Analysing and visualising human activities from a time-geographic perspective

Neutens, T., Van de Weghe, N., Bogaert, P. & De Maeyer, Ph.
Geography Department

Ghent University

Krijgslaan 281, S8

B-9000 Ghent, Belgium

Tel: + 32 (0)9 264 46 96

Fax: + 32 (0)9 264 49 85

{Tijs.Neutens, Nico.VandeWeghe, Peter.Bogaert, Philippe.DeMaeyer}@UGent.be

Abstract. In the late 1960s, Torsten Hägerstrand introduced the conceptual framework of time geography which can be deemed an elegant tool for analysing individual movement in space and time. About a decade later, the auspicious time-geographic research has gradually lost favour, mainly due to the unavailability of robust geocomputational tools and the lack of georeferenced individual-level travel data. It was only from the early 1990’s that new GIS‑based research gave evidence of a resurgence in popularity of the field. From that time on, several researchers have steadily been publishing work at the intersection of time geography, disaggregate travel modelling, and GI-science. This paper is motivated by the belief that CAD-systems could entail new opportunities for time-geographic research for both geovisualisation and geocomputation. The purpose of this paper is two-fold. First, the paper critically reviews some issues of space-time implementations by pointing to influential contributions of time-geographic research. These implementations are primarily concerned with the operationalisation of Hägerstrand’s constructs, including, more specifically, the determination of so-called space-time accessibility measures, the representation of individual travel possibilities in a space‑time aquarium, and the expansion of time geography to represent both physical and virtual interaction. And second, it will be shown how CAD can offer new potential for the analysis and geovisualization of travel patterns in space and time. This will be illustrated using examples drawn from the authors’ recent studies.
1. Introduction

Originally rooted from the domain of human geography in the late 1960s, time geography is deemed a productive perspective from which to analyse human movement through time and space. The pioneering work of Hägerstrand (1967) articulates the finitudes of space and time and highlights the necessary (but not sufficient) conditions for human interaction (Pred 1977, Burns 1979). Hence, the focus of Hägerstrand’s work is on various kinds of constraints restricting human movement, rather than on the impact of psychological and cultural factors on travel behaviour. Although tremendously simple in composition, the time‑geographic framework has inspired a great deal of researchers in analytical studies of space-time behaviour (Pred 1977, Timmermans et al. 2002). In particular, the approach has been fruitful for the analysis of human travel possibilities at a microscopic level and has led to a rethinking of accessibility expressed by a methodological shift from a place-based to a people-based approach to assess accessibility (see Dijst and Kwan 2005, and Miller 2005b for a discussion of this topic). 
Since the availability of robust GIS‑tools and travel diary data, we have witnessed a growing body of research which has sought to implement the space-time constructs as an analytical method. To this purpose, geospatial technologies -in this paper, the focus will be on GIS1 and CAD2- yield powerful tools for the analysis of individual travel behaviour. Unremitting progress in GIS is proved to be effective for geovisualization purposes (e.g., Kwan 2000, 2002), network-related geocomputations of travel possibilities (e.g., Miller 1991, Wu and Miller 2002) and evaluating accessibility (e.g., Miller 1999). LBS3-systems are useful instruments in terms of collecting individual-level data in order to reveal activity patterns, since they allow tracking individual paths trough space‑time. CAD‑systems are, among other application fields, mainly used in the field of (landscape) architecture, civil engineering, electronic design automation, manufacturing process planning, development of software applications, and cartography. Such systems are capable to render a large amount of data visible in a three-dimensional (3D) dynamic environment and are provided with Boolean and editing operators which can be used to create space-time constructions. Surprisingly, the use of CAD-based methods has received only scant attention in the realm of time geography. 

This paper is motivated by the belief that CAD-systems could entail new opportunities for time-geographic research for both geovisualisation and geocomputation.  The purpose of this paper is two-fold. First, the paper critically reviews some issues of space-time implementations by pointing to influential contributions of time-geographic research. These implementations are primarily concerned with the operationalisation of Hägerstrand’s constructs, including, more specifically, the determination of so-called space-time accessibility measures, the representation of individual travel possibilities in a space‑time aquarium, and the expansion of time geography to incorporate modern communication technologies. And second, it will be shown how CAD can offer new potential for the analysis and geovisualization of travel patterns in space and time. This will be illustrated using examples drawn from the authors’ recent studies.

The remainder of the paper is structured as follows. In the next section, we establish the research field by providing background knowledge about traditional time geography. The basic principles are explained in order to discuss implementations based on the time‑geographic constructs further on in the paper. The third section provides an overview of existing GIS-based methods which have significantly contributed to the study of time-geographic concepts. Next, in section 4, we explore the capabilities of CAD-systems with respect to the field of disaggregate travel modeling. The paper concludes with some final remarks and outlines avenues for future research. 

