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Executive Summary

This final report on work done under the Sustainable Transportation Applied Research (STAR) —
TEA 21 grant includes research on the many ways in which transportation and technology
intersect over the past six years.

As modeling techniques have become more sophisticated they have led researchers to
explore how decisions of individual travelers affect larger systems. This research explores the
intersections of transportation and technology from many perspectives. There is enormous
potential for new technologies’ contributions to society: the ability to reduce congestion, to
create smarter roads that help people travel more efficiently and in a more environmentally
sound way, and to respond to emergencies faster and more efficiently in order to save lives.

This research highlights other issues. How do we pay for the technologies and who pays?
How do public entities work with private innovators who create new technologies? Must we
sacrifice privacy and freedom as we implement technological advances? Our research has
convinced each of us of how complex and layered the intersections of transportation and
technology are. Transportation involves millions of decision-makers.

Transportation and technology encompass a vast array of linkages and hierarchies, public and
private, transportation-oriented and technological. Policymakers need to anticipate these indivi-
dual agents in the process of developing policy.

Richard Bolan studied spatial patterns of information workers. He used agent-based modeling to
predict how high-technology workers influence city form—and therefore, transportation needs—
through their choices about work and home location.

The study sheds some light on the impact of information technology on the metropolitan
community in spatial detail, and examines how such technological development might influence
land development policies, transportation policies, environmental policies, and other social
policies at the local and metropolitan scale. Bolan analyzed six U.S. metropolitan areas (Atlanta,
Austin, Denver, Houston, Phoenix and Minneapolis-St. Paul) using the U.S. Census Bureau’s
Transportation Planning Package (CTPP) for 1990 and 2000.

Appendix B includes maps indicating the weighted mean center and the standard deviational
ellipse patterns of both residential and workplace locations for workers in all six metropolitan
areas.

Kevin Krizek studied travel behavior impacts of information and communications technologies
(ICT). This research explores whether—and how—the internet will replace travel demand.
Krizek investigated dimensions of ICT use at the household level for non-work travel. A
household survey on ICT use and substitution investigated the substitution aspect of household
travel behavior. The results help understand what degree ICT will substitute for physical travel.

Krizek also mapped the terrain of existing work to date related to ICT and household travel.
This research helps serve as a blueprint to help conceptualize future research and detailed lines
of inquiry relating ICT and household travel.



The affects of eliminating physical travel that is traditionally associated with activities such
as work, shopping, and entertainment is included in Krizek’s research. He examines the extent to
which households use the Internet for such activities may depend on spatial attributes of the
communities where they are located. This section answers questions related to the propensity of
residents in metropolitan areas to use the Internet for financial transactions and how such use is
affected by spatial attributes of retail, bank accessibility, and traffic congestion. Krizek also
studied the degree to which at-home ICT use and out-of-home store travel changed from 1995 to
2003 for the selected purposes of shopping and banking.

Thomas Horan studied how intelligent transportation systems can help police, ambulance, and
other public safety providers communicate more accurately and save. His research extended
information-sharing dimensions to explore information sharing relative to service performance.
It utilized a time-critical information services (TCIS) conceptual framework as an analytical lens.
A case studies approach was employed to examine the exchange of performance-related
information in a key time information critical service: a county-wide emergency medical services
(EMS) system

Horan investigated the development of a software-based ontology within the context of a
rural wireless emergency management (EMS) system. The ontology was developed by
integrating concepts and findings from in-depth field reviews in Minnesota into an ontological
software originating out of bioinformatics. Another case study in rural Minnesota investigated
technology, organizational and policy dimensions of Emergency Management Services (EMS).
Horan explored the nature of interorganizational dynamics in this setting and to set forth an
architecture for measuring and enhancing performance. Key technology concerns were
intertwined with organizational aspects.

Horan also studied the role of information systems in enhancing end-to-end performance of
rural Emergency Medical Services (EMS) systems. This study used interviews and data analysis
of the EMS process: mayday call, routing and dispatch, response, and treatment. Another case
study focused on the relationship between the operational Mayday system and the behavior of
emergency responders and participating organizations.

Lee Munnich, Jr. examined the ways that intelligent transportation systems that help travelers
move more safely, quickly, and efficiently and the policy issues surrounding the potential loss of
privacy that may accompany some of these technologies. Munnich studied how ITS is affecting
rural economies, by conducting interviews with representatives from firms in the recreational
transportation equipment industry and the wood products cluster in northwest Minnesota. The
primary goal of this research was to analyze ITS use from the industry cluster perspective.
Munnich also looks at the how major current and future ITS technologies may affect privacy,
and recommends a framework to address privacy issues when working with ITS. The study
looked at a teen driving fatality reduction project, the Vehicle-Infrastructure Integration project,
and Minneapolis’s Stop on Red program to examine the ways privacy concerns are addressed.

David Levinson demonstrates how increased computing power has made agent-based modeling a
tool to help planners understand how individual travel decisions add up to large-scale traffic
flows. He analyzes the relationships between network supply and travel demand, and describes a
road development and degeneration mechanism microscopically at the link level.



Levinson also examines the growth of a highway network based on the present and historical
conditions of the network, traffic demand, demographic characteristics, project costs, and budget.
The effects of expanding a link on its upstream and downstream neighbors, as well as on parallel
links, are also considered.

Levinson’ research concentrates on the dynamics of the orientation of major roads in a
network to understand the basic properties of transportation networks. A model was developed to
capture the dynamics that leads to a hierarchical arrangement of roads for a given network
structure and land use distribution. He developed an agent-based travel demand model, where
travel demand emerges from the interactions of three types of agents in the transportation
system: node, arc, and traveler. A unique feature of the agent-based model is explored: that it
explicitly models the goal, knowledge, searching behavior, and learning ability of related agents.

The STAR-TEA 21 research shows new links between transportation and technology and ways
in which they influence public policy. One of the most exciting aspects of this research project
has been the opportunity to explore these issues from a variety of perspectives—engineering,
social policy, economics—and to share our work with those who are creating new transportation
technologies and making policy decisions.



CHAPTER 1

1.1 Places and Networks:

The Changing Landscape of Transportation and Technology
Final Summary Report of the STAR-TEA 21 Project

1.1.1 Introduction

University of Minnesota researchers have studied the many ways in which transportation and
technology intersect over the past six years. This is our final report on work done under the
Sustainable Transportation Applied Research (STAR)-TEA 21 grant.

While we have been studying advances in transportation technology, advancements have
continued to occur exponentially. Wireless communication has become the norm. Complex data
can easily be shared across organizations, informing public policy on transportation, safety, and
public policy. As modeling techniques have become more sophisticated they have led
researchers to explore how decisions of individual travelers affect larger systems. This research
explored the intersections of transportation and technology from many perspectives.

This research has shown the enormous potential for new technologies’ contributions to
society: the ability to reduce congestion, to create smarter roads that help people travel more
efficiently and in a more environmentally sound way, and to respond to emergencies faster and
more efficiently in order to save lives.

This research also brought other issues to the fore. How do we pay for the technologies and
who pays? How do public entities work with private innovators who create new technologies?
Must we sacrifice privacy and freedom as we implement technological advances? Our research
has convinced each of us of how complex and layered the intersections of transportation and
technology are. Transportation involves millions of decision-makers. Policymakers need to
anticipate these individual agents in the process of developing policy.

Transportation and technology encompass a vast array of linkages and hierarchies, public and
private, transportation-oriented and technological. A brief description of the research follows:

In Chapter 2, Richard Bolan studied Spatial Patterns of Information Workers. He used agent-
based modeling to predict how high-technology workers influence city form—and therefore,
transportation needs—through their choices about work and home location.

Bolan’s study was an effort to look at the location patterns of information technology
activities at the metropolitan scale. Specifically, the study focuses on the intra-metropolitan
location characteristics of persons engaged in occupations that are dominated by the need for
information. The study intended to shed some light on the impact of information technology on
the metropolitan community in some spatial detail as well as to examine how such technological
development might influence land development policies, transportation policies, environmental
policies, and other social policies at the local and metropolitan scale. Bolan analyzed six U.S.
metropolitan areas (Atlanta, Austin, Denver, Houston, Phoenix and Minneapolis-St. Paul) using
the U.S. Census Bureau’s Transportation Planning Package (CTPP) for 1990 and 2000.

Appendix B includes maps indicating the weighted mean center and the standard deviational
ellipse patterns of both residential and workplace locations for workers in all six metropolitan
areas.
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Kevin Krizek continued his work on travel behavior impacts of information and communications
technologies (ICT), exploring whether and how the internet will replace travel demand in
Chapter 3.

In the section, ICT as a Substitute for Non-work Travel: A Direct Examination, Krizek
investigated dimensions of ICT use at the household level as it applies to matters of non-work
travel. His research explored (1) the pattern of substitution effect between traditional and ICT-
form activities and (2) what attributes of people affect the choice of whether or not to substitute.
A household survey on ICT use and substitution and investigated into the substitution aspect of
household travel behavior. The results help understand the million-dollar question—to what
degree will ICT substitute for physical travel.

Krizek’s, Mapping the Terrain of Information and Communications Technology (ICT) and
Household Travel, first maps the terrain of existing work to date related to ICT and household
travel and identifies the predominant nature of existing study—conceptual or empirical—as well
as voids in the existing knowledge base. Second, the research sheds light on emerging
phenomena to help conceptualize future research by identifying and describing three dimensions
by which future work should be understood: (1) the purpose of the activity (2) the effect on
travel and (3) the role of sub-tasks. This research helps serve as a blueprint to help conceptualize
future research and detailed lines of inquiry relating ICT and household travel.

Spatial Attributes and Patterns of Use in Household-Related Information and
Communications Technology Activity, reports on how the elimination of physical travel
traditionally associated with activities such as work, shopping, and entertainment, and the extent
to which households use the Internet for such activities may depend on spatial attributes of the
communities where they are located. This section answers questions related to the propensity of
residents in metropolitan areas to use the Internet for e-commerce, e-banking, and other financial
transactions and how such use is affected by spatial attributes of retail and bank accessibility and
traffic congestion.

Krizek also studied Trends of Household-Related ICT Activities. This research focuses on
household use of three categories of ICT-based activity: e-commerce, electronic banking, and
other financial transactions. The aim of this study was to determine the degree to which at-home
ICT use and out-of-home store travel changed from 1995 to 2003 for the selected purposes of
shopping and banking.

Thomas Horan studied how intelligent transportation systems can help police, ambulance, and
other public safety providers communicate more accurately and save lives in the chapter about
ITS and Emergency Medical Services Response. His research extended information-sharing
dimensions to explore information sharing relative to service performance. It utilized a time-
critical information services (TCIS) conceptual framework as an analytical lens. A case study
approach was employed to examine the exchange of performance-related information in a key
time information critical service: a county-wide emergency medical services (EMS) system

In the section, Devising a Web-Based Ontology for Emerging Wireless Systems: The Case of
Emergency Management Systems, Horan investigated the development of a software-based
ontology within the context of a rural wireless emergency management (EMS) system. The case
study investigated the utility of a new ontology-based framework for wireless emergency
response in rural Minnesota. The ontology was developed by integrating concepts and findings
from in-depth field reviews in Minnesota into an ontological software originating out of
bioinformatics.
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The next section, Interorganizational Emergency Medical Services: Case Study of Rural
Wireless Deployment and Management, Horan continues by drawing upon complex systems
theory and Interorganizational Systems (IOS) dynamics. A framework was developed for
investigating technology, organizational and policy dimensions of Emergency Management
Services (EMS). The case study for this investigation also took place in rural Minnesota, where a
series of semi-structured interviews were conducted and supplemented by analysis of candidate
EMS system evaluations. The twofold objectives of the study were to explore the nature of
interorganizational dynamics in this setting and to set forth an architecture for measuring and
enhancing performance. Key technology concerns were intertwined with organizational aspects.

Horan also described his study of Performance Information Systems for Emergency
Response: Field Examination and Simulation of End-To-End Rural Response Systems, to
investigated the role of information systems in enhancing end-to-end performance of rural
Emergency Medical Services (EMS) systems. This study used an embedded case study approach
with multiple methods and within the context of rural Minnesota. Interviews and data analysis of
the EMS process identified four elements: mayday call, routing and dispatch, response, and
treatment.

Finally, Horan studied User Perspectives on the Minnesota Interorganizational Mayday
Information System. This section presents a case study of the Minnesota Mayday system, a
service oriented architecture (SOA) based information system that automatically pushes select
General Motors (GM) OnStar emergency data to pre-authorized emergency response and
transportation stakeholders (dispatch centers, law enforcement, ambulance providers, health care
facilities, traffic management centers, traveling public). The focus of this chapter is the
relationship between the operational Mayday system and the behavior of emergency responders
and participating organizations.

Lee Munnich, Jr. examines the ways that intelligent transportation systems help travelers move
more safely, quickly, and efficiently and the policy issues surrounding the potential loss of
privacy that may accompany some of these technologies. In Chapter 5, Industry Clusters and
ITS, Munnich studies how ITS is affecting rural economies, by conducting interviews with
representatives from firms in the recreational transportation equipment industry and the wood
products cluster in northwest Minnesota. The primary goal of this research was to analyze ITS
use from the industry cluster perspective. This chapter looks beyond the geographically
constrained view of the industry cluster to assess the promise of the “value-chain” industry
cluster as a construct for planning ITS architectures and operational concepts. The paper: (1)
identifies and defines the value chain industry cluster as an appropriate construct for ITS
planning; (2) suggests a four-step industry cluster based approach to developing integrated public
and private ITS concepts of operations and architectures within the USDOT guidance for
Regional ITS Architecture and; (3) offers examples of practical freight ITS issues which can
effectively be addressed at the industry cluster level.
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In Chapter 6, Thinking Privacy with Intelligent Transportation Systems: Policies, Tools, and
Strategies for the Transportation Professional, Munnich looks at the how major current and
future ITS technologies may affect privacy, and recommends a framework to address privacy
issues when working with ITS. The study looked at a teen driving fatality reduction project, the
Vehicle-Infrastructure Integration project, and Minneapolis’s Stop on Red program to examine
the ways privacy concerns are addressed. Although not historically a major focus of transporta-
tion professionals, privacy considerations need to become increasingly important because the
public’s acceptance of new ITS technologies is dependent upon the mitigation of their privacy
concerns.

In the final chapter, David Levinson demonstrates how increased computing power has made
agent-based modeling a tool to help planners understand how individual travel decisions add up
to large-scale traffic flows. The section titled, A Model of the Rise and Fall of Roads, analyzes
the relationships between network supply and travel demand, and describes a road development
and degeneration mechanism microscopically at the link level. A simulation model of transporta-
tion network dynamics was developed, involving iterative evolution of travel demand patterns,
network revenue policies, cost estimation, and investment rules.

Induced Supply A Model of Highway Network Expansion at the Microscopic Level, examines
the growth of a highway network based on the present and historical conditions of the network,
traffic demand, demographic characteristics, project costs, and budget. The effects of expanding
a link on its upstream and downstream neighbors, as well as on parallel links, are also
considered.

Induced Demand: A Microscopic Perspective, looks at the induced demand hypothesis using
a disaggregate approach at the link level.

The section, The Emergence of Hierarchy in Transportation Networks, concentrates on the
dynamics of the orientation of major roads in a network and abstractly models these dynamics to
understand the basic properties of transportation networks. A model was developed to capture
the dynamics that leads to a hierarchical arrangement of roads for a given network structure and
land use distribution.

Levinson developed an agent-based travel demand model, described in Agent-Based
Approach to Travel Demand Modeling Exploratory Analysis. In this model, travel demand
emerges from the interactions of three types of agents in the transportation system: node, arc, and
traveler. A unique feature of the agent-based model is explored: that it explicitly models the goal,
knowledge, searching behavior, and learning ability of related agents.

The STAR-TEA 21 research shows new links between transportation and technology and ways
in which they influence public policy. One of the most exciting aspects of this research project
has been the opportunity to explore these issues from a variety of perspectives—engineering,
social policy, economics—and to share our work with those who are creating new transportation
technologies and making policy decisions.
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CHAPTER 2

Richard Bolan: Spatial Patterns of Information Workers

2.1 Spatial Patterns of Information Workers

in Six United States Metropolitan Areas

Richard S. Bolan Peng Xu

State and Local Policy Program State and Local Policy Program
Humphrey Institute of Public Affairs Humphrey Institute of Public Affairs
University of Minnesota University of Minnesota
Minneapolis, MN 55455 Minneapolis, MN 55455

T: (612)625-0128 E-mail: xuxx0135@umn.edu
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2.1.1 Introduction

With the full blossoming of the information age in the 1990s, much study and research has gone
into analyzing the location of high-technology industries and workers. However, these works
have primarily focused on studies at the scale of the nation or large regions within the nation.
This study is an effort to look at the location patterns of information technology activities at the
metropolitan scale. Specifically, the study focuses on the intra-metropolitan location characteris-
tics of persons engaged in occupations that are dominated by the need for information. In effect,
the study is an examination of the producers and end-users of information technology—those
people engaged in occupations that depend most heavily on the artifacts of the new information
economy. Do information workers locate in concentrated fashion or in a highly dispersed fash-
ion? Do they congregate in central downtown areas, in “edge city” areas, or do they disperse
randomly throughout a metropolitan area? In terms of transportation demand, do information
workers show different commuting patterns than non-information workers and, if so, how has
this changed between 1990 and 2000? If the workplaces of information workers follow different
patterns than non-information workers, does this also hold true of their residential settlement
patterns?

These questions are salient to the growing attention to land use planning at local and regional
scales where current patterns of land development are having an impact on environmental degra-
dation, traffic congestion, loss of viable farmland, and social dispersion. Sprawling urban land
development in the 1990s occurred in the midst of the virtual 1990s explosion of information
technology (IT). Yet little is known as to what effects, if any, information technology had on the
urban land market in that decade. Some have argued that IT workers need to be in close proxim-
ity, while others claim that such workers can be located anywhere—even in remote rural areas.
Consequently, the present study is intended to shed some light on the impact of information
technology on the metropolitan community in some spatial detail as well as to examine how such
technological development might influence land development policies, transportation policies,
environmental policies, and other social policies at the local and metropolitan scale.

In this study, we analyzed six U.S. metropolitan areas (Atlanta, Austin, Denver, Houston,
Phoenix and Minneapolis-St. Paul) using the U.S. Census Bureau’s Transportation Planning
Package (CTPP) for 1990 and 2000. Our reasoning for selecting these is provided in more detail
in Section 2.1.3 but, generally, these regions had roughly similar rates of growth during the
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1990s and were generally free from geographical constraints (such as an ocean, a mountain range
or one of the Great Lakes). Four are southern cities and two are more northern mid-western
cities.

In Section 2.1.2 we provide a brief review of background literature together with our
reasoning behind our primary hypothesis. In Section 2.1.3 we define our use of the terms
information technology and information workers and the rationale behind selecting the six
metropolitan areas we have studied. Also in Section 2.1.3 we address the specific analytical
methods employed. Section 2.1.4 provides an overview of the changes in occupational
composition in the six metropolitan areas as well as the results of applying the geostatistical
methods and the changes found from 1990 to 2000. Section 2.1.5 describes the results of our
employment center analysis for 1990 and 2000. Section 2.1.6 provides a discussion and overall
interpretation of the findings and our general conclusions as to the contribution of the study,
suggested further research, and general policy implication for land use and transportation
planning.

2.1.2 Background

Machlup (1962) was perhaps the first to identify the importance of information and knowledge
as a driving force in economic growth and development in the early 1960s. This observation was
made despite a relatively primitive technology (by today’s standards) in telecommunications and
computers at that time. By the 1980s, however, development of the technologies that would
greatly enhance both the development of new knowledge, and its dissemination, was clearly seen
as an engine of economic growth. At the same time, there was a sense that the location of
economic activity no longer mattered. High-speed transmission of voice, data, and images
offered a speculation that one could carry on activities at any spot in the globe. As futurist Alvin
Toffler (1980) forecast, the “Information Age” would spell the “end of cities.” As an illustration,
there was the notion that a surgeon could operate on a rural patient without leaving his urban
office. At one point in the late 1980s Camden, Maine, proclaimed itself as the “software capital”
of the nation. The image was projected of young entrepreneurial software developers sitting on
their schooners in Camden Harbor and developing products they could then transmit anywhere
on earth. For those stuck in traffic, the new economy hinted that many would work, shop, trans-
act banking, etc. without leaving home. The networking of computers and telecommunications
media could be seen as a substitute for local ground travel, resulting in significantly reduced
transportation demand and thereby lessened congestion and cleaner air.

More analytical scholars countered these extreme views and suggested reasons why the new
economy has not meant the end of cities or of economic agglomeration. Indeed, information
technology may well involve a resurgence of urban centers. Location still matters, but the age-
old location variables—transportation costs, labor supply, etc.—may have to be supplemented by
new location factors, such as proximity to knowledge centers, level of competitiveness, and
effective means for diffusion of innovation (Porter, 1990). Indeed, one author suggests that the
so-called “New Economy” is founded on what he calls “spatial technologies” referring to the
whole complex of transportation, communications, and information technology (Coucilelis, 1996
quoted in Shen, 1999).

With the speed and flexibility of contemporary telecommunications networks, there may be
situations where transportation and communication networks are in competition with each other
and the communications network may be a rational substitute for the transport network.
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However, Graham and Marvin (1996, 327-333) caution that the interrelations between
telecommunications and transportation are not simple. They are at once both complementary and
competitive. Both are more concentrated in urban areas and demonstrate considerable physical
proximity. They also argue that telecommunications advances may actually stimulate travel:

.. evidence actually points in the reverse direction to the myth of simple substitution.
Three key areas of telecommunication-transport innovation currently suggest that tele-
communications either generate more transportation than they substitute for, or allow
rising transport demands to be accommodated and managed. (P. 331)

“Just-in-time” management is one example that can result in substantial increases in cargo trips.
Wireless telematics means that the hitherto “dead” time of traveling is now available for working
while traveling. Additionally, the new telecommunications networks generate entirely new forms
of social and community interactions thereby augmenting travel opportunities. Finally, telecom-
munications can enhance the efficiency and effectiveness of transport networks, along with
improved infrastructure of all kinds (energy, water supply, airlines, etc).

A growing number of studies seek to come to grips with this new awareness of communica-
tion networks (in this context is meant both the physical transportation network and the
telematics network [Graham and Marvin, 1996], or what Castells [2000] terms the “space of
flows”). Castells (2000), Markusen et al (1987); Glassmeier (1985), and Hackler (2000) looked
at the locational aspects of what they define as “high tech” employment. Two conflicting postu-
lates emerge conceptually. First is the idea that the technological innovations of the past two
decades mean the decline of urban areas; both firms and households have become more foot-
loose. Evolving cyberspace implies the waning importance and meaning of physical space. The
contrary position is the notion that contemporary telecommunications actually strengthens
central cities rather than peripheral areas and proponents of this view point to the greatly
enhanced networks centered in the world cities of New York, London, Tokyo, Chicago, Los
Angeles, etc. to bolster their case.

Interesting studies of the spatial patterns of World Wide Web URL addresses have reinforced
the notion that urban metropolitan areas are the locus of the new information economy. Warf
compiled an interesting map of global distribution of internet hosts per 100,000 persons in 1997
(2000, p. 60) showing that internet addresses have their highest density in developed countries. A
number of authors have undertaken more detailed study of the locational patterns of internet
addresses. Dodge and Shiode, 2000 mapped the geography of the internet in the United
Kingdom. Moss and Townsend, 1997, as well as Zook, 1998, carried out similar studies in the
United States. In each study, the predominance of urban areas as the physical locus of internet
web pages was graphically evident. A review of the literature by Gorman (2002) observed:
“communications infrastructure has disproportionately agglomerated in the largest metropolitan
regions.” He further concludes: “the internet is not acting as the great geographic equalizer;
instead the internet is increasingly falling into a more distinct urban hierarchy.”

Most of these studies primarily examine metropolitan areas in the aggregate and do not
explore evolving intrametropolitan patterns. A recent case study by Leigh (2000) of the
industrial and office market of Chicago and Atlanta suggested that so-called “edge cities” actu-
ally benefit more from the new telematics than either central downtowns or peripheral suburbs.
The office market of Leigh’s study is clearly a dominant end-user of new information technology
but other information dependent activities may still rely on different patterns that are more effi-
cient or effective. Manufacturing information technology hardware or other scientific hardware
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(such as medical technology) comes to mind as perhaps following different intrametropolitan
location patterns. These activities may benefit outer suburbs. Education or health services may
be information-dependent activities that might benefit central downtown areas.

In addition, examining standard industrial sectors may not provide as useful a means of
analyzing the intrametropolitan implications of information technology. Recent studies have
suggested that analyzing worker occupations rather than worker employers might provide a
deeper understanding of economic development processes in the information age. Traditionally,
studies of the impact of “high-tech” activities examined those sectors of the economy directly
associated with the development, manufacturing and marketing of telecommunications products
and services. However, as these products and services have been introduced into almost all sec-
tors of the economy, firms having little to do with the “High-Tech” sector may still have persons
in-house skilled in a wide variety of telecommunications services. As Markusen, et al (2001) and
Fesler (2002) argue, analyzing what people do rather than what they make may well be a more
productive research objective. This would seem especially true in trying to analyze the impact of
information technology on the spatial form of cities. Since information technology has entered
virtually all sectors of the economy, those who create, analyze, interpret, and transmit informa-
tion and those who use information for decision-making have penetrated virtually all sectors.
Recent studies of the petroleum industry (Rauch, 2002) and the food-processing industry (John
R. Baldwin and David Sabourin, 1999; Bolan and Martin, 2003 )—manufacturers of non-durable
goods—bear this out. Telecommunications using computer software has permeated the retail
sectors, the transportation sectors and most activities of the service sector. Inventory control,
customer transactions, financial accounting, branch office coordination, marketing analyses,
dispatching and scheduling, strategic planning and trend studies have become an integral part of
virtually all sectors. Even local barbershops have benefited from the introduction of computer
software.

Consequently, this study is an examination of the intrametropolitan spatial patterns of
workers involved in occupations that enable us to identify them as Information Workers—
regardless of the economic sector they may be employed in.

The primary question for this study is: are information workers—the developers and end-
users of information technology—more likely to concentrate or disperse in contemporary
emerging spatial patterns of metropolitan economic activity? Can these patterns be graphically
and statistically described such that we can discern their influence on economic activity in gen-
eral as well as on the demand for land and for transportation and communication services? It is
acknowledged that answers to these questions depend a great deal on where their employers are
located. However, it can also be seen that employers may alter location decisions based on the
availability of communications infrastructure and well-trained information workers. More
important, however, is the fact that a computer systems analyst can be found working for a food
processing manufacturer, a chain of pharmacies or other retail stores, a logging company or a
host of other economic activities not generally associated, in the main, with information
technology.

Overall, we postulate that there are both centripetal and centrifugal forces at work on the
intrametropolitan location of information workers. We, however, argue that the forces of
concentration have stronger pull than the forces leading to dispersal. Even in times of economic
slow-down (as has been experienced from 2001-2003), the marriage of telecommunications and
computer technology continues to spawn innovation and change. Our argument is that informa-
tion workers are obliged to keep their employers and their non-information workers competitive
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and efficient—in very broad terms. This includes improving the nature of financial, managerial,
technical and operational decision-making; and improving the capacities of line workers
(including their productivity which also means having concern for their education, health and
mental health). In order to do this, there is a need for information workers to remain close to the
key sources of innovation and to their professional associations. And while the urban area of
today might be seen to have a radius of 50-60 miles, these are still difficult distances when there
i1s need for face-to-face communication. In short, the social and economic circumstances that
dictate a need for information workers to be reasonably proximate are stronger than the lure of
open countryside.

2.1.3 Methods
Defining the Terms of the Study

Definition of information workers. Many prior studies attempting to capture the locational
dynamics of the “New Economy” and the “Information Age” focused on certain industrial
sectors. These studies were often seeking to understand the forces of emerging economic devel-
opment from a regional perspective. One noted early study, in an effort to capture the “high
technology” dimension of information technology, used industries possessing a relatively high
proportion of scientists and engineers in their workforce (Markusen, Hall and Glasmeier, 1986).
Subsequent studies also concentrated attention on industrial sectors. Recently, however, research
has shifted to analyzing occupational characteristics. This has occurred because the growth
dynamic of information technology has diffused into the general economy with much greater
speed than could be accounted for in research activities. As one author suggests, what people
“do” is becoming as important, if not more so, that what people “make.”(Feser, 2001; see also
Markusen, et. al, 2001) In this shift, many sectors of the economy are now given attention after
being heretofore overlooked. This is particularly true of many service sector activities such as
professional services, education, health, entertainment, design and financial services.

Thus, this study is concerned with the spatial patterns of individual workers who can be
considered “Information Workers”—that is workers whose occupations involve them (1) in the
creation and production of information; (2) in the collection, processing and interpretation of
information; (3) in the transmission of information; (4) in the manufacture of information
equipment; (5) in using information in training and education; and (6) in the use of information
for planning and decision-making (Kurasaki and Yanagimachi, 1992). Thus, we have taken a
broad view of the variety of occupations that can be considered “Information Workers.”

The primary data source for the study has been the U.S. Bureau of the Census Transportation
Planning Package. The 2000 version of this has followed a breakdown of occupations that fits
with the Department of Labor’s Standard Occupational Code. This allows us to follow the above
classification of information workers with reasonable broad conformity. Unfortunately, the 1990
version had only crude generalized categories of occupations. We have, nonetheless, captured
the vast majority of the concerns spelled out in the previous paragraph. This does limit somewhat
our ability to analyze changes between 1990 and 2000, but it does offer an opportunity to pro-
vide a more precise portrayal in 2000.'

The occupations that are included in our definition of “Information Workers” include the
following:
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Executive, administrative and managerial occupations

Professional specialty occupations.

Technicians and related support occupations.

Administrative support occupations.

All other occupations comprise our category of "Non-information Workers." (See Appendix A
for the full typology of occupations used in the CTPP.)

Selection of study areas. The analysis of intra-metropolitan location patterns for information
workers has been carried out for six U.S. metropolitan areas. These areas were selected on the
basis of a number of criteria. First and foremost, metropolitan areas were selected based upon
their percentage of information workers as determined in a study by Markusen, et. al. (2001).
The authors of that study used the term “I-tech occupations.” They included persons defined as
scientific or engineering workers as well as systems analysts, database administrators, computer
professionals and computer scientists. The study also included persons involved in engineering
and architectural services, photographic equipment, plastics, medical instruments and research,
testing, and evaluation services. They also added occupations devoted to financial services. With
this as the basis of their definition of “I-tech” occupations, they then ranked the metropolitan
areas of the United States in terms of the percentage of such workers related to total
employment. We chose middle range metropolitan areas for our study, generally between 10 and
15% of the total labor force. An additional criterion was a geographic one, where we tried to
select metropolitan areas that had no significant geographic barriers to development at any point
of the compass (such as oceans, mountain ranges, one of the Great Lakes, etc.). The final areas
chosen were:

Atlanta, GA 10.2% of total labor force “I-tech” job share,
Austin, TX 11.5%,

Denver , CO 14.5%,

Houston, TX 7.0%,

Phoenix, AZ 13.0%, and

Minneapolis-St. Paul, MN 15.3%.

Table 2.1.1 provides a comparison of the six metropolitan areas by general demographic
character in 2000 using U.S. Census data. Also shown is a graph charting the trend lines of
population for the six metropolitan areas for 1980, 1990 and 2000. This chart indicates roughly
similar patterns of population growth, although Atlanta and Phoenix exhibited somewhat
stronger growth than did Denver and the Twin Cities of Minneapolis and Saint Paul.
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Figure 2.1.1 Trends of total population of six metropolitan areas: 1970-2000
Table 2.1.1 Basic demographic characteristics of study metropolitan areas
% 65
Total Median % years Average
Population, age under and % Total household
Metropolitan Area 2000 (years) 18 years over 18-64 households size

Atlanta, GA MSA 4,112,198 32.9 26.6% 7.6% 65.8% 1,504,871 2.68
Austin, TX MSA 1,249,763 30.9 25.4% 7.3% 67.3% 471,855 2.57

Denver—Boulder,— 2,581,506 33.8 25.7% 8.9% 65.4% 1,003,218 2.53
Greeley, CO CMSA

Houston, TX CMSA 4,669,571 31.9 29.0% 7.7% 63.3% 1,639,401 2.80

Minneapolis-St. 2,968,806 34.2 26.7%  9.6% 63.7% 1,136,615 2.56
Paul, MN-WI MSA

Phoenix—-Mesa, AZ 3,251,876 33.2 26.8% 11.9% 61.3% 1,194,250 2.67
MSA

Average 2,306,408 32.8 26.7% 8.8% 64.5% 979,235 2.64

Methods

The data source for the study was almost exclusively the U.S. Bureau of the Census, Census
Transportation Planning Package (CTPP) [http://www.thwa.dot.gov/ctpp/]. The general
approach has been to analyze the patterns of residential and workplace locations for both
information workers and non-information workers. The analysis has been carried out through
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various spatial statistical analytic methods. Using software developed by Levine (2002),
combined with ArcView GIS software, we were able to identify differences in the spatial
patterns of both sets of workers using traffic analysis zones (TAZs) as the geographical unit of
analysis. Traffic analysis zones are small areas similar in size to Census tracts."

Centrographic analysis. Assuming the centroids of the TAZs provide the basis for treating
worker locations as a point distribution, we developed maps indicating the weighted mean center
and the standard deviational ellipse patterns of both residential and workplace locations for both
sets of workers in all six metropolitan areas. Developing these maps allowed comparisons of the
locations of the weighted mean center workplace and residential patterns vis-a-vis the central
downtown of each metropolitan area. The standard deviational ellipse is defined as the measure
that summarizes a point pattern in terms of an ellipse rather than a circle. The ellipse has the
weighted mean center as its center. The long axis represents the direction of greatest dispersion
and the short axis is the direction of minimum dispersion (with the short axis always at right
angles to the long axis). The more the distribution of points is equal in all directions, the more
the ellipse approaches a true circle.

