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INTRODUCTION

The Chicago Regional Household Travel Inventorg tomprehensive study of the demographic and
travel behavior characteristics of residents in dheater Chicago area. Sponsored by the Chicago
Metropolitan Agency for Planning (CMAP) and thendis Department of Transportation (IDOT),
the study universe is defined as households regidithe lllinois counties of Cook, DuPage, Grundy,
Kane, Kendall, Lake, McHenry, and Will. The prdjéas two phases: Design and Data Collection.
The design phase took place in the fall of 2006e full data collection effort will take place iI0@7.

The purpose of the design phase of the study wadetttify (through research and primary data
collection) the most appropriate design and metlogiical aspects that maximize the quality and
validity of the inventory data for modeling purpeseThe three main objectives of the design phase
were: (1) to validate existing budgetary assummsticegarding data collection efforts anticipated fo
the full study (and establish new assumptions agssary), (2) to ensure that the inventory design
elements and methods provide for a data set tipguosts the development of a valid model, and (3)
to vet the inventory design recommendations throaigteries of white papers, supported by both
primary and secondary research, using a peer rgpd@el of both topical and regional experts. This
document is one of the four white papers devel@gseplart of the study’s design phase.

The purpose of the white papers prepared underdisign phase is to address specific issues
pertaining to the design of the data inventory smplporting data collection effort. Because thedat
will be used to both update the current regioreét demand model as well as for developing new
models, the actual elements contained in the iwvgmteed to meet the needs of both efforts. These
white papers serve to delineate those elementsathatritical to both efforts. Ultimately, the tos
trade-offs, respondent reactions, white paper rewendations, and input from the expert and local
peer review panels will be used by CMAP staff tafize the actual inventory contents.

Each white paper has a primary author team and¢@dary author. The primary author team was
responsible for ensuring that the document adddetbsenecessary elements and provided actionable
recommendations for the data collection phase.fatitate this, the primary authors provided the
project manager with a list of key questions origleglements for the pilot test (these are disalisse
below). The secondary author’s role was as reviewith the specific intent being to balance the
paper, to ensure that it was well-rounded and jmadh approach and recommendations.

The white papers combine secondary research witthepy data collection (through the study pilot)
in order to make recommendations on key issuesifh@act inventory design. These issues were
identified at the project kick-off meetihcheld Tuesday, May 23, 2006 in Austin, Texas amtlide:
(1) inventory content, (2) sampling consideratiq%,maximizing participation, and (4) efficienttda
collection. Each of these is discussed in a sépatacument. This paper, focusing on sampling
issues, addresses the following issues:

= Frame/frames

= Bias associated with cellular-only households

= Population coverage

= Differences in politics and respondents, and othkted issues resulting from the size of the
Chicago metro region

! This kick-off meeting included the project teammieers as well as members of the project’s expefipaer
review panels.

NUSTATS CHICAGO REGIONAL HOUSEHOLD TRAVEL INVENTORY 1

WHITE PAPER: SAMPLING CONSIDERATIONS



= Definition of household, including treatment of elated, student, and multi-family HH
= Newcomers to the region — immigrants

=  Stratification (transit riders? Income?)

= Continuous sample/seasonality effects

= Choice-based sample or fully random sample?

= Language needs

= Panel hooks

The team charged with writing this white paper Inadspecific data needs from the pilot. Rather,
these authors felt that a research effort intoutigy of a mode-density leadership or alternative
sampling approach that accounted for income andenogdions as evidenced from other regions
where these types of sampling approaches haveuseeihwas warranted.

PAPER OBJECTIVES

The objective of the Chicago Regional Householdv@rdnventory is to provide data for the
continuing development and refinement of the Chicaggional travel demand forecast models.
Thus, from a modeling standpoint, it is importahattthe data reflects the full diversity of the
behavioral determinants of travel activity and pdevfor a statistically valid model. This paper
discusses the sampling considerations towardsctioliesuch a rich source of information for use in
conventional or new generation modeling efforts.

Sampling is a consideration made in every survayraw inferences about the population based upon
the inferences from the sample. Sampling a pojuatiather than conducting a census on the study
population, saves time and money and hence rasudts effective use of the resources. Also, it is a
more cost effective approach compared to dataateliefrom a full population census.

Ideally, developing a statistically reliable sampieludes identification of the survey population o
the universe, identification of the sampling frareelection of sampling methods, determination of
necessary level of precision for one or more dems collected, calculation of sample size and
estimation of necessary resources. In additionpSagincludes an assessment of the sample quality,
in terms of accuracy and precision of the sampigodrticular, from a sample quality standpoint, the
goal of sampling is two-fold: (1) to reduce samglierrors that cause the parameter estimates and
other measures to be imprecise and second, togetucsampling errors or survey biases that can
cause the measurements to be inaccumate (2) consideration of survey-related factorshsas
issues related to participation of the respondemd, future extensions to the survey.

