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Abstract

It is frequently asserted in the literature that new Information and Communication Technologies (ICTs) are on the point of a breakthrough into rapid growth. Although we cannot say whether this breakthrough will indeed take place and ― should it do so ― on what scale, in this paper we nevertheless anticipate the potential impact of new ICTs on the spatial configuration of opportunities: that is to say, on accessibility. For this purpose we distinguish between a spatiotemporal and a perceptual dimension of accessibility. On the basis of both of these perspectives, we reveal how new ICTs may impact on three components of accessibility: the reference location from which access to destinations is determined; the set and attractiveness of opportunities; travel impedance. The study has been undertaken within an action space framework. The concept of action space refers to the area within which people undertake activities, or could do so if they wished. 

In the concluding section, 8 hypotheses formulated for future research are set out. We conclude that the use of new ICTs may cause a time-space convergence, a revaluation of travel time, activities and acts, and thereby a revaluation of travel opportunities and an awareness of unprecedented opportunities. The ultimate anticipated result is that all types of action space will expand, the various types of action space will overlap, and that known and visited activity places will become more widely spread within action spaces.

1.  Introduction

Personal computers, mobile phones and the Internet are conquering the world apace. A few figures will illustrate this. Mokhtarian (1998) estimates that, at present, about 6% of the American workforce is telecommuting, while Nilles (1995) forecasts that, in the year 2020, 60 million American full-time employees will telecommute fulltime or part-time. In 2001, the revenues of worldwide E-commerce were US$ 400 billions, probably 20% of which can be classified as business-to-consumer traffic. The revenue in the year 2003 is estimated at US$ 1.3 trillion (Golob and Regan, 2001). Viswanathan and Goulias (2001) expect 15% to 20% of all shopping in 2010 in the USA to be labeled as E-commerce. These developments are being equipped technologically by faster and cheaper microchips, increased transmission speeds on the Internet, growth in the number of web pages on the Internet, small and portable wireless equipment, and so forth. (Goloband Regan, 2001). 

Of course, we have to remember that almost anything can be put down on paper. This is not the first time that advocates of new information technologies and online services have argued that they are on the point of a breakthrough into rapid growth. According to Gillespie (in: Hall, 1998), these breakthrough points have repeatedly been postponed, but only until tomorrow. The impact of new ICTs is difficult to isolate from other factors, such as sociodemographic and economic developments in society, which have complicated relationships with the new technologies. We agree with Giuliano (1998) that new ICTs form necessary, but not sufficient conditions for change.

Notwithstanding these uncertainties with respect to the use of new ICTs, we can speculate about the impact they will have on the spatial configuration of opportunities. These spatial opportunities refer to the most central concept for understanding spatial and social impacts of telecommunications and transportation: accessibility (Couclelis, 2000). Couclelis (1998) asserts that human activity in post-industrial society is becoming increasingly person-based as opposed to place-based; growing numbers of economic and other activities are no longer firmly linked to fixed geographic locations. This development will have the effect that accessibility will no longer be measurable solely in terms of travel time, distance, or generalized cost. ‘Virtual accessibility’ will also be important (Golob and Regan, 2001).

It is our purpose in this paper to clarify the potential impact of new ICTs on accessibility in the physical, or ‘real’ world. We have not elaborated on the issue of accessibility in cyberspace or virtual space (see Kwan, 2001). For our purpose, we have distinguished a spatiotemporal and a perceptual dimension of accessibility. It is shown that new ICTs may impact on the spatial, temporal, and interpretable characteristics of three fundamental elements of accessibility: the reference location from which access to one or more other locations is determined; the set and attractiveness of opportunities; the travel impedance. The study has been placed within an action space framework. The concept of action space refers to the area in which people undertake activities, or could do so if they wished. 

As the literature makes only too clear, our current understanding of the impact of new ICTs is limited. Unavoidably, the discussion in this paper is qualitative and may at times seem ambiguous. With these reservations, some hypotheses have been developed which could serve as starting points for future research. In the next section of this paper, the general action space framework is presented. The third section contains an assessment of the potential impact of new ICTs on action spaces from a spatiotemporal perspective. In the fourth section, the procedure is repeated from a perceptual perspective. In the concluding section, some directions for future research are indicated. 

