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John Dickson Stephens

The principal aim of the research is to develop a methodology for
investigating how individuals' decisions about their time-space
behavior interrelate. What determines where, when, for how long, and in
what sequence activities are performed? In attempting to understand
more clearly the structuring of everyday behavior, the research adopts
a methodology based on the time-space mechanics of constraints.

The major research hypothesis 1s that the critical determinant of
the structure of a person's day is the extent to which one feels con-
strained relative to certain activities, times, and locations. The term
structure is interpreted to mean not only the types and sequences of
activities, but also their location and duration.

In order to test the hypothesis it was necessary to isolate a sample
population and to develop a survey instrument for obtaining the needed
data. The sample was drawn from the faculty, staff, and student popu-
lations of Michigan State University, located in East Lansing, Michigan.
In order to study the time-space constraints operating on the formation
of activity sequences, attention must be focused on the paths, or
behavior, of the individual through time-space. The instrument chosen
for collecting this type of information, the time-space budget, incor-
porates the sequence, linkage, timing, duration, and frequency of acti-

vities, as well as the spatial and temporal coordinates of one's



behavior. The time-space bpdget focuses on two related aspects:

_ people's overt behavior and the perceptions of their social and physical
environment. This method of activity accounting is unique in that, as
far as their activities for the sampled time span are concerned, indi-
viduals are treated as totalities; their entire, unbroken sequences of
activities in time-space are made available.

A methodology was formulated which was built around the notion that
subjective constraints are the critical determinants of one's behavior
in time and space. The thicle used to examine this hypothesis is that
of simuiation. Thus, an attempt was made to simulate the unknown
variables--the timing, sequencing, and location of activities--in terms
of the parameters or known variables, the subjective constraints.

As a first step toward the goal of developing a simulation model,
an attempt was made to isolate that behavior which demonstrates recur-
rent patterns in time-space. Hence, an initial hypothesis regarding the
principle of consistency in human behavior was tested using the sample
of time-space budgets. The claim was made that the concept of pattern
could be applied to the set, or a subset, of time-space budgets and that
this pattern is partly defined by the sequence in which activities are
performed. Behavior patterns are also partly defined by activity dura-
tions. The amount of time a person devotes to an activity follows a
pattern over groups of individuals just as much as does the position it
occupies in that person's sequence. Such simple patterns of activity
are necessary cbnditions for the development of a simulation model.

In order to test this hypothesis, the time-space budget data for
all respondents in the university sample had to be compressed in a sys-
tematic manner. Therefore, an algorithm was devised which groups indi-

viduals on the basis of the amount of time which they spend on different



activities and the order in which they are performed. Based upon the
sequential behavior patterns of individuals, the algorithm decomposed

the sample population into several groups each of which maximized within-
group similarities and between-group differentials. As a result of the
preliminary analysis of time-space budget data, it was concluded that
patterned §ariations do exist between subgroups of the university popu-
lation, where the concept of pattern is construed in terms of sequence
and duration of daily activities.

Can activities, their timing and location be associated with the
pattern of time-space constraints throughout the day? This is the
question that the simulation model addresses. In conjunction with this
problem, it was hypothesized that time-space constraints and levels of
activity commitment are the critical determinants of activity sequences
in time-space.

The first step in the computer simulation is to develop six cumula-
tive probability distributions which are approximations of the activity
structure for a given pattern group. A Monte Carlo procedure is then
invoked to select activities and their spatial and temporal locatioms.
The distributions are treated as discrete cumulative probability vectors,
and uniform random numbers bounded by zero and one are drawn to deter-
mine the activities, durations and locations. Thus, the time-space
path of each individual's day is built up by assigning random numbers
in accordance with the calculated probabilities, and by comparing num-
bers drawn for every time period with these distributions.

The structure of the model is necessarily tied to the conceptual
framework of behavior and time-space constraints. Therefore, the simu-
lation first establishes the major constraints in each person's day, and

then, how one relates his behavior to these constraints.



The findings of the modelling experiments demonstrate that the sub-
jective constraints acting on the choice, timing, and location_of acti-
vities are modestly important in understanding the formation of activity
sequences and the paths people follow through time-space. The statistical
results of the model's output suggest that they are not as significant
as they were hypothesized to be. Hence, it was concluded that for the
sample population that subjective constraints alone are not the critical

determinants which structure time-space paths at a daily scale.
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CHAPTER 1
INTRODUCTION

The industrialization of man's activities involved a most
dramatic retiming of his whole way of 1ife. One important change in
the advancement of society from a simple to a complex state has been
the growing need by man for accurate timepieces. Increasing
specialization, more than anything else, demands this. Many years
ago, Mumford observed that:

The clock not the steam engine, is the key machine
of the modern industrial age. For every phase of
its development the clock is both the outstanding
fact and the typical symbol of the machine ... the
effect is pervasive and strict. It presides over
the day from the hour of rising to the hour of
rest ... when one thinks of time not as a sequence
of experiences, but as a collection of hours,
minutes, and seconds, the habits of adding time
and saving time come into existence: it could be
divided, it could be filled up, it could be
expanded by the invention of labor-saving instru-
ments ... the new medium of existence is abstract
time ... organic functions themselves were regu-
lated by it, we ate not upon feeling hungry, but
when the clock sanctioned it.

As our societies have grown more complex, so have our cities and
as the range of activities expands, the economic base of the city
becomes more complicated and time disintegrates into smaller and

smaller un:l.ts.2 Some primitive societies have no word for time, for

]'Lewis Mumford, Technics and Civilization (New York: Harcourt,
Brace and Co., 1934), p. 14.

zlevin Lynch, What Time is This' Place? (Cambridge, Mass.: The
H.I.T. Pl’ess, 1973)’ p' 640




2

others the time it takes a pot of rice to boil is the basic unit of
social time. The shortest unit of social time in the city, on the
other hand, has been described as the period between a traffic light
turning green and the sound of the car horn from behi.nd.3 There can
be little doubt that time is symbolic of the urban way of life.l‘ and
will become increasingly so. Cities are, above all, finely timed

1ife spaces.

TIME AND SOCIETY

The individual in contemporary society is very aware of time.
Time, as a pervasively awkward scarcity, is perhaps the main rival
to money in our society; in many situations, time is money. Time is
not simply a quantity to be spent, saved, or squandered; we also have
to "keep time," meet deadlines, and order our activities in particular
sequences, simultaneously taking into account the amounts of time
required to move from place to place. The property of time which
distinguishes it from other commodities is that it comes in & unique,
irreversible sequence as well as having an amount or duration.

With the aid of clocks and calendars, the modern citizen
organizes his daily life in accordance with deadlines over which he
often has little or no control. Today formal time constraints are
greater than ever before, and the resulting clock-watching obsession
shows little sign of abating, despite continuing advances in time-

and labor-saving technology. Indeed, these advances demand more

3H.E. Moore, Man, Time, and Society (New York: John Wiley &

Sons, Inc., 1963), p. 37.

_ 4Lou:ls Wirth, "Urbanism as a Way of Life," American
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accurate time-keeping. In a production-oriented society, the quest
for scale economies, and the increased specialization and inter-
dependencies have led to a greater spatial separation of some of the
interdependent elements--in particular those which directly affect

the ordinary citizen. 3

Social Time and Space and the Individual

A belief that has pervaded our thinking from the beginning of
the industrial revolution through present post-industrial society is
that ideas of "specialization" and "division of labor" ought to be
applied without reservation to almost all spheres of human activity.
As a result, a continually growing bureaucracy, a vast number of
technical specialists, and powerful interest organizations attempt
to regulate more and more narrowly defined sets of events, whether
they be economic, social, or cultural activities. Consequently,
individuals conducting their specialized roles have come to be
treated in an increasingly piecemeal fashion. The growing division of
labor and specialization, or increasing societal scale, have intensified
the segregation of man's activities in time and space. This logic has
resulted in bigger and bigger firms, buildings, institutions, and

cities to contain then.6

stes Anderson, "Living in Urban Space Time,' Architectural
Design, 41 (January, 1971), p. 41.

6Me1vin M. Webber, "The Urban Place and the Nonplace Urban
Realm," Explorations into Urban Structure, eds. Melvin M. Webber,et
al. (Philadelphia: University of Pennsylvania Press, 1964), pp. 85~
86.




As large metropolitan areas continue to grow even larger, they
are simultaneously becoming the places at which the widest variety of
. specialists offer the greatest variety of specialized services, thus
further increasing their attractiveness to other specialists. This
tremendous accumulation of specialized competence is on its way to
creating an aggregate outcome which is much less than satisfactory.

It is difficult to continue dividing up tasks systematically and still
respect the facts that the human being is indivisible and that there
are needs and wants of individuals which can never be satisfied with
money transactions or professional mediation of one kind or another.

It also tends to go ummoticed that things and processes in the real
world do not only operate in the ways the experts think to be important.
These events also interact in a variety of unexpected and unwanted
configurations because of their coexistence in time and space.

The limitations of time and space to accommodate things and
events were intuitively clear in a less complicated, preindustrial
society. In preindustrial society, inhabitants knew how their settle-
ment functioned in terms of social relationships, working procedures,
and land use. This was primarily because work and the conduct of
everyday life was organized vertically.7 However, with the advent
of industrialization and concomitant urbanization, society has under-

gone a radical transformation which has been described as a transition

7Torsten Higerstrand and Sture Oberg, "Befolknings-fordel-
ningen och dess férandringar," Urbaniseringen i Sverige: En
geografisk samhallsanalys. Bilagadel I till Balanserad regional
utveckling, Statens offentliga utredningar, 1970: 14, bil. 1
(Stockholm: Esselte tryck, 1970), p. 2.




from a vertically organized way of life to one with horizontal
1:lnkages.8 Industrialization outmoded the practice of self-sufficiency
and brought an increased division of labor. With growing urbanization,
work was subdivided into an increasing number of units which could only
produce goods and services through collaboration. The complex
interdependence of activities grew rapidly. The result was a society
built on the principle of horizontal linkages which demand the constant
movement of material, people, and information among increasingly
specialized work functions. The growing interdependencies show few
signs of abating and are likely to be accentuated in the future.

As things have been divided into smaller and smaller pieces of
knowledge, responsibility, and action, the connections among events
have become more and more invisible to today's policy makers and
planners. Since so much is now unobservable, we havg lost touch with

the kind of direct information which is needed for intuitive under-

standing and rational planning.

Freedom and Constraints

For some time now, the benefits of urbanization have been
extended to an ever-growing proportion of the population. From among
these benefits, the improvements in transportation and communications
media have enabled individuals to be relatively free of spatial
constraints in establishing and maintaining their ties of association

with others. However, this situation may have led us to believe that

8Ib:l.d.; the author's use of the term vertical linkages denotes
independence or self-sufficiency while horizonal linkages signify
interdependence.



the loosening of local ties have given us an altogether free personal
choice of events in which tb engagé. It is true that the assortment
of possible combinations, resulting in part from a shift of "place"
communities to diverse communities of ":lnterest,"9 is greater than

it ever was, but certain fundamental limitations still exist. Just
as we can achieve only limited rationality in our day-to-day
existence, 80 is only a 1imited freedom available when it comes to
action. A vast number of situations in which the individual becomes
involved are of a kind that he cannot escape or counter. Circumstances
like availability of employment, housing, education, health care,
recreation, and transportation are among environmental resources out-
side immediate control by t:he average citizen.

As Barveylo has recently pointed out, the manner in which urban
areas are structured and the ways in which urban activities are
organized have important consequences for the distribution of real
income among the urban population. Real income is construed not only
as money income in a narrow sense, but also as access to environmental
resources and opportunities of all kinds.

Given this point of view, one can conclude that an urban
population, given its particular location and configuration, sends it

inhabitants into sequences of events which, by their distributions

Melvin M. Webber, "Order in Diversity: Commmity Without

Propinquity," Cities and Space: The Future Use of Urban Land, ed.
Lowdon Wingo, Jr. (Baltimore: The Johns Hopkins University Press,
1963), p. 29.

lobavid W. Harvey, Social Justice and the City (Baltimore: The
Johns Hopkins University Press, 1973), pp. 53-54. For a similar view,

see: R.E. Pahl, Whose City? And Other Essays on Sociology and
Planning (London: Longman Group Ltd., 1970), pp. 215-225.
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and characteristics, describe the performance of the system as a whole.
An innovative effort to estimate performance in a comprehensive way

1 His emphasis 1is on measures of urban

has been suggested by Parkes.l
time relevant to planning considerations. Through timing of cities he
suggests that we will be able to develop "an urban time-use
classification which will serve a more flexible and sensitive purpose
than land use classification schemes, if only because the utility
derived from spending time has much to do with our satisfaction rating

nl2 The transactions included in his

for the quality of urban life.
aggregate time-allocation accounts do not exactly measure what is under
discussion here. From a cross-sectional perspective, they cannot show
how roles become divided in the process and how events come to affect
individuals in a longitudinal perspective.

For the moment no effort seems to be more important than to
find a just distribution of benefits and sacrifices between all
individuals. If so, we should give greater attention to individual
behavior as an unbroken sequence of actions. A step in this directioh

is taken more clearly in the surveys collecting so-called "social

indicators"” of the quality of life.]'3 The growing interest in

H'Donald Parkes, "Timing the City: A Theme for Urban Environ-
mental Planning," Royal Australian Planning Institute Journal, 11
(October, 1973), pp. 130-135.

12

Ibid., ppc 132-133.

13R:I.chard L. Meier, "Human Time Allocation: A Basis for Social
Accounts," Journal of the American Institute of Planners, 25 (January,
1959), pp. 27-33.



8

time-budgets as a research tool is an indication of a further move
toward a less aggregated and abstract form of obaervation.la

These trends in research are clear achievements. Empirical
approaches of this kind, however, entail those disadvantages which
follow measurement without theory. It is true that by observing
the behavior of people, one learns something about their living
conditions. But this information does not clearly distinguish what
are wants and needs from what are various degrees of necessity. In
the field of human geography, in particular, the problem with
advances in this area is perhaps not so much that we have failed to
understand man's needs and wants as that our geography is too
incomplete to be able to catch the conditions which circumscribe man's
actions. Behavior, in and of itself, does not fully reveal the
underlying pattern of constraints which shapes the situations in which
action occurs. And this also means that no good clues are provided
for how to reshape the living conditions, if that is the goal. |
Instead, we must look to latent structure and latent processes to find
the clues. Purposeful changes in the distribution of risks and
opportunities among individuals requires an understanding of how
constraints interact and how choice potential 1is affected by changes

to one or more of those which can be influenced at all. If it ise

148ee, for example: Richard L. Meier, A Communications Theory
of Urban Growth (Cambridge, Mass.: The M.I.T. Press, 1962), pp. 45-
59; and, William Michelson, "Time Budgets in Environmental Research:
Some Introductory Considerations," Environmental Design Research:
Volume Two, Symposia and Workshops--Fourth Internat ional EDRA Confer-
ence, ed. Wolfgang F.E. Preiser (Stroudsburg, Pa.: Dowden, Hutchin-
son & Ross, Inc., 1973), pp. 262-267.
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assumed that people survive in "niches" of possible actions, then the
shapes and volumes of these niches are more fundamental objects of
research than actual behavior at a particular point in t::l.me.]'5 Actual
behavior at a given moment is only a subset from the universe of
permitted events. The pattern of niches as formed by constraints in
operation describes something different--a map of potential events.