To direct the content of the Chicago Regional Hboke Travel Inventory, we propose a sampling
plan by taking into consideration all the aforenmmdd factors. For clarity, we have grouped these
factors into five categories. They are: (1) Poparatefinition and sampling frame issues, (2) Sampl
design that includes selection of sampling metheelection of sample stratification plan and
calculation of sample size, (3) Sample quality sss®nt in terms of measurement of nonresponse
and sampling errors, (4) Participation issues tddresses the language needs of respondents,
influence of politics on participation of commumeii, and participation of new-comers to the region,
and (5) Extensions of the survey. The next sediscusses each of these issues in detail.

2 Cambridge Systematics, Inc., Travel Survey Manual. Publication No. FHWA-PL-96-029, prepared for
the U.S. Department of Transportation and the U.S. Environmental Protection Agency, July 1996.
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SAMPLING ISSUES

POPULATION DEFINITION AND SAMPLING FRAME ISSUES

The population or survey universe represents thieeegroup of households that is the focus of the
study’. Ideally, the survey universe for this travel bébainventory is defined as all households
living in the lllinois counties of Cook, DuPage, Bdy, Kane, Kendall, Lake, McHenry, and Will.
However, as a practical matter, it is impossibletamerate all the households in the study araa. Fo
instance, though the state records indicate comfitgings of persons with active driver’s licenses
state Ids, it is impossible to track households iaae moved to a new location and have not updated
their current addresses on the state records.

Table 1 shows the total household population ferdtudy area as defined above. Note that just two
of the 8 counties (i.e., Cook and DuPage) comghsee-fourth of all households in the study area.
To summarize, the study universe or the populai@omprised of 2,940,007 households.

TABLE 1: COUNTIES IN THE STUDY AREA

County Total Households % of Total Households
in Study Area
Cook 1,974,181 57.5%
DuPage 325,601 9.5%
Lake 216,297 6.3%
Will 167,542 4.9%
Kane 133,901 3.9%
McHenry 89,403 2.6%
Kendall 18,789 0.5%
Grundy 14,293 0.4%

Source: Census 2000.

Following the identification of the population, ig important to choose a sampling frame that is
representative of the population. A sampling fravae be defined as a body of information about the
population being investigated that is used as thsisbfor selecting samples and in subsequent
estimation procedurgsin the context of household travel surveys, apimg frame is an up-to-date
listing of every household in the population, witdtentification information such as telephone
numbers or addresses. There are three types oflisgniames that can be used for this travel
behavior inventory. They are: (1) Random Digit D{RIDD), (2) Directory/Address-based, and (3)

® Handbook of Household Surveys, Revised Edition, Studies in Methods, Series F, No. 31, United
Nations, New York, 1984, para. 4.5.

* The current Chicago Metropolitan Agency for Planning study boundary excludes Grundy County. It is
included in this inventory as it is assigned to the CMAP modeling area, based on an lllinois requirement
that all counties be included in a regional travel demand model.

® Handbook of Household Surveys, Revised Edition, Studies in Methods, Series F, No. 31, United
Nations, New York, 1984, para. 4.6.
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Dual Frame (combination of RDD and Address-bdsett) order to choose an appropriate sampling
frame, it is important to evaluate the advantages disadvantages of each of the aforementioned
sampling frames. In this study, we evaluated timeptiag frames based on the following indicators.

1) Coverage — This measure indicates the extent tachwkine frame includes and/or
excludes members of the survey universe. Techgjctle RDD frame provides near
100% coverage of listed (urban and rural) and tedishouseholds with land-based
telephones. However, RDD frame cannot provide amwerage of the cell-phone only
households. Also, the RDD frame may over-cover abakls with multiple landlines.
The Address-based list, on the other hand, coverstelephone or cell-phone only
households However, Address-based frames can lead to urmarage if the addresses
are not up-to-date. The dual frame sampling appraditizes both RDD and Address-
based sampling procedures, and thus, provides qretvensive coverage of the study
area with much lower coverage bias than if eith@me were used exclusively.

2) Accuracy — This measure indicates the level ofipre@a to which the frame can be used
to locate members of the survey universe (for mstahow up-to-date the list is). Both
the RDD and the Address-based frame require an-alate list of the telephone numbers
and addresses respectively. The dual frame, orotter hand, can utilize the MSG’s
ADVO database to attach address information toRB® sample, thus providing much
more accuracy of households than addresses bastzlephone directories. Addresses
not matched with a telephone number can safelysbenaed to be either unlisted or non-
telephone househol¥s

3) Efficiency — This measure indicates the amountftdrerequired to make contact with
members of the survey universe (for instance, timalbrer of sampled elements that must
be screened to find a household eligible to bevige/ed). Both the RDD frame and the
address-based frame sampling approaches are effigagys of contacting the members
of the survey universe. Thus, the dual frame apmroahich builds on the strengths of
each of these methods, is an efficient samplingaguh. Also, as noted above, the
accuracy of locating households with specific cbhastics using dual sampling frame
translates to an efficient method for in-persoradatllection since the amount of effort
needed to screen for these households is reduced.

