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Urban Activities, Travel, and Time: 
Relationships from National 
Time-Use Survey 
Prahlad D. Pant and A. G. R. Bullen 

Results are presented on how people allocate time for their out-of-home 
activities, including related travel. The information is derived from anal· 
yses of the daily activity patterns of urban residenu recorded in a 1975 
national time-use survey. The analyses indicate a variety of relation
ships between out-of-home activity time, travel time, and household 
variables for weekdays and weekends. They also suggest broad out-of
home time budgets and travel-time budgets for households and persons. 
The detailed activity descriptions in the data base required considerable 
aggregation, the best results for which came from functional activity 
groupings rather than traditional land-use-based trip-purpose group
ings. These functions were related to scheduling and planning charac
teristics of the activities as well as their potential for substitution of in
dividual participants. The analyses do not substantiate the fixed daily 
work schedule assumed by some activity analyses. Rather. daily work 
time is quite variable, and this variability is a primary independent vari
able explaining allocation of time to other activities. The relationships 
between these activities and work time were strengthened by the inclu
sion of in-home work time, confirming that some in-home household 
activities will affect out-of-home behavior. 

Some results on how people allocate time for their out
of-home activities, including related travel, are pre
sented here. This information was obtained from analy
ses of the daily activity patterns of urban residents re
corded in a 1975 national time-use survey. The analyses 
indicate a variety of relationships between out-of-home 
activities, their duration, and their associated travel 
times for some common household groupings. The analy
ses also provide information on personal and household 
travel-time budgets, out-of-home activity time budgets, 
and activity participation rates for both weekends and 
weekdays. 

Previous studies of human activities and time alloca
tion can be grouped broadly into two categories: (a) ac
tivity and time-space studies and (b) activity and time
budget studies. Many conceptual and empirical relation
ships dealing with human activities and time allocation 
have been developed in recent years, but only a limited 
number of these has focused primarily on understanding 
travel behavior. 

Chapin (1) refers to human activity patterns as "the 
ways aggregat;es of residents in the metropolitan com
munity go about their daily affairs; that is, how arche
typical persons (statistical means) from key socioeco
nomic segments of this small society pursue their rounds 
of daily activity." He sees role and personal character
istics (preconditioning factors) and motivations and at
titudes (predisposing factors) to explain variations in 
activity patterns among segments of society. 

In sharp contrast to this work is that of Hligerstrand 
(2), with his space-time model of human activity. 
illigerstrand's "prism" is in the feasible region of ac
tivities fixed in time and space. He identifies three types 
of constraint, namely, capability constraints due to bio
logical factors and the capacity of physical tools, coupling 
constraints due to the need for persons to come together 
at certain locations for given periods of time, and au
thority constraints due to the limits and control of access 
to activity and travel facilities. 

Time and its allocation bave been studied by many, 
including the time-budget study by Szalai (~)for several 

countries and by Robinson (4) for the United States. De
scriptive empirical analyses representing time spent in 
various activities have been presented in these works. 

Studies on travel time by Zahavi (5) indicate that the 
mean daily door-to-door travel time per traveler, in
cluding access time, tends to be stable both cross sec
tionally and over time, even when speeds increase sig
nificantly. A recent study by Hummon, Baker, and 
Zmotel (6) using the same data base that we used here 
provides -extensive activity and travel information, par
ticularly for trip chains or excursions. 

While people's interest in activities and travel is 
growing, it is not yet understood how they allocate time 
for activities and travel. We therefore tried to deter
mine from the time-use survey any empirical relation
ships that might exist between out-of-home activity time, 
travel time, and socioeconomic and household character
istics. 

DATA BASE 

The data used for this study were the first interviews 
from a national time-use survey (7) that reported on a 
sample of American adults 18 years of age or older, who 
were first interviewed in October-November 1975. The 
1519 respondents and 887 spouses reported the details 
of a full day's activities by type, time of occurrence, 
and duration. The interviews obtained both daily time
use diaries and information on employment, income, 
personal and other resources, stock of technology avail
able to the household, and mass-media coverage. Travel 
was specified by time of occurrence and duration but not 
by mode and was related to activity. In general, for 
multiple-activity trip chains, each individual trip was 
related to the next primary activity, whereas the final 
trip segment was related to the last activity. 

SCOPE OF ANALYSES 

The data base just described provides much detailed in
formation, and the analyses were therefore constrained 
to make them manageable while allowing the necessary 
insights into time budgets and their interrelationships. 
Thus, the investigations attempted to make maximum use 
of the unique characteristics of the data and to provide 
reasonable comparisons with other more conventional 
travel-data sources. 

With the latter objective in mind, the study was re
stricted to urban residents, and the household and person 
classes chosen for analysis were those that provided 
substantive contrasts and also allowed a sample size 
sufficient for meaningful results. Results were developed 
both for weekdays and for weekends. 

The person classes used for the analyses included 
married working males; married females, working and 
nonworking; and single working persons. For the week
end, the samples were divided according to whether the 
person who normally worked during the week did or did 
not work that day. Data for single males and females 
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were sometimes combined to allow a sample of sufficient 
size. 

The household classes used included married couples 
with both spouses working, married couples with only 
the male working, and single working persons. Samples 
did not correspond exactly to the person-class samples 
described above, since the household analyses included 
only those households where records for both spouses 
were available. In many instances, the household sam
ples for weekends were too small to permit much analy
sis. 

Although the data base included 87 activity classifica
tions, travel information was available only for the fol
lowing 9 aggregate activity groupings: work and income 
production, household, child care, goods and services, 
personal needs and care, education and professional 
training, organizational, entertainment and social, and 
sports and leisure. For these activity groups, the time 
spent on the activity and the time spent in related travel 
were analyzed and, although some reasonable correla
tions did exist, particularly between activity duration 
and its associated travel time, the extreme variability 
of the data required aggregation of the activity groups. 

The activity groups wer e analyzed in two ways . One 
is the simple a nd traditional division into (a) work and 
(b) nonwork activities and t r avel. The other, which was 
more thoroughly analyzed, is a grouping of the above 
activities functionally into the following three groups of 
activities: 

1. Work and organizational 
a. Work, 
b. Education and professional training, and 
c. Organizational activities; 

2 . Personal and household maintenance 
a . Household, 
b. Child care, 
c. Goods and services, and 
d. Personal needs and care; and 

3. Leisure 
a. Entertainment and social and 
b. 8ports and leisure. 

Group 1 represents those activities that are probably 
always scheduled in advance and that, in the short run 
at least, occur on a regular basis. These activities are 
usually particular to the individual, and other persons 
cannot substitute. 

Group 2 represents the immediate needs of the house
hold and the persons in it. While the activities are re
quired on a regular basis, rigorous planning and sched
uling are not always needed. For many of these activi
ties, substitution of individuals is possible. 

The final set of activities, in group 3, represents 
discretionary time, which will be some measure of the 
quality of life of the individual and household. These 
activities allow for little substitution of individuals. 

Our study is concerned with out-of-home activity and 
related travel. In the analysis of work, however, sev
eral relationships were strengthened by including work 
in the home. Although the correlations between work 
activity and work travel were weakened slightly, non
working female spouses were an exception to this effect, 
since most of their work is in the nature of looking for 
work and it appears that in-home work of this type leads 
to subsequent travel. Most other relationships remained 
stable or were strengthened by the inclusion of in-home 
work, indicating that, for a full understanding of out-of
home activities and time budgets, a purely out-of-home 
activity and travel survey may have some deficiencies. 
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DAILY TIME BUDGETS 

The daily time budgets for the activity groups 1-3 for 
persons and households are presented in Tables 1-4. 
For the weekday shown in Table 1, only those workers 
who actually worked that day are included. The married 
male worker with a nonworking spouse (B) spends about 
11.5 h out of the home, with 1.5 h of this devoted to 
travel. The mar r ied female worker with a wor king 
spouse (C) spends just over 9 h out of the home and 
about 1.2 h in travel. The lower travel time for females 
can be seen readily in Table 1, but the activity break
down shows that this is primarily for work travel, which 
could be associated with the lower average work duration 
for working women. 

There was an indication of a similar difference in av
erage travel time for single men and women (E) but, 
overall, single working persons spend about the same 
amount of time out of the home as do married working 
males. This suggests perhaps an out-of-home time 
threshold that applies regardless of household respon
sibilities. 

As expected, nonworking wives (D) have a higher par
ticipation rate for household support activities than do 
working spouses of either sex. The total time budgets 
for household support and its associated travel are sim
ilar for households whether the wife is working or not , 
as indicated by Table 2. The detailed breakdown in 
Table 1 shows that for the household with only the male 
working (D), the wife provides the majority of the house
hold support, whereas for the two-worker household (A), 
the husband does more of this activity . Household sup
port activity for a single person (E) has a relatively high 
participation rate, but the duration is at a lower level 
than that of a husband with nonworking wife (B) or a 
wor king wife (A). 

Leisu1-; e activity shows a i·en1a1·kably constant travel 
time for all person classes, although the nonworking 
wife (D) and single persons (E) show greater participa
tion rates and greater activity durations. 

Weekend time budgets for persons who did and per
sons who did not work that day are shown in Table 3. 
For those persons who work, the weekend time budget 
is very similar to the weekday time budget. Activity 
time tends to be somewhat lower, but travel time re
mains constant. Among the activity groups, work dura
tion is less and leisure time is greater. 

The weekend time budgets for persons who did not 
work that day show that the total out-of-home time for 
workers drops from around 11 h for a working weekday 
to about 6 h for the nonworking weekend. Average 
travel time, however, remains at its previous levels, 
supporting the concept of a travel-time budget. For 
weekend travel, there is no apparent difference between 
married males and married females when both spouses 
are working. The time allocated to household support 
activities generally increases, as does time for leisure 
activities. For both activity groups, however, there is 
no marked change in the participation rates. 

In summary, the daily out-of-home time budgets ap
pear to indicate that there are consistencies in mean 
travel-time budgets and in mean out-of-home time bud
gets. They also give some preliminary insights into the 
trade-offs of activity allocations between persons within 
households. Although the previously reported travel
time differences between men and women are confirmed, 
these differences are not consistent, indicating that these 
may be activity based rather than travel based. 
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Table 1. Weekday daily time budgets per person class by activity group. 

Activity Group Total 

Group 1 Group 2 Group 3 Activity 
and 

Partic- Partlc- Partlc- Travel Partlc-
Person Duration Travel ipation Duration Travel ipation Duration Travel ipation Time Travel ipation 
Clase (min) (min) Rate(%) (min) (min) Rate(%) (min) (min) Rate(%) (min) (min) Rate(~) 

A 510 53 93 .2 106 51 57.6 63 23 32.1 689 94 93 .2 
B 529 59 92.2 73 41 51.5 68 26 28. l 675 90 92.2 
c 424 39 73.9 64 37 44.3 76 23 25.2 558 71 73.9 
D 166 26 24.6 101 58 75 .0 102 26 40.0 240 67 66 . 7 
E 496 51 87.7 68 28 67. 7 118 29 40.0 676 81 87.7 

Note: A = married working male with worklng spotim; B • married WO l'klng mala wltt\ nonworking spouse; C - married working female with working spouse; 
D = married nonworking female wl1h workf'lQ .spouse; E • slnghr v.'Orklng porson. 

Table 2. Weekday daily time budgets per household class by activity group. 

Activity Group Total 

Group 1 Group 2 Group 3 Activity 
and 

House- Partic- Partic- Partic- Travel Partlc-
hold Duration Travel ipation Duration Travel ipation Duration Travel ipation Time Travel ipation 
Class (min) (min) Rate(%) (min) (min) Rate (%) (min) (min) (%) (min) (min) Rate(%) 

A 902 90 71.5 136 74 56.7 106 45 37.1 1206 173 71.5 
B 577 64 88.9 141 79 78.6 120 28 51.3 906 149 88.9 

Note: A = household with working male and working female; B = household with working male and nonworking female. 

Table 3. Weekend daily time budgets per person class by activity group for those who worked that day and for those who did not 
work that day. 

Activity Group Total 

Group 1 Group 2 Group 3 Activity 
and 

Partic- Partic- Partic- Travel Par tic-
Person Duration Travel ipation Duration Travel ipation Duration Travel ipation Time Travel ipation 
Class (min) (min) Rate(~) (min) (min) Rate(%) (min) 

Persons Who Worked That Day 

A 431 36 26.7 133 43 24.5 120 
B 332 40 38.3 97 43 23.9 173 
c 343 32 25.6 73 44 20 .9 114 
D 0 0 
E 378 39 22.6 69 53 19.3 95 

Persons Who Did Not Work That Day 

A 190 108 13 .3 101 50 53.3 270 
B 169 25 20.8 187 32 37.5 257 
c 179 75 16.2 139 59 58.1 194 
D 112 17 38. 7 130 40 53.0 198 
E 76 26 19.3 177 58 67. 7 211 

Note: Person classes A-E are identified in Table 1, 

TRAVEL TIME AND ACTIVITY 
DURATION 

As is to be expected, for many individual activity classes 
there is a direct correlation between activity duration and 
the associated travel time. This is particularly true for 
activities carried out several times during the day. The 
correlations between activity duration and travel time 
for the activity groups discussed in this paper are given 
in Table 4. Generally, the personal and household main
tena nce group (group 2) shows the s trongest r elation
ships, particularly for married wor king persons (A-·CL 
This suggests that these persons are more restricted in 
scheduling these activities. The nonworking wife (D), on 
the other hand, shows a lower cor 1·elation and represents 
a less-rigorous scheduling requirement. 

The work and organizational group (group 1) shows a 
strong relationship for the nonworking wife, indicating 
that the duration of such activities is closely related to 

(min) Rate('~) (min) (min) Rate(~) 

30 8.8 660 79 26.7 
54 16. 7 525 87 38.3 
20 13.9 477 77 25.6 

0 
24 12.9 545 93 22.6 

67 42.2 376 98 68.9 
62 27.0 388 67 54.1 
65 37.2 362 100 69. 7 
48 42.8 318 58 75.5 
81 61.3 489 122 70 .9 

the amount of travel time one is prepared to give to it. 
While the correlations are modest fo r working per sons , 
tbe analysis of variance is s ignificant fo r mar r ied per 
sons with both spouses wor king (A). In these cases, 
there is a clear no nlinear rela t ionship . As working 
duration increases , travel time also increases, but a 
threshold is reached after which travel time decreases, 
indicating s cheduling consti·aints influenced in par t by a 
total out-of-home time budget. 

Although the nonworking wife shows a low correlation 
for group 2 activities, there is a very strong relationship 
for group 1 activities. For group 3 act ivities, married 
men show a distinct difference from married women, 
suggesting that perhaps men have a mor e varied leis ure 
structure from the viewpoint of duration. 

Single persons show no significant patterns for travel 
time and activity duration. In a general sense, it seems 
that the relative allocations of travel time and out-of
home activity time must be influenced by household con-
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Table 4. Correlations between duration of activity and 
travel time. 

Activity Group Out-of-
Person Home Non-
Class Work work 

A 0. 12· 0.52 ' 0.11 0.08 0.34b 
B 0. 11 0.40' 0.17 0.09 0.30" 
c 0.16' 0.44' 0.40 0.16" 0.45b 
D 0.58' 0 .19 0.42 0.27' 
E -0.17 0. 10 0.02 -0.15 0.20 

Note: Person classes A-E are identified in Table 1. 
"Analysis of variance significant at 10 percent. 
b Analysis of variance significant at 5 percent. 

straints, and these are much more restrictive for mar
ried persons. 

In the next section, relationships between different ac
tivity groups are examined. It is possible that some of 
the correlations between travel time and activity time 
just discussed may be the result of mutual relationships 
with other variables. To verify this possibility, partial 
correlations were derived with respect to socioeconomic 
variables (especially automobile ownership) and other 
activities. These revealed no significant changes in the 
relationships, although some of the higher correlations 
were somewhat reduced. 

RELATIONSHIPS BETWEEN ACTIVITIES 

The identification of relationships between activities 
should provide further insights into the structure of 
activity-time budgets and the activity participation pro
cess within the household. Successful empirical analy
ses in this area would be one step toward the establish
ment of causalities and the development of formal 
predictive models. 

To establish any direct relationships between the 
main activity groupings, partial correlations were de
veloped between the total out-of- home durations (includ
ing travel) for each of the three possible combinations 
of groups: 

Person Groups Correlated 

Class 1 and 2 2 and 3 1and3 

A -0.27 -0.13 -0.01 
B -0.59 -0.18 -0.51 
c -0.31 +0.08 +o.13 
D -0.09 +o.2B -0.25 
E +0.11 +0.61 -0.03 

The results show a trade-off between work time and 
household time for married working persons, again rep
resenting the household constraints that affect time allo
cation. The strongest cor r elation is for the married 
male with a nonworking wife ( B)1 and the daily time 
budget data have already shown that this class of person 
carries out the minimum household activity. The rela
tions hips s uggest that they have a highly constra ined out
of-home activity s tructure. Single persons (E) and non
working wives (D) show little cor r elation, r eflecting a c
tivity structures that are less constrained and require 
fewer trade-offs. 

There is little correlation between household support 
and leisure for working married persons, whereas there 
is a positive correlation for single persons and non
working wives. Thus, there is little trade-off or sub
stitution between leisure activity and household activity. 
The positive correlations, particularly strong for single 
persons, probably reflect the organization of trips and 
tours. 

The relationships between leisure activity and work 

Transportation Research Record 750 

activity are not consistent. Mostly, there is little cor
relation but for the household of married persons in 
which only the male works (B), there is a trade-off, 
particularly for the male. This is another indication 
that the male in this instance is closely connected to the 
home, and this connection places added constraints on 
his out-of-home activity structure. 

The results of the analyses of variance for the rela
tionships between activity durations, travel times, and 
socioeconomic variables are presented in Table 5, Gen
erally, the connection between activity time and its as
sociated travel time, which has already been discussed, 
is apparent. Other relationships, however, do emerge. 
The socioeconomic variables used are as follows: 

1. Work organizational activity duration, 
2. Household support activity duration, 
3. Leisure activity duration, 
4. Household support travel time, 
5. Hours worked per week, 
6. Personal income, 
7. Household income, 
8, Age, 
9. Presence of children, 

10. Age of the youngesl child, 
11. Education, and 
12. Automobile ownership , 

The amount of time allocated to household support 
activity is clearly related to work duration for mar r ied 
working persons (A-C), confirming the trade-offs s ug
gested by the partial correlations. Otherwise, however, 
the relationships are scattered. Automobile ownership 
(12) and education (11) influence group 2 time of the non
working wife (D) only, while that of the working wife (C) 
is related to weekly hours worked ( 5) and age (8). In
come (7) is r elated to household activity for wo1~ken; in 
a single-income household (B and E). 

Leisure time s hows no significance for nonwor king 
wives and single persons. Work dur at ion (1) influences 
leisure act ivity only 'for married workin~ malet1 wllu have 
working wives (A) . It is of interest that the presence of 
cltildren in t he household (9) affects the leisui·e time of 
the working wife for a two-worker married couple and of 
the working husband for a one-worker married couple 
(B and C). It was observed earlier that these particular 
individuals carry the smaller load of household support 
activities. 

Work travel time shows several relationships. For 
the working male with a nonworking wife (B), several 
socioeconomic variables affect his travel time but work 
dur at ion ( 1) is not significant , whereas for the working 
male who has a working wife (A), the opposite is true. 
This again indicates a strong home connection for the 
former. Automobile ownership (12) is important for all 
workers except the male who has a working wife. 

Household support travel time is related to automo
bile owners hip for married working males who have 
working wives (A) or nonworking wives (D), the pers ons 
who carry out the larger share of household activity. 
Children in the home (g) are significant for married 
persons among whom the wife does not work (D). Lei
sure travel time shows very scattered relationships, 
which is in keeping with previous results. 

These analyses indicate that one of the most consis
tent predictors of activity time and travel time is work 
duration. While many activity studies tend to use a 
fixed work time as a starting point, this analysis sug
gests otherwise. Daily work time shows an unexpected 
variability, which is reinforced by the very low correla
tion between daily work time and weekly work time re
ported by the survey respondents. This variability in 
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Table 5. Significance of varlables. 

Person Clase Person Class 

Variable A B c D E Variable A B c D E 

Group 1 Travel Time Group 2 Travel Duration 

1 0.075 0.048 0.001 8 0.059 
5 0.015 9 0.076 
6 0.021 10 0.004 
8 0.004 12 0.041 0.117 
9 0.075 0.063 

10 0.047 0.090 0.010 Group 3 Activity Duration 
12 0.062 0 .057 0.066 

1 0.068 
Group 2 Activity Duration 4 0.045 

5 0.029 
1 0.002 0.008 0.130 7 0.019 
4 0,001 0.007 0.021 0.102 0.076 9 0.082 0.061 
5 0.028 12 
7 0.019 0 .013 
8 0.042 Group 3 Travel Duration 
9 

11 0.009 2 0.082 
12 0.066 3 0.136 

4 0.029 
Group 2 Travel Duration 5 O.Q16 0.116 

6 0.038 
1 0 .009 0. 105 0.036 8 0.110 
2 0.002 0.010 0 .044 12 0.041 
6 0.082 

Nou~s: Person classes are identified in Tab la I. 
Variables: 1 ,. work organizational activity duration; 2 =household support activity duration; 3 = leisure activity duration; 4 =household support travel time; 
5"" hours worked per week; 6 =personal income; 7 =household income; 8 =age; 9 = presence of children; 10 =age of the youngest child; 11 =education; and 
12 =automobile ownership. 

work time shows promise of being one of the main 
causal variables contributing to the daily out-of-home 
activity structure. 

Most of the other variables are sporadic in their in
fluence, but they do reinforce some earlier indications 
of household organization. These include the strong in
fluence of the home on the out-of-home activity structure 
of the married working male who has a nonworking wife 
and the substitution of activities between the husband of 
the two-worker family and the wife of the one-worker 
family. 

The influence of automobile ownership appears some
what limited, but a more significant indicator is what 
does not appear in the above relationships. It seems that 
work travel time, most of which is commuting time, is 
not related to other out-of-home activity. At the present 
time, this is only a suggestion by default from this data 
set, but it does raise questions for the concept of the 
travel-time budget. It also suggests that the out-of-home 
activity structure may be relatively independent of land
use variables, particularly the household and work
location decisions. 