The standard deviational ellipse size as well as the angle of the major axis was plotted.
Ellipses were drawn for both one-standard deviation (enclosing the distribution of 2/3 of the
information and non-information workers) and two standard deviations (enclosing 95% of the
workers). These comparisons were carried out for both 1990 and 2000, giving a rough trend pat-
tern in the spatial distribution. These statistics provide estimates of the degree of concentration of
information workers relative to non-information workers as distributed in the entire metropolitan
area as well as their relationship to the central business district of the region. A significantly
smaller ellipse for information workers relative to non-information workers (both in terms of
length of axes and enclosed area) would indicate information workers are more concentrated.

Spatial autocorrelation analysis. Following this, we carried out an analysis of spatial auto-
correlation to determine if the scattering of information workers in each urban area was purely
random or if there was a probability that the spatial distribution reflected a tendency to be
concentrated or to be distributed in some organized or regularized pattern.

Spatial autocorrelation analysis describes how an attribute is distributed over space. It is an
indicator of the extent to which the value of a variable in one zone depends on the value of that
variable in neighboring zones.” (Frothingham, et al, 2000, 12). As stated by Lee and Wong:

Spatial autocorrelation of a set of points is concerned with the degree to which points or
things happening at these points are similar to other points or phenomena happening
there. If significantly positive spatial autocorrelation exists in a point distribution, points
with similar characteristics tend to be near each other.” (2001, 78)

Thus, if the distribution of information workers is positively spatially autocorrelated, a TAZ with
a high concentration of information workers would tend to be near other TAZs with high con-
centrations of similar workers.

The most widely used statistic measuring spatial autocorrelation is Moran’s “1.”

In Moran’s I, the similarity of variable values is the difference between each individual value
and the mean of all values for the variable in question, or:

a2
2 Z ?:1 (xz - x)
§° =

7
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The sample variance is given by:

The results of this calculation is compared with the expected value of Moran’s “I” if “I”” were to
express a perfectly random distribution of the variable under study. Thus, the notation E(I)
reflects the expected index value, and:

B(l)=—

When:

I > E(I), the result reflects a clustered pattern where adjacent TAZs show similar characteristics;
I = E(I), the result reflects a random pattern where TAZs do not show patterns of similarity; and
I < E(I), the result reflects a dispersed or uniform pattern where adjacent TAZs show different
characteristics

The different possible results are illustrated on the diagram below. The statistical significance of
the results are given by the Z score:

5 L~E{)
VAR(D)

If -1.96 < Z <+1.96, then the observed distribution is not significantly different than a purely
random pattern.
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Figure 2.1.2 Spatial pattern possibilities from Moran’s “I”

Workplace Locations Proximity to Their Mean Center

Another analysis was carried out to provide additional evidence of the variation in spatial
distribution of information work places. Essentially, the analysis examined the relation of work
places of information workers to the mean center of all work places for such workers. This was
done by taking individual workplace TAZs and dividing them by the distance of their centroids
to the weighted mean center of all information worker TAZs. This provided a means for a two-
sample test as to whether there were significant differences between information workers and
non-information workers in both their residential and workplace distributions.
This calculation is give by the following equation:

. Wi
ZFld
Pme—
n

Commuting Effort

A final statistical analysis focused on the measure of commuting effort as reported in the CTPP
data. The indicator of this was the mean travel time to work for 1990 and 2000.

Identification of Major Employment Centers

As indicated above, the data set also permitted us to identify major employment centers in two
distinct ways.

e For each metropolitan area, an average employment density was calculated based on total

employment and total metropolitan land area (the aggregate sum of all TAZ areas as
provided in the CTPP package). TAZs that had employment densities above the metropolitan
average were identified as major employment centers. Where above-average density TAZs
appeared contiguous to one or more similar TAZs, the contiguous areas were grouped

together as a single employment center. From this, we classified the employment centers by
the following typology:

e Traditional Central Business District
e University Center
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e Edge City Center (identified as being within one mile of an interstate or other major
freeway)
e Other Center (not otherwise classified).

Next, the ratio of information workers to non-information workers at each identified center
was determined. Highlighted were those employment centers that had more than 60% of their
workers classified as information workers, thereby providing a graphic depiction of the
degree of clustering of information workplaces in or around the traditional central business
district.

e We also carried out a “hot spot” analysis using the CrimeStat2 software.

“Hot spot” analysis, as its name implies, provides statistical techniques for determining concen-
trations of activities within a geographic area. This analysis was carried out as a check on the
method outlined above. This type of analysis can be carried out for both point location data as
well as zonal data. Since the CTPP works from the geographic unit of the Traffic Analysis Zone,
the applied technique in this study was limited to an analytical technique known as Anselin’s
Local Moran’s “I,” also known as a local indicator of spatial association. This indicator depicts
the extent to which the value of a zone is similar or different from observations of neighboring
zones. It is an indicator that is valuable not in terms of the absolute value of the attribute of a
zone but rather it is an indicator of relative similarity of neighboring zones. The distance of any
given zone from any other zone is a factor of weighting in the calculation of the Local Moran’s
I—adjacent zones having greater weight for the calculation of similarity than more distant zones.
In short, a traditional distance decay function is applied in the determination of the Local
Moran’s 1.

Thus, the Local Moran’s | is given by the following equation:

_(Z -7
S 2

z

I

* Z[M/:j *(Z, - 2)}
Jj=1

where Z is the mean number of workers per zone over all zones,

Z = the number of workers in zone 1,

Z , = the value of workers for all other observations j (where j # 1),

2 . .
S~ = is the variance over all zones, and

z

W, = the distance weight for the zones i and j. It is defined as:

The local Moran’s I indicates both “hot spots” and “cold spots”—i.e. a hot spot would be where
the values of a zone are much higher than in nearby zones, while a cold spot would be where the
values of a zone are much lower than in nearby zones.



2.1.4 Geostatistical Results

Overall Changes in the Occupational Composition of the Six Metropolitan Areas:
1990-2000

The decade of the 1990s generally saw the full emergence of the information economy and the
data from these six metropolitan areas vividly portrays this. As discussed above, previous studies
have shown that the activities involved in the information economy have tended to concentrate in
metropolitan areas. In our analysis of two basic occupational categories of information workers
versus non-information workers, it is apparent from the changes in occupational composition in
the six metropolitan areas that these information-technology-dependent occupations were the
driving force in the growth of all six economies.

Each metropolitan area saw growth in the overall number of employed workers as summa-
rized from the Census CTPP data. In terms of overall percentage change, Austin and Phoenix
advanced the fastest growth rates; Houston and Minneapolis-St. Paul had the lowest rates of
growth. The table and chart below provide the data from the Census Transportation Planning
Package for 1990 and 2000 by our two-way classification of information workers and non-
information workers. The table and chart vividly portray the significant growth of workers in the
information occupations that occurred in each of the areas. In both absolute and relative terms,
the growth of information workers far outstripped the growth of other workers. This was most
dramatically illustrated in the Minneapolis-St. Paul metropolitan area, where six times as many
new information workers were recorded as contrasted with other workers. For the other three
metropolitan areas, the growth in information workers tended to be to 2 to 2.5 times that of other
workers.
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Austin
Houston Atlanta Twin Cities Phoenix Denver Austin
|E 1990 1,764,747 1,394,543 1,221,203 995,969 976,894 366,311
|l 2000 2,076,911 1,865,857 1,420,137 1,402,914 1,276,480 552,532

Figure 2.1.3 Total employment in six metropolitan areas: 1990 and 2000

Source: U. S. Bureau of the Census, Census Transportation Planning Package, 1990 and 2000
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Table 2.1.2 Changes in occupational distribution in six metropolitan areas: 1990 To 2000

Absolute Percent
1990 2000 Change Change

ATLANTA

Information Workers 771,394 1,102,239 330,845 42.9%

Non-Information Workers 618,262 762,518 144,256 23.3%
Total Workers 1,389,656 1,864,757 475,101 34.2%

AUSTIN

Information Workers 217,747 342,443 124,696 57.3%

Non-Information Workers 148,564 210,089 61,525 41.4%
Total Workers 366,311 552,532 186,221 50.8%

DENVER

Information Workers 554,674 759,835 205,161 37.0%

Non-Information Workers 418,486 514,959 96,473 23.1%
Total Workers 973,160 1,274,794 301,634 31.0%

HOUSTON

Information Workers 929,603 1,139,911 210,398 22.6%

Non-Information Workers 835,144 937,000 101,856 12.2%
Total Workers 1,764,747 2,076,911 312,164 17.7%

PHOENIX

Information Workers 521,480 773,178 251,698 48.3%

Non-Information Workers 468,018 628,257 160,239 34.2%
Total Workers 989,498 1,401,435 411,937 41.6%

MINNEAPOLIS-ST. PAUL

Information Workers 677,220 850,252 173,032 25.6%

Non-Information Workers 540,636 567,879 27,243 5.0%
Total Workers 1,217,856 1,418,131 200,275 16.4%

Source: U.S. Bureau of the Census, Census Transportation Planning Package, 1990 and 2000.
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Figure 2.1.4 Changes in occupational composition in six metropolitan areas: 1990-2000

Source: U. S. Bureau of the Census, Census Transportation Planning Package, 1990 and 2000.

Information workers in the Austin area grew by the greatest relative amount at 57% followed
by the Phoenix area with a 48% increase in the decade. Information workers in Atlanta grew by
the greatest absolute amount overall, adding 330,000 new information workers. The
Minneapolis-St. Paul area saw the greatest shift to information workers where 86% of all new
workers were classified as information workers. In the Twin Cities in 1990, information workers
made up 55% of all workers; in 2000 that had increased to 60% of all workers.

The aggregation of occupations into only two classes—information works and non-
information workers—is not fully illustrative of the impact of information technology on these
six metropolitan areas. The following charts indicate the percentage change in each based on a
somewhat more refined classification—the two-digit BLS classification. These charts illustrate
generally that the key drivers of change in occupations in each metropolitan area during the
decade were computer and mathematical operations, business and financial operations, and
management occupations. Other information dependent occupations (such as education, law,
health and arts and entertainment) enjoyed modest growth somewhat in keeping with the number
of non-information occupations. Occupations that were stagnant or tended to lose workers were
farm related occupations, manufacturing and health support occupations. Lack of growth in these
occupations was evident in all six metropolitan areas. Thus, in each metropolitan area, the
occupational composition of the work force has dramatically shifted toward the activities of the
information economy.
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Another important aspect of the change in these various occupations lies in their relative
importance in relationship to the occupational distribution of the labor force nationally. As a
calculation for this question, we used a concept similar to the use of the “location quotient” used
for analyzing the importance of industrial sectors to a local economy. Thus, we determined the
“location quotient” in 1990 and 2000 for each two-digit occupation, while highlighting those that
seemed to show the most promising growth: management occupations, business and financial
operations, and computer sciences/mathematical occupations. Thus, the general equation for
determining the “location quotient” for each occupation is:

Lo =L

J TR
2 0,
Where:
L} = The location quetient for Occupation *i”,

0 = The number of workers in occupation 1™ in the local metropolitan area 17,

%00 = The total namber of workers in all occupations in the local mewepeolitan area 17,
(3= The total nurmber of workers in occupation “i" in the nation, and

5°0n = The total number of workers in all occupations in the nation.

On the basis of conventional economic base theory, results that are less than one can be
interpreted as signifying an activity that primarily accommodates the demand for the services of
that occupation within the local metropolitan area. The ratio of workers in that activity to all
workers in the local area is less than the ratio of such workers to all workers in the nation as a
whole. A result greater than one suggests services of an occupation that is more than what would
be expected for serving local demand alone. In other words, with such a result, the local area has
more than its share of such workers and it is thereby presumed that their services have a broader
market than merely local demand—in some sense, these would be services that are exported
beyond the immediate metropolitan area.

The results of this analysis are shown on the two tables below. Overall, information workers
hold a greater relative position to their local areas than do all such workers in the national econ-
omy. This was the case in both 1990 and in 2000. In aggregate, information workers also
improved their relative position in 2000 over that in 1990. The second table depicts the changes
in location quotient results for selected occupations in the decade.

In virtually all of the key information oriented occupations, these six metropolitan areas had
workers that exceeded purely local demand for their services. The table shows manufacturing
production workers in the last row to illustrate the relative position of such workers to informa-
tion-based workers. None of the six metropolitan areas were dominated by manufacturing
workers in any sense. Location quotients in each case were well below one, in contrast with
almost all of the information-based occupations whose location quotients were well above one.
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Table 2.1.3 Location Quotients for selected occupations in six metropolitan areas: 1990 and 2000

Atlanta Austin Denver Houston Phoenix Twin Cities
1990 2000 ] 1990 2000 | 1990 2000] 1990 2000] 1990 2000} 1990 2000
1.101 1.119] 1.195 1.182]1.144 1.145] 1.050 1.053] 1.057 1.056| 1.103 1.136

1.304 1.339] 1.322 1.239)1.265 1.297)1.111 1.111] 1.124 1.117} 1.167 1.202]

1.292 1.402] 1.305 1.375]1.251 1.360]1.103 1.165] 1.121 1.154] 1.163 1.453]

Computer, Mathematics Occupations] 1.024 1.660] 1.354 2.394]1.248 2.009] 1.120 1.108] 1.078 1.234] 1.166 1.723]
0 1

0 0

All Information Workers

[Management Occupations

[Business, Financial Occupations

.963 1,113] 1.246 1.429]1.186 1.176] 1.059 0.823] 1.022 0997 1.083 1.204
.732 0.660] 0.610 0.669]0.674 0.583]0.795 0.797] 0.763 0.708] 0.871 0.934]

Artists, designers

[Manufacturing, Production Workers

Table 2.1.4 Percent change in location quotient: 1990 to 2000

Atlanta I Austin Denver Houston | Phoenix |Twin Cities]
All Information Workers 1.63%' -1.09% 0.11% 0.27% -0.10% 2.96%
[Management Occupations 2 .68%' -6.29% 2.54% 0.03% -0.613 3.00%
IBusiness, Financial Occupation 8 .51%' 5.37% 8.69% 5.67% 2.90% 24.89%
Computer, Mathematics Occupal 62.11 %I 76.86% 60.96% -1.08% 14.46% 47.78%
[Artists, designers 15 .58%' 14.76% -0.83% -22.27% -2.39% 11.17%
[Manufacturing, Production Worl -9. 84%' 9.683] -13.50% 0.25% -7.24% 7.20%

Thus, it can be seen that, by every measure, the dynamics of growth in information-
dominated occupations was the key driver of labor force expansion in each of the six
metropolitan areas. Between 1990 and 2000, all six of the urban areas increased their share of
information workers relative to their local economies. Four of the six increased their share of
information workers relative to the national economy. The computer and mathematical
occupations were the primary driving force behind the growth of all six areas, followed by
business, financial and managerial occupations.™

2.1.5 Geospatial Results

Centrographic Statistics

The results of the centrographic analysis are given in Table 2.1.2 The x and y coordinates of the
location of the mean center were calculated for the places of residence and the places of work for
information workers and non-information workers for all six metropolitan areas." Each of the six
metropolitan areas has a map portfolio of four maps with a separate portrayal of information
workers’ workplace and residence distribution patterns as well as the workplace and residential
patterns for non-information workers. These maps are presented as dot distribution maps on a
base map of TAZ boundaries and major interstate highways for the year 2000. Shown on each
map are the mean center for the year 2000, the Y-axis, the X-axis, the year 2000 ellipse for one
standard deviation (enclosing 67% of the workers represented) and the year 2000 ellipse for two
standard deviations (enclosing 95% of the workers represented). Also shown in grey are the 1990
ellipses and their X- and Y-axes. All maps are to the same scale and each dot represents 200
workers. All maps indicate a direct visual comparison of the 1990 and the 2000 ellipses.

The primary analytical information on Table 2.1.5following depicts the dimensions for each
ellipse with the angle of the major axis, the length of the major Y axis and the minor X axis. The
ellipse reported on the table represents one standard deviation of the dispersal patterns for each
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of the two classes of workers. In each of the metropolitan areas except Denver, both the Y
(Major) and the X (Minor) Axes of the ellipse representing the distribution of information
workers is smaller than that of the ellipse representing the distribution of non-information
workers, indicating that information workers are dispersed over a smaller spatial extent than non-
information workers in both the distribution of their residences and their work places. This is
confirmed by the area calculation for each ellipse. For example, the elliptical area (in acres) for
the work places of information workers in Atlanta is only 73% of the elliptical area for the work
places of non-information workers. In the Twin Cities, this same area for information workers is
similar to Atlanta at 75.3%.
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Table 2.1.5 Results of centrographic analysis—six metropolitan areas: 1990 and 2000

CTPP 2000

Y Axis (mile)

Y Axis Angle

X Axis (mile)

Ellipse Acres

Place of Residence

Information Workers

19.62| 65.22

Information Workers . 362,071

Atlanta Moninform ation Workers 18.67 64.00 13.?91 517,466
Information Workers 9.92 §1.82 4.47 89,238

Austin Moninform ation Workers 11.02 82.0?‘ 4.99 110,625
Information Workers 16.24 116.68 7.96 260,033

Denver Noninformation Warkers 16.03] 112.89 8.44) 304,158
Information Workers 20.39 119.99 14.25] 584,288

Houston Noninformation Warkers 22.13) 113.88 15.43] 686,776
Information Workers 13.23] 148.59 3.49] 225,870

Phoenix MNoninform ation Warkers 14.55 153.76 9.26' 270,824
Information Worker 216,652
Twin Cities MNaoninform ation Worker 238.5?

643,607

Place of Work

Atlanta MNoninform ation Warkers 20.24 64.27 16.60 675,628
Information Workers 12.68] 79.29 6.54 166,797

Austin Noninform ation Warkers 12.87 5388 a.??:l 175,087 |
Information Workers 17.54 112.38 9.97 361,397

Denver Moninformation Workers 16.31 108.96 10.08] 330,528

Information Workers 23.23 117.18 17.68 825,732 |

Houston Moninform ation Workers 23.82 112.18 18.55 888,492
Information Workers 16.37 144.21 9.70 319,154

Phoenix Moninformation Workers 16.49 151.33 9.51 315,398
Information Worker 13.71 80.09 12.57 346,542

Twin Cities Moninformation Workers 14.55 83.24 13.04} 381,425
CTPP 1990 Y Axis (mile) |'Y Axis Angle Ellipse Acres

Place of Residence

Information Workers

B7.44

Information Workers 12.54 258,290
Atlanta Noninformation Workers 14.19 71.43 336,577 |
Information Workers 6.48) £4.00 47374

Austin Noninform ation Workers 7.01 84.03 61,456
Information Workers 14.27 118.32 205,221

Denver Noninform ation Workers 13.82 116.16 211,431
Information Workers 20.14 121.64 608,214

Houston Moninform ation Workers 2121 114.51 706,822
Information Workers 10.90 151.04 145,350

Phoenix Moninform ation Warkers 11.49 152.18 154,372
Information Workers 10.26 12.05 191,090

Twin Cities Moninform ation Warkers 245,202

536,320

Atlanta MNoninform ation Workers 65.63 W
Information Workers 11.73 84.75 . 144,748
Austin Moninformation Workers 12.20 87.87 8.87 163,555
Information Workers 16.18) 111.34 10.081 327,309
Denver Moninformation Workers 15,54 106.28 10.28] 321,130
Information Waorkers 22.56 119.94 17.28] 783,867
Houston Moninformation Workers 23.13 113.91 18.15 844,028
Information Workers 14.69 147 .47 8.35 246,516
Phoenix Moninform ation Warkers 15.77 154.67 9.05' 285,971
Information Workers 12.68| 71.47 1 .BSI 302,337
Twin Cities Noninform ation Workers 12.78] 76.90 12.59] 348,880

Changes in the implied acreage of the one-standard-deviation ellipse are shown on the following

graphs for information worker and non-information workers respectively.
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Figure 2.1.7 Information workers: acreage of workplace ellipse: 1990 and 2000

The ratios of information worker ellipse areas to non-information worker ellipse areas can be
shown as follows.

Acres

Mpls-St. Paul

Figure 2.1.8 Non-information workers: acreage of workplace ellipse: 1990 and 2000
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Table 2.1.6 Ratio of workplace ellipse* acreage of information workers

to that of non-information workers

Workplace 1990
Atlanta 0.767
Austin 0.771
Denver 0.971
Houston 0.860
Phoenix 0.942
Mpls-St.Paul 0.779

Mean 0.848

2000

0.758
0.807
0.855
0.851
0.834
0.751
0.809

Abs Chg
-0.010
0.036
-0.116
-0.010
-0.108
-0.028
-0.039

% Chg
-1.3%
4.6%
-11.9%
-1.1%
-11.4%
-3.6%
-0.041

Table 2.1.7 Ratio of residential ellipse* acreage of information workers to

that of non-information workers

Place of Residence 1990

Atlanta 0.890
Austin 0.885
Denver 1.019
Houston 0.929
Phoenix 0.862
Mpls-St.Paul 0.867

Mean 0.909

*One standard Deviation Ellipse

Analyzing these graphs and tables, it can be seen that for every 100 acres represented in the
workplace ellipses for non-information workers, there were, on average, only 85 acres in the
ellipses for information workers in 1990 and only 81 acres in 2000. Thus, while workplace
ellipses for information workers did enlarge over the decade, their enlargement was relatively
less than the spreading out of non-information worker places of employment. Information
workers dispersed to some extent in the decade but not to the same extent as non-information

2000

0.953
0.953
1.063
0.929
1.012
0.909
0.970

Abs Chg
0.063
0.068
0.044
0.001
0.150
0.042
0.061

workers, insofar as their place of work is concerned.
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Table 2.1.8 Size of computer workers’ ellipse to that of all information workers’ ellipse: 2000

2000 All Information Computer Ratio: Computer Workers to
Workers' Ellipse  Workers' Ellipse  All Information Workers
Alanta 302,071 64,386 87 4%
Austin 89,238 68,651 76.9%
Denver 260,033 241,043 92.7%
Houston 584,288 396,473 67.9%
Phoenix 225,870 185,880 86.7%
Mpls-St.Paul 216,652 163,252 E)A%
Mean 294,692 221,614 77.8%

By this measure, it can be concluded that information workers, in both 1990 and 2000, were
more concentrated in both their workplace location patterns and in the patterns of their resi-
dences in each of the metropolitan areas. One key exception was in the Denver-Boulder area
where the residential pattern of information workers had a larger ellipse than non-information
workers in both years. Another exception occurred in 2000 in Phoenix, where the residential
distribution of information workers was slightly more dispersed than non-information workers—
a change from 1990 where the opposite was true. In short, where information workers choose to
live is slightly more concentrated than for their non-information counterparts, although the dif-
ference is considerably less evident. In fact, between 1990 and 2000 the residential distribution
of information workers became almost identical to that of non-information workers.

Also of interest was the centrographic analysis for the set of workers specialized in the com-
puter and mathematical occupations. In the map portfolio is a set of six maps (Map 25-30)
depicting the centroids and ellipses for these occupations as they are distributed in each of the
metropolitan areas. These maps illustrate, for the year 2000, the extent of the one standard
deviation and the two standard deviation workplace ellipses for those in the computer and
mathematical occupations in contrast with all information workers. The critical finding here is
that for all six metropolitan areas, workers specializing in the computer and mathematical occu-
pations were considerably more concentrated than information workers generally. This is
illustrated in the following table that compares the size of the ellipse for the computer specialists
as against all information workers.

Each map also provides a dot distribution by TAZs so that the concentrations of these
workers stand out vividly (one dot = 50 workers). Thus, these workers in 2000 remained fairly
concentrated in discrete employment districts, despite the spreading out of other information
workers generally over the decade. If we can interpret these specialists as being the key innova-
tors in information technology, it would appear that they and their places of work have not
participated in the general sprawling nature of urban economic activity of the 1990s.

Spatial Autocorrelation Results

Results of the spatial autocorrelation analysis are given in the following table. Every calculation
of Moran’s I was found to be statistically significant, in that every pattern was distinctly different
from a purely random (or “expected”) pattern. All workers were somewhat more clustered in
both their residential and workplace locations, although this might be expected since each
metropolitan area had areas that were not developed for one reason or another (major water
bodies, significant public lands, transportation [ports, railroad yards, etc.]). However, in every
instance, for both 1990 and 2000, Moran’s I for information workers exhibited a higher level of
spatial autocorrelation than the results for non-information workers. Essentially this analysis con-
firms the hypothesis that information workers in 1990 were more concentrated, or clustered, in
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their places of employment than non-information workers. Results of this analysis is shown in
the following tables.

Table 2.1.9 Results of spatial autocorrelation: Moran’s “I” and expected “I” [E(])]: 1990 and 2000

Informetion 2000 Vorarts | 1990 Vorarts |
Workers Random Random
Moranls | Normal Z | Random Z) Moran's | MNormal Z | Random

0. 77.58]

00014 B35
ﬁ_{l
ez

Table 2.1.10 Difference of Moran’s “I” from expected value of “I”

Difierence from E(Ij Rank Order merenoe from WR,ank Order
Infermation Workers Place of Work Information Workers Place of Residence
2000 1990 2000 1990
Austin 0.1338  0.1023] [Phoenix 0.0781  0.0936
[Atlanta 0.1032 0.1165 Houston 0.0779 0.0788
Mpls-St. Paul 0.0902 0.0942 Austin 0.0495 0.0429
Houston 0.0826 0.0901 Atlanta 0.0444 0.0967
Phoenix 0.0817 0.0707] Denver 0.0413 0.0286
Denver 0.0809 0.0858] Mpls-St. Paul 0.0234 0.0300

Difference from E(I) Rank Order
Non-Information Workers: Place of

Difference from E(I) Rank Order
Non-Information Workers: Place of Work

2000 1990 Residence 2000 1990
[Austin 0.1360 0.0853] Houston 0.0712 0.0685
Houston 0.0816 0.0617| Phoenix 0.0698 0.0733]
Phoenix 0.0639 0.0637| Austin 0.0541 0.0435
Denver 0.0572 D.O59§ Denver 0.0486 0.0286
tlanta 0.0481 0.0430 Atlanta 0.0375 0.0682
Mpls-St. Paul 0.0422 0.060 Mpls-St. Paul 0.0244 0.0226

From these results, the differences between the actual Moran’s I and the Expected I [E(I)] were
calculated as shown in the Table 2.1.10.

These results indicate a reasonable approximation of a normal distribution (despite only six
observations), so that a paired sample “t-test” was run comparing the differences from E(I) for
information workers as against non-information workers. These results follow in Table 2.1.11:
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Table 2.1.11 Difference from expected values of Moran’s “I”

Paired Sample Results: Difference from Expected Values of Moran’s I

Information Workers vs. Non-Information Workers t statistic p statistic
Workplace: 2000 3.11 0.0265*
Workplace: 1990 3.31 0.0212%*
Residence: 2000 0.47 0.6584
Residence: 1990 2.34 0.0665

*Significant at the p<0.05 level, 95% CI

Thus, it can be seen that, in both 1990 and in 2000, there was a significant difference in spatial
autocorrelation with information workers being more concentrated than non-information
workers, consonant with the findings of the previous centrographic analysis. In terms of the resi-
dential location of workers, on the other hand, results of the Moran’s I calculation suggest no
significant difference in spatial autocorrelation in either 1990 or 2000. Thus, for place of resi-
dence, as with the centrographic analysis, the results were less clear-cut.

For the individual cities, the smallest of the six (Austin) tended to be the most concentrated
for workers in their places of work. The Austin area also showed the largest increase in concen-
tration in the decade for both information and non-information workers. As will be shown below,
the concentration of activity in Austin was associated with the one interstate highway that trav-
erses the area. While the Denver area had information workers more concentrated than others,
their information workers had a Moran’s I closer to the expected value than any of the other six
cities—therefore, Denver’s spatial distribution was the closest to being random.

Non-information workers in Atlanta and Minneapolis-St. Paul had the most random distribu-
tion by place of work in 2000. This was also true for Atlanta in 1990. Houston and Phoenix
showed stronger levels of concentration for workers’ places of residence for all workers in both
1990 and 2000. Minneapolis-St. Paul had the closest approximation to a random distribution by
place of residence of all workers in both 1990 and 2000.

Workplace Locations in Relation to Their Mean Center

In this analysis, two measures were developed. The first calculated the number of workers in a
given TAZ and divided it by the distance from the centroid of the TAZ to the mean center of all
workplaces for the given class of worker. Thus, the total number of information workers working
in a TAZ was divided by the distance of that TAZ to the mean center of all information work
places. From this, the mean distance of all TAZs possessing the employment of information
workers from the mean center was determined. A similar calculation was carried out for non-
information workers. From this, the statistical significance of the differences among information
workers and non-information workers was calculated.
This calculation is given by the following equation:
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This measure is best described as the average number of workers per TAZ by proximity (P) to
the mean center. Larger result quantities mean a small distance from the mean center and thus a
tendency to be more clustered around the mean center. Small quantities mean that workers tend
to be at a greater distance from the mean center and thus more dispersed. Small results also may
indicate a smaller average number of workers per TAZ.

Table 12 provides the results of this calculation. In general, the larger the numerical result,
the more clustered are workers around the mean center. In all six urban areas the results indicate
that information workers tend to be more closely packed around their mean center than are non-
information workers. This measure provided an opportunity to test the significance of differences
between information and non-information workers. In three of the six metropolitan areas, there is
high significance with a p value of less than 0.001. Only in Phoenix was the difference between
information workers and non-information workers was less significant where p = 0.064.

A similar calculation was carried out for the percentage of all information workers working
in a given TAZ, divided by the distance to the mean center.

v —

Levels of significance were less impressive by this calculation but the results are
comparable—information workers are more clustered in all six metropolitan areas by this
measure. The results of this calculation are also shown on Table 2.1..
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Table 2.1.12 Mean distance from workplace center: 2000 and 1990

Number of  Percentage
Workerby — of Worker

l;;?(f:lgf by Place of
Work?
Mean Sig. Mean Sig.
CTPP 2000
ATLANTA Information Workers 21.820 19.076
Noninformation Workers 13.564 0.000 16.415 0.023
AUSTIN Information Workers 26.822 72.296
Noninformation Workers 15.824 0.000 67.719 0.286
DENVER Information Workers 16.031 20.667
Noninformation Workers 8.944 0.000 16.923 0.030
HOUSTON Information Workers 17.097 14.899
Noninformation Workers 11.843 0.000 12.452 0.028
PHOENIX Information Workers 18.087 23.245
Noninformation Workers 14.282 0.000 22.267 0.434
TWIN CITIES Information Workers 35.804 39.949
Noninformation Workers 18.372 0.001 29.537 0.056
CTPP 1999
ATLANTA Information Workers 28.621 37.420
Noninformation Workers 20.463 0.000 32.594 0.003
AUSTIN Information Workers 20.250 93.720
Noninformation Workers 14.419 0.000 98.426 0.444
DENVER Information Workers 20.713 37.784
Noninformation Workers 13.223 0.000 32.421 0.023
HOUSTON Information Workers 18.431 19.682
Noninformation Workers 12.850 0.000 15.140 0.002
PHOENIX Information Workers 20.825 41.349
Noninformation Workers 17.836 0.000 39.792 0.234
TWIN CITIES Information Workers 29.074 41.675
Noninformation Workers 20.250 0.000 35.404 0.004

Source: CTPP 1990

Note:

1. Number of workers working in a TAZ divided by the direct (“as the crow flies”) distance from the centroid of the TAZ to the
mean center for place of work for all workers.

2. Percentage of workers working in a TAZ, relative to the total metropolitan employment, divided by the direct distance from
the center of the TAZ to the mean center for all workers.
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Commuting Effort Results

The Census Transportation Planning Package permits an analysis of the time involved in
commuting to work on the basis of the work zone TAZ. From the overall data, an average
worker density was determined for each of the six metropolitan areas. Of those TAZs with
worker density above the metropolitan average, we identified those that were dominated by
information workers—using the criteria of more than 60% of the employees with information
occupations. TAZs that were above the metropolitan average but were not dominated by infor-
mation workers are labeled “diversified” centers. TAZs with some employment while having a
lower than average worker-density were considered minor areas of employment. The table below
provides the results of this analysis.

Generally, TAZs dominated by information workers had longer commuting times than other
types of TAZs. Where information workers dominate, mean travel times are 8% longer than
those in diversified TAZs, and 38% longer than travel times in minor centers of employment.
(Commute times in diversified centers are 28% longer than in minor centers.) This would seem
to follow from the analysis above. Information workers are more concentrated in their
workplaces, but their residential locations are equally dispersed as those of non-information
workers. The residential dispersion would thereby logically imply longer commutes to more
centralized job locations. For both the information dominant and the diversified centers, com-
mute times are considerably greater than for those workers employed in minor centers."

The other side of this portrayal, however, lies in the fact that commute times changed less in
the decade from 1990 to 2000 for workers in the information dominant TAZs. These workers, on
the average, saw their commute time increase by only 3.5 minutes whereas workers in minor
TAZs had an increase of 6.6 minutes. Diversified centers experienced an increase of commute
time similar to that of information dominant centers (an average of 3.8 minutes).

The data of Table 2.1.13 is also represented in the graphs on the pages following. It is
interesting to note that mean commute times in Atlanta were longer than in any of the other six
metropolitan areas. Generally, the largest cities in 2000 in terms of population—Atlanta,
Houston and Phoenix—involved the longest commute times of the six urban areas in both 1990
and 2000.

