack)  
#                   = P007001 -  P007003 -  P007004 -  P007010 
# !       P007NONW   Tot al  popul at i on:  Al l  Hi spani c and/ or  non- whi t e 
#                   = P007001 -  P007003 
# +  21  P020001    Househol ds:  Tot al  
# +  22  P020002    Househol ds:  Engl i sh 
# +  23  P020003    Househol ds:  Spani sh 
# !       P020NENG   Househol ds:  al l  non- Engl i sh 
#                   = P020001 -  P020002 
# !       P020LI SO   Househol ds:  al l  l i ngui st i cal l y  i sol at ed 
#                   = P020004 + P020007 + P020010 + P020013 
# +  35  P037001    Popul at i on 25 year s and over :  Tot al  
# !       P037BACH   Popul at i on 25 year s and over :  Bachel or ' s  degr ee or  mor e 
#                   = P037015. . P037018 + P037032. . P037035 
# +  70  P052001    Househol ds:  Tot al  
# +  87  P053001    Househol ds:  Medi an househol d i ncome i n 1999 
# +  88  P087001    Popul at i on f or  whom pover t y  s t at us i s  det er mi ned:  Tot al  
# +  89  P087002    Popul at i on f or  whom pover t y  s t at us i s  det er mi ned:  I ncome 
#                   i n 1999 bel ow pover t y  l evel  
# +  97  P087010    Popul at i on f or  whom pover t y  s t at us i s  det er mi ned:  I ncome 
#                   i n 1999 at  or  above pover t y  l evel  

 

Note that the three variables P007003, P007004 and  P007010 (all from table P7) 

conflate the 2000 Census notions of "race" and "hispanic/latino" to conform to the 

traditional Texas practice of treating hispanic identity as a "race".  

 
5. Census 2000 block group shapefiles for Travis and Wi lliamson counties 
 

Producer: US Census Bureau. 

 

Source: the Capital Area Council of Governments site: 
   http://www.capcog.org/Information_Clearinghouse/geospatial_main.asp 

 

Specifically the shapefiles and metadata: 
   http://www.capcog.org/Information_Clearinghouse/data/web_planimetrics/Census2000.zip 

   http://www.capcog.org/Documents/GIS/metadata/census2000.htm 

 

6. Austin, Texas municipal boundaries 
 

Producer/Source: Capitol Area Council of Governments. 
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Procedure: Downloaded "City Limits" data from Capitol Area Council of 

Governments site: 
   http://www.capco.state.tx.us/Information_Clearinghouse/geospatial_main.asp 

 

Specifically the shapefiles and metadata file: 
  http://www.capco.state.tx.us/Information_Clearinghouse/data/web_planimetrics/CityLimits.zip 

  http://www.capco.state.tx.us/Documents/GIS/metadata/citylimits.htm 

 

Unpacked Travis County shapefiles (travis_citylimits.*). 

Found them already projected in NAD 1983 State Plane Central Texas (feet). 

 

As downloaded, the files included all municipal boundaries for a ten-county 

region.  In ArcMap, selected by attribute for CITY=AUSTIN and saved as the 

layer "AustinCityLimits.lyr". 

 

7. Major roads in Austin, Texas 
 

Producer/Source: the city of Austin. 

 

Procedure: Downloaded shapefiles for arterials (cenart) from the City of Austin 

GIS data FTP server: 
   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/coa_gis.html 

 

Specifically the data and metadata files: 
   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/oldregional/cenart.zip 

   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/oldregional/cenart.htm 
 

In order to  

 

8. Street address locator (geocoding) data for Austin, Texas 
 

Producer/Source: the city of Austin. 

 

Procedure: Downloaded "Street Centerline-Address Match Utility" files from the 

City of Austin GIS data FTP server: 
   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/coa_gis.html 

 

Specifically the data and metadata files: 
   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/transportation/str-address.zip 

   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/transportation/str-address.htm 

 

After unpacking str-address.shp from the str-address.zip file, used it in 

ArcCatalog to create an address locator.  Note that the locator was of type "U.S. 

Streets (File)" (without a "zone") because str-address.shp lacks zip code data. 

 

9. Water  features in Travis County, Texas 
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Producer/Source: the city of Austin. 

