
.

1988/1989

Household
Travel Survev

Maricopa Association of Governments
Transportation Planning Office

1739 West Jackson Street, Room 108P
Phoenix, Arizona 85007



1988/1989 HOUSEHOLD TRAVEL STUDY

July 1989 ‘

prepared for

Maricopa Association of Governments
Transportation Planning Office

1739 West Jackson Street, Room 108P
Phoenix, Arizona 85007

prepared by

Behavior Research Center, Inc.
1117 North Third Street

,Phoeriix, Arizona
(602) 258-4554



TABLE OF CONTENTS

P.uE

EXECUTIVE SUMMARY 1

1.0 INTRODUCTION

2.0 METHODOLOGY

2.1 Data Collection Forms
2.2 Sample Design
2.3 Data Collection
2.4 Data Coding and Sample Adjustment
2.5 Sample Accuracy

3.0 SUMMARY OF THE FINDINGS

3.1 Trip Frequency
3.2 Trip Purpose
3.3 Trip Timing
3.4 Travel Mode
3.5 Vehicle Occupancy
3.6 Land Use at Trip Destination
3.7 Vehicle Ownership

4.0 APPENDIX

4.1 Survey Forms
4.2 Sample Design

4.2.1. Introduction
4.2.2. Home Interview Survey
4.2.3. Quota Sample
4.2.4. Variables
4.2.5. Establishing Quotas Per Stratum

4.3 Calculation of Expansion Factors
4.4 Detailed Trip Frequency Tables
4.5 Survey Sampling, Inc.

3

6“

1:
16
19

21

21
25
28
31
33

:;

39

39
49

49
49
50
51
54

60
65
74



LISTING OF TABLES

TABLE 1:

TABLE 2:

TABLE 3:

TABLE 4:

TABLE 5:

TABLE 6:

TABLE 7:

TABLE 8:

TABLE 9:

TABLE 10:

TABLE 11:

TABLE 12:

TABLE 13:

TABLE 14:

TABLE 15:

TABLE 16:

TABLE 17:

TABLE 18:

TABLE 19:

MEAN DAILY PERSON TRIPS PER HOUSEHOLD

TRIP PURPOSE - OVERALL

TRIP PURPOSE BY MODE, OCCUPANCY AND TIMING

TRIPS BY TIME OF DAY ‘

TRIP PURPOSE BY TIME OF DAY (AS A PERCENT
OF TRIP PURPOSE)

TRIP PURPOSE BY TIME OF DAY (AS A PERCENT
OF TIME OF DAY)

TRAVEL MODE

VEHICLE OCCUPANCY

LAND USE AT TRIP DESTINATION

VEHICLE OWNERSHIP

AVERAGE NUMBER OF VEHICLES

NUMBER OF VEHICLES PER HOUSEHOLD BY PERSONS
PER HOUSEHOLD (1980 CENSUS - MARICOPA COUNTY)

PERCENT OF VEHICLES PER HOUSEHOLD BY PERSONS
PER HOUSEHOLD (1980 CENSUS - MARICOPA COUNTY)

HOME-BASED WORK TRIP COEFFICIENTS OF
VARIATION (1981 PHOENIX HOUSEHOLD SURVEY)

HOME-BASED WORK TRIP COEFFICIENTS OF
VARIATION (1964 DALLAS-FORT WORTH SURVEY)

HOME-BASED WORK TRIP COEFFICIENTS OF
VARIATION (1964 DALLAS-FORT WORTH SURVEY)

HOME-BASED NON-WORK TRIP COEFFICIENTS OF
VARIATION (1964 DALLAS-FORT WORTH SURVEY)

COEFFICIENTS OF VARIATION USED TO DETERMINE
SAMPLE QUOTAS

AGGREGATION OF GEOGRAPHIC LOCATIONS INTO
SUPERDISTRICTS

P-L!@

23

27

27

28

30’

30

31

33

35

36

38

54

55

55

55

56

58

58

62



LISTING OF TABLES

TABLE 20: COMPARISON OF SAMPLED AND 1985 CENSUS
HOUSEHOLDS BY QUOTA 62

63TABLE 21:

TABLE 22:

FRATAR MATRIX EXPANSION

RESULTING EXPANSION FACTORS BY SUPERDISTRICT
AND QUOTA 64”’

TABLE 23: HOME-BASED WORK TRIPS PER HOUSEHOLD BY
INCOME AND VEHICLE OWNERSHIP 65

TABLE 24: HOME-BASED OTHER TRIPS PER HOUSEHOLD BY
INCOME AND VEHICLE OWNERSHIP 66

TABLE 25: NON-HOME-BASED TRIPS PER HOUSEHOLD BY
INCOME AND VEHICLE OWNERSHIP 67

TABLE 26: HOME-BASED WORK TRIPS PER HOUSEHOLD BY
INCOME AND HOUSEHOLD SIZE 68

TABLE 27: HOME-BASED OTHER TRIPS PER HOUSEHOLD BY
INCOME AND HOUSEHOLD SIZE 69

TABLE 28: NON-HOME-BASED TRIPS PER HOUSEHOLD BY
INCOME AND HOUSEHOLD SIZE 70

TABLE 29: HOME-BASED WORK TRIPS PER HOUSEHOLD BY
VEHICLE OWNERSHIP AND HOUSEHOLD SIZE 71

TABLE 30: HOME-BASED OTHER TRIPS PER HOUSEHOLD BY
INCOME AND HOUSEHOLD SIZE .72

TABLE 31: NON-HOME-BASED TRIPS PER HOUSEHOLD BY
INCOME AND HOUSEHOLD SIZE 73



EXECUTIVE SUMMARY

This study was commissioned by the Maricopa Association of
Governments Transportation and Planning Office (MAGTPO). The
primary objectives of this study were: (1) to update the trip
generation rates used in the MAG travel demand forecasting pro-
cess, and; (2) to provide data to validate the MAG trip distri-
bution model.

The information contained in this report is based on a ~
statistically valid survey of 2,992 households residing within ,
the MAG Urban Planning Area. The data collection procedure
utilized on this project was a telephone-mail-telephone method-
ology.

0 Trip Frequency

The average urban planning area household generates 8.38
person trips per day compared to 7.66 trips in 1981. Further,
the average number of trips generated per houshold in 1989 in-
creased over 1981 within each key socio-demographic subgroup
except households with a head under 25 years of age, or between
35 and 44 years of age.

o Trip Purpose

A shift appears to have occurred between 1981 and 1989 in
terms of trip purpose. Home-based non-work trips decreased 7.2
points as a proportion of all trips, while non-home-based trips
increased by 4.9 points. Home-based work trips remained rela-
tively unchanged since 1981, increasing from 20.5 percent of all
trips in that year to 22.8 percent today. While it is apparent
that a change has taken place in household travel patterns since ,
1981, some of the change may be due to the diary methodology uti-
lized in the most recent study which seems to have improved the
reporting of non-home-based trips.

o Trip Timing

As was the case in 1981, the 3:00 PM to 5:59 PM time period
generates the highest traffic volume, with a reading of 23.8 per-
cent. The majority of home-based work trips are concentrated in
the customary-early morning
noon (3’:00 PM to 6:00 PM)
based trips are distributed
majority of non-home-based
and 3:00 PM.

(6:00 AM to 9:00 AM) and late after-
high peak periods while other home-
more evenly th
trips (57.1%)

roughout the day. The
occur between 9:00 AM
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0 Travel Mode

Better than three out of every four person trips (75.7) in
1989 were made by auto-drivers while 18.9 percent were made by
auto-passengers. These figures represent a 4.2 point increase in
auto-driver trips in 1989 over 981 and a corresponding decrease
in auto-passenger trips (5.7 points).

o Vehicle Occupancy

Since 1981 the average vehicle occupancy orT auto-driver
trips has declined from 1.43 persons per auto to 1.38. Overall,
better than seven out of ten (73.9%) auto-driver trips are made
with only one occupant, up from 69.8 percent in 1981. The de-
cline recorded in vehicle occupancy is found among each of the
three primary trip purpose types analyzed except home-based work
trips which increased slightly.

o Land Use At Trip Destination

The most common land use at trip destination is residential
(42.3%) followed by retail (15.6%) and commercial office (11.2%).
As could be expected, major variations in land use at destination
are recorded in terms of trip purpose.

o Vehicle Ownership

Ninety-six percent of metropolitan area households own a
motor vehicle with the average household owning 1.91 vehicles.
These figures are virtually unchanged since the 1981 study.
However, the percentage of households owning a passenger car has
declined by 11 points while the percentage owning trucks and vans
has increased by nine points.
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1.0 INTRODUCTION

This study was commissioned by the Maricopa Association of

Governments Transportation and Planning Office (MAGTPO). The

primary objectives of this study were to provide the data: (1)

to update the trip generation rates used in the MAG travel demand

forecasting process, and; (2) to validate the MAG trip distribu-

tion model.

The basic intent of this summary report is to provide the

reader with a description of the procedures followed during the

undertaking of this study and a, general overview of travel pat-

terns within the Metropolitan Phoenix Area (see map on following

page). Where appropriate, the data is compared to the results

from the 1981 Household Travel Survey to examine changes in

travel patterns.

This report does not attempt to validate or calibrate

MAGTPO’S forecasting models. This task is left to the agency,

which in addition to this report, has been provided with a

computer diskettes containing all of the survey results.

The Behavior Research Center (BRC) has presented all of the

data it believes germane to the basic research objectives of this

project. However, if additional data retrieval or analysis is

required by MAGTPO, we stand ready to provide such input.

BEHAVIOR RESEARCH CENTER





2.0 METHODOLOGY

The information contained in this report is based on a

statistically valid survey of 2,992 households residing within

the MAG Urban Planning Area.

The data collection procedure utilized on this project was a

telephone-mail-telephone methodology. This methodology was

selected after an indepth review of procedures used to conduct

travel surveys in other areas of the country. This review found

that this type of survey had been successfully conducted in the

twin cities area, Denver and Seattle during the past five years

and generated highly reliable data in a very cost-effective man-

ner.