Generally, Table 2.1.13 indicates that for TAZs above the metropolitan mean and possessing
more than 60% of their workers as information workers, travel times to work tend to be higher
than for those TAZs without the dominance of information workers. TAZs having sparse
employment show the lowest travel times of all. Table 2.1.13 out the picture of information
workers generally working in more centralized or clustered workplaces yet more dispersed in
their residential locations. This results in longer times (and possibly longer travel distances). This
may reflect the possibility that information workers receive greater compensation for their labor
and therefore possess greater choice in residential location.
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Table 2.1.13 Mean travel times of work to TAZs: 1990 and 2000

Ilnformation Worker Dominant Centers

1990 2000 Abs Chg % Chg
Atlanta 30.8 35.6 4.8 15.6%
Austin 227 27.8 51 22.5%
Denver 24.0 26.5 2.5 10.4%
Houston 295 31.2 1.7 5.8%
Mpls-St.P 23.1 255 2.4 10.4%
Phoenix 25.8 30.01 3.3 12.9%
|Mean 25.4 28.5 3.1 12.2%
IDiversified Centers

1990 2000 Abs Chg % Chg
Atlanta 28.7 33.9 52 18.1%]
Austin 20.8 26.0 52 25.0%
Denver 232 254 2.2 9.5%
Houston 27.0 30.8 3.8 14.1%
Mpls-St.P 22.0 247 2.7 12.3%
Phoenix 23.0 26.5 3.5 15.2%
IMean 241 27.9 3.8 15.7%

TAZs with Employment Below Mean Worker Density

1990 2000 Abs Chg % Chg_
Atlanta 221 29.2 7.1 32.1%
Austin 18.2 26.8 8.6 47.3%
Denver 18.3 24.0 2.7 31.1%
Houston 19.8 24.8 5.0 25.3%
Mpls-St.P 17.6 22.6 2.0 28.4%
Phoenix 17.3 25.2 7.9 45.7%
[Mean 18.9 25.4 6.6 35.0%

Source: CTPP 1990

Note
1. Table does not include people living in a metropolitan area and working outside of the area or workers working in a
metropolitan area while living outside of the area.
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Figure 2.1.9 Change in mean travel time for information worker dominant TAZs: 1990 and 2000
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Figure 2.1.11 Mean travel time workers in low worker density TAZs: 1990 and 2000

2.1.6 Employment Center Analysis
Employment Center ldentification and Classification (Maps 31-36)

The methodology for identifying major employment centers, as described in Section 2.1.3,
involved determining the overall mean employment density for all workers in each of the
metropolitan areas. From this the TAZs that were above the mean in employment density were
identified and mapped. These formed the basis for defining TAZs as employment centers. In
addition, the centers were classified from known features of the metropolitan area. Four classifi-
cations were used: (1) the central business district (or districts in the case of Denver-Boulder and
Minneapolis-St. Paul), (2) “edge city” districts, (3) university districts,"” and (4) “other” districts.
Centers were categorized as “edge city” centers if TAZs of high employment density were (1)
adjacent to an interstate or other major freeway and (2) had two or more contiguous TAZs that
were above average employment density. University centers were identified through various
internet sources (including using maps of major universities as provided on their website) and
other mapping sources. High employment density centers not meeting any of the above criteria
were categorized as “Other” centers.

These centers can be viewed by referring to Maps 31 through 36, inclusive in the map port-
folio. Denver and the Twin Cities had two downtown areas (Denver and Boulder; Minneapolis
and Saint Paul). All six areas had “edge city” centers, as defined by their proximity to interstate
highways or limited access ring roads and the presence of two or more contiguous TAZs with
above average employee density. Each of the six areas had university districts. Center character-
istics are shown Tables 2.1.14 and 2.1.15 following.
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Table 2.1.14 Identification of centers in six metropolitan areas: 1990-2000

No. of TAZs
with Above Centers
Average with No. of No. of
Employment Contiguous No. of Central University No. of Edge Other
Density TAZs Business Districts Centers City Centers Centers
1990
Atlanta 98 33 1 4 16 12
Austin 90 27 1 1 6 19
Denver 191 63 2 2 26 33
Houston 237 58 1 2 26 29
Phoenix 239 47 1 2 6 38
Mpls- 199 71 2 1 23 45
St.Paul
2000
Atlanta 200 60 1 4 28 27
Austin 109 30 1 1 10 18
Denver 458 106 2 2 39 63
Houston 258 69 1 2 23 43
Phoenix 359 48 1 2 7 38
Mpls- 207 51 2 1 22 26
St.Paul
Change: 1990-2000
Atlanta 102 27 0 0 12 15
Austin 19 3 0 0 4 -1
Denver 267 43 0 0 13 30
Houston 21 11 0 0 -3 14
Phoenix 120 1 0 0 1 0
Mpls- 8 -20 0 0 -1 -19
St.Paul

From this table, it can be seen that each metropolitan area had gains in the number of TAZs
with worker densities above the metropolitan mean between 1990 and 2000. Each city had gains
in “edge city” centers with the exception of Houston and Minneapolis-St. Paul. Gains in “other”
centers, however, were the most frequent in all cities except Austin and Minneapolis-St. Paul.

Table 2.1.15 provides further elaboration of characteristics of TAZs with worker densities
above their metropolitan mean for the year 2000. This table shows the acreage involved for
individual TAZs in each type of center as well as the mean density of workers per TAZ acre.
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Finally, Table 2.1.15 indicates the number of TAZ’s dominated by information workers (more
than 60% of workers in a TAZ). Domination by information workers is discussed in the section
below.

As expected, in every instance except Phoenix, worker densities in the central business
districts were well above 100 workers per acre in the year 2000. The average density, excluding
Phoenix, was 147 workers per acre (the average with Phoenix included was 128 workers per
acre). These densities were in sharp contrast with “edge city” centers where the average density
for the six metropolitan areas was 13.4 in 2000. University centers possessed densities that aver-
aged 42 workers per acre and, thus, were mid-range between downtowns and edge cities.
“Other” centers had average densities of 15 workers per acre—slightly above that of “edge city”
centers.

These are characteristics, of course, that have been well known for some time. They describe
the results of 20-30 year trends in the location of urban economic activity in metropolitan areas.
Even in 2000, the worker densities of historic downtown areas are often ten times that of subur-
ban employment centers, and this is born out for the six metropolitan areas under study. Despite
the years of sprawl development following World War II, central business districts remain the
major employment centers of each of the six regions. This is particularly true for information
occupations, as will be discussed in the next section.

Maps 43 and 44 in the map portfolio (Appendix B) provide a 3-dimensional view of the
patterns of worker density for each metropolitan area in 2000. As expected, Phoenix is unusual
in that its central business district density of 34 workers per acre is only slightly above typical
suburban densities. As well, its university centers tend to have lower densities than typical
suburban densities. Houston has the tallest central spike on Map 43 as the most dense central
business district with more than 200 workers per acre, followed by Atlanta with 184 workers per
acre. Areas possessing two prominent central business districts show quite clearly with Denver
and Boulder standing out on Map 43 and Minneapolis and St. Paul showing pronounced spikes
on Map 44.
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Table 2.1.15 Center characteristics of six metropolitan areas: 2000

Number Average ﬁ Mean Inform. % Inform.
ATLANTA of Acres Sum Density Dominant Dominant
CENTERS TAZ's per TAZ Acres Workers/Acre TAZs
P - P
Central Business District(s) 26 351 9129 184.1 20 76.9%)
Edge Cities 93 3343 31,089.9 14.0 44 47 3%
Other Center 76 2625 19,951.7 222 31 40.8%)
University 5 199.0 995.0 98.1 0 0.0%|
Tctal in Centers 200 207.7 52,9495
Net in Center 1485 1,700.7 25255537

Number Average TAZ Mean Inform. % Inform.
AUSTIN of Acres Sum Density Dominant Dominant
CENTERS TAZ's per TAZ Acres Workers/Acre TAZs
Central Business District(s) 19 51.1 9?1 .2 102.4 12 63.2%)
Edge Cities 25 307.7 7,692.7 11.2 12 48.0%)
Other Center 62 244.4 15,153.8 13.7 3 50.0%]
University 3 108.6 3257 55.2 2 66.7%)
Tctal in Centers 109 177.9 24143.4
Net in Center 597 1,584.0 945,677.0

Number Average ﬁ Mean Inform. % Inform.
DENVER of Acres Sum Density Dominant Dominant
CENTERS TAZ's per TAZ Acres Workers/Acre TAZs
R —— - — P D = mr PR Ty
Central Business District(s) 34 28.9 9384.2 127.1 23.0 67.6%)
Edge Cities 161 126.1 20309.0 15.1 83.0 51.6%
Other Center 260 108.8 28278.0 16.3 112.0 43.1%)
University 3 1721 516.3 23.0 2 66.7%)
Tctal in Centers 458 108.0 50,087.5
Net in Center 2004 1737.4 3,481,748.2

Number Average ﬁ Mean Inform. % Inform.
HOUSTON of Acres Sum Density Dominant Dominant
CENTERS TAZ's per TAZ Acres Workers/Acre TAZs
[ _ - o __
Central Business District(s) 53 19.3 1,0235 217.8 23 43.4%)
Edge Cities 65 263.2 17,105.2 18.9 34 52.3%)
Other Center 130 208.8 27,145.0 15.8 51 39.2%
University 10 216.4 2,163.6 352 10 100.0%]
Tctal in Centers 258 176.9 47,437.2
Net in Center 2384 2,335.2 5,567,158.8

Number Average ﬁ Mean Inform. % Inform.
PHOENIX of Acres Sum Density Dominant Dominant
CENTERS TAZ's per TAZ Acres Workers/Acre TAZs
r——— T ry e - —
Central Business District(s) 22 96.8 2,130.0 33.8 15 68.2%)
Edge Cities 90 455.0 40,954.4 7.6 40 44.4%
Other Center 244 289.2 70,556.3 11.0 93 38.1%)
University 3 388.5 1,165.5 6.1 3 100.0%)
Tctal in Centers 359 307.4 114,806.2
Net in Center 1197 4,835.8 5,788,432.8

Number Average ﬁ Mean Inform. % Inform.
MPLS - ST. PAUL of Acres Sum Density Dominant Dominant
CENTERS TAZ's per TAZ Acres Workers/Acre TAZs
[ _ - o - =
Central Business District(s) 34 67.5 2,294 2 104.7 29 85.3%)
Edge Cities 70 322.4 22,569.2 13.3 33 47 1%
Other Center 98 236.9 23,2185 13.4 46 46.9%)
University 5 153.4 767.0 32.2 5 100.0%)
Tctal in Centers 207 1951 48,848.9
Net in Center 994 1,866.1 1,854,926.8
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Table 2.1.16 Summary distribution of place of work TAZs in six metropolitan areas: 2000

I% in % in % in %in
CBD Edge Other University
City Centers Centers

Atlanta 13.0% 46.5% 38.0% 2.5%
Austin 16.8% 25.7% 54.9% 2.7%
Denver 7.4% 35.2% 56.8% 0.7%
Houston 20.5% 25.2% 50.4% 3.9%
Phoenix 6.1% 25.1% 68.0% 0.8%
Mpls-St.Paul 16.4% 33.8% 47.3% 2.4%
[Mean 13.4% 31.9% 52.6% 2.2%

Table 2.1.16 provides a summary of the distribution of workplace TAZs in each metropolitan
area in 2000. Thus, on average, 13% of TAZs with employment densities above the regional
mean are found in those TAZs we have defined as central business districts, 32% are found in
our designated “edge cities,” a bit more than 2% are found in university settings, and more than
half are in those centers we designated as “other centers.” These averages seem to prevail in all
six areas with some notable exceptions. Houston was unusually high in central business district
TAZs, while Denver and Phoenix were well below average.” TAZs designated as “edge cities”
are remarkably similar in the six areas. Atlanta is higher than the others, while three of the six are
almost identical in their percent of the total. Thus, the mean distribution of the different designa-
tions of centers is quite similar for all six metropolitan areas in the year 2000.

Information Worker Dominant Centers (Maps 31-36)

Information Dominant Centers in 2000. In the map portfolio, Maps 31-36 display the TAZs
dominated by information workers. As noted, a TAZ was defined as dominated by information
workers if it had 60% or more of its workers in information occupations. Three-dimensional
portrayals for employment density for TAZs dominated by information workers are shown on
Maps 39 and 40.

There appear to be no distinctive patterns among the six regions, save for the central business
districts of each being comprised of information dominant TAZs.

All of the urban areas saw considerable suburban development in the decade of the 1990s
and the primary generalities one can gain from the experience is that they are primarily oriented
toward major highways and are developed at densities between 10 and 15 workers per acre.

In Atlanta, the major ring road—Interstate 285—Iies approximately 12 miles beyond the
central business district and has provided a focus of development of dominant information
worker TAZs. Two such concentrations lie (1) at the intersection of 1-285 and the McDonald
Parkway to the north and (2) at the intersection of 1-285 and 1-75 to the northwest. Additional
dominant information worker TAZs are found adjacent to the Peachtree Industrial Boulevard to
the northeast and beyond I-285. University centers include: Emory, Georgia Institute of
Technology, and Georgia State University. Interestingly, while the Atlanta international airport
lies to the south of the CBD, the preponderance of dominant information worker centers lie to
the north.
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Austin has developed in a linear fashion along a north-south axis within the parallel high-
ways of Interstate 35 and Route 1. The University of Texas is the university center for the region
and is located just north of the central business district and the state capital, thus providing a
strong central anchor of information workers. A suburban center involving a number of contigu-
ous TAZs is found at the confluence of Routes 1, 183 and 360, directly north and approximately
10 miles from the CBD. An important addition to the Austin economy in the decade was the
construction of the new Dell Computer headquarters, just south of Round Rock at the confluence
of I-35 and Route 1.

Three interstate highways serve the Denver region: a north-south interstate, 1-25, an east-west
highway—I-70, and I-76. The latter highway runs from I-80 in Nebraska and enters the Denver
area from the northeast and ends with its intersection with I-70 approximately 5 miles northwest
of the downtown. The region has two central areas dominated by information workers—Denver
and Boulder—although Denver is significantly larger. There are two university centers adjacent
to the central business districts and dominated by information workers: the University of
Colorado at Boulder and at Denver. Centers dominated by information workers in this region
tend to be more scattered although they are concentrated along Route 36 to the northwest
between Denver and Boulder and to the southeast along I-25 between [-225 and the Route 470
ring road. One concentration lies to the west in the Lakewood area.

Houston, the largest of the six metropolitan areas studied, has an extensive major highway
network with three major ring roads—an inner ring road, I-610, that ranges between 4—6 miles
from the central business district, the Sam Houston toll road that circumscribes the urban area
approximately 12 miles from the central business district and Route 6 that generally lies 18-20
miles from the central downtown. Radial freeways converge on the center from all major points
of the compass and include Interstate highways I-10 and 1-45. Despite this symmetrical pattern
of freeways, the TAZs with employment densities above the mean are largely concentrated to the
west of the CBD. In addition to the downtown district, TAZs with dominance in information
workers are located in connection with Rice University and West University Place. Information
dominant work places are also found on the western segment of the Sam Houston toll road west
of Bunker Hill Village. Another notable location of information worker predominance lies to the
north at the intersection of the Sam Houston toll road and I-45 with close proximity to the new
George Bush Airport.

Phoenix also has a well-configured system of express highways. I-10 comes into the city
from the southeast and continues west of the city. I-17 proceeds north from the center city to
Flagstaff. I-10 and I-17 meet in the center with two interior loops—the first encircling the central
business district and the second, lying adjacent to the east, encircles the city’s major airport.
Phoenix has developed at very low densities and this is also true of its employment centers.
Those TAZs with employment densities above the mean tend to extend out from the central
downtown along the freeways to the north and southeast with an easterly spur along Route 60
between Mesa and Gilbert. Two university centers are found at the Arizona State University
main campus in Tempe and its west campus north of the city near I-17. Information workers
predominate (1) in the central business district, (2) in the Tempe area and (3) at the intersection
of I-17 and the Pima Freeway in the north. Overall, however, TAZs with a predominance of
information occupations are well scattered and follow the general pattern of TAZs with all
workers above the mean density.

The Twin Cities region, as the name implies, has the two central cities of Minneapolis and St.
Paul, although Map 44 illustrates that worker densities in Minneapolis are far greater than those
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of St. Paul. Two major interstate highways serve the region and pass through both central busi-
ness districts: 1-35 and 1-94. Two additional interstate freeways provide the basic ring road
around the center: 1-694 to the north and I 494 to the west and south. Another interstate—I-
394—travels from 1-94 to [-494 in the western suburbs. The major “edge city” of the region is
found along the 1-494 strip between the cities’ major airport and the southwestern suburbs. Many
historical centers can be found in close proximity to the two downtowns, principally in the
Midway district lying east of the University of Minnesota, as well as in south Minneapolis and
industrial districts along the Mississippi River. TAZs employment centers with a predominance
of information workers can be found in the two downtown areas and along the 1-494 strip,
particularly in the suburbs of Edina, Eden Prairie and Plymouth. Other areas dominated by
information workers occur in the Midway district, Roseville (to the northeast of downtown
Minneapolis along [-35W) and in the west at the intersection of 1-394 and Route 169.

Changes in Information Worker Dominant Centers: 1990-2000. As noted in earlier chapters,
in the decade of the 1990s information occupations were by far the driving force of change and
expansion for each of the six metropolitan areas. Our initial hypothesis suggested that while we
would see a growth in the spatial distribution of information occupations, such distribution
would continue to be relatively concentrated. Maps 47-52 provide a graphic depiction of the
changes that took place in each of the six metropolitan areas.

Eight possible events could transpire for each TAZ geographic area. They were as follows:

1. An information dominant TAZ could remain the same in both 1990 and 2000 (these
tended to be found in the central business districts of each region);

2. A TAZ above the mean density but not information dominant could also remain the same
in both 1990 and 2000 (these tended to be industrial districts that did not change in the
decade);

3. A TAZ having no employment or employment density below the regional mean in 1990
could become an information dominant TAZ in 2000 (these represent wholly new
development in the decade);

4. A TAZ having no employment or employment density below the regional mean in 1990
could become a non-information employment center above the mean density ((these also
represent wholly new development in the decade);

5. A TAZ above the mean density but not information dominant in 1990 could become and
information dominant center in 2000;

6. A information dominant TAZ in 1990 could remain above the mean density in 2000 but
not be an information dominant center TAZ.

7. An information dominant TAZ in 1990 could fall below the mean density in 2000 or have
no employment at the end of the decade; and

8. A TAZ above the mean density but not information dominant in 1990 could fall below
the mean density in 2000 or have no employment at the end of the decade.”™

Information Worker Centers: Extrapolative and Prosaic (Maps 53-58). Due to the variation
in the growth of information workers as depicted in Section2.1.4, we carried out one further
disaggregation of information workers. It will be recalled in Section2.1.3, that we laid out a
broad array of functions of occupations dealing with information and information technology.
Included were workers whose occupations involve them (1) in the creation and production of
information; (2) in the collection, processing and interpretation of information; (3) in the
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transmission of information; (4) in the manufacture of information equipment; (5) in using
information in training and education; and (6) in the use of information for planning and deci-
sion-making (Kurasaki and Yanagimachi, 1992). Other studies have also distinguished between
“front office” and “back office” operations where the latter is devoted primarily to the prosaic
tasks of data collection and entry and routine processing. “Front office” operations, in contrast,
are involved in analyzing, interpreting and decision-making that impacts directly and indirectly
on subsequent behavior. In addition, numerous information worker occupations are engaged in
the process of designing new information technologies (both software and hardware). These
workers are thereby designated as “extrapolative” information workers as distinct from “prosaic”
information workers.

The occupation groups were classified as follows:
1. Extrapolative Occupations
Management occupations, except farmers and farm managers
Business and financial operations occupations:
Computer and mathematical occupations
Architecture and engineering occupations
Life, physical, and social science occupations
Community and social services occupations
Legal occupations
Education, training, and library occupations
Arts, design, entertainment, sports, and media occupations
Healthcare practitioners and technical occupations
2. Prosaic Occupations
e Office and administrative support occupations
e Installation, maintenance, and repair occupations

From this, we developed criteria for determining if a TAZ was more oriented toward prosaic
information activities or if it were more oriented towards extrapolative activity. Generally, this
was built upon our previous determination of dominant information TAZs. These areas were
considered extrapolative if more than 50% of the workers held the extrapolative occupations.
Thus, the overall criterion for an extrapolative TAZ was as follows: more than 60% of the
workers in a TAZ were information workers and of those more than 50% were in “extrapolative”
occupations. Maps 53—58 in the Map Portfolio display the resulting patterns.

In Atlanta, the central business district changed from a largely prosaic information worker
center to a predominantly extrapolative center. Seven TAZs in the central district were added
with extrapolative worker dominance that had not been centers in 1990. Eighteen TAZs changed
from prosaic dominance to extrapolative dominance in the decade and six TAZs remained with
extrapolative dominance throughout the decade. Thus, the central area experienced a significant
shift in land area from a prosaic dominant center to an extrapolative dominant center. The conur-
bation of TAZs in the north at the intersection of [-285 and the McDonald Parkway also shifted
from a prosaic grouping to an extrapolative grouping. The northwest cluster of TAZs (at the
intersection of I-28 and I-75) was more of a prosaic oriented center in 1990 but shifted so that in
2000 there seemed to be roughly equal area between TAZs oriented to extrapolative dominance
and those oriented to prosaic dominance.
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In Austin, the central business district also shifted to TAZs possessing workers with occu-
pations that were more extrapolative. Of 35 TAZs in the central area, extrapolative workers
dominated in 29. Twelve of those had shifted from prosaic to extrapolative between 1990 and
2000. Extrapolative workers also dominated the suburban center at the confluence of Routes 1,
183 and 360. Of 14 TAZs, ten were extrapolative in character of which 6 were new in 2000. The
four prosaic TAZs, however, were also new in 2000. This was a center that greatly expanded in
the decade. An important new extrapolative TAZ is found in the north near Round Rock—this is
the location of the headquarters of the Dell computer manufacturer that was located in Austin in
the 1990s.

In 2000, the Denver area presents four distinct areas of TAZs dominated by extrapolative
occupations: the two central areas of Denver and Boulder, a largely new development in the
vicinity of Bloomfield on the highway between Denver and Boulder, and a conurbation in the
southeast linked by 1-25, 1-225 and Route 470. Downtown Denver, as with Atlanta and Austin
shifted from a group of TAZs that emphasized prosaic information workers to a group focused
on extrapolative occupations. Of 38 TAZs making up the central area, 28 were dominated by
extrapolative activity; 11 were new centers and 16 were centers that shifted from prosaic to
extrapolative workers. (Four were no longer centers above the regional mean in workers,
apparently displaced by other development.) In Boulder, in 2000, 18 of 33 TAZs were dominated
by extrapolative occupations, four of which had shifted from prosaic since 1990. (Twelve TAZs
were no longer above the regional mean in workers, reflecting possible changes in land use.) In
the decade between 1990 and 2000, on the highway between Denver and Boulder (around the
intersection of Routes 36 and 287, near Bloomfield) was developed a new activity center
dominated by workers in the extrapolative occupations. The other major concentration of
extrapolative workers lies in the southeast bounded by 1-25, 1-225 and route 470. This had been a
center of mostly prosaic workers in 1990 with 16 of 19 TAZs shifting to extrapolative workers
by 2000.

The central business district of Houston also shifted from prosaic information occupations to
extrapolative. In 2000, sixteen of 21 TAZs were dominated by extrapolative occupations, up
from only 3 in 1990. Twelve shifted from prosaic activites in 1990 to extrapolative in 2000. Five
TAZs remained focused on prosaic occupations throughout the decade. West University Place, at
the intersection of [-610 and Route 59 experienced a similar shift from prosaic to extrapolative.
In 1990 only one TAZ was predominantly extrapolative; by 2000 seventeen TAZs were
predominantly extrapolative. Nine of the 17 represented a shift from prosaic to extrapolative and
seven represented expansion into new TAZs. Extrapolative occupations also expanded somewhat
south of Rice University along Alternate Route 90 and Brays Bayou. The decade also some
expansion of 1990 centers of extrapolative occupations to the west on I-10 at the western border
of the region and to the southeast at 1-45 and Marina Bay Drive in the vicinity of Webster. A
wholly new extrapolative center emerged to the northwest on Route 249 north of Willowbrook
Mall.

In Phoenix, the traditional central business district is encircled by interstates I-10 and I-17.
While this area is the traditional downtown, neither in 1990 no in 2000 was it marked as an
intensive center of information workers. Of a total of 38 TAZs, only 16 were represented as
having more than 60% of its workers having information occupations. In 2000, nine of the
information worker TAZs remained prosaic in character while six TAZs represented areas
shifting from prosaic or non-information oriented to extrapolative. In summary, the Phoenix
downtown area—in contrast to the other five regions studied—is marked by a greater diversity of
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information and non-information occupations. North of the central area, on the other hand is an
area extending about five-six miles from downtown that has seen significant expansion of infor-
mation workers—both extrapolative and prosaic. Twenty-three TAZs had a predominance of
extrapolative workers in 2000 of which only five such TAZs existed in 1990. Six had shifted
from prosaic occupations and twelve TAZs represented new developments. In the same region,
24 TAZs have a predominance of prosaic workers of which ten represent an expansion from
1990. The final notable area of expansion lies in the TAZs south of the Arizona State University
Main Campus in Tempe. Apart from these concentrations, numerous TAZs represent expansions
over 1990 for extrapolative occupations and are scattered throughout the region although mainly
oriented to a northwest-southeast axis from Sun City to Mesa.

In the Twin Cities the downtowns of both Minneapolis and St. Paul shifted toward a domi-
nance of workers with extrapolative occupations. For Minneapolis, in 1990 six TAZs featured a
predominance of extrapolative workers and 9 had a predominance of prosaic workers. By 2000
this had shifted so that 15 TAZs were oriented toward extrapolative workers and only five
toward prosaic workers. A similar pattern can be seen in St. Paul—in 1990 only three TAZs were
extrapolative in character and in 2000 this had grown to nine. Another major area of growth of
extrapolative occupations is found in the southwestern suburbs of Edina and Eden Prairie,
influenced by 1-494 and the Crosstown Expressway. This region had only one TAZ oriented
toward extrapolative occupations in 1990, while in 2000 this had grown to 12. This “edge city”
development is somewhat diversified with three TAZs oriented to prosaic occupations
throughout the decade and four more added during the decade.

Overall, it can be seen that central business districts in the six metropolitan areas have sub-
stantially shifted toward extrapolative occupations in their workforce makeup. The only
exception to this is found in Phoenix where primary growth in extrapolative workers lies in two
areas—one adjacent to downtown to the north and the second south of Arizona State University.
Both areas are roughly within five-six miles of the central district. Even in regions with more
than one central area (Denver-Boulder, Minneapolis-St. Paul, and Houston with its downtown
and West University Place), both business districts have substantially shifted territorially to
districts featuring extrapolative occupations. Also notable is that new suburban development of
extrapolative oriented TAZs between 1990 and 2000 tend to occur in clusters rather than
randomly scattered. These new conurbations are almost entirely located in close relation to major
highways—particularly on the ring roads within 10-12 miles of the central business district.
Only in Atlanta do we find newly developed extrapolative TAZs beyond 18-20 miles from the
center. In short, analyzing centers of employment of information worker in the decade in this
fashion suggests that there is a tendency to concentrate—both in central business districts as well
as in “edge city” and university districts.

Local Moran’s “I”(Maps 59-64).The final analysis for examining the development of center
clusters in TAZs utilized Anselin’s Local Moran’s I, as described in Section2.1.3. This procedure
provides a local indicator of spatial association depicting the extent to which the value of a zone
is similar or different from observations of neighboring zones. As noted in Section 2.1.3, the
distance of any given zone from any other zone is also a factor of weighting so that a traditional
distance decay function is applied in determining the Local Moran’s I. It will also be recalled
from the discussion in Section 2.1.3, that the key aspect of Moran’s I is its variation from an
expected value of [—a value that would reflect a purely random pattern.
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In plotting the Local Moran’s I, since its absolute value is of little significance, the maps
indicate the number of standard deviations from the mean for each TAZ. A high positive
standard deviation indicates a high degree of similarity with adjacent TAZs, or a “hot spot”—a
location of high levels of similarity. Conversely, a high negative standard deviation would reflect
a “cold spot.” The variable being analyzed for the maps is worker density in each TAZ. These
analyses are of interest mainly in comparison with our simpler method of determining center
clusters based on the mean worker density for each region. In inspecting Maps 59-64, it is
apparent that this method of analysis identifies TAZs with strong association with neighboring
areas and thus tends to miss the more isolated high density TAZs. Thus, Maps 59-64 offer a
visual analysis of the strongest conurbations in terms of density. Comparing them with Maps 37—
42, we find the greatest congruence between the two methods in Houston, Phoenix and
Minneapolis-St. Paul—the three regions that seem to most have pronounced employment
districts.

Overall, utilizing this method of determining centers of employment density appears to be
less comprehensive than using the prior method of working with TAZs above the regional mean
density. It does appear, however, to be a method that is helpful in determining strength of asso-
ciation among TAZs and thereby providing a picture of density “hot spots” in each region.

2.1.7 Discussion and Conclusions

This study reflects the urban spatial dynamics of information technology and the occupations
that were spawned by its expansive growth in the 1990s. It should be noted that in 1990 the full
development of the Internet had not yet been realized. Its diffusion accelerated in the mid-1990s
so that by the end of the decade “dot com” had become an integral part of everyday speech not
only in commercial and academic circles but also in a wide variety of other activities from games
to music to dating services. By 2000 e-mail was a common form of communication as was
wireless telephones. In 1990, e-mail was primarily for an intelligentsia in academic research set-
tings and governmental (primarily military) institutions. Even more than previous technological
innovations, information technology in the 1990s created a host of new occupations and provided
a broad array of new opportunities.

In 1990 the backbone infrastructure that is essential for information workers to engage
contemporary information technology was only in beginning stages of evolution. The
infrastructure available at that time was essentially concentrated in downtown centers, in univer-
sity centers and in emerging office parks focused on highway and air transportation. Thus,
understanding the spatial impact of information technology on information workers and their
subsequent influence on urban spatial structure can begin to be seen from our analysis.

Having examined the location of workers with information occupations from a number of
analytical approaches, it is apparent that these workers do appear to be more concentrated than
other workers in the six metropolitan areas studied, at least insofar as the location of their work is
concerned. This did not change appreciably between 1990 and 2000, although the spatial patterns
became more complex. Dispersion of information-dominated workplaces did take place to some
degree. However, as the analysis of workplace centers suggested, suburban job locations for
information workers tended towards clustering. Central business districts in all six urban regions
maintained their role in the decade as dominant centers for workers possessing information
occupations. Moreover, the major shift in the central business districts was toward a
concentration of what was defined as extrapolative occupations—that is occupations involved in
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analyzing, interpreting, designing and decision-making as distinct from prosaic “back office”
administrative and technical support. Thus, central business districts further consolidated their
role in innovation and wealth creation. In all six regions, central areas also had in close proximity
large, research oriented urban universities and these undoubtedly played a role in enhancing this
concentration. Notwithstanding this, suburban “edge city” locations also created new centers
dominated by information workers. Thus, as was suggested at the outset, workers in the infor-
mation occupations experienced both centripetal and centrifugal forces during the decade. In the
main, however, whether in central or suburban locations, information workers tended to cluster
more than workers in non-information occupations.

This was not the case in the matter of residential location, however. In 1990, information
workers tended to favor residential locations that were slightly more concentrated than other,
non-information workers. By 2000, however, this difference had largely disappeared and infor-
mation workers were not significantly more concentrated. In short, the workplaces of
information workers tend to be clustered but their choices in residential location seem to be little
different than those of non-information workers. Organizations (private, public or non-profit)
needing to hire significant numbers of information workers tend to make location decisions that
favor clustering, but the information workers themselves behave in the residential land market
the same as anyone else.

In combining workplaces that are more concentrated with residential locations that are more
dispersed, commuting times to workplace TAZs for information workers were considerably
higher than for workers in general, and these times lengthened during the decade. This implies
that one consequence of the major advancement of information technology in the decade of the
1990s was not a reduction in the demand for transportation services but rather an increase.

In the decade between 1990 and 2000, land use planning at the local or regional scale paid
scant attention to information technology. Wireless telecommunications created some pressures
on local governments to adopt zoning ordinances dealing with relay antennae and the creation of
the backbone infrastructure for the Internet. Some local governments did develop and carry out
plans to become a “wired” city. For the most part, however, this planning was not carried out
with any integral relation with land use planning. The spatial planning that did take place was
often focused primarily on planning for economic development. The results of the 1990s, with
information occupations driving the labor force, work locations for these occupations being
clustered either in the central downtown or in suburban “edge cities,” and their residential loca-
tions being dispersed, suggests an important new look at the precepts of smart growth and efforts
to alleviate traffic congestion, environmental degradation, and other problems associated with
urban sprawl.

The results of this study provide a framework for further research concerning the impact of
information technology on urban spatial structure. Given forecasts of future labor force with
information technology occupations, and given the tendencies toward clustering as took place in
the 1990s, further study of the impacts of these workers, their employers, and their technological
artifacts on the commercial and industrial land markets of metropolitan regions would be
important. In terms of developing such future forecasts, further study needs to address whether
the diffusion rate of information technology innovation has reached a plateau that is leveling off
or will it continue to grow as in the 1990s. Another important area of research would be exam-
ining the correlation of information occupations with economic sectors, such as the penetration
of information occupations with the retail sector, the non-durable manufacturing sector, the
energy and utility sectors, etc. Will such penetration become ubiquitous such that, over the next
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10-20 years the spatial patterns of workplaces for information workers will be less unique and
clustered and become more like the spatial workplace patterns of non-information workers?
Follow-up studies would be important to determine whether the 1990s was a unique decade that,
while witnessing a full flowering of the information economy, has played itself out and is not
likely to be repeated.

In sum, for the six urban areas studied, the information economy that emerged in the 1990s
spawned a new labor force driven by significant new growth in information worker occupations
at the expense of other occupations. For the six areas, information workers grew at rates faster
than both their local economies and the national economy. These worked out on the ground as
reinforcing traditional land use patterns for clustered workspaces and contemporary popular land
use patterns for the place of residence of these new workers. The study has reinforced the notion
that information workers thrive best on proximity to other information workers to a significant
degree but with the substantial growth and dynamic of the 1990s, proximity is a relative char-
acteristic mediated by limits of land markets. Thus, the workplaces of information workers were
more dispersed in 2000 than in 1990, but in that suburban movement, such workplaces tended to
be clustered. Overall, the speculative thinking during the 1990s that information technology
would change the shape, form and function of the contemporary city has not been borne out in
this study. Indeed, there seems to be some reinforcement of traditional urban form.
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Endnotes for 2.1

Spatial Patterns of Information Workers

"'We have worked out a mathematical equivalency algorithm, but this means that the 1990 data are, strictly
speaking, estimates derived from this algorithm.