CONCLUSIONS 

This paper has presented some relationships between 
out-of-home activities and travel for urban households 
derived from a national time-use study. While the re
sults are empirically derived, they provide some im -
mediate implications for activity-based analyses. 

1. The selection of activity groups is critical when 
one is analyzing time allocations to individual groups and 
the interactions between groups. This selection should 
be based on functional criteria related to the degree of 
need for the household, the planning horizon, and the 
characteristics of individual participation. The tradi
tional land-use-based trip-purpose groupings may not 
be appropriate. 

2. Many travel and activity studies take a fixed work 
time as a given starting point. We suggest that this as
sumption is invalid. Daily work time can and does vary 

considerably for many individuals, and it is this varia
tion that is the main force in out-of-home activity par
ticipation and time allocation. Thus, policies involving 
flextime, staggered work hours, the four-day workweek, 
or carpooling may have extremely complex impacts on 
out-of-home activity patterns and, hence, on travel. 

3. Out-of-home activity patterns for individuals and 
households are dependent on in-home activity structures. 
In particular, in-home work time should be included in 
the analysis of out-of-home activities. If in-home work 
is viewed as out of home in a functional sense if not in a 
physical sense, such an inclusion is realistic. Surveys 
that include only travel behavior will be incomplete data 
bases, therefore, for activity analyses. 

4. We did not find that out-of-home activity patterns 
were related in any way to work travel time, which is 
spatially related and reasonably invariant. Significant 
activity analyses can therefore be carried out without 
consideration of spatial variables. There is also a sug
gestion that individual daily travel-time budgets may be 
a function of commuting time. 

5. Certain insights into household structure are 
provided. There is repeated confirmation that the hus
band who has a nonworking wife is highly connected to 
the home with a highly constrained out-of-home activity 
structure. 

6. Several studies have looked at the structure of 
trip chaining or excursions, particularly that by Hum
mon, Baker, and Zmotel (6), Although the full under
standing of travel will reqiil.re the analysis of excursions, 
an essential precursor will be a clear determination of 
activity participation and time allocation. 

REFERENCES 

1. F. S. Chapin, Jr. Human Activity Patterns in the 
City. Wiley, New York, 1974. 

2. T. H!igerstrand. What About People in Regional 
Science? Papers of the Regional Science Associa
tion, Vol. 24, 1970, pp. 7-21. 

3. A. Szalai, ed. The Use of Time: Daily Activities 
of Urban and Suburban Populations in Twelve Coun-



6 

tries. Humanities Press, Atlantic Highlands, NJ, 
1972. 

4. J. P. Robinson. How Americans Use Time. Praeger 
Special Studies Program, New York, 19 77. 

5, Y. Zahavi. Equilibrium Between Travel Demand 
System Supply and Urban Structure. In Transport 
Decisions in an Age of Uncertainty (J:-Visser, ed.), 
Proc., 3rd World Conference on Transport Research 
(Rotterdam, the Netherlands, April 26-28, 1977), 
Martinus Nijhoff, Boston, 1977. 

6. N. P. Hummon, R. Baker, and L. Zmotel. An 

Transportation Research Record 750 

Analysis of Time Budgets of U.S. Households: Trans
portation Energy Conservation Implications. Insti
tute for Research on Interactions of Technology and 
Society, Univ. of Pittsburgh, Sept. 1979. 

7. Survey Research Center. Time Use and Economic 
and Social Accounts, 1975-1976. Institute for Social 
Research, Univ. of Michigan, Ann Arbor, 1976. 

Publication of this paper sponsored by Committee on Traveler Behavior 
and Values. 

Theory of Destination Choice-Set 
Formation Under Informational 
Constraint 
Robert Meyer 

A theoretical framework for the behavioral analysis of destination-choice 
set formation is proposed that consists of a set of postulates that purport 
to explain how individuals' previous experiences with respect to destina
tions influence patterns of search behavior in the formation of choice 
sets. The theory yields predictions concerning (a) how destination choices 
are made by individuals who have limited information concerning the 
sat cf altGinat;vs destin~t:cr.s ar.d {b} the Hke!y nature ct choice 5ets 
within differing sets of alternatives. Models describing the behavior of 
groups deduced from this theory are described. 

Disaggregate behavioral models of destination choices 
are based on a rather simple and well-known behavioral 
postulate: When an individual makes a choice from 
among a set of destinations, there initially exists a sub
set of alternatives that are actively considered. The 
individual then assigns a utility value to each of these al
ternatives and chooses that destination for which utility 
is the highest. Current choice models represent an ex
tension of this postulate to the study of group or repeated 
choice behavior; in this case, the utility function of a 
representative consumer is used to assign utility values 
to destinations under study. Assumptions made about 
the distribution of utilities within the population are then 
employed to yield expressions for the frequency or prob
ability with which individuals in the population will choose 
each destination (1). 

A major obstacle to the direct application of this ap
proach in the study of destination choice, however, is 
that current models tend to be insensitive to one major 
aspect of the above behavioral postulate-the initial 
identification of sets of relevant or actively considered 
alternatives (2, 3), In other words, while we have de
veloped analytic-tools to model the behavior of individ
uals faced with a set of alternatives, we have few tools 
for identifying what those alternatives are. 

From a modeling standpoint, the problem is as fol
lows: It is quite likely that in a given study area many 
individuals consider different sets of alternatives when 
making destination choices. Without a means for as
sessing these sets a priori, the researcher is forced 
either to make the simplifying assumption that all in-

dividuals actively consider all destinations or to advance 
hypotheses about what the choice sets are likely to be 
for varic>us segments of the population (3,4). It is quite 
possible, of course, that such assumptions or hypotheses 
may prove untenable in practice. This would particu
larly be the case, for example, when the behavior of a 
group of individuals who vary greatly in their knowledge 
of potential destinations (owing to varying lengths of 
residency) is to be modeled or when some alternatives 
exist that completely dominate others in terms of their 
qualities (5-7). Because of this, model parameters that 
describe the relationship between predicted utilities and 
observed choices may be influenced as much by varia
tions in choice sets among individuals (which are not 
fully accounted for in the model) as by variations in 
preferences (which are accounted for). Because changes 
in the nature of destinations may affect both choice sets 
and preferences to differing degrees, this potential con
fusion is likely to cause model parameters to be intrans
ferable over time and space. In other words, forecasts 
of behavior may be prone to error (6, 8). 

Although considerable discussionb.as been devoted to 
the choice-set problem, its solution has so far eluded 
researchers in the field (3, 8). One impediment seems 
to be simply that we havel:ittle theory related to choice
set formation to guide the work. For example, a num
ber of authors have suggested that choice sets are largely 
determined by how individuals learn about spatial oppor
tunities within time and space budgetary constraints (5, 
6, 9, 10). Theories of spatial learning that might be used 
fo predict choice sets, however, have not been forth
coming. 

It is my purpose to suggest such a theory of learning. 
In particular, the theory is one that purports to explain 
how individuals make destination choices over time, 
given increasing levels of information with respect to 
the set of opportunities. The theory postulates that in
formation gained over time as a result of feedback from 
choices is used to update beliefs about the structure of 
the available opportunity set. These beliefs determine 
the composition of a choice set; that is, they are the set 
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of alternatives with a nonzero probability of being cho
sen. The theory is then used to suggest aggregate mod
els describing the probability that a given destination 
will be in an individual's choice set at a given time. 

It should be emphasized that the present theory is 
essentially aspatial: It is a psychological theory of the 
way in which individuals form choice sets, given a pat
tern of destinations. In the models deduced from this· 
theory, the effect of individual variations in patterns of 
locations-such as using both work and home as origins 
for trips-is represented as a random disturbance about 
an "average locational convenience" term. How changes 
in either the relative locations of destinations or the 
tendency to make multipurpose trips affect the probabil
ities of choice-set membership, however, is not ex
plicitly examined. 

BEHAVIORAL THEORY 

Overview 

Here we review a behavioral theory of how individuals 
form choice sets during the course of learning about sets 
of destinations. A more thorough discussion of both the 
theory and related empirical work is available else
where (11). 

The theory views the individual's destination-choice 
behavior as it arises over time as follows: A decision 
maker is sampling sequentially from a set of destina
tions, each characterized by a bundle of attributes. The 
number of destinations within this set may or may not be 
known a priori by the decision maker. Within each bun
dle of attributes is a set of place-specific attributes (such 
as the destination's quality) and a perceived level of lo
cational convenience or disutility in traveling to the des
tination. The decision maker may or may not have a 
priori knowledge of either the place-specific attributes 
or the locational convenience but nevertheless is assumed 
to hold a hypothesis with respect to their values for all 
destinations. 

On each occasion the decision maker may choose 
either (a) a new 'or unfamiliar destinatton (hence gaining 
information about its attributes) or (b) a familiar des
tination, that is, a destination that was chosen previ
ously. The theory assumes that this decision 'is made 
by assigning an overall utility value to each available 
destination, including those that are mainly unfamiliar. 
All those destinations whose utility is within some crit
ical deviation of the "best" available alternative have a 
nonzero probability of being chosen. On each choice oc
casion, all such destinations define the individual's 
choice set. If an unfamiliar destination is in the choice 
set and is chosen, feedback may be used to redefine the 
choice set for the next choice occasion. The choice set 
is thought to stabilize when it contains no unfamiliar 
members (that is, when updating is less likely to occur). 

The modeling problem therefore reduces to the fol
lowing: 

1. How can we characterize utility assignments made 
to largely unfamiliar alternatives? 

2. How are these assignments updated as the result 
of direct feedback from choice? 

3. How can we formalize the definition of choice 
sets, given the first two questions ? 

Approaches to these problems will be discussed. 

Formal Statement of the Theory 

Let Vit represent the overall value or utility that the de
cision maker associates with destination i on choice oc-

cttsion t. It is assumed that there exists a function 
f\D1t, µnt, ... , µint) such that 
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(I) 

The term Dit represents the part-worth utility of the av
erage locational convenience associated with destination 
i. For example, Dit might correspond to a weighted av
erage of the travel times associated with destination i 
over all origins, such as work and home. In addition, 
µ;it is the part-worth utility of the j th place-specific 
(aspatial) attribute of i (such as quality or appearance). 
We follow Anderson and others by postulating that part
worth utilities Cit and µut may be decomposed as follows 
(12): 

(2) 

where 

" 
Wijt > 0¥j L W; = l 

j = l 

Wiit is the relative weight or importance associated with 
the j th attribute of i, and Siit is the subjective value of j 
of i. The constraint that all weights are nonnegative and 
sum to 1 is imposed to ensure that all Uit share a common 
bounded interval scale (such as "certain to ·choose," 
"certain not to choose"). 

In this discussion we will make the simplifying as
sumption that Wii is time invariant; that is, the impor
tance of a factor in forming evaluations does not change 
as a result of information gathered about the set of avail
able destinations. A more general discussion of this 
model in which weight updating is recognized has been 
provided elsewhere (11). 

It is postulated thatthe subjective value of attribute 
j [including locational convenience (D11)] of destination i 
on any choice occasion t (Sui) is given by the equation 

(3) 

where A;it is defined as the average value of attribute j 
of destination i on t, Vijt is the perceived dispersion 
about A;j1, and a is an empirical parameter reflecting the 
decision maker's attitude toward risk. Formal defini
tions of these terms follow. 

Definition of Average Value 

The average value of attribute j of destination i on t (Aiit) 
is defined as 

l'i 

Aii, = L Wc1Jkxiik + w(IJoAL;1 
k=J 

p 

L W<1Jk = 1 w<ok > ovk (4) 
k=O 

P, is the number of information bits associated with al
ternative q on attribute j, Xiik is the value of the k th bit 
of information about i on j, and Wolk is a weight reflecting 
the perceived reliability of the k th information source. 
AL it is termed the decision maker's adaptation level on 
attribute j on choice occasion t and is defined as follows: 
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N Pq 

ALjt = L L w(2)akXaJk 
q=l k=l 

N PN 

L 1; Wc2Jqk = 1 Wc2Jqk > ovq,k 
q=J k=J 

(5) 

where N is the total number of destinations previously 
inspected within the class of destinations of which i is 
a member. 

In words, Equation 4 states that the average value 
associated with an attribute of an alternative on some 
choice occasion is a weighted aver age of (a) the informa
tion bits available that directly pertain to j of i and (b) 
the individual's adaptation level on that attribute. The 
adaptation level is defined to be a weighted average of 
the decision maker's previous experiences with respect 
to other destinations on attribute j. Equation 4 implies 
that, if a destination is unfamiliar on attribute j, its av
erage value is the decision maker's adaptation level on 
that attribute. 

Definition of Perceived Dispersion 

The perceived dispersion associated with attribute j of 
destination i on choice occasion t (Siit) is given as 

P; 

S;jt = L w(3)k(X;;k -AL;1)2 + w(3)o T;, 
k=l 

P; 

L w(3)k = 1 w(3)k > ovk 
k = J 

where 

N Pq 

T11 = L L w<·•)q k <Xiik - ALH J2 

q• l k• I 

N rq 

L L Wc4l 4k = I w<•)qk > ovq,k 
q=- 1 k;r I 

(6) 

(7) 

Tjt is termed the perceived total dispersion on attribute 
j on choice occasion t. All other terms are defined as 
above. 

Perceived dispersion may be thought of as a measure 
of the decision maker's uncertainty with respect to what 
the value of an attribute of an alternative will be on a 
given choice occasion. Much like average value , it is 
defined to be a weighted average of (a) the observed 
variance in the values of the information bits associated 
with an attribute of an alternative and (b) the total amount 
of variability that exists in an attribute both within and 
among other destinations of the same type. Equation 7 
implies that, if a destination is unfamiliar on an attri
bute, the perceived dispersion is the perceived total 
dispersion on that attribute. 

Choice-Set Formation 

We start by making the assumption that individuals hold 
strong a priori beliefs with respect to the locational con
venience associated with all destinations, both familiar 
and unfamiliar. In other words, we assume that, while 
individuals may not always know about a destination's 
place-specific attributes (such as its quality), individuals 
always have some idea about the psychological cost (per
haps travel time) associated with inspecting it. In other 
words, the average value of locational convenience for 
an alternative is never solely given by the individual 's 
adaptation level on locational convenience. 
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The way in which choice sets are thought to be formed 
over time during the course of learning about sets of des
tinations might best be described by first considering an 
individual faced with a totally unfamiliar set of destina
tions. The above assumption implies that in this case 
destinations would differ only in terms of the locational 
conveniences or distances associated with each . As 
noted previously, the average values and perceived dis
persions associated with each destination's place-specific 
attributes are their adapted values, given by Equations 5 
and 7, respectively. 

The individual's hypothesized decision rule is as fol
lows : There exists some critical threshold utility V* 
(the activity threshold) such that the probability that 
some destination i will be chosen on the first choice oc
casion (pi!) is 

lo ifV11 < V* 
Pu = 

P (Vu) otherwise 
(8) 

where V11 is the overall utility associated with destination 
i (Equatiop. 1). 

If one can assume that search is initiated on the first 
choice occasion, behavior on the second choice occasion 
can be expressed as follows: Let V;2 represent the over
all ut ility associated with the destination chosen on the 
first choice occasion (as measured on the second oc
casion) and Vmax 2 the overall utility associated with the 
most preferred unfamiliar destination (that is, the un
familiar destination with the highest locational conve
nience). Define a comparison statistic Cu2 as follows: 

Ct ma. 2 = (V;2 - Ym ox ,) PCOV(i,max) (9) 

where PCOV(i, max) is the perceived covariance or sim
ilarity between i and the most p;•efened unfami.liar des
tination (max) over their place-specific attributes . It is 
postulated that in this and all comparisons involving an 
unfamiliar alternative the perceived covariance is the 
average covariance among all pairs of familiar or pre
viously inspected destinations . The probability that the 
unfam iliar destination (max) will be chosen on the next 
(second) choice occasion (that is, the probability that 
search will continue) is given by 

I 
0 ifVmax2 < V* 

Pmaxl = 0 ifC;max >C* 

P(V max 2 ) otherwise 

where C* is a critical threshold value. 

(10) 

It is postulated that the behavior of successive choice 
occasions may be modeled as if the above binary com
parisons were made between all pairs of familiar des
tinations as well as the most preferred unfamiliar des
tination. In general, therefore, the probability that some 
destination i will be chosen among n such destinations on 
choice occasion t is given by 

Pu= 

0 ifVit < V* 

0 if Cm > C* 

0 if C2it > C* 

0 ifC0 u > C* 

P(Vit) otherwise 

(11) 

Specification of P(Vi1) is not straightforward, however, 
because the only relevant Vit values that enter this ex-
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pression are those for which the probability of choice is 
nonzero. That is, probability is estimated only with re
spect to other destinations in the choice set. Approaches 
to specifying p(yit) in various contexts will be explored 
next. 

MODELS OF GROUP BEHAVIOR 

Overview 

The purpose of this section is to discuss some of the ag
gregate modeling implications of the theory just de
scribed. Specifically, models of aggregate choice be
havior are derived from the assumption that individuals 
behave in accordance with the hypotheses advanced in 
the two previous sections. 

When viewed in the aggregate, the probability that 
some destination i will be chosen by a representative in
dividual ou choice occasion t may be broken down into 
two con1ponents: (a.) the probability that an initial choice 
is made on t (that is, a choice made during the course of 
searching to obtain information about i) and (b) the proba
bility that a repeat choice is made on t (that is, a choice 
made with full knowledge of i's characteristics or attri
butes). 

Formally, this probability may be decomposed as 
follows: 

P (i will be chosen on choice occasion t) = P (i is familiar 
on choice occasion t) x P (i will be chosen given that it 
is not familiar and is in the choice set) + P (i is familiar 
on choice occasion t) x P (i will be in the choice set 
given that it is familiar) x P (i will be chosen given 
that it is familiar) x P (i will be chosen given that it is 
familiar and is in the choice set). 

The basic idea behind this decomposition is that the 
utilities associated with destinations are largely de
pendent on whether or not the destinations are familiar 
to decision makers at the time that choices are observed. 
Specifically, if a destination is unfamiliar to all individ
uals in a study area, the appropriate average value as
sociated with that destination is a representative indi
vidual's adaptation level on all its place-specific attri
butes. As more and more individuals become familiar 
with the destination, the appropriate average value be
comes increasingly a direct function of the destination's 
place-specific( objectively measured attributes. Hence, 
the term P [i is, is not) familiar ... ] serves to weight 
the appropriate utility value associated with the destina
tion at the time that choices are made. The term P (i is 
in the choice set .. .) is the nonzero probability that the 
destination will be chosen, be it familiar or unfamiliar. 
In the language of the theory described above, it is the 
probability that there exists no criterion statistic with 
respect to that alternative that is above the critical 
threshold. In the aggregate this term may again be 
thought of as a weight; the higher the likelihood that an 
alternative is not in the choice set, the lower the rele
vant representative utility. 

It should be noted that the separation of the probability 
of choice-set membership from the probability of choice 
has pragmatic meaning only when one is attempting to 
model choice behavior across differing sets of alterna
tives. Specifically, if one is strictly concerned with 
describing choice behavior within a unique choice con
text (such as in a specific area at a specific time), the 
two pro'bability expressions can be confounded; that is, 
a single set of model coefficients can simultaneously 
capture both variations in individuals' preferences for 
alternatives and the frequency with which alternatives 
appear in individuals' choice sets. On the other hand, 
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if one seeks to forecast behavior-that is, to use a model 
derived in one context to predict behavior in another (in 
which the set of alternatives differs)-the confounded 
model parameters would clearly be of little value. In 
this case it would be desirable to develop separate ex
pressions for choice-set membership probability and 
choice probability given choice-set membership. 

Of the three general terms in the calculation above, 
we cw·rently have an analytic expression only for the 
last term, the probability that a destination will be 
chosen given that it is in the choice set. Such an ex
pression, for example, might be given by a traditional 
multinomial loglt model (1). How one might specify the 
other two terms-the probability that a destination is 
familiar and is in the choice set-is not immediately 
clear. In the following sections, expressions for these 
two probabilities are deduced from the theory presented 
earlier. These expressions are then integrated into a 
model of independent, full information choice to yield an 
illustrative general model of choice behavior. 

Probability That Destination Is Familiar 
on Choice Occasion t 

The probability that a destination i will be familiar (that 
is, an initial inspection of i made) by choice occasion t 
is given by first finding the probability that i is not among 
the n destinations inspected by that time. Initially, one 
represents the behavior of a representative individual on 
the first choice occasion, that is, when individuals are 
unfamiliar with the set of destinations except for hy
potheses about their locations. Assuming that there 
exists a distribution of activity thresholds (V*) and 
adaptation levels within the population, one may deduce 
from Equation 8 that the probability that some destina
tion i will not be selected on the first choice occasion is 
given by 

P(not i)1 = P(Vu < V*) + P(Vu ;;. V*) [I - P(Vu)l (12) 

Because any one individual's activity threshold (V*) 
will be difficult (if not impossible) to actually measure, 
it is unlikely that Equation 12 can be estimated in prac
tice. Hence, a simplifying assumption is made: 

P(V;t < V*) = 0 (13) 

In brief, it is assumed that search is undertaken and that 
its characteristics are governed solely by interalterna
tive comparisons. This assumption implies that the 
probability that an alternative i will not be selected on 
the first choice occasion is purely a function of loca
tional convenience. Let this value be et. 

The probability that a destination will not be chosen 
at least once by the second choice occasion is the proba
bility that i was not chosen on the first choice occasion 
(9 1) and that either search stopped after the first occasion 
(that is, C li2 > C*) or search did not stop after the first 
occasion but i still was not chosen after the second oc
casion. Formally, the probability that i will not be in
spected after two choice occasions may be written as 

P(not i), = 8, P(Cm > C*) + P(C1 iz .;; C*)8i (14) 

Let Cmax ii represent the maximum comparison sta
tistic observed for alternative i at choice occasion j [that 
is, the comparison statistic of i with respect to the most 
preferred familiar destination available (labeled max) 
after j choice occasions J. The probability that i will 
still not have been inspected after t choice occasions is 
thus given by 
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t 

P(not i)1 = Oi n P(Cmax ij > C* ) + P(Cmax ii " C*) 
j=l 

(1 5) 

Recalling the definition of the comparison statistic (Equa
tion 9), Equation 15 may be rewritten as follows: 

' P(not i)1 = e, n P (V maxi > [ C* /PCOV(max,i); l + Vii l 
j=I 

+O,P{Vmaxi .;; [C*/PCOV(max,i);] +Vii} (16) 

where V max i is the overall utility associated with the most 
preferred familiar destination available on choice oc
casion j. Because i is an unfamiliar destination, the 
terms on the right-hand side of the inequalities in Equa
tion 16 are constant for all values of V maxi• That is, if 
a destination i is unfamiliar, PCOV(UmaxU)i is the av
erage covariance among all pairs of familiar destinations. 

