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Identifying Time and History Dependencies of 

Activity Choice 

RVUICHI KITAMURA AND MOHAMMAD KERMANSHAH 

In this study a sequential model of activity patterns is formulated that con
sists of time- and history-dependent models of activity choice. Th is analytical 
framework is used to identify time-of-day and history-dependent characteris· 
tics of activity choice by statistically testing a series of hypotheses. The re· 
suits indicate that the simplest expression of the history of activity engage
ments is an adequate descriptor, and also that non-home-based activity choice 
is conditionally independent of the activities in the previous chains, given the 
activities pursued in the current trip chain. Interdependencies of activity 
types across trip chains are also characterized by estimated model coefficients. 
The results of the study indicate that the decisions associated with the entire 
activity pattern can be decomposed into interrelated activity choices whose 
cond itional dependencies can be statistically evaluated. 

The way individuals schedule their daily activities 
and organize their itineraries has immediate impacts 
on the spatial and temporal distribution of trips, 
or needs for trips, in an urban area. Therefore, 
representing how the choice and scheduling of activ
ities are done and how travel patterns are formed 
are critical elements iri travel-demand forecasting 
as well as in basic travel-behavior research (1-3). 
This is especially so when attempting to forecast 
the imp~r.tR of novel ch~nges in the travel environ
mAnt nr whP.n ~,::i.,:t.king ;t tr:.n-=pnrr~tfnn !""'1 i,...y th?t 

will accomplish given objectives most effectively. 
The mechanism by which trips as induced demand 

are generated is complex. Even when only scheduling 
is considered (i.e., when and in what order a given 
set of locations is visited and how these visits are 
arranged into trip chains), there are numerous 
scheduling possibilities. Choice of activities and 
their locations further complicates the problem. 
Constraints that govern the behavior are not limited 
to monetary and time budgets as in the classical 
utility maximization framework in economics, but 

include spatial and temporal fixity constraints as
sociated with the respective activities (4), inter
personal linkage constraints (5), and other types of 
constraints that portray the -travel environment of 
each individual (6). The interrelated activity 
choices underlying - an activity-travel pattern are 
dependent on the time of day, as many previous stud
ies on time use have indicated (7,8). Previous em
pirical evidence (9, and paper b:i"ii.tamura elsewhere 
in this Record) at the same time indicates that the 
choices are dependent on history, i.e., the set of 
activities already pursued on that day. 

These aspects of daily activity and travel be
havior are all of particular importance for the un
derstanding and forecasting of the behavior. In 
particular, the time-of-day and history dependencies 
of activity choice may be viewed as the most funda
mental elements, whose adequate representation will 
lead to representation of other important aspects of 
the behavior as well. For example, the preferenceo 
in forming a set of activities in a trip chain can 
he deRGribea by sequential probabilitiea of activity 
,..h,..;,..£1. ......... .a .. ........... .; ...... .; ................ ""----..:1----1- ... ... _________ ,._ 
- --- - - - ··----- ------ ·-------~ ........ r- ··--··---~ .... __ -.t"r ....... t"' .. -

ately incorporated (see paper by Kitamura elsewhere 
in this Record). By specifying the structure of the 
time-of-day and history dependencies and estimating 
the model statistically, an important objective can 
be accomplished: characterization of activity and 
travel patterns along the time dimension. When the 
model includes exogenous factors that are related to 
changes in the travel environment or in the popula
tion characteristics, then the model serves as a 
tool for forecasting possible changes in activity 
and travel behavior. 
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An extension of a previous sequential analysis of 
activity linkages is described in this study (see 
paper by Kitamura elsewhere in this Record), and an 
attempt is made to identify the structure of time 
and history dependencies of activity choice. The 
objective is to demonstrate that the conditional 
dependency of activity choice can be properly repre
sented by a simple model structure that can be sta
tistically estimated and conveniently applied to 
practical" problems. The dependency is examined by 
testing a set of hypotheses and by inferring its 
characteristics. Alternative model specifications 
are examined, and home-based and non-home-based 
activity-choice models are estimated. 

The results of hypothesis testing and model esti
mation indicate that a simple indicator of the his
tory of the behavior--a set of binary variables each 
representing whether an activity of a given type has 
been pursued--best explains the activity choice. 
Home-based choice that determines the first activity 
in a trip chain is shown to be dependent on the past 
activity engagement, but non-home-based choice is 
conditionally independent of the activities in the 
previous chains, given the activities pursued in the 
present chain. Strong time-of-day dependencies in 
activity choice, whose temporal variations are well 
captured by the model, are also shown in the study. 
The results of the study consistently indicate that 
the time and history dependencies of the behavior 
can be represented by a simple model structure, and 
suggest that a set of sequential activity-choice 
models can be developed to represent and forecast 
the characteristics of daily activity and travel 
behavior. 

BACKGROUND 

Because individuals develop their daily itineraries 
while considering the set of activities to be pur
sued during a certain period, activity choices (or 
travel choices) cannot be analyzed individually, but 
the interdependencies among them must be adequately 
accounted for. Such interdependencies have been 
noted across different time periods of a day (9), or 
among activity choices in a trip chain (see pa°Per by 
Kitamura elsewhere in this Record). Another aspect 
of activity and travel behavior is the existence of 
various types of constraints that govern behavior 
(5,6,10). Many constraints are unobservable if typ
ical survey data are the only information sources. 
All these characteristics of tripmaking make causal 
representation of the behavior quite complex. 