A door-to-door, home-interview survey methodology was also

studied, as it was believed to provide the most accurate informa-

tion of any survey type, but it was rejected. This rejection was

based on” the

Dallas-Forth

the quality

recent experiences with a door-to-door survey in the

Worth area. The principle problem encountered was

and turnover of the personnel conducting the inter-

views. In addition, this method is much more expensive than

telephone interviews.

Using the telephone-mail-telephone methodology, the follow-

ing general procedure was followed:
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0 First Contact (Telephone)

Households were called and screened into the survey.

o Second Contact (Mail)

Participating households were mailed a packet containing

the necessary survey documents.

o Third Contact (Telephone) . .

Participating households were called and their travel ‘

and household data was collected.

On the following pages is provided a detailed description of

the procedures followed during the course of this project.

2.1 Data Collection Forms

The survey questionnaires, travel diaries, and all of the

other forms utilized on this project were designed by BRC in con-

sultation with MAGTPO. Examples of each of these forms are pro-

vided in Appendix 4.1 of this report. .

This study was designed to collect the following data ele-

ments:

Data On Each Household

o Address of household
o Total number of people living in household

o Number of household members five years of age or
older

o Number and type of motor vehicles in operating con-
dition available to household

o Household income



Data On Each Person Aqe 5 or Over

o
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

After

Head or relationship to head
Age
Sex
Licensed to drive
Employment status
Parking fees paid if employed
Traveled on assigned travel day

Data For Each Trip Made By Each Household

Member Or Visitor Over 5 Years Of Age

Person number
Trip number
Origin address
Destination address
Trip purpose
Time of origination
Time of arrival at destination
Mode of travel
Number of persons in vehicle
Land use at destination

each of the required study forms were designed and

received preliminary MAGTPO approval, a

with a randomly selected cross-section

The purpose of this effort was fourfold:

pre-test was conducted

of 52 area households.

(1) to test the clarity

and design of the respondent forms (Instruction Form, Household

Information Form, and Travel Diary Form); (2) to test the clarity

and design of the internal forms (Screener/ Reminder Call Form,

Base Interview Form, Instruction Forms, and Control Forms); (3)

to determine probable study response rates; and (4) to monitor

the overall design and flow of the

revealed that with few exceptions,

materials clear and easy to use.

study process. The pre-test

respondents found the study



2.2 Sample Design

A disproportionate stratified sample was utilized on this

project. Using this procedure, the sample was stratified on the

basis of household size and vehicle ownership and quotas were

assigned to each strata. The base for the quota assignments was

the trip making variability within each strata (see Appendix

4.2).

During the pre-test segment of this project it was deter-

mined that with repeated callbacks and travel day re-scheduling

approximately 65 percent of those households which agreed to

participate in this study would actually do so. With this in

mind, screening quotas were assigned that took into account a

non-participation rate. Presented on the following page are the

initial screening and completed interview quotas.



Ini”tial
Vehicles in HH/ Screening
Persons in HH Quota

0/1-5+ 469

1/1 681

1/2 494

1/3 310

1/4-5+ AA

2/1 AA

2/2 306

2/3 242

2/4 243

2;5+ 243

3+/1 AA

3+/2 361

3+/3 210

3+/4 210

3+/5+ 725

TOTAL 4494

Initial
Completed
Interview

Quota

286

436

316

198 .

AA

AA

196

155

155

155

AA

231

134

134

446

2860

*AA= As Acquired.

mmmmmmmmmmmmmmm

Household selection on this project was accomplished via a

computer-generated random digit dial telephone sample which

selects household% on the basis of telephone prefix. This method

was used because it ensures a randomly selected sample of area

households proportionately allocated throughout the sample uni-
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verse. This method also insures that all unlisted and newly

listed telephone households are included in the sample (approxi-

mately30% to 35% in the metro Phoenix area).

The sample used on this project was obtained from Survey

Sampling, Inc., the nation’s foremost producer of high quality

random digit dial samples. A description of th’e procedures used

by Survey Sampling, Inc. is provided in Appendix 4.5.

During the screening segment of this study, only the male or

female head of household was interviewed. This methodology was

utilized because prior, studies of this nature have shown that

these are the individuals within each household who have the

knowledge and background to respond to the topics under consid-

eration.

2.3 Data Collection

All of th”e screening interviewing on this project was con-

ducted at BRC’S central location telephone facility in Phoenix

and at Walke~ Research’s’ central location telephone facility in

Tempe. Each interviewer who worked on this project was under

direct BRC supervision 100 percent of the time.

Once the field dates had been finalized on this project the

field personnel were called in for an indepth briefing o.n the
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particulars. of this .study. This briefing addressed the following

issues:

o Description and purpose of survey.

o Survey organization.

o Preparations for the interview.

o Definitions.

o Specific interview instructions, incl-uding sample

forms , conduct of the survey, interviewing sugges-

tions, how to deal with refusals, and discussion of

each data element to be obtained.

o Post-interview instructions.

Following the briefing, each interviewer completed a set of

practice interviews under the observation of a supevisor to

assure that all procedures were being fully followed.

The initial screening calls on this study were conducted

during approximately equal cross-sections of day, evening and

week-end hours. This procedure was followed to futher ensure that

all” households were equally represented, regardless of the work

schedules of the household heads. Further, during the screening

segment of this study, up to 12 separate attempts -- on different

days and during different times of day -- were made to contact

each selected household. Only after 12 unsuccessful attempts was

a selected household substituted in the sample. Using this meth-

odology, the full sample was completed, and partialy completed

interviews were not accepted, nor were they counted toward ful-

fillment of the total sample quotas.
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The screening calls on this study were very important in

increasing study participation. The initial screening calls in-

cluded a brief explanation of the purpose of the survey and cap-

tured the following data elements:

(

o Address of household

o Total ’number of people living in household ..

0 Number of household members five years of age or older

o Number of motor vehicles in operating condition avail-

able to household

In addition to the above, travel date$ were assigned (Monday

through Friday) and respondents were alerted to the fact that

their household would be receiving a travel packet with diaries

and instructions several days before their travel day.

Travel survey packets were mailed to participating house-

holds so that they arrived several days before the assigned

travel day. The packets included travel diaries, a form listing

the household questions that would be .a$ked~ simple instructions

and a letter urging participation in the survey.

Travel diaries were sent to each, participating househo?d in

an effort to ensure the full reporting of travel. The diaries

were printed on card stock for durability and designed to fit

easily into a coat, pocket, or purse.



Two days prior to each respondent’s assigned travel day they

were contacted by telephone to remind them of their travel day

and to answer any questions they might have. It is felt that

this step had an important impact on household participation.

Telephone collection of the survey data was conducted one or

two days after each household’s assigned travel day. Interns’1 ~

collection forms were identical to the household questionnaire

and travel diaries mailed to participating households in order to

minimize confusion in the collection process.

The screening and interviewing segment of the project was

conducted between October 8 and December 15, 1988 (for travel

days prior to-November 22), and January 27 and February 20, 1989.

It was the initial intent to have all of the data collection com-

pleted prior to the holiday season (Thanksgiving through New

Year’s). However, although a total of 2852 interviews were com-

pleted prior to the holiday season, the strict quota restrictions

applied to the study necessitated some data collection” in the ,

post-holiday period. Thus, in order to complete the required

sampling quotas, a second round of screening and interviewing was

conducted in January and February 1989. The results of the

screening and interviewing calls are presented on the following

page.



SAMPLE DISPOSITION
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Initial Screening

Number

Contacts 15,866

Unsuccessful Contact
Refused to participate
Disconnected numbers
Commercial numbers
Language barrier ~
Busy or no2answer
Over quota

Successful Contact (Agreed To
Participate)

Refused to complete interview
Completed interviews - rejected

Income not determined
Outsideplanning area
Incomplete data

Completed interviews - usable

10,586
3,974
1;876

971

8;;
2,880

5,280
2,014

274
208

12

2,9;;

Percent

100.0

66.7
25.0
11.8

6.1
.4

1;::

33.3
12.7

1.7
1.3
.07
.3

18.9

1 After 12 attempts.
n
z High figure is a direct result of the necessity to greatly

oversimple households with no vehicles or with three or
more vehicles.

mmmmmmmmmmtmmmmcm

The map on the following page reveals the percentage of
households surveyed by MAG Regional “Planning District.
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2.4 Data Coding and Sample Adjustment

As the interviewing segment of this project was being under-

taken, completed interviews were turned over to the BRC coding ““

department where they were edited and coded. Those interviews

which were found to contain errors were pulled, the respondent

recalled, and the error corrected. Following this process, the

completed interviews were turned over to MAGTPO where they were

gee-coded using the department’s LandTrak computer program.

Following completion of the coding process it was necessary

to “weight” the raw survey data

regional population base. This

inal sample design called for

to make it representative of the

was necessary because the orig-

the significant oversampling of

households with either no vehicles or three or more vehicles.

The survey data was weighted on the basis of two factors:

(1) persons in household, and; (2) vehicles in household. The

p’ersons per household data was derived from the 1985 Census and

the vehicles-per-household data was derived from the first 2,076

households screened into this survey. The vehicle-per-household

figures derived from the first 2,076 screeners were used in the

weighting process because they represented a random-sample re-

flection of the study universe. That is, it was at this number

(2,076) that the first of the study’s 20 vehic Te quota categories

was fill’ed.
--------
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mmmmmmmmmmmmmmm

1985 Census
Persons in
Household Percent

1 23.07

2 36.80

3 16.33

4 13.95

5+ 9.85

Persons
In HH

1

2

3

4

5+

mmmmmmmmmmmmmmm

100.OO

1989 Household Travel Survey

Distribution-
Vehicles First 2,076
In HH Screeners

o 10.5%
75.2

; 11.9
3+ 2.4

100.0%

o 2.3%
1 36.8
2 41.8
3+ 19.1

m%

o 1.7%
22.1

; 42.1
3+

o

;
3+

o
1
2
3+

34.1
m%

1.4%
13.2
46.0
39.4
100.0%

1.8%
16.2
39.6
42.4

m%

Utilizing the above distributions, the following weights

were developed.