2 TAZs are determined in collaboration with local metropolitan planning organizations (MPO’s) and thereby
differ in criteria for size and bear no relation to the overall size of any given metropolitan region.. Thus, Atlanta has
1685; Austin, 706; Denver, 2462, Houston, 2642; Phoenix, 1197; and Minneapolis-St. Paul, 1201. The average
number of TAZs for the six study areas is 1650.

il Computer Specialist Occupations include: Computer and Information Research Scientists, Computer
Programmers, Computer Applications Software Engineers, Computer Systems Software Engineers, Computer
Support Specialists, Computer Systems Analysts, Database Administrators, Network and Computer Systems
Administrators, Network Systems and Data Communications Analysts and Miscellaneous Computer Specialists.
Mathematical Science Occupations include: Actuaries, Mathematicians, Operations Research Analysts, Statisticians
and Miscellaneous Mathematical Science Occupations.

" These calculations resulted in the northings and eastings for the mean centers in each metropolitan area based
on their UTM zones.

¥ Unfortunately, commute times as reported in the CTPP do not allow for persons holding more than one job.
Also, the data do not distinguish between direct commuting trips (home-to-work and return) and commuting tours
that may include stop-offs at schools, shops, banks, etc.

Vi Identified were only those universities that occupied a major share of the TAZ area. Thus smaller schools or
colleges occupying only a few buildings or city blocks were omitted. Hence, “university districts” are not an
exhaustive or complete listing of colleges and universities in any of the metropolitan areas. Generally, only the very
largest are represented.

Vil If the highest and lowest are omitted from the mean calculation, the resulting mean remains at 13.2%.

Vil There are of course TAZs that either had no employment or worker densities below the regional mean in both
1990 and 2000. These make up the bulk of the TAZs and are either residential areas or undeveloped areas.
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3.1.1 Introduction

Problems related to traffic congestion and auto pollution continue to mount in urbanized areas
across the globe. In response, planners are devoting increased attention to alternatives to driving,
including non-motorized modes such as walking and biking but also efforts that replace the act
of physical travel with virtual travel through the use of Information and Communication
Technology (ICT). Each time these alternatives substitute for what would normally otherwise be
an automobile trip, problems like traffic congestion and auto pollution lessen a bit. Given
increasing rates of use of ICT, the impact of substitution could be significant. The question is,
does ICT use substitute for physical travel, particularly automobile use, and if so, how much?

ICT appears to be transforming people’s everyday life in fundamental ways. From ordering
appliances online to buying stocks over the telephone; paying credit card bills over the Internet
to checking one’s account balances at an ATM machine; chatting with friends using instant
messenger to buying flowers on line. Households are completing more of their activities through
a wider range of medium (namely, electronically), well beyond traditional forms. Between 2000
to 2002, there was a reported 88% increase in the number of people who have use online banking
services and a 40% increase in the number of people who have made a travel purchase over the
Internet. In addition, the Federal Reserve Bank reported a 14% drop in the number of paper
checks processed from 1995 to 2000 [2], as more and more people are paying bills and making
purchases over the Internet.

Despite such dramatic increases in ICT use, vehicle travel per person continues to rise [3]
and traffic congestion continues to worsen, even when considering congestion on a on a per
capita level [4]. At an aggregate level, at least, these trends point to an inverse relationship,
suggesting the relationship may not be as strong any many believe. A recent study showed that
telecommuting has had at best a small impact on vehicle travel [5] and other anecdotal accounts
suggest similar weak relationships exist for non-work travel. For a variety of reasons, people
may still prefer physical travel for myriad purposes.

3-1



This paper investigates dimensions of ICT use at the household level as it applies to matters
of non-work travel. We seek, in an exploratory manner, to answer two broad questions: (1) what
is the pattern of substitution effect between traditional and ICT-form activities and (2) what
attributes of people affect the choice of whether or not to substitute? We do so using the results
of a household survey that contains several questions querying household ICT use and
substitution and allows us to probe into the substitution aspect of household travel behavior. The
results help understand the million-dollar question—to what degree will ICT substitute for
physical travel.

Theoretical Context and Approaches from Previous Work

Salomon offered the theoretical context for this research over twenty years ago in a seminal work
on ICT and travel. In it, he provided a foundation that outlined four basic types of interaction [6,
7]. These types of interaction—substitution, modification, generation, and neutrality—have been
subsequently explored in several works [8—10]. The first and most anticipated interaction is the
substitution of travel, generally referring to trips that are eliminated as a result of ICT use. This
interaction has been the focus of most of the ICT attention among planners, and the substitution
of subsistence trips, by definition, is a phenomenon inherent in the term telecommuting [11].
While the substitution hypothesis is one that holds great hope for many, the degree to which
substitution occurs is considerably less than originally anticipated [8], due in part to different
interpretations of what is meant by substitution.

The second interaction—modification—refers to travel that is altered by the use of ICT,
primarily by a shift in the timing and routing of trips (spatial and/or temporal transformations). It
may also refer to the manner in which trips are linked together (i.e., trip chaining) or even the
mode of travel. The benefits of shifting even a small amount of peak hour travel to different
times are mentioned as a key strategy for reducing levels of congestion. Some previous work
suggests that ICT will modify travel behavior [12-14]; the outstanding issue lies in
understanding whether such modification leads to more or less travel. Generation refers to any
additional travel that would not have occurred but for the use of ICT. It is possible that the use of
ICT stimulates demand for new activities that require travel. Finally, neutrality is used to
describe instances in which ICT use does not affect travel but instead replaces other kinds of
activities.

The question of the degree to which—or whether—ICT will substitute for travel remains a
topic frequently broached in almost all studies on the subject. Many reports and papers make
more than a passing reference to the matter [see for example, 15] in efforts to better understand
its impact. The intricacies of the substitution issue, however, are myriad and complex. They are
not unlike those being wrestled with for other alternatives to driving, for example, whether
walking to a store replaces or is made in addition to driving to the store [16—-19]. For as much
attention as travel substitution receives in policy discussions, it is surprising that a clearer or
more explicit methodology has not emerged to investigate its impact. Most research gently skirts
the topic when it comes to estimation.

Part of the difficulty is that the relationships between substitution and total travel are both
direct and indirect. Most directly, a particular instance of substitution means that the use of ICT
replaces a trip (most often an automobile trip) that would otherwise be made, thereby reducing
total travel. However, if the ICT-user saves time completing a purchase on the Internet and then,
in turn, capitalizes on this time savings by driving to complete a different errand that s/he would
not otherwise have made, the savings in travel from substitution could be partly or wholly offset



by the generation of travel. In addition, the modification effect can lead to a reduction in travel
even if no substitution occurs, for example, when a shopper uses the Internet to search for a
closer store than she otherwise would have chosen. By examining the relationships between ICT
use and total travel, either at the individual level or at an aggregate level, researchers can
determine the net effect on travel of the combination of substitution, inducement, and
modification, but cannot isolate the effect of each.

To isolate the substitution effect, a more direct approach is needed that examines the effects
on travel of particular instances of ICT use. While several studies have used a direct approach to
examine the substitution question for the work commute [20, 21], the literature offers little in
addressing this concept for non-work travel. The only previous research that we are aware of that
is directly applicable to the topic as it relates to non-work travel is offered by Handy and Yantis
[22]. This study focused on in-home versus out-of-home versions of three non-work activities —
shopping, banking, and movie watching. Respondents to a three-city household survey were
asked to speculate on what they would have done the last time they used an in-home version of
each activity had that option not been available. Rather than inferring substitution from changes
in travel, the approach provides a direct assessment of substitution for particular instances of ICT
use.

We used this work as a template for our study, modifying the survey instrument to ensure its
applicability given advances in ICT since 1997 and restructuring some of the substitution
questions. Recognizing that our pursuit focuses only on non-work related tips, our end result was
to shed light on the following questions. For what types of activities are people most likely to
substitute? How frequently do they engage in these activities? Thinking of their last transaction,
would they have substituted this trip with ICT and why or why not. What factors influenced this
decision? What type of person is more likely to substitute travel with ICT?

3.1.2 Survey Methodology

To examine the above dimensions, our research administered a mail-out and mail-back survey of
households in the spring of 2003. The survey sample was drawn randomly from the population in
three metropolitan statistical areas (MSA): Seattle, Kansas City, and Pittsburgh. Several criteria
guided the selection of these cities. First, we wanted a sample of residents that were
representative of relatively large US urban areas from Midwest and the East and West coasts.
Next, our basic hypotheses about spatial attributes and IT availability were instrumental in
stratifying our sample by balancing two other criteria: level of traffic congestion for large cities
and Internet penetration. Using Texas Transportation Institute’s measures of traffic congestion in
US urbanized areas in 1990-1999 [4], we honed in on candidate cities representing both high and
low levels of traffic congestion. Next, we balanced this criteria by controlling for IT availability
in each city, as measured by rates of Internet penetration by Scarborough Research [23]. Our
final selection included Seattle, Kansas City, and Pittsburgh. Seattle represented a high
congestion/high technology city (for example, rating second on the congestion list and among the
highest of cities in IT availability); Kansas City represented a low congestion/high technology
city and Pittsburgh was selected to represent a low congestion/low technology city.

After pilot testing, we mailed the survey to 800 households in each of the three cities in May
of 2003. The households were selected at random from an address database maintained by
Survey Sampling International. The primary source of their database listings is telephone
directories, which was supplemented with other sources, such as state identification cards. A



cover letter explained the purpose of the survey and invited a household member 18 years or
older to complete it. Following the Dillman [24] method, reminder postcards were mailed to the
2,400 households one week later and a the third mailing (with the complete survey) was mailed
out three weeks later to each household that had not yet replied. The overall response rate is
31%, including 32% from Seattle, 30% from Kansas City, and 30% from Pittsburgh. After
comparing socio-demographics with 2000 Census data for each metropolitan area, we found that
the characteristics of our survey respondents differ only slightly from the overall populations in
the three cities. Most notable is the fact that our survey respondents are substantially older than
general population in the three cities (60-70% are above 50 years old, in contrast to 30-40% in
the overall population; 36-37% are over 60 years old, in contrast to 18-28% in the overall
population). Compared to census figures, other differences showed our sample to (a) have a
slightly higher percentage of males, (b) be more educated, and (c) have slightly higher household
incomes than the general population. On one hand, higher income levels would suggest a bias in
terms of use of ICT related services. Given that more elderly populations are probably less likely
to be using the Internet for services, this would likely sway the bias in the opposite direction.

Our survey queried households about their general use, level of comfort, and frequency of
ICT related activities. Several groups of questions focused specifically on the degree of
substitution of various activities. For ease of describing the analysis, we have divided these
questions, roughly, into three different groups. Each investigates a slightly different dimension of
the phenomena.

The first group asks the user about the general role of telecommunication in eliminating and
affecting trips or travel in which they most frequently engage and those activities for which they
are most and least willing to use ICT to substitute”. The second group of questions asks the
respondent to think about their last use of a particular activity and to speculate what they have
done if that version had not been available™. A third group aims to better understand the
motivations for physical (in-store) shopping”. Many of the questions asked the respondents to
select from a fixed set of responses, although almost all questions had an open response
category. Some questions were open ended; the advantage of the latter strategy being that
participants are not influenced or constrained by a fixed set of response categories. Results from
open-ended questions might confirm or might refute what we would discover from close-ended
questions, or they might offer brand-new perspectives. Using three slightly different groups of
questions, and subsequently three different strategies for honing on the substitution issue helps
shine brighter light on one or more dimensions of the travel substitution question. None of the
approaches, however, yield definitive answers on the matter. In combination with one another
they help illuminate a topic often discussed and hypothesized but rarely systematically examined
in the literature suggesting that analysis of this sort is more of an art than an exact science.

3.1.3 Results
ICT Impact on Select Trips

Most frequent trip from home. Our analysis begins with the first group of questions, asking the
respondents to reflect on their most frequent trip and those for which they would most likely be
willing to substitute with forms of ICT.

Our first step in doing so queried respondents to identify their most frequent trip, other than
going to work or school. The overwhelming response to this question was the grocery store
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(54%), followed in distant second by visiting friends and relatives (13%) and entertainment
(11%). The next immediate question in the survey asked them if they could use
telecommunications in their home to eliminate the aforementioned trip, would they choose to do
so. A mere 14% said they would be willing to do so. A portion of those who would not (64%)
mentioned that it was impossible to substitute this trip (e.g., transporting children to school or
going to the fitness center); another 22% said they would not choose to do so, regardless.

Table 3.1.1 breaks the responses down by the seven most frequent types of trips. Our first
observation is that for three of the categories (taking kids to school, going to the fitness center,
and other), respondents clearly felt ICT was not a possible substitute for this activity (as judged
by more than 50% of the respondents claiming so). Two categories (grocery store and
entertainment), are worthy of note, although none of them appeared rank high in terms of
substitution. Grocery store and entertainment enjoyed roughly the same propensity for
substitution (approximately 18%); collectively, these comprise 64% of the most frequent trips.
Banking was the clear front-runner in terms of substitution likelihood (27.3% responded they
would be willing to do so), however, it comprised less than 2% of the most frequent trips.

In general, substitution is not perceived as possible for many of the trips that people
frequently make from home. But of those trips for which ICT is deemed possible, a clear
majority of the respondents appear unwilling to do so. We could calculate how many “most
frequent” trips in the sample would likely be removed by ICT through using a weighted average
and multiplying the number of trips denoted as most frequent by the percentage who would be
willing to substitute and then summing the responses. Of the 692 “most frequent trips” identified,
respondents would be willing to substitute ICT for only 100 of them (14.5%)’ the and bulk of
these come largely from grocery and entertainment.

Most and least willing to substitute. The above discussion is restricted because it asks the
respondent to focus only on their most frequent trip (other than the work commute). Doing so
limits the respondent to reflecting on only one type of trip. There may be any other activities, not
just the most frequent, vying for substitution alternatives. We therefore asked two separate
questions that broadened the scope to all the trips one makes from home, asking open-ended
questions about which activities people would be most and least willing to substitute through the
use of telecommunications."

Summarizing the results to these questions, while interesting, is messy to sort though. After
looking at each response, we systematically divided them into different categories (see Table
3.1.2). It is messy because the top three responses in terms of the trip most willing to substitute
and /east willing to substitute are alike. These include grocery shopping, non-grocery shopping,
and banking. More specifically, grocery shopping ranked among the highest for each question.
We are caught in a crossfire.

This suggests that people diverge on the issue of whether to substitute certain types of
activities with ICT. One household’s meat is another household’s poison. While one person
might enjoy shopping online, another person might think that the joy of in-store shopping is
irreplaceable by the Internet. While one person might marvel at the convenience of being able to
bank online, another person might shun at the idea of completing private financial transactions
over the perceived insecure Internet. As a consequence, we get almost the same responses at the
two ends of the same spectrum, suggesting important market segments. However, some activities
appear to have a pattern. People are least willing to visit their friends and relatives at home with
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the convenience of ICT. They had rather make a trip and see their friends and relatives in person.
In addition, work is among those activities people are most willing to give up.

Substitution for Banking, Shopping, and Financial Transactions

The second group of questions honed in on activities for which there is a well-known ICT
substitute; these include electronic banking, shopping, and financial transactions. Our survey
asked respondents to recall the last time that they used an ATM, e-shopping or the Internet to
complete other financial transactions and to tell us what they would have done if that ICT option
was not available. This style of question relies on respondent recall, which is troubled, in part, by
people not fully remembering the detailed contextual circumstance of their decision. However, it
is advantageous because it provides a real context in which they used ICT which in many ways is
preferred than asking them to respond to completely hypothetical scenarios. The results are
summarized in the Table 3.1.1and are displayed in one of three columns based on the projected
impact the response has on overall travel.

In general, responses to these questions suggest that, without certain ICT options, more
physical trips would be incurred for certain activities. Such behavior is not simple to sort through
and a key question is how many more? Among those who purchase online, 78.9% would have
gone to the store had they not been able to do so. Among those who use online banking, 27.6%
would have visited the bank at that time if they had not had the option of banking via the web.
These are direct trip savings, which supports the hypothesis that there is indeed substitution
effect as an advanced form replaces the older form of the activities. When it comes to other
financial transactions, our results indicate that the online version is clearly replacing use of the
U.S. mail (76.4%) but this is not necessarily replacing a trip that would have otherwise been
made. For this category, there is very little direct trip savings, as a mere 10.8% indicated that
they would have made a physical trip for the lack of the online option. Therefore, we may say
that the online version for banking is mostly substituting other in-home versions rather than
reducing physical travel.

ATM use is an ICT option that presents a complex picture. Because going to an ATM also
involves a physical trip, this benefit is better tallied as time-savings or enhanced convenience
rather than trip reduction. The last time respondents used an ATM, nearly 50% reported that they
would have visited the bank if there were no ATM option. There would be no difference in
actual travel if going to an ATM involves equivalent travel as going to a bank; however, because
ATMs are found at many locations other than banks, the travel distance to an ATM is likely to be
shorter [22]. Another 20% reported that they would have waited till their next trip to the bank.
For these people, the use of ATM represents additional banking made possible by this
technology; it is more a matter of convenience than substitution. Another 28% indicated they
would have cashed the check somewhere other than the bank. Under these circumstances, the
substitution, if any, is not on physical bank trips.

The survey followed up on the ATM issue by asking the respondent about the overall impact
and ATM has on bank visits. For those who currently use ATMs, 23.3% reported that they would
have visited the bank every time they would have used ATM. This indicates direct one-to-one
substitution. Slightly more than half (51.3%) said they would visit the bank fewer times than
they would have used an ATM, but more often than they currently do. This shows a mixed effect
of bank trip saving and increased ATM visits at the same time. For the remaining 25.4%, ATM
use is not substituting bank visits for these people at all, as they would continue to visit the bank
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at the same frequency as now if there were no ATM option. It thus appears as if ATM
availability merely increases total banking.

Modeling the Typical ICT Substituter

Our final analysis using this group of “what if” type questions aims uncover explanatory factors
behind those who are more likely to substitute physical trips with ICT. We do so using a
multivariate regression model operationalizing a dependant variable using a subset of the above
questions, namely whether the respondent banked online or purchased online. By identifying
respondents who answered affirmatively to either of these questions, we can distinguish
individuals who may be more or less likely to substitute. The contrast group to those deemed
substituters would therefore comprise both those who are not using ICT or those using ICT but
only in addition to their physical trips. Using this distinction, the online activity in which
substituters engage is assumed to be a direct substitution to a physical trip.

There are two considerations to keep in mind using this logic. First, those individuals coded
as substituters may not always be substituting for the given good (as the survey questions only
address the last time the person uses ICT). Second, we are asking them to reflect on what they
would have done, assuming an ICT option. We acknowledge this approach fails to provide a
crisp substitution question or logic, but it provides a first step in understanding this population,
given the complexity of the phenomenon being modeled.

We use five different dimensions thought to explain the population of substituters. The first
are socio-demographic variables including age in years, sex, education, household income,
having two-plus vehicles, household structure (households without teenage children, households
with teenage children), and whether the respondent is employed. The second category measures
of the availability of IT related infrastructure and were gathered at both the metropolitan and the
household level. The metropolitan level measures are rates of Internet penetration where, as
previously described Seattle and Kansas City were deemed high and Pittsburgh was deemed low.
The household measures were gleaned from the survey and captured ATM card ownership, cell
phone ownership, home computer ownership, and home Internet access. The third are
behavioural variables, including frequency of non-grocery shopping (where more than 5 times in
the last 30 days was deemed “frequent,” and otherwise is “infrequent”), and frequency of bank
visits (with 1-3 times per month or more being “frequent,” and otherwise is “infrequent”). The
fourth are attitudinal variables which were gleaned from a dozen or so attitudinal questions
answered by the respondents such as I feel comfortable using computers, technology makes my
life easier, traffic makes me crazy, I think shopping in stores is a hassle, etc. The Likert
responses were used as input into a K-means factor analysis procedure yielding four factors (all
with an eigenvalue greater than one). These factors were subsequently titled: Pro-technology,
Anti-travel, Concerned about Internet security, Outgoing/gregarious; each respondent’s factor
score for each factor was used as a dependent variable.

The final binomial logistic regression models were constructed after performing log
likelihood tests to check whether the statistical significance of the model deteriorates when
insignificant variables are eliminated from the model. The final model, presented in Table 3.1.4,
suggests that the likelihood that the respondent substitutes a physical banking or shopping trip
with online activities increases with seven factors. We find younger, more educated individuals
with access to the Internet at home are more likely to substitute. In addition, their attitudes tend
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to be pro-technology and a bit introverted. Interestingly enough, however, by not owning a cell
phone, one is more likely to substitute for travel.

The Need for Physical Travel

From the above analysis we see considerable variation in the use of ICT and different activities
and in some cases, even contradiction. The reasons for engaging in ICT-related activities vary
not only by use, but sometimes within the same individuals. Any discussion of substitution
would be incomplete without paying attention to other reasons or justifications for going about
physical travel. That is, despite being aware of ICT options for an activity, why do some people
still prefer traditional forms? Our third group of questions sheds light on this matter by asking
the motivations for physical (in-store) shopping. That is, what motivates people to take a
physical trip instead of eliminating trip with ICT? In this analysis, we are interested in
uncovering the motivating reasons for not choosing to substitute a trip for a given good/service,
even though they are aware of the ICT option.

For example, we specifically asked respondents to recall the last time they made a physical
trip to the bank even though they were aware of the e-banking option and why they did so (for
this question, respondents could circle all reasons that apply). The most cited answers categories
are, the need to deposit or check or to do other things that need to be done in person (58%), the
need to do other non-banking things on the same trip (21%), and security considerations (19%).
The results show that for a healthy portion of the population, traditional banking still has features
more advantageous than electronic banking—namely in terms of security (particularly people’s
perception about it) and the diversity of services that could only be completed in person. Also, a
visit to the bank might only be one convenient stop on a multi-purpose trip. The culmination of
these responses suggests that at least in the foreseeable future, electronic banking is not likely to
be a full substitute for traditional banking in all functions and on a large scale. We also asked the
main reason people choose to buy in-store instead of online. The most cited reasons were the
need to touch or try the goods (44%), the need to get the goods immediately (28%), and concern
about online payment security (13%). Consistent with overall retail trends, and similar to
banking, physically going to the store continues to have insurmountable advantages over online
shopping, at least for now.

3.1.4 Conclusions

This work uses the results of a household in three cities seeks to understand the degree to which
household ICT use substitutes, modifies or even augments household non-work travel.
Consistent with findings from research focusing on telecommuting (i.e., work travel), our results
suggest that the availability of ICT reduces travel somewhat. However, its substantive
significance is minor and there appear to be more important determinants driving the demand for
travel. To the extent individuals are using ICT for banking or shopping, its use is still pale in
comparison to physical travel. This analysis shows, for example, when individuals were asked
about the most frequent trip they make, the vast majority of respondents were not willing to
substitute. Furthermore, many do not even consider ICT a viable option for such a trip. Some
people completely dislike the idea of ICT substitution when asked about the types of trips they
are most and least willing to substitute.

While we see clear-cut tendencies for certain types of activities, such as work trips (pro-ICT
substitution) and meeting friends and relatives (anti-ICT substitution), people are pretty divided
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on their degree of willingness to substitute certain other types of activities with the use of ICT.
Some are most willing to substitute their grocery or non-grocery shopping or banking trips,
others are least willing to substitute these same types of activities. After aiming to model the
typical substituter, we find younger, more educated individuals with access to the Internet at
home are more likely to substitute. In addition, their attitudes tend to be pro-technology and a bit
introverted.

Some of the specific findings discussed above can perhaps best be described by the results
from one of the general and culminating questions of the survey: how does technology impact
your travel. The overwhelming response to this question centers on how ICT provides
convenience, efficiency, and the abundance of information. These are the key motivations using
it—not necessarily reducing travel. This study further supports the notion that while many people
use ICT for select activities, researchers and policy officials would be misguided to expect that
ICT substitution would come on a big scale. Quite simply, ICT substitution is unlikely to take
over on a large scale unless technology advancement enables the online activities to acquire most
of the desirable features of traditional activities.



3.1.5 Tables and Figures

Table 3.1.1 Most frequent trip from home (other than to work/school) and whether the respondent would
choose to eliminate the trip if there is an ICT substitute

Willing to substitute with
ICT at home (percentage)

Percentage

(e ensy) Yes No Not possible
Grocery store 54.2 (375) 17.5 76.0 6.5
Visiting friends or relatives 12.6 (87) 9.3 76.7 14.0
Entertainment 10.7 (74) 18.9 51.4 29.7
Other 9.2 (64) 6.3 444 49.2
Taking kids to school or 6.6 (46) 13.0 13.0 74.0
daycare
Fitness Center 5.1 (35) 0 343 65.7
Bank 1.6 (11) 27.3 54.5 18.2
Total 100 (692) 14.5 *

* Weighted average
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Table 3.1.2 Open-ended responses to most and least likely to substitute

Grocery
shopping

Banking and
other financial
transactions

Non-grocery
shopping

Visiting
friends and
relatives

Work related

Other

Most likely to
substitute
responses
(percentage)

66 (23)

59 (21)

45 (16)

na

43 (15)

72 (25)

Least likely to
substitute
responses
(percentage)

94 (25)

35 (9)

48 (13)

60 (16)

na

138 (37)

Example responses to each open-ended question

Grocery shopping, food shopping, grocery trip,
household supplies and groceries

Bank/banking, deposit, check investment, pay bill, pay
bill online

Clothes shopping, shopping mall, purchasing, book
purchase, pet store or liquor store, department store, car
parts and tools, comparison shopping, entertainment
shopping

Work, work related, going to work, work at home, part
of my job

Most: food delivery, government services, post office,
movie rental, yard work or read, video conferencing,
movies, mail for billing, gas station, library/school,
ticket purchasing, phone a friend, reservation, check
availability, travel to doctor, other travels/visiting
relatives. entertainment, church, exercise, not sure and
will try anything convenient

Least: entertainment and recreation, exercise, and eating
out

3-11



Table 3.1.3 Responses to several questions querying “What would you have done last time...?

Think of last time you purchased something
online. If you had not found it online, you would
have...

Think of last time you used online banking. If no
such option available, you would have...

Think of last time you made an Internet financial
transaction. If no such option available, you
would have...

Think of last time you used ATM. If you had not
had the option, you would have...

(General speaking) [f no ATM is available...

Having the ICT form available...

Reduced travel

Gone to the
store (78.9%)

Visited the
bank (27.6%)

Made physical
trip (10.8%)

Visit the bank
at that time
(49.8%)

Visit the bank
every time you
would have
used ATM
(23.3%);
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Saved travel
while still
requiring other
travel

Waited until
next trip to the
bank (19.5%)
Cashed check
other than at
bank (28.4%)

Visit the bank
fewer times
than with an
ATM, but more
often than

currently
(51.3%)

2"

Had no direct
Impact on travel

Not gone to the
store (21.1%)

Do not visit the
bank at that time
(72.4%)

Used U.S. mail
(76.4%)

Not completed
at all (11.8%)
Completed by
phone (1.0%)

Do the
transaction by
phone (2.3%)

Continue to visit
the bank with
the same
frequency as
now (25.4%)



Table 3.1.4 Logistic regression for ICT substitution

Independent variables Dependent variable:
Substitution with ICT, yes/no

Socio-demographic B Odds Ratio
Age in years —0.027%** 973
High education 0.407* 1.502
IT ownership

ATM card ownership 0.541%* 1.718
Cellphone ownership —0.438* .645
Home Internet access 2.184%*** 8.882
Attitudinal variables

Pro-technology 0.926%*** 2.524
Gregarious/social —0.190* .827
Constant -1.191 304
Number of cases 533

Df 7

%2 191.988
-2 log-likelihood 544.051
Nagelkerke R Square 0.404

*significant at 0.1 level **significant at 0.05 level ***significant at 0.01 level
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3.2.1 Introduction

New forms of information and communications technology (ICT) continue to emerge as primary
forces influencing people’s activities and travel. More than a century ago the telephone was
instrumental in establishing new patterns of both communication and shopping. Rural residents,
in particular, were not able to purchase products through catalogues (e.g., Sears) and have them
delivered to their outlying locations. Later in the century the energy crisis of the late 1970’s
prompted increased attention on reducing travel and the potential role of emerging forms of
computer assisted communication. Employers have always been attracted to telecommuting as a
strategy to provide employee flexibility while still maintaining the array of services offered.
Similar themes, albeit somewhat modified for current settings, persist as researchers and futurists
examine the influence of rapidly changing forms of information technology on society. The
nascent popularity of the internet has now placed e-commerce front and center on the minds of
many. Burgeoning forms of computing communication (e.g., personal data assistants, cell
phones) permeate even the simplest of transactions.

But what is the impact of these new forms of information and communication on household
activity? What is their potential in eliminating, reducing or modifying travel? The effect of tech-
nology, and more specifically ICT, has been studied on a number of levels in previous work. For
example, Edwin Parker [1] estimated that the introduction of computers and telecommunications
will change modern economics as “information” cannot be treated as a commodity. Alvin Toffler
[2] later surmised that ICT improvements will in fact make cities obsolete, while Lehman-Wilzig
[3] projected that telecommunications might eliminate all travel. More recently, others have
offered exposes relating technology to contemporary urban life or policy agendas (e.g., Smart
Growth) [4, 5]. Interests in ICT remain varied. These include (a) geographical perspectives
aiming to examine loosening the relationships between spatial patterns and development, (b)
psychological perspectives aiming to uncover ways in which ICT changes communication
patterns, or (c) economic analysis of increasing the efficiency of freight delivery.

A perspective receiving considerable attention, and one that is at the heart of this paper,
relates to the influence of ICT on household travel. Motivation for interest in this specific topic
remains varied. For example, employers are interested in enhancing employee flexibility, reduc-
ing overhead costs, improving operational efficiency and minimizing time spent in travel for
their employees. Commercial businesses want to provide options for customers to not travel. The
most publicized interests (environmental groups, government entities) are those who look to ICT
to save energy, reduce congestion, and improve air quality. A premise of such interest rests on
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the likelihood that ICT will reduce the need for automobile travel (either in terms of vehicle
miles traveled (VMT) or number of vehicle trips). Particular attention focuses on the potential of
ICT to eliminate, reduce, or temporally shift peak-period commute travel. But interestingly
enough, while deployment of ICT has skyrocketed in recent years, overall household travel in
terms of distance and/or trips has increased as well. This suggests that our knowledge of relation-
ships between ICT and travel, while growing, is still tentative at best.

The work that has been pursued to date relating ICT and household travel is varied. One only
needs to refer to previous reviews [see, for example, 6, 7, 8] to gain a better understanding of the
central questions and range of issues associated with this general line of inquiry. But these
reviews are limited in at least two contexts. First, the bulk of previous literature focuses on one
aspect of ICT: affecting the work commute (hereafter telecommuting). This aspect has been the
focus of most activity and development. But everyday use of ICT has migrated well beyond the
bounds of the work commute. As Golob claims, “we must do better than that [focusing on tele-
commuting] in order to keep our field relevant to planning and policy making” [7]. Secondly,
technology, and the way in which people use it, is rapidly changing. It is necessary to keep
abreast of recent developments, grapple with the emerging ranges of issues, and understand
current work about these developments.

In response to at least these two calls, this paper uses a literature search as the primary means
of inquiry to update our knowledge of relationships between ICT and travel. It uses existing
studies to help frame and update a task that has been the target of a previous “research needs
assessment” presented for TRB in 2000 [9]. In doing so, this work first maps the terrain of
existing work to date related to ICT and household travel. It identifies the predominant nature of
existing study—conceptual or empirical—and identifies voids in the existing knowledge base.
Second, the paper sheds light on emerging phenomena to help conceptualize future research.
This review therefore serves to update our knowledge about a body of knowledge undergoing
quick changes. The aim is that it will also serve as a springboard or a blueprint for more detailed
lines of inquiry related to ICT and household travel.

Before we begin it is important to frame the issues covered in this review. The present
discussion is limited to understanding the behavior of households and individuals relative to
different dimensions of ICT, broadly referred to telecommunications or information technology
in some circles, and ICT in others. We use the term ICT because it encompasses a variety of
terms describing a wide array of communication/technological enhancements. The most
commonly cited examples include Internet improvements (i.e., broadband, e-mail, increased
electronic accessibility to information and opportunities, more powerful personal computers),
cell phones, ATMs, and teleconferencing. ICT is about using computers to work at home and cell
phones to arrange a meeting place remotely. It is about ordering gifts on line and using internet
availability to enhance home schooling. It is about ordering an on-demand movie and using
video-conferencing. This paper, however, is not about reviewing some of ICT’s other impacts. It
is less about the use of Global Positioning System (GPS), Advanced Vehicle Transportation
Systems (AVTS), the general nature of Intelligent Transportation Systems (ITS), and the impact
of ICT on commercial vehicle operations or business to business commerce. The focus in many
of these categories is more on modifying or managing travel than replacing it. Our focus here lies
in how ICT may affect the travel patterns of households and/or individuals.
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3.2.2 Previous Research

Defining a Framework for Discussion

Our review uses three dimensions to map recent literature of relationships between ICT and
travel. The first dimension specifies whether the study is conceptual or empirical in nature, a
relatively self-explanatory pursuit. The former describes theoretical arguments or key relation-
ships, while the latter measures changes in travel as a result of ICT. The second and third
dimensions are based on, respectively: (a) the purpose of the specific activity being studied and
(b) the effect that ICT has on travel. These two dimensions are described below and the literature
is then mapped and discussed using this framework.