A possible representation of activity- and 
travel-choice behavior uses the concept of optimiza
tion together with the assumption that the observed 
activity-travel pattern is the one preferred the 
most by the individual (11). Let 8n be the type 
of nth activity, tn be its starting time, dn be 
its duration, and 1n be the location where the 
activity is pursued. Por simplicity, only these 
four aspects are considered here. By letting a = 
(a0 , ••• ,8N+l>, and so forth, the activity- and 
travel-scheduling behavior can be formulated as 
follows: 

Maximize U = U(a, t, d, Q) 

Subject to tn+I -(tn + dn) = s(Qn,Qn+J, tn + dn) 

0 .;; t 0 , ••• , tn + 1 .;; T; Q0 = QN + 1 = home 

0 c; dn 

an EC, Qn EE n = I, ... , N 

gi (a,t,d,Q)=O i= I, .. .,G 

where 

(1) 

s (i,j ,s) travel time between locations i and j 
when the trip begins at time s, 
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N total number of sojourns (including in
termediate sojourns at home), 

C set of activity types, and 
E = set of opportunity locations. 

The first constraint simply represents the temporal 
continuity condition, the second represents the con
dition where the individual's path must originate 
and terminate at home within time T~ and the third 
condition is the nonnegativity of activity dura
tions. Additional constraints are represented in a 
general form by function g in this formulation, 
Function u, which may be called a utility function, 
includes not only the type and duration of each ac
tivity but also its starting time. This is because 
the regularity and rhythms in time use patterns 
strongly suggest that the utility of a.n activity of 
a given type is a function of the time when it is 
pursued. 

Not quite obvious from this formulation is the 
discrete nature of the optimization problem, i .e,, 
resources are not always allocated to all activities 
and some activities simply may not be pursued at all 
during a given period. Accordingly, the classical 
constrained optimization approach (12,13) is not 
app1icable to this problem if this fo~ulation is to 
be applied to disaggregate data where behavior dur
ing a relatively short period (e.g., 1 day) is re
corded. The problem is also much more complex than 
that of a traveling salesman. Not only the order of 
visits, but also the number of visits, their loca
tions, the way these visits are organized into trip 
chains, and their timing must be endogenously deter
mined. When this complexity as a mathematical pro
gramming problem is combined with the additional 
constraints, the task involved in representing the 
behavior as an optimization problem and obtaining 
its solution appears to be prohibitive. Perhaps the 
number of possible activity-travel patterns recog
nized by the individual is relatively small <1> be
cause of the constraints and limited information the 
individual has, but this is not the case for the 
observer who attempts to analyze and predict the be
havior without comparable knowledge on microscopic 
factors t ·hat influence each individual. 

[The approach taken by Adler and Ben-Akiva (14) 
avoids these difficulties and at the same time re
tains the simultaneous structure of analysis by 
modeling the behavior as a discrete choice among al
ternative activity-travel patterns. The approach is 
quite effective in analyzing characteristics of 
activity-travel choice. Determining the probability 
with which a given pattern will be chosen, however, 
requires that all feasible patterns be enumerated.] 

An alternative approach to the analysis of activ
ity and travel patterns is a sequential one, which 
is based on the following identity: 

N 

Pr(a,t,d,Q)= n pr[an+1.tn+1,dn+1•en+tlil(n)> 
n=O 

(2) 

where a(n) is a vector of the first (n + 1) elements 
of a, i.e., alnl = (a0 ,al' ••• •8n> 1 and t(nl, d(n), 
and t(n) are s milarly defin~d. This approach, wnere 
choices are analyzed one by one in a sequence, repre
sents the preferences in choosing patterns given 
that, if U(a,t,d,1) < U(a',t',d',1'), then Pr(a,t,d, 
1) < Pr(a',t',d',1')7 The approach has an advantage 
in that it reduces the size of the problem to a man
ageable one, and the preferences to the entire pat
tern can be correctly represented if the conditional 
dependencies of the sequential probabilities are 
properly incorporated. A recent study indicated 
that the sequence of activities in a trip chain can 
be adequately represented by a simple sequential 
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model, whereas failure to capture the conditional 
dependency leads to erroneous results (see paper by 
Kitamura elsewhere in this Record). 

An interesting example of a sequential approach 
can be found in Horowitz (15), where the concept of 
time-dependent utility is used. A s imilar concept 
is used in the present study, but emphasis is on the 
identification of time and history dependencies of 
the behavior. The works by Damm (9), Damm and Ler
man (16) , and Jacobson C.!1) are noted here becaus e 
certain facets of the complex behavior are ca refull y 
selected in these studies so that the size of the 
problem can be reduced and the anal yale can be car
ried out meaningfully and effectively by using 
econometric methods. 

There are two tasks involved in developing a 
sequential model of activity and travel for fore
casting purposes. The first is the identification 
of the structure of the conditional dependency, 
which is a prerequisite for proper functioning of 
the model. Because representing the history as in 
Equation 2 will not serve practical purposes because 
of its excessive information requirements, some sim
ple yet accurate forms must be sought. The second 
task is to relate the sequential probabilities to 
exogenous factors, especially those that closely 
represent planning options and policies. 