2. Accessibility Dimensions and Action Spaces

According to Couclelis (2000), accessibility is the geographic definition of opportunity. Which opportunity set is relevant for individuals seeking to participate in activities depends on their ability to reach these opportunities. This in turn depends on the time, costs, and effort an individual is prepared to spend on travelling (Janelle, 1969). We argue that the new ICTs will have an impact on the ability to overcome distance and on the opportunities which individuals can reach from two not mutually exclusive perspectives: a spatiotemporal and a perceptual perspective. To discuss these impacts from both perspectives we use an action space framework (figure 1). 


Figure 1: Two dimensions of accessibility experienced by individuals

In general terms, the action space refers to the area in which a set of opportunities is located which people could have used for their activities. As discussed elsewhere (Dijst, 1995; 1999) we can find in the literature a large number of related and sometimes confusing terms for the concept action space. We developed a new framework for the study of action spaces for that reason (op. cit.). In this paper, we use this framework to elaborate the two accessibility perspectives shown in figure 1.

At the core of the spatiotemporal perspective is the notion that individual behavior has both spatial and temporal attributes. Individual behavior is determined by three types of space-time constraints (Hägerstrand, 1970): 

· Capability constraints refer to physiological and biological limitations, abilities, and access to tools. People need to spend some time of the day sleeping and eating. In addition, the maximum speeds of some transport modes limit the opportunity to visit remote activity places.

· Coupling constraints define where, when, and for how long an individual has to associate with other individuals, tools and materials in order to produce, consume and transact. 

· Authority or regulatory constraints, like the capacity of activity places and rules and laws, prohibit the use of facilities at certain times. 

These constraints impact on four basic determinants of space-time accessibility (Lenntorp, 1976, Dijst, 1999; Dijst et al., 2002): 

· Location of bases: working, eating, and sleeping, for instance, are relatively fixed in certain places for a long period. 

· Number and length of time intervals: the time arrangements at each base break up the day into intervals, or time windows (Schwanen and Dijst, 2002a). These arrangements concern working hours and mealtimes, for example. The uninterrupted stretch of time that can be devoted to activities outside the home for shopping, school, or leisure between leaving a base and arriving at the same or a different base is called the available time interval. These intervals are important, because of their length. The longer an available interval, the more choices there may be in ways in which that time can be spent. 

· Travel time ratio: given the available time interval, an individual has the opportunity to trade-off travel time to one or more activity places and the amount of time spent there (Dijst and Vidakovic, 2000; Schwanen and Dijst, 2002b). For example, a person may choose to stay for a long time at a nearby location. In that event, the actual action space would be relatively small and would limit the range of options to visit other activity places. The alternative is to opt for a short stay at a distant location; then, the actual action space would be relatively large.

· Travel speed: determines the travel time in physical space.

All four determinants restrict what an individual can physically reach from specified locations and within a given period. The spatiotemporal unit is the prism (Lenntorp, 1976). The projection of this prism on the spatial plane is the potential action space. This determines the set of activity places in space with a greater than zero probability of being included in the individual path. This concept is most closely associated with the accessibility concept, or such concepts as activity area Lenntorp (1976), or travel probability field (Zahavi, 1979; Beckmann et al, 1983).

Three ideal forms of action space can be distinguished. The projections on the spatial plane can take on an elliptical shape. The two foci of the ellipse might be the home and the place of work. When the two foci coincide, the projection of the prism takes on a special form of ellipse: a circle. The third form of a potential action space is the line. The two foci constitute the ends of the action space, within which the opportunities to visit other activity places are exhausted and no other activity places are visited. Individuals can have several time intervals in one day (Schwanen and Dijst, 2002a), so that a set of potential action spaces can be delimited. They can be aggregated to a daily potential action space. 

Accessibility can be studied from a perceptual perspective as well as a spatiotemporal perspective. We know that the knowledge people have of their choice sets is incomplete and subjectively filtered (Kitamura et al., 1997). People’s limitations in information processing lead them to strive for satisfactory rather than optimal solutions (Simon, 1975). Bias and stereotypes play a substantial role in this process selection (Horton and Reynolds, 1971: Klingbeil, 1978). The set of opportunities known by the individual is called the perceived action space. Related concepts include awareness space (Brown and Moore, 1970), action space (Wolpert, 1965), and mental map (Lynch, 1984). Circular and elliptical action spaces can be distinguished on the basis of the number of base locations.