Purpose of the ICT Activity

A critical aspect relates to nature of activities that are being pursued using ICT. For example,

previous study has classified eight activities in which telecommunications can be substituted for

travel (telecommuting, teleconferencing, teleshopping, telebanking, tele-entertainment, tele-
education, telemedicine, and telejustice) [10]. This list presents a healthy list of ICT applications;
but being more than a decade also, it is one that has undergone much change in recent times.

Rather than attempt to identify each of the ever-growing list of ICT applications, we find value

in using a relatively broader classification scheme—one that is also useful in helping us better

understand how ICT relates to a household’s overall travel. The typology we adopt is based on
work first introduced by Reichman [11] who defined three major classes of travel-related activi-
ties. These three classes represent:

e subsistence activities, consisting of activities that generate income, including work, business
services, and sometimes schooling (travel associated with this activity is most commonly
commuting),

e maintenance activities, consisting of the purchase and consumption of convenience goods or
personal services needed by the individual or household, and

e leisure or discretionary activities, comprising multiple voluntary activities performed on free
time, not allocated to work or maintenance activities.

This typology of activities has been employed by Pas [12, 13] and Bhat and Koppelman [14] to
classify daily travel activity behavior. Such a framework also represents the cornerstone of
current activity-based transportation modeling efforts (e.g., TRANSIMS) currently underway
[15-24]. This classification is directly applicable to this line of inquiry as it provides a
parsimonious strategy to map the demand for central purposes of ICT activity (e.g., working
versus banking versus shopping) and the degree to which existing study has tended to focus on
one or more of these aspects.

The Effect of ICT on Travel

Almost 20 years ago, seminal work on ICT and travel by Salomon provided a foundation that
helped outlined basic types of interaction [8, 25]. These types of interaction—substitution,
modification, enhancement, and neutrality—have been employed in subsequent discussion and
analysis [10, 26, 27]. We employ them here as a means to better under—stand the theories and
evidence of past research.
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e Substitution of travel refers to the elimination of trips—trips that are no longer required as a
result of ICT improvements. This interaction has been the focus of most of the ICT attention,
and the substitution of subsistence trips, by definition, is a phenomenon inherent in the term
telecommuting [7]. While the substitution hypothesis is one that holds great hope by many,
the scale to which this is happening is estimated to be quite smaller than originally
anticipated [10].

e Modification refers to travel that is likely to be altered, primarily by a shift in the timing and
routing of trips (spatial and/or temporal transformations). It may also refer to the manner in
which trips are linked together (i.e., trip chaining) or even the mode of travel. The benefits of
shifting even a small amount of peak hour travel to different times (through telecommuting)
are mentioned as a key strategy for reducing levels of congestion. The literature agrees that
ICT will modify travel behavior [28-30]; the outstanding issue is understanding in what
manner (e.g., more travel or less).

e Generation refers to any generation of travel that would not have occurred but for the
existence of ICT. Little is known about how ICT may generate additional traffic, primarily
due to the difficulty in determining causality and a lack of time-series data before and after
ICT enhancement and deployment.

e Neutrality refers those instances in which ICT has no foreseeable effect on household travel
behavior.

Mapping the ICT Literature

Our mapping of recent work (Table 1) reviews over 50 studies to understand the nature and
orientation of existing work. We classify each study first as being primarily conceptual or
empirical in nature. The second mapping dimension considers the primary nature of the specific
study—its relation to subsistence, maintenance or discretionary travel. The purpose of this table
and subsequent discussion is to help identify where existing research is concentrated and where
future research would most usefully be targeted.

Subsistence

Subsistence activities, when viewed relative to ICT, refer to individuals working at home or
other remote locations, most often with telecommunications links to a central office. Interest in
telecommuting stems from the often-heralded potential of relieving peak hour traffic congestion
by reducing or modifying people’s work trip (on average, considered to comprise one-third of all
household travel). The widespread availability of telecommunications services, combined with
the use of such services, has been the principle reason this aspect of ICT has been the target for
the overwhelming majority of all study of ICT use [10, 30, 33-36, 39, 40, 42, 44, 45, 47]. Addi-
tional reasons for the focus on this line of work are two-fold. First, transportation planners and
modelers have long been preoccupied with the work commute (often considered the lion’s share
of household travel). Secondly, work related activities are typically “cleaner” to analyze than
maintenance and discretionary activities because they tend to be more stable and predictable.
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Table 3.2.1. Mapping the literature of travel and ICT relating to three purposes of activity

Primarily Conceptual

Primarily Empirical

Subsistence *Handy, 1995 [31] *Kitamura, 1990 [44]
*Mokhtarian, 1990 [10] *Pendyala, 1991 [29]
*Mokhtarian, 1991 [32] *Wells, 2001 [30]
*Mokhtarian, 1994 [33] *Mokhtarian, 1991 [45]
*Mokhtarian, 1996 [34] *Mokhtarian et al, 1995 [46]
*Mokhtarian, 1996 [35] *Mokhtarian, 1996 [34]
*Mokhtarian, 1998 [36] *Mokhtarian, 1996 [35]
*Handy, 1996 [37] *Kraut, 1989 [47]
*Lund, 1994 [38] *Shen, 1999 [48] *
Nilles, 1976 [39] *Guiliano, 1998 [49]
*Niles, 1994 [40] *Hamer, 1992 [50]
*Golob, 2001 [41] *Hamer, 1991 [51]
*Golob, 2001 [7] *Salomon, 1991 [52]
*Yen, 1994 [42] *Nilles, 1988 [53]
*Salomon, 1986 [8] *Nilles, 1993 [54]
*Bernardino, 1996 [43] *Yen, 1994 [42]

*Mokhtarian, 1999 [55]

Maintenance *Salomon, 1988 [56] *Handy, 1997 [63]
*Salomon, 1992 [57] *Kraut, 1989 [47]
*Gould, 1998 [58] *Cairns, 1996 [64]
*Gould, 1997 [22] *Kilpala, 2000 [65]
*Marker, 1999 [26] *Koppelman et al, 1991 [66]
*Couclelis, 2002 [59]
*Mokhtarian, 2001 [60]
*Golob, 2001 [41]
*Golob, 2001 [7]
*Underhill, 1999 [61]
*Batty, 1997 [62]

Discretionary *Salomon, 1988 [56] *Handy, 1997 [63]
*Salomon, 1985 [25] *Hjorthol, 2002 [27]
*Salomon, 1992 [57] *Kraut, 1989 [47]
*Underhill, 1999 [61] *Preece, 2001 [67]

*Koppelman et al, 1991 [66]
Notes:

—Some papers describe both theoretical and empirical aspects and are listed in each column.

—Some papers relate to more than one category and may be listed in multiple rows.

* This research focuses less on the impact of direct work travel and more on the impact that telecommuting has on
accessibility indices. It is grouped under subsistence because of the primary focus on employment opportunities.
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Despite the telecommuting piece of the ICT puzzle being subject to the most mature models
and conceptual frameworks, its orientation varies considerably. For example, previous work has
focused on different dimensions of the issue, such as defining telecommuting [32], forecasting
telecommuting, [36, 37] understanding individual and employer attitudes toward telecommuting
(e.g., flexible working arrangements, increased proliferation of self-employment) [33-35], and
land use implications [48, 49, 68]. Mokhtarian [36] has attempted to assemble the substantive
findings to date under a unified framework by examining current knowledge in forecasting the
demand for telecommuting and the resulting transportation impacts.

The culmination of this line of work has, however, yielded somewhat conflicting findings.
Some have found that telecommuters reduce their number of trips and distance traveled on tele-
commute days [29, 30, 54], on non-telecommute days [29, 54], or on net travel [see 36 for other
reviews, 46]. Other work has uncovered anecdotal and empirical evidence suggesting travel
stimulation or generation [6, 8, 10, 40], sometimes only on non-telecommute days. Some go so
far as to hint that levels of traffic jams and congestion may heighten because it provides an
opportunity to catch up with telephone messages and email [5].

Maintenance

The effect of ICT on maintenance travel has enjoyed perhaps the longest history of study.
Researchers examined the impact of early telephone order (and delivery) businesses on the ease
of rural living and the vitality of town commercial centers. Central tenets of this line of inquiry
continue today with the advent of the internet and e-commerce permeating the simplest of main-
tenance transactions. These types of activities account for over half of all household trips (and
40% of personal miles travel), but there is a lack of knowledge about how they are affected by
ICT. Some of the existing work is oriented towards the freight and delivery aspects of e-com-
merce [41, 64]. The bulk of the maintenance travel-related literature, however, focuses on
shopping (as opposed to maintenance-type activities such as banking or paying bills).

More than a decade ago Salomon and Koppelman provided a theoretical framework to
understand home shopping [56] which was later supported with an empirical investigation [66].
While its preoccupation with telephone shopping limits the applicability of such work to a
contemporary setting, this work continues to enlighten current study. An initial contribution they
made was to distinguish between the act of shopping (the acquisition of information) and
purchasing—a distinction of growing importance related to ICT activity. A second contribution
is that they articulated five primary steps in selecting a piece of merchandise: (1) entry into the
market, (2) choice among alternative shopping modes, (3) information gathering, (4) evaluation
of information obtained, and (5) choice between purchase, continuing to shop or exiting the
market. In a contemporary expose, Couclelis [59] provided a more detailed breakdown of similar
tasks (see itemized list in later section) more t to ICT purchases.

Gould [22, 58] offers an overview of the transportation implications emerging from home
shopping and online commerce. Her review focused on possible changes and demands placed on
delivery services, the possibility of goods with no physical delivery, and the possible growth of
new retail venues. She touched on a number of the difficulties in estimating the use of home
shopping, including the need for understanding the different stages of shopping, attitudinal issues
and opinions of consumers, as well as how ICT travel is related to other physical travel. Marker
and Goulias [26] describe a framework for understanding and estimating the use of ICT and
grocery shopping. In so doing, they outline salient issues as they relate to the likely effects on
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traffic (e.g., substitution, consolidating loads, trip chaining), forms of delivery, and methods in
modeling such activities.

To our knowledge the most applicable empirical work on maintenance travel is provided by
Handy and Yantis [63]. They examined in detail the potential substitutability of three different
types of activities: movie watching, shopping (non-grocery), and banking. These activities were
chosen to represent the spectrum of non-work activities from entertainment to personal business
with movie watching at one end (discretionary), banking at the other (maintenance), and shop-
ping somewhere in the middle. They conducted a household survey in three different cities to
explore individual use of and choices about the each of the activities. Not surprisingly, their
results suggest complicated relationships between in-home activities and those requiring physical
travel. For the most part, they found that out-of-home versions of movie-watching, shopping, and
banking offer qualities that are not currently duplicated by the in-home versions.

Previous research on maintenance travel, while limited, has served to successfully identify
salient dimensions for consideration. One issue that keeps emerging is that different goods have
different potential for successful e-commerce. Gould [22] highlighted that consumers will make
decisions based on the four primary costs related to shopping: the cost of the item, the cost of the
time to search for the item, the time to travel, and the expense of travel. There also appears to be
wide variation in how different products are perceived to be more or less convenient to purchase
online. According to one survey, home electronics, computer hardware and software are the most
convenient items to shop for online; clothing and apparel are the least [69]. Our responsibility as
transportation behaviorists is to understand how these subtle nuances relate to household travel.
Furthermore, consumers prefer using their senses for many types of shopping, for example trying
on a shirt, smelling perfume, sitting in a chair. In-store shopping offers immediate gratification
and social interaction [61]. Though, there seems to be consensus that significant potential
remains for many other goods, most notably books, music and movies (both downloaded and
delivered), travel and theatre tickets, and computer software and hardware [61, 69].

Discretionary

As evident in Table 3.2.1, the link between the use of ICT and discretionary activity is a topic
that has received the least amount study. While the boundaries between maintenance and discre-
tionary activity blur (thus the cross listing of some of the studies in Table 1), at least two related
thoughts come forward with respect to discretionary activity. The first refers to the inherently
social and psychological needs of humans [25]. Much of the social interaction and human
contact we require is invaluable and cannot be adequately provided for via electronic means.
This need has important implications in how we spend our free time. The second consideration is
that few discretionary activities (e.g., theaters, sporting events, pleasure shopping) can be repli-
cated electronically. For example, renting a movie is not a substitute for going to the theatre
because the two are usually not considered to be equivalent experiences. The latter usually
provides a greater degree of social interaction and a higher quality product. This notion is
reinforced in the Handy and Yantis study,[63] which looked at home movie rental, television and
theatre visits. Primary reasons for going to the theatre include the size of the screen, newer
movies, better sound, getting out of the house and going out with friends that for many reasons
cannot be duplicated without leaving home. Both of these considerations suggest that in-home
and electronic versions of goods and services are not likely viable substitutes for out-of-home
and physical versions. For this reason, one should expect minimal travel savings (at best) with
respect to reducing the roughly one-fourth of all discretionary trips currently completed.

3-22



A final issue considers the elasticity that may be embedded within discretionary activities.
Salomon suggests that the increased leisure time resulting from increased efficiency from tele-
commuting results in increased leisure travel [25]. (In this respect, reducing the time allotted to
subsistence and maintenance activity may free up time for discretionary activity.) Although
discretionary activity itself may not be becoming electronic, as ICT makes subsistence and
maintenance activity more efficient, people will have more discretionary time and subsequently
travel more often.

3.2.3 Issues for Further Research

Having mapped the bulk of existing literature relating ICT and travel, the second part of this
review combines that learned above with recent knowledge about how ICT is employed. The aim
is to articulate future lines of inquiry and topics for further research. The difficulty of this task is
compounded by the rapidly evolving nature of ICT, both the manner in which it is employed and
its availability. For example, online spending reached all time highs in the second quarter of
2002, up 41% from the previous year to 17.5 billion. Some predictions go so far as to suggest
that online consumer spending will increase to over 70 billion this year [70] —indeed a startling
growth projection. On the contrary, some skeptics point to the still miniscule share of e-
commerce (a mere 0.64% of all retail sales). There remains considerable uncertainty as to how
this online spending will manifest itself, particularly as it relates to travel. Past failures of
electronic home shopping have been documented [71]. One need look no further than the experi-
ence of Kozmo.com (the now defunct online delivery service for sundries who closed operations
after only three years) to learn of the relative uncertainty associated with this line of service.

Online users amount to an estimated 98 and 140 million people in the U.S. (between 34 and
50% of the U.S. population) [72]. This number is rising daily as Internet and other computer use
becomes more deeply integrated into everyday patterns of behavior. In a similar growth
phenomenon, there were over 128 million cellular phone subscribers by the end of 2001, up from
109 million in 2000 [73]. But again, the mere availability of technology does not necessarily
mean it will influence travel. For example, an estimated 66 million American internet users say
they are online “just for fun,” including sampling music, checking sports scores or electronic
gaming [74]. This category probably includes the gathering of information (e.g., reading about
news events). Such use may enhance one’s quality of life (by providing additional information or
entertainment) but may have little role in affecting travel patterns.

The bottom line is that the research community is realizing that ICT affects different travel in
different ways. A breakdown that analyzes substitution, modification, generation, or neutrality
for one travel purpose is just the tip of the iceberg. We should not be surprised to see changes in
one type of travel affect another type of travel. Some elements may substitute in one respect but
enhance another. And, examining instances of subsistence, maintenance or discretionary travel in
isolation oversimplifies issue. Past studies certainly point such issues of complexity and may
identify such confounding issues as topics for future research. However, there is little writing
that is available that suggests how to do it, much less a road map for framework for understand-
ing such relationships. This part is admittedly more on the latter than the former but much
needed nonetheless.
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Figure 3.2.1 Dimensions for further research of ICT and household travel

To more clearly articulate the complexities that pervade this research we provide Figure
3.2.1. Our prism highlights three dimensions to represent how a comprehensive understanding of
ICT and travel rests on knowledge from each leg. Absent of study of (or at least mention) one of
these dimensions, a study falls short. The x-axis dimension—purpose of travel—is adequately
defined in part 1 of this paper. But this dimension needs to be inextricably tied to the y-axis—the
effect on travel. While described in previous literature (as well as above), the attention devoted
to this topic is still relatively superficial. It is for this reason why further discussion is devoted
below to the y-axis as well describing concepts introduced by the z-axis—the effect on sub-tasks
of the activity.

Effect on Travel

A well recognized second dimension for inquiry relates to the effect ICT will have on travel. The
principle effects—substitution, modification, generation, and neutrality—are described above.
These four issues, however, comprise a limited range for this dimension. Travel is likely to be
affected in ways broader and more detailed than just these four; or the travel may include more
than one. It is important for us to understand the detailed behaviors that may be implied under
each cover. Take for instance just one effect—modification. The three examples provided below
describe some of the complexities.

Imagine the case of the teleworker, who is home during the workday and picks up groceries
in the morning when the crowds are less (rather than on their typical route home from work). In
this case, the substitution of the subsistence trip provides the flexibility pursue a modification
(i.e., temporal shift) for a maintenance trip.
¢ Imagine the role that internet information would have in affecting the geographic distribution

of where residents shop. Here the knowledge provided by ICT affects the geographical

distribution of where the individual shopped.

e Imagine how the time freed from online grocery shopping would allow increased time to sip
coffee at the café. In this example we see how the substitution of maintenance travel
increased the time spent in discretionary activities.
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e We quickly see the limits of any relatively simple substitution-modification-generation tax-
onomy. ICT may trigger changes mode of travel, the sequence of trips, the chaining of trips,
and/or the time in which they are pursued. The issues are compounded when considered
jointly. However, due attention is deserved.

Sub-tasks of the Activity

The third piece of the ICT-travel puzzle is one that the research community is becoming
increasingly aware of. Referenced above, it relates to the different ways in which ICT enters into
sub-tasks associated with any given activity. Couclelis [59] provides greater detail on the general
tasks outlined in Salomon and Koppelman [56] that tend to be associated with ICT and shopping
for any but the most trivial of goods. These tasks include: (a) becoming aware of need or want of
a product, (b) gathering information about options, (c) searching and browsing, (d) seeking
advise/expert help, (e) inspecting alternatives, (f) deciding on an item to be purchased, (g)
deciding on a vendor, (h) purchasing a product, (i) tracking the status of an order, (j) getting an
item to delivery point (e.g., home), (k) returning/exchanging an item, (1) seeking post-sales
service. Only one of the tasks, purchasing the product, is commonly considered in analysis. It is,
after all, the task in which the important transaction takes place and also the one that is instru-
mental to the livelihood of bricks and mortar establishments. While other tasks (for example, b,
c, e, g, 1) are recognized to be affected by ICT, a detailed and thorough understanding of nature
of these relationships is at the heart of internet shopping and currently unavailable.

For some endeavors, the availability of online information has already changed certain
customs. The process of contacting governmental agencies or individuals, searching for housing,
or pricing major purchases [74] are a few examples where internet use has started to eliminate
the need for travel. Take for instance the purchase of a new car, which typically involves
stopping at several dealers to get the best price. It is now common practice to inspect the invoice
price online prior to traveling to a single auto dealer to purchase the car. In this case “information
gathering” has translated into travel substitution. But one must still be conscious of the fact that
while ICT may help reduce travel associated with the acquisition of information it may not
necessarily reduce travel associated with the purchase of an item. It would be interesting to
identify these activities and thresholds that have been met to make such activities more
mainstream.

When considering the role of ICT in completing subtasks a final matter stands out—
differentiating between the population online buyers and online users. According to Jupiter
Media of the 140 million online users, only 65 million (46%) are online buyers [72]. The most
commonly cited reason for not purchasing online is the risk associated with relaying credit card
information over the internet [69]. While this population is forecasted to increase in upcoming
years, the division is an important issue for consideration because it implies a considerable
population may be browsing for information.

Issues, strategies and hurdles. Much like any intervention that affects travel, the above text
describes how issues relating ICT and travel are far from clear. The complexity demands
continued methodological advancements and focused study. For example, many examples
suggest tradeoffs exist between trip generation, mode split or other aspects of travel. The
researcher is encouraged to bring methods, strategies, or techniques from other aspects of
transportation research (or other fields for that matter) to tackle the problems. For example, few
(if any) ICT studies closely examine these tradeoffs using econometric models designed for such
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purposes (e.g., simultaneous models). Frequently, such tradeoffs even fail to be mentioned.

Alternatively, many of the tradeoffs may be best pursued using qualitative modes of inquiry,

currently underused in transportation research. There remain seemingly endless modes of inquiry

together with a burgeoning use of ICT

To help clarify examples research topics relating ICT and travel, we provide Figure 3.2.2.
Each box represents an example activity for investigation; a relatively comprehensive study
would most likely shed light on multiple boxes. The manner in which the activity relates to two
of the dimensions is represented by its placement in the box. The lighter shading (towards the
right) is used to represent the degree to which ICT may be stimulating additional travel, much to
the chagrin of many transportation planners. In future pursuits, the transportation researcher is
encouraged to wrestle with a few pieces of the puzzle while respecting the overall picture of the
puzzle. This is indeed a difficult line to toe.

Of course, myriad difficulties will exist. And, before such difficulties can be overcome, they
need to be identified. Below, we identify some of these hurdles, many of which have been intro-
duced in previous study [25, 27, 58, 63]:

e Technologies that are widely promised for the future prove infeasible or are replaced by the
next great technology before they have a chance to be adopted for mainstream use;

e The increasing familiarity of technology by children and other youth will likely have longer
lasting impacts;

e There currently exists a dearth of information documenting all different purposes of travel
(often just broken down by five different purposes) and modes (often failing to obtain
reliable data for pedestrian trips);

e The need for uncovering and understanding the various ways in which individuals use differ-
ent forms of technology (e.g., browsing versus purchasing);

e Separating subsistence from maintenance and/or discretionary travel—they are often times
intricately related (for example, a decrease in subsistence travel will likely result in an
increase in other travel [25]). Teasing out the effect of one is likely to tell on part of the
picture;

e The interactions between different types of travel are likely to be different in various
contexts. There are also methodological problems in measuring them [25];

e More extensive time use (and activity based travel) analysis is required to determine how
time freed from using ICT might be used in other activities;

e The potential for cross-substitution between different types of activities (e.g., substitution of
surfing the internet for watching television);

e There exists dramatic variation across households (access to educational and financial
resources often determine the degree to which ICT influence household behavior).

Each box represents an example activity for investigation. The manner in which the activity
relates to two of the dimensions is represented by its placement on the x and y axes (z axis not
shown). Lighter shading (towards the right) represents the degree to which ICT may be
stimulating additional travel.
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Figure 3.2.2 Examples of the complexity in which ICT affects travel

Enhancemeant

Implications for Practicing Planners and Researchers

One purpose of this work is to stimulate additional research by providing a state of the literature
and concrete examples of how this work is needed. This paper goes above and beyond past work
but suggesting examples of the many different ways that ICT affects travel.

Ways to expose the myriad of ways in which ICT affects household and personal travel can
be better understood by pulling from other disciplines. For example, a stronger understanding of
the spatial implications is especially important as the effect on efficient trip chaining and spatial-
temporal components are central to understanding ICT and travel. A stronger understanding of
the time and cost savings of ICT would perhaps increase the accuracy for econometric models.
Finally, a deeper knowledge of the market segmentation of the different types of ICT uses would
similarly enhance the ability to understand the rapid change.

Much of the ICT issue lies at the heart of land use and transportation planning. It has strong
implications on crafting and revising the zoning codes in order to create more efficient land use
patterns by using ICT to help off set peak period related problems. It is important to encourage
development that will blend well together, i.e. blend ICT friendly and not-so-friendly develop-
ments together, blend substituters, enhancers together.

3.2.4 Summary

This paper serves two purposes to aid our understanding of how ICT and travel behavior relate.
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It first provides an up-to-date review of over fifty studies on the subject by mapping and
discussing existing work across three dimensions. These three dimensions are the degree to
which the study is (1) primarily conceptual or empirical in nature, (2) primarily addresses sub-
sistence, maintenance, or discretionary activities, and (3) able to comment on the hypotheses of
substitution, modification, generation or neutrality. Second, it identifies and describes a frame-
work, together with further issues to consider in future investigations relating ICT and travel.
Examples are identified and there is a call for broader use of methodological advancements. The
aim is that it will also serve as a springboard or a blueprint for more detailed lines of inquiry
related to ICT and household travel.

The study of ICT and travel is complex and challenging—though one that provides several
avenues for investigation. This task is one that has been best described by Mokhtarian [9]:

Against the slower moving demographic and organizational changes that may be
occurring naturally, the highly volatile technological environment and attendant
consumer response speed up some of these natural changes and bring about entirely new
ones...Thus improving our understanding of these processes is a moving target, and no
sooner do we think we have made progress in answering one question then we realize
that the question has been rendered obsolete or unimportant in environmental shifts.

The work spotlighted in this review relates to only one piece of the ICT puzzle—that of
household travel. This is, however, an important piece and one receiving more attention. As
congestion, auto-reliant travel, and centrifugal forces of development continue to rise,
researchers, modelers, and policy officials are likely to demand more detailed understanding of
ICT’s role in tackling such phenomena. Several avenues and courses of study are needed to help
uncover such phenomena; this work helps in identifying the itinerary and providing a prelimi-
nary roadmap for doing so.
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3.3.1 Overview
Trends of Household-Related ICT Activities

This research focuses on household use of three categories of ICT-based activity: e-commerce,
electronic banking, and other financial transactions. The three categories likely have distinct
patterns of use and are affected by spatial attributes in different ways. Therefore, the analysis
focuses on each and begins by briefly describing general trends with respect to each category.

For the purposes of this paper, e-commerce refers to the purchase of commercial goods or
services over the Internet; its rise comes as little surprise to most. The Boston Consulting Group
[2] estimates that online retailing in North America alone totaled $27 billion in 1999 and $45
billion in 2000. Although this dollar figure still comprises a relatively insignificant margin of
total retail sales (1.7%), its amount has increased by more than 67% since 1999. Whereas most e-
commerce forecasters anticipate that the shear growth in proportion of sales will likely subside,
the availability of such services is likely to be of increasing impact. One need only examine
trends in personal use. Among U.S. Internet users alone, those who had ever bought online has
grown from 48% (about 41 million Americans) in 2000 to 61% (about 67 million Americans) in
2002—an increase of 63% [1]. It remains unclear, however, who such shoppers are in terms of
demographics and computer experience; furthermore, it is unclear whether such e-commerce
shopping is substituting or replacing in-store shopping.

The second category is electronic banking, defined as using automatic teller machines
(ATMs), a telephone, or the Internet to engage in transactions with one’s principle bank (e.g.,
cashing checks, deposits, transferring money, and making withdrawals). In some cases, such a
banking transaction still requires a physical trip to the ATM. For this reason and because it was
desirable to ensure comparability of this activity with a similar survey instrument from a
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previous application, it has its own category. The rise in electronic banking is interesting if for no
other reason than its reported surge in growth in recent years. Looking at trends dating back to
2000, for example, the Pew Center survey estimates that online banking increased by 23 million
Americans between 2000 and 2002, amounting to about 20% of the population. These
proportions are generally consistent with other surveys where Gartner reported that 17% of
Americans used online banking services by the end of 2002 [3] and Celent Communications
reported online banking penetration at 22% in 2002 [4]. Overall, slightly less than a quarter of
the population uses some form of electronic banking.

The last category distinguishes online financial transactions from electronic banking. The
former is defined as completing any array of financial activities over the Internet such as buying
and selling stocks, trading commodities, paying mortgages, and paying other bills. Few national
surveys separate this category from online banking. It is done here primarily for two reasons.
The first is that traditional financial transactions (e.g., paying utility bills or credit card
statements) typically did not involve a physical trip; they were most often completed by using
U.S. mail. Second, these types of transactions represent a burgeoning array of activities that
previously have not been empirically researched. Available evidence indicates that this
specialized ICT activity is also rising, although certainly not as rapidly as the other categories of
ICT activities. According to Jupiter Research, 18.9 million U.S. households viewed and paid
bills online during 2003, increasing from 12.2 million in 2002. In addition, they reported that,
among those that bank online, 50% also paid their bills online in 2003 [5].

Review of Past Literature and Expected Relationships

How might spatial attributes affect the use of these categories of ICT activities? Prevailing
theory suggests two contradictory hypotheses about this relationship. One theory is guided by
what is commonly referred to as a variation of the innovation diffusion hypothesis [6]. In a
metropolitan setting, this theory postulates that urban centers, by virtue of being at the center of
innovation (intellectually or technically), exhibit a higher tendency to engage in practices or
thoughts enabled by the innovation [7, 8]. Using this logic, urbanites are more likely to adopt
such ICT behavior because such services (e.g., online banking) first became available in urban
settings. The currently “spotty” nature of where high-speed Internet service is available
throughout the United States is consistent with this theory. On the flip side, others argue that, in
most metropolitan areas, different areas [i.e., central business district (CBD), first- and second-
ring suburbs, and exurbs] all more or less enjoy similar levels of access to technology, thereby
eliminating any noticeable differences due to geography.

A counter theory is driven by what has loosely been referred to as the “efficiency hypothesis”
[9], which suggests that individuals aim to save time by combining trips [10]—or, in this case,
save the additional cost associated with physical travel [11] (e.g., online shopping and banking).
Such costs may derive from a variety of attributes, be it lower levels of accessibility (therefore
longer travel distances) or having to fight traffic congestion in areas more urban in nature
(therefore longer travel times). Virtual travel, it is argued, would more likely be used by residents
in those situations to avert such costs.

Most previous work on ICT use is unable to shed direct light on these hypotheses because it
has been devoid of a spatial context. Existing studies most often treat residents in metropolitan
areas as a single population where spatial attributes are theorized to play little role in affecting
the propensity of e-commerce or e-banking type activities. Studies that have addressed spatial
attributes have often used flawed measures of those attributes; they are often measured at
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extremely aggregate scales (e.g., city versus rural) or are not precisely defined. Furthermore,
where previous research has specifically aimed to tackle such questions, researchers have found
contradictory results. For example, Farag [11] empirically tested the preceding two hypotheses
with data from the Netherlands (1996-2001) and found that people living in urbanized areas
were more likely to engage in e-shopping. On the other hand, however, it was found that people
who do not have easy access to shops (defined as having fewer shops for nondaily goods that can
be reached by car from the person’s home in a certain time span) also tended to shop more
online.

This paper aims to understand the degree to which residents use the Internet for e-commerce,
e-banking, and other financial transactions and how such use is affected by spatial attributes such
as retail and bank accessibility and traffic congestion. Controlling for a host of confounding
variables, the analysis measures spatial attributes at two different scales: intermetropolitan and
intrametropolitan. The intermetropolitan analysis examines aggregate use patterns among three
cities, using general levels of congestion as a spatial attribute. A metropolitan area with high
traffic congestion is expected to exhibit higher rates of ICT use because of the increased burden
of traveling to activities. The intrametropolitan analysis uses individual households as the unit of
analysis and examines relationships to nearby retail, the CBD, or banks. For these relationships,
theory suggests that spatial attributes may both increase and decrease ICT use; as a result, it is
difficult to posit specific hypotheses about the directions of the relationships. The hypothesized
relationships examined in this paper together with the spatial units of analysis are presented in
Table 3.3.1.

3.3.2 Methodology

To examine the preceding dimensions, a mail-out and mail-back survey of households was
administered in the spring of 2003. The survey sample was drawn randomly from the population
in three metropolitan statistical areas: Seattle, Washington; Kansas City, Kansas and Missouri;
and Pittsburgh, Pennsylvania. Several criteria guided the selection of these cities. First, a sample
of residents representative of relatively large U.S. urban areas from the Midwest and the East and
West coasts was desired. Next, the basic hypotheses about spatial attributes and information
technology (IT) availability were instrumental in stratifying the sample by balancing between
two other criteria: level of traffic congestion for large cities and rates of Internet penetration.
Using Institute’s measures of traffic congestion in U.S. urbanized areas in 1990-1999 [12],
candidate cities representing both high and low levels of traffic congestion were identified. Next,
this criterion was balanced by controlling for IT availability in each city, as measured by rates of
Internet penetration by Scarborough Research (2002). The final selection included Seattle,
representing a high-congestion/ high-technology city (Seattle rates second on the congestion list
and among the highest of cities in IT availability). Kansas City represented a low-congestion/
high-technology city, and Pittsburgh was selected to represent a low-congestion/low-technology
city.
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Table 3.3.1 Hypothesized relationships between ICT use and spatial attributes

Outcome variable

Other Online
Online Electronic Financial

Scale of Analysis Spatial Measure Shopping Banking Transactions
Metro Area Higher level of traffic congestion + + +
Household Urban versus suburban residence +/— +/— +/—
Household Distance to CBD +/— +/— +/—
Household Proximity of retail activity (home) +/— +/— +/—
Household Proximity of ATM machine (work = = +/—

or home)

After pilot testing, the survey was mailed to 800 households in each of the three cities in May
2003. The households were selected at random from an address database maintained by Survey
Sampling International. The primary source of their database listings is telephone directories,
which were supplemented with other sources, such as state ID cards. A cover letter explained the
purpose of the survey and invited a household member 18 years or older to complete it.
Following the Dillman [13) method, reminder postcards were mailed to the 2,400 households 1
week later and a third mailing (with the complete survey) was sent out 3 weeks later to each
household that had not yet replied. The overall response rate is 31%, including 32% from Seattle,
30% from Kansas City, and 30% from Pittsburgh. After comparing sociodemographics with
2000 census data for each metropolitan area, it was found that the characteristics of the survey
respondents differ only slightly from the overall populations in the three cities. Most notable is
the fact that the survey respondents are substantially older than the general population in the
three cities (60% to 70% are more than 50 years old, in contrast to 30% to 40% in the overall
population; 36% to 37% are more than 60 years old, in contrast to 18% to 28% in the overall
population). Other differences showed the sample to have a slightly higher percentage of males,
to be more educated, and to have slightly higher household incomes than the general population.
On the one hand, higher income levels would suggest a bias in terms of use of ICT-related
services. Given that older populations are probably less likely to be using the Internet for
services, this would likely sway the bias in the opposite direction.

