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The total methodological design of interrelated surveys to provide data for analysis, under
standing, and modeling of household and personal activity, time use, and travel behavior is 
addressed. Evolving trends in models in response to current and emerging planning and policy 
issues are discussed to set the stage for developing data collection needs. Survey design issues are 
discussed, and the needs for the cross-sectional, single-day household survey of revealed behav
ior (revealed preference) are discussed in the context of the availability of other, often more 
appropriate, methods, namely stated preference/stated choice experiments and multiday, panel 
surveys. Sampling and sample design are discussed, first w i t h regard to a single-day survey, then 
as affected by mult iday design and the economies and other benefits introduced by the use of 
stated preference surveys and longitudinal panels. A brief description of recent and ongoing 
surveys in the United States is given. 

Me t ropol i tan t ranspor ta t ion p lanning and pol icy analysis in the Uni ted States is un
dergoing a m a j o r revival in the 1990s. The renewed interest in urban transporta
t i on p lann ing and pol icy analysis comes in the wake o f the requirements contained 

in the recendy enacted In te rmodal Surface Transpor ta t ion Efficiency Ac t (ISTEA) and Clean 
A i r Ac t Amendments ( C A A A ) . The ru le-making based on these t w o pieces o f legislation also 
sets f o r t h considerable challenges f o r t ranspor ta t ion planners and pol icy analysts I t is be
coming clear that new analytical capabilities and related data are needed to support current 
and emerging p lanning and pol icy analysis in the nation's met ropol i t an areas, par t icular ly in 
areas that do not meet N a t i o n a l A m b i e n t A i r Q u a l i t y Standards ("non-at ta inment areas"). 

The professional t ranspor ta t ion communi ty has started grappl ing w i t h the technical issues 
raised by the recent legislation and rule-making, but the resolut ion o f many o f the issues w i l l 
take substantial research and development e f fo r t . As part o f this process, data col lect ion 
needs are being scrutinized. One o f the pr ime sources o f data used his tor ical ly in me t ropo l i 
tan t ranspor ta t ion p lanning is wha t has been termed the "home interview survey" and wha t 
IS n o w common ly called the "household travel survey" (see discussion in the f o l l o w i n g sec
t ion ) . As a result o f the new needs, as well as the advances i n technology and a variety o f sci
ences, there are challenges and opportuni t ies in developing household travel survey 
methodologies f o r the fu ture . The renewed interest in regional t ranspor ta t ion p lanning stud
ies has resulted in recent effor ts to collect met ropol i t anwide data sets despite the predic t ion 
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just a f ew years ago that t ravel surveys in the 1990s w o u l d be very small scale, both in terms 
of the sample size and the geographic coverage (7). 

The purpose o f this paper is to provide a f r a m e w o r k to guide and structure the discussion 
at the Survey Methodologies Workshop at the conference on Household Travel Surveys: 
N e w Concepts and Research Needs. The paper raises and frames the many methodological 
questions that need to be addressed in designing household travel surveys that meet current 
and emerging t ranspor ta t ion p lanning and policy analysis needs. This paper deals only w i t h 
the col lect ion o f data about personal travel behavior. Freight and commercial movements 
are no t considered here, a l though these tr ips are coming to be recognized as impor t an t in 
me t ropo l i t an t ranspor ta t ion p lanning . 

The charge to the Survey Methodologies Workshop focuses at tention on sampling in the de
sign o f a household travel survey. We have, however, interpreted our responsibility (and, i m 
plici t ly, that of the workshop) more broadly, since sampling design and many of the other 
decisions to be made in designing a household travel survey are interdependent. For example, 
the sample size needed to estimate a popula t ion parameter describing daily travel w i t h a spec
ified level o f precision depends on whether the respondents are asked to report their travel fo r 
a 1-day or a mul t iday per iod. I n any event, we have interpreted our charge more broadly fo r 
another, related reason. None o f the other workshops at the conference is concerned w i t h the 
to ta l design o f household travel surveys, so we have taken that responsibility upon ourselves, 
a l though we do not deal w i t h many aspects in detail . 

HOUSEHOLD TRAVEL SURVEYS IN PERSPECTIVE 

We consider a household travel survey to be a survey in w h i c h data are gathered on the per
sonal travel behavior o f the members o f a sample o f households. W h a t distinguishes a house
h o l d travel survey f r o m other travel-related surveys is that in a household travel survey 
the household is the sampling uni t , and the personal travel behavior o f the members o f the 
sampled households is the subject o f the inqui ry . Convent ional ly , t ravel behavior is requested 
only o f those more than 5 years o ld . However, some recent surveys include a l l members in 
the sample households (e.g., the survey conducted in 1994 in western Oregon and southwest 
Washington) . 

The earliest household travel surveys in the Uni ted States were carried ou t du r ing the m i d -
1940s. The earliest household travel surveys were o f a special type k n o w n as a home inter
view survey, in w h i c h an interviewer visits the home of each selected household, typica l ly on 
the day f o l l o w i n g the day f o r w h i c h the household members were asked to report their t ravel . 
We note here that in some fields the term household survey implies that the survey is con
ducted in the household (2). But we believe i t is impor t an t to th ink o f the home interview 
survey as a special case o f a household t ravel survey, w i t h the latter being conducted by 
telephone, m a i l , personal interview, or some combina t ion o f these methods o f contact and 
retr ieval . 

The earliest household travel surveys had a number o f other characteristics They were ret
rospective surveys in that the respondents were asked to recall their behavior on a previous 
day, typical ly the day immediately preceding the interview day. Earlier surveys had no pre-
specified interview day (there was usually a mai led in t roduc tory letter, close to the target day); 
later surveys sometimes included both an in t roduc to ry letter and a phone call to set up the 
interview day. This reliance on respondents' abi l i ty to recall their travel on the previous day 
was probably mit igated by the advantages o f a face-to-face interview and the interviewer's 
abi l i ty to probe f o r "miss ing" t r ips . 

The earliest household travel surveys were conducted on very large samples, ranging f r o m 
4 percent in the largest urban areas to 20 percent in small u rban areas. Large samples were 
needed in the early surveys because o f the aggregate nature o f the models in use at that t ime 
(based on aggregated zonal attributes) and because o f the lack o f any p r io r i n f o r m a t i o n on 
the phenomena being studied. In any case, large sample sizes were needed to provide data to 
estimate the zone-to-zone or igin-dest inat ion ma t r i x . Usually simple r andom sampling was 
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used f o r these early surveys, w i t h the sample f rame being a street address directory or u t i l i t y 
b i l l i ng list. 

Over the years, the conduct o f household travel surveys has changed considerably First, 
beginning i n the m i d to late 1970s, u rban areas conduct ing household travel surveys started 
mak ing do w i t h a much smaller sample size This t rend was made possible by the in t roduc
t ion o f disaggregate models, w h i c h make far more efficient use o f the data than do aggregate 
models. Specifically, the use o f disaggregate choice models f o r the mode choice phase o f the 
four-step model ing f r a m e w o r k led to the use o f a relatively small household travel survey, 
generally supplemented by an on-board survey to provide addi t ional i n f o r m a t i o n on the pub
lic transit modes o f travel (since in many cities a r andom sample w o u l d give too few transit 
cases). The use o f such enriched, choice-based samples in model est imation was greatly fac i l 
itated by the w o r k o f Lerman and M a n s k i (3) , w h i c h showed how one should weight the 
observations f r o m such a sample to obta in unbiased parameter estimates in a m u l t i n o m i a l 
logi t choice model . 

To our knowledge, the last home interview surveys in m a j o r U.S. me t ropo l i t an areas were 
those undertaken in Port land and Bal t imore in 1977 and the survey in Dallas in 1984. The 
Por t land survey was a simple r andom sample o f 1,000 households taken f r o m a street d i 
rectory base. The Bal t imore survey also used a sample o f 1,000 households. H a l f were sam
pled by an area p robab i l i t y sample, and the other ha l f were chosen by oversampiing in areas 
where t ransi t usage was high (4). In the early 1980s, household t ravel surveys started to use 
other methods f o r contac t ing sample households and retr ieving the travel and related data. 
In 1980, f o r example, Caltrans conducted a household travel survey o f 2 ,000 households in 
the San Francisco Bay Area using a telephone survey. Reinke {5) reports that this survey was 
deemed successful because i t was conducted at a much lower cost than a home in terv iew 
survey and the response rate was more than 50 percent I n 1981 M T C conducted a sim
i lar telephone-based travel survey o f 7,200 households in the Bay Area to update its 1965 
data base. 