To specify Equation 16, distributional assumptions 
are necessary for V max i and e,. If overall utilities V ki are 
distributed in the population as an exponent ial-type den
s ity function (for P.xa.mplP., a normal), the maximum in 
a sam ple of s ize j (V muJ) has a type 1 extreme value 
distribution (_!!). That is , 

P(V max j < V) = exp(-exp[-(V - a;)JI ( 17) 

If the underlying distribution of Vki can be appr oximated 
by a distribution unbounded to the r ight and left (for ex
ample , a norma l or Weibull ), the param eter ai in Equa
tion 17 will increase linearly with the log of the sample 
s iz e (j) (13). 

Let e;be characterized by an exponential density in 
which 

e, =exp[-(D, +b)] (18) 

and let 

Vi;= [C*/PCOV(max,i);l + V,1 (19) 

Then by substituting Equations 17, 18, and 19 into 16, 
one obtains the following result for the probability that 
destination i will not be inspected after t choice occa
sions: 

1 ! [ -(V' -a)] -(Vj·-a·) I P(not i), = d(-Di - b) n 1 - e-• IJ j' + e-Dj-b-e J J (20) 
j=l 

Clearly, Equation 20 is an expression that would be 
difficult to estimate in practice. Two additional assump
tions , however, e nable the specification of a m uch s im 
pler form. These a ssumpt ions ar e that (a) over the 
ranges of t being examined, a J is fixed and (b) over the 
ranges oft being examined, Vij is fixed. That is, one 
assumes that for the r epresentative individual there is 
no change in the adaptation level over ti:m e (it is equal 
to the mean overall utility within the set of available 
destinations). In reality this would be the case if the 
distribution of adaptation levels within a population is 
symmetric about the a ctual mean ut ility for ava ilable 
destinations for all choice occasions (j). Under these 
assumptions, taking logs of both sides of Equation 20 . 
yields 

l [ -(V'-•) . -(Vj-a)) I 
ln[P(not i),] = -D, - b + t In I - e-< I + e-D,-b-e r (2 1) 

Two points concerning Equation 21 are worth noting . 
First , because all v; vary only in terms of perceived 
dis tance (all are unfamiliar alter natives), P (not i)t is 
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essenHa lly a function only of choice occasions (t) and 
locational convenience (D1). Second, the limit of P (not i) t 
as either D1 or t approaches infinity is zero. These are 
useful features for computational approximations to 
Equation 21. 

The probability that destination i would have been in
spected at least once after t choice occasions is thus 
given by 

P(i by t) = I - P(not i)1 (22) 

where P (not i\ is given by either Equation 20 or Equa
tion 21. 

Probability That Destination Will Be in 
Choice Set on Choice Occas ion t 

This section concerns the derivation of an expression 
for the probability that a destination will be in the choice 
set on a given choice occasion t, that is, that a destina
tion will have a nonzero probability of being chosen. As 
will be demonstrated, the solution to this problem is 
straightforward when there are two potential destinations. 
However, it appears excessively complex in the gener.al 
or n-destinations case. In light of this result, approxi
mations to the solution are proposed. 

The model of individual behavior outlined in the last 
major section posits that individuals exclude from con
sideration all destinations thought to be decidedly in
ferior or highly similar to more preferred destinations. 
Judgments related to whether some destination i is con
sidered (that is, has a nonzero probability of being 
chosen) are hypothesized to be a function of (a) the rela
tive magnitude of the overall utility of i vis-a - vis other 
destlnations and (b) the sim ilarity between i and other 
destinations. Specifically, it is posited that, in a com
parison between two destinations (i and j), j will not be 
excluded from consideration by an individual if the sta
tistic 

(23) 

is less than some critical threshold value (C*L As be
fore, V;1 and v11 r epr esent overall utilities, .and 
PCOV (i, t)t represents the perceived covariance be
tween i and j. 

When group behavior is being modeled, it is of inter
est to derive an expression for the probability that a des
tination will be considered by assuming that individuals 
employ the elimination strategy outlined above for all 
pairs of potential alternatives. A straightforward solu
tion to the problem, at least for the two-destination 
case, may be obtained by assuming that overall utilities 
(Vit) vary randomly within the population, whereas criti
cal thresholds (C*) are fixed. 

Let the overall utilities associated with two destina
tions (i and j) be represented by the sum of fixed and 
random components associated with each. Specifically, 
V,t and Vit are defined as follows: 

(24) 

(25) 

where v{; and VI: are fixed (nonstochastic) components of 
utility and r;t and rit are random components. The com
ponents r i1 and ri1 reflect the distribution of tastes and 
preferences within the population on choice occasion t. 
From Equation 23, the probability that destination j will 
be considered on choice occasion t is given by 

PU is considered), = P[(Vit - V1, )PCOV(ij)1 < C*] (26) 
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Through substitution of Equations 24 and 25, Equation 
26 may be rewritten as 

P(j is considered),= P{ [Vi;+ r;i - (V/1' + rit)]PCOV(i,j)1 <C*) 

= P{ri1· - r;i < V;'; -V[; + [C*/PCOV(i,j),J f (27) 

If it is assumed that ri• and ri1 have independent type 1 
extreme value (Gumbel) distributions, Equation 27 
maybe 

P(j is included) = 1 / ( 1 + exp{ [-C* /PCOV(i,j),J + V:i - V;'; f) (28) 

The derivation of Equation 28 is directly analogous to 
that of the binomial logit model (1). 

It is clear that Equation 28 will be difficult to gen
eralize beyond the two-destination case. To develop a 
workable general formulation for the probability that a 
destination will be considered, it therefore appears nec
essary to make some simplifying assumptions. In par
ticular, workable forms for the general (n-destination) 
case of Equation 28 result if one can make either of the 
following assumptions: 

1. Covariances (similarities) among all pairs of des
tinations are equal or 

2. Covariances are unequal but the differences 
Vii - Vit are minimal; that is, exclusion decisions are 
based solely on similarity considerations. 

Under assumption 1, the probability that a destination 
j will be considered on a choice occasion t given n poten
tial destinations is given as follows: Let v::iax t represent 
the maximum overall mean utility among n destinations. 
The probability that a destination j will be considered 
under assumption 1 is given by 

P(j is considered)= 1/[1 + exp(-C* + V{; - V;'; - v,;; •• 1)] (29) 

Equation 29 follows directly from Equation 28. 
The derived expression under assumption 2 is analo

gous. Specifically, let PCOV ( j, k)'""' 1 represent the 
ma.ximum covariance observed among all (j, k) pairs of 
destinations and let V~' represent the overall utility as
sociated with the most similar destination. The proba
bility that a destination j will be considered in this case 
is given by 

P(j is considered) = I/( 1 + exp l[-C* /PCOV(j,k)max 1 ] + V;'i - Vki f) (30) 

The logic behind both of these models is simply that, 
if the maximum criterion statistic (Cy) evaluated for all 
pairs of destinations with respect to j is below the criti
cal threshold (C*), j will 'be in the choice set. lf one 
assumes equal covariances (Equation 29), this maximum 
statistic is that with respect to the alternative with the 
highest overall utility (VmllX ,). If one assumes minimal 
differences, this maximum statistic is that with respect 
to the destination with which j holds the greatest simi
larity [PCOV(j, k)max1]. 

Choice Probabilities 

Given expressions for the probabilities that a destination 
is familiar on some choice occasion t and will be in the 
choice set, it is possible to derive expressions for the 
probability that a destination will be chosen on that par
ticular occasion. The analysis starts by advancing an 
expression for the probability that some destination i 
will be chosen among n familiar, considered alternatives. 
A starting point might be to represent this probability by 
a multinomial logit model (!)· Specifically, 

11 

1" . . - v q P(1/1, ... , 1, ... n) - e ~;e 
1~ 1 

(31) 

We seek to derive a more general form of Equation 31 
by relaxing the assumption that all n alternatives are 
familiar and are in the choice set. 

The approach to modeling proposed here consists of 
redefining the utility arguments (eY;) contained in Equa
tion 31. In particular, utility arguments are redefined 
in terms of a weighted average of the utilities associated 
with each destination derived under the assumption that 
it is either familiar or unfamiliar to an individual on a 
particular choice occasion. As was suggested earlier, 
the weights in this definition correspond to two proba
bility estimates: 

1. That a destination is familiar on a particular 
choice occasion and 

2. That a destination is in the choice set on that 
choice occasion. 

Formally, each term ev; in Equation 31 is redefined 
as follows: 

(32) 

where Fit is the probability that j is familiar on choice 
occasion t, Sit is the probability that j will be in the 
choice set on choice occasion t, Vf( is the overall utility 
associated with destination j under the assumption that it 
is familiar (an average within the population); and Vf:' is 
the overall utility associated with destination j under the 
assumption that it is not familia:r (an average within the 
population). Fi1 is given by Equation 22, and both Vf; and 
VJ;' are given by substituting Equations 2, 4, and 6 in 
Equation 1. As noted previously, at the moment there is 
no general expression for the probability of consideration 
(Si,). Hence, Sit must be approximated, with such approx
imations being given by Equations 29 and 30. 

Clearly, models of group choice behavior derived by 
substituting Equation 32 in Equation 31 would be rather 
complex. For example, under the assumption of equal 
covariances (Equation 29), the probability that some 
destination i will be selected among n alternatives is 
given by 

(33) 

where V max, is the maximum average overall utility ob
served among n destinations. 

Of course, greater simplicity is achieved if one can 
assume that all potential destinations are familiar to in
dividuals or that all destinations are in the choice set or 
both. For example, under the assumption that all des
tinations are familiar (that is, (Fit - l)] and by using 
Equation 29 for the probability of choice-set member
ship, the probability that some destination i will be 
chosen among n alternatives on choice occasion t is 
given by 



12 

exp(V;';) 
P(i/1, . .. , i, ... , n), = I + exp{- ._ + v~ - v m•• I) 

n [ exp(Vi'tl 1 (34) 
+~ l+exp(-C*+v;;-vmaxtl 

J=l 

It should be noted that if V max 1 is constant across 
choice sets, Equation 34 can be reduced to a simple 
multinomial logit model (Equation 21). Specifically, in 
this case V mex 1 and C* would serve simply as scaling 
constants; hence, their presence in the model would not 
affect choice probabilities. It would be important to re
tain the choice-set probability terTQ (including Vmox ,) 
only if one wished to use a single acontextual utility 
function (which yields the Vil values) to .predict choice 
behavior across differing sets of alternatives. 

In the derived models, the term (1 - Fit) may be 
thought of as the probability that an observed choice is 
one made as a consequence of search or learning. The 
extent to which such choices would pervade aggregate 
data is a function of the rate at which alternatives under 
study are consumed. For example, if individuals make 
infrequenl chuiceis, lhere ai-e continual changes i~1 the 
set of available destinations (such as stores openmg and 
closing) and there is a continual inflow and outflow of 
decisiod makers; then one would expect aggregate choice 
data to be heavily influenced-if not dominated-by 
search-related choices (Fit would be nearly zero). On 
the other hand, .ror those activities as sociated with fre
quent destination choices (for example, grocery shopping), 
search-related choices should r epresent only a small 
proportion of the total number of choices observed (Fit 
would be nearly 1) . 

DISCUSSION OF RESULTS 

From a pragmatic point of view, the misspecification of 
choice sets in disaggregate destination-choice models 
manifests itself most seriously in terms of contributing 
to parameter intransferability, In particular, current 
models assume that the population of individuals under 
study (or s egments thereof) 

1. Have full knowledge of all alternatives potentially 
available to them (or at least have an equal probability 
of knowing about all alternatives), 

2. Are unaffected by habit or uncertainty, and 
3. Do not systematically alter preferences or levels 

of knowledge over time. 

Because it is likely that violations of these assumptions 
permeate revealed-preference data, the parameters of 
choice models are highly confounded by a number of such 
unexplained exogenous variables. Hence, the frequent 
finding that parameters are intransferable should not 
come as a surprise (8). 

This paper is advanced as an exploratory step toward 
overcoming some of the problems of intransferability. 
In particular, a theory has been proposed to describe the 
way in which individuals process information about sets 
of destinations over time in the formation of choice sets. 
This theory was then used to deduce possible forms of 
aggregate models that recognize and predict variations 
in the probability that a given alternative will be in a 
given individual's choice set across varying spatial 
choice contexts. 

In communities characterized by a large number of 
recent migrants, for example, the model predicts that 
individuals would be relatively insensitive to variations 
in the place-specific attributes of destinations. Ch~ice 
behavior within such a community would be largely m
fluenced by the relative distances to destinations and 
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each individual's adaptation levels. The longer that ag
gregates of individuals reside in an area, the greater is 
the likelihood that choice behavior is directly in response 
to the qualitative attributes of destinations. In a tradi
tional multiattribute destination-choice model, this 
would manifest itself in terms of shifts in the saliency 
of predictor variables. 

It is not proposed, of course, that the posited theory 
of choice-set formation represents a complete solution 
to the problems of choice-set specification and intrans
ferability. The theory, for exam_ple, does not address 
how changes in relative location (such as destination ag
glomerations) are likely to influence the likelihood that 
an individual will both know about and consider a given 
destination. Clearly, this is an important element that 
must be included in future formulations. Although the 
results described are somewhat limited, it is hoped that 
they will prove useful as a framework for guiding future 
work that incorporates such elements. 
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Regularities in Travel Time and Money 
Expenditures 
Yacov Zahavi and Antti Talvitie 

The regularities in travel time and money expenditures of households and 
travelers in urban areas are examined. Data from both developed and de· 
veloping countries are analyzed and compared. The data analyses suggest 
that travel time and money expenditures display regularities that are as
sociated with such factors as household socioeconomic characteristics, 
transport system supply, and urban structure. Special attention is given 
to the possible segmentation of households for travel demand analyses, 
as inferred from the travel time and money expenditures. The analyses 
suggest that travel time and money expenditures can be conveniently 
summarized as travel time and money budgets and that their relatively 
stable functions can be transferred between cities and over time in a 
country. Use of these travel budgets in travel forecasting and transport 
policy planning is discussed, and suggestions are made for future research 
into travel time and money expenditures. 

Expenditures on travel in terms of time and money have 
always been a cornerstone in travel modeling. These 
expenditures, either separate or combined into gen
eralized expenditures, are found in trip-generation, 
trip-distribution, and mode-choice models. All these 
models describe the behavior of trip makers. A trip 
will be generated only when the utility of making the trip 
surpasses its disutility, such as its cost in terms of 
time and money. However, trip expenditures are rarely 
aggregated to total daily travel expenditures per house
hold or per traveler. These considerations raise the 
following question: If the time and money expenditures 
of single trips, by purpose, are found to be related to 
the household's socioeconomic characteristics, such as 
income, would not the same be expected of the total daily 
travel time and money expenditures? 

This paper deals with the above question and suggests 
that, indeed, the total daily travel time and money ex
penditures are strongly related to the household's socio
economic characteristics. It is also suggested that, when 
the mean expenditures on travel display predictable regu
larities that can be attributed to such factors as the 
socioeconomic characteristics of households, transport 
system supply, and urban structure, they can be regarded 
as travel budgets and under certain conditions may be 
applied as constraints on travel behavior. 

The concept of transferability is central to both the 
conventional trip models and the budget models. Con
ventionally, model transferability is summarized in the 
coefficients of the independent variables, such as the 
value of time. However, the verification of transfer
ability of current statistical models is a long and costly 
process. Results to date are not conclusive and, from 
recent evidence, not even encouraging (1-3). The bud
get models, on the other hand, are veryclear as to 
what is expected of the data, and they can be confirmed 
or rejected reasonably quickly and simply. Thus, the 
basic assumption of model transferability is ascertained 
in a fundamentally different way. 

The handling of time and money constraints in the 
two types of models is also different. In the current 
trip models the constraints are implicit. The choice 
set is assumed to contain only those choices that are 
within the budgets. In practice this means that no con
straints exist, because the models deal with individual 
trips, each consuming a very small proportion of total 
resources. In the budget models, the constraints drive 
the models. 

It should be noted finally that the travel budgets, and 
especially the money budget, relate travel to other sec
tors of the economy. This opens up a way for a mean
ingful exploration of how transportation policies might 
affect the rest of the economy and vice versa. 

DATA CONSIDERATIONS 

Before evidence is presented on the regularities of 
travel time and money expenditures, it is necessary 
to discuss four principal problems regarding data col
lection and reduction. 

First, only some household trips recur on a daily 
basis on weekdays, such as trips to work and school, 
whereas trips for other purposes occur intermittently. 
Hence, a weekly travel diary would be required to make 
a thorough study of travel behavior at the household 
level. 

Second, the definition of household travel time and 
money expeditures is not unambiguous. We prefer to 
consider travel money expenditures on a per-household 
basis: Money earned by one or more household mem
bers can be shared and spent by any and all members 
of the household. For travel time the situation is less 
evident. Time cannot be transferred easily from per
son to person. Therefore, in this case we prefer to 
relate travel time per traveler. All travel times pre
sented in the following sections are door-to-door times 
as reported by the respondents. 

The third data consideration has to do with how the 
travel time and cost should be computed. 

Finally, there are many other data problems that 
cause our measurements to be inaccurate and that im
pose a distribution on the average travel time and money 
expenditures. These include the following: 

1. Differences in tastes and preferences: The fol
lowing analyses use aggregate data; in the absence of 
diary data, households of similar type form the ag
gregate. Part of the variations in the travel expendi
tures is then due to taste and preference differences be
tween households, and part is due to unobserved attri
butes. 

2. Differences between days for the same travelers: 
Because only some trips recur on a daily basis, part of 
the variations in travel expenditures, perhaps a very 
large part, must be attributed to daily variations. 

3. Travelers who travel extensively on their jobs: 
It is suggested that traveleri:; whose jobs call fort ex
tensive traveling should be excluded from the analyses. 

4. Sampling and coding errors: These err6rs, es
pecially the latter, can cause large errors in analysis. 

EMPIRICAL EVIDENCE OF TRAVEL 
TIME BUDGETS 

Studies That Use Cross-Sectional Data 

Table 1 summarizes the results of an international sur
vey of the use of time for the daily activities of urban 
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Table 1. Use of time in 12 
Time Spent per Person· (h) countries. 

Household, Travel 
Child, and 

Hollse- Personal Non- Grand 
Place Work work Care Sleep Leisure Work work Total Total 

Belgium 4.38 2.42 3.23 8.35 4.73 0.40 0.50 0.93 24.04 
Kazanlik, Bulgaria 6.05 1.67 4.37 6.97 3.55 0.68 0.70 1.48 24.09 
Olomouc, Czechoslovakia 5.07 2.87 3.47 7.80 3.77 0.55 0.45 1.03 24.01 
Six cities, France 4.25 2.70 4.03 8.30 3. 85 0.37 0.52 0.97 24.10 
Federal Republic of Germany 

100 electoral districts 3.88 2.95 3.92 8.50 4.18 0.30 0.28 0.65 24.08 
Osnabriick 3.63 2.78 3.82 8.34 4.68 0.27 0.42 0.97 24.26 

Hoyerswerda, German 
Democratic Republic 4.63 3.43 3.38 7.90 3.70 0.53 0.43 1.00 24.04 

Gyor, Hungary 5.55 2.73 3.57 7.88 3.10 0.68 0.50 1.23 24.06 
Lima-Callao, Peru 3.57 2.87 3.10 8.28 4.68 0.62 0.87 1.50 24.00 
Torun, Poland 4.97 2.67 3.25 7.87 4.10 0.62 0.63 1.30 24.07 
Forty-four cities, United 

States 4.03 2.37 3.78 7. 83 4.75 0.42 0.83 1.30 24.06 
Pskov, USSR 5.65 2.18 3.25 7.70 3.77 0.55 0.92 1.47 24.02 
Kragujevac, Yugoslavia 4.00 2.80 3.28 7. 87 4.78 0.45 0.80 1.28 24.01 

•secause of rounding in the original table, subtotals do not sum to totals. 

Table 2. Daily time spent 
per person by activity in Daily Time Spent per Person (h) 

Germany, 1976. 

Item Home Work 

Average value 
Workdays (N = 251) 17.43 3.03 
Saturdays (N = 50) 19.35 0.77 
Sundays and holidays 

(N = 65) 20.18 0.35 
Total (N = 366) 18.17 2.25 

Maximum value 21.90 3. 87 
Minimum value 16.25 0.01 
SD 1.25 1.22 

and suburban populations in 12 countries (4). After con
sidering all relevant factors, the researchers make the 
following statement (!, p. 117): 

Where the more efficient forms of transport are common, average dis
tances to work increase dramatically while the amounts of time given 
over to achieving this general end seem to be kept within a remarkably 
narrow range. The resulting similarities in commuting times that emerge 
across cities certainly cannot be attributed to parallel effects of indus
trialization, for it is exactly these conditions that show marked variance. 

And later they state (!, p. 12 3), 

There seems to be a distinct preference toward using increased efficiency 
of transport to spread out in space, and modal distances to the workplace 
across our sites vary by a factor of 15 or more, while time allocations re
main in the average within an impressively narrow range. Much of the 
same pattern of similarity holds for total travel as well as the trip to work. 
Nonowners of automobiles only spent 6 percent more time on travel 
than owners, although clearly the owners travel much greater distances. 

The researchers concluded that the allocation of time 
for travel on an aggregate basis tends to be both stable 
and transferable between countries. Moreover, it was 
observed that, when speeds increase, most of the travel 
time saved is traded off for more travel distance. 