2. Background: classical time geography

From a visualization perspective, the quintessence of time geography is the construction of a space-time aquarium to depict the allocation in time and space of human activities, social interactions, and movement. The time-geographic framework in which time is integrated orthogonally to a two-dimensional geographical plane is capable to represent human behaviour, accessibility, and geospatial patterns by offering a neatly arranged view on spatio-temporal data sets (Kraak 2003). 

Time geographic research utilizes the key concept of the space-time prism, which reflects individual travel possibilities given a set of constraints. Hägerstrand (1970) recognizes three types of constraints which mould the shape of an individual’s space-time prism: (i) Capability constraints are linked to an individual’s physiological necessities such as eating or sleeping; (ii) Coupling constraints restrict travel by imposing where, when, and for how long individuals have to join other people, tools, or materials in space and time; (iii) Authority or ‘steering’ constraints relate to the institutional context, and refer to laws and regulations which imply that specific areas are only accessible at specific times for specific people to conduct specific activities. 

In practice, these three constraints must be seen as interrelated rather than additive and manifest themselves by dictating the space-time anchor points between which activities can take place. People are involved in all kinds of projects which can be defined as activities undertaken to achieve predetermined goals (Carlstein et al. 1978). The amount of time available for travel and activity participation is termed the time budget. The prism which can be created between two successive mandatory activities is called a discretionary prism. In fact, a space-time prism gathers all space-time paths an individual might have drawn during a specific time budget and delimits the feasible set of opportunities within a person’s reach (Dijst and Vidakovic 2000). The faster an individual travels, the more sloped the path segment will be. Space-time stations, usually conceptualized as vertical tubes, are fixed locations at which several space-time paths tend to converge to form an activity bundle. A potential path area (PPA) can additionally be defined as the projection of a space-time prism to the geographical plane (Miller 1991). In Figure 1, the basic notions (path, prism, and PPA) are depicted in a 3D reference frame. 

[image: image1.jpg]


Figure 1: Time geographical concepts: space-time path, space-time prism, and potential path area.

3. Analysing human activity patterns: existing time-geographic contributions 

The first, noteworthy implementation of time-geographic constructs goes back to the late 1970s, viz to Lenntorp’s PESASP model (Programme Evaluating the Set of Alternative Sample Paths). PESASP (Lenntorp 1978) constitutes a constraint-based model which evaluates to what extent the spatio-temporal environment is facilitating the performance of activity programmes. Given an extensive, manually collected data set on the individual and environmental constraints (e.g. residence-workplace pairs, locations of stations and their opening hours, and information about the transport network), the model verifies the feasibility of a sequence of activities in order to obtain an impression about the accessibility of locations within the study area. Due to the data hungry character of the research and the immature geocomputational tools at that time, Lenntorp’s simulation model involved immense computing times and also required considerable time for the construction of geographic data. In line with Lenntorp’s approach, other, less prevailing constraint-based models such as CARLA (Combinatorial Algorithm for Rescheduling Lists of Activities) (Jones et al. 1983) and BSP ((Dutch abbreviation for) Reach Simulation Program) (Huigen 1986) have followed.

An early and widely cited contribution to the field of, let say, modern time geography can be found in Miller (1991). Miller was the first to provide a profound discussion of the manipulation of space-time prism concepts within a GI-system and introduced a generic procedure for the derivation of network-based PPA’s. His approach offered leverage for a succession of publications in which GIS-based geocomputational methods have been used to apply Hägerstrand’s theory. Kwan and Hong (1998), for instance, implemented a GIS‑procedure for generating restrictive spatial choice sets. Relying on set theory, they presented the concept of cognitive feasible opportunity sets (CFOS’s) which accounts for spatio‑temporal feasibility as well as for spatial awareness and locational preferences. 

Below we will first discuss some applications with respect to issues of space-time accessibility. Then the discussion is continued by reviewing some significant contributions on the visualization of activity patterns. The current section is ended with an overview of studies that fit recent interest in linking time geography to human extensibility.

3.1 Space-time accessibility measures

A formal framework for measuring space‑time accessibility benefits and computational procedures for deriving these measures within network structures can be found in Miller (1999). The aim was to reconcile the utility-based measures with the activity-based approach. As an extension of the utility formulations of Burns (1979), the formal framework meets the axiomatic requirements formulated by Weibull (1976, 1980) which guarantees the internal and external consistency of the measures. 
A tangible illustration of constraint-oriented accessibility was performed by Huisman and Forer (1998, 1999). Aggregating information about individual life-lines, they developed a GIS-based model which estimates the likelihood of presence of students in Auckland (New-Zealand). In the same vein, O’Sullivan et al. (2000) studied how to handle the assessment of accessibility by public transport by generating isochrone maps. Their approach relies, however, on many assumptions and simplifications concerning train timetables and bus travel. Another operationalization of time-space geography was developed by Weber and Kwan (2002). Their study shows that the incorporation of the temporal dimension under the simple form of business hours and evening congestion can significantly reduce individual accessibility. Kim and Kwan (2003) suggested another GIS‑based algorithm to more realistically represent the spatio-temporal characteristics (opening hours and location) of the opportunities. Moreover, their implementation also includes additional delay time, minimum activity participation time, and a more accurate performance of the network topology. 