Telephone surveys have a number o f potent ia l drawbacks, but the disadvantages can be 
mit igated by careful survey design. As discussed in the section on sampling, a case can be 
made f o r the use o f address-based sample frames, in w h i c h case nontelephone households 
could be physically contacted w i t h either in-home or mai lback retrieval, in essence a h y b r i d 
approach. There is some controversy over the use o f mul t ip le reminders and mailbacks 
versus telephone retrieval (or in-home surveys). Stopher (6) made the case, on the basis o f a 
small sample p i lo t o f the 1991 Boston survey, that there was a poorer response f r o m ma i l -
back than w i t h telephone retrieval but that the response f r o m larger households was better 
w i t h mai lback. 

The i n f o r m a t i o n we at tempt to collect in household travel surveys has increased in quan
t i t y and complex i ty in recent years, and the trend is t o w a r d the collect ion o f even more data 
of a more complex nature As a result, perhaps, the charge to the methodologies workshop 
suggests that the workshop consider the possibil i ty o f re turning to the use o f in-home inter
views f o r conduct ing household travel surveys. O f course, a m a j o r issue in the use o f in-home 
surveys is the cost o f conduct ing such surveys. Purvis (7) recently estimated that the 1965 Bay 
Area Transpor ta t ion Survey o f approximate ly 30,000 households w o u l d cost more than 
$200 per household in today's dollars. This is more than twice the cost o f the 1990 Bay 
Area Transpor ta t ion Survey (a telephone-based survey) However, i f there are substantial 
potent ia l advantages to be gained f r o m home interview surveys, their re in t roduct ion should 
be careful ly considered. 

The reality o f neighborhoods suffer ing f r o m high levels o f personal violence (usually co
incident w i t h l o w income) raises a question concerning the abi l i ty to mot ivate poo r ly pa id 
survey staff to aggressively recrui t and interview households under these circumstances. The 
emergence o f gated enclaves o f the weal thy a long w i t h their private protective services raises 
the question o f accessibility to recruit and in terview these households We migh t thus end up 
w i t h even more nonresponse bias than w i t h a telephone survey. Stecher et al . , in another 
resource paper fo r this conference, note that i t is no t clear that the in-home survey w i l l give 
improved response rates. 
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The household travel survey is on ly one approach f o r obta in ing personal travel i n fo rma
t i o n , the other c o m m o n ones being on-board surveys, employer-based surveys, and roadside 
origin-dest inat ion surveys. As noted earlier, on-board surveys o f transit riders are used to sup
plement the i n f o r m a t i o n obtained in household travel surveys by p r o v i d i n g i n f o r m a t i o n on 
"rare behaviors," especially concerning inf requent ly used modes. To our knowledge, choice-
based sample enrichment f o r bicycle and w a l k travel has not been attempted in the Uni ted 
States—the d i f f i c u l t y o f gett ing a random sample intercept fo r these modes may be insur
mountable , and self-selected samples are not useful f o r model est imation. Employer-based 
surveys are also useful sources o f i n f o r m a t i o n on personal t ravel , par t icular ly fo r the journey 
to and f r o m w o r k , and might be very useful as we examine the effectiveness o f employer-
based T D M measures. Roadside origin-dest inat ion surveys, however, have become rare, be
ing replaced by license plate intercepts f o l l o w e d by mailed out or telephone contact travel 
surveys. The Dallas-Fort W o r t h area recently fielded a direct roadside interview survey w i t h 
good success, w h i c h may lead to a resurgence o f this method. O f course, new possibilities f o r 
collecting personal travel data are becoming available t h rough the use o f advanced 
technologies (the subject o f another w o r k s h o p at this conference) 

C U R R E N T AND EMERGING HOUSEHOLD TRAVEL DATA NEEDS 

Data collected in household t ravel surveys can serve a number o f purposes, a l though the 
convent ional use o f household travel survey data is f o r the est imation and ca l ib ra t ion o f 
travel forecasting models to be used i n predic t ing n e t w o r k f lows under a variety o f alterna
tive t ranspor ta t ion plans and policies. I n this paper we focus on the col lect ion o f household 
survey data f o r the development o f t ravel forecasting models, bu t we recognize tha t such 
data can be useful f o r a number o f d i f fe ren t purposes. First, models that are no t incorpo
rated in the convent ional t ravel forecasting model set can be developed For example, as sug
gested by Harvey and Deak in (8), household travel survey data cou ld be used to develop 
models o f car use that describe the l i ke l i hood o f a co ld start being made. Second, household 
travel survey data can be used to m o n i t o r trends in personal t ravel and to assess the extent 
to w h i c h p lanning and pol icy objectives are being met. T h i r d , household travel survey data 
can o f course be used to conduct fundamenta l studies o f t ravel behavior, a l though such stud
ies sometimes require data tha t w o u l d not no rma l ly be collected in a " r o u t i n e " household 
t ravel survey 

The data that are mandated f o r vehicle miles traveled t racking and emissions inventories 
do not come f r o m household travel surveys but are mandated to be taken f r o m the H i g h w a y 
Performance and Management System (HPMS) count p rogram. This source, however, does 
not account f o r co ld starts and the cold start mode o f t ravel , w h i c h are the pr imary determi
nants o f emissions and hence air quality. As Harvey and Deak in {S) po in t out , there is a dan
ger tha t because some data are mandated, nonmandated data needs, such as household travel 
surveys, migh t be over looked 

The effect o f travel demand management measures (congestion pr ic ing , pa rk ing pr ic ing , 
improved transit service and bicycle facil i t ies, as wel l as employer-based actions) must be 
evaluated. These measures can have effects anywhere in the ind iv idua l decision structure— 
the decision where to locate home and workplace , to t ravel , or to change route, mode, 
act ivi ty or t r i p pat tern, or t ime o f day f o r act ivi ty and travel . 

The C A A A essentially requires consideration o f the effect o f t ranspor ta t ion infras t ructure 
investment on the locat ion o f jobs and housing development (as the l aw was w r i t t e n , the rules 
or federal regulations are less prescriptive). This leads to the need fo r integrat ion o f the land 
use-transportation analysis and forecasting paradigm. 

The C A A A requires much more realistic s imula t ion o f emissions than is current ly included 
in the model ing structure, namely vehicle use by type by t ime of day by road segment. W h e n 
this requirement is combined w i t h T D M actions, the postprocessing approach o f ten practiced 
IS inappropria te . Furthermore, the Congestion Management System (CMS) requires respon
siveness to the effects of the operat ional and vehicle p r i o r i t y changes envisaged In particular. 
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Intel l igent Transpor ta t ion System (ITS) implementa t ion can affect t ravel demand i n a l l o f 
Its dimensions. The ITS component o f C M S w i l l be heavily dependent on real-time data 
acquisi t ion, w h i c h is not addressed here. 

I t IS clear that new travel forecast ing models are required and that the current " four-s tep" 
paradigm is no t w e l l suited f o r use as a pol icy analysis and p lanning t o o l i n the era o f C A A A 
and ISTEA. In fact , the l imi ta t ions o f the convent ional parad igm have been w e l l k n o w n f o r 
a long t ime , but they have been highl ighted by the needs o f the current p lann ing and pol icy 
analysis envi ronment The development o f a new parad igm f o r travel demand forecasting in 
response to C A A A and ISTEA began in earnest in the Un i t ed States when the Federal H i g h 
way A d m i n i s t r a t i o n ( F H W A ) issued an REP in August 1992 asking proposers to develop 
such a f r a m e w o r k . Four teams were selected to undertake this task, and their reports were 
submit ted to F H W A by the middle o f 1993. Subsequently, a synthesis o f the recommended 
approaches was prepared by the Volpe Transpor ta t ion Systems Center. D u r i n g this per iod 
the Travel M o d e l Improvement Program ( T M I P ) was established, funded by the U S De
par tment o f Transpor ta t ion ( F H W A , FTA, and OST) , the Env i ronmenta l Protect ion Agency, 
and the Depar tment o f Energy. The latter p rogram is also sponsoring the development o f 
T R A N S I M S , an urban t ranspor ta t ion mic ros imula t ion t o o l , by the Los Alamos N a t i o n a l 
Labora tory . 

Na tu ra l ly , the f o u r reports to F H W A d i f f e red in the recommended directions f o r a travel 
forecast ing f r a m e w o r k , yet a number o f c o m m o n threads can be f o u n d in these reports 
M o r e impor t an t , i n the past year a consensus has emerged concerning the characteristics o f 
a f r a m e w o r k fo r travel forecast ing to meet current and emerging pol icy analysis and p lan
ning needs. The characteristics include microanaly t ic s imula t ion o f travel demand and net
w o r k f lows , w i t h t ravel demand being modeled over the course o f a 24-hr day or longer 
per iod , not as a set o f independent t r ips (as is the case in the current f r a m e w o r k ) , t ak ing in to 
account the dependencies in the t ravel patterns o f members o f a given household Further
more , in the emerging paradigm, t ravel is modeled as a dynamic phenomenon that derives 
exp l ic i t ly f r o m the need or desire to part icipate in activities tha t arc spatially separated f r o m 
one another. 