Activity Time Allocation in the 
Federal Republic of Germany 

Table 2 summarizes the results of the Continuing Survey 
of Travel Behavior of daily activities of persons over 
10 years old, conducted in Germany during 1976 (5). 
Two results are noteworthy. First, the most stahle 
time budget over 366 days is time at home, followed 
by travel time. Second, the daily travel time budget 

Busi-
ness 

0.23 
0.07 

0.02 
0.17 
0.48 
0 
0.12 

Travel 

Educa- Walk, 
ti on Shopping Cycle Car Transit Total Rest 

0.82 0.52 0.32 0. 50 0.27 1.08 0.88 
0.33 0.60 0.33 0 . 52 0.17 1.02 1.87 

0.03 0.07 0.40 0.50 0.08 0.98 2.37 
0.62 0.45 0.35 0.50 0.22 1.07 1.28 
1.48 1.10 0. 75 0.83 0.52 1.50 3.52 
0 0 0.15 0.27 0 0.60 0.40 
0.42 0.22 0.08 0.10 0.10 0.15 0.70 

per person, including walking, is just over 1 h. 

Daily Travel Time per Traveler 
in the United States 

In-depth analyses of all travel components were carried 
out in Washington, D.C., in 1955 and 1968, and in 
Minneapolis-St. Paul, Minnesota (Twin Cities), in 1958 
and 1970 (6). This study differed from the studies men
tioned above in that all travel data were related to the 
travelers by travel mode. 

In the daily travel times of car travelers per traveler 
and per person reported for Twin Cities in 1958 and 1970, 
shown below, it is seen that, while the daily travel time 
per traveler is similar in all cases, it does vary per 
person@. 

Travel Time (h) 

Per Person Per Traveler 
Household Size 1958 1970 1958 1970 

1 1.04 1.09 1.04 1.08 
2 0.93 0.95 1.16 1.17 
3-4 0.68 0.69 1.18 1.14 
5+ 0.46 0.57 1.08 1.14 
Avg 0.64 0.70 1.14 1.13 

Analyses based on daily travel time per person do 
not display any stability over extended periods of time. 
This is because the proportion of travelers in a popula
tion tends to increase with increases in income and car 
ownership and with decreases in household size, both 
of which took place during the last two decades in de
veloped countries. For this reason we prefer to allo-
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Table 3. Daily travel time 
Initial Second" per traveler and coefficient Monthly 

of variation by income in Household Travel Time Coefficient Travel Time Coefficient 
Bogota', Colombia. Income Number of per Traveler of Number of per Traveler of 

(Pesos) Travelers (h) Variation Travelers (h) Variation 

Up to 500 78 2.12 0.93 73 1. 78 0.60 
500-1000 628 1.94 0.78 594 1.69 0.57 
1000-1500 707 1. 89 0.92 662 1.56 0.58 
1500-2000 723 1. 86 0.86 685 1.60 0.59 
2000-3000 702 1. 79 0.85 676 1.58 0.55 
3000-5000 847 1. 77 0.84 812 1.56 0.55 
5000-15 000 931 1.68 0.89 896 1.48 0.56 
15 000-30 000 129 1.62 0.95 123 1.36 0.47 
30 000 and over 12 1.38 0.91 11 1.05 0.51 

Total 4757 4532 
Avg 1.81 0.87 1.57 0.57 

Note: 1 peso= U.S. $0.045. 
a Data retabulated to exclude travelers recorded as having traveled more than 4 h/day. 

cate the travel times to those who reported them, 
namely, to the travelers. 

A summary of the daily door-to-door travel time and 
speed per traveler, by mode used (car mode includes 
both driver and passenger), in Washington, D.C., Twin 
Cities, and the whole United States, including interurban 
travel (~ , is given below. · 

Car Transit 

Time Speed Time Speed 
Area Year (h) (km/h) (h) (km/h) 

Washington, D.C. 1955 1.09 18.8 1.27 10.7 
1968 1.11 23.3 1.42 10.0 

Twin Cities 1958 1.14 21.5 1.05 12.0 
1970 1.13 28.5 1.15 12.1 

United States 1970 1.06 47.4 0.99 23.6 

The point to note here is that when door-to-door speeds 
are reasonably high, the daily travel time per traveler 
remains stable at a minimum value of about 1.1 h both 
between cities and over time. Most of the travel time 
saved due to increased speeds (24 percent in Washington, 
D.C., and 33 percent in Twin Cities) was traded off for 
more travel distance. However, when door-to-door 
speeds are below a minimum threshold of about 10 km/h, 
the daily travel time per traveler tends to increase. 
The same patterns are also noted in cities of developing 
countries. 

In conclusion to the above macro samples, it appears 
that the daily travel time per motorized traveler dis
plays stable trends transferable both between cities and 
over time in the United States. The robustness of this 
stability is exemplified by the significant improvements 
that took place over time in the transportation systems 
in Washington, D.C., and Twin Cities, resulting in high 
increases in the door-to-door speeds of car travelers. 

Daily Travel Time per Traveler 
in Bogota, Colombia 

The Urban Projects Department of the World Bank re
cently tabulated travel characteristics as reported in a 
household survey in Bogota in 1972. To determine what 
effect travelers with abnormally long travel times had 
on the data, it was decided to retabulate the data to ex
clude all travelers who were recorded as having traveled 
more than 4 h/day. Table 3 summarizes these two sets. 

Three principal conclusions may be inferred from this 
table. First, the deletion of only 4. 7 percent of travelers 
reduced the daily travel time per traveler by 13.3 per
cent and the coefficient of variation by 34. 5 percent. 
Second, the coefficients of variation in the second tabu
lation are very similar at all income levels-about 0.57. 
Third, the mean travel times display a consistent trend. 

The daily travel time per traveler decreases with in
creasing income. 

Further tests were carried out by stratifying travelers 
in various ways. The results were as follows: 

1. The coefficients of variation of daily travel time 
remained similar under all stratifications for segments 
of 25 and more travelers. 

2. Employed travelers spend more time on travel 
than unemployed travelers, but the differences are small. 

3. The daily travel time of both male and female 
employed travelers is about the same. 

4. The daily travel time decreases while the propor
tion allocated to car travel increases. 

5. The proportion of time allocated to walking is 
relatively small and similar at all income levels. 

Daily Travel Time per Traveler 
in Singapore 

The following is a summary of analyses of travel data 
collected by interviewing the same households before 
and after the introduction of the Area License Scheme 
(ALS) in Singapore's central business district in June 
1975. The ALS scheme imposed a fee on each car and 
taxi carrying fewer than four persons and entering a re
stricted central zone during the morning peak period. 

Table 4 summarizes the daily travel time per traveler 
(including walking trips) by income and private vehicle 
ownership (car and/or motorcycle) before and after the 
ALS. The following conclusions are suggested: 

1. The daily travel time per traveler is stable for 
a wide range of incomes in both periods. The daily 
travel time per traveler from households not owning a 
private vehicle is appreciably higher than that of trav
elers from vehicle-owning households. 

2. The coefficients of variation are stable in most 
cases (again for segments that have more than 25 trav
elers) and Similar to those observed in other cities. 
Even when some instabilities are noted in the "before" 
survey, they disappear in the "after" survey, and con
versely. 

Studies That Use Diary Data 

The analyses of data sets to be described in the following 
sections suggest that the variations in the mean travel 
times of travelers by population segments show consis
tent trends in which the coefficient of variation asymp
totically approaches a value of about 0.5. While this 
value is still high (it probably can be reduced by addi
tional stratification and segmentation of the data), its 
similarity across all population groups is important. 
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Table 4. Daily travel time per traveler and coefficient of variation by income and private vehicle ownership in Singapore, 1975. 

Before ALB After ALB 

Households Not Owning Households Not Owning 
Households Owning Vehicles Vehicles Households Owning Vehicles Vehicles 

Household Travel Coeffi- Travel Coeffi- Travel Coef!i- Travel Coeffi-
Monthly Time cient of Time cient of Time cient of Time cient of 
Income, B$ Number (h) Variation Number (h) Variation Number (h) Variation Number (h) Variation 

Up to 200 9 1.06 0.39 36 1.29 0.40 
201-400 136 1.17 0.52 257 1.40 0.78 
401-700 612 1.25 0.58 581 1.30 0.51 
701-1000 630 1.31 0.74 342 1.51 0.88 
1001-1500 1036 1.28 0.54 232 1.49 o. 73 
1501-2000 618 1.25 0.54 97 1.42 0.51 
2001-2500 473 1.23 0.55 20 1.65 0.43 
2501 and over 838 1.27 0.64 8 1.26 0.40 

Total 4352 1573 
Avg 1.27 0.60 1.40 0.70 

Note: 5$1.00 = U.S. $0.42. 

Such distributions serve as a link between micro and 
macro analyses in which n. representative (average) 
traveler or household is identified in deterministic terms 
and an individual traveler or household can depart from 
average group behavior. 

Daily Variations in Use of Cars 

A study was conducted recently in Oxford, England, to 
analyze the variations in the intensity of car use (7). 
The sample of cars was small-43 cars; of these, 33 
were in one-car households and 10 in households of two 
or more cars; the data included a seven-day travel 
diary for each car. 

Of special interest here are the following tentative 
results. First, the actual car use on a day (like the 
daily travel time per traveler) was found to be 55.4 min 
per car in use in one-car households and 55.6 min per 
car in use in households of two or more cars -practically 
identical results. Second, the variations in the daily 
travel time per car in use are less when the period of 
analysis is longer. The coefficients of variation de
crease from 1.1 for one day to 0. 7 for five weekdays to 
0.6 for the full seven days. The results suggest that a 
survey over a long period would still find substantial 
variations in the intensity of car use but considerably less 
than that suggested by a one-day survey. Consequently, 
part of the variations noted in car use during one day 
should be attributed to differences in use among days of 
the week for each car rather than to differences among 
car users. 

Daily Variations in Travel Time 
per Traveler, Munich 

This section presents some results of an analysis of a 
three-weekday trip in Munich, Germany, in 1976. 

The available data were stratified by 55 household 
types; the dimensions were household size, car owner
ship, and employment status (no income data were avail
able) (8). To make the number of household types man
ageable, they were condensed into 12 groups according 
to car ownership {O, 1+, 2+) and household size {1, 2, 3, 
4+). 

From a tabulation of the mean travel time expenditure 
per average traveler for each factor level and the aver
age values and coefficients of variation per day for all 
travelers (8), it can be seen that the daily travel time 
per traveler on an aggregate level is stable both be
tween days and within each day. Also, the coefficients 

4 0.54 0.46 38 1.12 0.40 
129 1.17 0.50 184 1.21 0.49 
403 1.25 0.62 521 1.25 0.52 
669 1.34 0.56 463 1.36 0.54 
971 1.29 0.59 312 1.35 0.48 
812 1.25 0.51 64 1.47 0.48 
392 1.20 0.51 49 1.56 0.41 
678 1.14 0.48 4 2.50 

4058 1635 
1.25 0.56 1.31 0.51 

of variation are practically identical to those noted 
earlier. 

Factor Day 
Car Household 
Ownership Size 2 3 Total 

0 1 1.12 1.32 1.16 3.60 
0 2 1.23 1.12 1.32 3.67 
0 3 1.01 1.06 1.12 3.19 
0 4+ 1.35 1.60 1.30 4.25 
1+ 1 1.06 1.13 1.10 3.29 
1+ 2 1.14 1.10 1.10 3.34 
1+ 3 1.10 1.19 1.23 3.52 
1+ 4+ 1.24 1.13 1.19 3.56 

Total 9.25 9.65 9.52 
Mean 1.1 5 1.16 1.1 6 
Coefficient 
of variation 0.57 0.56 0.56 

The effect of the factors of car ownership and house
hold size on travel time expenditures can be conve• 
niently analyzed as a multifactor experiment. Results 
are shown below (~. 

Degrees 
of Sum of Mean 

Factor Freedom Squares Square F-Value ficrlt 
0.05 

Days 2 0.010 0.005 0.65 3.74 
Household 
size 3 0.118 0.039 5.06 3.34 

Car owner· 
ship 1 0.042 0.042 5.44 4.60 

Interaction 3 0.090 0.030 3.89 3.34 
Error 14 0.108 0.0077 

-
Total 23 0.368 

It is seen from the above that car ownership, house
hold size, and interaction between household size and 
car ownership all have statistically significant effects 
on travel time expenditures but that travel time expendi
tures do not vary between days. After reflection, the 
first of the two tabulations above indicates that the house
hold size and interaction effects are most likely due to 
the no-car, three-member households. These house
holds may be husband-wife-child types where the wife 
is at home with an infant and has little desire to travel 
on what is often "child-repellant" publi.c transport. 

This issue was examined by making an analysis of 
variance by car ownership levels. At the same time, 
such analysis of variance shows whether there are dif
ferences in travel time expenditures for car-owning 
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Figure 1. Daily travel distance per traveler versus speed in selected 
cities. 
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households; the results showed that the travel time ex
penditures of such households are not dependent on 
household size or level of car ownership. Again, there 
are no differences in travel time expenditures between 
days for either household type. 

The major conclusion of this section can be summa
rized thus: Travel time budgets per traveler do not vary 
by day. This should not be interpreted to mean that in
dividual travelers would spend equal amounts of time 
for travel every day but rather that on the average, 
within a given homogeneous group of travelers, travel 
time budgets do not vary over the weekdays. Further
more, travel time budgets vary with car ownership 
levels and household size. Specifically, there is a dif
ference in travel time budgets between households that 
own cars and those that do not own cars. There also 
appears to be a household-size effect, but it is minor 
and confined to households that have three household 
members and that do not own cars. 

Difference in the travel time budgets between trav
elers from households owning and not owning cars is 
not necessarily an intrinsic characteristic of travelers 
but rather stems from different travel speeds available 
to these car travelers. 

RELATIONSHIP BETWEEN TRAVEL 
TIME BUDGET AND SPEED 

It was noted in the above examples that the range of the 
daily travel expenditures per representative traveler of 
different population segments is relatively narrow, 
within 1.0-1.5 h in cities of developed countries. The 
daily travel distance per traveler, on the other hand, 
varies within a wide range (8). 

We may hypothesize that the travel time budget per 
traveler is a constant minimum at high speeds, which 
is approached asymptotically: 

TI budget/traveler= b +(a/speed) (!) 

By using the results of the previous section, Equation 
1 (multiplied through by speed) was estimated for three 
market segments: no-car, one-car, and two-or-more
car households. The mean distances traveled by mem
bers of these three household types differed substantially 
(23.4, 31.8, and 37.6 km), which also justified the di
vision. The regressions were designed to show whether 
the slopes of the regression lines are different for each 
market segment, whether the intercepts are different 
for each market segment, and whether the overall rela
tionship is homogeneous over the three car-ownership 
groups. Data from Nuremberg, Germany, were used. 

The results of the analysis suggested that the hy-
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pothesis of equal regression slopes (b) for the three 
car-ownership groups is accepted, whereas the hypothe
sis of equal intercepts (a) is rejected (visually speaking, 
the difference is between households owning cars and 
carless households). This rejection concentrates on the 
intercepts of the relationship, at zero speed, which is 
beyond the range of observations . 

Following an approach similar to that used in the 
Nuremberg case, several regression analyses were also 
performed for Munich data. The salient results are re
ported here (8). The important regressions are of the 
following typ€: 

Distance/traveler= b0 + b1A + b2 A(speed) + bJ(l -A)speed (2) 

where A= 1 if cars per household > O; A= 0 otherwise. 
The results showed that the coefficients for speed are 
statistically equal, as are the intercepts for the car
owning and carless households. 

In conclusion, the statistical tests using Munich and 
Nuremberg data give conflicting results. It will be shown 
next that, in spite of these statistical results, the Munich 
and Nuremberg models are very similar from a practical 
point of view. 

The two final models of the distance-versus-speed 
relationships in Nuremberg and Munich can be expressed 
by a single equation for travelers of both car-owning and 
carless households: in Nuremberg, 

D/TR = 0.268 + 4.305 A+ 1.094 A (speed) 

+ 1.410 (I - A) speed 

In Munich, 

D/TR = -6.359 + 7 .511 A+ 1.083 A (speed) 

+ 1.667 (I - A) speed 

(3) 

(4) 

where D/TR is the daily travel distance per traveler 
(km) and A= 1 if cars per household> O; A= 0 other
wise. 

When many distance-versus-speed relationships in 
Nuremberg and Munich were compared and assessed by 
using subsets of data, the intercepts were found to fluc
tuate widely. Thus, the results of the statistical analyses 
could not be regarded as conclusive. Most importantly, 
the actual differences in travel distance resulting from 
applying either the two separate relationships (for car
owning and carless households) or the combined relation
ship are very small within the range of observations. 
The differences in travel distance between the separate 
and the combined relationships within each group of 
travelers are quite small-less than 1 km/day. Thus, 
from a practical point of view, the combined relation
ship could be used in the travel demand analyses. Fig
ure 1 summarizes these relationships for the cities of 
Munich; Washington, D.C., and Twin Cities; Singapore; 
and the Nuremberg region. It appears that the relation
ships for the cities overlap within the range of observa
tions, while the relationship for the Nuremberg region 
is somewhat higher. A possible reason for this differ
ence is the inclusion of both urban and regional travel 
in the Nuremberg data. 

The importance of Figure 1 is that it suggests the 
possibility that the relationship between distance and 
speed, and thus the time budget, is a transferable func
tion between cities and therefore also over time. Travel 
distance per traveler is an output of conventional models, 
resulting generally from the phases of trip generation, 
trip distribution, modal split, and trip assignment. 
Figure 1, on the other hand, suggests that the travel 
distance per traveler is strongly related to the level of 
service supplied by the transportation system. Develop-
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ment of travel demand models with travel distance as 
an input might lead to improved insight in demand-supply 
relationships (~. 

TRAVEL MONEY BUDGET 

Previous analyses of aggregate data from national sur
veys have already indicated that travel money expendi
tures per household are strongly related to the house
hold income level (9). No such direct data on travel 
money expenditures were available in the above urban 
travel surveys. Therefore, the travel money expendi
tures in these cases had to be derived indirectly as a 
product of observed travel distance per household and 
cost per unit distance by mode. 

Such analyses were carried out for the cases of 
Washington, D.C., in 1968, Twin Cities in 1970, and 
Nuremberg in 1975. For lack of space, only the salient 
results are reported here (~ ~: 

1. 'llhe travel money expenditure of car-owning 
households is found to be a stable proportion of income, 
about 10.5 percent in the two U.S. cities and 11.8 per
cent in Nuremberg, at practically all income levels. 

2. The travel money expenditure of carless house
holds is found to be low, about 3-5 percent of income 
in the two U.S. cities and 3.5 percent in Nuremberg, at 
a wide range of income levels. 

3. The coefficient of variation of travel distance per 
househoid, by segment, was found to be somewhat higher 
than that for travel time per traveler, about 0.8 versus 
0.6, respectively, but very similar at all population seg
ments. This is an expected result, as money is more 
transferable between days than is time. 

4. It may therefore be concluded that travel money 
expenditure, like travel time expenditure, can be re
garded as travel money budgets. 

It should be noted that there are strong indications 
that travel money budgets per household are much higher 
in developing countries than in developed countries. 
Car-owning households in developed countries were also 
observed to be reluctant to change their travel money 
budgets even when gasoline costs increased significantly 
during 1973-1975. People saved on their fixed costs 
(such as by decreasing the rate of car replacement) 
rather than decrease their travel. Nonetheless, there 
may be a critical threshold after which increases in 
gasoline prices could result in increases in the travel 
money budget. The identification of such a critical 
threshold is of extreme importance, since crossing it 
will have adverse effects on all segments of the economy. 

CONCLUSIONS 

Several conclusions can be drawn. First is a recommen
dation that exploratory data analyses be carried out be
fore any modeling of travel demand is done. Travel 
time and money expenditures are one useful way of 
organizing and exploring travel data. In this context 
also, such questions as how a traveler should be defined, 
how travel time and cost should be measured, what a 
concise stratification of population is, and other related 
issues should be addressed. 

The second conclusion is that these types of data 
analyses have led us to the inescapable conclusion that 
travel time and money budgets exist. These budgets 
show trends, on the average, that are quite stable within 
a country. Furthermore, the relatationship between 
travel time budget and speed appears to be transferable 
from country to country. 

The third conclusion is that, even though there are 
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regularities in the household travel time and money 
budgets, there exists subst.antial variation in these bud
gets among households and travelers. For the travel 
time budget this variation seems to be quite stable and 
has a coefficient of variation of about 0.6. In this con
text it is also appropriate to express our belief that 
travel time and money budgets are not constant, but they 
are functions of several variables. For instance, the 
travel time budget is related to travel speed (level of 
service) available to travelers and also to car ownership 
or household income and possibly to urban structure. 

The travel money budget is also a function of many 
variables. It is most clearly related to income, car 
ownership, and location of residence with respect to 
place of work and services. It probably is also related 
to the prices of other goods in the economy. Much more 
needs to be known about travel money budgets and their 
trade-offs with budgets for other goods and services, 
and it is an important area for future research. 

The fourth and final conclusion is that travel time 
and money budgets are useful both for predicting travel 
and for evaluating policy. Most importantly, no lengthy 
calibration process to observed data is required. The 
concepls are powerful 111 aulleljJallug whal uala wlll 
show, and they are also simple enough for detecting 
changes quickly, should they occur. 

The concepts of travel time and money budgets also 
give enormously useful insights about travel behavior 
that are important for policymakers. Two examples 
are given. First, the stability of the relationship be
tween travel time and speed suggests that increases in 
travel speeds do not necessarily lead to real time 
savings. Rather, only part of the time is allocated to 
other uses, while often most of the saved time is traded 
off for more travel. This undoubtedly has happened in 
the United States. By using the budget concept, this re
sult is obtained immediately; by using the traditional 
demand-forecasting process, such a result would only 
be obtained after a lengthy and costly process, if at all. 

The second example is related to free transit. The 
hurle;et concP.pts sue;e;est that, other thine;s being equal, 
free transit would increase both transit and vehicle kilo
meters of travel. This is because free transit would 
attract walkers to transit, but at the same time it would 
also enable reallocation of money otherwise spent on 
transit to car travel. Indeed, the free-transit experi
ment in the central business area in Rome, Italy, tends 
to support this indication. 