The notion of potentials contains a more general measure of perfor-

nance.l6 The question of how to go about finding the map remains.

TOWARD A TIME-SPACE FRAME OF REFERENCE

In order to get at this issue, consider first geography's
dominant instrument of recording, the map. We require that observa-
tions be rendered graphically on maps. This habit is perhaps more
risky today than it once was, because we have started to take the
map much more seriously. Earlier the map was used primarily as a
means of general orientation and as an aid to discussion. Our
private field experience has helped us to extract much more synthetic
information intuitively than was directly displayed symbol by symbol.
Now the symbols are the direct basis for serious and precise measure-
ment. To a considerable extent the recent quantitative analysis in

geography represents an in-depth study of the patterms of points,

ls'l‘orsten Higerstrand, "The Impact of Social Organization and
Enviromment upon the Time-use of Individuals and Households," Plan:
Tidskrift fdr planering av landsbygd och tutorter, 26 (1972), p. P. 27.

16Torst.en Higerstrand, ''What About People in Regional Science?"
Papers of the Regional Science Association, 24 (1970), p. 11.
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lines, areas, and surfaces depicted on maps of some sort or defined
by co-ordinates in a two-~ or three-dimensional space.

The real significance of this development has been the
strengthing of our feelings regarding the value of the geometrical
outlook. The danger lies in its influence on how we come to view
the relation between map symbols and real-world phenomena.17 Quite
possibly, the map's limitations have forced us to consider only
certain classes of spatial phenomena for investigation while neglecting
others. This is to suggest that perhaps, we have been so
interested in the distributional arrangements of things that we have
tended to overlook the space-consuming properties of phenomena and
the consequences for their ordering which these properties imply.

The map is a poor instrument for depicting packing ptoblems,18 except
in the simpler cases (e.g., land use). The map has to be supplemented

with some more abstract spatial notation before we can develop an

understanding of these processes.

17Robert D. Sack, "The Spatial Separatist Theme in Geography,"
Economic Geography, 50 (January, 1974), p. 1.

18The term packing refers not only to the space-consuming pro-
perties of objects, but also to the process whereby objects compete for
space. In discussing the issue of packing, Higerstrand states that
"as soon as one object has found a location, the space it occupies
is not available for a host of other 'weaker' objects and the probabi-
lity field of their location has changed. Of course, ohjects are some~
times more or less closed and elastic relative to each other, and
this makes the packing process very complex. Whatever the complexities
are, however, packing adds a meaning to interaction which is different
from what we usually have in mind. Many objects interact just because
they have come to be located adjacent to each other and for no other
reason. This very kind of interaction can have great significance both
for the structure of an area and for the sequence of events occurring
there." See: Torsten Higerstrand, "The Domain of Human Geography,"
Directions in Geography, ed. R.J. Chorley (London: Methuen & Co.,
1973), p. 71.




11

This observation leads to amother feature of the traditional
geographical format, namely, a noticeable emphasis is laid upon the
thin spatial cross-sectional view of the flow of terrestrial events.
Indeed, the widespread dissatisfaction with existing geographic
theories may be due to a preoccupation with spatial patterns and a
neglect of small-scale generating processes over time.19 0f course,
various efforts have been made to include a time-perspective of some
sort, and historical geography in its most ambitious form tries to
reconstruct the geography of selected dates in the past. Change,
then, is visualized as a strip of film where the sequence of frames
provides some idea of long term trends. Those concerned with process
approaches to the analysis of spatial behavior often proceed in the
same fashion, only the number of time intervals is considerably

20 That is, researchers commonly map some index of change,

reduced.
calculated between two points in time. Models for making spatial
extrapolation into future time have been developed21 but, on the whole,

researchers have not yet succeeded in handling events as located and

19Gunnar Olsson, "Inference Problems in Locational Analysis,"

Behavioral Problems in Geography: A Symposium, Studies in Geography
No. 17, eds. Kevin R. Cox and Reginald G. Golledge (Evanston, Ill.:
Department of Geography, Northwestern University, 1969), p. 21.

20For a more detailed review of process approaches to the study
of spatial behavior, see: Reginald G. Golledge, Process Approaches
to the Study of Human Spatial Behavior, Department of Geography,
Discussion Paper No. 16 (Columbus, Ohio: The Ohio State University
Preass, 1970).

21Micha¢1 Chisholm, Allan E. Frey, and Peter Haggett, eds.,
Regional Forecasting, Proceedings of the Twenty-second Symposium
of the Colston Research Society (London: Butterworth & Co. Ltd.,
1971).
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and connected within a compact time-space block. Again, to overcome

this problem requires a new type of notation.

Interdependence of Time and Space

To obtain a proper perspective on the quality of life in modern
ci;iea, it helps to consider time as well as space; better still,
consider them simultaneously, thinking of peoples' activities and
their environments in terms of locations in time-space. Time and
space are among man's most fundamental resources, and they are also
among the most difficult to study due to their scarcity characteristics.
Not the least of the problems is their unique pattern of interdependence
and interaction. Time and space combine to form a four-dimensional
"volume" which continuously surrounds us, and these dimensions also
provide a co-ordinate reference system which we use to organize our
own activities, and which can be used to describe the environments and
the activities of m:l'ual':s.22 Time and space are interrelated dimen-
sions of human behavior because individuals cannot consume one without
the other. 23 In a sense, movement in either case must be continuous,
since one must experience every point in time sequentially, and one

must pass through a series of points in space in order of their conti-

guity. Alternatively, the continuous function of time is more

zzﬂagerstrand, "The Domain of Human Geography," op. cit., p. 77.
231n a sense space and time are independent of each other because
while we continually consume both, the allocatable time is fixed for
everyone, but the space available varies. Time, therefore, as
distinguished from space, comes in a unique, irreversible sequence
having an amount or duration. Movement in time can only be in one
direction, whereas movement in space may proceed in any of an infinite
number of directioms.



d-

7



13

demanding of the individual than the more discrete function of space.
Although an individual is required to experience every point on the
time-scale, he need only be at some point in the physical and social
environment that provides him with the minimum requisites for survival.
Given either interpretation, it is hardly reasonable to assume that

locations in space can effectively be separated from the flow of time.

Paths and Traces within the Time-space Frame

A promising way to overcome the problems discussed above has been
suggested by Hagerstrand.za He recommends translating all necessary
concepts, old or new, into a strictly '"physical' language. In this
procedure, it is essential that the unity of time and space be fully
respected. The use of a single spatial-temporal system to identify
the particulars of human discourse is fundamental. With regard to

this matter, Sack comments:

The single physical time-space system makes it possible

to identify and individuate events that are separate from
any single observer and to communicate, discuss, or make
public, observations that are not immediately apparent to
the senses by everyone. Clearly, these functions cannot
be provided by a plurality of physical spaces, for that
would lead to confusion of identification and perhaps
ultimately to solipsism. Only one system of physical space
and time can provide the function of identification and
individuation of events.23

2('Hllgei.'s(:rand, "The Domain of Human Geography," op. cit.,

pp. 77-79.

2SRobert D. Sack, "A Concept of Physical Space in Geography,"

Geographical Analysis, 5 (January, 1972), pp. 25-26. The use of a
system of physical space and time is also treated by Sack in: Sack,
"The Spatial Separatist Theme in Geography," op. cit., p. 17.




14

A physical time-space system is illustrated in Figure 1. For
purposes of illustration, three-dimensional space has been collapsed
into a two-dimensional map, leaving the third dimension to represent
time. This procedure makes it possible to incorporate time and
space into one unified geometrical time-space picture with full
continuity in the time direction. This also means that form and
process would not seem to be so essentially different as they appear
today. Process takes shape as four-dimensional form. To man, time
and space are not only dimensions for viewing and analyzing the
location of events, they are also, in a very real sense, scarce
resources. This makes the time-space outlook fundamental. It 1is in
this context that the "packing problem" reaches its full weight and
it is here that the importance of not omitting any portion of man's
time and surrounding space becomes critical. In reality one must
always keep both dimensions in mind, for to a certain extent they are
interchangeable. Furthermore, in the conduct of human affairs, time
often makes itself felt as a more demanding dimension than do spatial
donstraints.

The acting individual, therefore, describes an unbroken path
in time-space (Figure 1). It is easy to imagine how the total popula-
tion of interacting individuals within the block form a network of
unbroken time-space paths, but with the fundameantal property that
identity is retained. Similarly, the time-space traces of elements
of known human importance in the environment, such as other organisms,

tools, buildings, materials, can be depicted. The scenario makes it

immediately clear that compatability among individuals, buildings,
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FIGURE 1

THE PATHS OF A GROUP OF INDIVIDUALS IN
A TIME-SPACE SYSTEM*

*The numbers 1, 2, 3, and 4 indicate different kinds of activity
bundles which are locations in time-space where people come together in
order to exchange information, transact business, or perform a common
activity. 1 is connected with some fixed installation; 2 and 3 are meet-
ings with different durations. All three types of bundles require move-
ments, before and after, in order to be formed. 4 represents a telephone
call which does not require movement but, nevertheless, ties two individuals

together into one activity. (After Hagerstrand, "A Socio-environmental Web
Model," op. cit., p. 24).
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tools, materials, and signals requires both (temporal) synchronization
and (spatial) synchorization. Seen as a whole, the system exhibits a
skeleton of meeting times and meeting places, much of which is
frequently built up in advance, in order to fit activities to the
timetables of other people, facilities, and institutions.

This is & complex situation even in a space-free timetable sense.
Even if members of a population do nothing more than exchange
messages by telecommunication media (so that transportation is practi-
cally instantaneous), the indivisibility of the human being is a
severe constraint on what can occur. As soon as a communicating group
has come into being, the duration of its activity inevitably creates
waiting-times among those who want to come into contact with one or
more members of the group. The conflicts that arise will become a more
obvious difficulty as we move toward a society in which the processing

of information develops into the main activity.26

NATURE OF THE RESEARCH PROBLEM

When trying to disentangle the seeming chaos of paths and traces

inside the time-space block, several modes of investigation come to

mind.27 In attempting to understand more clearly the structuring of

2
6Hebber, "Order in Diversity," op. cit., pp. 42-44.

27For various approaches, see: James Anderson, 'Space-time
Budgets and Activity Studies in Urban Geography and Plamning,"
Environment and Planning, 3 (1971), pp. 353-368; Ian G. Cullen, "Space,
Time, and the Disruption of Behavior in Cities,'" Environment and
Planning, 4 (1972), pp. 459-470; and, Alan G. Wilson, "Some Recent
Developments in Micro-economic Approaches to Modelling Household
Behavior, with Special Reference to Spatio-temporal Organization,"
Papers in Urban and Regional Analysis, Alan G. Wilson (London:
Pion Ltd., 1972), pp. 216-236. These and other alternative approaches
will be covered in more detail in the following chapter.
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everyday behavior, this research adopts a methodology that can be
described as the time-space mechanics of constraints.28
Conceptually, the behavior, or activities, of an individual
can be viewed as a series of discrete episodes occurring in a
sequence through some specified period of time. These episodes
have meaning at different temporal scales. Most relate to a day's
activities, such as work, housekeeping, or eating, but some have
meaning in the weekly time scale, such as visiting with relatives,
in the yearly time scale, such as taking a holiday, or in a genera-
tional time scale, such as nigration.29 The activity sequence is
seen to be a continuous stream of events where days flow into weeks,
weeks into months, seasons into years, and years into a lifetime.
Further, the events in this sequence are seen to possess an essential
order in the sense that certain types of events occur in fairly
predictable cycles or routines and take place in a space of fairly
predictable locus. Activities, therefore, occur in a time-space
continuum: there are temporal regularities inherent in spatial

regularities, and temporal rhythms obviously vary over space.

zsnxgerattand, "What About People in Regional Science?" op.

cit., p. 11; see also: Torsten Higerstrand. "A Socio-environmental
Web Model," Studier i planeringsmetodik, ed. GUsta A. Eriksson,
Memorandum frin ekonomisk-geografiska institutionen, nr. 9 (Xbo
(Turku), Finland: Handelsh8gskolan vid Xbo akademi [&bo Swedish
University School of Economics], 1969), pp. 19-28.

29Torsten Higerstrand, "On the Definition of Migratiom,"
Viestdntutkimuksen vuosikirja (Yearbook of Population Research in
Finland, 11 (1969), p. 65.
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This research addresses itself to the general question: How
do an individual's decisions about his time-space behavior inter-
relate? In striving to answer such a question, practical as weli
as theoretical cbnsiderations must be taken into account. At a
very basic level, the strategy of this research is based upon a
simple belief: 1if one is to improve the lot of the individual liv;ng
and working in the city, then one essential element is a study of the
behavior of that individual, seen as an unbroken sequence of actions.
The study of this behavior, through time and space, in its normal
metropolitan context cannot be avoided if one's intention is to shed
some light upon potentially dysfunctional relationships between the
two. No alternative approach will reveal the ways in which the

context structures, constrains, or even frustrates the behavior which

it 18 intended to facilitate.

The Approach

Two general approaches to the study of time-space behavior can
be identified. One orientation, clearly the more common, focuses on
choices of activity that are manifest in behavior. The second approach,
and the one adopted here, focuses on the constraints which circumscribe
man's actions. Since choices can only be realized within the context
of constraints, the latter approach is more general and more likely to
lead to a discovery of how the decisions regarding one's time-space
behavior interrelate.

Two broad groups of constraints are proposed. Objective
constraints constitute the first group and are those which are imposed

by the environment. It is this group that tends to shape the '"niches"
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of possible action open to an individual. The pattern of niches
formed by objective constraints describes a map of potential events.
These potential events can be more narrowly defined by a second
group, the subjective constraints, which are more or less self-
imposed. Such constraints occur as a result of the individual's
physical and social environment. In most contexts, a given enviromn-
mental situation is subjectively perceived by different people as
constraining choice to varying degrees. Although the peculiarities
of the environmental context are important, an individual's reaction
to that situation is crucial. Any situation tc which an individual
reacts has at least three dimensions: a temporal position, a location
in space, and a potential activities set. These dimensions interact
to produce a feeling of constraint upon the individual.

The basic proposition of this research is that the critical
determinant of the structure of a person's day, given environmental
forces, is the extent one feels constrained relative to certain
activities, times, and locations. These points at which one feels
most constrained and around which one's day tends to be organized will
be used as the basis for modelling experiments.