Quota
Number

01
02
03
04

::
07
08
09
10
11
12
13
14
15
16

;;

H

Vehicles in HH/
Persons in HH

0/1
0/2
0/3
0/4
0/5+
1/1
1/2
1/3
1/4
1/5+
2/1
2/2
2/3
2/4
2/5+
3+/1
3+/2
3+/3
3+/4
3+/5+

Completed
Survey

Distribution
~N=2992 HHlds\

4.4%
2.3
.8
.3

14::
11.8
3.2
2.6
1.5
2.1
6.7
5.6
6.3
4.6
.5

6.7
5.5
5.3

14.3
m
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Weights

2.42%
.85
.28
.20
18

17:35
13.54
3.61’ ‘,
1.84
1.60
2.75

15.38
6.87
6.42
3.90
.55

7.03
5.57
5.49

Note: Total does not equal 100.0% due to rounding.

mmmmmmmmmmmmmmm

The impact of these weights on the survey data is as

follows:

Vehicles in HH:

Persons in HH:

Unweighed

8.4%
33.9
25.3
32.3
99.9%

21.8%
27.5
15.r
14.5
21.0

7E-?W

Weighted” .“ - .

3.9%
37.9
35.1
23.1

100.0%

23.3%
37.0
16.2
13.9

TM

(cont. )
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HH Income:

Under $15K
$15K to $24.9K
$25K to $34.9K
$35K to $49.9K
$50K or over

Age Head of HH:

Under 25
25 to 34
35 to 44
45 to 54
55 to 64
65 or over

Not determined”

Unweighed

19.4%
20.9
20.8
18.4
20.5

~

5.5%
23.0
25.0
16.2
11.5
18.6

Tim%

Weighted

17.9%
22.1
22.7
18.7
18.5

~

5.8%
23.0
22.3

,,

15.3
12.6
20.9

&
Note: Totals may not equal 100% due to rounding.

mmmmmmmmmmmmmmm

2.5 Sample Accuracy

This survey, as in the case with all surveys, is subject to

sampling error. Sampling error, stated simply, is the difference

between the result obtained from a sample and those which would

b-e obtained by” surveying the entire population under considera-

tion. The size of sampling error varies, to some extent, with

the number of interviews completed and with the division of opin-

ion on a particular question.

An estimate of the sampling error range for this study is

provided in the following table. The sampling error presented in

the table has been calculated at the confidence level most fre-
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quently used by social scientists -- the 95 percent level. The

sampling error figures shown in the table are average figures

that represent the maximum error for the sample bases shown

(i.e., for the survey findings where the division of opinion is

approximately 50%/50%). Survey findings that show a more one-

sided distribution of opinion, such as 70%/30% or 90%/10%, are

usually subject to slightly lower sampling tolerances than those’

shown in the table.

As may be seen in the table, the overall sampling error for

this study is approximately +/- 1*8 percent, when the sample is

studied in total (i.e., all 2,992 cases). However, when sub-sets

of the total sample are studied, the amount of sampling error in-

creases based on the sample size within the sub-set.

Approximate Sampling
Error at a 95% Confidence

Sample
Size

3000
2500
2000
1500
1000

800
600
400
300
200

Level (Plus/Minus Percentage
of Sampling Tolerance

1.8%
2.0
2.2
2.6
3.2
3.5
4.1
5.0
5.8
7.1

mmmmmmmmmmmmmmw
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3.0 Sb;~MARY OF THE FINDINGS

The average urban planning area household generates 8.38

person trips per day compared to 7.66 trips in 1981. Further,

the average number of trips generated per household in 1989 in-

creased over 1981 within each key socio-demographic subgroup ex-

cept households with a head under 25 years of age, or between 35

and 44 years of age.

As might be expected, household trip generation increases in

direct correlation to increases in the following socio-demograph-

ic areas: (1) number of persons in household; (2) number of ve-

hicles in household; (3) number of employed persons in household;

(4) number of licensed drivers in household; and (5) household

income.

NOTE: All of data in this section has been weighted accord-
ing to the procedure described in Section 2.4.
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TABLE 1: MEAN DAILY PERSON TRIPS PER HOUSEHOLD

Total

Persons in Household
One
Two .
Three
Four
Five or more

Household Income
under $15,000
$15,000 to $24,999
$25,000 to $34,999
$35,000’to $49,999
$50,000 or over

Vehicles in Hausehold
None
One
Two
Three or more

Total Employed in Household
None
One
Two
Three or more

~ Licensed Drivers in Household
None
One
Two
Three or more

Head of Household
%~
25 to 34
35 to 44
45 to 54
55 to 64
65 or over

Number of Trips

1989 1981

8.38 7.66

4.11 3.93
6.92 5.92
9.46 8.47

12.45 10.35
14.66 14.03

4.90
6.93
8.52 NC

10.21
11.53

2.68 1.20
5.86 5.38
9.42 8.25

11.88 11.66

6.14 4*37
7.85 7.48

10.17 9.12
15.65 10.41

4.54 1.08
5.45 4.57
9.54 8.08

14.95 12.37

3.25 7.66
8.90 8.18

11.05 11.24
10.47 9.68
7.51 5.90
6.23 3.38

(cont.)
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(CONT. ) TABLE 1: MEAN DAILY PERSON TRIPS PER HOUSEHOLD

1989 1981

Trip Purpose
Home-based work
Home-based non-work
Non-home-based

MEAN NUMBER OF TRIPS PER
PERSON

NUUBER OF TRIPS PER PERSON

Zero
1
2
3
4,

2

:

1;
11 or more

NC = Not Comparable.
NA = Not Available.

1.86
3.97 NA
2.33

4.16 NA

.1%

3;::
11.3 .
20.4
10.4 NA
8.9

::;
2.2
1.4
1.5

mmmmmmmmmmmmmmm



3.2 Trip Purpose

A shift appears to have occurred between 1981 and 1989 in

terms of trip purpose. Home-based non-work trips decreased 7.2

points as a proportion of all trips, while non-home-based trips

“increased by 4.9 points. Home-based work trips remained rela-
..

tively unchanged since 1981, increasing from 20.5 percent of all ~

trips in that year to 22.8 percent today. While it is apparent

that a change has taken place in household travel patterns since

1981, some of the change may be due to the diary methodology uti-

lized in the most recent study which seems to have improved the

reporting of non-home-based trips.

Within the home-based non-work trip category, shopping trips

increased from 13.5 percent to 15.3 percent and school trips in-

creased from 7.3 percent to 10.0 percent of all trips. Other

types of home-based non-work trips decreased from 34.4 percent to

22.7 percent.
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TABLE 2: TRIP PURPOSE - OVERALL

1989 1981

Home-based: work 22.8 20.5
Home-based: shop 15.3 13.5
Home-based: school 10.0
Home-based: other 22.7 3:::
Non-home-based 29.2 24.3

~~mmmmmmmmmmmmmmn

TABLE 3: TRIP PURPOSE BY MODE. OCCUPANCY AND TIMING

Vehicle Mode
Auto: driver
Auto: passenger
School bus
City bus
Motorcycle
Taxi
Walk to work
Bicycle to work
Other

Vehicle Occupancy
One
Two
Three
Four
Five or more

Trip Start Time
.. AM to 6:59 AM

7:00 AM to 7:59 AM
8:00 AM to 8:59 AM
9:00 AM to 11:59 AM
NOON 2:59 PM
3:00 PM :: 3:59 PM
4:00 PM to 4:59 PM
5:00 PM to 5:59 PM
6:00 PM to 8:59 PM
9:00 PM to 11:59 PM
MIDNIGHT to 5:59 AM

Total

75.7
18.9
3.1
1.0
.7
.1
NA
NA

d

73.9%
18.4

4.8
1.8

*

3.9%

;:?
16.8
19.2

8.2
7.6
8.0

14.1
4.8

10:::%

Home-Based

Work Other

89.0%
5.8

.1
1.6

.9.

.03
1.0
1.5

64.8%
26.8

6.0
1.1

.6

Id
NA

TmATm&
91.8% 64.7%
6.1 24.3
1.6 6.7

●3 2.7

Tm&*
12.3%
15.2

7.1

1;:;

1;:!
10.1

;:;
7.1

100.1%

Totals may not equal 100% due to rounding.

1.7%

::;
15.5
17.3
8.4
6.5
8.1

20.1
6.6

10;::%

Non-
Home-Based

80.8%
16.4

.8

.5

:;
NA
NA

d

72.9%
20.2
4.3
1.7

T7J&
1.1%

::;
27.1
30.0
8.6

;:;
9.6
2.4

10:::%

NA = Not applicable, walk and bicycle trip counted on work
trips only.
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3.3 Trip Tlwing

As was the case in 1981, the 3:00 PM to 5:59 PM time period

generates the highest traffic ’volume, with a reading of 23.8 per-

cent. The majority of home-based work trips are concentrated in

the customary early morning (6:00 AM to 9:00 AM) and late after-

noon (3:00 PM to 6:00 PM) high peak periods while other home-

based trips are distributed more evenly throughout the day. The

majority of non-home-based trips (57.1%) occur between 9:00 AM

and 3:00 PM.