We would like to end this paper with a note that travel 
time and money budgets are useful concepts. They 
certainly are worthy of the research effort expended on 
other approaches to behavioral models. We do caution 
that there will always be variance in travel behavior be
cause of powerful personal and social reasons, which 
cannot be included in mathematical models and must be 
identified and quantified in another manner, for example, 
by analysis of time and money budgets allocated to 
travel. 
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Stability of Travel Components over 
Time 
Yacov Zahavi and James M. Ryan 

A critical assumption underlying the application of transportation models 
to forecasting is that their base.year relationships, developed on the basis 
of cross-sectional data, will hold over time. This assumption is based on 
studies that have tested selected components of travel and have indicated, 
for example, that trip rates and trip times to work in a given city tend to 
remain stable over time. It has not been clear, however, how travel com
ponents that do change over time interact with one another. This paper 
summarizes the results of a study that analyzed the entire range of charac
teristics of motorized personal travel by private and public modes and 
their interactions in two U.S. cities: Washington, D.C., 1968 versus 1955; 
and Twin Cities (Minneapolis-St. Paul), 1970 versus 1958. The main 
findings are that (a) the time and money spent on travel per traveler and 
per household display regularities that can be attributed to such factors 
as household characteristics and transportation system supply and may 
be regarded as travel budgets and (b) all travel components, such as trip 
rate, trip time, trip distance, and proportions of trips by purpose, are 
products of the interactions among travel demand, system supply, and 
urban structure as constrained by the two principal travel budgets. 
These findings, if verified in additional cities and on a disaggregate level, 
may allow travel demand, system supply, and urban structure to be 
integrated within one modeling framework that would be more readily 
transferred between cities and over time. 

Studies of urban travel behavior typically rely on the 
support of cross-sectional data. These data are further 
used to estimate models that are applied in a variety 
of transportation analyses. Many of these applications 
attempt to predict behavior under conditions that are 
significantly different from those observed in the base 
data. As a result, a recurring issue in transportation 
planning is transferability: the validity of model fore
casts in settings that are beyond the range of base-year 
cross-sectional data. 

Past research on this issue generally focused on spe
cific travel demand models. For example, a number of 
efforts examined the transferability of coefficients in 

logit mode-choice models for work trips (1-3). These 
investigations produced mixed results. other work ex
amined the stability of trip rates, average trip distance, 
and travel times for households in an urban corridor 
undergoing a significant transportation improvement ( 4). 
The results indicated that speed increases were corre-: 
lated with increases in trip distance, while changes in 
trip rates appeared unrelated to system improvements. 
However, other investigations of time-series data re
jected hypotheses on the time stability of trip-generation 
models (5). Unexplained variations of 10-20 percent 
were found in trip rates over a 12-year interval. 

A different approach to the problem is a recent hand
book for transportation planners that provides travel 
characteristics from a large number of urban travel 
studies in American cities (6). Data are provided on 
such characteristics as trips per household, vehicle
kilometers of travel per person, average trip distances, 
and mode shares. This handbook is useful in checking 
the reasonableness of model forecasts against observed 
travel characteristics in similar urban areas. For 
longer-range forecasts in particular, these checks are 
important in ensuring that relationships developed from 
cross-sectional data do not produce misleading fore
casts. 

Potential problems remain, however. One is that 
the analysis in question may deal with conditions that 
have not been observed in any existing travel data. Con
sequently, no information exists on "reasonable" travel 
behavior under these conditions. Prolonged limitations 
on the availability of gasoline or severe increases in 
its price are prime examples. A second problem is that 
the characteristics of travel data eventually become 
less than representative. Changes in tastes, life-style, 
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Table 1. Household and 
travel characteristics in 

Car Only 

Washington, D.C., and Household Size 
Twin Cities. 

Item 2 

Washington, D.C. 1955 1968 1955 

Households 31 012 77 372 61 057 
Cars per household 0.68 0.87 1.07 
Travelers per 

household 1.00 1.00 1.57 
Trips 

Per household 3.09 3.12 4.81 
Per travele r 3.09 3.12 3.06 

Distance (km) 
Per household 18.36 24 .09 33.53 
Per traveler 18.36 24.09 21.36 
Per trip 5.95 7.72 6.98 

Travel time (h) 
Per household 1.07 I.OB 1.80 
Per traveler 1.07 1.08 1.15 
Per person 1.07 1.08 0.90 

Trip time (h ) 0.35 0.35 0 .38 
Speed (km / h) 17.2 22 .2 18.6 

Twin Cities 1958 1970 1956 

Households 14 644 38 872 70 566 
Cars per household 0.73 0.86 1.13 
Travelers per 

household I.OD I.DO 1.59 
Trips 

Per household 3.21 3.50 5.59 
Per traveler 3.21 3.50 3.52 

Distance (km) 
Per household 19.69 28.32 39.16 
Per traveler 19.69 28.32 24.63 
Per trip 6.15 8.11 7.00 

Travel time (h) 
Per household 1.04 1.09 1.85 
Per traveler 1.04 1.09 1.16 
Per person 1.04 1.09 0.93 

Trip time (h) 0.32 0.31 0.33 
Speed (km / h) 19.0 26.0 21.1 

or technology, for example, can produce significant 
shifts in travP.1 dP.mand c.h~.racteristi£.s . 

To address these issues, the research reported here 
examines a comprehensive set of travel data from two 
urban areas, each studied in two different years. The 
analysis is a preliminary attempt to identify changes in 
travel parameters or interrelations over time. Of par
ticular interest are those parameters or relationships 
that remain stable even with significant changes in other 
characteristics of the urban areas CD· 
DATA 

The data sets used in this effort contain traditional 
origin-destination and household information collected 

1968 

99 746 
1.36 

1.62 

5.11 
3. 15 

43 .97 
27 .14 
B. 61 

1.90 
1.17 
0.95 
0.37 
23. 1 

1970 

96 725 
1.31 

1.62 

6.04 
3.'13 

52.60 
32.47 
8. 72 

1.90 
1.17 
0.95 
0.32 
27 .6 

in large-s cale home interview surveys in Washington, 
D.C. (1955 and 1968), and Minneapolis-St. Paul (1958 and 
1970). In the interval between the surveys, both cities 
had expanded sufficiently to require enlargement of their 
cordon lines. Consistent bases for analysis are estab
lished by examining, in both study years for each city , 
only the travel within the enlarged cordon lines that was 
produced by households that reside within the original 
cordon lines. To reduce costs, all travel data are ag
gregated to a superdistrict level : 14 districts in Wash
ington, D.C. (DC), and 18 in Twin Cities (TC). The 
data include characteristics of households making at 
least one vehicle trip during the survey day. The data 
are stratified by mode: (a) households making car trips 
only, (b) households making transit trips only, and (c) 
households using both modes during the travel day. 
Further stratifications are by household size and car 
ownership. 

TRAVEL CHARACTERISTICS 

Table 1 presents a variety of travel data for the two 
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Transit Only 

Household Size 

3-4 5 or More Total 

1955 1968 1955 1968 1955 1968 1955 1968 1955 

88 151 108 581 34 685 46 563 214 905 332 262 29 177 34 518 27 955 
1.20 1.59 1.28 1.66 1.10 1.36 0.12 0.13 0.28 

1. 85 2.01 2.23 2.65 1.71 1. 75 I.DO I.DO 1.43 

5. 72 6.39 6. 76 8.37 5.25 5.52 2.40 2. 13 3.26 
3.09 3.18 3.03 3. 16 3.07 3. 16 2.40 2. 13 2.28 

38.60 53.56 43 .68 64.25 35 .06 45.33 12.23 13.40 20.29 
20.86 26.65 19.59 24.25 20 .50 25.90 12 .23 13.40 14. 19 
6.74 B.38 6.47 7.67 6,68 8.21 5.08 6.29 6.23 

1.99 2.25 2.34 2. 73 1.86 1.94 1.14 1.25 1.81 
1.00 1.12 1.05 1.03 1.09 1.11 1.14 1.25 1.26 
0.57 0.66 0 .41 0.47 0.61 0.70 1. 14 1.25 0.90 
0.35 0.35 0.35 0.33 0.35 0.35 0.47 0.59 0.55 
19.4 23.8 18.7 23.5 16.6 23.3 10.7 10.7 11.2 

1958 1970 1958 1970 1958 1970 1958 1970 IS56 

92 756 117 425 57 505 72 293 235 473 325 315 8957 10 180 11 729 
1.32 1.58 1.33 1.65 1.23 1.43 0.10 0.06 0.32 

2.00 2.11 2.48 3.05 1.93 2.04 1.00 I.OD 1.30 

7 .37 6.18 9 . 10 12.09 7 .00 7 .65 2 .15 2.07 2.67 
3.69 3.88 ~ . 67 ~ . Y6 3.63 3.85 2.15 2.07 2.05 

50,38 71. 76 59.60 94.35 47.35 65.89 12.07 16.23 16.06 
25.19 34.01 24.03 30.94 24.54 32.30 12 .07 16.23 12. 35 
6.84 8. 77 6.55 7.80 6.76 8.40 5.62 7.85 6.02 

2.36 2.41 2.69 3.35 2.21 2 .31 1.05 1.08 1.3 5 
1.l6 1.14 1.08 1.10 1.14 1.13 1.05 1.08 1.04 
0.66 0.69 0.46 0.57 0.64 0 .70 1.05 1.06 0.67 
0.32 0.29 0.30 0.28 0 .32 0.29 0.49 0.52 0.50 
21.3 29.8 22 .1 28.1 21.5 28.5 11.5 15.0 11.9 

urban areas, stratified by mode and household size. 
Tra·velers are defined as persons above the a.ge cf five 
years who made at least one motorized trip during the 
survey day. Travel times are the door-to-door times 
as reported by the respondents , and speeds are the de
rived door-to-door speeds. 

It is important to note that a number of significant 
changes occurred in both cities over the time intervals 
in question. Average travel speed reported by car users 
increased 24 percent in DC and 33 percent in TC. These 
large increases in travel speeds can be attributed to 
additional highway capacity and a general reduction in 
density of development. Several techniques from urban 
geography have been employed to identify strong disper
sion trends in both cities. 

While car travelers enjoyed a marked increase in 
travel speeds, transit t:i;avelers experienced no such im
provements. Households using transit exclusively re
ported a 7 percent decrease in average travel speed in 
DC and a 1 percent improvement in TC. 

Socioeconomic characteristics of the households can 
also be observed to have changed over time. Average 
car ownership for all households rose significantly: in 
DC, from 0.87 car per household to 1.13; in TC, from 
1.15 to 1.36. At the same time, average household size 
decreased: in DC, from 3.16 to 2.91 persons per house
hold; in TC, from 3.53 to 3.37. Unfortunately , neither 
the 1955 DC nor the 1958 TC data include information 
on household income. As a result, income trends can 
only be surmised from national trends and through cor
relations with average car ownership. 

The significance of these regional changes is that 
they provide a setting in which major sociodemographic 
and transportation system changes are occurring. This 
setting provides an excellent test for stability of the 
various travel parameters and interrelationships, some 
of which are detailed below. 

1968 

25 186 
0.27 

1.38 

2.94 
2. 13 

19.97 
14.47 
6.79 

1.93 
1.40 
0.96 
0.66 
10.4 

1970 

7302 
0 .27 

1.16 

2.50 
2.16 

16.25 
14.01 
6.52 

1.35 
1.17 
0.68 
0.54 
12.0 



3-4 

1955 

24 927 
0.30 

1. 74 

4 .02 
2.31 

24.51 
14.08 
6.10 

2. 32 
1.33 
0.68 
0. 58 
10. 6 

1958 

7125 
0.48 

1.64 

3.55 
2.16 

21.98 
13.40 
6.19 

1.77 
1.08 
0.52 
0.50 

. 12.4 
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Mixed Modes 

Household Size 

5 or Mo re Total 

1968 1955 1968 1955 1968 1955 1968 1955 

18 958 13 540 10 777 95 598 89 439 8792 9934 34 223 
0.28 0.19 0.23 0.22 0.22 0.26 0.39 0.82 

1.59 1.98 !. 73 1.46 1.32 1.00 1.00 1.93 

3.33 4.49 3.64 3.37 2.80 5. 05 3.45 6.18 
2.09 2.27 2 .11 2.31 2.12 5.05 3.45 3.20 

23. 70 26.81 25.90 19.86 18.94 26.89 23.81 41.14 
14.91 13.54 14.97 13.60 14.35 26.89 23.81 21.32 
7.11 5.97 7.11 5.89 6.77 5.33 6.90 6.66 

2.45 2.65 2.83 1.86 1.89 1.87 1.68 2.80 
1.54 !.34 1.64 1.27 1.43 1.87 1.68 1.45 
0.72 0.42 0.46 0.69 0.78 1.87 1.68 1.40 
0.73 0.59 0.78 0.55 0.67 0.40 0.49 0.45 
9.7 10.1 9.1 10. 7 10.0 13 ,2 14.2 14. 7 

1970 1958 1970 1958 1970 1958 1970 1958 

4603 2937 1497 30 748 23 582 2675 4660 19 494 
0.40 0. 69 0.78 0.33 0.23 0.15 0.36 0.87 

1.41 1.89 1.82 1.35 1.18 1.00 1.03 1.89 

2 .95 4 ,03 3.63 2.85 2.47 3.10 3.29 6.10 
2.09 2 .13 1.99 2.11 2.09 3.10 3.19 3.23 

16.67 23.30 16.85 16.96 16.36 17.91 22. 75 40.03 
11.82 12.33 9.26 12.56 13.87 17.91 22.09 21.18 
5.65 5. 79 4.63 5.95 6.61 5. 76 6.92 6.56 

1.92 1.94 1.50 1.41 1.35 1.31 1.36 2 .35 
1.36 1.02 0.83 1.05 1.15 1.31 1.32 1.24 
0.59 0.30 0.22 0.58 0.64 1.31 1.36 1.18 
0.65 0.48 0.41 0.50 0.55 0.42 0.41 0.39 
8.67 12.0 11 .2 12.0 12.1 13.6 16. 7 17 .0 

Figure 1. Average trip d istance of car travelers for TC. 
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HOUSEHOLDS MAKING CAR TRIPS 
ONLY 

1968 

29 470 
1.02 

1.92 

5.72 
2.99 

45.71 
23.81 
7.98 

2.73 
1.43 
1.37 
0.48 
16. 7 

1970 

17 753 
1.00 

1.90 

6.28 
3.31 

48.62 
25.59 
7. 74 

2.44 
1.28 
1.22 
0.39 
20.0 

• 1970 
0 1958 

3-4 

1955 

59 954 
1.02 

2.60 

7.69 
2.96 

49.93 
19.20 
6.50 

3.28 
1.26 
0.94 
0.43 
15.2 

1958 

42 269 
0.82 

2.77 

9.14 
3.30 

59 .39 
21.44 
6.50 

3.26 
1.18 
0.92 
0.36 
18.2 

40 

Table 1 indicates that households using cars exclusively 
increased their average daily travel distance substan
tially. These data are summarized below. In both cities 
there is close agreement between the changes in speed 
and distance per traveler. 

City Years 

DC 
TC 

1955-1968 
1958-1970 

Change Over Time (%) 

Speed 

+24 
+33 

Distance per 
Household 

+29 
+39 

Distance per 
Traveler 

+26 
+32 

Further reference to Table 1 indicates that the larger 
growth in distance per household is caused by an in
crease in the number of travelers per household. It is 
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5 or More Total 

1968 1955 1968 1955 1968 

52 254 37 207 33 866 140 177 125 523 
1.29 1.14 1.42 0.96 1.19 

2.64 3.43 3.61 2.56 2.60 

7.84 9 .28 10.32 7.58 7.67 
2.97 2.71 2.86 2.96 2 .95 

60.58 57 .83 74.90 48.43 58.04 
22.95 16.86 20.75 18.92 22 .32 
7. 72 6.23 7.26 6.39 7.58 

3.52 3.91 4.27 3.25 3.39 
1.33 1.14 1.18 1.27 1.30 
1.01 0 .65 0.71 0. 89 0.94 
0.45 0.42 0.41 0.43 0.44 
17 .2 14.8 17.5 14.9 17.1 

1970 1958 1970 1958 1970 

30 433 35 852 31 717 100 290 84 563 
1.49 1.42 !. 70 1.19 1.41 

2.88 3.83 4.40 2.99 3. 14 

10.29 12 .31 15.08 9.52 10.86 
3,57 3.21 3.43 3.18 3.46 

79.57 79.89 112.42 61.85 82.27 
27 .63 20.86 25.55 20.69 26.20 
7.74 6.48 7.45 6.50 7.58 

3.33 4.12 4.68 3.34 3.54 
1.16 
0.94 
0.32 
23.9 

1.07 1.06 1.14 1.13 
0.69 0.76 0.83 0.87 
0.33 0.31 0.35 0.33 
19.4 24.0 18.5 23.2 

clear, then, that travelers have used the increase in 
highway travel speeds to travel farther rather than to 
maintain their original travel distance and reduce their 
expenditure of travel time. This trend is most clearly 
seen in the travel-time-per-traveler statistics. In both 
cities in both survey years and across all household 
sizes, an average of approximately 1.1 h can be observed . 

Given that travelers have increased their total travel 
distance, the next question is the mechanism of this in
crease. Reference to Table 1 indicates that average 
trip distance increased, whereas trip rates rose mar
ginally. For all households in DC using car travel only, 
88 percent of the travel distance increase arises from a 
longer trip distance , with 12 percent due to increased 
trip rates . Similarly, in TC, 79 percent of the travel 
distance increase was due to trip distance changes and 
21 percent to higher trip rates. 

These results can also be observed at the district 
level. Figure 1 shows the generally linear relationship 
between average trip distance and travel speed in TC. 
No significant relationship can be found between trip rate 
and travel speed, however. Furthermore, although 
there is a consistent increase in average travel speed 
with distance from the center of either city, no sys
tematic variation can be identified in the travel time per 
car traveler as a stable parameter of urban travel, at 
an aggregate level, within the range of reported door-to
door speeds. 

HOUSEHOLDS MAKING TRANSIT 
TRIPS ONLY 

It is most illuminating to compare the changes exhibited 
by transit travelers with those found for car travelers. 
As both cities expanded and became less dense, average 
trip distance increased for both car and transit trips. 
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However, while higher car speeds permitted car trav
elers to increase their total travel, transit speeds re
mained unchanged in TC (+1 percent) and declined in DC 
(-7 percent). The combination of more dispersed activ
ities and slow travel speeds thrust transit travelers in 
a different direction from car users. Trips per house
hold declined, whereas total travel time per traveler in
creased significantly. 

These results are consistent with those observed for 
car travelers. Car travelers used higher travel speeds 

Figure 2. Trip rate versus door-to-door trip time per 
traveler by mode, district averages for DC and TC. 
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Table 2. Car daily trip rate versus trip time in selected cities. 

No. City Year Population 

1 Hull, U. K. 1967 344 890 
~ Monroe, U.S. 1965 96 530 
3 Belfast, U. K. 1966 504 620 
4 Orlando, U.S. 1965 355 620 
5 We st Midlands, U. K. 1964 2 529 010 
6 Copenhagen, Denmark 1967 1 707 000 
7 Baltimore, U. $ . 1962 1 607 980 
8 Los Angeles, U. S. 1960 7 595 830 
9 Cincinnati, U. S. 1965 1 391 870 

10 London, U. K. 1961 8 826 620 
11 Washington, D.C., U.S. 1968 2 562 030 
12 New York, U.S. 1964 16303000 

a Total metropo\i1an area 
b Including int1azonal time 

Figure 4. Trip rate versus trip distance within total 
daily travel distance per traveler for DC, district 
averages. 

Trip 
Rate 

6.25 
5. 79 
5.63 
4.33 
3.59 
4.21 
3.26 
3.66 
3.63 
3.27 
3.28 
2. 89 

Trip Time 
(min) 

6.9 
7.3 
8.6 
9. 7 

10.3 
10.5 
12.3 
13.1 
13. 7 
13. 7 
15.6' 
20.1' 
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to expand both trip rate and trip distance within a stable 
travel time expenditure of approximately 1.1 h. Transit 
travelers, however, could not preserve their earlier 
travel time expenditure, even by making fewer trips: 
Total travel time per traveler increased to 1.43 h in DC 
and 1.15 h in TC, while trip rates declined to 2 .12 trips/ 
traveler in DC and 2.09 trips/traveler in TC. Transit 
travelers appear to illustrate the trade-offs between 
travel time, trip rate, and trip distance under more ad
verse conditions. 

The apparent stability of total travel time per traveler 
means that trip rates and average trip times are in
versely related. This interaction, however, is discussed 
in only a few studies, e.g., those by Zahavi (8, 9) and 
by Horowitz (10). At a subarea level, Figure2-illus
trates the relationship between trip rate and trip time 
per traveler by car and transit modes in DC and TC in 
both study years. The elasticity of trip rate with re
spect to trip time is found to be approximately -1.0 
within the range of 15-35 min. This indicates that the 
trip rate is inversely proportional to the door-to-door 
trip time until a minimum trip rate of about 2 trips/ 
traveler is reached; travelers then have to spend as much 
time as necessary to make only two daily trips between 
their necessary pairs of origins and destinations. Not 
unexpectedly, this area is dominated by transit travelers. 
These results suggest that modal shifts are not neces
sarily a one-to-one transfer. Where car disincentives 
are used to shift travel to transit, the lower level of 
service typical of transit can cause trips to be foregone 
rather than shifted. 

The interrelationship between trip rate and trip time 
can also be observed with regional data. Table 2 sum
marizes the average car-only daily trip rate versus the 

Figure 3. Car daily 
trip rate versus trip 
time in selected 
cities. 
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Figure 5 . Trip rate versus trip distance within total 
daily travel distance per traveler for TC, district 
averages. Twin Cities / 
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Figure 6. Structure of 
procedure for testing 
equality between sets 
of coefficients in linear 
regressions. 
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interzonal highway network trip time in a selection of 
cities, and the results are shown graphically in Figure3. 

Trade-offs between average trip rate and average 
trip distance within the total distance per traveler are 
summarized in Figures 4 and 5 for DC and TC. In both 
cities, trip rates are largely invariant with respect to 
total travel distance. Trip distances, however, are 
strongly correlated with total distance. 