Therefore, based on our evaluation of the advastagd disadvantages of the sampling frames, and a
careful consideration of the sampling objectiveg, pvopose to use a Dual-Frame sample. Dual
Frame sampling combines the strengths of the RD® Address-based methods, and provides
considerable savings in cost compared to a singlad with similar precision. Thus, two random
sample sets are generated, one from a list of aselsavith phone numbers attached and another from
a list of addresses without phone numbers usingohtte various random generation methods.

® The availability of a sampling frame from which to draw a probability sample for Internet surveys is
virtually non-existent, so initial contact with a selected household via email is not a consideration for the
Chicago Regional Household Travel Inventory.

" Data from the Current Population Survey (CPS), October 2003 indicates that more than 10% of
households in the CMAP study area counties do not have a landline telephone in the household but do
have a cell phone available.

® Census 2000 data indicate that the average rate of telephone ownership (i.e., landline or cell phone) in
the eight counties to be surveyed in this study is 98% of households, with a low of 96% in Cook County.
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SAMPLE DESIGN

Sample design is a vital component in sampling. Kéheissues to be considered in sample design are
selection of the sampling method, selection of dangratification plan, and calculation of the
sample size. In the following sections, we discessh of these key issues in detail. In particwiear,
discuss the stratified sampling method, the differypes of stratification and calculation of an
appropriate sample size that we recommend foisthidy.

Sampling Method

The selection of a sampling method is interrelat@t the broad objectives of the survey; the study
population, and the corresponding appropriate sagngtame, and sampling unit; and the desired
level of precisiof The sampling methods can be broadly classified(ittdNon-probability sampling
method®, and (2) Probability sampling method.

The non-probability sampling method involves th&estion of sampling units on the basis of their
availability (for instance, willingness to voluntg®r because of the researcher's personal judgment
that they are representative. This method of sarselection results in an exclusion of unknown
portion of the population (for instance, those wdigh not volunteer). One of the most commonly used
non-probability sampling methods nvenience sampling, where the researcher uses all the
individuals that are available for survey rathearthselecting from the entire population. This
sampling method is used when individuals that drenterest to the researcher are otherwise not
represented in the sample. In the context of CMARs it is very likely that certain community
groups such as Latinos would be grossly underregotience, we recommend the non-probability
sampling method to survey all the individuals whadolng to these communities and volunteer to
participate in the survey. The data obtained frbis hon-probability sample is important from a
modeling standpoint to understand the travel ba&maofithese community groups.

Contrary to the non-probability sampling methode probability sampling method is a sampling
technique where every sampling unit has some nomg@bability of being selected into the sample.
This sampling method allows for statistically valastimates of population characteristics. In
addition, probability sampling methods ensures Hgpels of coverage, accuracy, and efficiency
compared to non-probability sampling methods. Heoaoe approach is to select a probability sample
of households for this study.

The probability sampling method can be further slassified into the following methods of
samplind™
= Smple random sampling where each population element has the same prabadil being
chosen.

= Systematic sampling where sample items are chosen in a systematic meng, every 10
name in a telephone directory)

=  Sratified sampling where the population is divided into smaller groapd a random sample is
chosen within each group

= Cluster sampling where a sample of groups is selected and every mewibthe group is
selected

® G.A. Churchill. Marketing Research: MethodologiEalundations, The Dryden Press, 1984.

10 Non-probability sampling methods are considered less accurate and rigorous compared to probability
sampling methods. Hence, the focus of this white paper is on probability sampling methods.

1 A.J. Richardson, E.S. Ampt, and A.H. Meyburg. SyriMethods for Transport Planning, Eucalyptus Pr&885.
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= Choice-based sampling, a special case of stratified sampling where gsaane formed based on
an endogenous variable.

Among the aforementioned probability sampling md&hahe simple random sampling method is
considered the most straightforward and commonbdu®method of sample selection. However, a
simple random sample under-represents certain inaekgnents of particular interest such as transit
users. For such cases, a stratified sampling meshexhployed. Further, there are cases where market
segments of particular interest are difficult tadle due to its low incidence in the population sash
households with transit access by park-and-rides fiécessitates a choice-based sampling method.

In this study, it might be tempting to suggestrape random sample of households in the study area,
as there are over 2.9 million households in theesuuniverse. Also, due to the wide variety of &lav
behavior in the study area, a simple random sampldd generate sufficient information about most
of the data elements in the travel behavior inwgntaHowever, the distribution of the population
according to some critical dependent variables dowlt adequately be captured in a simple random
sample. This would be problematic because the dpuednt of both conventional travel models as
well as more advanced micro-simulation models fiidlertaken at some future point) would suffer or
not be feasible without adequate sample represemtacross the full distribution of these variables
in the sample. Clearly, a more appropriate stegtiSampling method is warranted in this study. The
following section discusses the different typestodtification that can be considered in the dteati
sampling method.

Sample Stratification

Sample stratification consists of dividing the styapulation into subsets of market segments (@alle
strata) within each of which an independent sangpleelected. The stratification ensures adequate
representation of market segments that are ofcpéati interest in the study population with greater
degree of precision. In many cases, the strataharsogenous groups of respondents such as
respondents with similar socio-economic or trawathdvior characteristics. The two most commonly
used types of stratification in household travel/sys are:

1)  Geographic Sratification — This form of stratification is mostly based aslifical boundaries
or may include land-use or transportation-basedsuares to define the stratification areas.
For instance, stratification by counties or by ardefined by transit availability or
residential/commercial density.