 

Procedure: Downloaded the "hydro_p" dataset from the City of Austin GIS data 

FTP server: 
   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/coa_gis.html 

 

Specifically, downloaded the shapefiles and metadata file: 
   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/asi/hydro_p.zip 

   ftp://coageoid01.ci.austin.tx.us/GIS-Data/Regional/asi/hydro_p.htm 

 

My intention was to have a simple layer consisting of the Colorado River and 

major lakes for orientation purposes.  This data set was far too detailed for my 

application.  When I added it to my maps, I cleaned it in the ArcMap Editor by 

highlighting and deleting many small superfluous lakes. 
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Appendix 2: Procedures 
 

Having acquired and performed the initial processing of data described in the Data 

Sources appendix above, I proceeded with the following tasks. 

 

1. Descr iptive map of wireless hotspots 
 

In order to create a descriptive map of Austin wireless hotspots based on Fuentes-

Bautista and Inagaki's survey, I took the following steps. 

 

• Geocoding.  I saved the hotspot spreadsheet from Excel as a DBF (DBase 

IV) file to make it readable by ArcGIS.  I then used the street address 

locator created from City of Austin data to geocode the addresses of all 

hotspots, as represented in the field "GEO_ADRES".  A majority of the 

addresses matched automatically, but several dozen required correction by 

hand because of quirks in the City of Austin data.  In particular, street 

names with embedded spaces were represented in the city data using 

prefixes, so "San Jacinto Street" would appear as the street name "Jacinto" 

and the prefix "San," causing matches to fail.  I exported the resulting 

dataset as a set of shapefiles, "hotspots_geocoded.shp".  I defined its 

projection as " NAD 1983, State Plane Central Texas (feet)" to match the 

other data sets downloaded from the City of Austin and the Capitol Area 

Council of Governments. 

• Created an additional layer  for libraries.  Using "select by attribute" I 

isolated the hotspots of venue type "library" and exported them as a 

separate set of shapefiles, for use in later steps and also to make it easier to 

show them with their own distinct symbology.  The FID automatically 

created in this step became the unique identifier for each library and study 

group throughout the rest of the project (later referred to as "NEAR_FID" 

because this name was automatically applied by the Near tool in step 2 

below). 

• The layout.  I created a layout using the Austin municipal boundaries, 

roads, lakes, hotspots and libraries layers.  I assigned distinct colors for 

paid hotspots ("Price=Paid") and free hotspots ("price=free"), then 

overlaid the library layer in a third color and with the libraries labeled by 

the "name" field. 
 

2. Defining library study areas 
 

In order to match demographic census data with wireless usage data, it was 

necessary to define study areas by assigning census block groups to libraries.  I 

did so in the following steps. 
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• In a new map layout in ArcMap, I loaded the census block group 

shapefiles for Travis and Williamson Counties, the Austin municipal 

boundaries shapefile, and the libraries shapefile created above. 

• I used Select by Location to create a new layer for all block groups that 

touch the city of Austin. 

• I used Select by Location again to narrow that set to only those block 

groups with centroids within a two-mile buffer of a library. 

• I exported the result as a temporary layer, "BlockGroupsNearLibs.shp". 

• I created centroids for each of those block groups using Toolbox > Data 

Management > Features > Feature to Point and saved the result as 

"BlockGroupCentroids.shp". 

• I mapped the centroids to the nearest libraries using Toolbox > Analysis > 

Proximity > Near. This resulted in the new field NEAR_FID containing 

the FID of the nearest library from the libraries.shp layer. 

• I hand-edited the attribute table in the ArcMap Editor to correct some 

unrealistic assignments because the barrier posed by the Colorado River 

was not taken into account: 

o reassigned Westlake block group 484530019132 from Howson (4) 

to Westbank (21) 

o reassigned Travis Heights block group 484530014012 from 

Terrazas (16) to Twin Oaks (17) 

• I saved the result as "CentroidsNear.shp", also creating a 

"CentroidsNear.dbf" file in the process. 

• I loaded "CentroidsNear.dbf" in Excel, saved in comma-delimited text as 

"CentroidsNear.csv" for use in a later step.  

• For purposes of demonstrating my methodology, I set the symbology for 

this layout to assign unique color values based on the NEAR_FID field.  