The area containing all the activity places a person (or group) has visited during a given period is defined as the actual action space. This concept is approximately coterminous with activity space (Brown and Moore, 1970), travel field (Zahavi, 1979), spatial usage fields (Potter, 1979) and daily contact space (Kolars and Nystuen, 1974). Three basic forms of actual action spaces which can be compared with potential action spaces can be distinguished: circle, ellipse, and line.


Figure 2: Relationship between potential, perceived, and actual action spaces

As shown in figure 2, these three types of action spaces are interrelated
. In theory, the actual action space lies entirely within the potential action space. An individual’s perceived action space also contains the actual action space together with part or all of the potential action space. Figure 2 also shows that three accessibility situations can be distinguished: 

· Potentially accessible: opportunities which are exclusively accessible from a spatiotemporal perspective

· Perceptually accessible: opportunities which are exclusively accessible from a perceptual perspective

· Potentially and perceptually accessible: opportunities which are accessible from both a spatiotemporal and a perceptual perspective

On the basis of this conceptual framework, the impact of new ICTs is elaborated from a spatiotemporal and a perceptual perspective respectively in the next two sections.

3. Spatiotemporal Perspective On New ICTs

3.1 Constraints On ICTs
Certain qualities ascribed to the new ICTs lead to situations which allow us to participate in certain activities at any time, at any place. Is it indeed the case that ICTs are not bound by time and space? Are Hägerstrands’ space-time constraints not at work here at all? These qualities can be disputed. Figure 3 lists some aspects of constraints on ICTs. 


Figure 3: Constraints on the use of ICTs

Like transport modes, ICTs can be distinguished by transmission speed, and so by cost. An ordinary modem is a relatively slow network interface. With ISDN (Integrated Services Digital Network), the bits are transmitted faster. ADSL technology (Asymmetric Digital Subscriber Line) offers electronic highways for information. The mobile phone user can choose between different travel speeds; UMTS (Universal Mobile Telecommunications Systems), the new world standard for mobile communications, offers transmission speeds six times faster than the top speed of ISDN; an increase in transmission speed is accompanied by higher costs. We can draw a distinction between captives, with no access to ICTs at all or only via very slow information modes, and non captives who can choose between all the different types of ICTs technologies. Under the condition that new transport and communication technologies facilitate the spatial separation of activities, Scott (2000) asserts that the captives will be faced with a diminishing intra-metropolitan accessibility.

In addition to the technological capabilities of ICTs, their use depends on the ability of individuals to operate the equipment and software (Harvey and Macnab, 2000; Golob and Regan, 2001). Hanson (1998) sees the dominance of English thought structures embedded in cyberspace as important barriers for some people. She asserts that ICTs, like telecommuting, can have a negative impact on the contacts and friendships people develop through face-to-face interactions and thereby on their opportunities, such as job search (op. cit.). 

Although some activities needing a commitment to time and place might be satisfied by replacing personal contact by telecommunications (Golob and Regan, 2001), we consider that coupling constraints are still at work. Usually, the user of a personal computer has to be located at home, at work, in an Internet café, or a public terminal. Laptops and mobile phone users accessing relevant information are freed from fixed locations, although the technological capabilities of mobile phones are not (yet) comparable with the personal computer in either quantitative or qualitative respects. Focusing on interactive communication, Harvey and Macnab (2000) point out the necessity of the temporal coincidence of individuals who are free to communicate. This condition depends on people’s activity patterns. For example, when one has made arrangements to eat with other people, enjoy face-to-face social contacts, or give a lecture, using ICTs for one’s own purposes would not be possible. 
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Figure 4: Travel prism, digital boxes, and non digital boxes (non authorized areas for the use of new ICTs) 

Authority constraints in ICTs are expressed in domains in which the use of mobile phones is not appreciated by the public at large, or is forbidden for safety reasons. Mobile phones can be annoying in a cinema, a theatre, or on public transport and could be dangerous in airplanes or hospitals. Some employers try to ban the use of the Internet for personal communication during working hours. Harvey and Macnab (2000) see the use of filters to limit exposure to some types of undesirable information (to protect children from information on pornography or violence, for example) as good examples of authority constraints.