3.3.3 Results

The results of the analysis are now considered by describing relationships between ICT use and
spatial attributes of urban environments. The focus is on three different ICT behaviors: online
purchases, e-banking, and online financial transactions. In each case, the focus was primarily on
the behavior in a binary manner, capturing whether the survey respondent performed the activity,
generally within the past six months. This research is therefore less about measuring the
frequency of the behavior and more about detecting its use. The following discussion is divided
as follows. First, rates are described in which the three dimensions of ICT are used to glean a
better understanding of general patterns. This is followed by an overview of how such patterns
differ by level of IT availability and levels of congestion; this part represents the intrametro-
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politan analysis. Then, moving to a fuller discussion of the specific effects of various
accessibilities, statistics are presented revealing penetration rates, how such rates vary by
geographic area, and other descriptive information. To investigate the impact of spatial variables
on e-shopping while controlling for a variety of other factors, three multivariate models were
used. Doing so controls for mediating factors and therefore serves to better isolate the impact of
specific measures.

General Patterns and Relative Independence of Activities

The first look at the data aims to identify general patterns of ICT use in the aggregate. This
analysis provides background information about general levels of ICT among the sample and
highlights the need for separate analyses for each category of ICT activity.

Examining rates of use across the three activities reveals the following. As indicated in Table
3.3.2, shopping online has the highest penetration (around 47%), with e-bankers making up a
considerably smaller share of the sample (about 31%). It is also interesting to look at the degree
to which the use of the different categories of ICT overlaps within individual households; 20% of
the sample have completed all three activities least once; 21% reported ever completing two
activities, 16% reported ever completing only one of the activities. Finally, 43% of respondents
reported never having engaged in any of the three activities.

These results suggest overlap among the three activities; a fair number of individuals appear
partial to one of the activities. Whereas online shopping is the most popular activity among the
three, this does not necessarily suggest that all e-shoppers are also e-bankers or that they make
financial transactions online (Table 3.3.3). Among those who e-bank, 23% have never shopped
online and 21% have never made a financial transaction online. And among those who ever made
other financial transactions online, about 20% have never shopped online. This suggests that
there does not appear to be a sequential relationship between e-shopping and the other two
activities. If there were a sequential relationship, then whoever had completed the other two
activities would have e-shopped as well. It is therefore difficult to say that people shop online
first, and then some of them go on to use online banking or do other financial transactions online.
The picture of household ICT use appears to get murky very quickly. Most important for the
subsequent analysis, it suggests that household use of ICT activity is complex and it is helpful to
break it down to analyze the different types of ICT activities separately.
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Table 3.3.2 ICT Activities in three metro areas

Ever made Ever
other online completed at
Ever shopped Ever use financial least two of
online e-banking transactions Average the activities
(%o yes) (Yo yes)* (%o yes) (% yes) (%o yes)
Overall 46.6% 31.2% 41.2% 39.7% 41.7%
Seattle 53.1% 44.2% 50.2% 49.2% 51.0%
Kansas City 50.0% 27.7% 41.5% 39.7% 42.7%
Pittsburgh 36.4% 20.7% 31.2% 29.4% 30.8%
Pearson .000%** .000%** .000%**
Chi-square
p-value
*=p<0.1 **=p<0.05 #% = p < 0.01

*Among those that that never banked online, about one third does not have the option of online banking, while the
rest choose not to use online banking even though the option is offered by their banks.

Intermetropolitan Differences

The next look at the data examines spatial dimensions by seeing how ICT use differs across each
of the three metropolitan areas. Table 3.3.4 indicates that, consistent with the initial hypotheses,
ICT use differs across the three metropolitan areas and appears to be correlated with ICT
availability or congestion. Seattle (high technology, high congestion) appears to have the highest
ICT use and Pittsburgh (low technology, low congestion) has the lowest ICT use. Seattle clearly
stands out in all three activity categories (e-shopping, e-banking, other financial) with more than
half the Seattle sample having experience in at least two of the three activities. In contrast,
Pittsburgh is the least penetrated by ICT activities. Only 31% of the population have ever done at
least two of the three activities online. Specifically, only 36% have ever shopped online, only
21% have ever banked online, and only 31% have ever made other financial transactions online.
This is consistent with what would be expected given the relatively low level of IT and low level
of congestion in the Pittsburgh area. Expectedly, Kansas City falls between the two with an
average of 43% of the sample ever having completed at least two of the activities. About 50%
have ever e-shopped, 28% have ever e-banked, and 42% have ever engaged in other financial
transactions online.

Table 3.3.3 also indicates that the percentage who ever e-banked is remarkably lower than
the percentages who ever completed the other two activities in both Kansas City and Pittsburgh,
whereas the difference is less apparent in Seattle. In terms of e-banking, Kansas City is more like
Pittsburgh than Seattle. This suggests that e-banking might be more strongly related to levels of
congestion. It is plausible that, because of security concerns, people with high technology
available (like those in Kansas City) are still reluctant to bank online if their traffic remains
tolerable. When congestion is an issue, it appears that respondents are more likely to take
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advantage of e-banking. Although these endings certainly support the notion that technology and
congestion appear to play a role in ICT activities, it is important not to overstate their impact. For
example, it remains inconclusive whether such a coarse measure of IT penetration (i.e., provided
by Scarborough Research) is accurate for more specific ICT-based services. That is, is a high-
technology rating (as measured by rates of Internet penetration) synonymous with rates of ATM
card ownership, cell phone ownership, home computer ownership, and home Internet access?

In response to this question, Table 3.3.4 shows each of the cities and possession of five
different technologies as measured in the survey: ATM card ownership, a home computer, home
Internet access, fast home Internet access, and cell phone. Seattle and Kansas City are grouped
because both metropolitan areas were deemed technology friendly in the sampling stratification.
As expected, those dimensions on which sample selection was based appear to show up as
statistically significant. Seattle and Kansas City live up to their high-technology classification for
computer- and Internet-related activities. However, the distinction is not as noticeable as one
would expect. Across the remaining three services, statistically significant differences are not
observed across high-technology versus low-technology cities.

Intrametropolitan Differences

Having described general relationships between each of the cities, now the relationships between
ICT use and spatial attributes are described as they vary within metropolitan areas. This is done
to better understand matters related to accessibility of different services (e.g., shops, ATMs).
Measures representing two different levels of geography and attributes are used, each of which is
derived by the hypotheses of interest and described later. The first measure aims to represent
relatively coarse distinctions between areas with high levels of retail activity and shops versus
those with lower levels. This dimension is captured through two measures. The first is a self-
reported measure, asking respondents how far they live from the CBD. The second measure is an
objective one gleaned from the census zip code business patterns data, quantifying the number of
establishments in the retail trade category (Industry Code 44xxxx in the North American
Industry Classification System) for the respondent’s zip code. The second group primarily
applies to the electronic banking category and aims to get at the degree to which there are ATMs
within close proximity that are either available or used by the respondent. Both are binary
variables and self-reported from the survey, which asked if there is an ATM close to the person’s
residence or workplace and if there is a bank close to the person’s residence or workplace (i.e.,
within walking distance).

In Table 3.3.5, some preliminary relationships emerge. First, there appears to be a higher
propensity for people living farther from the CBD to engage in ICT-based activities. Self-
reported city residents are less likely to shop online than suburbanites. In addition, almost 60%
of those living more than 10 mi from the CBD have shopped online (versus 40% for those living
less than 5 mi from the CBD) and almost half of those beyond 10 mi have ever made financial
transactions online. Second, the relationship between the availability of nearby retail and online
shopping is not statistically significant, suggesting that the proximity of retail (within one’s zip
code) does not appear to affect one’s propensity for online shopping. Examining the effects of
having a neighborhood ATM produces expected results: an ATM near one’s home or workplace
is more likely to be used. Those respondents who do not have banks within walking distance of
home or work are slightly more likely to have ever banked online (31.8%) as opposed to 30.1%
among those who have banks within walking distance. However, the distinction is not statisti—
cally significant.
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Table 3.3.3 Relationships between ICT activities and users

Of those that ...

They Never shopped online

have...

Never banked online

Never made other financial

transactions online

Table 3.3.4 Availability of IT-related services

Sampling stratification
Low Tech  Pitt Yes

Hi Tech Seattle Yes

KC Yes
Total within Yes
High Tech

Pearson Chi-square p-value

*=p<0.1 **=p<0.05

...an
ATM
card

175 (74%)

Ever shopped
online

na
48%
30%

...a home
computer

Ever made other

Ever banked financial
online transactions online
23% 20%
na 40%
21% na
Do you have...
...fast
...home home
Internet Internet ...acell
access access + phone
157 (67%) 67 (46%) 156 (65%)

163 (69%)

198 (78%) 220 (87%)
161 (70%) 184 (79%)
359 (74%) 404 (83%)

888 L000%**
*kk — p < 0.01

208 (82%)
171 (73%)
379 (77%)

002%**

78 (40%) 167 (66%)
72 (44%) 154 (66%)
150 (42%) 321 (66%)

426 .893

" Seattle and Kansas City are groups because both metropolitan areas were deemed technology friendly in

the sampling stratification.

+ Fast home Internet column provides percentage based on only 75%(S), 69%(KC) and 60%(P) of survey
sample who have home Internet in each city. The question on Internet type branches after “Does your
household have access to Internet?” Those answering no to the Internet access question are not led to
answering the question regarding the type of internet they are using.
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Table 3.3.5 ICT activity and intrametropolitan spatial attributes

Percent of Ever made
respondents within other financial
Spatial each category of the Ever shopped Ever electronic transactions
attribute spatial attribute online (% yes) banked (% yes)* online (% yes)
City/Suburban  City (38.2%) 40.8% 31.4% 40.1%
Suburban (61.8%) 50.7% 31.3% 42%
Pearson chi-square 0.01** 0.964 0.604
p-value
Distance to <=5 miles (42.8%) 40.3% 28.4% 36.1%
LI 5-10 miles (25%) 44.8% 31.5% 39.3%
>10 miles (32.2%) 58.4% 36.1% 50.9%
Pearson chi-square 0.000*** 0.164 0.002***
p-value
Availability of >100 retail (32.8%) 49.6%
R 50100 retail (33.3%) 47.1%
<=50 retail (33.9%) 44.3%
Pearson chi-square 0.506
p-value
ATM Within walk distance 37%
Availability (53.5%)
Not within walk 24.5%
distance (46.5%)
Pearson chi-square 0.000%***
p-value
Bank Within walk distance 30.1%
Availability (36%)
Not within walk 31.8%
distance (64%)
Pearson chi-square 0.631
p-value
*=p<0.1 **=p<0.05 0k = < 0.01

The relationships thus far have been examined primarily through simple correlations of ICT
use and various explanatory variables. Although some statistically significant relationships were
uncovered, the bivariate analysis precludes an understanding of such phenomena in a
multivariate context. Introducing control variables in the analysis and modeling such behavior at
the individual level can better discern the explanatory power of the spatial attributes.

In the multivariate analysis, five categories of variables thought to contribute to higher levels
of ICT were used. The first category is sociodemographic variables including age in years, sex
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(male = 1), education (low, high), household income (low, high), two-plus vehicles, household
structure (households without teenage children, households with teenage children), and whether
the respondent is employed (yes = 1). Measures in the second category, reflecting the availability
of IT-related infrastructure, were gathered at the metropolitan level and at the household level,
each described previously. The metropolitan level measures are rates of Internet penetration
where Seattle and Kansas City were deemed high and Pittsburgh was deemed low. The
household measures were gleaned from the survey and captured ATM card ownership (yes = 1),
cell phone ownership (yes = 1), home computer ownership (yes = 1), and home Internet access
(yes = 1). The third category comprises behavioral variables, including frequency of nongrocery
shopping (more than five times in the last 30 days = frequent, otherwise = infrequent) and
frequency of bank visits (one to three times per month or more = frequent, otherwise =
infrequent). The fourth category captures attitudinal variables that were gleaned from a dozen or
so attitudinal questions answered by the respondents; examples include “I feel comfortable using
computers,” “technology makes my life easier,” “traffic makes me crazy,” and “I think shopping
in stores is a hassle.” The responses on a 5-point Likert scale were used as input into a K-means
factor analysis procedure yielding four factors (all with an eigenvalue greater than 1). These
factors were subsequently titled protechnology, antitravel, concerned about Internet security, and
outgoing/ gregarious; each respondent’s score for each factor was used as a dependent variable.

The last category of measures—spatial attributes—comprises the heart of this investigation.
Levels of congestion (at the metropolitan wide level) were captured using dummies of the city
variable (Seattle = 1). Other measures are self-reported from the survey and include whether the
respondent’s home is in the city versus suburb, miles from the CBD (less than 5 mi, 5 to 10 mi,
more than 10 mi), whether there was an ATM close to work or home (yes = 1, no = 0), whether
there was a bank close to work or home (yes = 1, no = 0), and number of retail businesses in the
immediate zip code area of the home (gathered from U.S. employment statistics). The dependent
variable in three of the models was dichotomized as having ever completed the activity.
However, the frequency of online purchases was examined as frequent (defined as answering two
times per month and more often) versus infrequent (once per month, less than monthly, and
never). The final binomial logistic regression models were constructed by performing log
likelihood tests to determine whether the statistical significance of the model deteriorates when
insignificant variables are eliminated from the model. The results for statistically significant
variables are presented in Table 3.3.6.

The models produce interesting findings about attributes of individuals and metropolitan
areas. The first observation is that only one measure of spatial attributes appears to be
statistically significant—being a high-congestion city—and this was for only one of the models,
the model for ever banked electronically. Thus, whereas significant spatial relationships emerged
in bivariate contexts, other factors in fact explain the variation; simply put, spatial attributes, by
themselves, do not appear to play a significant role in affecting levels of ICT use. In the e-
shopping model, the dummy variable for low-technology city (Pittsburgh) is significant and in
the expected direction. This finding indicates that households in cities with relatively low rates of
Internet penetration are less likely to have ever shopped online. Similar relationships are
observed in the logistic regression model for other financial transactions online. The distinction
between the electronic banking model and the other two models corresponds to the descriptive
findings: congestion influences only levels of electronic banking.

29 6
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Table 3.3.6 Multivariate analysis of ICT activity

Dependent variables (logistic regression)

Ever completed
Internet financial

Frequency of online transaction other than
purchases Ever bought online Ever electronic banked banking
X Odds Odds Odds Odds
e B Ratio B Ratio B Ratio B Ratio
Sociodemographic variables
Age in years —.025%** 975 —.035%** .966 —.033%** .968 —.028%** 972
High education A45%* 1.560 492%* 1.636 486** 1.626
High income 584+ 1.793
Two vehicles or more ST72%% 1.772
Teenage children in S573%* 1.774
household
IT availability at household level
ATM card ownership .560%* 1.751 .698* 2.010 JS1E* 2.119
Cellphone ownership A453%* 1.573
Home Internet access 2.495** 12.122 DI 10.773 1.786*** 5.966 1.217%%* 3.377
Low technology —.698%** 498 —731*** 481
Behavioral variables
Visit bank frequently —458** .633
Frequently shop for AT1* 1.602

non-grocery items

Attitudinal variables

Pro-technology .909*** 2.482 901 *** 2.462 762 ** 2.143 819%** 2.268
Anti-travel .244% 1.276
Concerned about —467%** .627 —.285%* 752
Internet security
Gregarious/social —266** 766 —.192* .825

Spatial Attributes
High congestion 984 % 2.675
Constant —3.439 .032 —.640 527 —2.086 124 —-.981 375
Number of cases 538 538 538 535
Df 7 7 9 9
x> 128.934 238.523 199.179 213.152
—2 log-likelihood 424.137 505.153 509.793 526.479
Nagelkerke R? 332 0.478 0.423 439

*significant at 0.1 level **significant at 0.05 level ***significant at 0.01 level

The results also indicate that IT availability on the household level positively affects an
individual’s propensity for adopting ICT activities. Understandably, individuals with ATM cards
and home Internet access are more likely to engage in ICT activities. Not only is this relationship
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statistically robust across all four activities but the odds ratio calculations show this factor as
having considerable impact. Cell phone ownership is also significant in the other financial
transaction model. However, the direction of causality cannot be determined from these models.
Although it is logical that having access to IT increases engagement in ICT activities, it is also
possible that engaging in ICT activities leads to an increase in access to IT. For example,
households that enjoy shopping online may be more likely to opt for high-speed Internet access.
Control variables were also significant in the regression results. Similar sociodemographic
and attitudinal variables affect all four activities, despite some minor differences. Being young
and highly educated relates positively to ICT use in all three activities. In addition, owning two
or more vehicles contributes positively to adopting online banking behavior, whereas having
teenage children in the household contributes positively to engaging in online financial
transactions. Furthermore, people who are protechnology are more likely to adopt ICT activities,
a trend that holds true for all three categories of ICT activities. Besides, people who are
gregarious and who like to socialize with others are less likely to have ever used e-banking or
e-shopping. The results also suggest that concern about Internet security is a significant factor
that deters some people from having ever completed other financial transactions online.

3.3.4 Conclusions

The hypotheses that spatial attributes would influence the use of ICT for selected activities was
not entirely borne out by this analysis. The intermetropolitan comparisons indicate that the high-
technology and high-congestion city was associated with greater penetration of at least some
ICT-based activities. Within metropolitan areas, residents who live in the suburbs or live further
from the CBD were more likely to engage in e-shopping than residents who live in the city or
close to the CBD. However, the lack of significance of these attributes in the multivariate
analyses suggested the bivariate relationships are explained by other factors: high-technology
status, high-congestion status, suburban location, and location relative to the CBD are all
associated with other factors that more directly explain ICT use. The multivariate analyses
suggest that IT availability at the household level, sociodemographic characteristics, and
attitudinal factors are more important than spatial variables in explaining ICT use. If spatial
attributes are not a factor in deciding to use ICT, as these results suggest, then a desire to reduce
travel may not be a primary motivation for using ICT. Other studies have shown that ICT use
does not always substitute for travel ([14, 15], p. 51). Nevertheless, ICT-based activities offer the
option of reducing travel, and an improved understanding of the factors that do and do not
influence the choice to use ICT is important for transportation planning.
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3.4.1 Introduction

Expectations remain high that information communications technology (ICT) will reduce
physical travel and particularly the negative effects of automobile travel (e.g., traffic congestion
and air pollution). For almost a quarter-century, government officials, travel behavior specialists,
technology forecasters, and others have been monitoring how ICT might affect travel. Almost 15
years ago, a U.S. Department of Transportation report discussed the long-range implications of
ICT on travel patterns, route choice, and congestion. The report identified telecommuting as a
potential strategy for managing transportation demand, and other activities (including
teleshopping and telebanking) as potential substitutes for auto trips [1].

Pinning down the effect of technology on travel is challenging. Almost all work to date has
been cross-sectional in nature, examining behaviors at one point in time. It is helpful to consider
changes over time, including trends in the use of at-home ICT activities and their relationship to
travel. Prospective panel studies are ideal for examining these trends but are expensive, and so
far, none have been undertaken. In the absence of panel data, cross-sectional studies can be
compared, although different means of data collection as well as the rapid evolution of
technology limit this approach. As a result, at-home ICT trends have been difficult to track as
new questions and possibilities surface continuously. The approach offered in this paper uses
repeat cross-sectional surveys—one conducted in 1995 and the other in 2003—to examine
changes in ICT use and related travel behaviors.

The aim of this study is to determine the degree to which at-home ICT use and out-of-home
store travel changed from 1995 to 2003 for the selected purposes of shopping and banking. First,
relevant literature on the potential impacts of ICT on travel and the nature of common ICT
activities provide some overall context for this exercise, and then national trends for computer
ownership, Internet access, online shopping, and online banking are detailed. Next, an overview
is provided of the methodological approach and statistical techniques used to examine changes in
the frequency of out-of-home and at-home shopping and banking between 1995 and 2003.
Finally, results are summarized, and the implications are discussed with respect to the
relationship between ICT and travel behavior.

3.4.2 Previous Research

For many years, transportation agencies have expected that ICT would contribute to an effective
strategy for transportation demand management. The ability of ICT to manage short-term travel
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demand could complement strategies and programs for mitigating congestion in the long term,
10 to 15 years [2]. ICT use could provoke numerous outcomes on personal travel; two profound
possibilities are that ICT will change the type of activity engaged in (at home and out of home)
as well as alter the frequency, timing, and destination of travel patterns [3]. Not without
consequence, ICT activities could generate trips if they provided greater flexibility in whether,
when, where, and how travel were to occur [4].

The ability of ICT to aid in transportation demand management may be limited in several
ways. First, ICT trip substitution might be successful only in niche markets, such as high-income
and time-constrained groups [5]. The type of product may limit trip substitution as well. Books,
magazines, CDs, DVDs, software, and admission tickets are more popular online purchases than
clothing, pharmaceuticals, and food [6]. Although the content of a CD does not vary across
multiple vendors, consumers may be less trusting or unwilling to purchase food or prescription
drugs online, preferring to inspect them in person. The percentage of multipurpose trips could
also constrain the market. One study found that nearly half of shopping trips are multipurpose,
implying that substituting one portion of the trip would not eliminate the trip altogether [7].

Second, the level of substitution across activities varies. One study, examining 1995 survey
data, found that the degree of substitution depends on the activity and attitude. Certain out-of-
home activities offer desirable qualities that at-home alternatives cannot replace, such as the
social aspect of viewing a movie at a cinema with friends (3). Research in Germany found that
among computer users, 74% made fewer shopping trips than nonusers, whereas the remaining
26% made more trips (8). Another study found that home shopping increases the frequency of
store shopping and trip chaining (9). Still another found that online shopping reduced short
automobile trips by a mere 0.31% [10). Other research found that commuters would not be
willing to substitute their most frequent home-based trip [11). Collectively, these results raise
significant doubts about the overall impact of ICT on travel demand.

Third, individual factors that explain trip substitution with ICT are equally unclear. Results
of a study of three U.S. cities indicate that Internet availability and attitudinal factors might be as
important as, or more important than, spatial attributes (e.g., trip length) in deciding whether to
engage in at-home ICT activities [12). Reducing travel does not appear to be a primary
motivation for using ICT. Results of a review of 65 online shopping studies indicate that the
factors affecting online shopping behavior generally are Internet perceptions, vendor
information, and user characteristics (e.g., sociodemographics and Internet experience). A desire
to avoid trips or reduce travel is an uncommon predictor [13).

Prior research thus raises both expectations and doubts about the impact of ICT on travel.
Given the rapid expansion in ICT and its use and the potential benefits of even small reductions
in automobile travel, further exploration of these questions is warranted.

3.4.3 Trends from National Data

Technological improvements have increased the rates of computer ownership and Internet access
worldwide. Although these changes have been most prominently realized by medium- and high-
income households (14, 15), low-income households likely realize such upgrades or are able to
purchase new products as technology improves and costs decrease. In this section, a snapshot of
recent national computer ownership—showing Internet access, online shopping, and online
banking trends—is provided for the time period analyzed. This information has two primary
purposes: to document how national trends illustrate the emergence of new forms of ICT, and to
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provide a benchmark for determining how closely the samples reflect the general population.

Computer Ownership and Internet Access

Household computer ownership and Internet access increased steadily from 1995 to 2003. Figure
3.4.1 displays national trend data from the U.S. Census [14) and the Pew Internet & American
Life Project, a nonprofit research center examining the impact of Internet on Americans [16).
The gap between computer ownership and Internet access shrunk, suggesting that the Internet
became more valuable and possibly more affordable to computer owners. Data from the Center
for Digital Future mirrors that of Pew Internet, estimating that 65.1% of households had Internet
access in 2003 compared with 46.9% in 2000 [17). The average 2003 user spent 12.5 hours per
week online, up from 9.4 in 2000. These results suggest greater at-home opportunities for ICT
use.

Online Shopping

Online shopping has grown at rates similar to Internet access since 2000. The Economics and
Statistics Administration reports that 40.1% of Americans shopped online in 2000, compared
with 52.1% in 2003 [15). Pew Internet estimates a change from 41% to 61% during the same
period (16). However, the percentage of adults who purchased online remained near 45%
between 2000 and 2003 [17).

The portion of total retail sales attributed to online shopping increased from 0.9% in 2000 to
2.3% in 2003 [18). As consumers realize technological innovations and become more trusting of
online purchases, market share is likely to increase. At current rates, online shopping gains are
likely to outpace total retail shopping over the next several years [19). The frequency of online
shopping probably is increasing with sales, although these trends fail to differentiate this
possibility from higher dollar purchases or simply more shopping overall.

Online Banking

Online banking trends tend to mirror those of online shopping. The Economics and Statistics
Administration [15] estimates an increase of 17.4% to 27.8% in online banking between 2000
and 2003, whereas Pew Internet reports a change of 18% to 34% [16]. Another poll found that
38% of Americans used online banking in 2005 and that, despite security considerations, 81%
believe it is improving overall service and will remain a banking alternative [20]. Using an ATM
is an out-of-home, ICT-based banking activity that allows users to deposit checks and withdraw
money from a primary bank. The convenience of ATM cards is greater than ever; a 2002 study
estimates that 60% of U.S. ATMs were not at banks [21].
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Figure 3.4.1 Percentage of American households with computers and Internet access [14, 16)]

Hypothesis

Using the data from two repeat cross-sectional surveys (conducted in 1995 and 2003), two broad
research questions were posed. First, to what degree has at-home ICT use and out-of-home store
travel changed from 1995 to 2003? Multiple analysis of covariance (MANCOVA) is used to
determine the interaction effects, controlling for sample differences. Because congestion has
worsened and technology has become more accessible over this period, higher at-home and
lower out-of-home frequencies are hypothesized. Second, how much do at-home alternatives
substitute for out-of-home trips, and to what degree has this amount changed between 1995 and
2003? Given travel demand expectations, greater substitution is hypothesized.

3.4.4 Data and Method

Survey Instruments

The 1995 and 2003 surveys queried ICT use; access to technology; and attitudes toward
substitution, technology, and congestion. Both were administered by mail and sent randomly to
1,000 individuals in three U.S. metropolitan areas. The 1995 survey focused on San Jose,
California; Austin, Texas; and Oklahoma City, Oklahoma. The 2003 survey used Seattle,
Washington; Kansas City, Missouri; and Pittsburgh, Pennsylvania. The cities were chosen to test
(and control) for ICT influence in areas that represent varying degrees of technology and
congestion: low technology and low congestion in Oklahoma City and Pittsburgh, high
technology and low congestion in Austin and Kansas City, and high technology and high
congestion in San Jose and Seattle. The overall response rate was 16% in 1995 and 31% in 2003.
Additional details regarding the individual instruments and select analysis results are available
elsewhere [3, 11].

The only difference between the survey instruments was in the form of at-home shopping and
banking: respondents reported the frequency of catalog shopping and phone banking in 1995 and
Internet shopping and banking in 2000. Each represents the common at-home activities that
individuals might have used as substitutes for out-of-home physical store trips at the time.
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Statistical Analyses

The first research question was posed to determine whether the year of the survey (1995 or 2003)
had an effect on the frequency of out-of-home and at-home shopping and banking. MANCOVA
emerges as an appropriate multivariate technique to do this because it examines the difference in
means of two or more dependent variables across categorical independent variables. The
dependent variables should share a theoretical relationship because each measures a separate
influence of the independent variables, but their outcomes should be discrete. MANCOVA
differs from multiple analysis of variance (MANOVA) in that it considers the interaction effects
of continuous and interval-level covariates, which act as controls for the independent variables
[22]. It is more appropriate in this application because both types of independent variables exist.

Changes in the rates of at-home and out-of-home shopping and banking are defined as the
dependent variables and survey year as the independent variable of interest. The multivariate
F-statistic Hotelling’s Trace) tests whether the independent variable survey year and each
covariate has an effect on at-home and out-of-home activitiecs. MANCOVA also generates
univariate F-statistics to describe the interaction between each category of survey year (1995 and
2003) and both dependent variables.

The nine covariates control for differences in sample characteristics, attitudes, and city type.
The characteristics of the sample populations (i.e., age, household income, household size, and
number of household vehicles) are coded as continuous variables. City type is coded as an
interval-level variable, assuming the increasing likelihood to use at-home activities in the
following order: low technology—low congestion, high technology/low congestion, and high
technology/high congestion. Four attitudinal questions related to technology and congestion are
included. A Likert scale measures the extent to which each respondent agrees or disagrees with
each statement. The scale ranges from 1 (strongly disagree) to 5 (strongly agree).

To determine whether differences between the 1995 and 2003 survey respondents are
statistically significant and to answer the second broad research question, three significance tests
for independent samples are used: the independent sample t-test (to compare means of two
independent continuous variables), the chi-squared test (to compare means of nominal-level
tabular data), and the Mann—Whitney U-test (to compare mean ranks of ordinal or higher data).
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Table 3.4.1 Respondent characteristics, 1995 and 2003, Part 1

Survey year Comparing survey year
1995 2003 N =475 N =738

Characteristic % n % n Statistic
Gender 0.022°
Female 423 195 43.0 311
Male 57.7 264 57.0 414
Education —3.072"¢

Less than high school 2.0 10 33 25
High school 27.0 123 34.7 249
Technical college 13.7 61 15.0 109
College degree 37.3 169 28.3 206
Master’s or professional  17.3 77 16.0 116
PhD 2.7 16 2.0 14
Other 0.0 0 0.7 3

®Reporting likelihood ratio from chi-squared test (2-tailed significance).
bReporting Z-statistic from Mann—Whitneyu-test (2-tailed significance)
)

p< 0.01.

Results

Tables 3.4.1and 3.4.2 compare characteristics of the survey respondents, adjusting household
income for inflation. The national measure of the average change in price (the consumer price
index) was used to adjust for inflation: 20.01% for the entire period [23]. The means of four
differences are significant. On average, the 2003 respondents are 9.4 years older, whereas the
1995 respondents have a higher education level. The 2003 respondents have a smaller average
household size and own fewer vehicles per household. The cumulative effect of these differences
is difficult to predict. The 2003 sample is older and slightly less educated, characteristics typical
of less frequent at-home ICT users. The 2003 respondents also have fewer vehicles and persons
per household, which may lead to greater disposable income.

Comparing the Sample with National Trends

Contrasting the respondents with national trends establishes benchmarks for internal and general
comparisons. Of all respondents, 73% owned a computer and 43% had home Internet access in
1995 versus 78.5% and 73.9%, respectively, in 2003. Each value is above the national trends
outlined earlier. In terms of at-home ICT activities, 46.6% of 2003 respondents had purchased
online and 41% had banked online, both slightly above national averages. Consequently, the
1995 and 2003 respondents may have had a greater affinity toward at-home ICT alternatives and
associated higher frequency of use.
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Table 3.4.2 Respondent characteristics, 1995 and 2003, Part 2

Survey year Comparing survey year
1995 2003 N=475 N=1738
Characteristic Average n Average n Statistic
Age 45.0 466 54.4 707 9.902*"
Household income 61,016.0 457 59,299.0 669 —0.883*"
Household size 2.6 454 2.4 723 —2.454*"
Vehicles/household 22 456 2.0 726 —2.637*¢
Household size 2.6 454 24 723 —2.454*°
Vehicles/household 22 456 2.0 726 —2.637*¢
"Reporting ¢-statistic from independent sample #-test (2-tailed significance).
®»<0.01.
p<0.05.

Changing Frequency of At-Home and Out-of-Home Shopping

The second strategy uses a MANCOVA model (Table 3.4.3). The multivariate F-statistic for
variable survey year (equal to 64.450) is significant—as were age, household income, and three
attitudes—in controlling for differences in the survey year, indicating that the survey year has an
effect on out-of-home and at-home shopping frequency. The overall F-statistic of the model is
significant for both dependents. The adjusted R-squared is 0.141 for out-of-home shopping and
0.172 for at-home shopping.

The univariate F-statistics explain the interaction effect of each category of variable survey
year (1995 and 2003) and the dependent variables. For out-of-home shopping, the 2003 beta
parameter is 0.654 compared with base year 1995, indicating that the mean frequency of out-of-
home shopping was significantly greater in 2003. Interpreting the covariate parameters, adding
this value to the intercept estimates out-of-home shopping when the covariate is zero. Household
income, household size, and concerns about privacy with computers have a positive effect on
out-of-home shopping frequency.

The 2003 respondents also were more likely to engage in at-home shopping; the beta
parameter for 2003 at-home shopping is 0.145 compared with base year 1995. At-home shopping
frequency is greater in high-income households, among respondents who believe that technology
helps them save time, and in high-technology/high-congestion cities. Older respondents and
those who prefer to spend free time with friends spend less time shopping at home. However, the
primary finding from this line of analysis is that the independent variable of interest (survey
year) has an effect on out-of-home and at-home shopping frequency.
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Table 3.4.3 At-home and out-of-home shopping frequency, 1995 and 2003

Variable

Survey year

(Hotelling’s trace F = 64.450a)
2003 n =592
1995 n =394

Age
(Hotelling’s trace F' = 20.740a)

Household income

(Hotelling’s trace F = 15.309a)

Household size

(Hotelling’s trace F = 2.8022)

Household vehicles

(Hotelling’s trace F = 1.596)

City type
(Hotelling’s trace F' = 2.843)

Technology helps save me time

(Hotelling’s trace F'=19.198a)

I worry about my privacy with computers

(Hotelling’s trace F' = 4.418b)

Traffic drives me crazy

(Hotelling’s trace ' = 0.878)

I prefer to spend free time with other people

(Hotelling’s trace F'= 5.398a)

Intercept

(Hotelling’s trace F = 75. 144a)

Corrected model
R’ (adjusted)
3 < 0.01.°p < 0.05.