2)  Demographic Sratification — This form of stratification is based on the seetonomic
characteristics of the sampling unit such as harldehcome categories (upper, middle and
lower income groups), automobile ownership categofzero-vehicle households, one
vehicle households and multiple vehicle househgéhder, and ethnicity.

In this study, sample stratification is necessarypfovide adequate coverage of residential density
variation as well as to enable the capture of &mamt but hard-to-find sub-populations (e.g., si&n
users, zero-vehicle households, etc.). In padicubample stratification is required to ensure
coverage of:

= Area type measures: Certain area types, suchbasbsn mixed use or recent transit-oriented
development, are relatively rare, and the numberepbrted trips in such areas may be low
without stratification.

= Travel mode: Sufficient representation of the chovariable for modes that are not widely
used must be included. While all modes cannot dfeneld, some main modes, which are
relatively rare (walk, bike) could be underrepréedn Transit usage in the Chicago Transit
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Authority (CTA) service area is relatively high atitus, is not as difficult to capture in the
travel survey as in some other large metropolittmags CTA bus has about 296.4 million
annual trips, Pace bus has 34.4 million, CTA rai$ 147.9 million trips per year and Metra
commuter rail has 77.6 million trips. However nisd trips would be harder to capture in some
suburban outlying areas without stratification.

»= Transit access modes: It is likely that for mamansit modes, the reported transit trips will be
from areas with good access to transit. The effetlonger access time on transit mode
choice, therefore, will be largely unobserved irsample random sample. This issue is
particularly critical in suburban areas where triasisares are much lower. So it is important to
account for transit access by park-and-ride arstdisl-ride.

To ensure that all of the aforementioned issuesaaceunted for in the travel behavior inventory

sample, we propose stratification by composite mness of density and/or mixed use factors.
Specifically, we recommend developing composite suezs of transit accessibility and walk

accessibility, where transit accessibility can ledireed as the number of total jobs, retail jobg] an

service jobs accessible by transit by 30, 45 andhlute time bands, and walk accessibility can be
defined as the number of total jobs, retail jolvg] aervice jobs accessible by walking by 10, 20 and
30 minute time bands. In addition, we proposeifitation with minimum sample sizes by county to

ensure adequate levels of precision for surveynasés.

Sample Size

The sample size can be defined as a thresholdisha#quired to measure the socioeconomic
characteristics and travel behavior of the studgupation in a precise and accurate manner, and to
provide statistically robust inputs to modefihgThis definition of sample size depends on the
definition of a complete household because a camfleusehold definition determines when the
sample size specified for this survey is met. is #tudy, a household is considered to be complete,
when every member of the household has completed thle travel information and personal details.
Following the definition of a complete householte sample size is determined in the following way.

Assuming a simple random sample, the specificatibra "confidence interval of 95% with a
precision factor of +/- 5 percent" translates iat@ample size of 384 completed interviews. If we
were to target this number of interviews per countthe Chicago region, this would call for a total
sample size of 384 x 8= 3,072 households. In thentethat weighting effects are present, the
minimum sample would need to increase from 384tginly 500. This latter scenario would call for
a total sample size of 500 X 8 = 4,000.

However, as we discussed above, it is importastsbivey adequately represent travel mode, transit
access, and area type variables at the county. IEgelinstance, we expect that some counties, like
Cook County, will contain many sub-areas of interegh different transit and walk accessibility,
requiring much larger sample sizes. Other counsiash as Grundy County, will contain very few of
these categories and thus, require the minimum leasige (N=500). This warrants the design of a
detailed stratification plan to specify the exagtmber of sampled households per county. But, using
assumptions of estimates on key variables, we oande an outlook of the total sample size and the
sample size by county (see Table 2).

2 cambridge Systematics, Inc., Travel Survey Manual. Publication No. FHWA-PL-96-029, prepared for
the U.S. Department of Transportation and the U.S. Environmental Protection Agency, July 1996.
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TABLE 2: MINIMUM SAMPLE SIZES BY COUNTY (ASSUMING A ONE-DAY TRAVEL DIARY)

County Total Sampled Households
Cook 6,000
DuPage 1,500
Lake 1,000
Will 1,000
Kane 600
McHenry 600
Kendall 500
Grundy 500
11,700

SAMPLE QUALITY

The primary objective of this household travel audivity survey is to collect data to build the
Chicago Regional Household Travel Inventory thal emable analysts to accurately estimate the
parameters in conventional travel models as weathae advanced micro-simulation models. Ideally,
the parameter estimates of these models shouldctethe true value of the parameter in the
population. However, in practice, the parametemeges might be biased and inconsistent. The
accuracy of these estimates depends upon the sgomgdity. The sample quality is usually measured
by the bias introduced by two factors: non-resparsd sampling error. This section discusses each
of these factors and the amelioration strategied by NuStats in detail.