We hypothesise that a need for face-to-face interactions stimulates the development of new authority constraints on social occasions. This need could limit Locke’s (1999) ‘de-voicing’ of society. In his opinion, our society is characterized by a replacement of intimate personal conversation by detached, efficient exchange of information alone. In our private lives, the extent to which we want to be accessible is debatable. We might like to have some off-line periods in which we can relax undisturbed. Such regulation rules could become more pressing when people use mobile phones or other ICTs more intensively.

We can show the impact ICTs could have on the opportunities offered to individuals from a spatiotemporal perspective. In figure 4, besides the familiar travel prism, we also see digital boxes and non digital boxes. Within the digital boxes, individuals can use ICTs to gain access to relevant information sources. In principle, these boxes stretch out over the whole physical area. Within the non-digital boxes,  represented by the white layers and white cells between the digital boxes, activity places (or transport modes) are situated where the use of ICTs would either be not authorized, or impossible. 

3.2
Determinants Of Potential Action Spaces

In section 2 we referred to several determinants of potential action spaces. What impact will the new ICTs have on these determinants? Our aim is not to predict a particular outcome, but rather to raise some issues likely to be associated with increasing use of the new technologies.

Base locations

The industrial society was a society of sedentary workers; buildings, machines, and face-to-face contacts tied people to fixed workplaces (Couclelis, 1998). ICTs offer people the opportunity to perform work activities in a variety of temporary workplaces, such as at (a second) home, on the road, or in telecommuting centers. At present, most telecommuting is home based with an average frequency of one or two days a week (Mokhtarian, 1998). The fact that telecommuting is only of importance once or twice a week means that in a full-time workweek, work is still fixed in time and place in the traditional workplace on 2 or 3 days. Activities for which face-to-face contacts and/or work tools are important are performed in this location. 

The probable effect of telecommuting on commuting distance is unclear. Van Reissen (1997) predicts an increase in long-distance traveling for Dutch telecommuters. Others expect the effect on travel distance to be small, because the adoption of telecommuting is slow and only temporary (Mokhtarian, 1997; Mokhtarian, 2000). Mokhtarian (1998) is noncommittal with respect to future adopters of telecommuting. In contrast with the early adopters, they will probably have shorter commutes and may be more inclined to relocate for them. In our view, this effect on relocation decisions would depend on sociodemographic characteristics. For example, two-earner households and single-parent employed households could apply ICTs as a strategy to relieve the time pressure on the household. Increasing commuting distance would limit this potential advantage of ICTs. 

As a consequence of telecommuting, participation in types of action space may change. If telecommuters increased their commuting distance on working days, the size of their line action spaces would probably increase; however, more elliptical action spaces could be created on commuting days. Empirical research has revealed (Pendyala et al., 1991; Saxena and Mokhtarian, 1997; Van Reisen, 1997) that telecommuters choose non work destinations that were closer to home. This inclination means that more smaller action spaces would be created and that circle or elliptical action spaces would be substituted for line action spaces.

Time intervals

On commuting days, four time intervals are usually relevant: before work, lunchtime, after work, and after dinner. The limits of the time intervals are not so sharply defined on telecommuting days as on commuting days. There are fewer coupling constraints, so that individuals working at home have more flexibility in spending time on activities. Couclelis goes further in her estimation of the effects of ICTs. She states (2000, p. 346): “...the proverbial nine-to-five weekday job gradually gets fragmented into chunks spread out over arbitrary hours of the day (and many of the nights), interspersed with tasks from other activities occurring at equally odd - by traditional standards - times as well as places.” 

We endorse Couclelis’ argument that the use of ICTs increases the ability to move work activities around on a day, or in the week, or to combine work with travel. We also feel that this fragmentation and flexibility has limits. We expect large differences between population categories with respect to the opportunities they have to reschedule their day. Two-earner families and single parent households are dependent on their children’s agendas. Parents take their children to school and pick them up on a daily basis. As a consequence, they show little flexibility in rescheduling their activities compared with childless households.