TABLE 4: TRIPS BY TIME OF DAY

6:00 AM to 6:59 AM
7:00 AM to 7:59 AM
8:00 AM to 8:59 AM

9:00 AM to 9:59 AM
, 10:00 AM to 10:59 AM

11:00 AM to 11:59 AM

NOON to 12:59 PM
1:00 PM to 1:59 PM
2:00 PM to 2:59 PM

,3:00 PM to 3:59 PM
4:00 PM to 4:59 PM
5:00 PM to 5:59 PM

6:00 PM to 6:59 PM
7:00 PM to 7:59 PM
8:00 PM to 8:59 PM

9:00 PM to 9:59 PM
10:00 PM to 10:59 PM
11:00 PM to 11:59 PM

MIDNIGHT to 5:59 AM

!iot Determined

1989

3.9%
7.9 t 17.9
6.1

4.7
5.5 t 16.9
6.7

::: t 19.1
7.7

8.2
7.6 t 23.8
8.0

6.3
4.4 t 14.1
3.4

2.6
1.5 t 4.8

.7

3.4

NA

1981

3.2%
6.4 t 16.1
6.5

3.9
5..3 t 15.4
6.2

5.8
5.1 t 17.9
7.0

8.9
8.2 t 25.7
8.6

7.1
5.1 t 15.5
3.3

3.1
2.3 t 6.6
1.2

2.3

.6

Totals may not equal 100% due to rounding.
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TABLE 5: TRIP I’URPOSE BY TIME OF DAY

(AS A PERCENT OF TRIP PURPOSE\

Home-Based

Total Work Other -

6:00 AM to 8:59 AM 17.9% 34.7% 16.0%
9:00 AM to 2:59 PM 36.0 18.6 32.6
3:00 PM to 5:59 PM 23.8 28.3 , 22.9
6:00 PM to 5:59 AM 22.3 18.4 28.5

lm% lU-CU% 1U7K7J%

mmmmmmmmmmmwmmm

TABLE 6: TRIP PURPOSE BY TIME OF DAY

(AS A PERCENT OF TIME OF DAY)

6:00 AM to 6:59 AM
7:00 AM to 7:59 AM
8:00 AM to 8:59 AM
9:00 AM to 9:59 AM
10:00 AM to 10:59 AM
11:00 AM to 11:59 AM
12:00 PM to 12:59 PM

1:00 PM to 1:59 PM
2:00 PM to 2:59 PM
3:00 PM to 3:59 PM
4:00 PM to 4:59 PM
5:00 PM to 5:59 PM
6:00 PM to 6:59 PM
7:00 PM to 7:59 PM
8:00 PM to 8:59 PM
9:00 PM to 9:59 PM

10:00 PM to 10:59 PM
11:00 PM to 11:59 PM
12:00 AM to 12:59 AM
1:00 AM to 1:59 AM
2:00 AM to 2:59 AM
3:00 AM to 3:59 AM
4:00 AM to 4:59 AM
5:00 AM to 5:59 AM

mmmmmmmmmmmmmmm

Home-Based
Non-

Non-
Home-Based

7.4%
57.1
22.5
13.0 ‘“

lm%’ ‘

Work Other

69.4%
42.3
25.7
15.6

;:!
11.6
12.5
13.2
20.4
29.3
29.2
16.9
7.3
9.2

12.8
17.7
30.0
44.1
30.2
50.6
67.6
81.2
77.3

19.9%
45.1
48.3
44.9
44.0
40.3
35.2
36.6
51.2
47.8
40.2
46.4
60.6
71.9
69.8
67.5
63.6
50.0
42.6
50.1
28.7

6.3

1;::

Home-Based

10.7%
12.6
26.0
39.5
48.4
51.6
53.2
50.9
35.6
31.8
30.5
24.4
22.5
20.8
21.0
19.7
18.7
20.0
13.3
19.7
20.7
26.1
10.9

9.8

p:mj

(loo%)
(loo%)
(loo%-
(100% 1
(100%)
(100%)
(100%)
(100%)
[:::;]

(loo%)
(loo%)
[;::;]

[w]

(100%)
(loo%)
y;

(loo%)
(loo%)
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3.4 Travel Mode

Better than three out of every four person trips (75.7) in

1989 were made by auto-drivers while 18.9 percent were made by

auto-passengers. These figures represent a 4.2 point increase in.

auto-driver trips in 1989 over 1981 and a corresponding decrease

in auto-passenger trips (5.7 points).

The data also reveals that school bus trips as a percentage

of all person trips have increased since 1981 (2.1%, 1981; 3.1%,

1989) as have city bus trips (.7%, 1981; 1.0%; 1989).

TABLE 7: TRAVEL MODE

1989 1981

Auto: driver 75.7 71.5
Auto: passenger 18.9 24.6
Scho’ol bus 3.1 2.1
City bus 1.0 .7
Motorcycle .7 1.0
Taxi .1 .1
Other .6 NA

W!!!w
+ 4.2
- 5.7
+ 1.0
+ “.3

.3
0

NA

Excludes walk and bicycle trips to work.

uucmmmmuwmnmm“mntm
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3.5 Vehicle Occupancy

Since 1981, the average vehicle occupancy on auto-driver

trips has declined from 1.43 persons per auto to 1.38. Overall ,

better than seven out of ten (73.9) auto-driver trips are made

with only one occupant, up from 69.8 percent in 1981., The de--

cline recorded in vehicle occupancy is found among each of the

three primary trip purpose types analyzed except home-based work

trips which increased slightly.

TABLE 8: VEHICLE OCCUPANCY*

One
Two
Three
Four
Five or more

Mean Occupancy
Total TrlDs

1989

73.9%
18.4
4.8
1.8

*

1.38
Home-based: work 1.11
Home-based: other 1.52
Non-home-based 1.37

1981

69.8%
22.1
4.9
2.2

*

1.43
1.09
1.56
1.50

* Auto driver trips only.

Wmmmlamwmmmwlumlmm
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3.6 Land Use At Trip Destination

The most common land use at trip destination is residential

(42.3%) followed by retail (15.6%) and commercial office (11.2%).

As Table 9 indicates, and as could be expected, major variations

in land use at destination are recorded in terms of trip purpose. .

TABLE 9: LAND USE AT TRIP DESTINATION

Home-Based

Home
Shopping center/Retail store
Office building
School
Restaurant
Church/Social building
Medical office/Hospital
Bank
Grocery store
Manufacturing plant
Outdoor recreation
Construction site
Transitstop/Park & Ride lot
Other ,

Total

42.3%
15.6
11.2

;:;
3.2
3.1
2.6
2.5
1.4
1.2
.7
.6

10:::%

Work Other

47.3% 57.7%
6.8 12.1

24.3 1.6
4.3
1.2 ;:;

4.1
i:i 2.8
.8 2.2
●3 2.1

4.1
1:;

1:; .1
.3 ●3

Non-
Home-Based

17.1%
26.2
16.8

i::
3.2
3.6
4.4
4.3
1.5
1.2
1.2
1.1

*

mntwmmmmmmutmmmmm



3.7 Vehicle Ownership

36

Ninety-six percent of metropolitan area households own a

motor vehicle with the average household owning 1.91 vehicles.

These figures are virtually unchanged since the 1981 study.

,,

A change has occured, however, in terms of the types of

vehicles owned by households. Thus, as Table 10 reveals, the

percentage of households owning a passenger car has declined by

11 points while the percentage owning “trucks and vans has in-

creased by nine points.

TABLE 10: VEHICLE OWNERSHIP

Passenger car 1989
1981

Passenger pick-up
trucks or vans - 1989

1981
Other vehicles over

3/4 tons 1989
1981

Motorcycles 1989
1981

Number of Vehicles Owned

o 1 2 3+

10% 56% 26% 8%
9 53 . 30 8

96 4 * *
98 2 * o

94 1 *
93 : 1 *

Total Vehicles 1989 4 38 35
1981 4 36 39 :;

As % of All Vehicles 1989 1981 Change

Passenger car 64% 75% - 11
Passenger pick-up trucks or vans 29 20 + 9
Other vehicles over 3/4 tons 3 1+2
Motorcycles 4 4,0

Average 1.91 1.87 +.04

* Vehicles owned, leased or regularly available to household.
mmmmmmm.mmnimmmm
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As one would expect, vehicle ownership increases in direct

correlation to increases in household size, number of employed in

househdld, number of licensed drivers in household and income.

Total

Persons in Household
One
Two
Three
Four
Five or more

Household Income
Under $15,000
$15,000 to $24,999
$25,000 to $34,999
$35,000 to $49,999
$50,000 or over

Total Employed in Household
Tlone
One
Two
Three or more

Licensed Drivers in Household
None
One
Two
Three or more

Age: Head of Household
under
25 to 34
35 to 44
45 to 54
55 to 64
65 or over

1989 1981

1.91

1.17
1.86
2.09
2.21
2.84

1.21
1.62
1.90
2.26
2.60

1.36
1.71
2.25
3.37

.34
1.25
2.08
3.31

1.38
1.81
2.25
2.34
2.01
1.48

“1.87 .“:

.96
1.73
2.12
2.27
2.59

IyC

1.20
1.78
2.16
3.44

.06
1.14
1.98
3.01

1.75
1.89
2.28
2.32
1.74
1.29

NC = Not Comparable.

mmmmmmmmmmmmmmw



39

4.0 APPENDIX

4.1 Survey Forms



a& MARICOPAOA660CIATIONOOFCGOVERNMENT6
G
J Transportation~ PlanningOffice (602) 2543842

Dear Valley Resident:

Thank you for agreeing to participate in the Maricopa Association
of Governments’ Regional Travel Suwey. This survey will play an
important part in planning for transportation needs in the Valley,
The purpose of this suwey is to find out how often people travel,
where they travel, and what kinds of transportation they use.

As stated in the telephone” call you received from the suwey team
several days ago, your household was cnosen at random. The
information you provide will be strictly confidential and will be
combined with responses from other residents to summarize
regional travel characteristics. Instructions on how to fill out the
needed information form are provided on the following pages.

Your cooperd}on is very important in our effort to meet the
transportation needs of residents in the cities, towns and
unincorporated areas of Maricopa County. If you have any
questions about the purpose of the suwey or about how to fill out
any of the forms, please call Mrs. Collier at the Travel Survey Office,
~~.3842.