The travel characteristics of households that use 
mixed modes, both car and transit, usually fall between 
those displayed by car-only and transit-only households. 

TRAVELERS PER HOUSEHOLD 

The discussions above identify travel time per traveler 
as a key component of urban travel. For this to be a 
useful parameter in analysis of travel demand, how
ever, it is necessary to understand the generation of 
travelers per household. A series of linear regression 
equations was estimated. A similar series was also 
estimated for trips per household, a more conventional 
parameter of urban travel. 

Four data sets were developed for estimation of co
efficients. These represented travel by all households 
in both cities in the two survey years. Because the data 
are aggregated to the district level, DC data sets con
tain 14 observations, whereas TC data sets consist of 
16. Independent variables are available for seven 
district-level measures: distance from district to cen
ter of region (km), area of district (km2), gross house
hold density (HH/ km2

), number of households in the 
district, household annual income, cars per household, 
and door-to-door travel speed (km/ h). The final linear 
models estimated are of the form: 

Travelers/HH = f1 (HH size, car ownership) 
Trips/HH = f2 (HH size, car ownership) 

A procedure developed by Chow (!.!) was then employed 

10 20 30 ,0 

Daily Distance per Traveler, Ian 

to test hypotheses on the transferability of the relation
ships between the two cities and over time. In this test, 
the null hypothesis is that B1 = B2 , where B1 and ~ are 
the vectors of coefficient estimates obtained from two 
separate regressions. B1 is estimated with the first 
data set of m observations, and ss,..,, the ·sum of squared 
errors, is obtained. The second data set of n observa
tions is then pooled with the first, and ~ is estimated 
with ss,..2, the corresponding sum of squared residuals. 
The null hypothesis is that B1 = ~; the alternative hy
pothesis is B1 I~-

If the null hypothesis is true, the statistic 

F = [(SS,•"2 - ss, •• 1)/n] /[Ss, •• , /(m - k)] (!) 

has an F distribution with n and (m - k) degrees of free
dom. Rejection of the null hypothesis leads to the con
clusion that the same relationship does not hold for both 
data sets. This test is most discerning when SS .. r1 is 
small, that is, when the model estimated on the first m 
observations explains a large part of the variance. As 
the goodness of fit of this first model decreases, the 
ability of the above test to identify differences in the 
models decreases. The structure of the testing proce
dure is illustrated in Figure 6. 

The estimated equations and Chow tests are summa~ 
rized in Tables 3 and 4. In Table 3, the 1955-1968 com
bined F value for DC is 2.28, that for 1958-1970 for TC 
is 1.64, and that for all data is 2.30. The F values from 
Table 4 are 1.96 for 1955-1968 for DC combined and 1.57 
for 1958-1970 for TC combined; that for all data is 2.88, 
which is significant at the 0.01 level. In general, the 
estimated parameters are statistically significant and 
yield acceptable goodness-of-fit statistics. The Chow 
tests provide some preliminary observations on the 
question of transferability. The hypothesis of equiva
lent coefficient estimates is accepted for all within-city 
tests. However, the hypothesis is rejected for the 
between-city test for trips per household, but it is ac
cepted for travelers per household. 

These results are at best only preliminary indica
tions. The limited number of observations and high level 
of aggregation in the data restrict the usefulness of the 
tests. However, they do indicate potential directions 
for further work. Specifically, it may be possible to 
develop models of travelers per household that are as 
valid as conventional trip-generation models. Estimates 
of travelers per household can then be used with travel 
time per traveler to estimate total vehicle hours of 
travel (VHT) available. Travel speed estimates and 
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Table 3. Travelers per household. 
Cars per 

Household Size Household 

City Year Constant Value Value R' F Ee~ 

DC 1955 0.9169 0.1921 3.23 0.4712 3. 79 0.81 20. 75 0.0810 
1968 0.643 0.2309 4.50 0.5031 7.62 0.94 81.93 0.0607 

TC 1958 0.024 0.3248 5.28 0.8701 5. 74 0,95 128.51 0.0502 
1970 0.210 0.2791 5.23 0. 7764 6.35 0.95 133.36 0.0621 

DC Both 0.6487 0.2771 6.96 0.4176 6.46 0.85 69.06 0.2243 
TC Both 0.1186 0.3677 11.07 0.6339 8.50 0.94 214.03 0.1514 
Both All 0.4029 0.3366 12.90 0.4896 9.69 0.91 279. 77 0.4750 

Table 4. Trips per household. Cars per 
Household Size Household 

City Year 

DC 1955 
1968 

TC 1958 
1970 

DC Both 
TC Both 
Both All 

Figure 7. Daily expenditure on travel versus household 
annual income for DC and TC. 
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Household Annual Income ( '000) 

Constant Value 

1.9307 0.383 
1.582 0.1563 

-3.214 1.450 
-1.473 0.842 

1.0829 0. 6432 
-2.147 1.219 
-1.66 1.356 

VHT per household then produce estimates of total ve
hicle kilometers per household directly from stable 
characteristics of urban travel. 

TRAVEL MONEY EXPENDITURES 

Since no direct information on travel money expenditures 
per household was available in the data this had to be 
derived indirectly, as a product of obs~rved travel dis
tance per household and cost per unit distance by mode. 
Furthermore, information on household income was 
avail~ble only for the later study in each city, namely, 
1968 m DC and 1970 in TC. Figure 7 shows the esti
mated travel money expenditures per household for car
traveling households and for transit-traveling households 
aggregated by district in the two cities. 

Relating the travel money expenditures to income per 
household suggests that the former are a stable propor
tion of income, at about 10.5 percent for car-traveling 
households and about 3-5 percent for transit-traveling 
households, at all income levels. Similar results were 
observed in the United Kingdom and West Germany (12). 

While additional analyses at disaggregate levels and 
by household location are required before final conclu
sions are reached, it appears that the daily travel money 
expenditure, like the travel time expenditure, is related 
to the socioeconomic characteristics of the households. 
Of particular interest is the significant gap between the 
two household types in Figure 7, suggesting that the 
household's decision to own a car is a major one af-
fecting all other money budgets. ' 

Value R' F Ee~ 

1.40 2. 769 4.85 0. 79 18.49 1. 7090 
0.50 3.093 7. 70 0.89 45.23 2.2443 
3.11 4. 776 4.16 0.90 55.97 2. 8800 
1. 755 4.972 4.52 0.86 40.16 5.0260 
3.02 
4.90 
6.46 

2 .5094 7 .27 0.79 43.89 6.4074 
4.546 8.14 0.87 96.46 8.4701 
3.505 8.59 0.82 123.67 30.9912 

REPORTED VERSUS NETWORK 
TRAVEL TIMES 

It is important to note that the travel time data used in 
the ::b?ve an_alyses are the reported times provided by 
~Omt: mterv1ew survey respondents. To investigate the 
impact of coded network travel time data on these results 
several comparisons were made. ' 

Figure 8 illustrates the comparison between reported 
and network trip time frequency distributions in DC in 
~968. (Sine~ travelers tend to estimate their trip times 
m rounded figures, the reported times cluster around 
30, 60, and 90 min. Adjustment of the clustering to 
smooth hand-drawn curves was done by interpolating 
th~ cu.rves of the accumulated trip time frequency dis
tributions, as shown in Figure 9.) It is to be noted that 
the reported times, on the left-hand side of Figure 8, 
rep~esent door-to-door times, including access, in
vehicle, and egress times, whereas the diagrams on the 
right-hand side represent computed network times. 
Therefore, it is not unexpected that the two sets of dis
tributions are markedly different. 

Figure 9 shows one way of expressing these differ
ences: The time differences between the two distribu
tions, measured horizontally on the accumulated dis
tributions at each trip time, are shown in the upper dia
grams as relationships between the reported and the 
network trip times by mode. These diagrams suggest 
that the two time sets are linearly related within the 
range o~ trip times that includes more than 90 percent 
of all trips. If such relationships are verified in other 
cities as well, it would then be possible to derive the 
network frequency distributions from the door-to-door 
trip times as reported in the home interview forms. 

It it:? interesting to compare also the reported and 
network travel times on a per-traveler basis. The com
puted values are derived from the network trip times 
plus the estimated access and egress times. Such a 
comparison by distance of residence from the city cen
ter is shown in Figure 10 for car travelers in DC in 
1968. It may be inferred from this figure that the net
work times, with the addition of estimated access and 
egress times, do not necessarily express the travel 
ti1?1es,_as perceived by the travelers, with possible im
phcahons to mode-choice models based on computed 
trip times. 

CONCLUSIONS 
The research reported here is a preliminary examination 
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Figure 8. Door-to.<foor versus network 
trip time frequency distributions for DC. 

Figure 9. Cumulative door-to-door 
versus network trip time frequency 
distributions and adjusted relationship 
between them for DC. 
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Figure 10. Daily travel time per car traveler versus distance of 
residence from the city center for DC. 
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of a variety of travel components and their interactions 
in two cities at two times. The following conclusions, 
therefore, are tentative and subject to further analysis 
on a disaggregate level in additional cities. 

1. There are strong indications that, at least at an 
aggregate level, daily travel times per traveler display 
consistent regularities. At reasonably good speeds, the 
daily travel time per traveler is about 1.1 h and remains 
so even when speeds increase appreciably. However, 
as speeds deteriorate, travelers have to spend more 
daily travel time for fewer trips. 

2. Regularities are also observed in travel money 
expenditures, which are found to be strongly related to 
the household income level and similar socioecOno111ic 
characteristics. For example, the daily average money 
expenditure on travel per car-owning household is about 
10.5 percent of income at all income levels. A carless 
household, Oil the other hand, spends auuul 3 -5 percent 
of its income on travel, again a stable proportion at 
all income levels. 

3. All travel components, such as trip rate by pur
pose, trip distance, and trip time, are determined by 
trade-offs within these total expenditures of time and 
money. 

4. These results suggest that more attention be given 
to the observed regularities of travel expenditures per 
traveler and per household, in time and money terms. 
Such expenditures are found to be more transferable 
both between cities and over time than isolated travel 
components, such as trip rates. All the isolated travel 
components can then be integrated within one travel 
system, controlled by the available travel budgets, sys
tem supply, and urban structure. 

5. More research is necessary to verify the above 
indications. Such a new line of research is deemed to 
be of extreme importance because, if the above results 
are fully verified, they may have far-reaching implica· 
tions for the conventional travel-modeling procedures. 
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Examination of the Psychophysical 
Function in Travel Mode-
Choice Behavior 
Ronald L. Mitchelson and Howard L. Gauthier 

The objective of this study is to provide a clearer understanding of the 
mode-choice behavioral process by examining the psychophysical func
tion of that process. In particular, six broad dimensions of travel mode 
cognition are derived, and their relationships to the physical characteris
tics of travel modes are estimated. To accomplish this, an integrated 
methodology that uses personal construct theory, multidimensional 
scaling, conjoint analysis, and cluster analysis was developed and tested 
in the Cleveland Avenue bus corridor of Columbus, Ohio. On the basis 
of attributal trade-off data, we identified a limited number of user 
groups who have homogeneous perceptual sensitivities related to situa
tional variables. A second-stage cluster analysis identified three aggre
gate market segments of the sample population. 

In recent years, geographic research into various as
pects of urban travel demand has accelerated greatly. 
This growth is primarily a response to the stimulus of 
an intensified urban transportation problem and the rec
ognition of deficiencies in existing approaches to model
ing the demand for urban travel. 

In general, reliable models of travel require accurate 
and sensitive data that focus on the individual's travel 
decision-making process. If we are to examine the im
pact of system changes on all groups of urban travelers, 
we must understand the travel decision-making process 
at the micro level. Ultimately, it is this set of individ
ual decisions that creates and is responsible for changes 
in the aggregate spatial patterns of urban travel. Thus, 
recent travel demand research focuses on replacing ag
gregate correlative mode-split models with a more 
consumer-oriented approach in which psychological var
iables, e.g., perceptual and preferential, and situational 
variables, e.g., income, age, and travel mode access, 
are employed. They are hypothesized to influence the 
travel mode-choice decision significantly. 

To date, one set of psychological variables has been 
sorely neglected-perceptual variables. These are of 
critical importance because they encompass the initial 
aspect of the travel mode-choice process, i.e., the trans
formation of an objective set of transport variables into 
subjective variables that serve as the consumer's basic 
criteria for distinguishing between alternative travel 
modes, evaluation of those alternatives, and the final 
mode choice. This transformation, which is often re
ferred to as the psychophysical function, must be more 
clearly understood, especially as it affects travel be
havior. This study, although it recognizes other sources 
of variation, is concerned with two basic features of total 
perceptual variance among individual travelers: 

1. Variability within the set of broadly defined vari
ables employed by travelers to discriminate between 
travel mode alternatives, i.e., the dimensions of the 
psychophysical function, and 

2. The relationships that exist between the physical 
composition of the travel mode stimuli and the dimen
sions of the psychophysical function. 

The purpose of this research is to expand our knowl
edge of the dimensions of the travel mode psychophysical 
function and particularly the manner in which tangible 

characteristics of travel modes affect perceived level 
along the dimensions of travel mode discrimination. In 
particular, the ability to identify groups of individuals 
who are similar in their perceptual orientations toward 
the physical composition of the urban travel environment 
is a primary objective. 

THE LITERATURE 

It is not possible, nor is it necessary, to review all the 
research concerned with the travel mode-choice question 
here. We are interested only in those efforts that focus 
on travel mode psychophysics. In this regard, the study 
of transformations of travel modes from objective to 
subjective space is undoubtedly the least understood of 
all aspects of the travel mode-choice process. 

A number of researchers have engaged in the task of 
accurately specifying realistic psychophysical dimen
sions-a task not unlike the problem of accurately speci
fying the variables in a utility function. Clearly, if a 
choice model is misspecified, parameter estimates are 
biased and lack precision. The earliest efforts to es
tablish cognitive dimensions of the discriminational pro
cess in travel mode choice employ the traditional factor
analytic methodology of data reduction. Here a long list 
of travel mode characteristics is subjected to one of sev
eral types of rating scales. Psychophysical factors are 
subsequently identified from original responses by apply
ing some type of factor analysis to extract underlying 
dimensions from the raw data. Examples of this gen
eral approach include the work of Paine, Nash, and 
Hille (1)· Hartgen and Tanner (2); Sherret and Wallace 
(3); and Recker and Stevens (4)-:-
- Several fundamental problems can be identified with 

the traditional factor-analytic methodology. Clearly, 
the simple extraction of linear trends from the original 
attribute ratings does not necessarily represent cogni
tive reality. Statistical correlation among the ratings 
should not be construed as cognitive aggregation of travel 
mode attributes by travelers. Beyond this, each person 
may possess a unique set of discriminating factors. The 
subjects in a survey situation ought not to be forced to 
respond to an arbitrarily derived list of travel mode 
characteristics that may evoke little or no meaning for 
certain individuals. Such cognitive homogeneity is an 
unacceptable a priori assumption. 

Golob, Dobson, and Gustufson (5) were among the 
first to reject the factor-analytic approach and substi
tute multidimensional unfolding in a heroic effort to enu
merate the dimensions of the travel mode discrimina
tional process. Unfortunately, their particular use of 
multidimensional unfolding is inappropriate. Travel 
mode characteristics that may take on a continuum of 
possible values, e.g., waiting time and fare, are used 
as stimuli and are assumed to be discrete points in a 
multidimensional preference space. The dimensions of 
the derived configurational space can only be interpreted 
as the attributes of attributes and are not the cognitive 
attributes of travel modes that are sought. The effort 
by Dobson and Kehoe (~ suffers a similar fate. 
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A somewhat different avenue of research attempts to 
define accurately individual concepts such as travel 
mode comfort and convenience. Stopher, Spear, and 
Sucher (7) execute a unidimens ional procedure based on 
Thurstone's law of comparative judgment to determine 
those specific convenience characteristics that are most 
preferred. The direct-questioning method used in this 
case suffers from the problem of socially acceptable re
sponses and allows the consumer to rate all character
istics by forcing the consumer to trade off among char
acteristics in the judgment task. Nicolaidis (8) employs 
individual differences multidimensional scaling 
(INDSCAL) to the proximity relations of several 
travel modes to establish the dimensions of travel 
mode comfort. Unfortunately, the method of Nicolaidis 
suffers because the original travel mode proximities are 
derived from consumer scalings of the travel mode
choice set on nine prespecified comfort characteristics. 
The fundamental problem of this procedure is the a 
priori definition of comfort. The danger of this approach 
is exclusion of variables that may be important to cer
tain travelers or groups of travelers. 

Recently, Hensher and McLeod (9) called for an in
tegrated approach to the identification and evaluation of 
the determinants of travel mode choice. Here the inter
face between an extended set of meaningful cognitive di
mensions and policy-sensitive research is the focus. The 
integrative mechanism is termed the "policy-sensitive 
unit," and it is incorporated into a systematic procedure 
for structuring the perceived variability in "soft" travel 
mode attributes such as comfort and convenience. Hen
sher's recognition of this need is probably a greater 
contribution than the proposed solution, which simply 
relates observed travel behavior to a list of objective 
service measures, such as the number of stops en
countered and the number of people standing when the 
vehicle is boarded. The functional forn1 relating prob
able behavior and the service variables is assumed to be 
logistic in nature. 

Finally, whether and how perceived values of attri
butes relate to physically measurt:ld values uf allribule:; 
is a scaling issue that has specific measurement impli
cations. The question is certainly not new. Transpor
tation studies over the past 20 years have confronted it, 
though not very directly. When plotting perceived travel 
times from home-interview surveys against objective 
engineering estimates obtained from skimmed trees, the 
correlation has always been obse:r;'Ved to be considerably 
less than 1.0 (10). Thus, not only do the dimensions of 
the psychophysical function require elicitation, but a 
metric, representing the subjective transformation of 
objective travel values, must be constructed. Very 
little has been accomplished by transport researchers 
along these lines. 

In reviewing this literature, it is evident that our 
understanding of the very first step in the travel mode
choice psychophysical transformation process is unsatis
factory. In fact, we do not yet know the underlying di
mensions of the travel mode psychophysical function. 
In addition, we have no metric with which to measure 
the extent to which a particular objective stimulus evokes 
a subjective response on a dimension of travel mode dis
crimination. Thus, there is the critical need to deter
mine how the tangible characteristics of travel modes 
culminate in particular travel mode images. For in
stance, if a group of travelers views a mode of urban 
travel as being comfortable, it is important for the ur
ban transport planner to know which of the physical in
gredients creates this general image. Hence, two re
lated problems require attention: (a) delineation of the 
broad cognitive dimensions underlying travel mode 
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meaning and (b) construction of relationships between 
tangible characteristics, the ingredients of travel mode 
design and management, and the consumers' abstract 
images of travel mode alternatives. 

To provide answers of a suggestive nature to these 
questions, a two-phase survey research study was con
ducted in Columbus, Ohio. Phase 1 of the research is 
designed to establish the broad dimensions of travel 
mode cognition, while phase 2 establishes the relation
ships between tangible travel mode characteristics and 
the broad dimensions of travel mode image. Figure 1 
summarizes the research design employed. 

PHASE 1 RESEARCH 

The study area in Columbus was delimited to encompass 
the market area of a single bus corridor operated by the 
Central Ohio Transit Authority (COTA). This corridor, 
referred to as the Cleveland Corridor, is a radial ex
tending from the central business district of Columbus 
to Westerville, a relatively high-income suburb. COTA 
officials identify the Cleveland Corridor as a problem 
route because actual ridership is considerably less than 
that which had been expected based on the bus's com
petitive status within the corridor vis-a.:.vis time and 
cost considerations. COTA officials are interested in 
understanding why it is that ridership in the corridor is 
below expectations. Clearly, the research proposed in 
this study does not address the entire behavioral process 
underlying the travel mode-choice behavior of consumers 
in the study area. It is designed to examine only the ini
tial phase of that behavioral process, the psychophysical 
transformation. 

By employing the most recent edition of the Columbus 
Polk City Directory as the sampling frame, we selected 
50 individuals at random as potential phase 1 respon
dents. Each phase 1 interview consisted of three sec
tions. The first section provided similarities data re
quired by an INDS CAL algorithm. Each respondent was 
required to judge each pair of eight travel modes on a 
Likert scale of perceived similarity. The interviewt:lr 
recorded each similarity judgment as it was provided 
by the respondent. The sequence of judgments was ran
domized before each interview session. Travel modes 
included in the study were automobile (driver), automo
bile (passenger), carpool, taxi, bus, motorcycle, walk, 
and bicycle. 

The second interview section involved determination 
of a repertory grid (11). This task actually consisted of 
two distinct phases. In the first, the respondent was 
presented with three cards, each bearing the label of a 
travel mode, i.e., a triad. The respondent was re
quested to provide one way that two of the modes were 
alike and different from the third, i.e., a triad sort. 
After discussion, if needed, a simple word was agreed 
on to represent this discriminational factor, i.e., a per
sonal construct. Next, the interviewer asked for the op
posite of the label assigned to the construct. Thus, the 
construct was elicited as a bipolar scale. Finally, the 
respondent was required to rate each of the eight travel 
modes with regard to the extent that a mode possesses 
the construct previously elicited. A Likert rating scale 
of perceived construct level was employed. The pro
cedure, consisting of construct elicitation and then 
travel mode rating, was repeated until a respondent was 
unable to produce further constructs. 

A summary of the personal constructs elicited using 
the triad-sort method is given below: 
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Construct Frequency of Construct Frequency of 
Label Elicitation Label Elicitation 

Physical effort 23 Reliability 8 
Monetary ex- Freedom of 

pense 23 action 5 
Privacy 20 Environmental 
Safety 19 protection 5 
Flexibility 18 Menta I effort 5 
Convenience 18 Enjoyability 3 
Travel time 16 Anxiety 3 
Control of Cleanliness 2 

situation 14 Ability to 
Comfort 10 relax 2 
Responsibility 9 Prestige 1 

Physical effort and expense were most frequently elic
ited, followed by privacy and safety. Flexibility and 
convenience are also frequently elicited constructs. 
Travel time, perhaps regarded as most important by 
planners, is mentioned by only half the respondents, 
while control is mentioned by an almost equal number. 
Comfort comes next. None of the other constructs at
tained a double-digit response frequency. Of this group, 
only comfort is regarded as superordinate; i.e., a com
fortable mode is usually safe, convenient, private, etc., 
to those remaining. 