Non-Response

Nonresponse is one of the primary concerns in hmiddravel surveys. It leads to inconsistent and
biased survey estimates. Nonresponse can be ggirbadause of two reasons: (1) failure to obtain a
specific piece of data from a responding membehefsampl¥, also called item nonresponse, and
(2) absence of information from some part of thigeapopulation of the survey sampjealso called
unit nonresponse, caused by refusals and non-d¢snteem nonresponse, which occurs when data is
missing or incorrect, can be minimized by good gesand execution of the survey. Unit
nonresponse, on the other hand, can be reducdtehyse of pre-survey monetary incentives, a pre-
notification letter and reminders, training of tierviewers, and increasing efforts to contact
households that are difficult to contact, amongiseothings.

NuStats has studied and researched non-responsgissd has developed time-tested strategies for
increasing the likelihood that we will contact anual person and obtain their consent to partieipat

3 Zimowski, M., R. Tourangeau and R. Ghadialy, “An Introduction to Panel surveys in Transportation
Studies”, prepared for Federal Highway Administration, 1997.

4 Black, T., and A. Safir, Assessing Nonresponse bias in the National Survey of America’s families, 2000;
Harpunder, B.E. and J.A. Stec, Achieving an Optimum Number of Callback Attempts: Cost savings
Versus Nonresponse Error Due to Non-Contacts in RDD Surveys, 1999.

15 Zmud,. ‘Designing Instruments to Improve Response” in Transport Survey Quality and Innovation, Pemgaon
Press, 2003. Zmud and Arce,ltem Non-response in Travel Surveys: Causes and Solutions.”Published in
Conference Proceedings, Transport Surveys: RatbiagStandard, International Conference on Transporvey
Quality and Innovation, Grainau, Germany, May 1997.
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We always include public awareness activities in gnojects. These activities include producing a

study brochure that explains the project, its ingooce and relevance, how the results benefit the
population, and what participation entails. Antboancludes endorsements from local community

groups. These brochures are not only mailed teessampled households but also to the media, law
enforcement offices, city and county officials, sals, and major employers. When we send the
brochure to sampled households, we also send aarglerenotification letter that is personalized to

the household.

We monitor participation during the course of dad#lection by important geographic, demographic,
and socio-economic variables so that we can foouthase segments of the population in any given
survey that are not participating fully. We regean “incentive fund” to use judiciously to ensare
representative sample. We test, re-test, anderexis survey materials with every project to ensure
that our materials are simple, easy, respondestdty, and customized to each locale. We make
multiple calls to each sampled number. We calklat different days and at different times of day
to increase the likelihood that we will reach asper Our interviewers are trained to be polite,
efficient, and helpful during the interviewing pess. They have time-tested responses to
respondents’ questions as well as attempts to guadieipating in the survey.

Importantly, dual-frame sampling provides the addial benefit to the CMAP travel behavior
inventory of enabling the mailing of an advancéeleto most sampled households. Advance letters
have been shown to significantly increase parttmparates in surveys. NuStats proposes to use the
advance letter to not only provide information abihe survey to increase participation, but also to
invite households to provide their information vieodes other than telephone — namely, mail and
Internet. However, given the findings of the piteport, we may use the advance letters only to
specific target populations, as most pilot paraaifs cited the recruitment call as the primary oras
they participated (25%), with only 14% indicatirtat the advance mailing swayed their decision.
Methods research conducted by NuStats on surveymas for several large-scale household travel
surveys (e.g., Southern California, Atlanta) hawdigated that the use of multiple modes of data
collection mitigates nonresponse bias associatdtl epecific types of households (i.e., higher
income, larger household size, young adults, twd<atofamilies with children).

The aforementioned amelioration strategies areiarumeasures that can reduce the bias due to
nonresponse. Following the implementation of theisategies, response rates can be calculated to
assess the quality of the sample. In householeltigurveys, response rates are calculated at two
stages - theecruitment stage and at thetravel information retrieval stage and then multiplied
together for an overall response rate. The typiespponse rates for household travel surveys range
from lows of 20% to highs of 46%. In recent housdhtravel surveys, the biggest deterrent to
achieving higher response rates has been in mahimigict with an actual person at a home telephone
number. Most call attempts to reach a person ratswering machines, no answers or busy signals.