Sincerely,

%$d[q’
Roger A. Herzog
Manager, Transportdion
and Planning Office



REGIONAL TRAVEL SURVEY

INSTRUCTIONS

lhis survey has two park

“Part 1: Household Informationm requests information ah-out you and your household for
statistical purposes. An example of a filled-outhousehold information form is provided
below.

PART 1: HOUSEHOLD INFORMATIOFJ

Mr. John Allen 0801
1501 N. Jones Street
Tempe, AZ 85282

(4)

Your Travel Day Is: TU uR=Of%q, A U6U5T [ \

Tr,e !obei above includes some cf the information you Provided when our intewiewer called. Included are your
hcme cddress and the. number of persons five years Of age or older in yaurhousehald. If any of these items are
Incorrect, please write the correct informdlon drrectly on the label.

Please fill out the information bglow on your household,

1. Starting with yourselt as ‘person number 1,“ please assign a ‘person number” to each persah residing in
your household who is five years of age or older. Then fill in the boxes to the right for each person. 8e
sure that the person number on th~ form Corresponds to the person number used on the Trovel Diary.

Is Thii Person
I

Does This Person / Fufi%%t.
I If Employed:

I Relationship To Person
, Gender Number 1 (Check One) $::;2:?1 ‘me::& Em-

,:~:;;;or

I Parking At Work
Not Part Not

Person ~
Each Month

Rela- Re- , Full Time Emp
dlm.t)t?, Age i M/F ! Socuse Child tive loted I Yes No I Time Only Ioyedl

1,, 4L ! t+ Person Number 1 IXD [ ~ ~ O I S ~.~Per Mo,

2 iqlit= EJ’cln”nlm Gi~ ❑ .0 S - 0~ Per Mo,

3 i~ I F ID m ~ c !s c In ~ ❑ S -o- PerM;
41 > If-Ii g D 3 I m ~ ID ❑ E s Per Mo.

5
ffi

c ~ ❑ llnci—. !clo L’/$ Per Mo.

6 I ;-. ;ncc!o—. Dlnclns Per lvfo.

7! I ❑ DD •lanlnn~l$ Per Mo,

8: I ‘“GCIZ alna !Cnols Per Mo,——
9! cl cl@@ G Inn Cl/s Per Mo

10 ~ I ❑ GO al: p in 00!s Per Mo.

2. What wa$ your total famiii income for tar year, before taxes. and including everycne in your
householct7 (Check One)

A D lJnder S15,(XXJ CM $25fX10 - S34.W9 E ❑ S5CS,000or over
3 u $15~- $24,999 D E S35MXI - s49,999

.

This completes Part 1. Next, an your assigned travel day, please fill out one of the enclosed Travel Diaries
yourself and osk every household member over five years of age to do the same. Leave this form and the
completed diaries m a convenient place at heme so they will be available when the interviewer calls. If you
have cny questions, call Mrs. Cdier at the Travel Survey Office at 254-3842.



“Pcjrt 2: Travel Diary” are diaries for each member in your household five years old or older to
record the trips they take.

●

●

●

Please have each member of your household five years of age or older fill out a
separate Travel Diary on the assigned travel day. Feel free to help children fill out
their Travel Diary.

Be sure to have each household member include their assigned person number
(see Part 1: Household Information) on their Travel Diary.

Fillout one lineon the TravelDiary for every place you go on the assigned travel
day.

FOR EXAMPLE, LET’S SAY THE FOLLOWING TRIPS WERE MADE:

Trip
Number

(1) YOU LEAVE HOME AND DRIVE TO A DAYCARE CENTER

(2) THEN YOU DRIVE TO WORK

(3) THEN YOU DRIVE TO LUNCH

(4) THEN YOU DRIVE TO A STORE

(5) THEN YOU DRIVE BACK TO WORK

(6) THEN you DRIVE TO A DAyCARE CENTER

(7) THEN YOU DRIVE HOME

IF YOU MADE NO ADDITIONAL TRIPS ON THE TRAVEL DAY YOU WOULD HAVE FILLED OUT
SEVEN LINES AS INDICATED ON THE SAMPLE TRAVEL DIARY ON THE FOLLOWING PAGE,



. ‘?. PART2: TRAVELDIARY

TRAWL DAY AND DATE: 1% uk~~m+ Awsr I I
FOR PERSCN NUMBER z . (’Wrte m nunoer tram Household Informatm tom)

On ttm day. did you trove! awav from ywr home? (Check One)
-7

‘ii” ~ YES - Comtmue c.e!uw

z NO - Return auestmmnare lNSlRUC2TON5
%eOse cony T/is diary dh you ttwx.ghci$ the trovel day shown

MY FIR_Si TIW TOG.4Y BEGAN AT
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DEFINITION OF TERMS

The travel day is the 24-hour period starting at 4:00 a.m. of the travel day and end;n~ OT 4:00 a.m. of
the following day.

M@
A trip is defined as travel from one point to another for a particular purpose. For example, if you
drive to a store to shop and then drive home, you would record two trips; one for the trip to shopping
and one for the trip back home. In addition, a continuous trip such as a pleasure drive from your
home through a park and then back home, is also considered two trips; one for the most distant
point reached during the drive and one for the trip back home.

-.

1 To Work:

2 Work-related:

3 School:

4 Shopping or
Meal:

5 Socialor
Recreation:

6 Personal
Business:

7 ReturnHome:

8 ServeA
Passer2gec

9 Change
Mode:

Trips to your place of employment, such as a factory, a shop, a store, an office, a
construction site, etc.

Trips to locations while performing a day’s work. For example, a sales
representative calling on a customer. a business person going TC a mteeting, or c
delivery driver making daily rounds.

Trips made by students to school. Tri@ by teachers or school employees to
school are ‘to work’ trips. Trips by parents to drop off students at school should
be reported as “serve a passenger” trips.

Trips to shop where merchandise is sold or to eat a meal. Trips made to a store
for the purpose of ‘just looking’ are classified as “shopping’ trips even if nothing is
purchased. Trips made for repairs to autos, radios, or other items, as well as for
cleaning or pressing clothes, etc., are also “shopping’ trips. If you are employed
and stop for items such as gas or cigarettes on your way to or from work, you
should record each stop as a ‘shopping’ trip.

Trips made for social or recreational purposes, This includes trips to social
meetings, lectures, cultural events, visits to friends and church activities that are
social in nature. It also includes trips for golfing, fishing, movies, oowli~g”, athletic
events, pleasure driving and other leisure time pursuits, whether indoors or
outdoors.

Trips made to complete personal or household transactions unrelated to
employment. This includes trips to a beauty parlor, a barber shop, a bank to
transact personal business, a post office, an office to pay a bill, a !cwyer to
discuss personal matters, a doctor, or a dentist, etc.

Trips to your place of residence.

Trips made to pick up or drop off a passenger,

These are trips made to locations where a chcnge in mode cf kr’mortation
is made. For example, if a person going to work drives his au~c vorn home to c
Park and Ride bus stop and then rides the bus TO work, two trips are recorded.
The first trip is record’ed as ‘change mode” as an auto driver, and the second trip
is recorded as “to work- as a bus rider. Transfers from one bus route to another

(Continued on nefi page)
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d ofPlace
“Kind of Place” refers to the type of facility at the end of a trip, Among the more common types of
facilities are the following:

. Home (all types)

. Shopping center or retail store

. Restaurant

. Bar

. Nightclub

. Manufacturing plant

. Industrial park

. Office building

. Construction site
● Grocery store
. Medical office
. Bank
● School (please indicate

whether elementary, high
school, college oruniversHy)

. Transitstop/Park& Ridelot

ModeofUK@
The “Mode of Travel” is the means by which a person or group of persons make a trip. For the
purpose of this Travel Su~ey, the following ‘Modes of Travel” are used:

1 Driverofcar,van or 6
pick-up

.7
2 Passengeroincar,van or

pick-up

3 City bus
8

4 Schoolbus

5 Taxi

9

Motorcycle

Walk (used only for a person’s
first trip to go to work or
last trip from work to go
home)

Bicycle (used only for a
person’s first trip to go to
work or last trip from work
to go home)

Other (train, airplane)

Please be sure to keep the Household Information form and all of the completed Travel
Diaries in a convenient place at home so they will be available when we call. We will call
you within three days of your travel day. Atier we have called, please return the completed
Household information form and the completed Travel Diaries in the postage-paid return

envelope provided.

i
I

if you have any questions, call Mrs. Collier at the Travei Suwey Office at 254-3842.

I THANK YOU. I



PART 1: HOUSEHOLD INFORMATION

Your Travel Day Is:

The label above includes some of the information you provided when our intewiewer called. Included are your
home address and the number of persons five years of age or older in your household. If any of these items are
incorrect, please write the correct informtilon directly on the label.

Please fill out the information below on your household.

1, Startingwithyourselfos ‘person number 1,“ please assign a ‘person number” to each person residing in
your household who is five years of age or older. Then fill in the boxes to the right for each person. Be
sure that the person number on this form corresponds to the person number used on the Travel Diary.

Is This Person
Employed

Does This Person Full-time, Part- If Employed:
Relationship To Person Have A Valid time Or Not Em- Amount This

Gender , Number 1 (Check One) Driver’s License? ployed Person Pays For
Parking At Work

Not Part Not Each Month
Person Rela- Re- Full Time Emp-
Qumber Age M/F Spouse Child tive Iated Yes No Time Only toyed

1 Person Number 1 ❑ n ❑ on $ Per Mo.

2 ❑ 000 ❑ 0 ❑ 00 $ Per Mo.

3 ❑ 000 ❑ 0 ❑ 00 $ Per Mo.

4 0000 ❑ 0 ❑ 00 s Per Mo.

5 ❑ 000 ❑ n ❑ 00 s Per Mo.

6 ,0 G ❑ •1 ❑ ❑ 0 s Per Mo.