The similarities data obtained in the phase 1 inter
view were subjected to an INDS CAL (12). Multidimen
sional scaling (MDS), in contrast to the directness of the 
repertory grid approach, attempts to latently derive the 
dimensions of travel mode discrimination as well as 
scale values for the travel mode stimuli on each of the 
derived dimensions by using only the similarities judg
ments. The two fundamental problems of MDS are de-

Figure 1. Flow diagram of the methodological framework. 

PHA&E ONE 

29 

termining the appropriate number of dimensions and in
terpreting them correctly. Interpretability serves also 
as one criterion for determining the appropriate dimen
sionality. The other basic criterion for determining the 
appropriate number of dimensions is statistical and in
volves the functional form of stress (the measure of 
badness of fit) as it varies with regard to dimensionality 
of the configurational solution. A plot of stress as a 
function of increasing configuration dimensionality, as 
supplied by the INDSCAL analysis of the phase 1 simi
larity data, displayed an elbow at a dimensionality of 
six, indicating that the addition of a sixth dimension 
adds significantly to statistical fit but that a seventh 
dimens ion adds very little. The second INDS CAL run 
provides a configuration of best fit (minimum stress) 
with a value indicating that only about 4 percent of the 
original similarity judgments are not maintained within 
the latently derived configuration. 

The interpretation of the latently derived dimensions 
incorporates the repertory grid data as a selection of at
tributes of the travel mode stimuli independently gained. 
The appropriate method for identifying the latently de
rived dimensions is to compare the latent scores of each 
stimulus point, i.e., travel mode, on each dimension 
with the scale values assigned directly to the travel mode 
stimuli vis-a-vis the personal constructs elicited. The 
comparison is statistically accomplished by using simple 
correlation analysis of the latently derived INDSCAL 
scale values and the scale values assigned to each stim
ulus directly by respondents. 

Table 1 summarizes the correlates for purposes of 
interpreting the six-dimensional configuration derived 
from the INDSCAL analysis. Dimension 1 is certainly 
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the most complex of the derived dimensions but appears 
to provide a scale of travel burden. It is composed of 
physical effort, expense, and travel time. Highly cor
related with dimension 1 is the personal comfort con
struct. Dimension 2 is an independent safety dimension 
and, again, comfort is a dominant correlate. Dimension 
3 is primarily associated with convenience, although 
flexibility and privacy load significantly on this dimen
sion as well. Dimension 4 provides an appropriate scale 
for the privacy construct, exhibiting significant correla
tion with flexibility and, again, comfort. Dimension 5 
associates most highly with comfort and, as expected, 
significant correlation exists between it and other di
mensions. Finally, dimension 6 scales flexibility and 
control with close association to the personal comfort 
construct. 

In summary, both statistical and interpretive con
siderations provi'de the necessary and sufficient condi
tions for adoption'of a six-dimensional space of travel 
mode cognition consisting of travel burden, safety, con
venience, privacy, flexibility, and comfort. 

PHASE 2 RESEARCH 

In phase 2 research we were interested in establishing 
the relationships between tangible travel mode character
istics and the six dimensions of travel mode cognition. 
A spatially random-clustered sample was produced by 
numbering all block fronts in the Cleveland Corridor. 
Blocks were selected by using a table of random num -
bers. As many households on a selected block front 
were contacted as possible. 

The survey administered to phase 2 subjects was con
structed on the basis of phase 1 research results. The 
questionnaire was designed to provide sufficient informa
tion to establish the relationships between an assortment 
of physical travel mode characteristics and the broader 
cognitive dimensions. Conjoint measurement was the 
analytic procedure used to construct the desired rela
tionships. Conjoint analysis is a method that effectively 
decomposes a respondent's overall travel mode image 
i11to· separate and compatible attribute scales (pa1·t per
ceptions) by which original global cognitive judgments 
can be reconstructed. The problem of obtaining mea
surement scales for both the dependent variable, i.e., 
the location of a travel mode on a particular broad cog
nitive dimension, and the independent variables, i.e., 
tangible travel mode characteristics, based on the order 
of joint effects according to some specified combination 
rule is the conjoint measurement problem; see Green 
and Rao (13) and Johnson (14) . 

Data required by the conjoint measurement algorithm 
take the form of a series of trade-off matrices (15). The 
trade-off method requires rank ordering by a respondent 
of a series of paired travel mode characteristics in 
terms of one of the six travel mode dimensions identi
fied in phase 1. In this manner, the respondent implic
itly reveals his or her perceptual trade-offs for tangible 
characteristics in judging the level of an abstract cogni
tive dimension. 

One set of trade-off matrices was constructed for 
each of the six phase 1 dimensions of travel mode cog
nition. The travel mode characteristics used in the 
trade-off matrices of phase 2 are listed below. They 
were selected from a master list developed after an ex
tensive review of the travel demand literature and indi
cations provided by phase 1 respondents. 

1. Burden 
a. Waiting time 
b. Walking time 
c. Riding time 
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d. Parking costs 
e. One-way fare 
f. Environmental pollution 

2. Convenience 
a. Transfers 
b. Access time 
c. Variation in arrival 
d. Method of payment 
e. Hours of service 
f. Protection from weather 

3. Safety 
a. Likelihood of vehicle accident 
b. Exposure to unfamiliar areas 
c. Ability to restrict passengers 
d. Protection at pickup 
e. Driver 

4. Flexibility 
a. Alter destination 
b. Alter route 
c. Control over micro climate 
d. Ability to vary departure or arrival time 
e. Ability to restrict passengers 

5. Privacy 
a. Guarantee of iu<li v i<lual 1>ealing 
b. Ability to arrange in-vehicle seating 
c. Ability to save seats 
d. Ability to restrict passengers 

6. Comfort 
a. Privacy 
b. Convenience 
c. Flexibility 
d. Burden 
e. Safety 

Before the part perceptions were derived, the trade
off data for each dimension were subjected to cluster 
analysis to identify groups of urban travelers who share 
similar perceptual orientations. The HGROUP of Ward 
(16) was employed here to determine the following ho
mogeneous groups of travelers: three burden groups, 
four convenience groupR, three flexibility e;roups, three 
safety groups, four privacy groups, and three comfort 
groups. All members of each group have similar per
ceptual orientations toward specific travel mode char
acteristics as revealed by commonality in the response 
profile for a particular cognitive dimension; i.e., they 
have statistically similar trade-off matrices. 

After individuals had been grouped in this manner, 
the part perceptions, which indicate the value of a par
ticular travel mode characteristic with respect to the 
overall level of perceived burden, convenience, etc., 
were estimated for each group by using Johnson's mono
tonic regression program. Table 2 exemplifies the -in
formation that this procedure provides: a set of values 
or part perceptions for each group. In addition, group 
membership (and thus perceptual orientation) is related 
to a set of situational characteristics (Table 3). Chi 
square provides an adequate test for significant relation
ships. 

Table 4 is a summary of all homogeneous perceptual 
groups. Included are both salient perceptual sensitivities 
and significant situational characteristics of each group. 
The perceptual sensitivities are determined by calculat
ing the range in part perceptions associated with a par
ticular travel mode characteristic. The situational im
portance of respondent's sex, age, and status as a par
ent are important, since they are significantly related 
with perceptual orientations toward a number of cogni
tive dimensions. 

The result of the phase 2 research is the identification 
of 20 homogeneous perceptual groups. From a planning 
standpoint, there is an obvious trade-off between the 
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need for accurate perceptual representation and the de
sire for modeling simplicity. Twenty perceptual groups 
represent a degree of overkill on the side of accuracy. 
It is instructive, therefore, to examine the extent to 
which survey respondents exhibit commonality in group 
membership (and thus perceptual orientations) across 
all six dimensions of travel mode cognition. To ac
complish the definition of aggregate perceptual market 
segments based on group membership similarities, a 
second-stage cluster analysis was performed. The 
HGROUP clustering algorithm was applied to group mem
bership profiles for the phase 2 survey respondents. In 
this manner, three aggregate market segments of nearly 

Table 2. Rank order of characteristics and their respective part 
perceptions. 

Group 1 Group 3 Group 4 
(N = 45) (N = 24) (N = 14) 

Characteristic A B A B A B 

Parking costs ($) 
0.25 20 0.51 20 0.57 19 0.65 
0.50 18 0.71 16 0.83 18 0.74 
1.00 11 0.96 9 1.05 7 1.15 
2.00 2 1.50 4 1.35 3 1.36 

Waiting time (min) 
0 16 0.77 18 0.71 13 0.97 
5 12 0.93 6 1.22 8 1.12 

15 1 1.57 2 1.45 6 1.18 
Walking time (min) 

1 15 0.81 15 0.85 14 0,94 
5 9 1.02 12 0.96 9 1.10 

15 3 1.41 1 1.51 5 1.27 
Pollution level 

Low 13 0.91 13 0.94 17 0. 81 
Intermediate 7 1.12 8 1.17 11 1.02 
High 6 1.22 7 1.20 1 1.49 

One-way fare ($) 
0.25 19 0.66 19 0.68 20 0.55 
0.50 17 0.75 17 0.80 16 0.86 
1.00 10 0.99 10 1.01 12 0.99 
2.00 4 1.35 5 1.24 2 1.42 

Riding time (min) 
5 14 0.88 14 0.89 15 0.91 

10 8 1.08 11 0.98 10 1.06 
15 5 1.29 3 1.41 4 1.30 

Notes: A =rank order; B =part perception, 
Groupl: ¢=0.09, r=0.78;Group3: ¢ = 0.09, r = 0.76; Group 4: ¢ = 
0.06, T = 0.81. 

Table 4. Salient perceptual and situational characteristics 
of the homogeneous clusters. Homogeneous 

Travel Groups 

Burden 
Group 1 
Group 2 
Group 3 

Convenience 
Group 1 
Group 2 
Group 3 
Group 4 

Flexibility 
Group 1 
Group 2 
Group 3 

Safety 
Group 1 

Group 2 
Group 3 

Privacy 
Group 1 
Group 2 
Group 3 
Group 4 

Comfort 
Group 1 
Group 2 
Group 3 
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equal size were found to reflect underlying perceptual 
variation accurately. 

Market segment 1 is interpreted as a relatively un
biased group of urban travelers who may be character
ized as 

1. Highly sensitive to individualized seating arrange
ments and the ability to save or arrange in-vehicle 
seating, 

2. Relatively insensitive to changing levels of travel 
burden and flexibility but very sensitive to convenience, 

3. Concerned the least about increasing levels of en
vironmental pollution, and 

Table 3. Characteristics of travel burden perceptual 
clusters. 

Percentage or Group 

Groug I Group 3 Group 4 
Characteristic N (N = 45 ) (N = 24) (N = 14) 

Sex 
Male 37 40 46 50 
Female 47 60 54 50 

Marital status 
Single 38 58 25 43 
Married 46 42 75 57 

Children 
None 55 69 54 79 
One or more 29 31 46 21 

Education 
Pre-high school 32 44 25 36 
High school 38 49 46 36 
College 14 7 29 28 

Employment 
Unemployed 40 53 42 36 
Part time 7 9 8 7 
Full time 37 38 50 57 

Age' 
Under 21 4 2 4 7 
21-29 26 27 42 29 
30-49 24 29 33 21 
50-64 15 20 8 29 
Over 65 15 22 13 14 

Income· 
Under $5000 20 31 12 14 
$5000-10 000 29 49 17 21 
$10 000-15 000 18 17 24 36 
$15 000-25 000 13 3 34 21 
Over $25 000 4 0 13 8 

B Significant ( p < 0.05) relationship exists between socioeconomic character-
istic and group membership by using chi-square test. 

Outstanding Perceptual 
Sensitivities 

Parking costs, ride times 
Parking costs, wait times 
Fares, pollution 

Access time, transfers 
Access time, arrival time variability 
Enclosed shelter, access time 
Payment method, service hours 

Depart or arrive, route 
Microclimatic control 
Passenger restriction, destination 

Passenger restriction (type), pick
up protection 

Vehicle accidents 
Passenger restriction (number) 

Indi victual seat, arrange seat 
Save seat, passenger restriction 
Individual seat, save seat 
Individual seat, passenger restriction 

Safety, convenience, burden 
Safety, convenience, privacy 
Safety, privacy, convenience 

Outstanding Situational 
Characteristics 

Low-income 
Young, high-income 
Elderly, middle-income 

Male 
Male, elderly 
Female, young 
Female, unemployed 

Male, single 
Female, single 
Female, parent 

Female, low-income 
parent 

High-income, employed 
Male, low-income, elderly 

Female 
Male 
Male, low-income, elderly 
Male, parent 

Female, low-income 
Heterogeneous 
Male, employed 
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Table 5. Characteristics of aggregate market segments. 

Percentage of Segment 

Segment 1 Segment 2 Segment 3 
Characteristic N (N = 25) (N = 29) (N = 30) 

Sex• 
Male 37 32 31 66 
Female 47 68 69 34 

Marital Status 
Single 38 48 72 73 
Married 46 44 52 67 

Children 
None 55 48 72 73 
One or more 29 52 28 27 

Home• 
Own 46 47 46 70 
Rent 38 53 52 30 

Education• 
Pre-high school 32 42 46 27 
High school 38 46 47 43 
College 14 12 30 

Employment' 
Unemployed 40 58 56 33 
Part time 7 14 4 10 
Full time 37 28 40 57 

Age 
Under 21 4 4 3 7 
21-29 26 32 24 37 
~U-4~ 24 3~ ~8 ~·1 

50-64 15 16 21 17 
Over 65 15 16 24 13 

Income 11 

Under $5000 20 35 25 13 
$ 5000-10 000 29 41 55 10 
$10 000-15 000 18 16 14 33 
$15 000-25 000 13 8 6 ao 
Over $25 000 4 0 0 14 

Bus Patronage" 
Work 12 12 9 20 
Shop 15 20 27 7 
Recreation 11 8 24 7 

'"Significant (p < 0 .05) relationship exists between socioeconomic characteristic and group 
menibership by using chi-square test. 

4. Sensitive to the aspects of vehicle access, es
pecially the components of walking and waiting time. 

The unbiased market segment is of interest because it 
reveals some degree of sensitivity to physical character
istics of travel modes that are addressable in the context 
of public transit, e.g., access time. 

Market segment 2 is appropriately regarded as a bus
biased group of urban travelers who may be described as 

1. Most sensitive to changes in individualized seating, 
2. Sensitive to the number of passengers allowed in 

the vehicle and highly concerned about protection at 
points of passenger pickup, 

3. Perceptually susceptible to different levels of 
travel burden and convenience but particularly insensi
tive to variation in the level of privacy, and 

4. Most sensitive to alterations in one-way fare and 
levels of environmental pollution. 

Clearly, most of the concerns of the bus-biased segment 
can be attended to by some form of public transit. 

Market segment 3 differs significantly from the pre
vious two segments examined. This automobile-biased 
group is characterized as 

1. Highly sensitive to the ability to restrict the type 
of passengers with whom one must associate for purposes 
of privacy and personal safety, 

2. Significantly sensitive to the attributes of conve
nience and privacy and insensitive to different levels of 
travel burden, and 

3. Particularly sensitive to changes in the cost of 
vehicle parking and access times, while clearly unaf
fected by environmental pollution levels. 
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The emphasis of the automobile-biased group on levels 
of privacy, e.g., passenger restrictions, is an aspect 
most difficult to address in current forms of public 
transit. 

The contention of three basic market segments-one 
relatively unbiased, one bus-biased, and one automobile
biased-is supported by mean segment ratings of the 
automobile and bus on the six broad dimensions of travel 
mode cognition. In general, the bus-biased group pro
vides the bus's best ratings and the automobile's worst. 
In contrast, the automobile-biased group, with few ex
ceptions, provides the bus's worst ratings and the auto
mobile's best. The unbiased group supplies mean scores 
that generally fall between the extremes provided by the 
automobile- and bus-biased segments. 

Table 5 reveals the situational characteristics of the 
three aggregate market segments. Note that chi-square 
tests clearly indicate that generalized perceptual orien
tations (market segment membership) are significantly 
related to a large assortment of situational factors, e.g., 
sex, education, employment, age, and income. The 
bus-biased segment, for example, is predominantly 
composed of women, many of whom work and whose an
nual household incomes are normally under $10 UUU. In 
contrast, the automobile-biased segment is composed 
largely of employed men who are more highly educated 
and exhibit considerably higher household incomes. 

CONCLUSIONS 

The goal of this study was to work toward a clearer un
derstanding of the travel mode-choice process by spe
cifically examining the psychophysical element of that 
process. In particular, the broad dimensions of travel 
mode cognition were established, and the relationships 
that exist between a set of physical travel mode charac
teristics and the broader cognitive dimensions were es
timated. Both tasks were accomplished by using two 
separate surveys of urban travelers in the spring of 
1979 within the Cleveland Corridor of Columbus, Ohio. 

In summary, six broad cognitive dimensions were 
found to underlie travel mode cognition of travelers 
within the corridor. Based on trade-off data, 20 homo
geneous perceptual groups were established with par
ticular perceptual sensitivities. These sensitivities 
were found to be related to a number of situational fac
tors. A second-stage cluster analysis accomplished the 
identification of three aggregate market segments: an 
unbiased segment, an automobile-biased segment, and 
a bus-biased segment. 

The findings of this research are suggestive at best, 
due to small sample sizes and restrictions associated 
with use of the trade-off method of subjective evaluation. 
However, the results do provide added support for dis
aggregate behavioral approaches to modeling urban 
travel demand. Although this study presents a method
ological strategy that may be unfamiliar, it is highly ap
propriate to the task of examining travel mode cognition 
and its relationships to physical characteristics of travel 
modes. 
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Interdependencies in Activity 
Behavior 
David Damm 

The research reported here stems from an increased awareness that many 
of a person's decisions to travel and hence to participate in activities are 
dependent both on the decisions of the person's household and on the full 
set of the person's daily activity decisions. An approach to modeling 
these interdependencies that treats the demand for activities explicitly 
and postulates a choice process constrained by both temporal and spatial 
variables is developed here. By using conventional home-interview data 
(from Minneapolis-St. Paul), it is demonstrated that hypotheses about 
complex travel-activity behavior can be tested without costly new surveys. 
The results confirm the need to account for interdependencies and point 
to many potentially fertile directions for policy-oriented as well as 
theoretical research. 

The purpose of this paper is to present an approach to 
explaining travelers' behavior in the context of 
household- and work-related activities. The con
straints imposed on a person's scheduling of activities 
(and therefore travel) by his or her household or work
place are explicitly treated and, rather than consider 
trips or activities in isolation, an entire day's activities 
and trips are examined simultaneously. It is evident 
that whether a person participates in an activity, at what 
time, for what duration, and by what mode is often de
termined by the decisions and needs of others, especially 
others in a person's household. 

Prior research on interdependencies of travelers' 
decisions in constrained environments is briefly outlined. 
Next, the major features of the conceptual model (hy
potheses about causality) and analytic theory used for 
an operational model are sketched. This model is then 

tested empirically with conventional home-interview 
data. Because the evaluation of policies such as variable 
working hours could be better conducted with further 
research in this area, the final sections address the im
plications of the effort reported here and the most fruit
ful future directions. 

RESEARCH CONTEXT 

Hagerstrand (1,2) and Lenntorp (3,4) have developed 
theories of welfare as defined by-both spatial and tem
poral constraints of an urban system. That is, the 
more opportunities a person can reach in time and 
space, the greater is his or her welfare. By assuming 
that any individual has an activity program to be realized 
each day, these researchers have tried to measure the 
number of alternative ways (possible paths) in which a 
program could be accomplished. Simulation models 
applied to actual urban areas have been developed and 
the effect of changes in policy (e.g., expanding bus 
service or installation of day- care facilities) on a per
son's welfare have been explored (3-6). Burns (7) has 
used the concepts to develop theoretical measures of 
benefit. 

Westelius (8) has examined the process by which 
participation in activities is scheduled. The existence 
of fixed places of activity in addition to the home strongly 
influences decisions of whether or not to stop there. 
Cullen and Godson (9) have pointed out the range of 
flexibility within a person's set of activities to be real-
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ized. Here the concept of fixity is also incorporated, 
in that home and work are "pegs" around which other 
activities are organized. In a further refinement, Jones 
(10) has made clear that people are continually .con
fronted with the choice of participating at their current 
location versus participating elsewhere and consequently 
needing to travel. In addition, Heggie (11) has stated 
that a person's day is probably composed of "separate 
and constrained time periods rather than a continuous 
block." Westelius has shown that any given choice made 
during a day is only in some cases made independently 
of other such choices. Vidakovic' (12, 13) has acknowl
edged this fact by developing modeiStreating the daily 
decisions in time and space as interdependent units. 

With respect to the interaction of members of a 
household and decisions to participate in daily activities, 
the household activity travel simulator (HATS) (10, 11, 
14), a set of display equipment used by household mem
bers in interviews, has demonstrated that a person may 
adapt to a changed environment (e.g., a new bus schedule 
or a change in school hours) causing a change in respon
sibilities in a more complex fashion than might be pre
di c.te.d with ~onventional travel-demand models. For 
example, instead of there being a shift of mode, another 
member of the household would take over the responsi
bility (e.g., grocery shopping). 

Several researchers have focused on the factors that 
seem to explain which individuals participate in activi
ties . Chapin (15) and Brail and Chapin (16) have iden
fied work as a central structuring element and "role," 
as defined by sex, family responsibilities, and working 
status, as one of the most critical variables in differ
entiating individuals. Kutter (17) isolates homogeneous 
groups that seem to have similar activity schedules 
along lines parallel to those used by Chapin to define 
the role variable. Hanson and Hanson (18) have also 
examined differences in travel-activity behavior and 
found an unequal distribution of responsibilities within 
the family (i.e., between men and women). 

A few studies have been conducted by developing 
multivariate models of choice in constrained environ
ments, such as a treatment of complex trip-making 
behavior by modeling an entire day's travel (19), ex
ploration of the determinants of duration allocated to 
various activities over a day's time (20, 21), and 
estimation of models for a whole day thatare note
worthy for their explicit accounting of both the home 
and the place of work as fixed points from which dis
cretionary trips to activities are made (22-24). 