The derived demand nature o f travel has been recognized f o r more than 30 years, but the 
exist ing f r a m e w o r k f o r travel forecasting (which is essentially the same as that developed f o r 
the earliest urban t ranspor ta t ion p lanning studies nearly 40 years ago) does not really treat 
travel as a derived demand (Similarly, un t i l recently, our data col lect ion procedures also f o 
cused o n tr ips rather than activities.) This approach to travel demand model ing is generally 
referred to as the activity-based approach. 

Cross-sectional, revealed preference data focused on t r ips , rather than activit ies, is ex
tremely l imi ted f o r addressing many of the current pol icy questions and f o r use in the emerg
ing approach to travel forecasting. To answer many of these pol icy questions there is a need 
f o r bo th stated choice/stated preference data f o r hypothet ica l questions and long i tud ina l 
data describing revealed responses to endogenous (e.g., f a m i l y structure) and exogenous 
(e.g , change in supply o f land and t ranspor ta t ion inf ras t ruc ture , travel cost, and pa rk ing 
supply) s t imu l i . Data on l inked household decisions, inc lud ing the use o f t ime f o r household 
activities and travel , are needed fo r a suff ic ient descr ipt ion o f behavior. The latter is included 
in the more recent surveys, as described later, and is covered by another w o r k s h o p at this 
conference. 

The development o f stated choice experiments that clearly deal w i t h response to change 
s t imul i i n a mul t id imensional and hohstic fashion is challenging and w i l l also be discussed at 
another w o r k s h o p at the conference. The use o f stated choice and stated preference f o r travel 
model development is becoming c o m m o n in Europe and Austra l ia . Models bu i l t f r o m such 
data can be used f o r pol icy analysis and can be incorporated, using either )oint or sequential 
estimation w i t h revealed preference data, to develop regional predictive models. Stated pref
erence is essential to estimate the direct ion and size o f l ikely response to many of the T D M 
actions proposed—actions that either f a l l completely outside current experience or are far 
outside the range o f current experience (e.g., congestion pr ic ing o f roads or gasoline selling 
at $4.00 per gal lon) . Aga in , this topic is covered by another conference workshop . 
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METHODOLOGICAL ISSUES IN HOUSEHOLD TRAVEL SURVEYS 

I n designing a household travel survey, many factors have to be considered and a mul t i tude 
of decisions need to be made. The decisions range f r o m the size o f the sample d o w n to the 
detai l o f the type o f paper on wh ich the recrui tment letter w i l l be pr inted ( i f one is used) 

The charge f o r the Survey Methodologies Workshop clearly focuses on sampling issues. 
However, as noted earlier, we have chosen to include a number of related issues in our dis
cussion. We first discuss survey design issues that are no t generally considered sampling is
sues but that we believe must be considered in con junc t ion w i t h sampling design questions in 
designing a contemporary household travel survey. We then discuss sampling design, and we 
conclude this section by considering h o w sampling design and other aspects o f survey design 
are interrelated. 

Survey Design Issues 

In designing a household travel survey, there are impor t an t methodological questions con
cerning (a) the completeness o f the act ivi ty repor t ing (i.e., only activities requi r ing travel ver
sus a l l activities), (h) the per iod fo r wh ich respondents are asked to report their travel and 
related behavior, (c) whether the survey is cross-sectional or long i tud ina l , and (d) whether the 
survey is to include only data on existing travel behavior [so-called revealed preference (RP) 
data] or i n f o r m a t i o n about respondents' preferences f o r hypothet ical alternatives is also to 
be included in the survey fso-called stated preference (SP) data] These f o u r issues, the last 
three o f w h i c h are closely related to sampling design questions, are discussed below. In any 
case, one cou ld argue that the length o f the per iod f o r w h i c h respondents are asked to report 
their behavior, and whether the survey is a cross-sectional or longi tud ina l one, are really sam
p l ing issues. In fact, Hautzinger (9) points ou t that when we conduct a travel survey we are 
really sampling f r o m a space o f people and days. Tha t is, when we prepare a sampling plan 
f o r a travel survey, we select w h o m we w i l l survey and f o r w h i c h days we w i l l ask them to 
report their t ravel . 

Trip-Based, Activity-Based, and Time Use Surveys 

Tradi t ional ly , household travel surveys have focused on travel , and the typical question in 
such surveys had the f o r m "Where d id you go?" f o l l o w e d by other questions about the t r ip 
I n some recent surveys the f o r m a t has been modi f i ed to focus on activities by asking ques
tions such as " W h a t d id you do?" Stopher (6) refers to the latter type o f survey as an activ
i ty survey, but the survey to w h i c h he refers (Boston, 1990) collected i n f o r m a t i o n only on 
out-of-home activities. To make the d is t inc t ion clear. Pas and Ki t amura (10) refer to surveys 
in w h i c h both i n - and out -of -home act ivi ty i n f o r m a t i o n are obtained as t ime use surveys. A 
discussion o f the field o f tune use research and its relat ionship to travel model ing is given by 
Pas and Harvey (12). 

There are a number of reasons f o r collect ing act ivi ty or t ime use data. First, i f we wish to 
understand and model travel as a derived demand, we need to focus on the activities that are 
l inked by the t r ips . Second, the act ivi ty or t ime use approach to travel surveys, par t icular ly 
the latter, places the travel i n the context o f the respondent's day and hence facilitates recall 
o f short , inf requent t r ips . Finally, to examine in-home act ivi ty subst i tut ion under constrained 
t ranspor ta t ion supply or increased costs, i n f o r m a t i o n on in-home activities is impor tan t . In 
add i t ion , mul t ip le act ivi ty stops away f r o m the home might be an impor t an t response to 
s i tuat ional change. 

The other matter o f importance is the evaluat ion o f the t ransport system under constrained 
supply, or " W h a t is an acceptable level o f service?" There is evidence o f a t ime t rade-off o f 
discretionary activities where travel times f o r the w o r k act ivi ty are high ( / 2 ) . I t cou ld be that 
many of these discretionary activities are wha t constitute "qua l i ty o f l i f e " and that the i m 
pact o f congestion may be better measured as activities forgone rather than V / C ratios (13) 
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I f this IS true, the use o f t ime is an impor t an t concept, and a f u l l accounting o f activities is 
needed. This is also consistent w i t h the u t i l i t y theory that is the basis f o r current models—the 
disut i l i ty o f travel is offset against the util i t ies o f activities. 

Experience in Por t land, where a f u l l ac t iv i ty (or t ime use) survey was conducted recently, 
does not suggest that the respondent burden or response rates were signif icantly affected. For 
those w h o were recruited, the response rate (completions) was 63 percent, using a strict def
i n i t i o n o f completeness—an act ivi ty diary f o r al l members o f the household, no partials ac
cepted. This IS not out o f line w i t h experience w i t h recent travel act ivi ty (only) surveys, 
especially considering that the Port land survey was a 2-day survey The biggest problem is to 
explain to respondents w h y nontravel act ivi ty is impor tan t in a travel survey 

Trad i t iona l trip-based surveys can be used to infer the activities associated w i t h the t r i p . 
However, the number o f t r i p purposes is usually very l imi ted in travel surveys, mak ing i t d i f 
f icu l t to clearly define discretionary activities in any meaningful way. The t r i p purpose def in
i t ion is also not consistent w i t h the act ivi ty defini t ions in the richer set o f data obtained in 
t rad i t iona l time-use surveys, a possible source o f secondary i n f o r m a t i o n on t ime use. In the 
Por t land study, 28 act ivi ty codes under 5 groupings (household sustaining, social, personal 
enrichment, recreation and other diversions, and other) were used. The intent is to let the data 
reveal wha t is and is no t discretionary, rather than using ad hoc assumptions. 

Length of Reporting Period 

Histor ica l ly , respondents m household travel surveys were asked to report their travel be
havior fo r a 24-hr period (generally the previous day), a l though i t is we l l recognized that 
travel patterns vary f r o m day to day. For example, one generally does not go shopping and 
do banking each day, a l though such activities need to be done f r o m t ime to t ime This con
vent ional approach is presumably based on the belief that i f a r andom sample o f households 
IS d r a w n and samples o f households are r andom across the days o f the week, the behavior o f 
households o f a given type on d i f fe ren t days o f the week w i l l be observed. (Only weekdays 
were sampled in the early studies.) I n this way, a sample representative o f the popula t ion o f 
households and days o f the week is obtained, and the average behavior o f the households, 
or the behavior o f households on the average weekday, can be modeled. Whereas the 
convent ional approach migh t make sense i f the only interest is i n model ing average behavior, 
It migh t not be the most cost-effective way to collect data. Fur thermore, i t does not provide 
i n f o r m a t i o n that migh t be impor t an t in model ing response to T C M s , f o r example. 