Secondly, two-earner families and couples follow different strategies, such as monetarization (contracting out house maintenance, providing care, laundry, buying microwaves, going out for dinner, and so forth) or flexibilization (use of flexible working schemes, for example) to save time for leisure activities (Vijgen and Van Engelsdorp Gastelaars, 1991; Beckers, 1995; Mingioni, 1983). They prefer a few larger time intervals to many smaller intervals. Large intervals give them the opportunity to spend time on outside-the-home leisure activities (Vijgen and Van Engelsdorp Gastelaars, 1991; Dijst and Vidakovic, 2000).

A third comment on Couclelis’ statement is that not all activities can be easily combined because of the temporal and spatial separation of activity places. Some activity places are exclusively open in the evening (theaters and concert halls), or by day (schools and many shops). Sometimes the stay time is long and prescribed (as in many cultural and sports facilities). We have to remember that we have inherited a spatial separation of activity places which is often based on the use of the car and which put some constraints on the flexibilization offered by new ICTs (Dijst and Vidakovic, 2000).  

Notwithstanding these reservations, we hypothesise a fragmentation of time intervals on working days. This fragmentation increases the number of relatively small, home-based action spaces. At weekends, we hypothesise that the number of time intervals changes very little. 

Travel time

There are two effects of the use of ICTs which are relevant to travel time: the size of the travel budget and travel speed. Use of new ICTs could bring about a substitution of travel by electronics. Telecommuting and teleshopping would then lead to travel time savings. The use of Intelligent Transportation Systems (ITS) in public and car transport could have similar results. These systems increase an individual’s travel speed by improving the efficiency of transit operations and traffic flows (Suen and Mitchell, 2000). Of course, this new capacity may stimulate new travel demand and this could reduce the advantages of the increased efficiency (Lanzendorf, 1999). 

In spite of this potential of saving travel time, we think this saved time would be used for other trips. Although critiques have been formulated (see Supernak, 1982), several authors have found stability in travel time budgets. Hupkes (1982) formulated the "Law of Constant Travel Time and Trips" (BREVER-wet), which implies that, notwithstanding changes in modal split, an individual's total time spent on transport remains (and will remain) unchanged. The arguments on which Hupkes based his ‘law’ need considerably more elaboration. For empirical evidence, he used highly aggregated data from various years and countries without the necessary statistical elaboration. However, his hypothesis of a constant travel-time budget of 70 minutes per person per day in all societies was supported by the research of Schafer and Victor (1997). We do not think a ‘no-travel’ option offered by ICTs would reduce the amount of travel time. For several reasons, people have an instinctive drive for mobility (Michon, 1980). Salomon and Mokhtarian (1998) give some of these reasons: adventure-seeking, variety-seeking, independence, and so forth.. If there is such a thing as a stable travel time budget, this drive for mobility would lead to an expansion of the size of action spaces for those activities which cannot readily be substituted for by ICTs. 

We hypothesise that all these changes in saving travel time will have an increasing effect on the size of potential action spaces.

Opportunities

At the macro-level, as with any other innovation in transportation and communication technologies, new ICTs will bring a new time-space convergence (Gould and Golob, 1997). In general, time-space convergence offers opportunities for specialization, centralization, suburbanization, or some other form of the spatiotemporal reorganization of activities (Janelle, 1969). As a consequence, the use of new ICTs could lead to an increased choice of opportunities. On the other hand, another possible outcome is a reduction in accessibility: time-space convergence facilitates a dispersion of activities (Scott, 2000). Overall, we hypothesise that new ICTs will increase the range of opportunities within reach.

At the micro-level, we have previously noted that people are inclined to protect their free time by using such strategies as monetarization and flexibilization. The use of new ICTs could offer another strategy to meet this need for protecting free time. Handy and Mokhtarian (1996, p. 235) remark: “A desire for more free time may be a strong motivator for telecommuting.” Gould and Golob (1997) suggest that electronic shoppers will convert a portion of travel time savings from shopping trips to trips for personal and household business. These findings indicate that both telecommuting and teleshopping will at least change the type of opportunities users will want to visit. We hypothesise that the value will decrease for accessible maintenance activity places and increase for discretionary activity places. 

4.
Perceptual Perspective On New ICT’s

Within the perceptual perspective, a large range of issues can be discussed. We restrict ourselves here to two issues: the revaluation of opportunities and the acquisition of information about opportunities. 