In this study, based on our experience and takitm donsideration the amelioration strategies to be
employed by NuStats, we expect to achieve a respoate of 40 percent during the recruitment
interview and then to retrieve travel informationm 65 percent of all recruited households for an
overall response of 26%. With these rates to cbtempleted one-day travel diaries from 11,700
households, we would need to contact approximéate/§00 households and recruit 18,000 of them to
complete trip logs.
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Sampling Error

Sampling errors are random errors introduced ihto dgample because not all the members of the
population are included in the sample. It reflabes deviation of the estimation of the population i
the sample from its true value in the populdfiom order to reduce this sample bias, weightinthef
data is employed. Weighting is the process of agsigweights to the observations in the sample so
that the weighted sample accurately representgadlpelation. From a finite population sampling
theory perspective, analytic weights are neededet®lop estimates of population parameters and
more generally to draw inferences about the pojpuldhat was sampled. Without the use of analytic
weights, population estimates are subject to biafesknown (possibly large) magnitude. It would
be inappropriate, for instance, to treat the sudata as a simple random sample of household®in th
greater Chicago region, since unequal probabitim@ing (via the stratification) must be reflected

the construction of estimators, in the evaluatidnstatistical precision and in other statistical
inferences.  Weighting compensates for these “deygm” from simple random sampling.
Consequently, analytic weights will be developethe common components and features of these
analytic weights are as follows:

= Sampling weights — adjusting for probabilities efestion,

= Nonresponse weight adjustments — compensating fiferehtial response rates across
adjustment cells, and

= Post stratification adjustments — aligning the Wweg sample to known population
distributions from census or other reliable data.

Post stratification variables will be specified atlater stage in building the Chicago Regional
Household Travel Inventory, but are likely to refl€éat the household level) such factors as:

= Household size;

= Number of vehicles;

=  County;

= Household income; and

= Household race/ethnicity
The final analytic weight FW(j) is simply the praduwof the selection probability, the nonresponse

adjustment and the post stratification weight. afyn if there is a desire to analyze subsets ef th
database separately, then analytic weights wodd tebe developed for these subsets of the data.

PARTICIPATION

The participation of the respondents is crucialdoliecting data of high quality. This participatio
can be maximized by addressing the language nddtie oespondents, understanding the influence
of politics on the participation of certain commiigs, and facilitating cooperation of newcomers to
the region. This section discusses in detail hovstEts will address each of these issues for the
Chicago region.

'® cambridge Systematics, Inc., Travel Survey Manual. Publication No. FHWA-PL-96-029, prepared for
the U.S. Department of Transportation and the U.S. Environmental Protection Agency, July 1996.
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Language needs

According to Census 2000 Summary File 3 (STF 3), 634% of households in the study area
counties are linguistically isolatedd non-English speaking). The largest percentagegiistically
isolated households is in Cook County (31%). Odsth half of these linguistically isolated
households are Spanish speaking, and 3% speak-Seshtian. The remaining 11% of linguistically
isolated households speak 16 different languageduding Italian, German, Russian, Polish,
Armenian, and Hindi. A detailed review of the lange data from all other counties indicates that the
majority of the linguistically isolated househola® Spanish speaking. For no other language (other
than the pocket of Serbo-Croatian households ifilesitin Cook County) does the linguistically
isolated percentage reach one percent (1%) ofdhetg's population. Given this data, we propose
to conduct the CMAP survey in English and Spanishe small percentages that the other language
populations comprise mean that the chances of ralydaitting one will be rare. So we do not think

it would be cost-efficient to translate the suruestruments into these other languages. Howewer, w
will consider other languages, as we know that siones, political realities can affect the language
of surveys.

Participation of communities and influence of politics

The CMAP study area is comprised of communities #ra typical of non-responding households
(i.e., non-English speaking, very urban, lower meg. In order to solicit the participation of these
communities, NuStats conducted a series of commumétetings in Chicago and surrounding areas.
Each meeting targeted a unique demographic knowhat@ under-reported in previous, similar
travel and activity surveys. These demographicdudted African-Americans, predominantly
Spanish-speaking Hispanics, predominantly Englptaking Hispanics and Youth. The findings
from the community meetings highlight the influenmlepolitics on participation of the following
communities:

= Latino: Latinos, particularly predominately Spanish-spegkiispanics, had an intimate sense
of community. Meeting participants made it veryatléhat, given the current political state, it
was very likely that Hispanics would grossly undgpert. To increase Latino participation,
both Spanish and English speaking Hispanics recardeattholding “community survey days”
where Hispanic community leaders recruited othespEinics to attend group sessions to learn
about the survey and complete the survey on sienyMf the participants volunteered their
time and effort in setting up these events.

= African-Americans. Their community meeting painted a picture of arrigsih American
community characterized by strong ties to familyd asimultaneously, a very independent and
civic-minded group. Meeting participants indicathdt a key factor in determining the success
of the survey would be survey endorsements by @vganizations and civic leaders in the
African-American community.

Based on the findings of these community meetimgswould consider using non-traditional, non-
probability survey methods, primarily for the Latinommunity.

Participation of newcomers to the region

The participation of newcomers to the region, prifpaillegal immigrants is difficult to obtain,
because the respondents are at considerable galky/lé information they divulge should get intioet
hand of the authorities. This was reaffirmed in ¢benmunity meeting of Latinos in the CMAP study
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area. Given the current politics surrounding immiigm, meeting participants communicated the
assurance of complete confidentiality with repordeta and the necessity for anonymity with survey
participation. Clearly, these considerations nedoket made while surveying the illegal immigrants.