I f there is day-to-day var ia t ion in personal travel behavior, addi t ional i n f o r m a t i o n is ob
tained by asking respondents to report their travel fo r more than a single day. H o w much 
more i n f o r m a t i o n is obtained f r o m a mul t iday survey, o f course, depends on h o w much day-
to-day var ia t ion there is in personal travel behavior. Fur thermore, each addi t ional day in a 
mul t iday survey presumably provides less i n f o r m a t i o n than the previous one, on the average, 
increases the possibil i ty that some tr ips are no t reported due to respondent fat igue, and af
fects respondents' willingness to participate in the survey because o f the addi t ional burden. 
In any event, the cost o f each addi t ional survey day needs to be traded o f f against the 
increased i n f o r m a t i o n obtained. 

Research undertaken quite some t ime ago showed that a substantial p r o p o r t i o n , on the or
der o f 50 percent, o f the var ia t ion in personal t r i p generation rates was at t r ibutable to w i t h i n -
person, day-to-day var ia t ion when data f o r 5 consecutive weekdays was examined [14). Pas 
( / 5 ) also showed that f o r a relatively wide range o f assumptions about the marginal cost o f 
collecting data f o r addi t iona l days, the op t ima l number o f days f o r a mul t iday survey was ap
proximate ly 2 ( f r o m the po in t o f v iew of parameter est imation in a linear t r i p generation 
model) . This analysis d i d not , however, take in to account respondent fatigue and a possible 
increase in nonresponse rate. 

The research just mentioned was conducted w i t h data collected in Reading, England, in 
1973. A recent study, using 3-day survey data collected in Seattle, showed that s imilar levels 
of day-to-day var ia t ion in t r i p generation rates and daily t ime used f o r travel exist i n the 
Uni ted States (16) Fur thermore, i t may wel l be that in the context o f ac t iv i ty / t r ip chaining 
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models, the level o f day-to-day var ia t ion is even larger, thus mak ing mul t iday surveys more 
cost-effective i n this case. Results recently reported by M a and Goulias (7 7), using data f r o m 
the Puget Sound (Seattle) Transpor ta t ion Panel, suggest greater day-to-day var iabi l i ty in 
act ivi ty patterns than in travel patterns. 

Whereas there is some indica t ion that respondents report fewer tr ips t o w a r d the end o f a 
7-day survey (18), i t is unl ikely that respondents in a 2-day survey w o u l d underreport travel 
on the second day. In fact . Pas and Sundar (76) f o u n d no evidence o f decreased levels of 
repor t ing in subsequent days in the 3-day survey conducted in Seattle. 

Beyond the question o f cost-effectiveness f o r model est imation, a mul t iday survey provides 
i n f o r m a t i o n that cannot be obtained in a t r ad i t iona l single-day survey. For example, f r o m a 
1-day survey one cannot learn about wha t has been referred to as "par t - t ime carpoohng," 
where commuters carpool 2 or 3 days per week but not on a l l days. I n add i t ion , mul t iday i n 
f o r m a t i o n is needed to understand and model the possible mul t iday effects o f T D M / T C M ac
tions. The other oppor tun i ty w i t h mul t iday diaries is the possible inclusion o f weekend as 
we l l as weekday data, fu r the r adding to the understanding o f weekly act ivi ty patterns, as 
opposed to dai ly patterns. 

Longitudinal Data 

Tradi t ional ly , household travel surveys were cross-sectional. Data were gathered that essen
t ia l ly t ook a snapshot at one po in t i n t ime. M o r e than 10 years ago researchers started em
phasizing the need to collect, analyze, and model longi tud ina l data to understand behavioral 
responses to s i tuat ional change [an early assessment o f longi tudina l surveys i n t ransporta t ion 
IS given by Hensher (79)] . However, the first suggestion fo r the use o f panel data in trans
por t a t ion model ing seems to be that by W o r r a l l (20) , w h o suggests that longi tud ina l data are 
needed f o r proper model ing o f u rban travel and locat ion decisions as wel l as fo r m o n i t o r i n g 
purposes (This idea emerged f r o m an N C H R P project on m o n i t o r i n g urban travel conducted 
by Garr ison and W o r r a l l i n 1966, but the repor t was never publ ished—probably because the 
researchers' ideas were far ahead o f their t ime.) Worral l ' s paper suggests the use o f a "per
manent response panel—analogous to the consumer panels employed in market research" to 
collect long i tud ina l i n f o r m a t i o n on locat ion preferences, daily act ivi ty sets, and dai ly travel 
patterns o f urban households. Interestingly, not on ly d i d research by Garr ison and W o r r a l l 
po in t to the idea o f panels f o r collecting u rban travel and related data, i t also raised the idea 
of the other f o r m of longi tudina l data discussed here, namely, mul t iday data. In fact, 
Worra l l ' s paper suggests the possibil i ty o f using smaller samples f o r 2-, 5-, or 7-day surveys 
as opposed to larger samples f o r a single day. 

Long i tud ina l household travel surveys can take a number o f forms: 

• Repeated cross-sectional surveys, 
• Before-and-after surveys, and 
• Panel surveys. 

The panel, wh ich is the most common ly used longi tud ina l survey method in t ransport 
p lanning, is a repeated survey (wave) o f the same sample o f respondents. The per iod between 
waves depends on the behavior being analyzed. I t could be a before-and-after survey—weeks 
to months , an analysis o f automobi le ownership transactions (6 months or triggered by an 
act ion) , travel behavior changes, or a housing transaction analysis (perhaps annual) . A m u l 
t iday survey, in fact, can be thought o f as a very h igh frequency panel o f short du ra t i on In 
this type o f survey the sociodemographic characteristics o f respondents remain constant and 
the external environment , inc lud ing the t ranspor ta t ion level o f service, is generally treated as 
constant except f o r cases in w h i c h day-to-day changes in departure t ime or route have been 
examined specifically as a f u n c t i o n o f the respondent's experience on previous days (27) 

Long i tud ina l data and models have a number o f advantages relative to cross-sectional data 
and static models (22). M o s t impor tan t , the use in forecasting o f a model based on cross-
sectional data f r o m one po in t in t ime represents the " long i tud ina l ext rapola t ion o f 
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cross-scctional var ia t ions" (22). Tha t is, in forecasting w i t h a model based on cross-sectional 
data, we essentially apply cross-sectional elasticities derived f r o m differences across d i f ferent 
observational units as i f they represented the long i tud ina l elasticities that reflect the change 
in behavior, fo r each observational uni t , that is brought about by a change in an explanatory 
factor. G o o d w i n et a l . (23) show that this approach is va l id only under the f o l l o w i n g very re
strictive assumptions: {a) the behavioral response is immediate (i.e., no t ime lag or lead), {h) 
the magnitude o f the behavioral response is the same regardless o f the d i rec t ion o f change 
(i.e., symmetrical response to change), and ( < r ) the behavioral response is independent o f the 
past his tory o f behavior. 

O f course, the va l id i ty o f these assumptions cannot be examined w i t h o u t longi tudina l 
data. As the recent summary o f t ransportat ion-related panels provided by Hensher and Rai-
m o n d (24) shows, there have been a number o f such studies, p r imar i l y in Europe, over the 
past 10 years. The f irs t m a j o r panel f o r t ranspor ta t ion studies was the Du tch Na t iona l M o 
bi l i ty Panel, w h i c h began in 1984 and ran th rough 1989 (2S). The f irs t general-purpose trans
por ta t ion panel in the Uni ted States is the ongoing panel in Seattle (26,27). Empi r ica l 
evidence f r o m panel studies is accumulat ing and indicates that the foregoing condi t ions un
der w h i c h one can use models based on cross-sectional data to make forecasts are not va l id 
in the context o f travel and related behaviors (28,29). 

As noted by K i t amura et al . (30), dynamic models based on longi tudina l data a l low f o r the 
"exp l ic i t incorpora t ion o f behavioral dynamics inc lud ing lags and leads i n response t ime, 
asymmetry in response, behavioral inertia and habi tua l response patterns (e.g., brand loy
a l t y ) . " Such models are therefore able to provide more realistic descriptions o f behavior in 
w h i c h present decisions affect fu tu re behavior and are affected by past decisions. 

A panel survey provides i n f o r m a t i o n that s imply cannot be obtained f r o m a repeated 
cross-sections design. For example, i f one used the repeated cross-sections design to study 
changes in car ownership , one cou ld estimate the overal l change in car ownership but could 
not ident i fy the fact that some households increased their level o f car ownership whi le others 
decreased or maintained the same level o f ownership . G o o d w i n (29) reports a variety o f ex
amples o f the r ich interpretations that can be made f r o m panel surveys that w o u l d be masked 
by repeated cross-sections designs. 