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Statistic
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Out-of-home

0.654°
0
132.237°

0.000
0.039

0.041°
3.942°

0.050°
4.483°

0.042
1.772

—0.009
0.071

0.010
0.145

0.047°
4.730°

—-0.025
1.238

—0.007

0.065

2.799a
115.969*
17.105°
0.141

At-home

0.145°
0
4.904°

—-0.014*
40.640°

0.127°
28.756"

—0.022
0.657

0.049
1.792

0.090°
5.401°

0.181°
38.322°

—0.044
3.112

0.015
0.345

-0.107*
10.792°

1.947°
50.042°
21.488°
0.172



Table 3.4.4 At-home and out-of-home banking frequency, 1995 and 2003

Variable

Survey year
(Hotelling’s trace F = 2.537)
2003 n =468
00 1995 n =269
Age
(Hotelling’s trace F' = 11.628b)

Household income

(Hotelling’s trace F' =4.212a)

Household size

(Hotelling’s trace F'=1 .824)

Household vehicles

(Hotelling’s trace F'= 7.879b)

City type
(Hotelling’s trace F = 14.152b)

Technology helps save me time
(Hotelling’s trace ' =22.915b)

I worry about my privacy with computers

(Hotelling’s trace F = 8.452b)

Traffic drives me crazy

(Hotelling’s trace F'=1.534)

I prefer to spend free time with other people
(Hotelling’s trace F =0.131)

Intercept
(Hotelling’s trace F' = 58.982b)

Corrected model

R? (adjusted)

Statistic

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

/i
0.075 0.137
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Out-of-home

-0.161*
3.810°

0.001

0.276

-0.077°
6.847°

0.036
1.165

0.175°
14.947°

-0.201°
18.313°

~0.078°
4.454*

0.099°
10.015°

—0.051
2.422 0.682

0.007
0.027

3.062°
93.992°

7.001°

At-home

—-0.120
1.327

-0.018°

22.944°

0.046
1.505

0.067
2.531

—0.050
0.746

0.190°
9.685°

0.190°
41.0856°

—-0.102°
6.700°

—0.034

—0.025

0.234

1.831°
21.253°

12.650°



ap< 0.05.bp< 0.01.NOTES: Wilks’ lambda F-statistic is for DV among IV. F-statistic is between subjects. Household income from
1995 adjusted for inflation.

Changing Frequency of At-Home and Out-of-Home Banking

The variable measuring survey year does not explain changes in out-of-home and at-home
banking. The model in Table 3.4.4 shows an insignificant multivariate F-statistic equal to 2.537,
although this statistic would be significant at a 0.90 confidence level. The covariates that have an
effect in the model are age, household income, the number of household vehicles, one attitude,
and city type. The overall F-statistic is significant for both dependents. The adjusted R-squared is
0.075 for out-of-home banking and 0.137 for at-home banking. Although the out-of-home
R-squared is relatively low, the parameter estimates make sense and have the expected sign,
suggesting a practical model with numerous unobserved effects.

The univariate F-statistics explain the interaction effects of the independent and dependent
variables. Regarding out-of-home banking, the 2003 beta parameter (equal to —0.161) indicates
that the 2003 respondents banked out of home less frequently than respondents in 1995.
Interpretation of the covariates indicates that out-of-home banking frequency increases as the
number of household vehicles and concerns about privacy while using computers increase.
Conversely, household income, a pro-technology attitude, and a high-technology/high-
congestion city have a negative effect.

The variable measuring survey year fails to explain changes in at-home banking. The 2003
beta parameter is negative, indicating that respondents in 2003 banked less often at home than
respondents in 1995, but the result is not significant. At-home banking frequency decreases with
age and privacy concerns while using computers. Respondents who live in a high-technology/
high-congestion city and believe that computers help them save time have a positive effect on at-
home banking frequency.

Changing Substitution or Inducement of Shopping and Banking Activities

Further examination of the two surveys reveals the effects of at-home ICT activities on trip
substitution and inducement. The degree to which respondents substituted at-home shopping and
banking for out-of-home alternatives is reported in Table 3.4.5. In 2003, 79% of at-home users
said they would have visited a store had an at-home option been unavailable; this response is in
sharp contrast to 20% of respondents who would have made that trip in 1995. Approximately
56% of at-home users in 1995 and 2003 reported that an at-home activity induced an in-store
trip.

Unlike with shopping, respondents in 2003 were less likely to substitute at-home banking for
out-of-home trips; nearly 40% of the 1995 respondents reported that at-home banking substituted
for a trip compared with 27.6% in 2003. As a point of comparison, respondents have not changed
in the degree of substitution of out-of-home ATM transactions for out-of-home bank trips.
Roughly 56% of respondents in both 1995 and 2003 would have made a trip to the bank had their
last ATM use not been possible. The relationship between using an ATM and visiting a bank—
both out-of-home forms of banking—are discussed in more detail below.
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Table 3.4.5 Shopping and banking substitution and inducement, 1995 and 2003

Shopping

Would have made out-of-home trip
had last at-home purchase been
unavailable (among at-home users)

Ever made an out-of-home trip
because of something seen at-home
(among at-home users)

Banking

Would have made out-of-home trip
had last at-home transaction been
unavailable (among at-home users)

Would have made out-of-home trip
had last ATM transaction been
unavailable (among ATM users)

®Reporting likelihood ratio from chi-squared test (2-tailed significance).

®p< 0.01. °p< 0.05.

1995

% n

20.2 73

Yes

2003

% n

79.0 271

564 264 555 208

39.5 98

27.6 64

489 160 49.8 258

1995

%

79.8

43.6

60.5

51.1

n

288

204

150

167

2003

%

21.2

44.5

72.4

50.2

73

167

168

260

Table 3.4.6 Bank and ATM proximity to respondent home and work locations, 1995 and 2003

Bank or ATM proximity

Bank within walking distance of
home

Bank within walking distance of work

ATM within walking distance of
home

ATM within walking distance of
work

1995

% n

15.8 73

22.1 92

354 161

43.7 180

Yes

2003

% n

275 202

18.3 123

40.9 291

429 285

®Reporting likelihood ratio from chi-squared test (2-tailed significance).

®p< 0.0.
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1995

%

84.2

77.9

64.6

56.3

No

n

389

325

294

232

2003

%

72.5

81.7

59.1

57.1

533

549

421

379

Comparing
1995 and 2003

Statictic®

257.824°

0.075

7.675¢

0.062

Comparing
1995 and 2003

Statictic®

22.722°

2.272

3.537

0.061



3.4.5 Discussion

The multivariate models paint a distinct picture of out-of-home and at-home shopping and
banking; they suggest that activities are changing in both frequency and form of technology. The
variable that measures survey year has an effect on out-of-home and at-home shopping after
controlling for sample characteristics, attitudes, and city type. Survey year is notable but does not
significantly explain banking frequencies. These findings are not particularly surprising, because
shopping and banking patterns might be expected to evolve in terms of frequency of use and
form of at-home activity.

Respondents were more likely to shop both out of home and at home in 2003 than in 1995. In
terms of travel demand management, as at-home technologies improve and congestion worsens,
the expectation is that at-home shopping will grow and out-of-home shopping will decline.
Instead, respondents engaged in multiple forms of shopping with greater frequency. Several
factors may explain this behavior. Respondents may
e Continue to prize store shopping to view a product in person, ask questions, acquire a

product immediately, or engage in social activities (e.g., get out of the house);

e Chain multiple trips;

e Maximize convenience, browse, or shop for certain goods at home and continue to buy other
goods out of home; and

e Take more frequent trips with shorter durations because of changing time constraints.

Respondents reported a greater degree of substitution of out-of-home shopping for at-home
alternatives in 2003. Given that both out-of-home and at-home shopping increased between 1995
and 2003, this finding seems contradictory. One possible explanation is that because respondents
shopped stores more frequently, they were more willing to make a store trip if the product was
unavailable at home. Another possibility is that the greater frequency of at-home shopping
reflected general increases in product needs and desires that respondents would satisfy with
either at-home or out-of-home purchases.

The extent of store shopping inducement remains unchanged. More than one-half of
respondents in 1995 and 2003 had ever made a store trip to purchase an item seen at home. This
result likely reflects several behaviors. The first is price comparison, which may be conducted at
home (e.g., by browsing multiple catalogs or Internet sites) to discover the best deal for their
product of interest. The second is a reluctance to buy without viewing, so people may analyze
products at home, then travel to a store to view the product in person. This moves toward a third
explanation, which is the desire to view a product in person before purchasing.

Respondents were less likely to bank out of home in 2003 than in 1995. The decrease in at-
home banking frequency between survey years is not significant, despite changes in the form of
at-home banking technology. In contrast to shopping, the results indicate less banking overall.
One possible explanation is online paycheck deposits and automatic bill payment, which
respondents may not count toward total banking activity. Respondents in 2003 were less likely to
indicate that at-home banking substituted for out-of-home physical trips. The desire to conduct
certain transactions at banks (e.g., obtaining loans and cashier’s checks) may continue the need
for store banking.

The proximity of banks and ATMs could explain the decrease in at-home banking and limit
future at-home banking growth. Table 3.4.6 displays bank and ATM proximity to respondents’
homes and places of work. A greater number of respondents reported having a bank within
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walking distance of their home in 2003. Although the difference in ATM proximity is not
significant, results indicate that roughly 40% of respondents are within walking access of an
ATM at one of two key locations. The ease of accessing these locations, in addition to a
seemingly increasing number of banks and ATMs at other locations—supermarkets, bookstores,
and gas stations—may limit the need to engage in at-home banking and slow future growth. The
various banking alternatives also may reduce the observed effect of any individual at-home
banking activity on trip substitution.

The characteristics of people willing to engage in at-home activities, their attitudes, and city
characteristics explain changes in the frequency and form of shopping and banking activity. The
models confirm some of the expected variable effects; however, the influence is not always
consistent and varies depending on the type of at-home technology. For instance, respondent age
was significant in at-home models but insignificant in out-of-home models. Increasing household
income has a positive effect in shopping models, a negative effect in the out-of-home banking
model, and an insignificant effect in the at-home banking model. Respondents from high-
technology—high-congestion cities were more likely to increase their at-home frequency in both
activities but varied in out-of-home frequency. Attitudes toward technology and congestion
generally had the expected signs but were not always significant. Unexpectedly, the attitude
“traffic drives me crazy” was not significant in any of the models. Together, the results indicate
that expectations that certain populations or specific locations will engage in at-home shopping
and banking alternatives may be overstated. Instead, evolving use patterns depend of the activity
(shopping or banking) and the form of the at-home activity (catalog, phone, or online).

3.4.6 Conclusion

ICT use and its potential to reduce travel have been discussed enthusiastically for many years.
The longitudinal approach used herein analyzed the differences from two similar surveys to
examine the evolving relationship between store travel and at-home ICT alternatives. This
analysis compared typical at-home activities during two survey years: catalog shopping and
phone banking in 1995, and online shopping and online banking in 2003. The variable measuring
the year of the survey had a main effect in explaining changes in the frequency of at-home and
out-of-home shopping but not banking.

In 2003, respondents engaged in greater amounts of at-home and out-of-home shopping.
They also were more likely to substitute at-home activities for store trips; however, the overall
increase in shopping seemed to override this change. Examining banking activities, a decrease in
out-of-home banking and a notable, but insignificant, decrease in at-home banking were
observed from 1995 to 2003. Examining multiple behaviors, the most likely explanation for the
results is that with the growth in ICT use, people engage in multiple forms of shopping and
banking and do so in the ways most convenient to them. ICT has expanded the number of means
available for carrying out activities but has not significantly replaced the earlier means. The
desire to shop in a physical store, for social or other reasons, and to touch and examine products
before buying is a possible explanation, although this analysis fails to fully capture this effect.
Similarly, people may be unwilling to conduct certain transactions away from banks. The
proximity of banks and ATMs to home and work locations and the convenience of ATMs in
other stores may not warrant online banking for many individuals.
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The approach presented in this paper offers insights that pure cross-sectional studies on their
own cannot. MANCOVA is a useful technique to control for differences in similar sample
populations and examine longitudinal changes. The surveys were limited in scope, and this
analysis was limited to the portions of the two surveys that provided sufficient and consistent
data. This study echoes the difficulty in capturing the effect of evolving at-home technologies.
Future studies can work toward this goal by testing the frequency of at-home ICT use before and
after receiving access to the newest technologies using panel data. Notwithstanding such
shortcomings, the approach presented in this paper offers a viable alternative to surmising results
from a series of unrelated cross-sectional studies.
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Endnotes for 3.1

ICT as a Substitute for Non-Work Travel: A Direct Examination

" A total 17% of Internet users (about 14 million Americans) had ever used online banking services and 36%
(about 31 million Americans) had ever made travel purchase over the Internet. In September 2002, the numbers have
increased to 32% (online banking) and 50% (online travel purchase).

 An example question is: Think of the last time that you...(e.g., used an ATM machine). If you had not had the
option of...(e.g. using an ATM), what would you have done?

An example question is: Think of last time...(e.g. you made a trip to the bank even though you were aware of
the option to bank online), why did you choose to do so? Or if you choose to go to a store instead of purchasing
online, which ONE of the following is the MAIN reason?

VRoughly 62% of the respondents answered these questions.
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4.1.1 Introduction

Interorganizational systems (IOS) concepts provide a targeted means to look at the cross-
organizational features of a socio-technical system (Cash & Kosynski, 1985; Williams &
Fedorowicz, 2005). In its simplest form, an interorganizational system (IOS) is an information
and communications technology-based system, shared by two or more independent organizations
(Bakos, 1991; Johnston & Vitale, 1988). Past 10S research has focused primarily on private
sector systems, some of the earliest studies discussing how IOS creates competitive advantage
(see Cash & Kosynski, 1985; Guglar & Dunning, 1993; Johnston & Carrico, 1988). A more
recent research effort has stressed the value of interorganizational information sharing in the
public sector (e.g., Dawes, 1996; Fountain, 2001; Sawyer, Tapia, Pesheck, & Davenport,
2005;West, 2005; Zhang, Dawes, & Sarkis, 2005). E-government 10S research has involved
several public sector contexts such as criminal justice (Sawyer et al., 2005; Scholl, 2005) and
services to citizens (e.g., tax processing, workers compensation insurance, forest service
information) (Dawes & Prefontaine, 2003; Drake, Steckler, & Koch, 2004). These and other e-
government researchers have demonstrated a need to improve capabilities to share data,
information and knowledge across departmental, organizational, geographic, and institutional
boundaries (Rudman, Clarke, & Metzel, 2003; Sawyer et al., 2005). It has been posited that such
interorganizational improvements in information sharing will improve the performance of public
sector services (Dawes, 1996; Landsbergen &Wolken, 2001; Layne & Lee, 2001; Pardo, 2000).
However, there has been limited attention given to the e-government service performance
benefits that result across a coordinated chain of service organizations (Drake et al., 2004; West,
2005). Drake and colleagues (2004) identify the research need to further explore issues and
challenges in interorganizational public services to further understand the value chain concept of
information sharing within and across a public service delivery system. More specifically, an
examination of what value is added or subtracted at each stage of public service delivery is
needed. This study addresses the abovementioned research need within an e-government 10S
domain that has received very little attention—that of the sequentially cooperative processes of
government and private organizations providing emergency medical services (EMS) to citizens
(Horan & Schooley, 2007). The emergency response domain introduces unique and challenging
dynamics and complexities to multi-organizational information sharing, including the time-
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critical nature of emergency services and the need for timely information in a form that can be
trusted and used by emergency responders (Arens & Rosenbloom, 2002; Dawes, Cressell, &
Cahan, 2004; Sawyer, Tapia, Pesheck, & Davenport, 2004; Turoff, Chumer, Van de Walle, &
Yao, 2004). Effective and timely service depends upon all participating organizations working
cooperatively and utilizing information technology effectively (Mayer-Schonberger, 2003).

Few studies have addressed the service performance implications of IOS in the egovernment
domain generally, and EMS specifically. Nearly a decade ago, the National Highway
Transportation Safety Administration (NHTSA) (1996) identified the importance and need for
research, evaluation, and development of robust data and information systems to support multi-
organizational EMS. More recent studies have stated that interorganizational EMS continues to
operate without a sufficient research basis to support many of its operational and information
systems decisions (IOM, 2006; McLean, Maio, Spaite, & Garrison, 2002; NHTSA, 2001; Sayre,
White, Brown, & McHenry, 2003). Enabling interorganizational information sharing has been
identified as an important precursor to improving EMS research and system-wide services (IOM,
2006; NENA, 2001; NHTSA, 2001). Kapucu (2006) identified the need to better understand the
role of communication processes, supporting information technologies, and information sharing
across emergency organizations to achieve higher levels of service performance. Furthermore, a
very recent Institutes of Medicine (2006) report discussed the need to further explore the socio-
technical nature of and uses of interorganizational systems in EMS and how they relate to
performance benefits. This study addresses this specific gap in the IOS e-government EMS
literature.

Most directly, this study extends research conducted by Horan, McCabe, Burkhard, and
Schooley (2005) and Horan and Schooley (2007), who present a general framework for
understanding and studying a type of interorganizational public service process—one that is
highly time critical. Horan and colleagues explain that future research should seek a detailed
examination into how participating agencies and organizations interact with each other and with
technological systems in the delivery of emergency services, including what the perceived
performance benefits are for sharing information.

The research issue addressed in this investigation is: How do operational, organizational, and
governance dimensions of interorganizational time-critical services influence the use of
performance information from end-to-end? The concepts in this research question will be further
explained below in terms of how they relate to this study.

4.1.2 Theory

The conceptual framework that guides this study is the time-critical information services (TCIS)
framework (Horan et al., 2005; Horan, Marich, & Schooley, 2006) (see Figure 4.1.1). TCIS was
developed to aid in the study of time-critical information services (TCIS), that is, public services
that are highly time and information dependent. The researchers have developed TCIS as a
heuristic that allows for a multidimensional view of “end-to-end” system performance and
information sharing therein for time information critical services such as EMS. Researchers
investigated prominent sociotechnical works such as Fountains (2001) technology enactment and
Sussman (2002) complex, large-scale, interorganizational, open systems (CLIOS). From this
investigation, TCIS was developed as a way to distinguish between different simultaneously
ongoing streams of phenomena, some of which are organizational, some of which are
performance-based, technological, time-dependent, etc., and frame them into an analytical lens

42



Time- Incident Incident S
critical | Report *  Information - Dlsgatctl_-l!Cali CRESI_Z?"SE . Definitive Care
Service (911 Cally Acquisition outing COFCNIGTON
Information Information
Exchange Exchange
e Rl i e et S b e s T e e S ﬂ_"_____________l
! | 1 | H
| Inter- | Inter- H Inter - ) Inter - !
| organizational | organizational | organizational 1 organizational |
¥ Jink linkages + linkages ¥ link 1

Inter-
organizational izati Organization
System |

Organizational
Operational

Operational

End-fo-end

Performancs / \ A T’

Performance Performance Performance Performance Performance
Metric 1 Metric 2 Metric 3 Metric 4 Metric 5
Peal S S BN\
vs. A
e e e —— — | =
Normal
Conditions 7
Le— Beginning: Mobile Emergency End: Hospital/Trauma Center Care __,J
Resulting in 9-1-1 Call Complete
—

Post-hospital #+—»-

Pre-Incident treatment/follow-up

Preparation

Figure 4.1.1 TCIS framework.

for interorganizational systems (IOS) analysis. short, TCIS is a conceptual framework derived
from theory that is meant to simplify a complicated array of relationships, behaviors,
technologies, and entities and provide utility to systems analysts. While TCIS has been refined
through conferences (e.g., DG.O 2006), professional publications (e.g., Horan & Schooley,
2007), and a National Science Foundation (NSF) supported workshop on the topic (see Horan et
al., 2006), the case study reported below has provided an important opportunity to further
validate this approach through examination of a real-life time-critical service.

The conceptual model includes several levels of analysis for TCIS, both in regard to EMS
specifically and other public services generally. These levels, shown in Figure 4.1.1, include (1)
the time and information critical elements of a sequential public service process, (2) the
interactions and information exchanges across multiple cooperating service organizations that
include both qualitative organizational elements as well as “hard” information flow elements, (3)
the end-to-end elements that consider performance metrics within and across the process flow,
and (4) context variation elements such as normal versus peak conditions (in terms of service
demand).

This study focuses on the interorganizational information-sharing dimensions of TCIS
(Figure 4.1.1, 2nd row from the top). Their research findings and resulting framework propose a
structure for understanding operational, organizational, and governance dimensions of
interorganizational performance information sharing and integration to gain a deeper understand-
ing about how information sharing influences the design and improvement of time critical public
services, EMS service delivery, and information systems to support these services.

The following section of the paper further defines the “information-sharing dimensions” to
be analyzed in the case study, which draws from the literature on e-government information
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sharing (see Table 4.1.1). Beginning with the operational/technical dimension of information
sharing, this includes business processes, procedures, and technological resources for sharing
information and data across organizational boundaries (Dawes, 1996; Sundberg & Sandberg,
2006). The “business process and procedure” aspect involves understanding what tasks are
involved, who is involved, where tasks are performed, and how processes work (Curits, Kellner,
& Over, 1992; Fedorowicz et al.,, 2005). In terms of the technical systems, Dawes and
Prefontaine (2003) state that interorganizational public service performance and communication
are strongly shaped by the capabilities of the technical tools. This includes understanding what
computer, Internet, and communications technologies (hardware and software) are utilized to
share information across organizations, how they are used, and how they influence information
sharing with cooperating organizations (Dawes & Prefontaine, 2003; Scholl, 2005). These
technical elements are extracted from the case studies to understand the operational dimensions
of information sharing.

In a review of the literature on organizational models, trust has been linked to successful
performance outcomes in such processes as teamwork, leadership, goal setting, performance
appraisal, and more effective crisis management (Grossman, 2004; Shockley-Zalabak, Ellis, &
Winograd, 2000; West, 2005). Additional organizational elements that have been found to
influence performance of an IOS are effective communications, cultural differences, level of
participation, power relations, and resistance to change (Allen, Colligan, Finnie, & Kern,2000;
Dawes et al., 2004; Sundberg & Sandberg, 2006; Zhang et al., 2005), as well as cultural and
subcultural dimensions of information sharing (Drake et al., 2004). These elements are explored
in terms of how they influence interorganizational information sharing.

In addition to operational and organizational dynamics, governance issues are also explored
as they affect and influence interorganizational information sharing. Fountain (2001) explains
that governance structures facilitate, coordinate, and control what happens within an
interorganizational collaboration episode. This includes “...roles that have been defined for
participants to fill, the relationship among those roles, and regulations that govern the use of
roles and relationships for participants to fill” (Holsapple & Luo, 1996). In addition to issues
surrounding participant roles, this study also seeks to extract elements such as decision-making
processes, rules, regulations, legal, political, and fiscal issues as posited by other researchers
(Landsbergen & Wolken, 2001; Williams & Fedorowicz, 2005).
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Table 4.1.1 Analytical dimensions of interorganizational information sharing

Operational dimensions
Technical systems (software and hardware)
Business processes (who, what, where, how)
Communication flows (voice and data)
Organizational dimensions
Power relations
Level of participation
Cultural, subcultural differences/similarities
Resistance to change
Trust
Governance dimensions
Participant roles
Rules and regulations
Decision-making processes
Political/legal

Fiscal

4.1.3 Performance Measures in EMS

In order to explore performance implications of interorganizational information sharing, it is
important to further describe the concept of performance as it relates to this study. According to
the Institute of Medicine (2001), EMS system performance could be measured from a number of
perspectives including financial, safety, effectiveness, patient-centeredness, quality of care,
timeliness, efficiency, and equity of the system, where each perspective overlaps with another.
This study utilizes the view of a more recent IOM (2006) study where the critical performance
features of the system are those that matter most to a patient: timeliness and quality of care.

Timeliness

Time has long been used in EMS to measure interorganizational system performance (IOM,
2006). It is measured by recording time stamps at specific points in service delivery. EMS
service typically begins with a consumer action (placing an emergency 911 call), involves the
private sector (telecommunications service provider) delivering the call, the public sector (PSAP,
state police) receiving and dispatching the call, the private and/or public sector (ambulance
service, fire, or police) providing first response, transport and health care services, and finally
either a public or private sector hospital or trauma center delivering appropriate health care
services. Time stamps are typically recorded at the time of a call, the time the call was answered,
at the time resources (fire, ambulance, police, etc.) are dispatched, resources arrive to a scene,
and resources depart to a hospital or trauma center, arrive to the hospital, and complete delivery.
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Quality of Care

Quality care performance measurement is complex in part because of the wide range of possible
types of emergency health conditions and the difficulty diagnosing them (Coffey, 1998; Spaite et
al., 1995). For example, some of the most effective medical procedures for treating a heart attack
victim differ significantly from the procedures for treating neck trauma patients. A significant
finding from a recent Institute of Medicine (IOM, 2006) report was that quality of care
performance differs across local EMS systems. In this regard, there are several ongoing health
care initiatives whose primary goal is to define, improve, and standardize medical care
performance measures, data collection, and analysis. For example, the Health Care Financing
Administration (HCFA) has been developing core sets of measures for a number of common
conditions, including acute myocardial infarction, heart failure, stroke, pneumonia, and others
(Health Care Financing Administration, 2000). It is safe to say that unlike the nature of the
“time” metric, the quality of care metric is more multifaceted. This case analysis explores how
information is shared across organizations and how interorganizational information integration
may influence the general notion of quality care EMS performance. As such, quality of care
performance metrics vary from incident to incident and are embedded in the information types
that have been labeled “treatment provided” and “patient condition” in the case study analysis
(see Figure 4.1.5).

End-to-End Performance

The above two performance dimensions explain “what” the important patient-centered
measurement domains are. This section describes “how” service is measured. For a cooperative
interorganizational network such as emergency response, total performance from service
initiation to resolution (from end-to-end) is essential. For example, it makes little difference for
an operator to dispatch quickly if the ambulance takes a very long time to arrive and/or goes to
the wrong location. The concept and term referred to as “end-to-end” has long been used by
computer and social network researchers to discuss service performance across a networked
event (for example, see Monge & Contractor, 1988; Provan & Milward, 2001; Wigand, 1988).
We utilize this terminology and concept in our investigation of EMS service performance, from
service initiation (e.g., 911 phone call), through dispatch, EMS response, and resolution (e.g.,
definitive health care at a hospital).

4.1.4 Methodology

This case study effort examined dimensions of interorganizational information sharing through
two overlapping phases. The first phase investigated the operational and technical levels
including what performance-related information is/are not collected, communicated, and/or
exchanged across organizations. It examined the business processes and information flows across
organizations and information systems. The types of data that were collected in phase 1 are as
follows: business process documentation, performance data for the year 2005, technical
information system documentation, management reports, and performance reports, inter-
organizational agreements including formal and informal contracts, as well as field notes and
supplemental interviews. These data were collected through field visits on location at each
participating organization as well as through follow-up phone and e-mail conversations. During
field visits, researchers interviewed staff and management personnel, observed both demon-
strations and real-world operations, including sitting with emergency dispatch operators
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and riding along with fire/paramedic and ambulance crews. The organizations visited and
positions of persons interviewed are outlined in Table 4.1.2. The data collection for findings
reported below occurred from October 2005 to September 2006.

The phase 1 examination provided an operational understanding that allowed researchers to
construct interview questions for phase 2. The second research phase examined contextual issues
about the operational processes and information exchanges. Interview and round table discussion
participants were selected based on their organizational roles. In particular, upper management
was asked to identify persons who have extensive knowledge about and experience with
interorganizational business processes and information exchanges. Semi-structured interview
questions sought to understand dimensions to information sharing. The interviews also sought to
understand how performance information sharing, or lack thereof, relates to performance
benefits or challenges for each organizations’ service and how information integration initiatives
could be structured to enhance information systems and end-to-end service performance. As in
the first phase, researchers took detailed field notes, and summarized observations. Issues were
categorized by the three focus areas mentioned previously: operational, organizational, and
governance.

4.1.5 Research Setting

San Mateo County is located between the Pacific Ocean on the west, San Francisco Bay on the
cast, San Francisco County on the north, Santa Cruz County on the south, and Santa Clara
County on the south east. The majority of the population estimated at approximately 699,6102'
live along a narrow corridor along the 101 freeway, with the majority of the land mass located in
rural and remote mountain and coastal areas (see Figure 4.1.2for illustration).

The San Mateo County EMS Agency formed an innovative public/private partnership to
provide more efficient and effective emergency medical services to its citizens throughout the
county. The partnership was established in 1999 after a four-year planning process that involved
nurses, physicians, paramedics, city managers, fire agencies, ambulance providers, consumers,
and county staff as well as an RFP process with ambulance providers. The partnership includes
the County Health Services Department's EMS office, American Medical Response (AMR)
ambulance service, a Joint Powers Authority (JPA) made up of all 18 fire service agencies in the
county, and the County Public Safety Communications Center. Oversight for the EMS system,
both operational and medical, is provided by the EMS office of county Health Services, which
holds the master contract with AMR for both ambulance service and paramedic first response.
AMR has subcontracted paramedic first response service to the JPA and communications
dispatch service to the County Communications Center (see Figure 4.1.3 for partnership
arrangement). The 11 independent health care facilities throughout the county are not formally
included in the partnership but collaborate with each of the major partners. This
interorganizational arrangement was the county’s first “performance-based” contract system, and
it has received a number of awards from the National Council for Public— Private Partnerships,
International City—County Management Award for Outstanding Partnerships, the League of
Cities Helen Putnam Award for Excellence in Public Safety, the National Academies of
Emergency Medicine, and the International Association of Fire Chiefs.
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Table 4.1.2 San Mateo County participants

Organization
California Highway Patrol
San Mateo County EMS Agency

American Medical Response

County Fire Joint Powers Authority
Hospitals
San Mateo Communications Center

Total expert participants: 17
Roundtable discussions: 2

Position
Communications center supervisor

Administrator, medical director, project manager/data analyst,
clinical coordinator, EMS-children project coordinator

Paramedic supervisor, paramedic, emergency medical
technician (EMT)

Fire chief, paramedic, JPA representative
Administrator, emergency physician

Manager, supervisor, information systems manager
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Figure 4.1.2 San Mateo County location and population
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Table 4.1.3 San Mateo EMS Agency contractual response times for urban, rural, and remote areas

No. of calls to county communications center—fire/EMS related 201,099
No. of recorded incidences 103,006
Patient transports to health care facilities 23,199
Urban area average response time—first responder 6:59
Rural area average response time—first responder 11:59
Remote area average response time—first responder 21:59
Urban area average response time—ambulance service 12:59
Rural area average response time—ambulance service 19:59
Remote area average response time—ambulance service 29:59

System Overview

The EMS system consists of a single consolidated dispatch center that performs all dispatch
services for the 18 fire departments and ambulances within the County. The dispatch center .also
provides dispatch services for the County Sheriff’s department and five other local law
enforcement agencies in the county. It does not dispatch for the state-run California Highway
Patrol (CHP) or for the remaining 18 local law enforcement agencies in the county. However,
due to the need for local agencies to reduce operational costs, several of these law enforcement
agencies are in the planning stages to outsource dispatch to the County Communications Center.
While the previous system dispatched fire engines based on jurisdictional boundaries, the
current system dispatches the closest fire engine and ambulance to a medical incident. The
previous system provided paramedic ambulance response with a nine-minute response time
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standard in the more populated areas. In the current system, fire engines with paramedics on
board respond within seven minutes in urban areas (with >90% compliance). Table 4.1.3 shows
the response time requirements as defined in the EMS Agency master contract with the
ambulance provider for urban, rural, and remote areas. All responses must be in compliance for
at least 90% of all responses. Emergency ambulances continue to be staffed by paramedics but
have a response time standard of 13 minutes (with >90% compliance). The cost savings to AMR
for the extended response time is used to subsidize the fire departments for providing the
paramedic first response service. The partnership has also standardized such functions as train-
ing, communication protocols, quality improvement, equipment (including software), supplies,
and record keeping across organizations.

In terms of information systems, the EMS system features a single e-patient care record
(PCR) per patient that includes select data assimilated from the Communication Center’s
computer-aided dispatch (CAD) system, the first responders (Fire/Paramedic crews), and the
ambulance service. Ambulance crews utilize laptops with wireless connections to transmit data
to the centralized PCR system server, which feeds data to anyone logged into the system,
including the eleven health care facilities in the county. Though the system is accessible by each
organization, the EMS Agency reports that it is primarily used by the ambulance service, with
some usage by the Fire department and rare use by the health care facilities.

The EMS Agency’s vision for the information system includes a single electronic patient
care record (PCR) system that can share appropriate data elements with every organization in the
service process, including the health care facilities. This system would utilize a suite of XML-
based schemas and protocols in the transfer of its data to and from other disparate systems (law
enforcement, hospitals, dispatch center, etc.). This vision is part of an ongoing initiative to
integrate cross-organizational information to utilize for operational and management decision
making.

This case study looks at the EMS Agency’s ongoing interorganizational information
integration initiative from the perspective of the operational, organizational, and governance
dimensions that inhibit or prohibit interorganizational performance information exchanges. As
such, and as indicated at the outset, a first step in the analysis was to look at the existing
operational system in terms of business processes, information flows, and information systems
across processes and organizations.

4.1.6 Assessment Service Operations

The following section provides an overview of the case study findings. Figure 4.1.4 applies the
TCIS framework to the San Mateo County EMS case study. It illustrates a sequential service
process involving multiple public, private, and not-for-profit organizations collecting and sharing
information related to the process, the incident, and service performance. Figure 4.1.5 shows a
high-level overview of the types of information collected and transmitted across organizations
during an emergency incident. It shows how the EMS service process starts at a 911 phone call
(or equivalent notification) and continues through a series of organizations through to delivery at
a hospital. Information about an emergency incident accumulates across the process as indicated
in the top portion of Figure 4.1.5 labeled “information types.” The data and information
instances that make up each “information type” may also change and increase in a dynamic
manner as the service progresses across a series of system components and information
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technologies. For example, depending on the original accuracy of an incident report, location
information could change or be added upon.
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While the majority of information exchanges happen in a sequential manner, there are some
data exchanges that occur in a nontraditional manner that is “out of sequence.” For example, the
hospital availability system information is sent from the hospitals to the communications center
and then communicated to paramedics in the field. The diagram also illustrates the information
systems used to collect, aggregate, and facilitate data exchange across organizations, such as
two-way radios, wireless laptops, software interfaces, pagers, etc. Finally, the bottom of Figure
4.1.5 shows the three main systems for collecting, aggregating and analyzing data—the
aforementioned PCR, CAD, and HIS systems. After these data (e.g., Figures 4.1.4 and 4.1.5) had
been obtained, researchers then proceeded to investigate contextual issues and these are
discussed in the next section.

