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ABSTRACT

New forms of information and communications technology (ICT) are emerging as primary forces influencing
people s daily activities. Published work to date, however, has been pursued from a variety of perspectives, studying
different phenomena that are published in a variety of venues. With such disparity of topics and perspectives
overlaid on rapidly changing use of ICT, it is difficult for the researcher to keep abreast of recent developmentsin
knowledge. This paper serves two primary purposes using a literature search as the primary means of inquiry.

It 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
paper 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 (e.g., subsistence,
maintenance, discretionary), (2) the effect on travel (e.g., substitution, modification), and (3) the role of sub-tasks
(browsing vs. purchasing). This paper will help serve as a blueprint to help conceptualize future research and
detailed lines of inquiry relating ICT and household travel.
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INTRODUCTION

New forms of information and communications technology (hereafter ICT) continue to emerge as primary forces
influencing people's activities and travel. More than a century ago, for example, the telephone was instrumental in
establishing new patterns of both communication and shopping. Rura residents, in particular, were now 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. Major employers gravitate to telecommuting as a strategy that
would provide employee flexibility and increase the array of services offered. Similar themes, albeit somewhat
modified for current settings, continue to be the topic of attention as researchers and futurists examine the influence
of rapidly changing forms of information technology on society. The blossoming 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 likely 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 technology, and more specifically, ICT is
atopic that has been studied on a number of levelsin 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. Later Alvin Toffler [2] surmised that ICT improvements will in fact make cities obsolete,
while Lehman-Wilzig [3] projected that telecommunications might eliminate al travel. More recently, others have
provided exposes relating technology to contemporary urban life or policy agendas (e.g., Smart Growth) [4, 5].
Interestsin ICT remain varied. These include geographical perspectives aiming to examine the loosening of spatial
and temporal linkages to psychologica perspectives aiming to uncover ways in which ICT changes communication
patterns to 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 may
be interested in enhancing employee flexibility, reducing overhead costs, improving operational efficiency and
minimizing time spent in travel for their employees. Commercial businesses are interested in providing options for
customers to not travel. The most publicized interests are those who look to ICT to save energy, reduce congestion,
and improve air quality. A premise of such interest rests on the likelihood that ICT will reduce the need for
automobile travel (either in terms of vehicle milestraveled (VMT) or number of vehicle trips). Particular attention
focuses on the potentia 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 relationships between ICT and
travel, while growing, is till tentative at best.

The work that has been pursued to date on this subset of the ICT literature is varied. One only needsto 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, admittedly, been the focus of most activity and devel opment. But everyday use of ICT has migrated
well beyond the bounds of affecting only the work commute. As Golob claims, “we must do better than that
[focusing on telecommuting] in order to keep our field relevant to planning and policy making” [7]. Secondly,
technology is rapidly changing and so is the use of it by individuals and households. 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 central issuesrelated to ICT. It uses existing study 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, thiswork 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 phenomenato help conceptualize future research. Thisreview therefore servesto update our
knowledge about a body of knowledge that is undergoing quick changes. It is hoped that it will help serve asa
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
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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 liesin how ICT may affect the travel patterns of households and/or individuals.

PART I) 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. This matter isrelatively self-explanatory;
the former describes theoretical arguments or key relationships, while the latter measures behavior related to ICT
and travel. 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 and the effect that ICT has are briefly
described below. 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, tel e-entertainment, tele-education, tele-medicine, and tele-justice) [10].
Thislist 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 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 activities. These three classes represent:
= subsistence activities, consisting of activities that generate income, including work, business services, and
sometimes schooling (travel associated with this activity is most commonly commuting),
=  maintenance activities, consisting of the purchase and consumption of convenience goods or personal
services needed by the individual or household, and
= leisureor discretionary activities, comprising multiple voluntary activities performed on free time, not
allocated to work or maintenance activities.
Thistypology 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]. We feel that this classification is directly
applicable to this line of inquiry asit 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] and we employ them as a means to better
understand the theories and evidence of past research.
= Substitution of travel refers to the elimination of trips, trips that are no longer required as aresult of ICT
improvements. This interaction has been the focus of most of the ICT literature, and the substitution of
subsistence trips, by definition, is a phenomenon inherent in the term telecommuting [7]. While the
substitution hypothesisis one that holds great hope by many, the scale to which thisis happening is
estimated to be quite smaller than originally anticipated [10].
= Modification refersto travel that islikely 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
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congestion. The literature agrees that ICT will modify travel behavior [28-30] but the lack of consensus of
in what way is a sub-topic that is outstanding.