The time factor is of critical importance in de
veloping such a probabilistic model of activity 
choice because of the strong correlation between 
time of day and activity, as noted earlier. Incor
porating the time variable is also important because 
it will make probabilistic representation of the 
constraints that affect the behavior more meaningful 
and accurate. In particular, the effect of time 
constraints cannot be appropriately represented 
without the time variable fe.g., Hageratrand's prism 
is approximated by time-dependent probabilities of 
spatial choice (!!)]. A previous study CW indi
cated that married women who a re not employed and 
who ai:e in the childbearing stage tend to return 
home early in the eveningi this can be viewed as 
being a result of the constraints imposed by family 
responsibilities. The sequential probabilities can 
depict such constraints when they are specified as 
time-Of-day dependent and when they include appro
priate variables that repr esent individuals' at
tributes. 

APPROACH 

In this study the activity choice along the time 
dimension is analyzed, and the main focus of the 
study is on the identification of the time- and 
history-dependent nature of the choice. The spatial 
aspect is suppressed in this study. The model spec
ification and estimation effort is based on the fol
lowing formulation of the sequential probability: 

dPr[an+ t • tn+ 1 la(n), t(nJI 

=Pr[a0 +iltn+1 ;, a(n), t(n)l dPr[l0 +1 la(n)> t(n)l 

=Pr[a0 +1ltn+1;a(n)>t(n)l dPr[tn+I 

where a(n) • (a0 , a1 , ••• , an) as before, 
and tn+l - ~ is called the sojourn duration in 
the nth state that, in th i s formulation, includes 
the duration of the nth activity and trip time to 
its location (the activity duration and trip time 
are treated separately in the empirical analysis 
presented in later sections). The sequential prob
ability is expressed as a product of activity-choice 
probability given the time of the choice and the 
probability density of the duration of the nth so-
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journ. The focfas of this study is on the first 
element: time- and history-dependent activity
choice probability. 

The activity-choice probability is formulated as 
a function of time, history, and other factors. by 
using the multinomial logit structure, i.e., 

Pr[an+t =jlt;+l =t; a(n)> t(n)>Y] 

= exp{Vi [t, a(n)> t(n)• y] }/~ exp{Vk [t, a(n)> t(n)> yJ} (4) 
k 

where y is a vector of socioeconomic attributes of 
the individual and t is the time of day . The condi
tional dependence in Equation 3 is now represented 
in the model by its explanatory variables that rep
resent the history of the'behavior and the time of 
day. It is therefore assumed that the random error 
terms of the model possess all the desirable proper
ties, including their statistical independence 
across the choices in the sequence. Although it is 
possible to use more elaborate formu.lations of the 
random elements (20,21), which may lead to an in
teresting examinatTo;;- of history dependence, this 
study does not extend its scope to analysis of the 
dependence structure of the unobservables. fNote 
that the validity of the error term specification 
depends on model specification, and it is an empiri
cal issue in that sense (22).] 

The time dependency of""activity choice is repre
sented by introducing time variables into the logit 
function. For example, suppose that the effect of 
time of day on relative activity-choice odds can be 
expressed by gamma functions, i.e., 

exp[Vj (t, .. . )]/exp[Vi (t, . .. )] =[Kt• exp(-bt)] 

7 [tc exp(-dt)] a,b,c,d,K ;. 0 (Sa) 

(Note that neither the numerator nor the denominator 
is necessarily a distribution function.) Then, 

Yj(t, .. . )-Vi(t , .. . )= QnK +(a - c)Qnt -(b -d)t (Sb) 

Although it is not possible to determine these pa
rameter values uniquely, the time effects can be 
represented simply by introducing t and .tn (t) into 
function V. The model specification effort in the 
following sections also considers polynomial and 
exponential functions of t. 

By using this framework, var ious hypotheses re
garding the nature of the conditional dependencies 
can be examined statistically and the model can be 
specified subsequently. This study rejects without 
examination the null hypothesis that activity choice 
is independent of time of day. The critical hypoth
eses that need to be examined statistically include 
the followingr 

1. Activity choice is independent of the set of 
activities pursued in the past1 

2, Activity choice is conditionally independent 
of the set of activities pursued in previous trip 
chains, given the activities pursued in the current 
chain1 

.J• Uiveu wi.n~~iu:::i: aciivil;ies oi respec~ive types 
have been pursued or not, activity choice is condi
tionally independent of the number of times the-ac
tivities were pursued1 

4. Given whether activiti"es of respective types 
have been pursued or not, activity choice is condi
tionally independent of the amount of time spent in 
the past for each type of activity1 

5. Activity choice is independent of the number 
of trip chains made in the past; and 

6. Activity choice does not depend on the time 
spent since the individual left home. 
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An appropriate representation of the history of an 
activity pattern is sought through the examination 
of these hypotheses, and the nature of history de
pendency is inferred from the results. 

DATA SET AND VARIABLES 

In this study the statistical analysis of a sample 
from the 1977 Baltimore travel demand data set is 
used. Analysis of nonwork activities is the main 
subject of this study, and only those ind ividuals 
who did not make work trips on the survey day are 
analyzed. The r ecords in the data set are screened, 
and i nd i viduals who were younger than 18 years old, 
who did not hold a driver's license, and whose 
households did not have a car available are elimi
nated. A detailed description of the screening cri
teria used can be found in Kitamura (see paper else
where in this Repord). The screened sample used in 
this study includes 927 activity choices in 356 trip 
chains made by 217 indiv iduals. 