4.1.7 Results

Operational, Organizational, Governance Dimensions

The following section discusses operational, organizational, and governance dimensions to
interorganizational information exchange that were found through case study interviews and
field observations. The section also discusses perceived performance implications of those
information exchanges. The discussion below has been organized by each TCIS dimension, as
well as each element of each dimension as outlined in Table 4.1.1 of this text. The case study
examples illustrate the interrelated, parallel, and overlapping nature of these three dimensions
across the EMS public service chain. While each example below is used to illustrate one specific
dimension, it should be noted that many of the examples could also be used to demonstrate at
least one other dimension. Table 4.1.4 below provides a summary overview of how the TCIS
framework and Table 4.1.1 dimensions map to case study findings.

Operational Dimensions

A previous section provided a general operational description of the San Mateo EMS system.
The following findings focus on operational dimensions of interorganizational information
exchange. According to Table 4.1.1, these dimensions include technical systems, business
processes, and communication flows that influence cross-organizational information sharing.

Technical systems. The San Mateo County EMS Agency has made significant efforts to collect
and utilize incident data to manage service performance. Figure 4.1.5 illustrates the separate and
disparate information systems that support EMS in the county (CAD, PCR, and HIS). An
important “data type” collected across “pre-hospital” organizations (dispatch, fire, ambulance) is
“time stamp” data, which enables the EMS Agency to monitor pre-hospital time-related
performance. However, it was noted that very little data are aggregated (integrated) and shared
across all organizations including the hospitals. Currently, a cross-organizational management
information system to facilitate such a function exists in only a limited fashion. An EMS Agency
representative stated:

The missing link to making better county wide EMS decisions is to be able to tie “pre-
hospital” performance to hospital outcomes. But we don’t have access to hospital data
and we don’t have a system that collects it.
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Table 4.1.4 Summary of case study findings

Case study findings organized

TCIS dimension by Table 1 dimensions

Operational Technical systems

e Separate and disparate information
systems across service
organizations

e Some integration between pre-
hospital organizations (e.g., PCR
and CAD)

e Some automated data collection

e Lack of pre-existing patient data
for use in the field

Business processes

e Hospital availability data represents
process change; data sent “out of
sequence”

e Automated data collection allows
focus on patient needs

e Challenges “fitting” IT systems
with dynamic EMS work flow
practices

Communications flows

e Many communications via voice
and paper; not electronic; no data
collected; new data systems not
used

Organizational Power relations

¢ Contract holder mandates
information sharing to monitor
performance.

e [evel of participation

e Each organization focuses on own
individual performance as opposed
to “end-to-end” focus

Cultural

e Difference between “patient” view
of service and “service provider”
view of service
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Perceived
performance implication

Barrier to end-to-end integration/
performance analysis

Allows service segment
monitoring, improves timeliness

Provides time benefits

Barrier to higher quality care
decisions and improving timeliness

Improves quality of care decisions
and transport time to hospital

Improves quality of medical care

Barrier to improving quality care
and timeliness

Barrier to assessing performance

Enhances performance

Barrier to end-to-end performance



Case study findings organized Perceived
TCIS dimension by Table 1 dimensions performance implication

e [mpacts how performance is
perceived and measured

e Dynamic, time-critical work Barrier to end-to-end performance
environment creates data collection analysis and improvement
challenges

Resistance to change

e EMS professionals dependent and ~ Barrier to end-to-end performance

partial to voice communications analysis

e Technology wanted for screening Impacts time and quality of care for
911 calls rather than for mobile some incidences
health care

Trust

e Paramedics perceive that some Paramedics say lack of trust
physicians trust their information degrades timeliness, physicians say
more than others. it increases quality care

Governance Participant roles

e EMS Agency role as contract holder Improves timeliness
mandates pre-hospital information
sharing

¢ EMS Agency role as collaborator Barrier to quality care performance
with hospitals has limited influence ~improvement Rules and regulations
on information sharing

e Data/information definitions change Appropriate definitions accurately
performance understanding portray performance

Decision-making processes

e Challenges to enhancing decision Affects timeliness and quality care
processes with IT

¢ Organizations cautious about Protects EMS system from
changing processes performance degradation
Political/legal
e Privacy concerns negatively affect ~ Barrier to performance
information sharing improvement
e Legislation sought to mandate Improve performance analysis

information sharing from hospitals

Agency representatives explained that hospital time stamp data such as the time a patient is
admitted, time medications are administered, time surgeries started and ended, and time patient is
released from a hospital could be very useful for understanding how pre-hospital performance
affects hospital outcomes. They discussed their belief that such an end-to-end view would enable
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better performance assessment and decision making, but that the current the lack of data sharing
from hospitals prohibits such.

Several participants discussed the utility of information systems and data in the field. For
example, fire EMT’s noted how automated data collection had shortened the time required to
write reports, essentially enabling them to be “on-call” for a greater portion of their work shift.

Yet, paramedics explained many difficulties related to assembling “patient history”
information from friends and family members at an incident site. One paramedic explained:

People just aren’t very aware of the health information they need to know at the time of
an emergency. They can’t remember what they’re allergic to or how to pronounce the
medications they’re on. They don’t usually have a prescription bottle right in front of
them. Family members try to dig up that information when we ask for it, but it just takes
so long to do things that way.

Upon patient delivery, physicians at receiving hospitals had difficulty deciphering the
prescription names written by paramedics. Participants explained that there currently exists no
method to quickly assemble patient history information. Yet paramedics and physicians stated
that when accurate patient information is collected, their ability to deliver appropriate medical
care is greatly enhanced. One paramedic explained:

...any information we can get about a patient—his condition, meds, history—is
extremely valuable. It’s a terrible situation to not know of a med that a patient is taking
and then administer another med that has a negative interaction with it. You hope the
worst that happens is a throw-up mess in the back of the ambulance.

Business Processes. The EMS Agency aims to improve interorganizational business processes.
One specific area of focus is to automate data collection and transmission so that professionals in
the field can focus more on delivering health care and less on manual processes. The hospital
availability system depicted in Figure 4.1.5 is an example where data transmission does not
follow the traditional service sequence. The data are sent from each of the 11 county hospitals
and used by paramedics to determine which hospitals have the ability to accept new patients.
One paramedic stated:

Before the system we did a lot more talking on our radios to figure out which hospital
had beds and doctors. I had times when I would show up to the ED [emergency
department] and they would tell me to go to a different hospital. Granted those weren’t
life and death situations. But we had to deal with more driving which made us
unavailable for another call, not to mention angry patients.

As alluded to above, participants noted how the process change created by information
technology has created service improvements.

Participants discussed how automated data collection allows for business process changes
that impact both timeliness and quality of care performance. As one emergency medical
technician (EMT) described:
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I wish all of our time reporting could be automated. It may not seem like much of an
effort for us to report departure and arrival [over radio], but when I know there is a
bleeding child in a car, my heart is pounding and the only thing I’m interested in is
getting to this kid; I just want to focus on getting there and treating her, not on reporting
our time or procedures or whatever. In those really life threatening situations, we really
don’t record much until after transport anyways. I jot down notes on my hand [rubber
glove].

In this sense, both timeliness and quality of care are impacted by how well business
processes and information systems support medical care delivery.

Participant discussions revealed workflow challenges associated with the nature of health
emergency work. While entering performance information is essential to reporting performance,
participants felt that many of the technological tools for data collection were not suitable to
workflow processes. For example, many paramedics do not use the handwritten “signature”
function built into the touch-screen laptop for obtaining a patients’ “consent to pay.” One
paramedic stated:

The laptop is not very convenient to carry around and it’s awkward to go into an
emergency room, put the heavy machine on a patients lap, and ask him to sign the screen.

Many paramedics also do not bring the laptop with them to an emergency scene because of
contamination issues. Participants agreed that tools designed to better “fit” the dynamic
workflow environment of EMS could bring potential quality care and timeliness benefits. An
EMS Agency representative confirmed:

PDA’s were a disaster when we implemented them for paramedics to use. Wireless
connections were too slow and the screens were too small. But if we can find the right
computer based tools for the people in the field, our ability to capture what they’re doing
will become easier, and our ability to improve the EMS system will be easier.

Communication Flows. Participants discussed challenges to improving the flow of information
from one organization to another. One challenge discussed was how a large proportion of
incident information is transmitted via voice or hand-written communications and not captured
or transmitted via data systems. The EMS Agency Administrator discussed the Agency’s
attempts to address this issue with information technology. The Agency provided PCR system
access to all county hospitals and trauma centers. However, an Agency representative stated:

Hospital staff rarely use the system. They continue to rely on the traditional methods of
receiving incoming patient reports. Basically, physicians rely on short voice ‘snapshots’
from paramedics in combination with paper reports.

The original purpose behind the system was to advance patient information to a physician
prior to patient arrival. But as discussed previously, paramedics rarely enter patient information
prior to patient arrival. In addition, physicians have no mobile means to look at the data (e.g.,
PDA, Tablet PC). One physician explained:
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Many IT consultants and other techies tell us that the technology exists to make our work
paperless and reduce voice communications and make everything computerized. But
that’s not true. When a paramedic comes through the doors with a patient and describes
the situation—that’s valuable. We don’t have voice systems that can capture those words
and make them electronic. The technology to do that is still premature, despite what
we’re told.

Organizational Dimensions

The EMS Agency spends a significant amount of its time developing relationships with
cooperating organizations at monthly Emergency Medical Care Committee meetings for the
primary purpose of discussing, evaluating, and improving emergency care. The discussion below
relates organizational issues to information sharing. As outlined in Table 4.1.1, organizational
and Interorganizational dimensions of information sharing include trust, cultural and subcultural
differences/similarities, effective communications, level of participation, power relations, and
resistance to change.

Power Relations. As stated previously, time stamp data are used to analyze EMS and fire crew
response times as outlined in the county EMS contract. Participants discussed how fire crews and
ambulance crews monitor these segments in a “real-time” nature in order to help them meet
contractual service obligations (see Table 4.1.3). One fire paramedic stated:

We’re watching the time very closely as we travel to an incident and we definitely feel
pressure from our Chief to arrive before the 6-minute marker. And I’'m sure he feels
pressure as well.

This does not in any way imply that arriving quickly is not motivated by helping a patient.
But the time element, combined with a contractual compliance marker provides a constant
reminder to act quickly and avoid receiving fines for lack of compliance. An important
organizational dimension to this phenomenon is the power relationship that the EMS Agency has
to mandate both information sharing and performance levels for fire and ambulance
organizations. And the EMS Agency Administrator unambiguously confirmed that the current
performance contract system experienced improved response times over the previous countywide
system.

The EMS Agency participants noted how their ability to access, aggregate, and share cross-
organizational historical data grants them some degree of power to influence end-to-end
cooperation, information sharing, and performance with service organizations. Participants
described a monthly EMS Agency sponsored forum by which historical performance reports are
shared across EMS organizations. In 2001 the EMS Agency released the first annual perform-
ance statistics report and distributed it to each emergency response organization. One element of
the report displayed a list that showed response time averages for the year 2001 broken down by
fire department and engine number. This was a significant source of both pride and embarrass-
ments for the fire departments, depending on where they were located in the rankings. A fire
department representative explained:

The year after that first report, the fire department rankings completely changed. There’s
been kind of an ongoing competition for the best chute times since.
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Participants used this example to explain how their power to share information influenced
interorganizational relationships (competition), which served as a way for those organizations to
focus on and improve performance. An EMS Agency representative stated:

We [EMS Agency] want to gain greater access and control over county-wide EMS data
to at least in part further influence how EMS organizations interact with each other and to
help influence service performance.

Level of Participation. Upon acknowledging an understanding about “information-sharing”
concepts, participants stated that organizations are not familiar with or trained to share or use
data for the purpose of improving interorganizational, end-to-end performance. Rather,
performance is a function of each individual organization. A communications dispatcher from
the California Highway Patrol stated:

Our job is to make sure that a medical related wireless 911 call is answered by an
operator at a county PSAP. At that point, the call belongs to the county. We then dispatch
our own officers and work to help them accomplish their job.

The level of participation in interorganizational information sharing across all county
organizations is limited and, in general, does not include an “end-to-end” performance
perspective. One EMS Agency representative stated:

A clear understanding about service performance, an agreement from all of the organiza-
tions, is a very basic first-step to being able to improve the EMS system. The agreement
has to be assembled first. Then the analysis can occur. And then changes can occur.

Cultural. Participants noted that there exists a gap between how service organizations view
EMS and how customers/patients perceive the service. As an example, the EMS Agency
frequently sends and receives surveys to assess customer/patient satisfaction with first response
(fire) and ambulance transport services (i.e., pre-hospital services). However, many of the
returned surveys contain written explanations about issues at the hospital emergency department
or trauma center instead of issues relating to pre-hospital service. One EMS Agency
representative explained:

These types of survey responses represent something that is obvious and that we’ve been
aware of for a long time. A customer’s perspective of the service is that the ‘pre-hospital’
and hospital experience is an integrated, single event. Service evaluation is rarely
conducted in such a manner.

A roundtable discussion with EMS Agency representatives revealed the general belief that a
patient-centric, end-to-end evaluation would improve service performance as well as the
performance perceptions of patients. But organizations have a long history of evaluating their
own “leg” of a response. One ambulance provider representative stated:

We talk about giving service in a patient focused way all the time. We believe in doing
that. I don’t think it’s too difficult to imagine a patient’s perspective. They don’t really
care about all the ‘organizational lines,” they just want good service. But the unanswered
question is, ‘so what are we actually supposed to do about that?’... We are a different
organization than the trauma center and the fire department. We are not one big
organization and we aren’t seamlessly integrated.

4-18



Researchers found cultural challenges to facilitating the input (and subsequent sharing) of patient
care information. For example, the culture of the ambulance service is one where paramedics
have a great deal of freedom to choose how they will work in the field, coupled with a strong
sense of responsibility to provide meaningful service. Each paramedic has his/her own
preferences as to how he/she uses the electronic Patient Care Record (PCR) system and there are
loose organizational standards for data collection in the field. One paramedic elaborated:

Some of us [paramedics] take the laptops with us to a scene and enter data, some start the
PCR en route to the hospital, some enter the information after delivering a patient to the
ED [emergency department] but before their next dispatch, and some wait all the way
until the end of their work shift. Some write summary notes to shorten their reports and
others, like myself, spend a lot of time writing a detailed report to cover their butts in
case someone decides to sue.

Participants noted the cultural issue stems from the dynamic nature of their work. Information
entry is often dictated by the differing contexts of each emergency incident including the often
unknown status of a patient’s health condition. One Fire department EMT stated:

In very critical situations, we have to give complete attention to a patient. We can’t have
a strict protocol for how to enter data into a system. If we have a choice between entering
PCR data and attending to a critically bleeding trauma patient, the choice is obvious.
There was a wide range of opinions in terms of performance implications.

There was consensus that timely data entry could provide significant impacts for other
professionals at different service legs, especially for physicians at a receiving hospital/trauma
center. An EMS Agency representative stated:

From our perspective, it’s clear that data entry and integration will allow for better
performance evaluation. But if data entry causes a degradation of medical care, then the pursuit
of data capture is in vain. We need to find a way to get the best of both worlds.

Resistance to Change. Participants discussed how organizations and people are often slow to
change and adapt to new technologies. For example, and as shown in Figure 4.15, EMS
responders are sent a text message to hand-held pagers to notify and dispatch them to an
incident. First-responders push buttons on a mobile data terminal (MDT) that notifies the
dispatch center that they have arrived on-scene. Wireless laptops are used by paramedics to input
incident and patient information, which is automatically updated on hospital terminals for
physicians to view. Despite these new data powered systems, voice over two-way radio is most
often used to transmit short snapshots of much of that same information. A communications
center supervisor explained

EMS, fire, and law enforcement are all very biased towards using two-way radio
communications. I don’t think radios will ever be completely replaced by computers.

Upon arrival at the hospital, a paramedic provides a verbal thumbnail sketch about the
patient’s health condition to the receiving nurse or physician. A hospital administrator stated:

Even if the PCR has been entered, physicians rarely read it. They expect the paramedic to tell
it to them in person. This illustrates the strong propensity towards traditional workflow
processes, which challenges the ability to enter, aggregate, and integrate data for end-to-end
performance analysis. Several participants did not feel that new technology to help them work
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faster and more efficiently should be a primary focus area. They discussed how many of their
calls are not “time critical,” not requiring a high priority ambulance response. One paramedic
stated:

Time is an important issue when it comes to trauma, cardiac arrest, stroke, and major
issues. But most of our calls are not those types of issues. So often, we are dealing with
people who are just feeling sick with the flu, people who don’t have a car and want a ride
to the hospital, people faking it to get attention, or some other minor thing. 911is really
not used appropriately. People still just don’t know when they’re supposed to use it when
not to.

While participants discussed the importance of time savings during highly time-critical
circumstances, they felt that the technology focus needed to address other issues, such as the
screening of calls to better differentiate between the critical and noncritical ones. But an
ambulance provider representative noted:

Paramedics aren’t running to a scene like you see on TV, except when they really know
that the situation is really life and death critical. Does it impact time? Sure. Does it
impact a patient? Probably in some circumstances. The fact that they don’t know what to
expect on scene means that they make the statistical assumption that the situation is not
life and death.

Trust. Organizational issues included the lack of trust that often exists between individuals from
cooperating organizations. EMS Agency participants stated that in order for information to affect
system performance, information must be trusted, which includes trusting the persons delivering
the information. A communications center supervisor provided an example:

Most of the time that CHP [California Highway Patrol] transfers an emergency call to us,
the incident location is wrong. They even have e-911 data [location data] from cell
phones. But we usually know that it is going to take us longer to respond to an emergency
call from CHP and that we are going to have to use our resources to find the correct
location.

In this case, the communications center does not trust information coming from the CHP and
there are response time implications. Paramedics described how some hospital physicians
appreciate paramedic comments more than others. Physicians at the more prestigious health care
facilities tend to be less interested in paramedic comments while the less prestigious facilities
spend more time discussing the patient’s condition with the paramedic. One paramedic
explained:

It’s a matter of physician’s not trusting the information that we [paramedics] give them.
Doctor’s have way too much pride to believe everything we have to say.

Performance implications of cross-organizational distrust varied. Paramedics argued that
trusting paramedic information could enhance service performance in highly time-critical
situations. However, a physician argued that doctors have far more education, knowledge, and
experience and that their disposition to question paramedic diagnoses/impressions actually helps
to ensure better quality of care.
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Governance Dimensions

The EMS Agency holds significant power in its relationship with the ambulance provider and the
first-responder organizations due to the county EMS contract and therefore has the ability to
initiate and implement integration initiatives. But participants noted that its governing power is
far more limited in respect to the health care facilities in the county. In this regard, there are
separate governance structures between two very critical links in the EMS process. The
following discussion relates governance dimensions of information sharing including participant
roles, legal definitions, policies, and rules and regulations.

Participant roles. EMS Agency representatives discussed how governing interorganizational
relationships was a significant challenge at the beginning of the county EMS contract. In
particular, it was challenging to define each organization’s role in terms of information sharing.
To help overcome this challenge, the EMS Agency holds monthly committee meetings with
representatives from many county emergency organizations. A recent meeting consisted of
representatives from over 16 separate organizations. An EMS Agency representative stated:

Trying to define who shares what information and when has been an ongoing challenge
due to the number of organizations involved and the logistics of coordinating between
them.

Yet the function of the master EMS contract is to define roles and responsibilities. The
contract states that first responder crews and ambulances must respond to an incident within the
specified time frame for at least 90% of incidences (see Table 4.1.3 above). The contract also
mandates the collection and transfer of “time stamp” data to the EMS Agency. The Agency
Administrator spoke of an instance where ambulance response times were not in compliance
with the contractual agreement. She stated:

When we saw the report and response times were not in compliance we immediately did
some research. Our inquiry uncovered that AMR had actually reduced the number of ‘on-
duty’ ambulances. We fined AMR according to contract, they put another ambulance in
the field, and response times went back to the appropriate levels the following quarter.

Participants used this example to illustrate their participant role—as an oversight
organization whose goal is to manage and improve the end-to-end service performance.

They have been able to effectively leverage their role to influence interorganizational
information sharing and improve performance, which they continue to do with every contract
renewal (which is up for renewal in 2007). While the master EMS contract serves as a defining
document for structuring the roles of pre-hospital organizations, the Agency’s role in regards to
county hospitals is far less defined. An EMS Agency representative explained

We’ve been working with the hospitals for a long time and we just don’t have much of an
ability to get data from them. We basically have to try and get them to voluntarily share
information with us. I’ve been looking for ways to get local and county governments to
play a stronger legislative role, but right now our oversight role is rather limited.

The EMS Agency’s governing role rests with their ability to develop relationships of trust
with hospitals as opposed to a set of formal rules and regulations that mandate information
sharing at the county level. The Agency Medical Director stated:
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A stronger role, including funding and additional access to information, would allow us to
better assess EMS performance and provide better emergency medical care guidance for the
county.

Rules and Regulations. Participants discussed how performance results are also influenced by
how performance information is defined, or the rules and definitions that describe the
information. For example, for the County Communications Center, a “call” is not a “call” until it
is answered. And according to the EMS Agency master EMS contract, “response time” starts
when a dispatch message is sent to a crew and ends when the emergency vehicle parks at the
closest practical point to the emergency scene. An EMS Agency Analyst explained

This time segment measurement stops when a vehicle parks. It does not include any
additional travel to the scene-up to the fourth floor of a building, across a football field,
or inside a crumpled car that we can’t open.

Participants explained how these rules and definitions are paramount when sharing
information across organizations, creating service level agreements (SLA’s), when comparing
performance information from one system to another, or when comparing performance over long
periods of time. The Agency Analyst explained

One definition change could at first glance look as though performance improves or
degrades when in reality it was only the definition that changed.

The EMS Agency typically takes very careful measures to define terms when drafting new or
renewed EMS contracts so as to ensure performance improvement rather than degradation.

Decision-making processes Participants discussed how interorganizational decision-making
processes need to be understood and integrated into technical information-sharing systems. An
example was provided in relation to the aforementioned hospital availability system. A “divert”
code is used to signal long service wait times, a lack of hospital beds, or an insufficient number
of hospital staff. The system has significant performance implications as it may signal longer
ambulance travel times for a patient, but could also direct a patient to the most appropriate
surgeon at a distant facility. A hospital administrator explained a flaw in the system:

Divert codes are not always accurate... It’s pretty common for a physician with a
specialty, for example a neural surgeon, to be “on-call” for more than one hospital. But
whoever made the [hospital availability] system assumed that a surgeon can only be on
call for one hospital at one time. So one out of the two hospitals gets a “divert” code,
even though the surgeon could be there within minutes. This is misleading for the
transport teams. The EMS system decision-making process is that the first of the two
hospitals to request assistance from the on-call doctor would win her services. These
rules were not accurately portrayed in the technical system. Participants discussed how
these types of failures in interorganizational information sharing have obvious
performance implications in terms of timeliness and quality of care. Participants noted
that EMS organizations tend to take a significant amount of caution before adapting or
changing decision processes, largely due to IT experiences similar to the one mentioned
above. An EMS Agency representative explained
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We are very cautious and usually pretty slow to change at least in part because of the types of
risks involved. We can’t have computer systems that cause confusion or otherwise don’t improve
performance.

Political/legal. Another governance issue relates to political and legal concerns with data
privacy. The EMS Agency performs monthly quality improvement exercises by conducting in-
depth analyses on a few randomly chosen emergency incidences. An EMS Agency
representative explained

We randomly select a few EMS incidences and present them as case studies at monthly
Emergency Medical Care Committee Meetings. We are dealing with actual emergencies,
so we have to take care to eliminate any personally identifiable information. These case
studies are extremely useful because we look at the emergency all the way through from
the Communications Center to the trauma center.

The case studies are presented and analyzed at the meeting by attendees from all EMS
organizations. However, the hospitals are concerned that if quality service analysis were
conducted on a large scale (for most or all incidences), the probability of violating HIPAA (data
privacy) regulations would increase, and would subsequently increase their risk of political
and/or legal action. From the perspective of one hospital Administrator:

The HIPAA, privacy, socio-political aspects really act as a significant deterrent for health
care providers to release any patient information to anyone. Partially because HIPAA can
be confusing and was not well constructed in the first place. But also because of the bad
publicity and litigation that could accompany violations.

The primary performance implications of not having hospital outcome data are that pre-
hospital data cannot be tied to hospital outcomes, making end-to-end performance analysis
incomplete. In a related sense, policy and legal dimensions to information exchange have been
pursued by the EMS Agency. Trauma centers are mandated to share hospital admissions data at
the state level but not at the county level. The EMS Agency has made failed attempts to access
these hospital admissions data sets from county hospitals. However, one EMS Agency
representative stated:

The trauma centers don’t have much incentive to give us that data. We’re trying to make
the case that a combined pre-hospital and hospital data set will help improve their
services. It’s not so much that they want to withhold data, but more of a situation where
it’s a low priority for them. Basically, they’ll give us the data if they are mandated to do
SO.

The EMS Agency seeks legislation to obtain the data before it is integrated and aggregated
into the state data set. They believe the performance implications will be that end-to-end
performance analysis will be made possible if granted access to the data. The Administrator
explained:

My colleague [the County EMS Administrator] in San Diego pursued legislation to get
that data and I am told that it worked. She says it has been very beneficial.
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4.1.8 Discussion

Returning to the research questions posed at the beginning of the paper, the case study findings
indicate that information systems are used to manage the performance of individual
organizations and their respective separate segments of an emergency incident. Information
systems are also used in a partial manner to capture and analyze time stamp data across multiple
organizations, which in this case includes primarily the “pre-hospital” organizations. An
information system to integrate and manage end-to-end data, including data from the hospitals
and trauma centers, is a goal yet to be realized. Information systems are used in an even more
limited fashion to capture and analyze “quality of care” data across service organizations to
assess and manage end-to-end quality of care performance. This San Mateo case exemplifies this
phenomenon with its multiple disparate information systems (CAD, PCR, HIS), which integrate
on a very limited basis. Quality of care data analyses can be constructed on a case-by-case basis
as demonstrated at monthly Emergency Medical Care Committee meetings. This is promising
evidence that end-to-end quality of care performance management could occur on a larger scale
in the future. Participants noted the performance value achieved through current integration
across PCR and CAD systems. For example, paramedics are able to view limited demographic
and medical emergency “type” data prior to arriving on scene, which allows them to make
important medical preparations (e.g., bring the right equipment). These disparate examples and
participant responses indicate that a management information system that acts as a “facilitator”
to link information systems and organizations could be a valuable enabler of endto- end
performance analysis and improvement. But the case study analyzed here indicates that there is
much work to be done before such a goal is realized.

Issues and challenges to interorganizational information integration range across operational,
organizational, and governance dimensions. In this regard, and in response to the research
question, these three dimensions influence to what degree information is shared or IT is deployed
across organizations from end-to-end. In terms of the operational dimensions, the dynamic,
complex, time-critical, and multivariable nature of emergency and trauma care work creates a
number of technology usability issues and challenges, which cause emergency professionals to
take a conservative approach to new information and technologies to support EMS. For example,
inputting data is the last thing on a paramedics mind in a life and death situation. To avoid the
risk of service degradation, liability, and negative patient health consequences, emergency
professionals explain the need to be cautious in the application of new IT to support emergency
medical work processes.

In terms of organizational dimensions, the case study provides support for the thesis that
interorganizational alignment including a shared set of goals and cooperative agreements can
facilitate information sharing. The San Mateo example illustrates the value of working
cooperatively at monthly meetings to create a shared set of goals across organizations to
enhancing information sharing. In contrast, issues of trust and cultural differences create
interorganizational information sharing and technology gaps. The apparent “pre-hospital” vs.
“hospital” information-sharing chasm illustrates this phenomenon. In terms of governance
dimensions, case study examples illustrate that clear lines of interorganizational authority and
accountability tend to enhance information sharing and technology. The San Mateo performance-
based contract defined clear authoritative boundaries and information sharing was enforced. In
contrast, unclear lines of authority and accountability tend to limit information sharing and
technology—such was the case between the EMS Agency and the 11 county hospitals.
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In sum, the case study highlights how information integration holds the potential to
significantly affect timeliness and quality of care performance for end-to-end e-government EMS
services, especially where careful and deliberate IT enabled interorganizational business process
changes occur. The hospital availability system illustrates the impacts of this phenomenon where
information sharing allowed paramedics to transport patients to an available and appropriate
hospital, essentially improving both timeliness and care delivery to patients.

Methods for Evaluating Interorganizational Information Integration (I11)
Initiatives

It is perhaps best to sum up by returning to where the article began—the overall conceptual TCIS
framework. Figure 4.1.4shows the aforementioned time-critical information services (TCIS)
framework as it is instantiated in the San Mateo case study. The use of TCIS illustrated the need
to understand interorganizational workflows, partnership arrangements, organizational structures,
governance structures, and organizational policies as a valuable step to improving end-to-end
service performance. That is, this case study illustrates how a heuristic model derived from
socio-technical frameworks can be used to understand a range of issues when considering an
interorganizational information integration initiative.

4.1.9 Conclusion

As exemplified by this special edition, there is a pressing need to understand and improve
interorganizational information integration for e-government. The contribution of this case study
(and related concepts) is to raise the issue of a certain type of information—performance
information—and the integration therein. The research aims to contribute to a nascent literature
of e-governmental performance (Pardo, 2000; Stowers, 2004; West, 2005). But it does so by not
asking about the isolated performance of new systems, but rather, how can new systems be
implemented in such a manner so as to identify and enhance the performance of the entire end-
to-end system. More specifically, it is aimed to contribute to the development of conceptual and
empirically based principles and guidelines that can improve understanding about the role of
information systems in integrating performance data in the management and governance of time-
critical interorganizational public services. While there has been much discussion in business
industry literature about business intelligence (BI) and business performance management
(BPM) (Frolich & Ariyachandra, 2006; Miranda, 2004), this paper illustrates potential benefits to
government performance management (GPM). From an applied perspective, the goal is to
provide EMS organizations with tools to aid in the development of EMS information systems to
enhance service performance, reduce disability consequences, and save lives.

Additional research is needed. During case study interviews, it became apparent that “quality
of care” measurement is challenging to address. It includes numerous variables—and
measurement differs across EMS systems. There is a need to better understand how to measure
quality of care and how information systems can best extract such data in highly complex,
dynamic, time-critical health care delivery environments.

To address this need, future studies should take at least three distinct approaches. One line of
research would utilize qualitative methods to assemble and construct in-depth user profiles of
paramedics and physicians using IT (e.g., PCR) systems in the field. The case study interviews
revealed the challenges in entering, using and sharing information when operating under time
information critical circumstances, such as during traumatic events. This effort would focus on
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extracting detailed context of health care work practices and processes to inform the design and
development of more appropriate IT systems for these environments. Another research focus
would investigate how an architectural view could be utilized in understanding end-to-end
performance. This would entail the construction of “quality of care” performance architecture for
end-to-end time critical information services. It would draw upon multiple existing system
architectures such as the National Intelligent Transportation Systems (ITS) architecture, the
NextGeneration 911 Architecture that is currently under development, and Comcare’s E-Safety
architecture. It would then seek to validate the architecture through multiple case studies and
expert workshops with academics and EMS practitioners. A final approach would utilize
performance data from case study entities to perform a series of computer-based simulations to
observe EMS operations under normal and extreme (service load) conditions. The focus of the
simulations would be to explore how information at varying points in service delivery could
impact end-to-end performance. Each of these research areas address the growing importance
and need to focus on the role of interorganizational information integration in improving end-to-
end public sector services.
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4.2.1 Introduction

Ontologies are of increasing interest to Information Science researchers and professionals
(McGinnius, 2002). This interest stems from both their conceptual use of organizing information
and their practical use in communicating about system characteristics (Juriska et al. 1999). Many
ontological frameworks have already been developed by academic disciplines such as computer
science and bio-informatics and applied to a broad variety of businesses from high-tech
industries to agricultural sectors (Noy et al. 2000). Within the field of IS, attention to “ontology
driven information systems” is now on the rise because the concept of ontology promises a
framework for communicating among architectures and domain areas.

In general, ontology refers to explicit specification of a conceptualization. Ontology
development and use of supporting tools offer an opportunity to utilize a unifying framework
that embodies objects and concepts, their definitions and relationships between them (Gruber
1993). Ontologies also make representative content available for knowledge sharing-a set of
“consistent vocabularies and world representations necessary for clear communication within
knowledge domains” (Leroy et al. 1999). Three main uses of ontology are for communication,
for computational inference and for reuse (and organization) of knowledge (Gruninger and Lee,
2002).

This study is motivated by all three uses of ontology in the course of developing a software-
based ontology-driven system to tackle the complexity of emerging wireless EMS. This research
takes an inductive approach to ontology system development and applies it within a framework
to clarify the domain’s (wireless EMS) structure of knowledge. Moreover, it aims to contribute
to the use of ontologies for determining and achieving high-quality data relative to system
attributes and functioning. As Wand and Wang (1996) note, “to design information systems that
deliver high-quality data, the notion of data quality must be understood. An ontologically based
approach to defining data may be the ticket of success in real world systems (Wand and Wang,
1996, p.88).”

Emergency Management Systems

Wireless EMS in rural areas is the specific domain of our research. There is increasing pressure
to use this emerging system (EMS Wireless Mayday) for medical emergencies, yet little is
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known about its functionality and performance dimensions. Conditions driving the problem
include rapid growth of cellular phone use for mayday, strong policy interest in “first-responder”
Mayday as a consequence of September 11, and policy regulations toward enhanced 911 (e-911)
capabilities throughout the US. Statistics about system growth document this rise: Wireless 911
calls have grown from 22,000 per day in 1991 to 155,000 per day in 2001, and in many regions
wireless calls represent the major form of emergency notification (CTIA, 2002). In short, the
mobile (cellular) phone has become the de facto safety lifeline, particularly for mobile travelers
and especially in rural areas.

While there are several policy, market, and technological pressures leading to emergency
management system growth, the full system is quite dynamic