Issues w i t h the use o f panels include sample maintenance and replacement, panel a t t r i t i on 
and cond i t ion ing , weigh t ing and use o f panel data, and the in t roduc t ion o f the dimension o f 
change in response over t ime (it is no t clear that we have the tools to develop models o f choice 
under this last cond i t ion) . The problems of a t t r i t i on and cond i t ion ing and techniques to deal 
w i t h these problems have been extensively examined in the context o f the D u t c h Na t iona l 
M o b i l i t y Panel (31-33). A t t r i t i o n was par t icular ly severe in the D u t c h N a t i o n a l M o b i l i t y 
Panel, and only 33 percent o f those in the f irs t wave completed a l l 10 waves (the waves were 
6 months apart) . In the Puget Sound Transpor ta t ion Panel, par t icular care was taken to re
duce a t t r i t i on by main ta in ing contact w i t h the sampled households beyond the needs f o r data 
col lect ion. In the case o f this survey, 81 percent o f the Wave 1 sample completed Wave 2, 
whereas 63 and 55 percent o f the Wave 1 sample completed Waves 3 and 4 , respectively. 
Interestingly, both the D u t c h N a t i o n a l Panel and the Puget Sound Panel were mul t iday sur
veys in addi t ion to being panel surveys. The D u t c h survey used a 7-day diary, whereas the 
Puget Sound survey used a 2-day diary. As noted earlier, analysis o f the data collected in the 
Netherlands indicated a systematic decrease in t r i p repor t ing over the course o f the week 

A n impor t an t con t inu ing issue in panel surveys is the need f o r good i n f o r m a t i o n on the 
frequency o f occurrence or base shares o f interesting behaviors that may be rare or sparse, 
par t icular ly f o r a panel sample that w o u l d probably be smaller than a cross-sectional sample. 
However, i t is possible that cross-sectional surveys could be replaced by careful ly conducted 
panel surveys. 

Stated Choice/Preference 

SP surveys and derived models are the subject o f another w o r k s h o p (and resource paper) 
at this conference. However, this subject must be in t roduced here because the incorpora t ion 
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of an SP survey can have a large effect on the sample needed in the revealed preference 
household survey 

This approach to data collection is very efficient in parameter est imation because o f the 
use o f a fac tor ia l design o f the sample, main ta in ing or thogonal i ty , and much i n f o r m a t i o n can 
be obtained f r o m each respondent w i t h the use o f mul t ip le scenarios per respondent. The use 
of this technique can also reduce the need f o r complexi ty in the RP p o r t i o n o f the household 
travel survey. SP is par t icular ly useful f o r transit model ing , where there is a need to ensure a 
f u l l range o f a t t r ibute variables f o r parameter est imation. I f SP is f u l l y ut i l ized, a much 
smaller RP sample is needed. The RP survey becomes essential f o r p r o v i d i n g estimates o f base 
shares, w h i c h are impor t an t f o r scaling or ca l ibra t ing SP models. SP can also include nonob-
servable (in RP) variables (e.g., the value o f a guaranteed seat or personal security), p rov id 
ing parameter values fo r these attributes I t may be the most useful source o f i n f o r m a t i o n f o r 
nonvehicular modes o f t ravel . I t is the only conceivable source f o r models and pol icy analy
sis o f new situations and speculative h y p o t h e t i c a l (e.g., congestion pr ic ing and telecommu
nications effects) The m a p r l i m i t a t i o n in the use o f SP is the d i f f i cu l t y o f a design that 
includes the added complexi ty o f act ivi ty pat tern or t r i p chain changes as a part o f the 
response to s i tuat ional change. 

Design o f the RP sample is s impl i f ied under this strategy. The ma in requirement f o r the RP 
sample is the provis ion o f i n f o r m a t i o n on behavioral shares—the size f o r "unambi t ious" 
model est imation. Tha t is, the recommended strategy is to make use o f the strengths o f each 
of these techniques, whi le mi t iga t ing their weaknesses by using combined data to estimate our 
models. There has been a f lu r ry o f act ivi ty on this f r o n t (34-42) 

Sampling and Related Issues 

Sampling Frame 

The sample f o r household act iv i ty and t ravel behavior should clearly be a r andom sample 
o f households that is as representative as possible The most c o m m o n l y used selection ap
proach IS r andom dig i t d ia l ing o f household telephone numbers There is a strong case to be 
made f o r the use o f street address directories or electric/gas u t i l i t y lists The telephone un i 
verse clearly omits the poorest households, and upwards o f .50 percent o f households i n large 
u rban areas are unlisted, leading to telephone recrui tment i n a " co ld c a l l " s i tua t ion . C o m 
bined w i t h te lemarket ing sa tura t ion, this leads to a large number o f refusals to part icipate 
(the recrui tment rate was on ly 52 percent in the Port land market in 1 9 9 4 - 1 9 9 5 ) . Another 
s t rong argument f o r an address-based sample f rame is in the use o f u rban design strat if ica
t i o n schemes. The random dig i t d ia l ing o f unlisted numbers makes pres t ra t i f icat ion very d i f 
ficult. As a pract ical recrui tment matter this w o u l d also mean the ab i l i ty to send an 
in t roduc to ry mailer before the recrui tment telephone contact . Unlisted numbers w o u l d have 
to be visited f o r recrui tment , an added cost, and households w i t h o u t phones w o u l d also be 
included. 

Sample Size 

For s impl ic i ty we only discuss the RP home interview survey at this stage, assuming a 1-day 
diary and a cross-sectional survey. The effects on sample size o f mul t iday and longi tud ina l 
designs as wel l as SP enrichment are discussed i n the next section. 

As a general statement, we tend to deal w i t h responses w i t h sparse representation o f be
haviors o f interest and to look at behaviors that may be redefined dur ing model specification 
(e.g , number o f modes to be considered by the number o f t r i p purposes to be considered, t r i p 
or act ivi ty chain classification). We do not t h ink that there is any a p r i o n way of determining 
the sample size, especially when we are dependent o n the survey to determine the behavior 
frequency (there is rarely an independent estimate). In any case, when we intend to use the 
data to estimate a number o f d i f fe ren t models, i t is hard to determine the sample size needed 
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to meet the needs o f al l the models, and i t certamly becomes very d i f f i c u l t t o t ry to opt imize 
the sample w i t h respect to a variety o f models. As Axhausen (43) notes, we use the same sur
vey to provide data f o r models w o r k i n g at "qui te d i f fe ren t t ime horizons and levels o f social 
complexi ty . For example, there are short te rm models, such as mode choice and departure 
t ime choice, long term models, such as car ownership or w o r k place choice, models w i t h s im
ple social contexts, such as destination choice o f individuals , and models o f h igh social com
plexi ty such as the a l locat ion o f the household vehicle." Furthermore, the models operate at 
varying levels o f spatial complexi ty . 

There has been research on sample size f o r t ranspor ta t ion model ing , especially in the late 
1970s and early 1980s. However, i t has p r i m a r i l y been aimed at t r i p generation f o r a prede
termined set of purposes using cross-classification models {44,4.5) or at m u l t i n o m i a l logi t 
models p r i m a r i l y o f mode choice (46-48) The model ing demands are n o w much more r ig
orous. For example, we do not k n o w of any w o r k dealing w i t h sample size needs f o r nested 
logi t models or the best sampling plans f o r such models. 

There is an accepted rule o f t h u m b among disaggregate model ing practi t ioners that at least 
30 cases o f a behavior classification to be modeled must be present in the data. We have heard 
of the desire fo r 100 observations, but i t is d o u b t f u l that this is a practical goal . It is clear that 
this leads to questions o f sample s t ra t i f icat ion or choice-based sampling, or bo th , to obta in 
enough observations o f desired rare behaviors w i t h o u t d r a w i n g an immense random sample 
that migh t be financially impract ica l . [The number o f households f o r recent and current 
household travel surveys in the United States ranges between 400 (Pittsburgh) and 16,000 
(Los Angeles) fo r a 1-day survey.] 

A n example migh t be to estimate the number o f households required to adequately sam
ple bicycle users f o r w o r k t r ips , where an independent estimate o f share is available (C'ensus). 
Assume the average share f o r a region is 1 percent and that there are 1.2 workers per house
h o l d , w h o travel to w o r k 85 percent o f the t ime (a l lowing fo r vacation, sick days, etc.). To 
get 30 bicycle journeys we w o u l d have to sample 2 ,941 households. This is derived as f o l 
lows, (no. o f occurrences required)/(expected frequency o f occurrence) = 30/( .01 * 1 2~ 0 85). 
This is an absolute m i n i m u m , a l l o w i n g no r o o m f o r error. There is reason to believe that b i 
cycle trips are forgot ten or discounted by the respondent in a trip-based survey and are there
fore underreported. This was certainly the case in the 1985 Port land survey, where 4,900 
households d id no t yield enough bicycle tr ips f o r model ing the mode choice f o r this mode o f 
travel . 