71 I-\rlGn al:: 000 s Per Mo.

8[; •ucc~rln ❑ 00 s Per Mo.

9 ‘; ]’ ❑ nEJ13 •1 ‘D clan $ Per Mo.

i 10 I I ID a D Qln ❑ 1000/s Per Mo.

I 2, What was your total family income for last year, before taxes, and including everyone in your
household? (Check One)

I

1-A ❑ Under $15,000 CO S25,000 -$34,999
B ~ S15,(200 - S24,999 D U s35,000 -$49,999

— -. —–— ~

This completes Part 1. Next, on your assigned travel day, pleasefill outone of the enclosed Travel Diaries
yourself and ask every household member over five years of age to do the same. Leave this form and the

,com~leted dlarie$ in a convenient place at home so they will be available when the interviewer calls. If you
have any questions, call Mrs. Collier at the Travel Survey Office at 254-3842.

%

s

MARICOPAOA660C IATIONOO~”GOVERNMENT6
c Transportation(3Plannin~Office *



- REMEMBER
.

YOUR TRAVEL DAY:

(4:00 AM to 4:00 AM)

REMEMBER:
● To give every household member a

Travel Diary.
. To have every household member keep

a record of his or her trips on the Travel Day.

For Further Information Call Mrs. Collier at the TravelSurvey Office: 254-384~

‘I’-

%$MARlCOPAOA6dOCIATIONoOFoGOVERNMENTd3G Transportation& PlanningOffice *

,,,
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O[llt!ilul n[srllncllCHIIEII, lIIC.
1!1? Il. lhird Street
Plnm,)l <, Az 05004

(61’2/ 2X-:551

.,

(AFFIx LflOIL HERE)

IVIG-IPO METRO rimi {
IKSJSUWJIRAVEL SuffwyFtyol/1

JEUf 101 @@381 ( ~I -5

$:alus :.4c : —— —. . Jl) mw Ifff (6-9~

—
——

SCREENING fIiJESTIOftNAIRE

Ilellct, my mane Is and i ‘m WI tiI the rtclmvlor ffesearch Center of Arl zcma. I’M calling cus behalf of the Ibrfcopa
Assoclatlon of Gover,.mot\,amf I’d Ilke to speak with the (oulc/famlc) heid of your houscholck. Arc yw the (msle/lsmale)
head of your househol dl

.

IF YES - COIIIIIUE

IF lfu . ASK 10 sfms tuTll (tnLE/rEIwE) IIfM m srMT Al oztdmitc. IF mf AVAILMLE; ItZNCArEw OLL rfccono
DELWAJSSllEIERfll US CALLOACK 1 ME .

The purpose of this study is to detennlne where, idws! and how people travel tlmugl~ Haricopa County. lhls Inforsnathm
Is essential for the proper plmnlng of trmsportatlm services In this aret. Your hw$ehold Is ens of only ZODO selected In

Ifwlcopa Cwnty to participate In this effort so your Input Is very Importznt. AlI of your answers wII I be treated
confidentially smd used only in sumarlzlng statistics.

SCftEEMIG CALL/CMl R2CWkf) ‘F2AUI

fJeas2 Al I
~1

ve
DIscm- osJsl- Iera!f No@

Ikmber Oate T law
Language RltA/ al . csll- ccsa-

IM?ctecf IseSs Refused fkarrler Busy Resp. back plete

I

z

3 — —

4

5
I

6

1 — —

8

9

10

11

12

CL! INFO

1.

2.

3.

To begin, fww many of ●ach of the Iollmrlng

tY!ms of motor vehlcfes ●re owned, IQtsed, w

A.

regularly ●vaflable to mmbers or your hcssselwld? ft.
Pleasrusly count vehicles that are currently Irs
operating cturdltlm. (REfuIEMII) c.

0.

tlext, hwoseny people currently llve In ywr household?

Passenger cars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ (lo)

Passmger pick-up trucks orvm$ . . . . . . . . . . . . . . . . . . . . (11)

Other vefllcles over three-quarter tm such ●

raotorhssn e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .—. [12)

Street-&lvcn tnOtorcycles . . . . . . . . . . . . . . . . . . . . . . . . . .._ (13)

W: 10TAL VEIIICLES (14-15)

IAS2UR: —-. (16-17)

Ad hc+e many of these (tlLSKtEfl FIKSIQ2) people are five yeors or age or older? (2) fWzER: — llfJ-19)

(3) S114: IFJ81ACAT[LXSM: (20-21)

— .—. .—
As i nwntloned, the purpose of this study Is to find out where. when md bon ceople trwel tn Itarfcopa County. 10

detcnulre Ihfs, Me are askfng you and each tier of your household to record their travel patterns over a me-day period.

rm.r trJwl IJay will be \OAY, AZlt CAIE) mk yw will recefve your travel packet severai days prior to that day.
Your trav.?l oay WIII b+ WI a remtrx:?r card that you cm post In a prwine”t place. I; IS vcrj \spartant Uttt ?Very

hwsciwld mnber keep a record o! tl,~lr :,av~] fC,r DAv AIO Oh!E~.

{
lravcl dl.]r!es are enclosed fn your packet for this

fwrposr. Ile wI!I be c~l;fng yw a couple of days a ter your travel @ to co]icct this j“fo~tlen. lnlat.ti~ Of day
wuld you fwcfer to have us call, In the nornlng, the afternoon, or the evrninq?

] - ;brnfng 2 - Afte:noon 3 - Evwslng ~ _ }keke~ 5-fury

In order to make sure your tra.~1 packft gets delivered correctiy, i need yow nana, adtiress and zfp code.
(vIIIIFY PIIO:IE IOMM, fWlrCf.mtLY)

(41 flnrqE: :*/Nrs/Hs (6) WOKE: —

(5] MAIffCjs: Nv. r:

CIIY: ZIP ca~~

SCll[[llCR OATE: — Iltx+xl?

rlSAVEL C4$Y/DATE: [7) tllIIsER:

RE!lllSJ~R C,lLL CAY/OAIE: (0) NunEn:

!ilIEftkl Ok il’lY/OAIF.: [3) fttMtER:

ltllEnv!EIKft fvvsz: NWstfk:

(22-Z3)

lhmk YOU far your cnoperfittnn. Ir YOII slmuld Imvo my qmstlons, you can call Ws. Colller tt the Travel 31rvey
nrrlce at Zs.1.lrtw?. 9 N1 to 5 fYl wek,Lsy$. W Imk forward tn talk ln.1 to pm .r,l,tln.



REHIHEJER CALL QUESI1ONNAIRE

lb! In, msy I speak to (LISTED PER SOtl) please?
(UIIEII IWC4’CIY Wnsorl 0(1 [lfl[~ijill [fi(K. 1~ fiUl AVfI ILAUL[, lIIOIC?. IE ON CALL RECOIIO EIELE?J Ml LIElfRtll M CALL? ‘t! T I!’E . ;

NcIIo, trr/Iti5/Ik (L ISIEO PIIIsoIt~, tIIIS IS frm the tksrlcopa Assoclakion of Gw?rrsnent- ~ra, ei
Survey Or r Icc and 1 ‘m~irl~s~e r f you rece Ived the I ravel s; udy materials we sent you.

4. Old you receive the materlal$ we sent Youi 1FYES-GO1OQ5 IF qo- ~ ToQta

h. lpllarrntly your packet was misDlacefi in them all. Let m? mske sure we have yaurproperadJrezs (RWSP3DYKSS 10
llE!jlWrOEtlr AIIOIW.[ AflY IIECESSART CIIAIGES). hht we’d iike to do Is send you cmt # new packet or matcrlals with
● new assigned travel day.

Ilmnk you for ywr cooperation. Ue”ll be talklng to you again In a wek or so.

5. Old WC packet we sendyw contain the rollmdngmsterlals? (IWNJEACII) * ~

n. Fminstructlon booklet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I

0. Alkjuschold In(o-tlon fotm . . . . . . . .
c.

. . . . . . . . . . . . . . . . . . . . .
A lravel Olary (or each mcwber or your household 5 years of age or older . . . . . . .

~+

(IF “HO” IO ANY WN JOVE. IWICAIE 10~ES~rWfll llMIKHILL F-O ‘ ~
lliEt4 II(E tEEUEOttNIERIAi.S - ALERT SWERVISIXI)

6. Oa you have any questlorrs I cwld answer? (ANSUER ANY YIU3110SIS). Thanks again forywr cooparatlon: we look forward
to talklng to yw again In a Iew days to collect your travel trrfonnetlon. Rtier your participation in thl$ very
l~wrtant project IS essential for the proper planning of transportatlrn here In the Valley. Oon’t forget. ywr travel

day Is (OM AfOOAIE).

flENINOER CALL/CALL RECEl10 FW

4

5

6

l?ITEF(VIEH CALL IHTROOUCTIOII QUESTIOffffAIRE

~ . lFlOTAVAlWLE,ll0,~lEWlCKLREC~ODELWN0DClE~llllEWLBKKTIllE).
Iblln, mmy 1 spe$k to (LISIED ikIWE please?
(MIEliWi’ER PUWONOf([I=TliW

Ilello, llr/Hrs/14sJ LlSlEDlkIWE ~, tills t, frsanthe14sr\copa Assoclatlon OY Wernsssnts Travel
Wrvey Orrlce, I’mcalll- Iect tkw lnlonmstlon you recorded cm your femlly ’s travel patterns. Cwld yw

please get the Imuschold Information rorm and the travel dlarles so that we can go over the Information?

(HIKtIRF5P010ENl lms F~lSItItmY, corulru rrITll DAsE r)wsrlortrmnE.
OAY, Ilwoc rtsrwfowr ArroiERl!lNAIE.