Revaluation of opportunities

ICTs can have an impact on the type of activity places people visit and the types of activities they perform in these places. To appreciate this point we must first understand what activities are.



Figure 5: Impact of ICTs on senses, motives, and behavioral components

In transport planning, human behavior consists traditionally of clearly defined elements called activities, characterized by a start time, duration, and purpose (Axhausen, 1998). Normally, we distinguish very broadly defined categories, such as working, shopping, leisure, and so forth. These activity types constitute a stream of several smaller activities called acts (op. cit.) or events (Gärling and Garvill, 1993). For example, an activity such as shopping is composed of such acts as the acquisition of information, examination of goods, purchase transaction, and so forth. These compositional characteristics of activities clearly differ from day to day and from person to person. Each act is connected with a specific goal or motive/purpose (Gärling and Garvill, 1993; Axhausen, 1998). Different motives can be distinguished: psychological, economic, social, recreational, and so forth. (See Figure 5). 

The use of new ICTs could have an impact on the motives for participating in acts or activities (see Salomon and Koppelman, 1992; Gould and Golob, 1997; Mokhtarian, 1998): 

· psychological: gratification, reduction of uncertainty, reduction of stress, exposure to information/exposure to stimuli (meaning and variety), privacy

· economic: savings in time and monetary costs (see also the spatiotemporal perspective in this paper)

· social: encounters with sales personnel, watching and meeting people, social encounters 

· recreational: physical effort, entertainment, dining out.

We hypothesise that the use of ICTs will only influence some motives and some acts of all other motives and acts which are connected to one activity. For this statement to be meaningful we must first discuss the role of the senses.

New ICTs are, in quantitative as well as in qualitative terms, limited in their stimulation of the senses. They send out information to the visual and audio senses in a narrow range of size, colors, and sounds (Salomon and Koppelman, 1992). Obtaining more qualitative stimuli and stimuli through the other senses (smell, taste, and touch) which do not (as yet) receive any signals from ICTs, face-to-face contacts and physical travel are necessary and still very important. Activities such as finance, business, power, creativity and tourism still depend on the physical proximity of people and facilities (see Hall, 1998; 1999). In general, the relevance of these stimuli will vary across types of activities, products and individual preferences. 

New ICTs only have an impact on some motives for activities and acts, because of their narrow range of stimuli of the senses. As a consequence, some activities/acts may disappear from an individual’s activity patterns, or be replaced by others. Consider for example the activity of electronic home shopping. Ordering on-line highly standardized products such as coffee, beer, or cat food can substitute for shopping at retail stores and meet cost saving needs. However, this substitution process could lead to a revaluation of other motives for shopping, such as the need for social encounters with other customers, drinking coffee, smelling freshly-baked bread, and so forth, which shopping in a store could fulfill. As a consequence, this change in the values of motives and acts could lead to visiting retail shops for other leisure purposes than maintenance (see also Gould, 1998). This could reinforce the long existing trend for the integration of leisure elements in shopping malls (Van der Toorn Vrijthoff, 1998). As Gould and Golob (1997) showed for the USA, working at home in relative isolation from others may also make the need for social contacts or relaxation more pressing. This need could account for their finding that full-time teleworkers spent a larger amount of time on shopping or discretionary activities than away-from-home workers. 

The use of new ICTs could also change the value of travel time. Instead of just driving a car or sitting in public transport, the use of ICTs enables more activities to be performed during travelling, such as communicating with others or searching the Internet. The disutility of traveling could be reduced. Psychological studies (Hoorens, 1998) on the perception of time confirm the aphorism: Time flies when you are having fun.

These changes in the valuation of motives, acts and activities will bring about a change in the desired opportunities for activities. Quantitative as well as qualitative aspects of opportunities are concerned. Since electronic means can be substituted for some maintenance trips, we presume that accessibility will become more important for discretionary activities than maintenance activities. Of course, the characteristics of the relevant sets of opportunities are highly dependent on individual attributes.  

Acquisition of information on opportunities

Normally, consumers gather information on retail activity places from their trips in a city (Potter, 1979). This information is supplemented by advertisements and suggestions from other people. The spatial search-and-learn process is linked with people’s activity patterns. A person’s home, place of work, other activity places visited, and the paths between them all bias the composition of the perceived action space (Golledge et al., 1985). It is conceivable that sociodemographics and the characteristics of activity pattern generate large differences between individuals in perceived action spaces. 