3.2 Geovisualisation of activity patterns

The geovisualisation of human activities is important to gain sound insights in how people schedule their activities and how they interact with each other. Since GIS is typically designed for the production of static, two-dimensional (2D) maps (Peuquet 2002), conventional GIS packages are currently only provided with tools for extrusion in a 2.5D but are unable to create and edit complex 3D objects such as space-time prisms. Hence, effectively representing spatio-temporal behaviour in a GIS is still an intricate task to fulfill. When also accounting for the virtual interaction possibilities of individuals, scale differences in both space and time hamper an easy representation. 
In seeking to actualise an efficacious visualisation of human activities in a 3D space-time aquarium, scholars have been applying raster as well as vector GIS. The raster approach was explored by Forer (1998) who used voxels of space‑time (also referred to as taxels) for the representation of lifelines, facilities (static or moving), and action volumes which were stored as binary 3D-arrays. Within a prototype of raster geometry, different hypotheses about path selection were evaluated by Hendricks (2004). The prototype considered only a small tessellation of 144 space units and a time extent of 101 discrete time units, which was large enough for the purpose of conceptual simulation but is unsatisfactory for dealing with real-world environments. Although volumetric data can efficiently be stored by treelike data structures, the data capacity needed for portraying a relative small space-time portion at a reasonable resolution remains immense. Another drawback is that, unlike vector geometry, the discontinuous raster representation is unsuitable for dealing with complex network topologies. 

From a vector GIS perspective, Kwan and Lee (2004) described various geovisualisation methods for representing activities and travel behaviour. They showed that conventional GI-systems are capable of revealing activity clustering of different social groups. More specifically, they indicated significant gender differences in the spatial and temporal distribution of activities (see also Kwan 1999). More recently, Yu (2005, 2006) and Yu and Shaw (2005) are also doing important work with respect to the visualisation of human interactions. They implemented several analysis functions for detecting distinct forms of interaction, using Visual Basic for Applications (VBA) for ArcObjectsTM (the development platform in ArcGISTM).

3.3. Human extensibility

An increasing volume of literature is recently focusing on the implications of continuing advances in information and communication technologies (ICT’s) on accessibility and geographical analysis (Janelle and Hodge 2000). These technological developments have led to increased connectivity and a higher level of space-time dynamics of activities in a shrinking world (Janelle 1973). In this context, Couclelis (2000) uses the term activity fragmentation, meaning that activities which used to be tied to a particular place are now dispersed at various levels of geographical scales. A theoretical conceptualization for analysing interactions in cyberspace was introduced by Janelle (1995). In his view, physical and virtual communication modes can be classified in four different categories depending on their spatial and temporal constraints: (a)synchronous presence (i and ii) and (a)synchronous telepresence (iii and iv).

It is argued by O’sullivan (2005) that renewed interest in time geography is primarily linked to the increasing importance of ICT’s in people’s daily lives. Expanding space‑time models to encompass both the physical and the virtual world has been a challenging topic for more than a decade now. From the perspective of Adams (2000), we should see the virtual, spatial connections, enabled by emerging technologies, as a property of individuals rather than just relations between people. Furthermore, he rightly argues that Hägerstrand’s firm assumption that a person can only be at one place at the time should be reconsidered in the context of the Information Age, since “people do not simply occupy a place” (Adams 1995, p. 268). In order to better grasp the notion of accessibility in virtual space-time, new methods should be evolved which abandon the common interpretation of distance. In response to meet these objectives, Adams (2000) created diagrammatic extensibility models which depict an individual’s, physical space-time path along with the social scale of his/her activities, represented as bars. These bars are divided in six categories of proximity that can be reached through tele-presence, ranging from proximate to international. The distinction between one-way and two-way communication modes is also represented in the extensibility diagrams. Since social power is strongly linked to the extensibility pattern of human beings in terms of frequency and duration of travel and incoming/outgoing communication, these diagrams offer clear insights into the individual’s social power relations in society. Kwan (2000), on the other hand, explored a multi-scale representation using linked graphical windows to overcome the geographical and temporal discrepancy of scale between the physical and the virtual world. Later on, Kwan (2001) relies on studies from the behavioural-cognitive domain in order to provide a better understanding of cyber‑accessibility and a re-examination of the key issues in accessibility research. For a profound discussion about the changes that the Information Age might bring for the assessment of space-time accessibility, we refer to the work by Kwan and Weber (2003). Miller (2005a) employs the typology of Janelle (see previous paragraph) and introduced new time‑geographic objects such as message windows (communication events) and portals (locations of ICT access). Necessary conditions for physical interaction, implied by traditional time geography, were rigorously extended to interactions taking place in the virtual world. Despite the creative solutions, mentioned above, there is still a need for an adequate conceptual apparatus for quantifying individual accessibility in a hybrid (physical and virtual) way.