Activities are defined in terms of the trip
purpose categories in the data set, which are 
grouped into four types: personal business, social
recreation, shopping, and serve passengers. Home
based activity-choice models are estimated with 
these activity types as alternatives. Two addi
tional categories enter models of non-home-based 
choice: temporary return to home and permanent re
turn to home for the day [similar binary classif ica
tion of the home state can be found in Lerman 
(ll) J • A.ooo rding l y, the non-home-based models are 
estimated wi t h six alternatives . 

As variables representing individuals' attri
butes, the age, sex, education , employment status, 
household income, household size, number of chil
dren, family life cycle, household role, and car 
ownership are examined in this study. The house
hold-role variable is defined in terms of the sex 
and employment status of the individual. The life
cycle-stage variable is defined in terms of the 
marital status of the adult members, their ages, and 
the age of the youngest child. The definitions of 
those variables that appear in the models pre s ented 
in this paper are given in Table 1. 

HOME-BASED ACTIVITY-CHOICE MODEL 

Because the examination of alternative hypotheses 
regarding the structure of time and history depen
dencies is an important concern of the study, a 
series of . models, each being developed to test a 
specific hypothesis, is presented in this section. 
The first in the series involves only socioeconomic 
attributes of the individual as its explanatory 
variables (model 1 of Table 2). The model as a 
whole is significant with a = 0.005, but the 
amount of variation explained by the model is rela
tively s mall (p 2 z 0.0256). Ne ver theless, mean
ingful rel ationships are found from the estimation 
result. The coefficient of the variable that repre
sents the presence in the household of children aged 
between 5 and 12 (SCHLAG) indicates a positive con
tribution of this variable to the engagement of 
serve-passenger trips. The role variable (ROLE), 
which has a value of 1 when the individual is female 
and not employed, indicates that these individuals 
carry out shopping and serve-passenger trips more . 
often than do the others. The coefficient of the 
number of children (CHLDRN) indicates the negative 
effect that the presence of children has on the en
gagement in social-recreation by the adult members. 

The fit of the model improves when time variables 
are introduced into the model with six additional 
coefficients (model 2). The log-likelihood ratio 
statistic has a value of x ' = 46.14, with degrees 
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Table 1. Definition of explanatory variables in activity-i:holce models. 

Variable and Abbreviation 

School-aged children (SCHLAG) 

Household role (ROLE) 

No. of children (CHLDRN) 

Household income (INCOME) 

No. of cars (CARS) 

Time of day (t) 

Activity engagement in previous chains in 
Personal business (PBNSO I H) 
Social-recreation (S RECO I H) 
Shopping (SHOPO!H) 
Serve passengers (SVPSOI H) 

Activity engagement in the current chain in 
Personal business (PBN SO IC) 
Social-recreation (SRECO 1 C) 
Shopping (SHOPO!C) 
Serve passengers (SVPSO IC) 

Out-of-home time (OHTIME) 

No . of chains (CHAINS) 

Current activity 
Personal business (PBNS) 
Social-recreation (SREC) 
Shopping (SHOP) 
Serve passengers (SVPS) 

Definition 

Binary variable: I if the age 
of the youngest child in the 
household is between 5 and 
I 2, O otherwise 

Binary variable: 1 if the in
dividual is a female and not 
employed, 0 otherwise 

No. of household members 
who are 17 years old or 
younger and not married 

Median value of the house-
hold's annual gross income 
category ($) 

No . of cars available to the 
household 

Time of days in hours; the 
study period begins at 4:00 
a.m. when t; 4.0, and ends 
at 4:00 a.m. the next day 
when t; 28.0 

Binary variable: l if activi
ties of the indicated type 
were pursued in the trip 
chains previously made 

Binary variable: I if activi
ties of the indicated type 
have been pursued in the 
current trip chain 

Cumulative amount of time 
spent so far outside home 
for both trips and activities 

Cumulative number of home· 
based trip chains made so 
far 

Binary variable: I if the 
current activity is of the 
indi~atea type 

of freedom (df) = 6 for the six new coefficients. 
Clearly the time of day has a substantial influence 
on activity engagement. The nature of the time de
pendency of activity choice is presented later in 
this section . by using a history-dependent model. 

Examination of the history dependence of home
based choice uses the following variables to repre
sent the past h istory of ac tiv ities: 0-1 binary 
variables , each representing whether an activity of 
a given type has been pursued in the pasti the num
ber of sojourns made for each activity typei and the 
cumulative amount of time spent for each activity 
type. These variables are used because of their 
conciseness as summary variables of the history. 
The possible effects on activity choice of the exact 
sequence of the past activities, their respective 
durations, and their occurrence times are considered 
to be negligible. 

Each set of history variables is tested, and on 
the basis of its significance the nature of history 
dependence is infe rred . The r.esults indicate that 
the simplest r epresentat ion of the history--the set 
of binary indicators of activity engagement-
explains the choice better than any other sets ex
amined here (model 3). Although the other sets of 
variables are all significant, they do not explain 
as large a portion of variations as does the set of 
binary variables. Whether the individual has pur
sued an activity of a given type or not does affect 
the home-based activity choice, but how many times 
and how long the activities were engaged in do not 
have as decisive an effect. This rather unexpected 
result is encouraging because of its implication 
that the history of behavior can be expressed in 
quite a simple manner in representing the condi-
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Table 2. Home-based actlvity-dloice models. 