The principal aim of the present inquiry is to develop a methodo-
logyAfor investigating just how an individual's decisions about his
time-gpace behavior interrelate. The approach adopted is based on the
time-space mechanics of constraints. The adequacy of the methodology
will be judged against its ability to replicate observed behavior. For
the purposes of this research, it is assumed that one goal of geography,
and social science in general, is to construct mechanisms sufficient

to produce the observed results. These mechanisms take the form of



20

constraints which determine the structuring of paths of behavior in
time-space. As noted earlier, an alternative approach is based on
choice-mechanisms which manifest themselves in actual behavior. But,
by observing the actual behavior of members of a population in a

given period of time, this approach risks becoming lost in a descrip-
tion of how aggregate behavior develops as a sum total of individual
behavior, without revealing the really critical determinants of
behavior in time-space. What we "see" may be only a very small
portion of the phenomena and, thus, behavior does not fully unveil

the underlying pattern of constraints which shapes the situations in
which action takes place. We must go well beyond a description of
overt behavior to answer the question posed above. We must look for
latent structure and latent processes in human behavior, or the hidden
mechanics of constraints, to find the clues. Therefore, it seems more
promising to try to define, using simulation procedures,3o the time-

space mechanics of constraints which determine how paths are built-up,

coordinated, or constrained.

The Organization

The primary objective of this inquiry 1is to report on a research
and modelling strategy that attempts to reveal the processes or rules
which govern the integration of the individual's time-space behavior.
The remainder of this inquiry is devoted to five main topics:

(a) Time-budgets of Human Behavior: A Synthesis and Critique

of Selected Approaches.

30H83erstrand, "What About People in Regional Science?" op. cit.
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In this section the development of the time-budget approach to
the study of behavior is reviewed. The purpose is, on the one hand,
to comment on the applicability of time-budgets other than the one
vhich is developed and used here and, on the other hand, to reformulate
the conceptual foundation within which this research tool can be
considered.

(b) Time-space Paths of Human Behavior: Conceptualization and
Implementation of the Research Strategy.

Building on the synthesis and critique of time-budget use in
urban and regional analysis, this section formulates a conceptualiza-
tion and research propositions designed to investigate the structuring
of daily behavior through the time-space mechanics of constraints. In
order to substantiate or illuminate the research propositions, a research
strategy is established and involves the design and implementation of
a survey.

(c) Empirical Analysis for Model Development.

| The third section involves the application of several analytical
techniques to the survey data. Many modes of analysis appropriate for
time-space budget data exist and are briefly reviewed. However, only
those methods which are intimately related to the ultimate goal of
developing a simulation model will be treated here. Employing data on
the daily activities of members of Michigan State University, East
Lansing, Michigan, these analytical procedures will be employed in the
evaluation of specific hypotheses about time-space behavior.

(d) Simulation Model of Time-Space Paths and the Mechanics of

Socio-environmental Constraints.
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Given the results of the preceding section, a simulation model
is formulated for determining the time-space paths of individuals in
an urban environment. Through the use of simulation procedures, it
i8 recognized that the full complexity of individual paths in time-
space cannot be reproduced. Rather, it is intended as a deductive
device for partial verification and as a mechanism for controlled
observation of constraints interacting in the context of daily
behavior. The findings of the simulation modelling experiments will
then be evaluated in relation to the major research propositions.

(e) Summary and Conclusions: Retrospect and Prospect.

This section is divided into two parts: (1) a summary of the
methodology and the main conclusions about the validity of the quel-
ling strategy that attempts to reveal the processes which govern the
integration of the individual's time-space behavior and (2) a dis-
cussion of possible lines of further inquiry.

In this introductory chapter, the intention has been to explicate
the motivation and purpose of the following study. Detailed arguments
for the rationale of the viewpoint have been omitted. To have in-
cluded these would have involved some reasonably abstruse arguments
from the philosophy of science--for instance, the relationship of

description, explanation, and prediction,3l the implications of

31May Brodbeck, "Explanation, Prediction, and Imperfect Know-
ledge," Readings in the Philosophy of the Social Sciences, ed. May
Brodbeck (Toronto: The Macmillan Co., 1968), pp. 363-397; Abraham
Kaplan, The Conduct of Inquiry (Scranton, Pa.: Chandler Publishing

CO-, 1964)’ ppo 327-3690




23

determinism and probability,>2 and the individual in scientific

inquiry and the reductionist viewpoint.33 As this study is not the
proper place for these comments, the reader is referred to the more
detailed treatments in the bibliography. The purpose of the present
inquiry is simply to develop a conceptual framework for the study
of the integration of an individual's time-space behavior; the

philosophic issues serve only as a background against which to view

these efforts.

32Gustav Bergmann, "Imperfect Knowledge," Readings in the
Philosophy of the Social Sciences, ed. May Brodbeck (Toronto: The
Macmillan Co., 1968), pp. 413-436.

33H.B. Turner, Philosophy and the Science of Behavior (New
York: Appleton-Century-Crofts, 1967), pp. 301-374; May Brodbeck,
"Methodological Individualisms: Definition and Reduction,"
Readings in the Philosophy of the Social Sciences, ed. May Brodbeck
(Toronto: The Macmillan Co., 1968), pp. 280-303.




CHAPTER 2

TIME-BUDGETS OF HUMAN BEHAVIOR: SYNTHESIS AND
CRITIQUE OF SELECTED APPROACHES

Many interesting patterns of social life are associated with
the temporal distribution of human activities, with regularities in
their timing, duration, frequency, and sequential order. Certain
techniques of data collection based on direct observation, inter-
viewing, and the examination of records permit the establishment of
itemized and measured accounts of how people spend their time within
the bounds of a working day, week-end, a seven-day week, or any other
time period. Investigations of this particular aspect.of social life
based on the quantitat#ve analysis of such accounts, have produced a
lineage of research commonly referred to as "time-budget studies."

The purpose of this chapter is to briefly review the develop-
ment of the time-budget approach to the study of human behavior. The
objective is, on the one hand, to comment on the applicability of time-
budgets other than the one which is developed and used in this inquiry

and on the other hand, to review selected uses of this research toél

in urban and tegional analysis.
THE TIME-BUDGET PERSPECTIVE

The term "time-budget" signifies an accounting scheme describing
the allocation of time to activities during a given period--how many
hours and minutes people spend daily on chores and past-times such as

doing work, shopping, eating meals, socializing, leisure-time pursuits,

24



25
and sleeping. The time-budget investigation is somewhat similar to the
procedure by which the allocation of funds for different purposes in
financial budgets is analyzed. As far as personal or household budgets
are concerned, the similarity will even extend to many specific types
of expenditure, because & great number of everyday activities involve
not only the expenditure of time but also money.1 At this point,
however, the resemblance comes to an end. Time can only be spent, not
"earned" therefore, time-budgets have no income side. Due to the fixed
limits of time, everybody disposes equally of the 24 hours of the day.
The fund of time which is being allocated to various activities (24
hours in daily time-budgets) serves simply as a frame of reference for
setting out the temporal proportions of people's engagement in the
whole gamut of their daily activities. Thus, it is not time itself,
either as a physical or as a subjectively perceived entity, but rather
the use people make of their time which is the real subject of time-

budget studies.

Development of Time-Budget Research

The time-budget approach was first developed in social surveys
reporting on the living conditions of the working class. The long
working hours characteristic of early industrial development and the
struggle which organized labor led from its'very beginning for the

shortening of the working day, make it fully understandable that the

1Hiatorically, the time-budget concept is apparently derived
from the practice of maintaining a set of household income and expendi-
ture accounts which dates to the nineteenth century. It was a simple
step to move from money accounting to time accounting with the movement
to the hourly wage as the predominant kind of income workers received.
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proportions of work and leisure in the daily life of laborers became a
matter of considerable public concern in all countries where
industrialization was in progreas.2 The famous "3 x 8" password of
labor movements around the turn of the century, claiming eight hours
of sleep, eight hours of work, and eight hours of recreation as a
rightful daily schedule of all laborers, expressed a social demand in
the form of a concise time-budget. Just about then, chronometric time-
and-motion analyses were introduced into industrial practice by the
pioneers of "scientific management".3 This also meant time-budgeting
of a sort, by setting up precise accounts of the amounts of paid time
spend by workers on all kinds of "necessary" or "wasteful" activities
during their work in the factory.

The bulk of time-budget studies published before World War II
originated in Great Britain, the Soviet Union, and the United States
(see Figure 2).4 In general, these earlier studies focused on the
following topics:

1. the share that such broad categories of activity like paid
work, housework, personal care, family tasks, sleep and recreation have
in the daily, weekly, or yearly time-budget of the population;

2. characteristic time expenditures of certain social groups or
strata (e.g., industrial workers, farm homemakers, college students,

unemployed men) on more or less specified types of everyday activities;

2Alexander Szalai, "Trends in Comparative Time-Budget Research,"
The American Behavioral Scientist, 9 (May, 1966), p. 3.

3

Ibido’ ppo 3-40

4Ibid-. ppo 5-70
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3. the use made of "free time", especially leisure.

Data were collected mostly by means of simple forms on which the
respondents were requested to report the time and the general character
of their various activities during the day. Quite often only the
remembered (or guessed) average duration or frequency of specified
activities in the daily life of respondents was asked. Some moderate
use was also made of "yesterday interviews" intended to reconstruct the
course of events in the life of respondents on the preceding day.
Finally, for some global accounting purposes, certain estimates were
secured by analysis of available data on traffic densities, cinema
attendance, newspaper circulation, and participation in social organi-
zations or gatherings.

. As experience accumulated it was a logical step to extend time-
budget atudies to entire cities, recording the allocation of time to
different activities in the form of time accounts for the whole
population. But, as will become clear from the organization and
conduct of the present study, this would not have been feasible if
modern-day sampling techniques had not been perfected, nor would it
have been achieved withouﬁ the development of computer technology.

Systematic empirical work in the analysis of individual and
family use of time first appeared in the 1920's, and it was a
researcher in the Soviet Union who produced the first time-budget
study which was concerned with the quantitative measurement of an
entire day's activities. The Soviet economist, S.G. Strumilin,

conducted this investigation in Moscow in 1924 in which quite advanced
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soclal statistical concepts were introduced in time-budget surveys.
These surveys were designed to identify areas of activity that are
used inefficiently, and thus might be subject to policy and planned
state manipulation. With the massive effort in the Soviet Union to
increase production and worker productivity since then, there followed
a widespread application of this work to other Soviet cities. For
example, Strumilin's study was repeated some 35 years later with a
similar sample of the working population by his former pupil,
Prudenaky.6 This represents the first longitudinal time-budget analysis
for the purposes of historical comparison. This comparison made by
Prudensky clearly demonstrates the changes that industrialization has
brought to the time and activity patterns in the Soviet Union. A
number of Soviet investigations followed these initial undertakings and
concentrated on particular groups, such as radio listeners, television
viewers, or farm workers, and on particular activities, such as leisure
and uork.7

As a result of the earlier use of time-budgets in the Soviet
Union, a substantial tradition developed in Eastern European social
research. For example, in 1963, time-budgets formed part of an

official census in Hungary.8 The purpose of the time-budget analysis

Ibid., p. 4.

61bid., p. 4.

7Ibid.’ ppo 5-7.

8In Hungary, where periodic micro-censuses (nationwide sample
surveys of demographic changes in the population) have been introduced
to bridge the long gaps between the regular census years, a subsample
of the micro-census of 1963 served also for obtaining time budgets of
the population throughout the country. The results have been published
and may be found in: Hungarian Central Statistical Office, The Twenty-

four Hours of the Day: Analysis of 12,000 Time-Budgets, English Version
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was to supply information on a special aspect of the manner of living
of different social groups, i.e., how their time is spent. This was
the first time that overall information was given on the time schedule,
the rhythm of 1ife, the diversity or monotony of the way of life of
different groups of the population (whether earners or dependents, men
or women, intellectuals or manual laborers), and the smaller or greater
burdens to be borne by different social strata.

The Soviet Union, however, has produced the most extensive set of
time-budget accounts.9 The Soviet work has been used primarily within
an economic planning context and there have been numerous efforts to
improve policy and planning for the labor force, industry, and transpor-
tation systems through the use of time-budget research.lo Between 1959
and 1965 alone, time-budget surveys involving well over 100,000 man-days
of recorded human activities were carried out by the Institute of
Economics of the Soviet Academy of Sciences in Novosibirsk and related
research organizations--partly for general scholarly purposes, and
partly for supplying much needed data to authorities concerned with the
planning of manpower resources, educational facilities, communal

services, etc.

(Budapest: Hungarian Central Statistical Office, 1965). This is
probably the first instance where time-budget data were collected in
connection with a micro-census.

9Alexander Szalai, ed., The Use of Time: Daily Activities of
Urban and Suburban Populations in Twelve Countries (The Hague: Mouton
& CO., 1972), ppo 861-864l

1OGetald A. Gutenschwager, "The Time-Budget--Activity Systems
Perspective in Urban Research and Planning," Journal of the American
Institute of Planners, 39 (November, 1973), p. 382.




31

The use of time-budgets in Western Europe and the United States
has been directed almost exclusively to a study of discretionary or
leisure time activities. Moreover, from the earliest studies carried
out in the 1930's the interest has been primarily academic rather than
administrative.ll The first serious studies in the United States
appeared in the 1930's in the works of Lundberg-Komarovsky-McInerny,
McCormick, and Sorokin-Berget.12

The study of leisure by Lundberg and bthera,13 is meticulous and
monumental in its data collection. Lundberg and his co-workers
collected nearly 5,000 diary records of individual days as part of their
study of leisure in Westchester County, New York. But the investigation
is particularly important in its attempt to describe different time/
activity patterns for groups in the suburban area. Also, the research
develops useful questionnaire investigations of activities related to
place, companionship and activity satisfaction, as well as techniques
that allow respondents to express preference for activities within

constraints of money, time, and accessibility.

Sorokin and Berger's study of Time-Budgets of Human Behaviorlk

has probably done most to popularize the time-budget method of research.

11p14., p. 382.

12George A. Lundberg, Mirra Komarovsky, and Mary A. McInerny,
Ledsure: A Suburban Study (New York: Columbia University Press, 1934);
Thomas C. McCormick, "Quantitative Analysis and Comparison of Living
Cultures," American Sociological Review, 4 (August, 1939); Pitirim A.
Sorokin and Clarence Q. Berger, Time-Budgets of Human Behavior (Cam-
bridge, Mass.: Harvard University Press, 1939).

13Lundberg, et al., op. cit.