=  Generation refersto 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 alack of time-series data before and after ICT enhancement and deployment.

= 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 used in Table 1 considers the primary nature of the work—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 heralded
potential of relieving peak hour traffic congestion through reducing or modifying people’ s work trip (on average,
considered to comprise one-third of al 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 magjority of al study of ICT use [10, 30, 33-36, 39, 40, 42, 44, 45, 47]. Additional 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 are typically more stable
and predictable.

But despite the telecommuting piece of the ICT puzzle being subject to the most mature models and conceptual
frameworks, there is much variation in its orientation. 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
assembl e 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 net travel [see 36 for other reviews, 46], on just
telecommute days [29, 30, 54] or on just non-telecommute days [29, 54]. 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 asto 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 maintenance transactions. These types of activities account for over half of all
household trips (and 40 percent of personal milestravel), but there is alack of knowledge about how they are
affected by ICT. Some of the existing work is oriented towards the freight and delivery aspects of e-commerce [41,
64]. The bulk of the maintenance travel-related literature, however, focuses on shopping (as opposed to

mai ntenance-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. Aninitial 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
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between purchase, continuing to shop or exiting the market. In a contemporary expose, Couclelis [59] provides a
more detailed breakdown of similar tasks (see itemized list in later section) that apply more aptly to ICT purchases.

Gould [22, 58] provided an overview of the transportation implications emerging from home shopping and on-line
commerce. Her review focused on possible changes and demands placed on delivery services, the possihility 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, and how ICT travel isrelated to other physical travel.
Marker and Goulias [26] provide 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 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 thisissueis provided by Handy and Y antis [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 nonwork activities from
entertainment to personal business with movie watching at one end (discretionary), banking at the other
(maintenance), and shopping 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 out-of-home 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 on-line. 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
behavioristsis 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

Asevident in Table 1 the linkage between the use of ICT and discretionary activity is atopic that has received the
least amount study. While the boundaries between maintenance and discretionary activity may blur (thus the cross
listing of some of the studiesin Table 1), at least two related thoughts come forward with respect to discretionary
activity. Thefirst refers to the inherently social and psychological nheeds of humans [25]. Much of the social
interaction and human contact we require is invaluable and cannot be adequately served electronically. 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 replicated 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 Y antis 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 the home. Both
of these considerations suggest that in-home and electronic versions of goods and services are not likely to be 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.

A final issue for consideration relates to the idea that discretionary activity is not inelastic. It islikely affected by
changes in the alotment of time to subsistence and maintenance activities. Salomon suggests that the increased
leisure time resulting from increased efficiency from telecommuting results in increased leisure travel [25]. In other
words, 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.
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PART 2) TRENDS AND 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 isto help articulate future lines of
inquiry and topics for further research. 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 not surprisingly 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 asto
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 percent of
all retail sales). There remains considerable uncertainty asto how this on-line spending will manifest itself,
particularly asit relates to travel. Past failures of electronic home shopping have been documented [71]; one need
look no further than the experience of Kozmo.com (the now defunct on-line 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 country (between 34 and 50 percent of the
U.S. population), [72] anumber that isrising daily as Internet and other computer use becomes more deeply
integrated into everyday patterns of behavior. In asimilar 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 on-line “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 littlerole
in affecting travel patterns.