4. The application of CAD-systems in time-geographic research

With respect to geovisualisation, the benefits of CAD for time-geographic research are quite straightforward. Additionally, CAD also offers powerful analytical tools for combining 3D space-time prisms. Given these advantages, it is perhaps surprising that the use of it in time geographic research has been reported so infrequently hitherto. Furthermore, it should be emphasized that the basic, time-geographic constructs are in se 3D objects (e.g., path, prism) or derived from 3D objects (e.g., PPA). For these reasons, we will now give a short overview of our previous research, in which CAD is used as a valuable alternative or complement for GIS.

A first study presented an innovative approach to analyse the interaction possibilities of multiple agents, willing to schedule a joint activity and having multiple travel modes at their disposal. Relying on concepts of time geography, we proposed a conceptual framework in order to determine interaction spaces for groups of individuals. Besides availability of means of transport and the locations of each individual, minimum activity duration and opening hours of opportunities were taken into account. The model was implemented in a CAD environment. The implementation allowed an automatic creation of facilities and prisms out of a database in which travel information about multiple individuals is stored. The use of CAD offers a dynamic view on the space-time opportunities available for conducting the joint activity, and enables to identify potential activities and visualize activity patterns in a simultaneous way.

A second study focused on the implications of a person’s imperfect knowledge on space‑time constraints on individual accessibility as well as on joint interaction possibilities. The conceptual framework constitutes a cross-pollination of Hägerstrand’s time geography and Pawlak’s (1982) rough set theory and aims to support agents pointing out a feasible meeting place while respecting the individuals’ fixed activity programmes. Building on the approach by Hendricks (2004), we presented the concept of rough space-time prisms. Three different types of uncertainty were addressed: temporal, spatial, and speed uncertainty. These forms may complicate respectively, the temporal (synchronisation; chronos (Greek) = time) coordination process, the spatial (synchorisation; choros (Greek) = place) coordination process or both (Hägerstrand 1970). Moreover, they decrease the individual space through which certainly can be travelled, and as a consequence, they may reduce the available space and time for joint activity. From these three types, a fourth composite type can be derived which combines various types of uncertainty among individuals who are planning a joint trip. These combinations were established by means of Boolean operators in a CAD environment. A drawback of the model is that neat conical prisms were used to represent a person’s reach in space-time. Uncompromising conical prism representations assume a steady progress in all directions at a constant speed. In reality, however, travelers are mostly confined to the geometry of the transportation network and possibly to time schedules in case of public transport. 

In a third study, we therefore attempted to incorporate network characteristics into the definition of space-time prisms. Again, we went back to the root of time geography and used a 3D analytical framework as a point of departure. Instead of changing the calculation method for evaluating space-time accessibility, we generated a more realistic rendering of the shape of classical space-time prisms and established a mathematical foundation of the model proposed. Two solid models with different accuracy were elaborated using a CAD environment. In comparison with a traditional conical prism, such model has an irregular shape which depends on the underlying transportation system. Network-based prisms are thus able to capture the inhomogeneity and anisotropic properties of an individual’s space-time environment and allow, therefore, a more realistic representation of accessibility within the space-time framework. 
5. Summary

This paper has discussed existing GIS-based methods which belong to the domain of time‑geographic research sensu strictu. This review clearly documented different techniques with respect to space‑time accessibility measures, geovisualisation, and human extensibility. Within the light of the narrowing gap between GIS and CAD, we advocated the use of CAD in the realm of time geography and demonstrated that it can be a valuable alternative for GIS by pointing to the authors’ previous research.

Upcoming work will focus on two topics. First, the idea of a group-based accessibility measure will be elaborated further. Quantifying joint accessibility could offer appealing insights in the ease of meeting each other by revealing intra-group (based on individual travel conditions) as well as inter-group differences. Second, linking our research to ICT’s also deserves attention. Here, CAD-systems can play an important role in terms of effectively representing virtual activities and remote interaction.

Notes

1 Geographical Information Systems

2 Computer Aided Design

3 Location-based service
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