14Sorokin and Berger, op. cit.
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Sorokin and Berger undertook a rather interesting time-budget study
during the 1930's in and around the city of Boston. This research is
best recognized for its sophisticated conceptual approaches for the
analysis of detailed personal diaries covering relatively extended
periods of individual daily activity. In their book, the authors
demonstrate some surprising insights into the conceptual problems of
time-budget analysis such as activity classification, social inter-
action, psychological motivations for activities, and the potential for
activity prediction of one's own behavior. Despite the acknowledged
deficiencies in their survey research methodology; their insights
regarding conceptual problems of time-budget analysis remain valuable.
About the same time, McCormick proposed the use of time-budgets for
behavioral comparisons across cultures--a suggestion that would not be
acted upon for nearly thirty years.15

The leisure time focus of these early studies did ultimately
evolve into, and was often related to, mass media studies where the
interest became more practical, namely, how to measure audience
potential. In fact, the largest surveys have been geared to market
research for the mass media (e.g., in radio and television program-
mdng).16 The focus of these surveys have most frequently been on
general leisure, an emphasis continued in the recent UNESCO sponsored

cross-cultural time-budget research project involving twelve nations.17

lsncCormick, op. cit.

16Gutenechwager, loc. cit.

17The International Time-Budget Research Project directed by
Szalal represents the most extensive series of studies of this kind
ever undertaken. See Alexander Szalai, "The Multi-national Comparative
Time-Budget Research Project," The American Behavioral Scientist, 10

(December, 1966), pp. 1-4.
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Other efforts followed in other countries. The more recent
studies in the analysis of the use of time take a variety of forme--

national studies of time allocation.18 studies of family adaptation

19 the analysis of commuting behavior,20 investi-

gations on the use of leisure tine,21 and the broad synoptic type of

to urban conditioms,

study focusing on the comparative aspects of urban living patterna.22

The Multinational Time-Budget Project

A huge amount and very great variety of time-budget data have
been accumulated over the years by many researchers in several
countries. To some extent time-budget work has become so preoccupied
with "picture-taking" as a technique, i.e., obtaining one cross-

sectional survey in time, that it has not moved out from this kind of

181114,

19Szala:l, "Trends in Comparative Time-Budget Research," op.
cit., pp. 6-7, cited Jean Stoetzel, "Une étude de budget-temps de
la femme dans les aggolomerations urbaines," Population, 1 (1948);
Paul Chombart de Lauwe, La vie quotidienne ouvieres: Recherches
sur les comportements sociaux de consommation (Paris: Centre National
de Recherche Scientifique, 1956); and, Paul Chombart de Lauwe, "La
vie familiale et les budgets," Traité de Sociologie du Travail, Vol.

2, eds. G. Friedman et al. (Paris: A. Colin, 1962).
The classic study of this kind is: Kate Liepmann, The

20
Journey to Work (London: The Oxford University Press, 1944). Since
World War II, the American studies of trip behavior using the Bureau
of Public Roads standard design for "origin and destination studies"
have become widespread.

ZIExanples include Eric Larrabee and Rolf Meyersohn, Mass
Leisure (New York: The Free Press, 1958); and Sebastian de Grazia,
Of Time, Work, and Leisure (New York: The Twentieth Century Fund,

1962).

22Szalai, The Use of Time, op. cit.; Szalai, ''The Multi-
national Comparative Time-Budget Research Project," op. cit.
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emphasis into a more fundamental concern with examining human activity
at the micro-level, its organization into systems, and the functioning
of these systems within the larger societal framework. Furthetnbre,
little effort has been made to develop some more generally applicable
methodological standards of time-budget research so as to enhance the
possibilities for a comparative evaluation of such data. This topic
came up for discussion at the International Conference of the Use of
Quantitative Political, Social and Cultural Data in Cross-National
Comparison, held in 1963 at Yale Uhiveraity.23 Some new approaches to
the differential evaluation of time-budgets for comparative purposes
were proposed. However, the widely divergent methods of data
collection, registration, coding, and classification used by researchers
belonging to different countries of different schools of thought posed
serious restrictions for comparative research. In view of these
difficulties, practically not comparative method could be made workable
until at least some agreement and cooperation were achieved among a
number of researchers in various parts of the world who have an active
interest in this field. The idea was promoted that by carrying out a
series of well-standardized time-budget surveys in different countries,
such agreement and cooperation could well be promoted. Furthermore, a
stock of standard multinational time-budget data would be created which
might provide the basis for the further refinement of time-budget

research methods for comparative purposes.

23,1 exander Szalai, "Differential Evaluation of Time-Budgeta for
Comparative Purposes," Comparing Nations: The Use of Quantitative Data
in Cross-National Research, eds. R.L. Merritt and S. Rokkan (New Haven,
Conn.: Yale University Press, 1966), pp. 101-102.
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This was one of the major considerations which led to the most
comprehensive efforts at time-use study. During the mid-1960's, the
Multinational Comparative Time-Budget Research Project was begun by
the Vienna Coordination Centre for Research and Documentation in the
Social Sciences, with Alexander Szalai heading a team composed of
representatives from nearly a dozen countries. Representatives from
the various countries met to agree on the uniform selections of survey
sites, sampling procedures (two-stage random), survey forms and data-
collecting techniques ("yesterday interviews" plus one-day diaries),
classification and coding procedures (using a 99-code activity
classification scheme--Appendix C), and methods for card punching and
data analysis. There were three basic kinds of study areas which
could be used by participating nations: (1) a town of 30,000 to
280,000 population, (2) a series of towns satisfying the above popula-
tion requirement with a specified minimum number of respondents from
each of the towns, and (3) a national survey. A grand total of 24,932
individuals successfully completed the interviews and survey forms in
the ten countries. The survey universe was comprised of members of
households between 18 and 65 years of age, where at least one member
was employed in a non-agriculturél occupation. The respondents were
asked to record their activities for the next day on schedules provided
for the 24 hour period beginning at 12:01 a.m. Two days later when
the respondents were revisited, the schedule was picked up, and any
additions the interviewer thought necessary were made to fill out the

schedule.
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The data coded from the time-budgets in the multi-national
study included the beginning time, primary activity undertaken, a
secondary activity code if listed, other persons present, and the
location of the activity episode. Such a set of characteristics used
to describe a particular activity is termed an "activity module."
Within the multi-national project a three-digit primary and secondary
activity code was allowed within each activity module. Actually, a
two-digit coding system was adopted for common use by all countries,
with the development of the third digit of code left to individual
countries. A standard set of demographic information was required from
all participants, and an optional set was left open for individual
interests, as in the activity codes.

Preliminary results from this large-scale national and
comparative study were reported at the Congresses of the International
Sociological Association at Envian, France, in 1966, and Varna,

Bulgaria, in 1970, as well as in the American Behavioral Scientiat.24

5

The main volume was published in 1972.2 While unquestionably the work

from the multinational study will yield important benchmarks for research
on time allocation, this effort seems to be but a prelude to a much

more extended interest in time studies.

241nternational Sociological Association, Transactions, Sixth
World Congress of Socilogy, Evian, Vol. 5 (Milan: International
Sociological Association, 1966); lnternational Sociological Associa-
tion, Transactions, Seventh World Congress of Sociology, Varna, Vol.
5 (Milan: International Sociological Association, 1970); Szalai, ''The
Multinational Comparative Time-Budget Research Project." op. cit.

25

Szalai, The Use of Time, op. cit.
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The Analysis of Time-Budget Data

The late 1950's and 1960's saw the mushrooming of time-budget
research and data collection. Yet the analyses of these data,
especially prior to the multinational project, have been subject to many
of the pitfalls that accompany measurement without theory. Nevertheless,
a variety of approaches have been developed for the analysis of the
voluminous data collected in time-budget surveys.

Beginning with the classification of activities, Foote and
Meyersohn first proposed that respondent's activity descriptions
could be analyzed grammatically.26 This idea has been developed by
Kranz, who devised computer techniques for analyzing and classifying
activity responsee.27 His approach is a computerized form of content
analysis in which activities are defined from the semantic context of
respondent time-budget diaries. This method attempts to circumvent

the necessity for assigning recorded events on the basis of some

arbitrary scheme established a prior1.28

261n trying to code the activities recorded in the diaries, they

hft upon an interesting scheme of considering each entry as a sentence.
Ac tivities were seen to have a grammatical structure, with an implied
sub ject, a verb, and an object. See: Nelson N. Foote and Rolf
Meyersohn, "Allocations of Time Among Family Activities" (paper read
at the Pourth World Congress of Sociology, 1959, Stresa, Italy);
Nelgon N. Foote, "Methods for Studying Meaning in Use of Time," Aging
and Leisure, ed. R.W. Kleemeier (New York: Oxford University Press,
1961), pp. 84-97.

27Peter Kranz, "What Do People Do All Day?" Behavioral Science,
15 (CMay, 1970), pp. 286-291.

zaPerhaps the most widely recognized scheme of this kind is the
99—code system developed by the Multinational Time-Budget Project.
See: gzalai, "The Multinational Comparative Time-Budget Research
Pro ject," op. cit. [Appendix]
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A common proposal has been the longitudinal analysis of data

on time use as a means of gauging social change.29 Szalal compares

0

the time-budgets of workers in Moscow in 1924 and 1959.3 Robinson

attempts to ascertain changes in the use of time in the United States,
using the Lundberg data on Westchester County and the Sorokin-Berger
data on Boston, both collected in the 1930's, a Ward-Mutual Broad-
casting Company national survey from 1954, and the Jackson, Michigan
and national sample data obtained in 1965-66 as part of the Multi-
national Project. All of the conclusions are only suggesative, however,
as there are serious problems with the populations surveyed, the

sampling procedures, and the non-comparability of the various activity-

classification schemes. A

Szalai has developed a measure of the relative "compressibility"
of different activities when the amount of available time is reduced.
The concept is analogous to elasticity in economics. For example,
workers with less free time because of a longer journey-to-work will
devote considerably less time to some leisure purauit, but virtually

the game amount of time sleeping as other workers. Thus, the

29R1chard L. Meier, "Human Time Allocation: A Basis for
Soc1al Accounts," Journal of the American Institute of Planners, 25
(January, 1959), p. 27.

3oSza1ai, "Trends in Comparative Time-Budget Research,"
op hd Cit. [ ) p. 4.

3 31John P. Robinson, "Social Change as Measured by Time-Budgets,"
sOuxmal of Leisure Research, 1 (Winter, 1969), pp. 75-77.
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leisure~-time activity is more compressible than- sleeping.32 The
Hungarian microcensus includes this type of analyeis.33

Converse employs a slightly more sophisticated approach in
comparing the use of time among nations. A Euclidean measure of
"distance" between time-budget profiles, developed by Szalai, gives
measures of intergroup differences. Guttman-Lingo smallest-space
analysis is then used to determine the primary dimensions of
difference among nations. The results are fascinating, since, in the
two dimensions, the nations cluster geographically. Unfortunately,
Converse does not suggeat the value of this approach.y'

Soviet researchers are focusing attention not on individual
time-budgets but on the aggregate time balance of a region. For

economic planning, they argue the primary consideration is the total

amount of time spent by everyone on a given activity. Plans can then

be devised for the most efficient use of time.35 The Bulgarians take

this approach for the forecasting of time use in the future.36

32
Alexander Szalai, "Differential Work and Leisure Time-Budgets

88 a Basis for Inter-Cultural Comparisons," New Hungarian Quarterly,
S5 (Winter, 1964), pp. 105-119.

3
3Hungarian Central Statistical Office, op. cit.

34
U Phillip E. Converse, "Country Differences in Time Use," The
S€@ of Time: Daily Activities of Urban and Suburban Populations in

© 1ve Countries, ed. Alexander Szalal (The Ha : Mo
—-1ve Countries, e Hague: uton & Co.
197237, pp. 145-177. ’

for 35V.D. Patrushev, "Aggregate Time-balances and Their Meaning

Uk, Socio-economic Planning," The Use of Time: Daily Activities of

o An and Suburban Populations in Twelve Countries, ed. Alexander
alai (The Hague: Mouton & Co., 1972), pp. 429-440.

36
Zahari Staikov, "Time Budgets and Technological Progress,"

Tilt:e Use of Time: Daily Activities of Urban and Suburban Populations
\1971\'e1ve Countries, ed. Alexander Szalai (The Hague: Mouton & Co. ’

2>, pp. 461-482.
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Virtually all of the analyses of time-budget data consider
elther the frequency in which people engage in different activities,'
orxr the duration of those activities. No one has successfully solved
the very difficult methodological problems involved in looking at other
aspects of time use such as the sequencing of activities. Another
PrXoblem wvhich underlies much of the analytical work is the seeming lack
Oof direction in much of the research. Time seems important, so time-
budget surveys are conducted and attempts are made to analyze the
data. Since so many of the researchers have little notion of exactly

wWhat they want to find out, the analyses often appear diffuse and

Purposeless.

CURRENT THRUSTS IN URBAN AND REGIONAL ANALYSIS

The preceding review of the time-budget concept serves as an
Antroduction. Out of these roots there has arisen an interest on the
Part of urban and regional researchers in the use of time-budget

|Analysis in both theoretical and planning applicationa.37

XdAme and Space
The primary difference between the time-budget studies discussed

T o this point and the work to be discussed in geographic and planning

Eexgearch centers on the fact that a spatial dimension is explicitly
—_—

371?01' reviews of time-budget analysis in both theoretical and
P> Lanning applications, see: Gutenschwager, op. cit., pp. 381-386;
Trevor MacMurray, "Aspects of Time and the Study of Activity Patterns,"

fgh% Planning Review, 45 (April, 1971), pp. 195-209; and, F. Stuart
= |Aapin, Jr., "The Use of Time-Budgets in the Study of Urban Living
Rt terns," Research Previews (The University of North Carolina), 13

(Novenber, 1966), pp. 1-7.
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included in planning and spatial analyses while, heretofore, the
Hence, the planning researcher

spatial concerns have been submerged.
sees the activity choice occurring within the dimensions of time and

space, and carries his time-budget survey beyond a concern for the

when, what, and with whom to also include the "where" of activity

choice.
During the period immediately following the Multinational
Survey, there occurred a noticeable increase in the use of time-budgets
"38  The period can

and their logical extension, the "time-space budget.

be characterized by an ever-increasing sophistication in conceptual
A preoccupation with accounts of

approaches to time-budget analysis.
human time allocation as ends in themselves has passed, to be replaced

by a search for theory of human behavior in time and space.
Human behavior, though highly variable, does display some marked

Temporal regularities because of physiological, physical, and social
Activities occur in a time-space continuum: there are

Constraints.
Temporal regularities inherent in spatial regularities, and temporal

Although this premise has been

XThythms obviously vary over space.
S| dvanced by a number of researchers over the past decade, their

< Omnceptual apparatus used to investigate human time-space behavior
“X £ Ffers considerably. The ensuing discussion attempts to highlight the

Y =mxious conceptual approaches evolving over the past decade in North

“Axmerica and Western Europe (Figure 3).
\
38Jamea Anderson, "Space-Time Budgets and Activity Studies in
ography and Planning," Environment and Planning, 3 (1971),

Urban Ge
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Activity Conceptual System

Apart from some of the Russian exmnples,39 the longest tradition
in the use of the time-budget approach in urban planning is found in
the work of Chapin, his students and research associates at the
University of North Carolina.ao Drawing primarily on ideas from within
Planning, Chapin first proposed that the city be viewed in terms of
systems of activities. For more than a decade, Chapin has been
intimately concerned with the planning and policy implications of the
relationships between urban space, time, and activity. Until then,
Planners and geographers alike had not sought to record the activity
Aymamic of how the environment is used, and the activity component "of
human time allocation ... is missing from the available urban

accounting system."41 "Planners have jumped directly into land use

studies, essentially studying the effects of activity systems rather
than seeking to define and understand activities themselves as producers

of land-use pattems.""z The behavioral antecedents of land use are not

adequately represented by the usual constants and proxies of mapping

T echniques.