The bottom line is that the research community isrealizing that ICT affects different travel in different ways. We
should not be surprised to see changes in one type of travel affect another type of travel. A breakdown that analyzes
substitution, modification, generation, or neutrality for one travel purposeisjust the tip of the iceberg. Some
elements may substitute in one respect but enhance another. Similarly, looking at subsistence, maintenance or
discretionary in isolation may be oversimplifying the effects we observe. To more clearly articulate some of these
complexities, we provide Figure 1. This highlights three dimensions; the prism is used to represent how a
comprehensive understanding of ICT and travel rests on knowledge from each leg. The x-axis dimension—purpose
of travel—is one adequately defined above. The y-axis—effect on travel—is described in previous literature (and
above), however, in arelatively superficial manner. Further discussion of the y-axis and the z-axis is provided.

Effect on travel

A second dimension for inquiry relates to the specific effect that ICT is likely to have on travel. The principle
effects—substitution, modification, generation, and neutrality—are well recognized in the literature and described
above. These issues, however, congtitute only one aspect of this dimension and travel is likely to be affected in ways
broader and more detailed than just these four. It isimportant for us to understand the detailed behaviors that may be
implied under each cover. Take for instance how behavior may likely be modified in the three examples provided
below.
= 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 atemporal shift for a maintenance trip.
= Imaginetherole that internet information would have in affecting the geographic distribution of where
residents shop. Here the knowledge provided by ICT had an effect on the geographical distribution of
where the individual shopped.
= Imagine how the time freed from on-line grocery shopping would alow 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.
We quickly see the limits of the relatively simple substitution/modification taxonomy in understanding travel.
Possible changes in mode of travel, trip chaining, trip making sequence, time of day are all considerations that
should be on the radar screen for researchersin this area.

Sub-tasks of the activity

The third piece of the ICT-travel puzzleis one that the research community is becoming increasingly aware of.
Referenced above, it relates to the different waysin 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 tasksinclude: (a) becoming
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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, (I) 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 isinstrumental to the livelihood of bricks and mortar establishments.) While other tasks (for example, b, c,
e, 0, |) are recognized to be affected by ICT, a detailed and thorough understanding of nature of these relationshipsis
not available.

For some endeavors, the availability of on-line information has already changed certain customs. The process of
contacting governmental agencies or individuals, searching for housing, or pricing major purchases [74] are afew
examples where internet use has started to eliminate the need for travel. It is now common practice to inspect the
invoice price on-line prior to traveling to a single auto dealer to purchase a new car, atask in which it previously
took stops at several dealers to get the best price. 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 when
acquiring information it may not necessarily reduce travel associated with the purchase of an item. It would be
interesting to know what these activities are and any thresholds that might have been met that help make such
activities more mainstream. As an effort to better clarify examples of future lines of inquiry relating ICT and travel,
we provide Figure 2. In this figure 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 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.

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 percent) are online buyers [72]. The most commonly cited reason for not being an on-line consumer is
the risks 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.

HURDLES AND CONCLUSIONS

This paper serves two purposes to aid our understanding of how ICT and travel behavior relate. 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 subsistence, maintenance, or discretionary activities, and (3) able to comment on the
hypotheses of substitution, modification, generation or neutrality. The second contribution isthat it identifies a
framework and examples for researchers to use as a blueprint for future work on this subject.

Aswith any endeavor aiming to understand travel behavior, myriad difficulties exist. Before such difficulties can be
overcome, they need to be identified, however. Below, we identify some of these hurdles, some of which have been
introduced in previous study [25, 27, 58, 63]:
= 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;
= Theincreasing familiarity of technology by children and other youth will likely have longer lasting
impacts;
=  The need for uncovering and understanding the various ways in which individuals use different forms of
technology (e.g., browsing versus purchasing);
= 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 oneislikely to tell on part of the picture;
= Theinteractions between different types of travel are likely to be different in various contexts. There are
also methodological problems in measuring them [25];
= 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;
= The potential for cross-substitution between different types of activities (e.g., substitution of surfing the
internet for watching television);
= Dramatic variation across households (access to educational and financial resources often determine the
degree to which ICT influence household behavior).
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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 processesis 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). Thisis,
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’ srole in tackling such phenomena. Several avenues and courses of study are needed
to help uncover such phenomena; we hope this work helps in providing a roadmap to do so.
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Table 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]
-Couclélis, 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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Figure 1. Dimensions for further research of ICT and household travel
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Figure 2. Examples of the complexity in which ICT affects travel
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