The s i tuat ion becomes more complex when we expect many a t t r ibute parameters to be 
needed (e.g., w a l k t ime , w a i t t ime , in-vehicle t ime and cost, au tomobi le ownersh ip , and 
household size, to delineate the decision space f o r t ransi t choice). Where t ransi t ndersh ip 
is l o w ( typical ly 3 to 10 percent f o r the western Un i t ed States f o r w o r k and 1 to 3 percent 
f o r other purposes) and there is a desire to separate by mode o f access (wa lk , t ransi t , car) , 
we may be l o o k i n g f o r 300 to 4 0 0 cases at a m i n i m u m to be able to estimate a mode l The 
p rob l em is exacerbated by the lack o f good a p r i o n knowledge o f the frequency d i s t r ibu 
t i on o f a desired modeled behavior ( t ransi t percentage f o r a nonhome t r i p w i t h a w o r k end, 
f o r example) . W h e n we consider the possibi l i ty o f es t imat ing models on the basis o f t r i p 
chains or journeys f r o m home and back, i t is clear that no def in i t ive answer can be given 
at present. 

There is usually a practical sense of h o w much money is available f o r a household travel 
survey, and the sample size is o f t en dictated by the budget. This being said, the recommen
dat ion o f the authors is to get as many samples as can be a f fo rded and to maximize the i n 
f o r m a t i o n given by the sample by s t ra t i f icat ion and other techniques. I t is our o p i n i o n , on the 
basis o f experience o f one o f the authors, that at least 4 ,000 household survey days are re
quired to estimate a fa i r ly unambi t ious , t r ad i t iona l model (six t r i p purposes and five modes), 
which w o u l d not include bicycle use, i f the sample is a simple random one (Port land, Ore
gon). W i t h the development o f models directed t o w a r d activity-based model ing (see earlier 
discussion), w i t h the expl ic i t consideration o f t ime use, i t is l ikely that a very large purely ran
d o m sample w o u l d be needed in some cities i f revealed preference models were to be the only 
accepted techniques fo r collecting travel-related data, as is the current U.S. practice. A dis-
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cussion o f the interrelationships among samphng and other survey design issues (the use o f 
longi tudina l panels and stated choice experiments) is given later. 

Sampling Technique 

Random Sample 

By def in i t ion the sample must be randomly d r a w n f o r unbiased model est imation. I t is not 
necessary, however, to have an unstrat i f ied (regionwide) r andom sample, since this w o u l d 
produce a wasteful abundance o f i n f o r m a t i o n about the most c o m m o n behaviors and insuf
ficient i n f o r m a t i o n on less c o m m o n behaviors o f interest. O f course, this is a very ineff icient 
strategy. 

Cluster Sample 

The ma in reason f o r cluster sampling is to minimize costs in fielding in-home surveys. Should 
the data f r o m the census long f o r m no longer be available, i t is probable that al l or a po r t i on 
of the act ivi ty and travel behavior survey w i l l have to be collected at the home (see later dis
cussion under Survey Weight ing and Expansion) In this case, cluster sampling should be 
considered—the clusters w o u l d s t i l l have to be randomly d r a w n . 

Choice-Based Sample 

This approach has historical ly been used f o r trip-based model ing , where on-board transit sur
vey data (supposedly randomly d rawn) have been used to enrich the household sample data. 
In the context o f models o f act ivi ty patterns or t r i p chains, a survey o f tr ips (e.g., on-board) 
w o u l d no t be useful . However, an on-board intercept o f transit users to ident i fy a subset o f 
households w i t h transit use is appropria te , and these households w o u l d then be included in 
the sample fo r the household travel survey. This technique was used f o r a sample o f auto
mobi le access to transit travelers in the 1994 Port land survey and f o r transit riders in the 
Rale igh-Durham survey (1994-1995) . W h e n used as an on-board intercept fo r a choice-
based sample o f households in Eugene, Oregon (1994) , where 25 percent o f the transit r i d 
ers are chi ldren , problems w i t h randomness became obvious. The question o f asking chi ldren 
f o r their phone number or where they live is d i f f i c u l t , and chi ldren cannot c o m m i t their 
household to be a survey respondent. For a choice-based sample to be useful , an independent 
estimate o f base shares fo r n o n w o r k activities is needed, w h i c h is no t usually available in the 
Uni ted States. Designing an intercept technique fo r pedestrian and bicycle use and f o r 
telecommunications effects may prove impossible. 

Stratified Sample 

This strategy makes sense i f the strata are used to maximize the chance o f gett ing the desired 
samples o f rare behaviors. O n the other hand, this approach is counterproduct ive when the 
sample is pol i t ica l ly or a rb i t ra r i ly s trat i f ied, wh ich is c o m m o n practice in the Uni ted States, 
fo r example, to provide representative data at the county or ci ty level. There is a direct com
promise when there is confus ion between collecting descriptive data f o r member jurisdictions 
(or model ing data that are jur isdic t ion specific) and collect ing data f o r model est imation The 
rule o f t h u m b in collecting 30 to 100 unbiased cases o f rare behavior to be modeled st i l l 
ho lds—if there are five counties a 500 percent increase in the sample size is needed f o r local 
model est imation. W i t h no rma l budget constraints, the compromise o f ten results in no m o d 
els f o r rare behavior and more data than needed f o r model ing c o m m o n behaviors, a very 
ineff ic ient approach 

Geographic s t ra t i f icat ion to maximize efficiency has great promise. This technique was 
used in the Oregon-Southwest Washington 1994 household act ivi ty and travel survey and in 
the Triangle Transit Author i ty ' s 1994-1995 act ivi ty and travel survey. The approach used in 
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these recent surveys entails s t r a t i fy ing by u rban design character—"oversampling" areas 
where mixed use and a good pedestrian and bicycle environment exist increases the proba
b i l i ty o f observing pedestrians, bicyclists, and transit riders. Similarly, oversampling the 
exurban and rura l locations to get better i n f o r m a t i o n on household locat ion choice charac
teristics and travel patterns f o r households w i t h poor u rban accessibility is useful. First re
turns f r o m the Por t land part o f the Oregon-Southwest Washington survey suggest reasonable 
success w i t h very r ich data. This approach was used in the 1977 Bal t imore survey mentioned 
earlier in this paper. 

Survey Weighting and Expansion 

The f o l l o w i n g discussion is in the context o f the United States and U.S. sources o f independent 
data, since that is the experience o f the authors. 

The pr imary reason f o r expansion weights is fo r the p roduc t ion o f descriptive statistics, 
t rend t racking , mandated measurement o f goal at tainment , estimation o f base shares fo r cal
ib ra t ion o f stated choice models, and the use o f choice-based samples. They are not of ten 
needed in disaggregate model est imation f r o m random or r andom stratif ied sample data Sim
ilar techniques are needed to prepare an estimate o f households f o r base year aggregate model 
ca l ibra t ion and appl ica t ion 

The first stage is the est imation o f s t ra tum weights to develop a simple expansion to the 
universe o f households. This is dependent on the s t ra tum def in i t ion . I n the case o f a geogra
phy by urban design s t ra t i f ica t ion, a classification o f al l households by s t ra tum is required (a 
CIS overlay approach is practical here). Each s t ra tum can then be p ropor t iona l ly expanded 
This obviously requires the avai labi l i ty o f a data base o f households by locat ion f o r the sur
vey year The second stage is to determine the factors needed to carry out a socioeconomic 
weigh t ing to account f o r nonresponse bias and nonrepresentativeness o f the survey respon
dents. This can be carried out using a combina t ion o f the Public Use M i c r o d a t a Sample o f i n 
d iv idua l households o f the Bureau o f the Census and the data tabulat ions at the t ract and 
block group level 

Similar methods are being explored by the Los Alamos Na t iona l Labora to ry and re
searchers at the N a t i o n a l Inst i tute o f Statistical Sciences to develop "synthet ic" household 
populat ions f o r use in urban micros imula t ion models [Beckman (49) describes one such 
approach] . 

Loss of Census Long Form 

There is current ly a move to collect only those census data needed fo r popula t ion enumera
t i o n fo r representative vo t ing purposes as la id d o w n in the Cons t i tu t ion . The long f o r m data 
on household socioeconomics and structure w o u l d be lost. There is also a move to go to 
"cont inuous measurement"—collect ion of a smaller sample annually that cou ld yield added 
i n f o r m a t i o n on a t imely basis, w i t h 3- to 5-year aggregation used to create a larger sample 
similar to the current decennial cross section. The latter approach w o u l d not lose much and 
w o u l d be very useful f o r model ing endeavors such as household locat ion. 