IF OATAW NW CCLLECIEO orl A5slctrEo IISAVEL
RECCUIO OUICUYE OIIUULLWK FEWFII).

lflKWiEWCALL/CALl. RECESIOrOM{

‘ad oLNcalE I

5
I

-
--l

6 I

w/WO/13Z 9/?7/00 lue t3:ll:?rJ
Copyrlqht * 1900. All rlgits lescrvcd. ror Inlormallan: Oel)avlorilesearch Center, Inc., (602) 2584554
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8EIIAVIOI RESEW34C ENTER, ItC. W-TW f4ETR0 PHOENIX
1117 N. Third Street

2taoel
NOUSEHOLO TRAVEL SUWY FORN f2

Fhoenix, A2 850D4
J602) 258-4554 &w IfmRvlEu

Let’s begin with the Nuusehold Infomstism form. kcording to the fnfonnstitm yow provided in our eisrl ier call you have (NO. OF
PEOPLE 5+ FR@l SCREENER) persm/people in your household 5 years of age or older. 1s this corrsct?

YES - CONTINW ~ - (ASK:) Mat is the correct nurber? (Fill in helm and continue)—

CC41RECT NIJ4BER:

1. NW I’d like to collect the data on the Individual listed as person mmber (1, 2, 3, etc. ) on the form.

B/C.

o.

E.

F.

G.

H.

Unat is this person’s age and gender?

(IF OTHER THAN PERSON 1, ASK:) that is this person’s relationship to psrson nusber 1?

Does this parson have a valid drivers 1 icense?

Is this person employed ful l-tinse, part-ti~, or not enployed?

(IF H4PLOYE0, ASK:) How much, If anything, does this person pay for parking at WJrk eack mnth?

Oid this person ssake any trips m the assigned travel day?

REPEAT PROCEOIRE iNTIL OATA CWECTEO CM EACH PERSON IN NOUSEtAID 5 OR OVER.

..

A B c o E F G H

Relatim To Person 1

Person @ Gender SpO- Ch- Rela- ~a- Lf tense ‘%llloyrlerst
tkmber

Parking Travel ed
(2 Oigit) flF Nead use Ild tive ted YN Ful 1 Part M AnOurlt Yes No

01 (23) (24-
25) 1

(fi.
2 (i6) 1 (27) 1 2 (28) 12 3 (29) . I 2 (351

02 (36) (37-
3B) 1 2 (39) 2345 (40) 1

(43-
2 (41) 12 3 (42) . 47) 1 2 (481

03 (49) (50-
51) 1 2 (52) 2345 (53) 1

(56-
2 (54) 12 3 (55) . 60) 1 2 (611

04 (62) (63-
64) 1 2 (65)

(69-
2345 (66) 1 2 (67) 1 2 3(66) . 73) 1 2 (741

05 (75) (;;- ,
2 (78) 2345 (79) 1

(:-
2 (80) 12 3 (81) . 1 2 (B7}

06 (8B) (89-
90) 1 2 (91)

(95-
2345 (92) 1 2 (93) 12 3 (94) . 99) 1 2 (loq

07 (101) ( 1o2-
103) 1 2 (104) 2345 (105) 1

( loB-
2 (106’ 12 3 (107: . 112) 1 2 (1131

OB(114) (115-
116) 1 2 (117)

(121-
2345 (118) 1 2 (119’ 12 3 (120: . 125) 1 2 (1261

09 (127; (12B-
129) 1 2 (130) 234

(134-
5 (131) 1 2 (132: 12 3 (133: . 136) 1 2 (139~

.10 (140: (141- ,.

142) 1 2 ( 143)
(147-

2345 (144) 1 2 (145; 12 3 (146; . 151] 1 2 (1521

2. Okay, the last piece of information 1 need frcan the Nmsehold A - War $15K...1 (153)
Informstlon form is your total household {ncane for last year -- B - $15K to $24.9K...2
*ich ma of the 1 etters fran A to E on the form best ref Iect c - $2X to $34.9K...3
it? D - $35Sto $49.9K...4

E - $6EKor owr...5
Refused...6

NW let’s go to the Travel Oiary for person mmber (FIRST PERWN f4Wffi TRIPS).

CLDSIffi STATEHT

Thank yw very iwch, that cospletes the interview. Since you’ve given ma the required hsfonnatlon, please do not msil back
the Ilmaekmld Informst{m f ona and Travel Diarfes as instructed, si~l y discard them. Have a goaJ (evarIing/af tertsom).

INTERV IEWR NW: N.4MER: (451-453)

SIMtW!Y EN4TA - FOR INTERN4L USE ONLY

1. Age- head ofhwsahold . . . . . . . . . . . . . . . . . (454-455)

2. No. of driver’s licenses in Hi . . . . . . . . . . . . . (456-457)

3. No. of@qrloyed persmstnltl -Full. . . . . . . . . . (458459)

-Part. . -. — (460-461)

-TOTAL. . . . (462-463)

4. Total No. of trips reported by household . . . . . . . . (4ti-465)

5. No. of persons with unknow trips. , . . . . . . . . . . — (4=467)



Ifwtll PA6-TPO KTRO PWNIX PersonMr.: (154-155)
tkDUSE)YIDTRAWL SIJMY FERN 13

shed —“r— lNIERSW 17tlP REPIRT

A. Ilw many total trips dld this pers.m make on the travel day? NwER : _ (156-157)

Is. Mnere dld this person’s first trip beg{n7 In what city Is that?

d ty _ (158-161)

Wwt Is The Mdress Of lhe 141at Was

~t;~l~;d%%%%’%
me code
ikmber Mlat kkas me How Nany

Locat km Thls Person Traveled To?
lrip

For ha Code For he I&@ ●

At U!at The Otd Thts
lb.

FWpose of At Ubst KM Of We Of Travel Mere In
In Mlat City Is lhat? Trip Beain hsd End? This Trip? Place Old This Trip End? h lhts Trip? The Veh{cle?

01 Oegln Erd

fwm— rv4/F?f

City

162- (;%

I

(\;y
163) (164-167) (172) I (173-174) (175) 1( 176-177)

I I 1 I i 1

D2 k!cg{n End

N@f PM/m

city 4191 192-193

.,

.-.

03 2.egln hd

744/ m Wm

C!ty

:194- (2&33- (202-
, 195) (1%-199) 203) [204) @5-206) (207) (206-2EOJ

04 2egin 2nd

7WF!4 Awn

city

?lo- (216- (218-
211) (212-215) 217) 219) (220) (221-222]3323 2Z4-225

05 Begin End

Nw?f M/ml

city

(226- (232- (234-
227) (22k3-231) 233) 235) (236) (237-238) (239) (240-241~

06 6egin End

7U’VPM m/Pf4

city ——

(f3- (248- (Zsf
(244-247) 249) (252) (253-254) (255) (256-257 ~

-—-t

07 eegin Z.nd

r44/Pi4 Wm

city ——

(250- (264- (266-
1259) (260-263) 265) 267) (268) (269-270) (271) (212-2134
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4.2 Sample Design

4.2.1 Introduction

After MAGTPO examined different approaches to designing the

sampling strategy, a method outlined by John Hamburg of Barton-

Aschman was chosen. The method was discussed in a Technical

Memorandum prepared by Mr. Hamburg for the Dallas-Fort Worth

Metropolitan Area Regional Travel Survey. The following document

draws heavily from Mr. Hamburg’s Technical Memorandum.

4.2.2. Home Interview Survey

The major objective of the home interview survey is to up-

date the trip generation rates used in the travel demand fore-

casting process. The objective is not to collect the origin-

destination linkages for the MAGTPO transportation analysis zone

system. Massive surveys,

required to obtain this k

ranged anywhere from one

scale surveys were very expensive. Moreover, it appears that the

conducted in the ’50s and ‘60s, were

ind of geographic detail; sample ra”tes

percent to ten percent. These large

use of a distribution model, in conjunction with trip productions

and attractions, simulates ground count data as well as trip

table data obtained in an origin-destination survey.
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Basically, the home interview survey has evolved from a sur-

vey to obtain zone-to-zone person movements to a technique to ob-

tain the data necessary to calibrate and validate two of the

models used in travel demand: trip generation and trip distri-

bution. Thus our consideration of sample size is based not on

filling in a zone-to-zone travel matrix but on collecting travel

data by household to be used in calibrating the travel demand”

models.

4.2.3. Quota Sample

Because our intent is to obtain travel data for trip genera-

tion and trip distribution, there is no need for a large scale

systematic sample by geographic location. Instead, the issues

are the data requirements of the models being used and the sample

size needed. Many earlier sample designs were based on the use

of a sample frame of households from which a systematic sample

was selected. The distribution of households by car ownership,

family size, income or other characteristics was left to chance

since the sheer

any variable one

not know exactl

size of the

might wish

y how trip

sample ensured good coverage of most

to consider. Moreover, one often did

generation would be done so it was

critical to cover all bases. However, if we know, for example,

that we want to estimate home-based work trips per household by

household size and number of vehicles, we can design a sample

that ,includes enough households in each category to yield a spe-

cified level of precision. To follow this approach requires (1)
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a determination ~f the basic models to be calibrated with the

data being collected and (2) a frame of secondary data, such as

the MAG socioeconomic database, against which the rates developed

in the survey can be applied. In other words, for each cell in

the trip distribution model, one should make certain an adequate

number of cases has been obtained in the sample to provide suf-
.

ficient statistical reliability for that cell. The smaller the’

overall sample, the more critical it becomes to avoid having too

many samples in one or more cells and not enough in other cells.