Use of ICTs may change the characteristics of perceived action spaces dramatically. Search engines on the Internet can take care of a consumer’s lack of knowledge of products, facilities and locations. The knowledge gained of previously unknown products and places can expand the perceived action spaces. The information density of action spaces can also change. Normally, a perceived action space is composed of a number of holes with activity places of which an individual has no knowledge. These holes can be filled through using new ICTs. Isolated activity places lying outside the concentrations of activity places, such as shopping centers, can improve their competitiveness. We can hypothesise that using ICTs reduces the differences between population categories with respect to the characteristics of their perceived action spaces such as size and information density. Of course, the ability of an individual to use these technologies is also important. 

New ICTs could change the travel behavior of individuals not only at home or in some other fixed place, but also on the road. Access to the Internet on mobile phones offers individuals the opportunity to ask for information about activity places such as local restaurants, museums, public parks, police stations, hospitals, and ‘the best’ walking and driving routes through an area. Mobile phones can increase familiarity with certain areas. and reduce feelings of uncertainty. People usually prefer behavioral options providing certain outcomes to options providing uncertain outcomes (Vugt et al., 1996; Hall, 1983). Uncontrollable events may elicit feelings of anger, frustration and stress and may lead individuals to opt for behavioral alternatives providing more controllable outcomes. 

These changes in the acquisition of information could lead us to expect a spread of outside-the-home activities. Isolated areas and lower order segments of transport networks in particular could see an increase in number of visitors. Because of their less routine nature, the impact of these new ICTs applies more to discretionary than to maintenance activities.

5. Conclusions And Future Research

The history of the new ICTs is relatively short, so most discussions on the effect of ICTs on the spatial configuration of opportunities are highly speculative. This paper is no exception. On the basis of a review of the relevant literature, we described in a systematic fashion the possible effects of ICTs on physical accessibility from a spatiotemporal and a perceptual perspective. In this section we summarize our findings in the form of some hypotheses: 

a. More authority constraints (based on discussion in section 3.1)
· With the growth in use of new ICTs authority constraints will become more desirable and urgent. More non authorized areas (non digital boxes) will be the result.

b. Expansion of potential action spaces (based on the discussion in section 3.2)
· When telecommuting is adopted on a more permanent basis and by employees with short commutes, commuting distance and line and elliptical action spaces will expand. 

· The substitution of electronic shopping for trips to the shops will cause an expansion of (circle) action spaces. 

· The use of new ICTs, particularly ITS, will increase travel speed which will result in larger action spaces. This time-space convergence will increase the range of opportunities within reach.

c. Change in the composition of daily action spaces (based on the discussion in section 3.2)
· Increasing popularity of telecommuting will lead to fragmentation in time intervals and thereby to an increase in the number of action spaces. More circle (home based) action spaces will also be created.

d. Revaluation of accessible opportunities (based on the discussion in sections 3.2 and 4)
· The use of new ICTs will cause a revaluation in favor of discretionary activities and acts. As a consequence, the importance will decrease of accessible opportunities for maintenance activities and increase for discretionary activities.

· The use of new ICTs will cause a revaluation in favor of discretionary acts of travelling.

e. Spread of visited activity places (based on the discussion in section 4)
· The use of new ICTs will increase the knowledge of formerly unknown activity places and routes. This increased knowledge will bring about a better fit of perceived action spaces on potential action spaces. A spread of visited (discretionary) activity places in actual action spaces would be the result.


Figure 6: Potential impact of ICTs on action spaces

In brief: the use of new ICTs will cause a time-space convergence, a revaluation of travel time, activities and acts, and thereby of opportunities together with a greater knowledge of previously unknown opportunities. The ultimate anticipated result is shown in figure 6i. All types of action spaces will expand, the overlap between types of action spaces will become larger, and known and visited activity places will be spread more widely within action spaces. Of course, these outcomes of the use of new ICTs are highly dependent on the psychological, sociodemographic and spatial attributes of individuals.
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� In reality, the form and size of the three types of action spaces can differ from each other. This figure just gives a hypothetical impression of the relationship between the three types of action spaces.
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