Complete loss o f the long f o r m sample w o u l d lead to the need fo r a much tighter fielding 
of household surveys—probably o f larger size. These surveys w o u l d need to provide good es
timates o f the base dis t r ibut ions directly. The use o f a sample f rame similar to the census enu
merat ion technique (master address file), probably w i t h some telephone p ickup and in-home 
interviews fo r nontelephone households, w o u l d be required. Nonresponse in travel surveys 
w o u l d become a m a j o r issue, w i t h the need to push f o r in-home surveys o f telephone nonre-
spondents. Care fu l s t ra t i f icat ion can minimize the problem, but overall con t ro l w o u l d have 
to be much tighter. This cou ld possibly double the per household costs fo r a survey. The 
household survey w o u l d become impor t an t f o r the under ly ing dis t r ibut ions o f household 
structure current ly available in termi t ten t ly f r o m the census. A n alternative w o u l d be to con
duct a "census style" survey o f a larger set o f households, w i t h a subset being subject to the 
act ivi ty and travel survey. 
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Interrelationships Among Sampling and Other Survey Design Issues 

Multiday and Longitudinal Panels 

Multiday 

Previous research {15) has examined the relat ionship between the number o f days in the sur
vey per iod and the sample size f o r a given level o f precision in the estimated parameters in a 
linear regression t r i p generation model o f person travel . One can achieve a given level o f pre
cision in the estimated parameters w i t h either a 1-day sample or w i t h a smaller mul t iday sam
ple because addi t iona l survey days yield increased i n f o r m a t i o n . The size o f the mul t iday 
sample, relative to the size o f the 1-day sample, depends on the level o f day-to-day var iabi l 
i ty in the travel phenomenon being modeled. However, because o f the economies inherent in 
conduct ing a mul t iday survey (design, sampling design, sample recrui tment , and so f o r t h are 
essentially the same f o r a 1-day survey as f o r a mul t iday survey), one migh t be able to achieve 
a given level o f precision fo r less cost w i t h a mul t iday survey, or one m i g h t be able to increase 
the precision o f the parameter estimates f o r a given survey cost. Using the data collected in 
Reading (see the section Survey Design Issues), Pas shows, f o r example, that a 2-day sample 
w o u l d yie ld about a 20 percent reduction in cost, f o r the same precision in the parameter es
timates, under the assumption that the variable cost (or cost per day) o f the survey is 25 per
cent o f the fixed cost In this case, i t turned out that the sample size f o r the 2-day survey 
w o u l d need to be approximate ly 67 percent o f that f o r the 1 -day survey to yield the same level 
o f precision in the parameter estimates. However , even i f the cost savings were lower, the 
addi t iona l i n f o r m a t i o n provided by the 2-day survey w o u l d make this the more desirable 
approach. 

Longitudinal Panel 

We do not k n o w comparable efficiencies to be obtained f r o m a panel survey in terms o f the 
precision o f the parameters i n an estimated model . However , the relationship between the 
sample size needed fo r a two-wave panel survey ( N p ) and the sample size f o r a repeated cross-
sections survey ( N J , to yield the same precision in the estimate o f the change in some var i 
able between t w o points in t ime, is given by Smart (50) on the basis o f results o f Kish (51), 
as f o l l o w s . 

N„ = N , / ( l / l - R ) l / 2 (1) 

w h ere 

N p = sample size f o r the panel survey, 
N , = sample size f o r the repeated cross-sections survey, and 

R = corre la t ion between the t w o surveys ( fo r the variable o f interest). 

Smart reports an example, based on data in Kish , o f estimating changes in car ownership 
on an annual basis In this case, R was f o u n d to be approximate ly 0.8, so that the sample size 
f o r a panel survey w o u l d be less than 0.50 (about 0.45 to be more accurate) o f that needed 
f o r a repeated cross-sections survey to yield the same precision in the estimate o f the annual 
change in car ownership. 

O f course, the lower the corre la t ion in the variable o f interest across the t w o t ime periods, 
the smaller the sample size reduct ion brought about by the use o f a panel survey. However , 
even i f the correla t ion were on ly 0.5 (thus indica t ing a high level o f change over t ime in the 
variable o f interest), the sample size f o r the panel survey could be about 0.7 o f that f o r a re
peated cross-sections survey. Even in this case, the use o f a panel survey w o u l d lead to sub
stantial cost savings. For example, i n the case where R = 0.5, i f a repeated cross-sections 
survey o f 1,000 observations yielded a precise enough estimate o f the change in the variable 
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of interest, then a panel survey w i t h about 700 observations w o u l d yield the same level o f 
precision in the estimate o f the change. A l l o w i n g f o r a t t r i t i on , and t ak ing account o f the cost 
per un i t in the case o f a panel survey versus that i n repeated cross-sections, the cost o f a panel 
survey w o u l d be about 60 to 70 percent o f that o f a repeated cross-sections survey. 

Another example f o l l o w s , using 1990 to 1994 costs: Whereas a household survey costs 
about $100 f o r a single day and $130 f o r a 2-day survey when al l costs are allocated (survey 
and sample design cost are added to the cost o f sampling, recrui t ing, and retr ieving and val
idat ion o f responses), the marginal cost o f sampling, recrui t ing, and retr ieving is about $75 
to $85 per respondent. In a mul t ip le wave, the design and sample are in place, and recruit
ment o f previous respondents tends to be successful. Because o f more successful recrui tment , 
estimates o f the cost fo r successive waves (after the first) are $55 to $75 per household, and 
perhaps lower I t has been estimated that the repeat waves cost about $45 per household in 
Seattle (discussion w i t h E M u r a k a m i ) . 

The t rade-offs i n sample size here are less clear. Whereas the per household costs in sub
sequent waves are about ha l f the in i t i a l wave cost, and each wave adds considerable i n fo r 
m a t i o n , the ab i l i ty to capture rare behaviors is reduced by the smaller base sample size. 
Assuming the latter issue cou ld be dealt w i t h in other ways , the cost-effectiveness o f a l o n 
g i tud ina l design can be explored as f o l l o w s . A base o f 2 ,000 sample households cou ld (as
suming a t t r i t i o n rates s imi lar to those i n Seattle) d r o p to 1,400 households by Wave 4 , 
g iv ing 6,800 household-days at the same cost (assuming a subsequent wave cost rate at 50 
percent o f the in i t i a l wave) as 4 ,400 household days in a 1-day cross section. [ I n i t i a l cost 
= X , to ta l cost = 2 ,000*x - I - x /2 -^ ( l ,800 - I - 1,600 + 1,400). 6,800 household-days at 
$4 ,400x , the S4,400x w o u l d obvious ly buy 4 ,400 household-days as a single nonrepeated 
cross section.] Thus , a l ong i tud ina l design cou ld provide about a 50 percent increase in 
household days f o r the same price as a single cross section. The m a j o r benefi t o f a panel 
design, however, is the increased ava i lab i l i ty o f t empora l change i n f o r m a t i o n . This 
data source is o f par t icu lar benefi t t o under t ak ing transactions mode l ing o f au tomobi le 
ownersh ip and dwel l ings 

A base longi tud ina l survey of , say, 1,500 households, w i t h con t inu ing replacement o f at
t r i t i o n and a ro ta t ion o f new households i n each 5-ycar per iod, carried f o r 10 years, cou ld 
give 15,000 household days f o r about $1 ,000,000. [Start w i t h 1,500 at $150,000 ($100 
each), rotate/replace 300 households per year ($30,000 per year), resurvey 1,100 households 
at $50 each ($55,000 per year), to ta l cost = $150,000 + 9 - $30,000 + 9 * $55,000 = 
$915,000, w i t h an ongoing annual cost o f $85,000 per year ] The same number o f household-
days w i t h a 1-day survey w o u l d cost about $1,500,000, on the basis o f recent U.S. costs. A l 
ternatively, 10,000 household-days could be obtained at the same cost. The longi tudina l 
survey, however, carries much more valuable i n f o r m a t i o n . 

Multiday and Longitudinal Panel Interaction 

I t IS clear that a combina t ion o f longi tud ina l and mul t iday techniques can be used to reduce 
the to ta l cost per un i t o f i n f o r m a t i o n . In the preceding case an app rox ima t ion w o u l d be to 
reduce the sample size f r o m 1,500 to 1,000 households f o r 2 days each, y ie lding the same i n 
f o r m a t i o n at about a 20 percent savings in cost. Another reason to combine panels w i t h m u l 
tiple days IS that when one tries to estimate change in travel behavior f r o m , say, t w o waves 
of a panel survey, one is better o f f w i t h mul t iday data. Otherwise , the change is confounded 
by day-to-day var iab i l i ty Therefore, one may infer change where none has taken place, or 
one may infer stabil i ty where change has taken place. In a recent study, M a n n e r i n g et al . (52) 
reported that act ivi ty models estimated w i t h the 2-day diary data f r o m t w o waves o f the Seat
tle panel appeared to be unstable over t ime, but they acknowledge that day-to-day var iab i l 
i ty (which IS only par t ia l ly captured by a 2-day diary) may have par t ia l ly confounded their 
results. 