• For orientation purposes I added layers for libraries, water features, and 

major roads.  I displayed small boxed labels for the libraries, editing the 

labels by hand to make minimally identifiable names (e.g., "Southeast 

Austin" instead of "Southeast Austin Community Branch").  I hand-edited 

the symbology of the roads to display only highways essential for 

orientation: IH-35, MoPac, 360, 290, 183, Ben White Blvd. and Airport 

Blvd. 

• I entitled the resulting map "Library study areas". 

 

3. Joining study areas to demographic data 
 

Next it was necessary to combine the demographic data for all the block groups in 

a study area. 

 

I could have done this using ArcMap's join and dissolve functions for the 

demographic variables such as population counts which can be aggregated within 

a study area by simple addition.  However, median household income must be 
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aggregated by a weighted average, so instead of using ArcMap I wrote a pair of 

short Perl programs  ("join_near_fid" and "dissolve") to carry out the join.   

 

Together these programs join the "CentroidsNear.csv" file to the filtered SF3 

demographic data "demog.txt" file by block group ID (STFID), effectively adding 

library study area IDs (NEAR_FID) to the demographic data.   Then they dissolve 

the block groups within a study area by NEAR_FID, aggregating demographic 

variables in the process.  For all variables measured in numbers of persons or 

numbers of households, the aggregation consists of simple summation.  Median 

household income is aggregated using a weighted average that multiplies income 

(P053001) by the number of households (P052001) as follows: 

 

  

!  

P053001study_area =
P053001block_group " P052001block_group#

P052001block_group#
 

 
The result of this process was another pipe-separated text file with one row for 

each study area, "demog_dissolved.txt", which I imported into Excel and exported 

as a DBF file, "demog_dissolved.dbf". 

 

4. Mapping wireless usage for each library 
 

I began by creating a new Excel spreadsheet with a row for each library and 

columns consisting of library name, study group ID (NEAR_FID),  mean monthly 

wireless session count and mean monthly terminal session count.  I then added a 

fifth column consisting of the wireless session count divided by the terminal 

session count.  This is the normalized wireless usage which I use throughout the 

rest of the study.  I saved the spreadsheet in DBF format as 

"wireless_vs_wireful.dbf". 

 

I started a new map layout by copying the "Library study areas" map from step 2 

above.  I added the wireless usage from the "wireless_vs_wireful.dbf" file and 

joined it to the study group layer by NEAR_FID.  Note that the resulting new 

layer contained only those study areas for which I had wireless usage data, i.e., it 

omitted the Westbank, Spicewood Springs and Manchaca libraries.  This allowed 

me to place the original study areas layer with a hollow color assignment 

underneath the wireless usage layer, with the hollow areas represented in the key 

as "no data". 

 

I classified the wireless usage into three classes using Jenks' natural breaks.  I 

chose just three classes in order to make them legible even when photocopied in 

black and white.  I saved the resulting map with the title "Wireless usage in 

Austin libraries". 

 

5. Mapping demographic variables 
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I started a new map layout by copying the "Wireless usage in Austin libraries" 

layout from step 4 above.  I added the "demog_dissolved.dbf" file and joined it to 

the study group layer by NEAR_FID.  Note that the resulting new layer includes 

all study areas, not just those for which I had wireless usage data. 

 

I produced separate maps for each of eight demographic variables: 

 

Variable Normalized by Title 

P007003 P007001  Ethnicity: white non-hispanic 

P007004 P007001  Ethnicity: black non-hispanic 

P007010 P007001  Ethnicity: hispanic/latino 

P020NENG P020001  Home language other than English  

P020LISO P020001  Linguistic isolation 

P037BACH P0370001  Educational attainment 

P053001 --   Median household income 

P087002 P087001  Poverty 

 

See Appendix 1 section 4 for an explanation of the derived variables P020NENG, 

P020LISA and P037BACH. 

 

For each map I classified the demographic variable into four classes using Jenks' 

natural breaks, with the exception of the three ethnicity maps.  I wanted to use a 

consistent classification across all three maps in order to permit visual 

comparisons among them, which was difficult because of the very different 

population distributions of the three groups in Austin.  I ended up with the 

compromise of 5%-7%, 8%-25%, 26%-50%, and 50%-88%, which I hoped would 

retain enough distinctions at both low and high ends of the range to be useful. 