—

3gszalai, The Use of Time, op. cit., pp. 838, 861-867.

I'OFor some of the earliest statements by Chapin, see: F. Stuart
Chapin, Jr., ed., Urban Land Use Planning, 2d ed. (Urbana, Ill.:
t3"l'l:l.v¢=r:sit:_v,r of Illinois, 1965), pp. 221-253; and, F. Stuart Chapin, Jr.
+Eamnd Henry C. Hightower, "Household Activity Patterns and Land Use,"

~F ournal of the American Institute of Planners, 31 (August, 1965),
Pp. 222-231.

41R1chard L. Meier, A Communications Theory of Urban Growth
CCTambridge, Mass." The M.I.T. Press, 1962), p. 303.

42

Chapin, op. cit., p. 221.
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Origins of the Approach. Mitchell and Rapkin were among the

first researchers to suggest the relationship between activities and

the spatial structure of the c:lt:y.l'3 Their work undoubtedly has had

considerable impact upon urban transportation planning. Although

their concept of activities is narrowly restricted to travel behavior,

their statement of the role of activities in the city anticipates the
44

formlation offered by Chapin nearly ten years later.

Another crucial influence in the development of the activity

approach was Meler's proposal to use time allocation as a measure of

wWell-being of urban residents. The amount and variety of free-time

activities available to people in the city could Aprovide a form of

& 0Ocial accounting. Meier was also among the first to suggest the

motion of a time-space budget, realizing that the allocation of time
18 closely linked to the use of slmce.l'6 ‘

Chapin synthesizes these two approaches

Urban Activity Systems.

HAnto a theoretical framework of urban activity systems. An urban

maodifier is used to indicate the metropolitan community as a convenient

£ tudy locale. In a systems framework, the metropolitan community is

e

43Robert B. Mitchell and Chester Rapkin, Urban Traffic: A
%tion of Land Use (New York: Columbia University Press, 1954).

“Chapin, op. cit., pp. 221-253.

45Me1er, "Human Time Allocation," op. cit., pp. 27-30; Meier's
:‘hmpact on the purpose and directions of Chapin's research can be found
T $  F. Stuart Chapin, Jr., "Activity Analysis or the Human Use of
3 B an Space," Town _and Country Planning, 38 (July/August, 1970), pp.
45348,

o 46Me1er, A Communications Theory of Urban Growth, op. cit.,
B.  48-59.
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conceived as a series of interrelated activity systems fashioned

around the pursuits of various entities—persons, firms, voluntary

orxrganizations, churches, governments, and other institutions. These

entity categories are seen, in turn, to consist of subcategories within

which individuals act in certain similar, purposive ways and, at the

s ame time, respond to certain more or less common constraints. Thus,

the person category is seen to consist of some set of subcategories

(e.g., various socioeconomic classes, stages in the life-cycle, etc.),

€each consisting of persons which as a class are seen to follow similar
47

L Aifeways.
In the activity system rationale, time allocation is seen as a

means of studying how human activity affects and is affected by the

e@nvironment and how they jointly influence the structure and functioning

Of the metropolitan community. It conceives of time as a resource

&allocated by individuals in the pursuit of their everyday affairs.
Through measures of time allocation and the use of a systems framework,
Posgibilities are foreseen of analyzing interrelationships between
|activities and population and those of metropolitan area assemblages of
f:l.rms, govermments, various organizations, and other institutional agen-
<<fes. In contemporary society, daily life is organized around time. And
T he time schedules of various institutions (e.g., work places, shops,

¥ @xvice establishments, and public agencies) affect the time schedules
—_—

471?. Stuart Chapin, Jr., "Activity Systems and Urban Structure:
a Working Schema," Journal of the American Institute of Planners, 34

(January, 1968), p. 12.
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of individuals and of one another. Moreover, the environment man has

developed for himself, especially the facilities developed to
accomnodate his personal and his institutions' daily needs, also affect

time schedules. For example, time spent in commuting or traveling to

activity centers is a familiar measure for establishing how land use

as an environmental variable affects activity patterns. Because of

the complexity of dealing with time allocations of all entities in all
Of these pursuits, a general systems approach is thought to be useful

in the study of interrelations involved and the dynamics of these

Sysgtems.

Since "general systems theory seeks to classify systems by the

wWay their components are organized (interrelated) and to derive 'laws'

OFf typical patterns of behavior for the different classes of systems

S1ingled out by the t:axonomy,""8 it offers a useful framework in which

to conceive of the organization within activity systems and the dynamic

Telationships between activity systems. Under this rationale, the

b ehavior of a person, firm, or other entity is broken down into discrete

"episodes" which have meaning to individuals as they go about their

P> arxticular affairs. When episodes are found to serve similar purposes,

they can be grouped at a more generic level into particular classes of
| < tivities as defined by some pre-established activity classification
=>Srsten. Thus, in the case of person entities, a variety of episodes
S & pe grouped into classes such as work-related activities, social-

1211‘!3 activities, homemaking activities, or activities involving

\

n 48Anat.ol Rapaport's Forward to Modern Systems Research for the
Qe\‘havioral Scientist, ed. Walter Buckley (Chicago: Aldine Publishing
©. , 1968), xvii.
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recreation and relaxation. It follows, then, that. an activity system
consists of a sequence of activities of some classified content and
some specified order. More particularly, when an individual within
an entity category--a person, a firm, a voluntary organization or some
other entity--exhibits regularities in the content and ordering of its
activities in time and space, this sequence is referred to as an

activity system, a firm's activity system, and so on.“

The preceding, then, is a brief overview of the conceptual frame-
work. Chapin's conceptualization differs from previous theoretical
Ovrientations in that it sees the city as composed of activities occur-
ring not only over space, but also through time. This time-space
E£rame of reference eventually led urban researchers to ask questions
never before posed.

Urban activity systems encompass a wide range of possibilities.
The work at the University of North Carolina focuses on "activities"
Aas measurable components of living patterns in the urban scene, while
time allocation serves as one of several dimensions, that include the
Type, number, and variety of activity choices, their sequence, and
T heir spatial locus. Special attention is given to activity routines

€ yrban residents functioning as individuals. But, since many person-

| c tivities are merged with institutional activities, the total system

XA = of concern as well. Increasingly more detailed research has been

\

49Phillip G. Hammer, Jr., and F. Stuart Chapin, Jr., Human Time

%cation: A Case Study of Washington, D.C. (Chapel Hill, N.C.:
€©niter for Urban and Regional Studies, University of North Carolina,

1972), pp. 13-14.
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conducted in an attempt to understand specific aspects of the whole
problem. The ultimate goal, however, is to reverse the process and
combine these results into a single theory of urban activity systems.
The lineage of activity systems research is represented in Figure 4.
The first step taken to narrow the research from a global
activity systems formulation was to restrict attention to one segment
of the urban population--namely, heads of households and spouses of
heads. This was done because of their important decision-making role
4An the household. The first small-scale surveys undertaken in Durham,
North Carolinajhad respondents complete a time-budget listing all
activities performed on the preceding day, including the timing, location
and duration of activities. The temporal (duration and frequency) and
spatial dimensions of respondent's activities were analyzed.
Respondents were also asked to "play" a trading-stamp game which was
designed to elicit leisure time activity preferences.so Drawing on
the trading-stamp ritual of modern-day retailing, the game is a device
to gimulate the way in which an individual might budget the use of
Tis time for leisure. The results of the game were then compared with
|aactual activity choices.51 Patterns of activities at various temporal
=mcales were discussed theoretically, with special consideration given

T O the effects of changes in daily and weekly activities on the important
—_—

50l?. Stuart Chapin, Jr. and Henry C. Hightower, '"Household
ge tivity Patterns and Land Use," Journal of the American Institute of

L anners, 31 (August, 1965), p. 225.

= 5]'Ib:ld.; and, F. Stuart Chapin, Jr. and Henry C. Hightower,
=Ouaschold Activity Systems: A Pilot Investigation (Chapel Hill, N.C.:

®@nter for Urban and Regional Studies, University of North Carolina,
1966).
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life-cycle activity of moving bc':hav:l.m'.52 The important step, however,

was the use of choice theory to explain the patterns of activities of
urban residents.
Following his early surveys, Chapin outlined a working schema
forx the development of a conceptual framework for urban spatial
s txucture using activity analysis and activity systems. Essentially,
Chapin sees activity decisions as arising out of an evolutionary

process involving motivation-choice~-activity .53

He suggests that
mot ivation is derived from two sets of needs, fundamental and
supplemental. Fundamental needs are involved with shelter, clothing,
food, and so on, i.e., choices to minimize feelings of discomfort or
deprivation. Supplemental needs for reason of achievement and status
are requisite to a "full sense of well being" and require choices to
maximize satisfaction. He suggests that each of these needs is

satigfied by, or is sought for, in different roles and arenas, some-

times simultaneously and sometimes separately.

szchapin, "Activity Systems and Urban Structure,"” op. cit.,

PP. 16-17. Relating to the topic of life-cycle mobility, a current
PTXoject by Michelson applies and tests many of the ideas and techniques
©f activity study, in analyzing the activity constraints that prompt
Tesf{dential relocation and the time-budget changes that occur, over
t » as a result. See: William Michelson, '"Discretionary and Non-
S?18<‘-1:et::l.onary Aspects of Activity and Social Contact in Residential
eeleCtion," The Form of Cities in Central Canada: Selected Papers,
8;1.8- L.S. Bourne, R.D. MacKinnon, and J.W. Simmons (Toronto: Univer-
L 1ty of Toronto Press, 1973), pp. 180-198; and, Brian P. Holly, "Urban
fe Styles and Environment: The Effects of Location and Residence
g‘; Behavior in a Time-Space Framework" (unpublished doctor's disserta-
On, Michigan State University, 1974).

53

P. 1 Chapin, "Activity Systems and Urbamn Structure," op. cit.,
- 2
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In a discussion of the choice component, Chapin specifies the

activity as output, with motivation and the values it represents

forming the inputs to a final decision. '"The context is the social

system consisting of the enviromment and all other human activity

relevant to the situation in hand." He suggests that in making

chwoices of activities and in budgeting his time, the individual
attempts to find an optimal combination based on his needs for

"= ecurity, achievement, status, and other needs essential to his

sense of well-being."ss The final output is, of course, his set of

activities in various time scales: daily, weekly, annually, and

thrxoughout his entire life cycle.56

In examining the activity patterns that result for the

motivation-choice-activity sequence, it is apparent that all three

elements of the sequence must be influenced by the alternatives

avaijilable, which quite obviously are numerous. One clear distinction

may be drawn between those activities that occur in and out of the

home. Chapin, through the use of time-budgets, conducted an

—

4 m1d., p. 15.

>S1bid., p. 15.
56Act:lv:l.tiea are clearly cyclical. Some are daily--the trip
to work, eating, some sort of recreation. Others may be weekly--
Still others may be monthly,

8Xocery shopping, trips to the bank.
#nnual, or at even longer periods (e.g., the decision to move). A
8eneral discussion of cyclical activity is given by Chapin, Urban

Lang yse Plamning, op. cit., pp. 221-253.




51

investigation on this division of the various activities which compose
each subset.57 In brief, the patterns observed resulting from the
motivation-choice-activity sequence of urban residents are fundamental
factors in many decisions that affect the physical structure of the
urban area. At the same time, the components of the physical
structure--the spaces adapted to various activities--exert an
dnfluence on the choices made. The situation is strongly analogous
to the economic concepts of supply and demand and their interaction
with price and production.

Next came the national surveys of activities in 1966 and 1969.
In using these survey data, their interest focused on household time
allocation, but largely ignored the spatial dimension. Thus, the
research was quite similar to the time-budget studies reviewed
earlier in this chapter. Efforts during this research phase were
directed toward identifying factors significantly associated with the
occurrence of various classes of activity in a weekday's itinerary.
An additional result of this research was the construction of a
typology of life styles based upon the activity patterns of groups

disgtinguished by various social and economic var:l.ables.58

Further research was conducted in Washington, D.C., including

an gactivities survey of the entire metropolitan area, as well as a

——

57Chap:ln and Hightower, Household Activity Systems, op. cit.

581’. Stuart Chapin and Richard K. Brail, "Human Activity
Syatems in the Metropolitan United States," Environment and Behavior,
(December, 1969), pp. 107-130; and, F. Stuart Chapin, Jr. and
Thomas H. Logan, "Patterns of Time and Space Use,” The Quality of
Xthe Urban Environment, ed. Harvey S. Perloff (Baltimore: The Johns
Pkins University Press, 1969), pp. 305-332.
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somewhat more intense survey in a low-income black ruai.ghborhood.59

During this stage of the research, the focus narrowed to activities

of a discretionary nature. Time-allocation to discretionary, or

" free-time" activities was considered a most important indicator of

d ifferences between groups. Attempts were made to account for

discretionary activity choice in terms of both opportunity and

P ropensity to engage in the activity. The latter included both

prxeconditioning factors (i.e., background social variables that
constrain choice such as sex, income, and occupational status) and

prxedisposing variables (i.e., variables that stimulate choice, such

as felt needs for security, social status, etc.). This represents

the first detailed application of choice theory to activity selec-

tion. 61

Further research is underway on the spatial patterning of
act ivities which involves a combination of temporal and spatial

allocation of activities into a more comprehensive theory of human

activity systems. This phase is seen to be particularly important,

for until now, it is unlikely that the technique can be adapted for

Practical use by urban planners and policy makers. The conception

—_—
Sgﬂmer and Chapin, op. cit.; and, F. Stuart Chapin, Jr.,

Edgar w. Butler, and Fred C. Patten, Blackways in the Inner City

(Urbana, I1l.: The University of Illinois Press, 1973).

601’. Stuart Chapin, Jr., "Free Time Activities and the
g“&lity of Urban Life," Journal of the American Institute of
Xlanners, 37 (November, 1971), p. 411.

618ee: Ibid., pp. 411-417; Hammer and Chapin, op. cit.;

chapin, et al., Blackways in the Inner City; and, Richard K. Brail
&nd p, Stuart Chapin, Jr., "Activity Patterns of Urban Residents,"

\En"iromnent and Behavior, 5 (June, 1973), pp. 163-190.