I t IS no t k n o w n by the authors whether any statistical w o r k on the problem of op t imal 
sample design fo r a mul t iday panel survey has been at tempted or completed. This is an area 
fo r fu ture cooperative research w i t h statistical scientists. 
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Stated Choice/Preference 

W i t h the need to consider the many complex T D M / T C M strategies, urban design effects, and 
nonmotor ized travel , the question o f the appropriateness o f revealed preference techniques 
can and should be argued. The household survey soon begins to take on the attributes o f 
the W h i t e K n i g h t in Lewis Carroll 's Through the Looking Glass, becoming impract ica l ly 
top-heavy At tempts to answer a l l possible questions are, perhaps, doomed. 

A method considered in detail at another workshop at this conference, stated preference, 
IS relatively inexpensive on a per survey basis. In Port land an extremely complex pr ic ing sur
vey cost less than $50,000 (road pr ic ing , congestion pr ic ing , pa rk ing pr ic ing, and fue l pric
ing f o r commuters) This was f o r a design w i t h 15 choices, 15 attributes, and 400 respondents 
each g iv ing 8 responses Simpler surveys (new mode effects on existing cor r idor travel pat
terns, f o r example) can be in the range o f $20,000 to $30,000. The use o f this technique to 
investigate current ly rare behaviors (e.g., bicycling) can significantly reduce the demands on 
the size and complexi ty o f the revealed preference surveys (household surveys) The inclusion 
in the SP survey o f alternatives that are used and have revealed behavior to scale the stated 
choice models is impor t an t The avai labi l i ty o f k n o w n under lying shares is also impor tan t . 
The need f o r large samples o f rare behaviors in revealed preference (household) surveys to get 
a r ich range in needed explanatory variables is reduced or removed 

R E C E N T EXPERIENCES AND C U R R E N T PLANS FOR HOUSEHOLD 
TRAVEL SURVEYS IN T H E UNITED STATES 

M o s t met ropo l i t an areas in the Uni ted States entered the 1990s w i t h travel demand models 
that had been developed using data that were w o e f u l l y ou t o f date I n some areas the last 
household travel survey had been conducted in the 1960s, but given the changes that had 
taken place th rough the 1980s in household structure, employment locat ion , and travel pat
terns, even data sets that were only 10 years o l d were inadequate f o r model ing current travel 
behavior 

A number o f met ropol i t an areas in the Uni ted States under took a household travel 
survey to coincide w i t h the 1990 census o f popu la t ion . M o r e impor tan t , a large number o f 
met ropo l i t an areas have either very recently completed a household travel survey, are in the 
midst o f under taking such a survey, or plan to undertake such a survey this year These 
studies have generally been mot ivated by the recognit ion that current data are needed to 
update exist ing travel demand models. Furthermore, there is increasing awareness o f the 
need to collect the data that are needed to develop the next generation o f travel forecasting 
models. 

A n examinat ion o f household travel surveys undertaken in 1994 or planned fo r 1995 
shows a t rend t o w a r d collect ing household travel data that can be used both fo r exist
ing travel forecasting models and the emerging model f r a m e w o r k . The current wave o f 
household travel surveys can be characterized by the f o l l o w i n g features: 

• The focus is on activities rather than trips (at a m i n i m u m , an "ac t iv i ty f o r m a t " is used 
f o r asking the questions, a l though in-home activities are no t always included). 

• I n f o r m a t i o n is collected on in-home activities in a number o f cases. 
• There are variat ions in the level o f detail and the approach f o r collecting in-home 

activi ty i n f o r m a t i o n (we are st i l l learning h o w to best obta in such i n f o r m a t i o n ) . 
• A mul t iday repor t ing per iod is used i n some o f these surveys. 
• The surveys are stated preference surveys, wh ich sometimes f o l l o w a revealed preference 

survey. 
• Some are the first wave o f a planned or proposed panel survey. 
• Sampling is generally by telephone number, a l though some effor ts have been made to 

sample households that do not o w n telephones. 
• Geographic or other s t ra t i f icat ion is used to ob ta in i n f o r m a t i o n on rare behaviors. 
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• A multiphase approach, using telephone (CATI ) and mai l -ou t , is emerging as the stan
dard approach f o r recrui tment and retrieval. The phases can be summarized as f o l l o w s : (a) 
recruitment letter mai led to sampled households; (/?) recrui tment telephone call made ( w i t h 
key sociodemographics obtained early in the call) ; (c) memory jogger or diary, or bo th , mai led 
to respondents; {d) reminder call made on the night before the travel days; and (e) retrieval 
telephone calls made—usually mul t ip le calls used (or mai lback) to get i n f o r m a t i o n f r o m all 
intended household members. 

IMPORTANT ISSUES 

I t could be hypothesized that a combined mul t iday panel integrated w i t h stated preference 
surveys (possibly at each wave o f the panel survey) is the most eff icient design. Some migh t 
consider this to be a radical suggestion, but i t should be kept in m i n d that W o r r a l l suggested 
almost 30 years ago that mul t iday panel surveys be considered f o r urban t ranspor ta t ion stud
ies. Whereas there is a long w a i t f o r the first data, much more i n f o r m a t i o n is obtained in the 
long r u n . A con t inu ing annual expense, f o r a panel survey, may be more easily ins t i tu t ional 
ized in a public agency budget. The stated preference instruments cou ld first be used to esti
mate the basic t ime and cost elasticities fo r specific market segments. Subsequent SP surveys 
w o u l d address the burn ing pol icy questions o f the day. 

Rather than recommending a di rect ion f o r household travel surveys, we w o u l d prefer to 
th ink that this resource paper has raised many of the impor t an t issues f o r discussion, c l a r i f i 
ca t ion , and then, i t is hoped, the development o f new directions in the col lect ion o f data fo r 
policy sensitive models o f household act ivi ty and travel behavior We list a series of issues to 
guide the discussion at the w o r k s h o p 

To make the best use o f funds to be spent on data col lect ion requires that we spend some 
money n o w on research and development fo r household travel survey methods. We need to 
be creative and not be constrained by past practices i f we are to develop sound procedures 
f o r the household travel surveys o f the fu ture . 

1. Should we set the highest-priori ty research topic as the issue o f developing the "best" 
combined methodology mix—also k n o w n as to ta l design? 

2. W h a t IS the op t ima l a l locat ion o f a (f ixed) data col lect ion budget f o r a period o f N y 
years, i n terms o f the number o f households N n , the number o f days N | , , and the number o f 
waves N%v? 

3. The issue o f designing the sample to get a reasonable estimate o f base shares f r o m re
vealed preference surveys (especially a smaller panel) is a challenging one. Success here also 
makes the stated choice approach much more u t i l i t a r i an . D o we k n o w the r ight s t ra t i f icat ion 
scheme? H o w does this affect the choice o f sample frame? 

4. The integrat ion o f stated preference means that we need to k n o w more about the 
op t ima l design of the c o m m o n attributes f o r jo in t est imation and the techniques to create an 
efficient combined design. W h a t do we k n o w about this? H o w much f o r m a l research has 
there been? 

5. Is the possibly greater nonresponse bias o f mul t iday surveys a real and quant i f iable 
disincentive to the use o f such surveys? Another w o r k s h o p at this conference w i l l address this 
issue. 

6. C o u l d a lower frequency (say 2-year intervals) provide useful i n f o r m a t i o n f r o m a 
panel survey? H o w much i n f o r m a t i o n w o u l d be lost? O f course, a lower frequency w o u l d 
enable the use o f a larger panel (and hence a l low f o r better estimates o f the base shares) or 
reduce the annual survey cost. 

7 Is a nat ional panel used to develop the response to change metric useful and combin -
able w i t h occasional household surveys and stated choice surveys at the local level? D o we 
need panels in every ma jo r met ropol i t an area in the country? 

8 Travel surveys seem to be gett ing harder and more demanding, whereas the public is 
subjected to telemarketing and surveys to the po in t o f dis t ract ion. Is this an argument f o r 
smaller coverage panels and the use o f the f ruga l stated preference? O r is this an argu-
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ment f o r passive surveys o f travel behavior (to be discussed also at the workshop on new 
technologies)? 

9. Is there evidence that differences in response rates between mul t iday and single-day 
surveys in the LJnited States are so great as to suggest no t using a mul t iday approach ' 

10 Similarly, wha t are the differences in the response rates f o r cross-sectional versus panel 
surveys in the Uni ted States? Are they d i f fe ren t enough to make one preferable to the other? 

1 1 . H o w much is k n o w n about panel a t t r i t i on and cond i t ion ing , especially in the Uni ted 
States? D o we need more research here or do we have enough ' 

12. Is I t t ime to use address-based sample frames, given the dif f icul t ies raised by unlisted 
and no-phone households? 

13. Should we use in-home retrieval f o r no-phone households? 
14. W h i c h IS better, mai lback or telephone retrieval? 
15. Consistency (surveys m o n i t o r i n g change) versus new surveys f o r i n f o r m a t i o n on 

changing behavior and response to new pol icy concerns should be considered. 
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