Activity Type 

Personal Business Social-Recreation Shopping Serve Passengers 

Variable Coefficient t-Statistic Coefficient t-Statistic Coefficient !-Statistic Coefficient !-Statistic 

Model 18 

Constant --0.5797 --0.86 --0 .0485 --0.08 0.0698 0.11 
SCHLAG 0.8583 2.76 
ROLE 0.4968 1.99 0.5702 1.92 
CHLDRN --0.1895 -2.02 
£n (INCOME) 0.2877 1.23 0.5893 2.37 0.2801 1.23 

Model 2b 

Constant -3.3830 -5.55 -10.984 -2.01 5.0561 1.01 
SCHLAG 0.8585 2.76 
ROLE 0.4787 1.89 0.5743 1.93 
CHLDRN --0.2469 -2.52 
£n (INCOME) 0 .3299 1.37 0.5063 2.02 0 .2136 0 .92 
l --0.4240 -1 .57 --0.2050 --0.76 --0 .7928 -2 .85 
£n (t) 4.1127 1.21 0.4227 1.18 10.498 2.90 

Model 3< 

Constant -3.7499 --0.65 -11.876 -2.10 4.8241 5.25 
SCHLAG 0.6289 1.89 
ROLE 0.3895 1.44 0.6413 1.96 
CHLDRN -0.2086 -2.07 
£n (INCOME) 0.3542 1.42 0.5169 1.97 0 .2093 0 .87 
I --0.3522 -1.22 --0.1310 --0.46 --0 .7315 -2.56 
£n (t) 3.7260 1.04 4.0236 1.08 10.634 2.89 
PBNSOIH --0.8605 -1.98 -1 .6576 -3 .34 -1.0187 -1.90 
SRECOIH 0.6166 0.91 0.8793 1.25 1.5780 2.20 
SHOPOlH --0.2300 --0.4 7 --0.5662 -1 .09 -0.2014 --0.36 
SVPSOlH 0.3252 0.52 0.9638 1.67 1.8125 3.14 

No la: Sai:nplo = 3S6 homa·bnse-d acUvh )' choices. L(lj) = log-Uktllhood with the model coefflcionu, L(C) =Jog-likelihood \vithou t ~xpla n..alory vulables 
(<o n•1ant torms olono), L(O) ~ lo1~lkollhood without any cooUTclonts, and p2 = 1 - L(IJ)/L(C). '01 0 chkquare values pro .. nccd ore donned•• -'2{ L(C) -
l.(Jl) J • 

• L(O) = -493.52, L(C) = -490.21, L(O) = -~77. 70 . x2 ~ 25. 14 (dr ~ 7). • nd p2 = 0.0256. 
bL(jl) = -4$4.6,, x2 = 71 .19 (df = 13), p2 • 0.0727 , and x1 for the set of limo vorloblU = 46.14 (df = 6). 
CL(P) = -434.36, x2 = 111 .8 1 (df = 15), p2 a 0.114 , 1nd x2 for the set ofoctlVltY lnd lc•tors = 40.54 (df = 12). 

tional dependency of activity choice. Another his
tory descr iptor--the number of chains completed in 
the past--was found to be insignificant. 

These models are developed primarily to examine 
alternative hypotheses: thus the selections of ex
planatory variables are not necessarily finalized as 
they are presented in Table 2. A similar model is 
estimated after eliminating some of the insignifi
cant variables of model 3, and its coefficients for 
the binary variables are given in Table 3 to indi
cate how the past engagement in an activity of one 
type affects the choice of another activity type. 
In the table the estima ted set of coefficients is 
adjusted by adding a constant to the coefficients 
for each activity type. The value of the constant 
is arbitrary, and ~hat value that makes the row sum 
of the adjusted coefficients zero is used in devel
oping the table. 

The result indicates that engagement in personal 

Table 3. Effecu nf ar.tiuit~ An!!"~mont. in ~-!'!!':'~! ~!~!!! ~~ ~~~:-!:::::::! 

activity choice. 

First Activity of Current Chain 

Activity Engagement Personal Social- Serve 
in Previous Chains" Business Recreation Shopping Passengers 

Personal business 0 .8278 0 .0602 --0 .7564 --0.1317 
Social-recreation --0.4109 --0.4109 0.0612 0.7606 
Shopping 0.1024 0.1024 --0.3072 0 .1024 
Serve passengers --0 .6059 --0 .6059 0 .1782 1.0336 

8 1 if engaged, O o therwise. 

business in the past has a positive influence on the 
choice of the same activity type later. The same 
tendency can be found for serving passengers1 
choices of personal business or serve-passenger 
trips are positively correlated across trip chains. 
The negative diagonal value for shopping indicates 
that people tend not to pursue shopping in two or 
more trip chains: it suggests that people have been 
consolidating their shopping trips into fewer trip 
chains. A negative coefficient of social-recreation 
on personal business indicates that there are pat
terns in sequencing activities across trip chains, 
and personal business tends not to be pursued if the 
previous chains included social-recreation trips. 
The pattern found here is quite similar to that 
found earlier as to the sequencing of activities 
within a trip chain (see paper by Kitamura elsewhere 
in this Record). 