53
of the city as a system of activities is still quite new. The utility
of the approach for understanding urban phenomena, despite its
popularity, remains to be proven. Still, an orientation encompassing
both the temporal and spatial dimensions of human behavior is appeal-
ing and 1is well worth pursuing. A
In summary, the activity systems research of Chapin and others

A8 composed of two phases. The first, descriptive phase has been
briefly sketched out above and summarized in Figure 4. In the
d escriptive phase, the concern has been with activity analysis which
dAnvolves identifying the kinds of activity a population of individuals
in the metropolitan community engages in over some defined period

of time, classifying them, and then ordering the persons into groups
on the basis of similarities in the occurrence or sequences of
activities. The aim of this ordering process is to minimize within-
8roup variation and to show variation between gfoups at significance
levels sufficient to emable the investigator to draw inferences
Concerning the activity patterns of these groups in the population.

The activities found to cluster under these arch types are treated as

Person systems and generalized to the appropriate subtotals in the

Population. 62

The second and more recent phase has focused on the explan-

At ion and simulation of human activity systems. Just as Chapin has

Provided the impetus in the descriptive phase of urban activity

——

62F. Stuart Chapin, Jr., "Activity Systems as a Source of
Inpyts for Land Use Models,” Urban Development Models, Special Report
No. 97, ed. George C. Hemmens (Washington, D.C.: Highway Research

Boarg, 1968, pp. 81-83.
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analysis, so too has the work by Hemmens been the seminal force with

regard to the modeling of human activity systems. In the develop-

ment of a capability for simulating the behavior of one or more
urban activity systems, the concern shifts to acquiring an understand-

Ang of not only what patterns this arch type person's activities take,

but why these patterns evolve. The concern is with the interdepen-

dencies of the temporal and spatial aspects of the flow of events--why

activity patterns develop, what structures them, and how sequences in

oxxe system relate to those in another system. In short, in the

s Amulation phase, the aim is to reproduce the regularities in the

orxrdering of activities observed in the descriptive phase in such a way

as to approach the sequencing, timing, and spatial distribution that
64

occurs in reality.
In conclusion, the studies by the North Carolina group have

made considerable progress in quantifying the amounts of time which
dif ferent groups spend on various sorts of activity and many interest-

ing jdeas have been generated—notably the trading stamp concept of

act ivity choice. But despite the group's use of time-budget diary

techniques to collect information, there has been very little in the

Way of developing either ideas or data relating explicitly to the

—_—
63(;eorge C. Hemmens, The Structure of Urban Activity Linkages
(chapel Hill, N.C.: Center for Urban and Regional Studies, University
OFf North Carolina, 1966); and, George C. Hemmens, "Analysis and

S1imyuiation of Urban Activity Patterns," Socio-Economic Planning

Sciences, 4 (1970), pp. 53-66.
64Br:a:l.l provides a comprehensive discussion of modeling
Richard K.

BPpProaches to the simulation of activity systems; see:
Strategy for Model Design"

‘:rau, "Activity Systems Investigations:
Unpuyplished doctor's dissertation, University of North Carolina,

1969, ,
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question of interdependence between activity choice decisions over
time. The task of pattern recognition has not yet taken the form of
identifying sequences of activities which can be viewed as activity
modules or of trying to understand the processes which govern the

i ntegration of the individual's time-space behavior.

Tdnme Use and Ecological Organization

Theoretical work on time use is surprisingly limited, given
1€s8 considerable history. An interesting set of theoretical
comsiderations relating to time-use and ecological organization have
been presented by a group of Swedish geographers at the Royal
Undiversity of Lund. The following is but a brief account of some of
their studies that have a close connection with the work presented

here.

Origing of the Approach. In a number of research projects

recently emanating from Swedish geographers, the organizational
aspects of society and of its substructures (e.g., manufacturing and
industrial firms, political administrations, etc.) are the focus of

interest.65 When forming concepts and models, researchers have

—

6550me recent examples of this research thrust (in English)

Include: Gunnar Tornqvist, Contact Systems and Regional Development,
Lungd Studies in Geography, Series B, Human Geography, No. 35 (Lund:
C.W.K. Gleerup, 1970); Allan R. Pred and Gunnar Tornqvist, Systems
OFf Cities and Information Flows, Lund Studies in Geography, Series

> Human Geography, No. 38 (Lund: C.W.K. Gleerup, 1973), Olof
w eryd, Interdependence in Urban Systems, Meddelanden fr&n Gote-
b°rgs universitets geografiska institutioner, Ser. B, Nr. 1 (Gote-
borg. Kulturgeografiska institutionen, Goteborgs universitet,
:.':968); and a review of other studies, Claes-Frederik Claeson,

Yatemic Approaches in Present Swedish Social Geography," Svensk

Seograrisk Rrsbok, 44 (1968), pp. 140-150.
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found inspiration and guidance in organization theory, system theory,
and like modes of thinking. Not long ago, for example, location of
industry was viewed mainly in terms of the transportation costs of
goods. Today's researchers seem to find it more profitable to look
dnto the 1links of commmication, both internal and external, between
functional units of firms and organizations. These links require
mearness or allow spatial independence in quite clearcut ways which
s een to give a more profound understanding of locational behavior
t han earlier approaches, as well as better clues as to how influence
and control might be exerl:et:l.66
Hagerstrand suggests that not only firms and organizations may
be studied in terms of linkages and systems, but also the very local
aspects of the modes of daily life may be analyzed in a related
manner. He writes further that:
One of the questions asked when the discussion of future
regional and urban policy and planning started was how
exactly did the physical and social environment--for
example as reflected in city size--affect the life of
individuals and families? 1In order to find out, we need

a picture of how the daily activities of people are
canalized through time-space.

Higerstrand's "Time-Geography" Model of Society. Throughout

Hagerstrand's writings on migration, there is a common underlying

.

theme linking social communication networks and "the changes in time
\

66W’airnerycl, op. cit., pp. 19-22.

U 67Torsten Higerstrand, "Methods and New Techniques in Current
Tban Research and Planning," Plan: Tidskrift for planering av :

Landgpygd och tutorter, 22 (1968), p. 10.
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and space jointly experienced by the individual and society as a
whole. n68 In recent years Hagerstrand has experienced a growing
preoccupation with the fate of the individual in an increasingly
complicated enviromment. This combination of circumstances has led
him and his research associates to undertake an ambitious project
to devise a "time-geography model of society" (en tidsgeografisk
sﬁnh'tllsmodell) for the purposes of guiding urban and regional

planning and locational policies in general.69

The basic problem of the future as seen by Hagerstand, is how

society should be organized and how settlement patterns ought to be

68See, for example, some of Hagerstrand's more recent state-
ments on the topic of migration: Torsten Hagetstrand, "Geographical
Measurements of Migration: Swedish Data," Les déplacements humains,
ed. J. Sutter (Monaco: Entretiens de Monaco en Sciences Huma:lns,
1962), pp. 61-83; and, Torsten Higerstrand, '"On the Definition of
Migration," Véestontutkimuksen vuosikirja [Yearbook of Population
Research in Finland], 11 (1969), pp. 64-72.

69Sotle published reports of the project include: Torsten
Higerstrand, "A Socio-environmental Web Model," Studier i
planeringsmetodik, ed. G.A. Eriksson, Memorandum frin ekonomigk-
geografiska institutionen, Nr. 9 (Abo [Turku], Finland: Handel-
shgskolan vid Abo akademi [Abo Swedish University School of
Economics], 1969), pp. 19-28; Torsten Higerstrand, "What About People
in Regional Science?" Papers, The Regional Science Association, 24
(1970), pp. 7-21; Torsten Hagerstrand, "Tidsanvandning och omgivings-
struktur," Urbaniseringen i Sverige: En geografisk samhillsanalys.
Bilagadel I till Balanserad regional utveckling, Statens offentliga
utredningar, 1970: 14, bil. 4 (Stockholm. Esselte tryck, 1970);
Torsten Hagerstrand, "Frihet och tvang i Stockholm och Ruskele.
Nagra observationer av individ och familj i skilda svenska omgivnin-
gar," Forskning och samhdllsutveckling (Stockholm: AB Allménna
Forxlaget, 1970), pp. 66-77; and, Torsten Hagerstrand, "Tutortsgrupper
som region-samhillen: Tillgangen till f¥rvarvsarbete och tjuinster
utanfdr de stdrre stiderna," Regioner att leva i, Expertgruppen for
Reggional Utredningsverksamhet (Stockholm: AB Allm¥nna Forlaget,
1972), pp. 141-173.
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structured so as to ensure a "livable" day-to-day existence for the
individual. Or, given the time restrictions on human movement and
the fact that every economic and noneconomic activity is space-
consuming, how ought the system of human activities to be organized
spatially so as to provide substance to that portion of each

individual's environment which lies outside the realm of income

acquisition. 70

In order to assault the details of his broadly defined problem,
a Swedish research project on "time-budgets and ecological organiza-
tion" was initiated during the mid-1960's by Hiégerstrand and other
Swedish geographers.n The purpose of the project was to discover
in what way urban environments affect and constrain the daily
activities of individuals, to see how activity schedules can be
accommodated in a "fixed" spatial-temporal system. The project is
characterized by a fresh approach to location problems, using notions
derived from organization and systems thinking, and new modes of

classification.72 In Hégerstrand's time-budget study of household

70Torsten HYigerstrand, "The Impact of Social Organization and
Environment upon the Time-use of Individuals and Households," Plan:
Tidskrift . f8r planering av landsbygd och tutorter, 26 (1972), pp. 24~
25,

71Torsten Higerstrand, Arbetsplan rdrande projektet--
T4idsanvlindning och milj8 (Lund: Institutionen for kulturgeografi
och ekonomisk geografi vid Lunds universitet, 1967).

723wedish geographic research is not necessarily technique-
oriented, but in their pragmatism, the Swedes have in fact developed
new techniques and ideas with both theoretical and utilitarian value.
Foxr more comprehensive reviews of concepts and methods coming from
Sweedish human geography, see: Allan R. Pred, "Urbanization, Domestic
Planning Problems, and Swedish Geographic Research," Progress in
Geography: International Reviews of Current Research, Vol. 5, eds.
Chrf stopher Board et al. (New York: St. Martin's Press, 1973), pp.
1-76 ; James Anderson and John Goddard, Some Current Approaches to
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activity patterns, individuals are classified not in conventional
gsocio-economic terms but in terms directly related to how these
activities are constrained, and to the constraints they impose on

other members of their household.

Relevant components of the "fixed" spatial-temporal system
include given locations (houses, workplaces, shops) communications
networks (roads, telephone, public transport routes), and a variety
of institutional timetables (work hours, opening and closing times
of service establishments, transport timetables). These inter-
related components of the urban system are influenced by activity
patterns, but at the same time, they also restrict the activities of
individuals and of households. They result in spatial and temporal
regularities in human behavior. In addition, human behavior displays
inherent "pattern" due to other factors of which the physiological
(e.g., food and sleep requirements) are perhaps the most important.
Physiological needs, that provide basic motivation for many
activities, are themselves time-consuming and have a direct influence
on people's time-use and movements. But, while such factors are
taken into account, as they were in the research of Chapin, the
Swedish project focuses on relationships between daily behavior and

the spatial and temporal variations in the envi.romnm'n:.73

Human Geography in Sweden, Graduate Discussion Paper No. 33 (London:
London School of Economics and Political Science, 1969); and, Claeson,

op. cit.

73Two of the earliest pieces of documentation on the project
inclLude: (1) a comprehensive annotated bibliography of relevant
time—pudget studies—-T. Carlstein and Solveig MArtensson, Bibliografi
I8ramde tidsanvindning och ecologisk organization, Urbaniserings-
Processen, rapport nr. 3 (Lund: Institutionen f8r kulturgeografi och
ekonomick geografi vid Lunds universitet, 1967); and (2) a description,
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Time-geographic Conceptualization. In his time-geography model,

HYgerstrand views every individual as being surrounded by an "environ-
mental structure" (omgivingsstruktur), or a pattern of activity or
resource opportunities (conceived very generally to include, for
example, employment, services, social and informational contacts,
leisure-time pursuits, and a variety of resource goods) that are
necessary to satisfy needs and wants and which are distributed unevenly
in time and space. The environmental structure is relative to the
individual; its composition depends on one's information and economic
resources and psychological make-up. The time-space movements of any
individual can be depicted graphically by compressing geographical
space into a two-dimensional surface and representing the scale and
direction of time along a vertical axis (Figure 5). Seen from this
perspective, movement is transformed into geometrical form, which
permits us to view an individual as a unique object, whose time-
geography (defined by time and space coordinates) proceeds along a path.
While earning a 1living and satisfying one's informational, social,
and recreational needs and wants, an individual in time-space describes
such a path, starting at a point of birth and terminating at a point
of death. Depending on the perspective desired, the individual path
may be strictly defined either as a "daily-path" or a "life-path"

through the use of time and space caot:dimn:es.n0

bassed on survey work of the daily time-use and movements of household
members in a number of selected households--T. Carlstein, Bo Lenntorp,
and Solveig Mirtensson, Individers dygsbanor i nfgra hush8llstyper,
Urb anigeringsprocessen, rapport nr. 17 (Lund: Institutionen f8r
kul&urgeografi och ekonomisk geografi vid Lunds universitet, 1968).

7aﬂ§gerstrand, "Tidsanvéndning och omgivingsstruktur," op. cit.,
PP. 1 4-15.
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While engaging in production, consumption, and social activi-
ties, the individual stops at physically permanent "stations" (e.g.,
homes, workplaces, and recreation locations), or locations where move-
ment is not observed over time. Individuals "spend time" at particular.
stations, send messages, and move between stations to satisfy various
needs and perform specific functions. Higerstrand's station concept
is quite flexible in terms of both its time and space scales. For
instance, a city of residence, viewed as a station from the "life-path

perspective," can be dissolved into a complex of stations when viewed

from a "daily-path perspective."75

The environment with which the individual path comes in contact
can be viewed at two scales. First, the "daily-living environment" is
the geographical space that a person can reach within a single day
and still return to his home base. Theoretically, it has a fixed
definable outer boundary (as seen in Figures 6 and 7), owing to the
capability of available means of transport to carry the individual back
and forth within a fixed time-interval. Naturally, the space within
the boundary of the daily~living environment (or daily-prism) is never
fully exploited in every direction, but there remains the potential
for choice of stations, such as workplace, shopping, recreation, and

social contacts.