In summary, it is evident from priorresearch that 
there are many situations in which decisions on whether 
or not to participate in an activity should not be repre
sented as if they were made independently of (a) any of 
another household member's decisions, (b) the entire 
set of such daily decisions, or (c) decisions made by 
others at a person's fixed places other than home (e.g., 
work) . Further, such decisions should be examined 
with respect to the constraints that limit the number of 
feasible alternatives a person has in time and space. 
Similarly, it should be recognized that a household's 
division of roles and responsibilites also limits how a 
person disposes of discretionary time. 

MAJOR FEATURES OF THE APPROACH 

First we need to postulate theoretically how activities 
are scheduled in time and space. utility maximizing 
is used as a decision rule to explain the choices of 
whether or not to participate in an activity. Then the 
resulting conceptual framework is made operational so 
that its most promising hypotheses can be tested. 

The need to travel is primarily derived from the 
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need to participate in activities. Consequently, the 
conceptual model stresses the nature of activities. It is 
instructive to differentiate activities by their individual 
levels of fixity. Participation in a work-related activity, 
for example, is clearly more fixed for most people than 
participation in a recreational activity. Generally, a 
worker's place and time of employment can be con
sidered fixed. Together with his or her place of resi
dence and timing of necessary activities at home (sleep
ing, eating, etc. ) we can describe the basic schedule on 
a typical workday as home-work-home. However, we 
have very little understanding of the decision making of 
those who do not simply go from home to work and back 
home. The focus here is consequently to understand and 
predict decisions to deviate from this basic schedule 
(i.e., to add one or more activities to an otherwise ob
ligatory schedule). 

Although the causal mechanisms represented in Figure 
1 treat activities in the home only indirectly, by focusing 
on the decision to participate in nonhome-nonwork activi
ties, they are implicitly included. Consider the organi
zational scheme resulting from focus on workers with a 
work trip. If we consider the activities at home and at 
work to be fixed in time and space, we can view a per
son's day as divided into five time periods with respect 
to these two fixed areas of activities: 

1. Prior to the work trip, 
2. During the trip from home to work, 
3. During work, 
4. During the trip from work to home, and 
5. After the work trip. 

A decision not to participate in a nonhome-nonwork 
activity is also a choice to continue at a person's cur
rent location (in periods 1, 3, and 5) or do nothing 
more than travel between home and work (in periods 2 
and 4). In effect, a person often evaluates the utility 
derived from not leaving home as much as the utility 
derived from leaving home to take part in outside activi
ties, because some in-home activities are actually dis
cretionary in nature and compete with out-of-home or 
nonwork activities for a part of an individual's total 
time budget or activity program. 

At the top of Figure 1 are the longer-run decisions, 
a set of factors about which an individual and those in his 
or her household decide or that are at least considered 
over a longer period of time (e.g., participation in the 
labor force, car-ownership level, or the division of 
roles in a household). These factors collectively in
fluence the three sets of factors immediately below, 
which in broad terms can be thought of as demand 
(needs and program) and supply (constraints). Given 
this demand and supply, we then observe an activity 
schedule, represented here by the decision whether 
to participate in an activity (i.e., deviate from an ob
ligatory schedule) and, if so, for how long. 

In Figure 2 we see not only that each member gene
rates both personal and household-level needs to be met 
by participation in activities outside the home, but also 
that not all members of the household are in a position 
to fulfill such needs. Depending on the particular mix
ture of roles in a household, any individual will have 
out-of-home responsibilities that meet the needs of the 
household as a unit (e.g., grocery shopping). In the 
same way, an individual's life-style, employment status, 
and roles (together with a myriad of other economic and 
psychological factors) combine to influence the needs 
that an individual experiences apart from the context of 
the household. All these familial and personal needs 
produce an activity program that a person would like to 
complete over some time frame. 
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Figure 1. Factors that inf luence activity scheduling. 
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Figure 2. Influences of activities on scheduling. 
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In Figure 3 the duration of a person's work- and 
home-centered activi ties (which is partly dete rmined by 
the chosen life-style ) limits the time available for a pro
gram of discretionary activities. The temporal fixity 
of obligatory activities is also partly determined by a 
person's life-style a nd other longer- te,rm decisions 
(e .g., of a profess ional nature ). A person who is re
quired to be at work during prescribed hours and is 
expected to be home at a set time probably has a very 
different schedule from one who does not have such re
quirements. The hours during which various activities 
are available provide a substantial constraint on the 
decision making of full-time workers. 

In Figure 4, spatial constraints and potential for 
reaching activities are represented. First, two factors 
represent more perceptual influences on scheduling 
behavior: familiarity with surroundings at home and 
spatial fixity of the workplace. Persons whose work
place is not fixed in space (e.g., construction workers) 
probably are less familiar with nearby opportunities 
and hence have a different activity schedule. The trans
portation facilities available to a person directly affect 
his or her ability to overcome the spatial constraints. 
Likewise, the characteristics of the spat.ial environment 
(i. e ., the density of activities) have an immediate bear-
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Figure 3. Temporal constraints and activity. 
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ing on the set of potential opportunities that could be in
cluded in an activity program with respect to a particular 
place and time. 

In Figure 5, the activity program and constraints are 
condensed into one package that influences the individual's 
decision. If the outcome is positive, at least three deci
sions are made: where participation will occur (destina
tion), by what mode the activity will be reached, and how 
long participation will last (duration). We leave the 
choices of mode and destination in the context of a full 
set of activity choices to future research. 

MODEL DEVELOPMENT 

To move from the conceptual framework to empirical 
testing, we must define a decision rule for the choice 
of whether or not to participate in an activity. It is use
ful to assume that a person derives utility from deviat
ing from the basic home-work-home schedule and similar 
utility from not deviating from it. [An extensive treat
ment of utility theory as applied to transportation analy
sis is available elsewhere (25).J It is assumed fur ther 
that a person chooses the alternative that has the greater 
utility. By describing the attributes of each alternative 
and developing utility functions, we can then predict 
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Figure 4. Spatial constraints and activity. 
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Figure 5. Ar.tivity-scheduling decisions, 
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the outcomes of the choice process for an individual. 
With several modifications, we can create a general 

model of the choice process involved in the scheduling 
of activities. A full discussion of utility theory used to 
describe decisions on whether or not to participate in 
an activity has been developed (26). The model can be 
summarized by a utility-maximizing process, expressed 
as 

max U(a, b, Ii, X) 

subject to the following constraints: 

a1 +bi+ liiC1 =Di 

Di -Ci/ii > 0 

ai> bi> 0 

Iii =O, I 

where 

i ranges from 1 to 5, 
a discretionary time spent outside a fixed site, 
b discretionary time spent at a fixed site, 
o indicator variable denoting participation 

(yes or no), 

f+ 

.. .. 
LEVEL OF 

ACCESSIBILITY SERVICE r. LEVEL CHARACTERISTICS 

i 
ACTIVITY -SCHEDULE ,~ 

c time spent in travel to a discretionary 
activity, 

D 
u 
x 

time spent in discretionary activity, 
utility, and 
attributes of alternatives. 

Because time spent outside a fixed site is of central 
interest to transportation analys~s, the process 
represented above can be refined to 

max U(a, Ii, X) 

subject to the following constraints: 

Di -Ci/ii > 0 

ai;;;. 0 

li 1 =O, I 

This is possible since discretionary time spent at a 
fixed site (b) can be computed once a and o have been 
determined. As soon as o (a vector with five elements} 
has a value, the problem to be solved is 

rauca, Xlli)J/aa; = o if Iii= I 

If a* (o) is the solution, the utillty of the activity 
schedule (defined for a f>pecific value of 6) at the opti
mal value of a is U* fa*lo). Since there are many 
values of o, we evaluate all possible solutions and 
choose that which produces the maximal value of 
U* (a*, xi B). 

The basic decisions explained in the above theory 
are wnether or not to spend time in a period (partici
pation) and, if so, how much time (duration). [A fuller 
treatment of issues associated with developing a testable 
model is being prepared (26).J In effect, people trade 
off amounts of time to spend in particular periods by a 
process that maximizes their utility. However, it is 
necessary to recognize that the utility function contains 
both random and systematic components. This means 
that the optimal value of o cannot be predicted with 
certainty. If the error (or random) terms are distrib
uted in some known fashion, it is possible to make 
probabilistic statements about whethex: or not a person 
will participate in a discretionary activity in a time 
period. 
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Activity-scheduling behavior can be viewed as com
posed of both discrete and continuous phenomena. Re
search that provides a number of useful parallels has 
been conducted in the areas of modal choice and parking 
location (27). To illustrate, we have two equations for 
each timeperiod. In the first, the binary probit, we 
model the decision of person i to participate in an 
activity in period t: 

B~ = 0!1rlJ' + Zu'Y + 11;, (I) 

where 

B utility deri,ved from participation, 
Z vector of variables related to participation, 
t.L unobserved random variable distributed 

N(O, 1), 
TT* duration that would be observed if a person 

participated in an activity, and 
ix, Y coefficients. 

In the second equation, a multiple regression, we model 
the correlation of duration and a set of explanatory vari
ables conditional on participation of person in period 
t: 

where 

X variables that explain variations in observed 
duration, 

E unobserved random variable distributed N (0, 
a2

), and 
8 coefficient. 

(2) 

By estimating a separate equation for duration (for 
those who participate), we can then infer the length of 
time during which all persons irr the sample would have 
participated, regardless of their actual observed deci
sion. The vector of expected (or mean) values of dura
tion can then be used as an exogenous variable in the 
model of participation, under the premise that the 
decision is influenced by the length of time that a per
son would like to or need to spend in order to partici
pate. The value of duration observed for participators 
misstates on the average the value that we wou.ld obtain 
were data on duration available for everyone. Conse
quently, our analysis includes a correction for selec
tivity bias in order to obtairt' statistically consistent 
estimates. [Details of the procedures used to model the 
discrete and continuous phenomena together have been 
presented elsewhere (27-29). The original econometric 
method was developedby Heckman (30).J By having 
separate estimates for the two dependent variables, it i's 
also possible to extract the direct and indirect effects 
of variables that I feel belong in both Equations 1 and 2. 

RESULTS 

The home-interview survey (and its associated data) 
conducted in Minneapolis-St. Paul~ Minnesota, in 1970 
(31) met minimal criteria and was easily accessible 
within reasonable time constraints. By isolating the 
observations that could be used in testing the operational 
model (e.g.,. foll-time workers who rnad·e a work trip 
on the day of observation), 2345 cases were defined. 
Since travel diaries for an entire day were available, 
the existence and duration of partieipation in a nonwork
nonhome activity could be established by means of the 
ending and beginning times of all trips. 

The main goal was to Separate the systematic from 

37 

the random components so that some probabilistic state
ment could be made about the behavior of different 
groups in the population. By using both statistical tests 
and a priori beliefs, the final models were selected. 
Generally, a variable was omitted if it was weak theo
retically and statistically, if its ·effect on the dependent 
variable appeared largely to be already represented by 
some other variable, or both. The available data were 
used to provide approximations to factors hypothesized 
to have causal influence (see Figures 2, 3, and 4). 

Since the home interviews reported travel behavior 
and person-level data for all members of a household 
over five years of age, a relatively good basis existed 
for creating proxy variables for interdependence. At 
the household level, several variables (e.g., number of 
children aged 5-15) represent determinants of familial 
responsibilities. Variables such as the number of non
working adults, access of nonworkers to a car, or work 
status of spouse partly indicate the extent to which per
sons other than the observed worker can meet a house
hold's needs. The number of daily trips made by others 
in the household (an average per person) is to some ex
tent a proxy for both generators and providers, since the 
propensity to travel could correspond to activeness (and 
hence more needs to be fulfilled) but could also corres
pond to readiness to travel in service of others ' needs. 
Finally, the variables for age, sex, and disposable in
come serve as indirect measures of the differences we 
observe in personal as well as familial responsibilities. 

The temporal constraints are the least understood 
and have the fewest obvious empirical referents of all 
the causal factors. By using the time spent in other 
periods of the day, we proxy the effect of various activi
ties competing for scarce time. In addition, this vari
able allows testing whether decisions made over several 
time periods are interdependent. 

Whatever the exact amount of time a person may have 
available, it is important how fle xible the o.bligatory 
schedule is. (For example, a person working on an as
sembly line cannot usually deviate from the perscribed 
working hours, whereas a self-employed carpenter may 
be free to begin and end working whenever he-or she 
pleases.) The closest proxy was two dummy variables 
for whether a person began or ended work outside con
ventional hours (after 9:00 a.m. or 6:00 p.m.). These 
variables also served as proxies for being able to take 
advantage of conventional opening hours of commercial 
establishments. F1nally, a dummy vaJ'iable for temporal 
p·roximity to the weekend was defined. 

Spatial constraints limit the activity space in which 
a program can be performed. The accessibility level 
represents the ease with which a pe~son can reach op
portunities . Because this metric is generalized over 
both automobile and transit, a variable was also created 
for the mode chosen to go to work, which presumably 
captures the effect of limitations imposed by having to 
travel either together with others in a car or in a bus 
that has a fixed route and schedule. A dummy variable 
for whether or not someone has a driver's license also 
indicates a person's ability to travel alone and hence be 
less· dependent on others' schedules. Whether the loca
tion of work and actual destination of- work coincide is 
an indicator of the fixity of a person's workplace. Those 
who· do nOt have such a· coincidence would have less knowl
edge of the options in an area and hence less likelihood 
o( spe·nding time on nonwork activities. The variable for 
years lived at a residence approximate a person's 
familiarity with activities outside the home. The loga-
rithrnic form indicates that the additional knowledge or 
information gained decreases with tenure. 

Five equations were developed for whether or not a 
person decides to participate in an activity, and another 
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Table 1. Comparison of 
Period 1 Period 2 Period 3 Period 4 Period 5 

participation equations 
across time periods. Best Best Best Beet Best 

Variable Result Flt Result Fit Result Flt Result Flt Result Flt 

Constant -0.008 -0.17 -0.22 - 3.55 -4.56 -4 .83 0.02 0.70 0.08 0.18 
Duration of work -0.007 -3.61 -0.03 -5.06 -0.006 -2.07 -0.008 -5.40 -0.005 -2.84 
Time spent in other 

periods -0.003 -3.85 0.002 3.12 -0.004 -5. 75 
Friday 0.12 5.36 -0.27 -4.58 0.23 2. 78 
Leave work after 6: 00 

p.m. -0.10 -1.69 -0.85 -8.30 
Arrive at work after 

9:00 a.m. 1.20 11.79 0.51 6.35 
Accesslblllty 0.08 2.20 0.07 4.14 0.03 1.21 0.03 2.35 0.02 1.22 
Fixity of workplace -0.19 -1.27 -0 .24 -2. 74 
Logarithm of years Ii ved 

at residence -0.03 -0. 89 0.032 0.93 
Mode to work -0.55 -6.19 0.28 2.50 -0.09 - 1.37 
Driver's license 0.14 2.03 0.49 3.87 -0.45 -2. 72 0.27 1.82 0.40 2.33 
Access al nonworkers to 

car 0.10 1.44 
Drivers per car -0.12 -2.05 
Working spouse -2.31 -4.92 
Number al children 

aged 5-15 0.08 3.89 
Number al nonworking 

adults 0.25 2.95 -0.14 -3.96 -0.17 -3.54 
Trips per others in 

household 0.04 1.19 -0.05 -2.71 0.04 2.31 0.06 4.90 0.17 12.38 
Logarithm of disposable 

income -0.05 -1.52 0.20 2.97 0.43 3.60 
Age -0.01 -3.26 -0.006 -2.35 -0.009 -3.38 
Sex 0.73 6.45 
Predicted duration 0.0004 0.14 -0.03 -5.18 0.002 0.55 -0.0002 -0.28 -0.002 -1.0 
p' 0.76 0.57 0.65 0.38 0.17 

Note: period 1 =prior to the work trip; period 2,. during the trip from home to work; period 3 .. during work; period 4 =during the trip from work to 
home; and period 5 = after the work trip. 

Table 2. Comparison of 
Period 1 duration equations across 

time periods. Best 
Variable Result Flt 

Constant 2.19 2.12 
Duration of work -0.44 -1.65 
Time spent in other 

periods -0.26 -2.50 
Friday 
Acceseibillty -7.47 -1.93 
Fixity of workplace 
Mode to work 
Access ol nonworkers 

to car 
Logarithm of disposable 

income 
Number of nonworking 

adults -16.89 -2.43 
Working spouse 
Number ol children 

aged 5-15 6.75 1.48 
Trips per others in 

household 11 .94 3.59 
Age 
Sex -36.21 -1.91 
Selectivity bias 

correction -0.32 -0.45 
ii' 0.17 

Note: Periods are the same as in Table 1. 

five equations for duration were estimated with data on 
persons who actually participated in an activity during 
a particular time period. Not assuming that decisions 
made in different time periods are independent has sta
tistical consequences. Although several possibilities 
were considered (all 10 equations as a simultaneous 
system or a standard single-equation method), the ap
proach used here is to define explanatory variables for 
the models in each time period that reflect some charac
teristic of the other four periods. When we are trying 
to explain duration, for example, it is useful to know 
how much time a person spent in other time periods, 
since, to the extent that decisions across periods are 

Period 2 Period 3 Period 4 Period 5 

Best Best Best Best 
Result Flt Result Flt Result Flt Result Flt 

0.21 
-1.10 

-0.11 

12.40 

6.54 

-2 .69 

0.41 
0.23 

1.11 -i.23 -1. '16 0.64 4.45 i.12 5.30 
-6.23 -1.00 -3.76 -1.55 -6.51 -0.39 -2.25 

-1.87 -0 .07 -1.35 -0.33 -3 .98 
16.89 2.19 

1.01 2.60 2.67 1.34 -2.08 -1.29 
-24.80 -1.86 

18.20 1.67 

1.58 -6.43 -0.92 23.47 2.04 

1.27 41.58 2.21 11.04 1. 70 -3.70 -1.20 

61.15 1.52 

-2.58 -1.22 

-1.64 5.00 2.62 
-1.57 -3. 77 -0.38 -1.53 

22 .95 1.81 -39.84 -4.14 

2.39 -0.74 -1.37 -0.42 -9.13 -0.15 -1.08 
0.19 0.29 0.05 

interrelated, time is allocated more jointly than se
quentially. Because including an exogenous variable that 
is actually a composite of the endogenous variables of 
the other four durational models violates the assumptions 
of ordinary least-squares regression, it is necessary 
to implement a two-stage least-squares estimation pro
cedure . First, durations are estimated for everyone 
without a simultaneous term, and the expected (mean) 
values for people who actually participate are used to 
calculate the time spent in other periods. In this way, 
we avoid risking correlation of the error terms and 
explanatory variables in each model. 

The results of estimation are shown in Tables 1 and 
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2. In some cases the outcomes of estimation a1·e un
equivocal and a clear inference can be made. In other 
cases, however, outcomes are either contradictory or 
ambiguous enough to make inference a tenuous enter
prise. In the context of strict hypothesis testing, 
several variables would be dropped (i.e., not signifi
cant at the 90 percent level of confidence) that are 
nevertheless reported here because of their theoretical 
interest. It is hoped that future work in this field can 
closely scrutinize such variables. Summary measures 
of the overall fit of the data to the model are given 
along with the results of each equation. For the regres
sion equation, R2 is used to indicate the proportion of 
variation in the dependent variable explained by the 
equation, corrected for the number of explanatory 
variables used. In the probit equation, p2 is used. It 
is calculated as 1 - [(log likelihood of the equation be
fore estimation)/(log likelihood of the equation after 
estimation)) . 

In general, the findings support the judgment made 
about the causal factors operating to influence the be
haviors of interest: whether someone participates in 
an activity and, if so, for how long. Further, the em
pirical results tend to support the division of the causal 
variables into the three categories-activity program 
or needs, temporal constraints, and spatial constraints. 
One of the unique features of the empirical analysis is 
the di vision of the day into five time periods, each with 
its own associated equations to be estimated. The 
interrelatedness among decisions made in the different 
time periods is captured by the variable of time spent 
in other periods; its coefficient performs as expected. 
That is, almost all the coefficients of this variable are 
negative, indicating that the more time that is allocated 
to other periods, the less there is for the current period. 
The mixed results for the variables used to proxy the 
effect of interdependence within a household on an ac
tivity schedule indicate both the complex nature of the 
behaviors in question and the need for further research 
in this field. 

CONCLUSIONS 

It is patently clear that people's behavior is vastly 
more complex than the simple shifts (e.g., from automo
bile to transit) that most available empirical models 
would lead us to infer. By ignoring trip consolidation 
or shifting of responsibilities within a household, we 
risk serious misprediction. Our operational model is 
a first step toward lessening this risk when assessing 
the impact of policies that alter spatial or temporal con
straints (e .g., variable working hours, four-day work
week). Using traditional travel-demand models to 
assess the impact of such policies often misrepresents 
people's likely responses, since choices are usually 
assumed to be made independently of others. n ana
lysts better understood the factors that influence how 
activities are arranged in time and space, they would 
also be in a stronger position to recommend a much 
wider range of alternatives :for providing for the ac
tivity needs that underlie travel demand. 

At least three directions should be pursued in future 
research. First, specifications of empirical referents 
for theoretical constructs should be expanded. This 
work would be expedited with access to data sets that 
include duration and purpose of in-home activities, 
opening hours of major activities, degree of flexibility 
of arrival and departure times, and related nonvehicular 
information. Certainly, analysis of particular activities 
would improve specifications. Second, other approaches 
to representing the theory analytically should be evalu
ated. Third, it seems appropriate to reformulate an 

entire system of demand models so that demand for 
activities can be fully integrated into transportation 
analysis. , 
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In this way a11 expanded approach 'te,.transportation 
policy can emerge. Transportation sy~ms manage
ment, for example, would have to be rethought so that 
policies such as changed opening hours or flexible 
working hours could be used more consciously to 
achieve such political goals as reduced vehicle 
kilometers of travel. We can then begin to develop a 
more realistic and useful approach to urban transpor
tation problems. -
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