The time-dependent nature of home-based activity 
choice can be seen in Figure 1, which presents 
against the time axis both the observed relative 
trequencies of chosen activity types and the choice 
proDaDl.lltles depicted by the model. The observed 
shopping frequency coincides naturally with the typ
ical stores' hour s, and it peaks in the early after
noon. Personal business tends to be pursued in the 
morning, whereas the relative frequency of social
recreation increases toward the end of the day. The 
serve-passenger activity has a rather irregular pat
tern with peaks in the early morning (chauffeuring 
children or workers, perhaps), early afternoon, and 
late evening. 

The data in the figure indicate that the obsecved 
tendencies are well replicated by the estimated 
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Figure 1. Observed and predicted probabilities of home·bued 
activity choice. 
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*Independent variable values used are: INCOME = 20000, CHLDRN = 4, ROLE = 0, 

SCHLAG = l , PBNSOl H = 0, SRECOl H = 0, SHOPOl H = 0, and SVPSOl H = 0. 

activity-choice model. The activity-choice proba
bilities are evaluated by assuming the independent 
variable values, as shown in the figurei therefore, 
they are not readily comparable with the observed 
relative frequencies that represent the entire sam
ple. Nevertheless, satisfactory agreement is shown 
in the figure between the observation and the pre
diction by the model. The irregularities in the 
probability of serve-passenger trips are not well 
represented by the model, although the overall ten
dency is captured. If it is shown that the observed 
irregularities are not caused by the small sample 
size, then the model specification must be altered 
to reflect them. 

NON-HOME-BASED ACTIVITY CHOICE 

Non-home-based activity choice is studied in a man
ner similar to home-based activity choice by examin
ing hypotheses of history and time dependencies of 
the choice. Additional hypotheses that are included 
here are concerned with the relative magnitudes of 
the dependencies on the activities in the previous 
trip chains and on those in the current chain. Also 
of interest are the effects of elapsed time since 
the beginning of the chain and the total out-of-home 
time on the decision to return home. The variables 
used to represent the history of the behavior in
clude 0-1 activity engagement indicators defined for 
the current chain and for the chains previously 
made, total activity time by activity type in the 
current chain and in the previous chains, number of 
sojourns made by activity type in the current chain 
and in the previous chains, number of chains made in 
the past, elapsed time since the individual left 
home, and the cumulative out-of-home time spent. 

The models tested and their goodness of fit are 
given in Table 4 without presenting the estimated 
coefficients of the respective models. The conclu
sions of this hypothesis testing are summarized as 
follows: 

1. Given the history of the current chain, ac
tivity choice is conditionally independent of the 
activity engagement in the previous chains; 

2. The number of sojourns made and the time 
spent for each activity type in the current chain 
are correlated with the observed activity choice, 
but the 0-1 activity engagement indicators best ex
plain the choice; 

3. The elapsed time since the beginning of the 
chain is not a significant factor influencing the 
decision to return home; 

4. The non-home-based choice is most closely 
correlated with the time of day, whereas activity 
history and socioeconomic attributes of the individ
ual have less effects on choice; and 

s. The choice of the ne:ict activity is affected 
by the type of current activity. 

Perhaps the most significant finding is that non
home-based activity choice is conditionally indepen
dent of the history of activity engagement in the 
previous chains. (No sets of history variables for 
the previous chains were statistically significant 
when they were included in the model together with a 
set of history variables for the current chain.) 
This may appear to indicate that activity choice re
peats itself and that all chains made by an individ
ual are probabilistic replicas of each other. How
ever, this is not · the case because the home-based 
choice that determines th~ first activity of a chain 
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Table 4. A!umatlwo 1p1dfli:atlon1 of non.flomH191d .atlwlty-dlolol modele. 

History Indicators 
Orisin Time of 

Model No. Indicator Day Socioeconomic Set I Set 2 1..(6) x2 (df•4) ,. x x x -813.585 - b 

2 x x x x -810.396 -· 3 x x x x No. of sojourns, past -807.659 5.474 
4 x x x x Activity time, past -806.258 8.276 
5 x x x x 0-1 activity, past -808.649 3.494 
6 x x x x No. of sojourns, cumulative -803.366 14.060 
7 x x x x Activity time, cumulative -807.694 5.404 
8 x x x x No. of sojourns, present -800.499 19.794 
9 x x x x Activity time, present -805.467 9.858 

10 x x x x 0-1 activity, present -797.013 26.~~6 
11a x x x 0-1 activity, present -842.981 
128 x x x 0-1 activity, present -808,820 _ e 

Noto: Tho origin indicator includes three blnsry .. rltblH: PBNS, SREC, and SVPS. Tim• or day la repreaented by throo lndeptndent .. ,1. 
1ble1: t, exp(t), and exp(-t). The set of socloeeonomk:1 lncludo1 four vulabl~s: number of C'hlldrtn, O·I bln1ry varlablo ror PH•nco or school· 
aged chUdren, Income, and number of can. The history lndlcaton Include two set• of vullble1: aet I conalata of cumul1tlve out~f~omo Ume, 
eltpaed time, and number of chain• made prevloudy; and aet 2 lncludea the varltblea Indicated In the table. X lndlcatn that the .. rltble It In• 
eluded in the model. 