The second scale exposes those places in which the individual
might choose to reside during longer periods of his lifetime. The

restrictions imposed on an individual's life-path are not quite as

51bi4., p. 15.
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clear as those imposed on the daily-path environment and, consequently,

the outer boundary of the life-path region is not as easily determin-

able.76

Needs and desires of the individual can be considered as
variables that make themselves felt, more or less, in a regular
rhythmical way as time passes.77 The satisfaction of an individual's
needs and wants usually requires movement from one station to another.
However, the individual's set of potentially possible actions is
severely restricted by the presence of other people, the complexity
of private and public decisions, and social and behavioral norms. The
individual's freedom to move from station to station is also limited
by a number of more obvious physical and physiological restrictions.
Thus, time-space paths become captivated in a network of constraints

of which they can never free themselves. Constraints can become

76Ibid., pp. 16-17. Although Higerstrand suggests that the
life-perspective environment has no "ineluctable outer boundary,"
Jacobsson has documented that such a region for the majority of the
present day Swedish population does not usually extend for more than
some ten kilometers in any direction. Within such a range occurs most
of the movement. See: A. Jacobsson, Omflyttningen i Sverige 1950-
1960: Komparativa studier av migrationsfalt, flyttningsavstind och
mobilitet, Meddelanden fr3n Lunds universitets geografiska institu-
tion, Avhandlingar 59 (Lund: Lund universitets geografiska institu-
tion, 1969), pp. 78-83. '

77ﬂéste11us has attempted to model the cyclical nature of needs
and desires and their satisfaction in the context of urban travel
behavior; see: Orvar Westelius, "The Individual Pattern of Travel
within an Urban Area--An Interaction Between the Need of Contact with
Dif ferent Activities and the Structure of the Location Pattern,"
Plan: Tidskrift f¥r planering av landsbygd och tutorter, 22 (1968),
PP- 92-100; and, Orvar Westelius, The Individual's Pattern of Travel
in an Urban Area, Document D-2 (Stockholm: Statens institut f&r

byggnadsforskning, 1972).
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imposed by society and interact against the will of the individual.78

Normally, the individual has limited means for influencing these
varied restrictions, most of which fall into one of three general

categories:

1. Capability constraints, being those physiological

needs which regulate behavior, on the one hand, and
distance restraints or areas within reach in the time
available, on the other;

2, Coupling constraints, being those paths within the

capability constraints, the timing and synchronization
of activities, and the bundles of converging paths
facilitated by telecommunications; and,

3. Authority constraints, being time-space entities

under the control of particular individuals for groups

(e.g., patterns of ownership and jurisdiction); the

hierarchy of domains and the resulting limits on

accessibility imposed by those in control.79
The individual is thus seen by Higerstrand to operate within this
complex of constraints which together constitute a "highly institution-
alized power- and activity—system."ao

In summary, Higerstrand envisages the individual's day to be

undertaken in a two-dimensional time-space framework, in which

78H§gerstrand, "What About People in Regional Science?" op.
cit., p. 12,

79Ibid., PP. 12-14.

8OIb:ld., p. 12.



67

a person's path through the day is structured by the fact that at
certain times he has to be at particular places and that in order
to meet these commitments his area of potential movement in the
intervening periods is limited to varying extents depending on the
type of transport available to him. His choice of activities in
these periods, between those activities which were time and space
fixed, was limited to those which could be undertaken within the
time-space prism defining the feasible region of activity.

The main features implicit in this model of daily behavior
are, therefore, the notion that certain activities are fixed in both
time and space, the division of the day into two types of period--
fixed and unfixed, and the delimitation of feasible prisms within
which the entire day is confined, but more specifically, within
which unfixed activities may be performed. Thus, the very essence
of the model is the explicit demonstration of the vital interdepen-
dence of time-space decisions. The decision of where to shop at
3:00 p.m. is no longer taken in the context of a purely theoretical
and cross-sectional "action space" surrounding the individual's home-
base, but is taken in terms of a highly specific time-space prism
anchored between the individual's location at that time and his next

forecast commitment (Figure 8).

Applications of the Model. 1In the past, time-use studies have

been mainly concerned with average or "typical" time allocations to
various activity categories for various population classes (e.g., the
Multinational Comparative Time-Budget Research Project). Where the

time dimension has been considered in spatial analysis, it has been
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given only partial treatment, being used as a measure of distance or
disutility, usually without explicit reference to overall time-
budgeting.al In contrast, the Lund project attempts an integrated
analysis of time use, with time spent overcoming physical distance
as just one general category in the time-budget, but a category which
constrains other time-uses. And, unlike many of the sociological
time-use studies, the project does not attempt to typify populations
or areas by time-use. It is mainly concerned with the sequence,
timing, and location of activities (i.e., organizational aspécts of
time-use) in particular environments. These co-ordination aspects
exist in greatest degree in large cities.82

In the first stage of the "time-use and ecological organiza-
tion" research project, surveys on time-budgeting were completed in
Lund and Stockholm, following an exploratory study in a small village

83 The daily-paths of individuals from different household

in Skéne.
types were recorded on time-budgets. These diaries showed the
organization in time-space of their activities, both individually and

as households. The samples were small and no attempt was made to

81James Anderson. Time-Budgets and Human Geography: Notes and
References, Graduate Discussion Paper No. 36 (London: London School
of Economics and Political Science, January, 1970), p. 1l.

82Mbier, A Communications Theory of Urban Growth, op. cit.,
pp . 48"54 .

83

Carlstein et al., op. cit.
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obtain samples which were statistically representative, of either
areas or householda.84

Obtained in the Lund and Stockholm questionnaire interview
were data on household composition, facilities, modes of transporta-
tion, and the frequency of various activities which do not follow
a daily cycle. For individual members there were questions regarding
the frequency and location of recreation activities, school activities,
and work-related activities. On the following day, members were
required to record on time-budget diaries their activities, the
respective locations visited, mode of transportation, and also
telephone contacts.

The published fesults of these surveys used, for tabular and
graphic presentation, a five-category classification of household
members: (1) full-time worker, (2) part-time worker, (3) students,
(4) children under seven requiring care, and (5) home-centered
individuals (e.g., housewives and elderly, but not those whose work-
place is in the home). This classification is related to the
duration and frequency of activities outside the.home. Combinations
of these individual "types" gave a range of household compositions.85

The time-budgets of the members of thirteen selected households

were represented diagrammatically. A sample two-dimensional diagram

is presented in Figure 9, where the vertical axis defines the 24-hour

8l'Ibid., p. 27. Given the quality of official Swedish census
data, these surveys did provide realistic sets of activity schedules
which could be assigned to households in areas not surveyed.

851114.
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period, and the horizontal axis is divided into seven station
categories. Activities are defined in terms of stations visited;
each station has three divisions that indicate different stations
in that category. In Figure 9 an individual's time-use (or time-
path) is shown by a continuous line, vertical segments represent
time-periods spent at particular stations; sloping segments
represent travelling-time between stations.

Since it is difficult to adequately represent the spatial
dimension in this type of diagram, space is only treated implicitly.
Thus, the distance between stations is a component of travel-time
and not a measure of spatial separation. The authors provide
interpretations to such diagrams according to background information
on household members, their available means of transport, telephone
calls, mealtimes, and home location (in relation to workplaces, shops,
and service locations). Using examples from these selected time-
budgets, various types of activities (e.g., physiological, contractual,
recreation, etc.) and some facets of household and family organization
are discussed. By portraying graphically the different activities
of family members with specific reference to spatial settings and

time, it is possible to observe the functioning of the family as a

system.86

86This type of graphical analysis is quite versatile, and
Michelson, for example, suggests that one can learn from it at what
age and under what environmental conditions children become independent
of their parents for specific purposes. ''Since the accomodation of
children is an extremely sensitive aspect of current housing programs,
this would appear to be a promising analytical tool to provide infor-
mation for fruitful design." See: William Michelson, Selected
Aspects of Environmental Research in Scandinavia, Research Paper No.

26 (Toronto: Centre for Urban and Community Studies, University of
Toronto, March, 1970), pp. 8-9.
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In more recent reports that relate to Hlgerstrand's time-
geography model, there has been more explicit treatment of spatial
aspects of time-use—station locations, means of transport, travel-
tinee at different times of day, institutional timetables, and
variability in service standard between stations in the same
category.87 Lenntorp has developed a computer model to determine
the alternative station-to-station movements and daily paths of
individuals in a g&ven environnent.88 In conjunction with this,
information on the locational pattern and opening hours of eight types
of stations in nine differently characterized urban environments
has been gathered and restrictions on contact possibilities have
been charted.89 Using a time-geographic perspective, Sweden's
regional variations in the accessibility to dental care, eye clinics,
apothecaries, libraries, and other services have been studied and

1ntetpreted.9o Higerstrand himself has embellished his model in order

87H£gerstrand, "Tidsanvéndning och omgivingsstruktur," op. cit.;

Solveig Mirtensson, Tidsgeografisk beskrivning av stationsstruktur,
Urbaniseringsprocessen, rapport nr. 39 (Lund: Institutionen f¥r
kulturgeografi och ekonomisk geografi vid Lunds universitet, 1970);

Bo Lenntorp, Tidsgeografiska synpunkter p& uppléggning av transport-
analyser—Sammanfattning av nlgra fUredrag, Forskagruppen i kultur-
geografisk process- och systemanalys (Lund: Institutionen f¥r kul-
turgeografi och ekonomisk geografi vid Lunds universitet, 1973).

8830 Lenntorp, PESASP--en modell f8r berlkning av alternativa

banor, Urbaniseringsprocessen, rapport nr. 38 (Lund: Institutionen
£8r kulturgeografi och ekonomisk geografi vid Lunds universitet, 1970).

89M3rtensson, op. cit.

9°H!gerstrand, "Tidsanvindning och omgivingsstruktur," op. cit.



73

to explore, empirically and theoretically, the frequent local incom-
patability of existing activities in urban environments, and to
evaluate the individual's possibilities for making use of his environ-
ment.91 He chose to summarize the ways in which the daily time-uses
of a population constitute a system in which activity bundles are
dependent upon one another. This necessitates very complex models,
which Higerstrand argues, must be operationalized through computer
simulation.gz It is not possible to go into detail showing how the
simulation proceeds analytically. However, the basic scheme is as
follows:

Step 1. Assume a “population system" and a related "activity
system" in timetable terms. The population system is comprised of
all individuals in an area and their biological and social relations
to one another. The daily time-income is the 24 hours x the total
number of inhabitants. Since needs, wants, and obligations vary
according to age, one can imagine the individuals in question, who
are tied together in households, as being depicted by daily lines
arranged from the youngest to the oldest (Figure 10a). The activity

system, on the other hand, consists of all those activities performed

at a given location, regardless of their necessity or value. These

91Hngrstrand, "T4dtortsgrupper som regionsamhllen," op. cit.
See also: Torsten Higerstrand, "En rittvis stadsstruktur," Plan:
Tddskrift: f8r planering av landsbygd och tutorter, 24 (1970),
pp. 112-119. A

92Hugersttand, "Methods and New Techniques in Current Urban
Research and Planning," op. cit., p. 11; and, Hdgerstrand, "The
Impact of Social Organization and Environment,”" op. cit., p. 29.
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time-consuming activities are seen as a whole, detached from the
local population (Figure 10b).

Step 2. Sieve the population and activity systems through
an environment. Unlike the situation represented in Figure 10b, all
individuals do not have identical time and activity budgets. Rather,
the activity system is divided into separate "time packages." Each
of these "seeks a bearer in the population." Or, oppositely, each
individual picks his way through a series of activity bundles in
the offered system. The matching procedure of individuals and
activities must occur within the framework of two unavoidable
physical restrictions. First, once an individual is matched to and
participates in a specified activity bundle at a given time and
place, he cannot be somewhere else doing something else at the same
time. Secondly, once a "delegatable" activity bundle is fully staffed,
it becomes closed to others.93 Hence, two budget problems exist: how
to divide the individual's allocatable time among activities; and -
how to delegate activities among the total population? Actual match-
ing is only crudely suggested in Figure 10c. Due to the indivisibi-
lity of the individual, and the fact that movement from one activity
bundle to another is time-consuming, the individual cannot participate

in temporally successive bundles that are separated by excessive

93Figure 8b represents the "activity system" as being comprised
of two major types: (1) Non-delegatable activities--those for which
every individual is responsible and cannot be delegated to someone
else (e.g., sleep, personal care, and eating); and (2) Delegatable
activities-~-those which can be delegated either from one household
member to another or between individuals of other large groups.
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time-distances. From a daily perspective, it is the relationship of
transport-time to the general time-budget situation which, at a given
94

location, delimits the population and activities that can be matched.

Step 3. Register the outcome as it is distributed among
4ndividuals in the population. The assigned activity schedules of

4ndividuals can then be matched to a "fixed" spatial-temporal environ-

ment. A simple graphic example of this is portrayed in Figure 10d.

HbMgerstrand's time-accessibility evidence for three urban areas

demonstrates that problems of matching home, work-place, and service

consumption are especially acute in those instances where the
A nadividual resides in a small town and opportunities are concentrated

tO a nearby larger central place and those cases where the individual

does not have access to a car.95

Only through repeated runs will the model be able to show the

Waawys in which activity schedules are accommodated within the system,
and the constraints which the system imposes on behavior. In addition,

@l ternatives in the system may be specified (e.g., change the locations

OX operating-hours of shops or workplaces) and their effects on

ac tivity patterns simulated. This has obvious relevance to planning--

the probable effects of various proposed changes could be simulated

choices made between alternative proposals.

andad
\

94Hagerstrand, “"Tutortsgrupper som regionsamhillen," op. cit.,
PE» . 94-109; and, for a more detailed review of step 2 in English,

S« e : pred, op. cit., pp. 49-50.

9sﬂugerstrand, "TYtortsgrupper som regionsamh¥llen," op. cit.
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A considerable part of the work is basic research dealing with

modelling as such. A second component covers empirical testing of

the patterns of constraints and opportunities inherent in typical

present-day urban environments.
Two time scales have been chosen. One part of the work deals

with daily and weekly activities. The other part takes a long-term

Questions are asked about how life chances and environ-

perspective.
In neither case are broad statistical surveys of

ments are related.

ac tual behavior essential. Emphasis is laid upon the working of

comnstraints. And, these are in various ways sensed with the aid of

f1d eal-typical sequences of actions which are confronted with actual

ox model environments. Questions are also asked about how these

vVaxious environments perform as providers of employment, training,

8e xvices, recreation, social communication, and free-time.

Higerstrand's time-geographical analysis should have consider-

ab 1 e appeal to scholars in other countries confronted with acute

PXroblems that arise from rapid urbanization. This should be the

Case because it provides a means of considering the plight of the

Indfvidual while simultaneously attacking large-scale local or regional

planning problems within a systems framework.

%r Approaches to Time-budget and Urban Activity Research
Following the lead of Meier, Chapin, and H¥gerstrand, there has

e an increased use of time-budgets in urban spatial research,
l"’t’t:l.c.:ula,rly by planners, architects, and geographers in Great Britain

(F:Lgure 3). Much of the work in Britain is of a practical as opposed
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to a theoretical I.'ﬁem:.96 The two areas of interest include activity

schedules of individuals and households, and institutional and work-

place linkages. One focus is on overall time and space patterns of

individuals or groups, plus particular activities, such as leisure,

7 and trave1.98 The other focus

personal contacts and communication,

is on personal activities, especially face-to-face information
exchanges that often involve travel, with further attention on working

hourxrs and on spatial links and communications underlying functional

organization of particular esl:abl;i.shments.99 Although the type of

data obtained, the population and time-period, the classification of
act i wities and locations, and the precision of location in time and
space varies considerably with study purpose, the same time-budget has

Prowen adequate for the different types of time-space behavior study.