EXTENSION/BEYOND THE BASE SURVEY

STATED PREFERENCE SURVEY

Stated Preference (SP) Surveys are being incrdpsisagd to understand the behavior of respondents
under hypothetical conditions. These SP surveys aiwer questions that cannot be asked in
traditional Revealed Preference (RP) surveys ssctihe impact of road pricing on travel behavior.
The CMAP travel behavior inventory provides an Idieaindation for links to SP surveys so that
“choice” responses could be placed in their acteaitext. Thus, adding SP extensions to the RP
survey can accommodate for the new generation pfieaptravel demand models. The potential
topics that could be considered for SP surveysudelcongestion pricing, impact of transportation
infrastructure and land use on travel choices,clefownership and use, residential location choice,
impacts of telecommunications technology on traslebices, and parking location choice, among
others.

PANEL SURVEY

Panel surveys are surveys where the same respenatensurveyed on consecutive occasions. This
type of survey is ideal for capturing the long-tedynamics in travel demand. Capturing these
dynamics is fundamental to understanding how teagehdapt and change in response to their
environment, interact with numerous in-home andaftitome agents, and make decisions. Day-to-
day dynamics could be captured by considering a-dawo travel log, which would enable
examination of differential patterns of inter-holslel interaction in terms of destination choice or
mode choice. However, longer-term dynamics couldatidressed only by implementing a panel
design. Thus, the current iteration of the CMAd/&l behavior inventory could be the baseline, with
specific design elements prescribed for converipgrtion of the baseline sample to a rotating bane
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RECOMMENDATIONS

X

The previous section provides a detailed insigtd the issues to be considered in sampling for the
CMAP study. Based on the analysis of these issue$iave the following recommendations:

POPULATION

The population will represent all the householdsdieg in the CMAP modeling area as defined by
eight lllinois counties. Thus, the population oe thtudy universe will be comprised of over 2.9
million households.

SAMPLING FRAME

We propose a Dual Frame sampling for this studyalBiiame sampling combines the strengths of
Random Digit Dialing (RDD) and Directory/Addresssed samples. Specifically, Dual Frame

sampling combines the 100% coverage provided by RBiDe of the listed and unlisted households
with landline telephones, and the coverage of hwmnlds with no telephones or cell-phone only

households provided by address-based frame. THheahFrame sample provides a comprehensive
coverage of the study area, more accuracy in lgdatie survey universe and high efficiency in

contacting the households in the survey universe.

SAMPLING METHOD:

In this study, our approach is to select a stetiforobability sample of households, primarily hesea

a probability sample ensures high levels of coweragcuracy, and efficiency compared to non-

probability samples. In particular, we use a diestisampling method as opposed to the commonly
used random sampling method because the latterruepeesents certain market segments of
particular interest in this study such as transira. The stratified sampling method over-samples
some strata to ensure that we capture the divesbitlye population according to specific geographic

and behavioral factors affecting travel activitytive CMAP study area. Thus, within strata and frame

households will be selected with equal probabditmut the combined sample (across strata and
frames) will comprise an unequal probability sangflbouseholds.

SAMPLE STRATIFICATION:

As activity- and tour-based models are considetbd, usefulness of on-board transit surveys
diminishes as the tour context cannot be captutdiderefore becomes more important to capture the
behaviors of interest in the household survey. atgling strategy to maximize the capture of
behaviors of interest is therefore needed. Theotighoice-based sampling gives problems in terms
of biased model estimation, and should be minimiiésing screening techniques can give serious
problems in both cost and, more importantly, bigsowards low-activity households. The following
is a description of a recommended strategy thatlldhgield unbiased results, with an adequate
representation of the behaviors of interest by etadegment desired for modeling and policy
analysis.
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In reviewing sampling schemes employed for othmilar studies, the problem is usually in adequate
representation in the lesser-used modes such &saegekss transit, rail transit, walk and bicycle.
Transit and walk can be accommodated with the ioilg strategy, which will also maximize
bicycle. But Bicycle will probably need special wey techniques (if desired), as will auto-access
transit.

We proposed the following stratification schemedach zone:
1. Calculate retail jobs in the production zonel @éction) plus adjacent zones. This will be the
pedestrian access number (PAN).

2. Calculate total jobs accessible by transit &ay)2l5 minutes. This by creating a matrix of total
transit travel time (in-vehicle+walking+waiting) @dsumming the employment accessible within
45 minutes — becomes a production zone charaatefisir network assignment zones that are
comprised of more than one production/attractiamez@f any) assign the travel times to the
parent zone to the attraction zones included. Wilide the transit access number (TAN).

3. It will be desirable to get a single factor -rdmned transit and pedestrian accessibility for
sampling guidance. A scheme of equal weightingeeded, so that the average value (or possibly
median) for transit access and pedestrian accestdsbe calculated and the ratio between these
be used to create a value for non-auto accesgibiidr example:

i. Non-Auto Accessibility (NAA)=TAN+PAN*AVGE(TAN)/AVGE(PAN)

4. The households in each production zone candigreexl the NAA value of the zone and then
ranked. This list can be used to provide quandifeges (probably deciles) for all of the
households in the region. The households thawittin each decile can then be used to identify
the zones that should be “oversampled”.