1Th ... modol1 aro tOltod •J•lnll model IO: tho orhor models aro toltod 1pln11t modol 2 . 
bE.lfcot ofhluory,x2 = JJ.14,dr ~ 1. 
cReference model. 
dErrect of lime of day, x2 = 91.94, dr = s. 
"Effect of direct linka&H, x2 = 23,6t, df = t 0, 

i• dependent of the past hhtory, aa disauHed in 
the previoua .. ction. Thu• the hhtory dependence 
of the non-home-baaed choice is indirectly repre
sented through the history dependence of the hOSle
based choice . 

The strong time dependency of non-home-baMd 
choice •ust be noted. The contribution of the five 
time coefficients to the explanatory power of the 
llOdel is represented by a chi-square statistic of 
91.9 (df • 5), whereas that of the socioeconomic 
variables is 16.1 (df • 4), and that of the history 
variable• i• 33.1 (df • 7). Obviously, ti .. of day 
is the llOSt critical deter•inant of the non-~
based choice. 

The final form of the non-home-baMd activity
choice llOdel that waa selected on the basis of the 
hypothesi'.s testing reaulta is given in Table s. A 
set of three binary variables (PBNS, SRBC, SHOP) la 
uaed to represent the type· of current activity, 
i.e., the activity just CCJllPleted at the ti .. of the 
transition to the chosen activity. Many of the nine 
coefficient• that apply to these variable• are sig
nificant and indicate the strength of direct link-

Tabla ii. Non-homHlllld Htlvhv-dlol• llltldel. 

Activity Type 

Personal Business Socilll-Recroation Shoppins 

Coeffl· O>offl· Coeffl· 

age• between activity typea. cc.pared with the 
h...-baMd choice llOdels, fewr socioeconomic at
tribute variable• ere uaed in the iaodel. '!'he nUllber 
of children and the preMnae of sahool-119ed children 
have the .... effects on activity choice •• in the 
home-baaed choice llOdel. 

The coefficient• of the aar-ownerahip variable 
are poaitive (but not significant) for the t9111POrary 
return to heme, and they are ne4Jative for the per
unent return to h.,... '!'he indication la that the 
individuals from hou .. hold• with 110re can tend to 
•ake 110re trip ahaina, but the number of sojourn• in 
a chain uy tend to be fewer. A siailar tendency 
wu found in a previous study that an•lysed a 1965 
Detroit data .. t (,li). 'RI• netative coefficient• of 
the aimulative out-of-'"*9 tiae and the ntaber of 
ahein• are quite note.orthy, although they are not 
statistically eignificant at 11 • o.os. 'l'he coef
ficient• apply to the per•nent return to. home and 
i11PlY that the more ti .. the individual hH spent 
outeide home and the 110re chaina he ha• made, the 
leH likely he h to ter•inate hh out-of-tic.e ac
tivity pursuit of the day. The raault aUC)geata that 

Serve Paasen1er1 Home Absorbing Home 

O>effl· O>offi· Cooffi· 
Variable clent t-Statiatlc clent t·Statiltic clent t·Statiltlc cient t-St1tlstlc clent t·Statiltlc clent t-Statiltic 

Constant -0.5306 -I.OJ -2.4408 -3.08 -2.7799 -3.19 -2.5840 -2.89 0.9237 1.17 
PBNS 1.4074 1.59 1,7789 2,17 2.7420 2.57 I.I 598 1.44 1,1598 1.44 
SREC 1.1186 1.96 1.8215 2.25 0.5169 1.09 0.5169 1.09 
SHOP 0.9220 1.29 -O.JBl2 -1.10 -0.3812 -1.10 
t 0.1809 3.23 0.0884 1.74 0.1490 2.52 
exp(-t/10) 1.3261 0.77 
exp(t/10) 0.0520 6.04 
c;_HLDRN -0.2116 -1.66 
SCHLAG 0.4998 1.31 
CARS 0.0580 0.59 -0.2478 -2.32 
PBNSOIC 1.2327 2.62 0.4349 1.16 
SRECOIC 0.6284 I.SI 0.6789 1.76 
SHOPOIC 1.4726 3.53 
SVPSOIC 1.2009 2.83 
OHTIME -0.0009 -1.30 
CHAINS -0.1498 - 1.26 

Note: L(O) = -1023.090, L(C) • -905.122, L~) = -'94.171, x2 • 221.19 (df • 26),and p2 • 0,123. Sample lob-don 511 non.florno-b-d activity cholceo. 
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individuals pursue either very few or very many ac
tivities on a given day. This may be a result of 
activity scheduling over a longer time span, e.g., a 
week. 

In sununary, the hypothesis testing and model 
specification efforts presented in these two sec
tions have indicated that the activity choice is 
dependent on both the time of day and the history of 
the activity. But the structure of the history de
pendency is rather simple. The binary history indi
cators that represent whether activities of respec
tive types have been pursued in the past or not are 
correlated with the activity choice more strongly 
than is the number of sojourns or the time spent for 
each activity type in the past. Furthermore, non
home-based activity choice is found to be condition• 
ally independent of the activity history in the pre
vious chains, given the history in the current 
chain. It appears that activity choice is dependent 
more strongly on more recent activities. The sig
nificance of the variables that represent the direct 
linkages also indicates this. 

DISCUSSION OF RESULTS 

Identifying the dependencies across a series of ac
tivity choices is critically important for the de
velopment of a practical tool for analyzing and 
forecasting daily activity and travel behavior. In 
this study the structural form of a sequential model 
of activity patterns was formulated, and conditional 
probabilities of activity choice that used the mul
tinomial legit structure were specified. This 
framework was then used to examine the nature of 
time and history dependencies in activity choice 
with the assumption that time of day and the history 
of the behavior are the most fundamental factors 
that influence activity choice. 