96 ames Anderson, Time-Budgets and Human Geography: Notes and
Ler.erences, Graduate Discussion Paper No. 36 (London: London School
°of Economics and Political Science, January, 1970), p. 7.

97See: Ian G. Cullen and Vida Godson, Networks of Urban
The Structure of Activity Patterns, Final

ActAt wities Volume II:

T ©xt (London: Joint Unit for Planning Research, University College,
‘ndon, 1971).

a1 98’1‘he London Traffic Survey in 1964 and 1966 used a 24-hour
Suat? to analyze aggregate volumes over time and space; London Traffic

%ys: 1964 and 1966, 2 vols. (London: Greater London Council,

99See, for example, Vida Nichols, An Institution in Metropolis,
Joint Unit for Planning Research, Univ-

::::Lnar Paper NS 12 (London:

Ner X &y College, London, 1969); and, Ian G. Cullen and Vida Godson,

Mks of Urban Activities Volume I: Internal and External Linkages
Urban University, Interim Report (London: Joint Unit for Plan-

DY P
& Resgearch, University College, London, 1971).
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A group of architects affiliated with the Centre for Land Use

and Built Form Studies of Cambridge University have also contributed

to the growing body of literature on activity patterns and the

spatial organization of urban areas. The influence of the built

environment on the way in which individuals use those structures has

long been at the heart of architectural studies.loo Similarly, the

relationship between the spatial organization of an urban area and

the expected activity patterns of groups of individuals has been

implicit in much of urban design. However, explicit relationships

be tween the layout of a development area or even an entire new town
and the patterns of interaction within them have seldom been demons-
txrated, principally because urban design, like its parent subject,

architecture, has traditionally been an art rather than an "exact

S8C A ence." A number of leaps of faith have therefore been required

in postulating a relationship between, for instance, urban density

anqd levels of interaction.
The work at the Centre, some of which is described in the
1 suggests that such leaps of

€= says of Urban Space and Structures,
fafen may no longer be necessary. The work demonstrates how mathe-

Mmatical models applied to large bodies of data can be used to describe
———

B 1 Terence Lee, "The Effect of the Built Environment on Human
<k avior," International Journal of Environmental Studies, 1 (1971),

PP . 307-314.
1°1Lealie Martin and Lionel March, eds., Urban Space and
Cambridge University Press, 1972). In parti-

\55 X wactures (Cambridge:
blar, see the essays contained in "Part 2: Activities, Space, and
<& tion," pp. 109-157.
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both the relationship between building structures, space and time
available, and potential use at the micro-scale. With the aid of such
models, these researchers believe that the consequences of alternative
building designs and urban spatial structures may be more readily
evaluated in the planning stages.
On the basis of empirical evidence derived from individual

"t ime-space budgets" gathered in a number of British universities,
these researchers have demonstrated a clear connection between these
budgets and student numbers, timetabling, the arrangement of build-
ings, and their location in the urban area.m2 Data from the diaries
are used as a starting point for the modelling of activities in time
and space. A model has been developed whose purpose is to predict
the distribution of individuals in different ac.tivities and locations
during the course of a typical day, depending on the effective
restrictions imposed by the spatial distribution of buildings and

sites, and by administrative and social constraints on the timing of

actdivities. 103

szanet Tomlinson et al., "A Model of Students' Daily Activity
Patterns," Environment and Planning, 5 (1973), pp. 231-266.

1031n the first of their series of working papers, Bullock
discugges the theoretical basis for an approach to the simulation of
ctiwvities; see: Nicholas Bullock, An Approach to the Simulation of
Activfties: A University Example, Land Use and Bullt Form Studies,
w°’-'king Paper No. 21 (Cambridge: School of Architecture, Cambridge
Uni"ersity, August, 1970). A more recent report on the development
of a model of daily activity patterns may be found in: Nicholas
g“lloek et al., Development of an Activities Model, Land Use and
uilt FPorm Studies, Working Paper No. 41 (Cambridge: School of Archi-~
tecture, Cambridge University, April, 1971), pp. 53-76.
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The assumptions made about the behavior of people in aggregate

for the purposes of the model are simple. First, it is assumed that

for a given group of people, over some repeated period (a day or a
week), the proportion of time spent in various activities will remain

the same, although the sequence of activities and their locations

would, of course, differ. This overall division of time between

activities, the time-budget, is expected to vary for different groups

of people. As an input to the model, the time-budget and the hypothe-
sis of its stability for similar populations under dissimilar physical

conditions, is of considerable importance. Second, it is assumed that

the behavior of people is subject to a number of limiting restrictioms

which determine either the times or the locations of activities, or
both .04

With his simplified view of behavior the problem of modelling
day—to-day activities may be seen as distributing the population to
actiwvities in time and space in such a way that, first, the proportion
of time spent in different activities by the population as a whole 1is
simfilar to the time-budgets, and second, that the restrictions for
different activities on the availability of times or locations (or
both) aqre observed. More formally, the problem may be seen as
d“tributing numbers of people in a three-dimensional space whose
di"‘enaions are activities A, times of day T, and locations L (Figure

11a).  Not all combinations of A, T, and L are available (Figure 11d).

e ————
lol"l‘omlinaon, et al., "A Model of Daily Activity Patterns,"

op. cit', pp- 24"29.
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Both time and location are treated as discrete entities, and thus,
a value in a particular cell could represent, for example, the
number of people watching television between 6:00 and 7:00 p.m. at

a particular address. 105

Throughout the day the number of people in the AL plane must
remain constant (Figure 11b). Equally, the amount of time spent in
particular activity at all times in all locations (i.e., the sum of
the values on the LT plane) must be equal to the number of hours
per day for the whole population (Figure llc) determined from the
time-budget.

Apart from the limiting restrictions of the timing of acti-
vities and the constraint of the time-budget, two modelling assump-
tions are made. People are allocated to activities and locations,
first, subject to the availability of locations for that activity
at that time and, second, to the constraint that the total amount of
trawvel time in the time-budget for the whole population is maintained.

'lheAnodel uses an entropy-maximizing method to derive the most
Probable distribution of the population in time and space, subject
to the population and time-budget constraints and the restrictions on

the awvailability of time and space for activities.106 The resulting

e ————

1057144, , pp. 32-35.

106F‘or a review of the entropy-maximizing technique as applied

to urban and regional analysis, see: A.G. Wilson, Entropy in Urban
4nd Regional Modelling (London: Pion Limited, 1970). Wilson has also
Propoged a similar model employing the entropy technique to the
Shatial-temporal organization of household behavior; see: A.G. Wilson,
as Recent Developments in Micro-economic Approaches to Modelling

Ousehold Behavior, with Special Reference to Spatio-temporal Organi-
;iti"n ' (Paper 11), Papers in Urban and Regional Analysis (London:

0 Limited, 1972), pp. 216-236.
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distribution gives the number of people engaged in each activity,
during each time period, and at each location over the day. Thus,

no attempt is made to identify or follow the sequence of activity

and locational choices made by individuals; only the overall distri-
bution of people in any cell or the flow of people between cells

from one time period to another is modelled.]'07

Much of the work at the Centre over the past ten years has

been with the application of these ideas first at the scale of an
individual institution (e.g., a university) set in its urban context,
and second to the entire urban area. However, their approach is not
without its disadvantages. One drawback is that once individual
time-budgets are input to the model, they lose their individual
1dentity.108 Furthermore, when working from a totally disaggregated
data base to the more aggregated form required by the entropy-maximiz-
ing technique, both time (i.e., in terms of activity sequencing) and
location come to be treated as discrete entities. Another disadvant-
age 1sg that their approach deliberately neglects perceptual processes

88 a vital mechanism relating individual behavior to the built

environment. In spite of these caveats, their work reflects numerous

107Becauae this resulting distribution is statistically the
Most Pxobable, it is precisely that distribution which assumes least
knowledge about activities of individual decision-makers.

los'rhe reader will note some similarity between this modelling
2PProach and that proposed by Hidgerstrand (above). Unlike Higer-
8trandq *5 approach, however, the modelling effort described here makes
no attempt to preserve an individual's identity, seen as a continuous
Sequence of actions in time-space.
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insights into the operation of the urban system. In this respect,

the philosophy behind much of their work lies in the mainstream of
thought that has linked architecture with urban planning by stressing

the relationships between activities and the structures that exist

at all scales.
A team of British planners, led by Cullen, is taking on an

activities approach to individual behavior. Their framework emphasizes
the role of activities as linkages between institutions and the
patterning of sets of activities. Research is being conducted in the

institutional setting of a university where time-budgets are obtained

from the students and facult:y.m9 The hope is that such a micro-view

Wil]l enable the researchers to decipher the linkages and constraints

which serve to determine the sequences of activities.no. To accomplish

thig goal, they employ some of the more advanced analyses of time-

budget data. i

Cullen's approach draws on Higerstrand's conceptualization, in

Which he views the greater part of individual behavior as structured

e —
logcullen and Godson, Networks of Urban Activities Volume I,
:p- cit.; Cullen and Godson, Networks of Urban Activities Volume II,
p’ Cit.

llolan G. Cullen and Vida Nichols, "A Micro-Analytical Approach

;‘) the Understanding of Metropolitan Growth" (paper read at the
€ enth World Congress of Sociology, Varna, Bulgaria, 1970).

1118ee: Ian G. Cullen Vida Godson, and Sandra Major, "The

Rstbl-lcture of Activity Patterns," Patterns and Processes in Urban and
X onal Systems, ed. A.G. Wilson, London Papers in Regional Science’

No =3 (Tondon: Pion Ltd., 1972), pp. 281-296.
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about a whole range of environmental constraints. However, Cullen

considers Hligerstrand's approach "over-deterministic" in that it

allows for "no variation in the perception of constraints, but rather

treats each as an unambiguously objective f.’ac:t:."]']'2 Thus, the work to

date of the group at the Joint Unit for Planning Research of the
Undversity College, London has been based upon a theoretical framework
which emphasizes those elements in a person's day which, from his
point of view, lend it coherence, or give it the shape that he feels
1t possesses. In place of Higerstrand's "fixed-unfixed di.chot:omy,"]']'3
they have characterized the individual's day as an integrated function

of a much more elaborate range of flexibility, defined by one's degree

Of commitment to each activity and by the time and space constraints

to which one is subject.n'l' These additional items, which reflect

their extensions of Hlgerstrand's time-geography model, permitted the
8TXoup to test the hypothesis that an individual's day is structured
&Tound certain key events, and that this structure derives from the
Way in which in@iv:l.duala perceive constraints in their environment.
To date, the information which these researchers have collected is
Purely descriptive of the constraints people experience, and thus,

Camnn ot directly inform planning decisions, which is their ultimate

°b j ective. Indirectly, however, they were able to contribute to the

———

¢ nzlan G. Cullen, “Space, Time, and the Disruption of Behavior
CAoties," Environment and Planning, 4 (1972), p. 465.

113Hageratrand, "Tidsanvindning och omgivingsstruktur," op.

Cit

-

114Cullen et al., op. cit., p. 284.
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problem of locating large institutions by virtue of the fact that they

treated a relatively homogeneous group--the members of one institu-

tion. 115

This review of current research thrusts in urban and regional

analysis relating to time-budget approaches is by no means compre-

hensive of the literature in this field. Rather, these selected

projects exemplify some possible uses of a time-budget approach. The
s tudies chosen for review are particularly important for human

geography in that they stress the spatial dimension and treat it and

the temporal dimension in an integrated manner. Hence, they are seen

as precedents in the literature that relate to the general question

confronted by this research: How do individuals' decisions about

their time-space behavior interrelate?

115Cullen, op. cit., pp. 460-461.



CHAPTER 3

TIME-SPACE PATHS OF HUMAN BEHAVIOR: CONCEPTUALIZATION
IMPLEMENTATION OF THE RESEARCH STRATEGY

Building upon the preceding synthesis of time-budget research,
the objectives of this chapter are twofold. The first intent is to
as sgess the potential of a time-space budget perspective for theory
development in human geography. Two possible approaches toward this
end are identified and critically evaluated. The second objective is
to develop a conceptualization and to formulate research propositions
designed to investigate the structuring of daily behavior through the
€ Aime-space mechanics of constraints. In order to substantiate or
111 uminate the research propositions, a research strategy is established

and involves the design and implementation of a survey.
THE TIME-SPACE BUDGET PERSPECTIVE AND HUMAN GEOGRAPHY

The term time-budget signifies an accounting scheme to‘ describe
the allocation of time to activities during a given period. A time-
b'-ldget's logical extension, the time-space budget, is ostensibly a
behavioral approach to geographic and planning research: it incorpor-

|Ces the sequence, linkage, timing, duration, and frequency of
|ce HAvities, as well as the spatial and temporal coordinates of one's
behavior. Time-space budgets focus on two related aspects: people's

ext behavior, and their perceptions of their physical and social

88
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envimn-ent.l The time-space budget, therefore, can record spatial

behavior (moving and statimry),z and it can be indirectly related

€O environmental perceptions (via questionnaire data) as these

4 nteract with overt activities.> Although the device has potential

for a variety of research applications, the previous chapter

demonstrates that its use in urban analysis predominates. It is

particularly well-suited to metropolitan areas where distance 1is
often considered temporally and where many activities are precisely
scheduled by the clock.

Perhaps the primary attribute of time-space budgets is that

they record behavior patterns which are not directly observable due

to their spatial and temporal extent. Furthermore, this method of

lJmee Anderson, '"Space-time Budgets and Activity Studies in
Urxban Geography and Planning," Environment and Planning, 3 (1971),

PP. 353-368.

2The use of a related device, the "travel diary", by Marble
and Nystuen has also contributed to the growing interest in relation-
s8hips between time and space uses. The purpose of a travel diary,
Ongever, 18 to record movements from place to place throughout some
Specified period of time. It does not attempt to record the totality
OF bpehavior in time-space for the selected period (including station-
Aarxry periods at particular locations or stations), and thus, the
S8equential properties of activity modules cannot be accomodated.
Acrtjvities at "fixed locations or stations are not described though
S8Ome of them may be inferred from trip destination and purpose. For
Duare F. Marble, "A

Sxcamples of travel diaries and their use, see:
@oretical Exploration of Individual Travel Behavior," Quantitative

© graphy, Part I: Economic and Cultural Topics, Studies in Geography,
No 713 (Evanston, I11.: Department of Geography, Northwestern Univ-
©X g ity, 1967), pp. 33-53; and, John D. Nystuen, "A Theory and Simula-
Part I: Economic and

©X Iptra-urban Travel," Quantitative Geograph
Crwa 1 eyral To ics, Studies in Geography, No. 13 (Evanston, Ill.: Depart-

Memnt of Geography, Northwestern University, 1967), pp. 54-83.

3Ian G. Cullen, Vida Godson, and Sandra Major, "Th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>