5. A probable starting strategy might be equal dasifsom: decilel, decile2, deciles 3, 4 and5, and
deciles 5 through 10. This would need to be ameifdamlinty minima were to be required (that
would not be a model-estimation based approach).

6. The strategy would be to track the samples bggae and mode and age (children and adults) to
ensure at least 30 instances of desired marketesgdmehaviors, but preferably 100 instances
where the segments are important. If a desired rpadeose-age group is running low — the
sample rates in the higher deciles would need iodreased.

7. For hard to sample groups (auto-access trdosixample) an intercept, choice based approach
will need to be utilized (sampling households cgrssat park and ride lots).

8. The final design of the sampling structure Wwéldependant on the market segment-mode choice
behaviors desired for policy analysis,

In sum, we recommend that sample stratificatiod @ done by composite measures of density
and/or mixed-use factors. Specifically, we propas®/eloping composite measures of transit
accessibility and walk accessibility. Stratificatiof the sample by accessibility via transit andkwa
ensures the coverage of ensures the coverage skthalds using certain modes of transportation
such as walk and bike that are relatively rarelyedusand hence, are more likely to be
underrepresented. In addition, this stratificatd@n also ensures the coverage of certain aress typ
such as suburban mixed use or recent transit-edethtvelopment that are relatively rare and hence
may be underreported.
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SAMPLE SIzE

We propose a total sample size of 11,700 for thed€Mtudy area. The sample size varies by county
in order to adequately represent travel mode, itracsess and area type variables by county. For
instance, we expect that some counties, like Cooln€, will contain many sub-areas of interest

with different transit and walk accessibility meges) requiring much larger sample sizes. Other
counties, such as Grundy County, will contain viaw of these categories and thus, require the
minimum sample size (N=500).

SAMPLING QUALITY

The sample quality will be ensured by our ameliorastrategies to nonresponse. NuStats will use its
time-tested strategies for increasing the likelth@b contacting the actual person and obtaining the
consent to participate. Importantly, dual-frame glmg will provide additional benefit to the CMAP
travel behavior inventory of enabling the mailingam advance letter to most sampled households
that have been shown to significantly increaseigpation rates in surveys. Based on our experience
and taking into consideration the ameliorationtstyges to be employed by NuStats, we expect to
achieve a response rate of 40 percent during tbrliteent interview and then to retrieve travel
information from 65 percent of all recruited houslels for an overall response of 26%. With these
rates to collect completed two-day travel diariesf 11,700 households, we would need to contact
approximately 45,000 households and recruit 18d@3@Bem to complete trip logs.

In addition to minimizing nonresponse to ensureadgquality sample, we will also ensure that the
sampling error — another key factor that affecessample quality - is minimized. In order to reduce
sample bias due to sampling error, we will empl@yghliting of the sample. Specifically, we will use
analytic weights with three components: (1) Samplieights to adjust for probabilities of selection,
(2) Nonresponse weight adjustments to compensatéifferential response rates across adjustment
cells, and (3) Post stratification adjustments lignathe weighted sample to known population
distributions from census or other reliable data.

PARTICIPATION

We intend to maximizing the participation of thependents by addressing the language needs of the
respondents, understanding the influence of pslitic the participation of certain communities, and
facilitating cooperation of newcomers to the regiorthe following way:

= Language needs: The Census 2000 statistics ierditchait 6% - 31% of households in the
study area counties are linguistically isolatedfthwihe majority being Spanish-speaking
households. Given this data, we propose to cortled€MAP survey in English and Spanish.

» Participation of communities and influence of pot The CMAP study area is comprised of
communities that are typical of non-responding kbofds (.e., non-English speaking, very
urban, lower income). In order to solicit the pagation of these communities, we conducted a
series of four community meetings in Chicago andasunding areas. These communities
included African Americans, Predominantly Spanigteaking Hispanics, Predominantly
English speaking Hispanics and Youth. Based offitidéings of these community meetings, we
would consider using non-traditional, non-probapiurvey methods primarily for the Latino
community.

= Participation of newcomers to region: The partitigpa of newcomers to the region such as
illegal immigrants is difficult to obtain. This wagaffirmed in the community meeting of
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Latinos in the CMAP study area. Given the curresiitips surrounding immigration, meeting
participants communicated the assurance of comptetédentiality with reported data and the
necessity for anonymity with survey participatidrhese considerations will be made while
surveying the illegal immigrants.

EXTENSION/BEYOND THE SURVEY

We recommend adding Stated Preference (SP) surtepsion to this survey to accommodate for
the new generation of applied travel demand modéis.potential topics that could be considered for
SP surveys include congestion pricing, impact afgportation infrastructure and land use on travel
choices, vehicle ownership and use, residentiahtioo choice, impacts of telecommunications
technology on travel choices, and parking locatwice, among others. Furthermore, we
recommend extending this survey to a panel surgegapture the long-term dynamics in travel
demand. Thus, the current iteration of the Chidaggional Household Travel Inventory could be the
baseline, with specific design elements prescrfbedonverting a portion of the baseline sampla to
rotating panel.
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