The examination of a series of hypotheses indi
cated that the simplest representation of the his
tory of the behavior--a set of binary activity en
gagement indicators--is an adequate descriptor and 
best explains activity choice. Non-home-based ac
tivity choice is strongly affected by time of day 
and also by current activity type, but socioeconomic 
attributes of the individual and history variables 
have less influence on non-home-based choice than on 
home-based choice. Non-home-based activity choice 
was also found to be conditionally independent of 
the activity history in the previous chains, given 
the activity history in the current chain, whereas 
home-based activity choice had interdependencies in 
the activity types across trip chains. The results 
of the study are encouraging and indicate that a set 
of simple models that can be conveniently estimated 
is capable of representing individuals' 'daily ac
tivity and travel behavior together with the inter
dependencies across the choices involved. The study 
has indicated that the decisions associated with the 
entire activity pattern can be decomposed into in
terrelated activity choices whose conditional de
pendencies can be statistically evaluated. 

The models presented in this study, however, are 
not inunediately applicable to practical problems be
cause the types of exogenous variables included are 
limited. This limitation is mainly caused by the 
aspatial nature of the study. The models must be 
extended to spatial activity-choice models with land 
use and transportation network variables introduced 
as explanatory variables. Note that the land use 
variables in this context must be defined in terms 
of both the spatial distribution of opportunities 
and their availabilities along the time dimension. 
When land use variables are defined in this manner, 
then the activity choice can be related to the 
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availabilities of various opportunities in different 
time periods of a day. 

Such effort of modeling the activity choice in 
the spatial dimension will encounter a new problem: 
representation of the attractiveness of an oppor
tunity, or a group of opportunities such as a zone. 
This is not a trivial task when the assumption of 
the conventional approach that a travel choice can 
be separated from the rest and can be analyzed inde
pendently is discarded, and when the interdependen
cies across the choices are acknowledged. The 
interdependencies imply that a choice of an oppor
tunity is influenced by both the past and intended 
future behavior. The conventional formulation of 
the attractiveness of a zone that uses the attri
butes of that zone alone is not adequate when the 
individual has in mind additional activities to be 
pursued elsewhere. In other words, when trip chain
ing is considered, the traditional definition of the 
attraction becomes inadequate, and the attractive
ness of a zone as an origin from which the next ac
tivity site will be reached must be evaluated and 
incorporated into the attraction measure. This can 
be done by using the concept of expected utility, in 
which the attractiveness of a zone is a function of 
not only its own attributes but also those of other 
zones. Another aspect, which was not emphasized in 
this study, is the structural relationship between 
the activity duration and act:ivity choice. It may 
be the case that the relationship varies depending 
on the time of day or on the past history of the be
havior. Examination of the interdependence struc
ture of the unobservables also remains as a subject 
of future research. 
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Equilibrium Traffic Assignment on an Aggregated Highway 

Network for Sketch Planning 
R.W. EASH, K.S. CHON, Y.J. LEE, AND D.E. BOYCE 

An application of the equilibrium traffic a11lgnment algorithm on e simplified 
highway network, such as might be used for 1katch planning, 11 da1crlbed. 
Analy1i1 zonei In the assignment are also 1ubstantlally largar than in most 
conventional traffic a11lgnment1. The algorithm for equilibrium traffic as· 
1lgnment Is introduced, followed by a dlscu11ion of the problems with equi· 
llbrlum traffic aasignment in a sketch-planning application. Next, the network 
coding procedures for the case study are examined. Results of the sketch· 
planning assignment are then evaluated against a comparable regional assign· 
ment of the same trips. Finally, there is a discussion of how this research fits 
into the programs of a transportation planning agancy. 

An application of equilibrium traffic assignment to 
sketch planning is presented in this paper. Trips 
are assigned onto an aggregated network with a 
limited number of links, nodes, and zone centroids. 
One arterial link in the sketch-planning network is 
equivalent to a number of links in a conventionally 
coded regional highway network, and one sketch~plan
ning zone is substantially larger than a zone in the 
regional assignment at the same location. The 
traffic assignment algorithm used in the study 
converges to approximately equal path travel times 
for multiple paths between origin-destination zone 
pairs. The algorithm is available to most transpor
tation planning agencies. 

A major portion of the paper is spent on a com
parison of this sketch-planning assignment with a 
regional traffic assignment of a large trip table 
onto a detailed coded highway network. This compari
son is complicated by the different number of intra
zonal trips in the two traffic assignmentsi there
fore, a procedure was developed to determine the 
significance of the additional intrazonal trips in 
the sketch-planning assignment. Vehicle miles of 
capacity and travel, vehicle hours, and average 
speeds predicted by the two assignments are summa
rized at the regional and zonal levels. 

In che incroduccory seccions or cne paper cne 
equilibrium traffic assignment algorithm and the 
network coding procedures for the sketch-planning 
network are documented. A simple method for aggre
gating links and summing regional link capacities 
into sketch-planning link capacities is then de
scribed. The question of the best network aggrega
tion procedure is not considered • . Moreover, a solu
tion of this network aggregation problem was not an 
objective of the research, but rather a data re
quirement. The principal concern of this paper is 
to demonstrate a satisfactory correspondence between 