4.2.4. Variables

The establishment of a set of sample quotas depends upon the

variables to be used in the trip generation models, the avail-

ability of the same data by transportation analysis zone and,

finally, upon the anticipated willingness of the potential re-

spondent to divulge that information to the interviewer. Based

on the current trip generation models used by MAGTPO and upon

“recent research conducted ‘by the MAGTPO staff, the two variables ,

that would be used would be income per household and number of

persons living in the household. The six classes of trip produc-

tions are home-based work trips, home-based shop trips, home-

based secondary school trips, home-based post high school trips,

home-based other trips, and non-home-based trips. The trip gene-

ration ‘model uses cross classification rates based on household

income and persons per household, and since this model structure

seems satisfactory no change is planned for the model structure.
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However, asking income is a sensitive question and it was decided

not to ask for household income in the telephone pre-qualifica-

tion stage of the survey. This decision was based on the concern

that an income question over the telephone would result in a sub-

stantial increase in the number of households refusing to

participate in the survey. .,

It is recommended that auto ownership be used as a proxy for

income and quotas

formed by the four

two cars and three

be established for the

car ownership categories

or more cars) and the six

cells of the matrix

(zero cars, one car,

household size cate-

gories (one through six or more persons per household). While

auto ownership will not give the exact income quotas one might

prefer, auto ownership does give an indication of household in-

come. (See Figure 1.)
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4.2.5. Establishing Quotas Per Stratum

The problem is to establish the number of households re-

quired for each stratum. Household size and car ownership were

the two independent variables selected for use. The number of

households in each stratum, for the region is presented in Table

12 and the percentages of households in’each stratum- are presen- -

ted in Table 13. Notice that some stratum have very few house-

holds. It was decided that no sample quotas would be set for

stratums with less than three percent of the households because

precise data on these stratums will add very little to confidence

in the models and would, increase survey costs significantly.

TABLE 12: NUMBER OF VEHICLES PER HOUSEHOLD

BY PERSONS PER HOUSEHOLD (1980 CENSUS -

MAR ICOPA COUNTY)

Vehicle/
H’Hid:. .

0

1

2

3+

ALL

Persons/Household

ALL 1 2 3 4 5+ :

32,478 21,369 6,155 2,073 1,244 1,637

206,700 77,710 77,098 22,838 15,650 13,404

186,887 11,508 81,914 34,836 33,146 25,483

118,692 3,962 26,503 29,435 29,057 29,735

544,757 114,549 191,670 89,182 79,097 70,259

mmmmmmmmmm mmmmm
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Vehicle/
HHld:

o

1

2

3+

ALL

Income:

TABLE 13: PERCENT OF VEHICLES PER HOUSEHOLD

BY PERSONS PER HOUSEHOLD (1980 CENSUS -

MARICOPA COUNTY)

Persons/Household

ALL 1 2 3 4 5+

5.96 3.92 1.13 0.38 0.23 0.30

37.94 14.27 14.15 ‘ 4.19 2.87 2.46

34.31 2.11 15.04 6.39 6.08 4.68

21.79 0.73 4.87 5.40 5.33 5.46

100.00 21.03 35.18 16.37 14.52 12.90

TABLE 14: HOME-BASED WORK TRIP COEFFICIENTS

OF VARIATION (1981 PHOENIX

HOUSEHOLD SURVEY~

Persons/Household

1 2 3 4 5 6+

$0 to $7.5K 2.4’9 2.40 0.90 1.28 1.05 1.41

$7.5K to $15K 1.61 1.26 0.84 0.88 1.06 0.98

$15K to $22.5K 1.33 1.06 0.69 0.78 0.69 0.78

$22.5K to $30K 0.83 0.89 0.76 0.77 0.76 0.89

$30K and UP 0.97 0.93 0.77 0.62 0.60 0.73

TABLE 15: HOME-BASED WORK TRIP COEFFICIENTS

OF VARIATION (1964 DALLAS-FORT

WORTH SURVEY~

Persons/Household
Income
Quartile:

1

2

3

4

1 2 3 4 5 6+

1.38 1.08 1.01 1.04 1.02 1.15

1.23 .95 .87 .89 .84 .98

1.32 .88 .78 .76 .76 .87

1.31 .89 ● 74 .71 .67 .75
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The coefficient of variations for home-based work trips and

home-based non-work trips (see Tables 16 and 17) were examined by

the stratum to be used for setting the survey quotas. The co-

efficient of variation that was the highest was then selected for

determining the sample size in each stratum (see Table 18).

Vehicle/
..

0

1

2

3+

ALL

.

TABLE 16: HOME-BASED WORK TRIP COEFFICIENTS

OF VARIATION (1964 DALLAS-FORT

WORTH SURVEY~

Persons/Household

ALL 1 2 3 4 5+

1.56 2.05 1.43 1.13 1.13 1.19

0.99 1.27 1.08 0.86 0.86 0.97

0.74 1.23 0.77 0.71 0.71 0.76

0.94 2.23 0.92 0.71 0.71 1.31

1 1.52 1.01 0.82 0.82 1.07

mmmmmmmmmmm ntmntm
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The sample size requirements for each stratum were calcula-

ted using the following statistic:

n ~v2z2=

ez

Where: n = sample size required
Cv = coefficient of variation (standard deviation

divided by the sample mean)
z = level of confidence
e= relative error

For example:

e, = .10 (plus or minus ten percent)
Cv = .95
z = 1.645 for 90% confidence level

n = (1.645)2 (.95)2
= 244

(.10)2

The coefficient of variation was calculated for each stratum

of home-based work trips used in the 1981 Phoenix Household Sur-

vey (see Table 14). It should be noted that the stratum used in

the 1981 Phoenix

(the coefficients

posed stratum of

Household Survey was income and household size

of variation were not calculated for the pro-

vehicles and household size because of the

amount of work involved). Home-based work trips were sele”cted

because a study conducted in Dallas-Fort Worth found that in most

stratum, work trips had a higher coefficient of variation than

non-work trips, thus producing a more conservative sample size.

The Dallas-Fort Worth coefficients of variation for each stratum
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(see Table 15) were then compared with the Phoenix coefficients

of variation and found to be similar. Since the !lallas-Forth

Worth coefficients of variation were similar to th~ P!-:oenix sur-

vey for similar stratum, it was decided to use the Dallas-Fot’t

Worth coefficients for the stratum defined by auto ownership and

household size for determining the survey sample size (since they

were not available from the 1981 Phoenix Household Survey). ‘

TABLE 17: HOME-BASED NON-WORK TRIP

COEFFICIENTS OF VARIATION

Vehicle/
HHld:

0

;
3+
ALL

Vehicle/
HHld:

o

1

2

3+

(1964 DALLAS-FORT WORTH SURVEY)

Persons/Household

1.69 1.77 1.65 1.29 1.29 1.34
1.01 1.07 0.89 0.85 0.85 0.85
0.85 0.91 0.85 0.76 0.76 0.73
0.78 0.64 0.81 0.7 0.7 0.71
1.05 1.3 0.94 0.83 0.83 0.84

TABLE 18: COEFFICIENTS OF VARIATION USED TO

DETERMINE SAMPLE QUOTAS. —.—

ALL 1 2 3 4 5+

1.69

1.27 1.08 0.86 0.00 0.00

0.85 0.76 0.76 0.76

0.92 0.71 0.71 1.31
mmmmmmmmmm mmmmm



Using the coefficients of variation in Table 18, sample

quotas were calculated assuming a ten percent precision for all

stratum, a 90 percent level of confidence for households with

autos, and a 68 percent level of confidence for households with-

out autos. The lower level of confidence was accepted for the

households without autos because they represent a small portion

(5.96%) of the population and a higher level of confidence would’

require 487 more interviews in that stratum, which would mean

doubling the number of screening interviews and hence a signif-

icant cost. In addition, no household size quotas will be set

for the households with no autos because of the anticipated dif-

ficulty in acquiring surveys.
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4.3 Calculation of Expansion Factors

In order to

and trip lengths,

making, expansion

calculate trip production and attraction rates

which are representative of total regional trip

factors were calculated to expand to the total

universe of households and to account for any geographical bias.

Expansion to the household universe was done by determining the

number of households sampled versus the estimated number of

households in 1988 by household size and vehicle availability,

grouped into Quotas. Given the size of the regional zone system

and the likely sparsity of trip movements’ within individual in-

terchanges, the calculation- of expansion factors to account for

geographic bias was conducted at a Superdi-strict level. Table 19

shows:

o “The aggregation of geographi-c location into super-
districts employed for weighting the survey ciata.

o The total number of households from the MAG 1988 esti-
mates.

Table 20 shows:

o The o~mber of households that !fAG estimated for 1988.

0 The number of sampled households stratified by household
size and auto availability as grouped into quotas for
weighing purposes.

Table 21 shows the FRATAR matrix expansion method used to

calculate expansion factors. The inputs for the FRATAR method

are the survey data disaggregate by superdistrict and quota,

plus aggregate 1988 MAG data for each superdistrict (see figure

2) and each quota. The resulting expansion factors are shown in

Table 22.
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TABLE 19: AGGREGATION OF GEOGRAPHIC

Superdistrict

1

2

3

4

5

6

7

8

TOTAL

LOCATIONS INTO SU?ERDISTRICTS

1988 MAG
Geographic Locations Estimates

1-5 65,983

6, 7, 13, 22, 30-33 71,253

8, 9, 14, 23, 24 114,301

34”, 25, 41, 46 53,932,

36, 37 111,380

21, 38-40, 42-45, 47, 48 136,071

11, 12, 19, 20, 27 97,661

10, 15-18, 25, 26, 28, 29 189,735

840,316

TABLE 20: COMPARISON OF SAMPLED AND 1985

CENSUS HOUSEHOLDS BY QUOTA

Quota

1

2’

3

4

5

6

7

Vehicle
Avail-

ability/
Persons
In HHlds

“0/1-5+

1/1-2

1/3-5+

2/1-2

2/3-5+

3+/1-2

3+/3-5+

Sampled
HHlds

245

797

220

270

481

227

753

Total Households 2993
*
i3ased on 1985 Census.

%
of 1988

HHlds*

3.93

30.89

7.05

18.13

17.19

7.58

15.23

1988
Estimate
Of HHlds

33,024

259,574

59,242

152,349

144,450

63,696

127,980

840,315

mmmmmmmmmm mmmmm
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TABLE 22: RESULTING EXPANSION FACTORS BY

SUPERDISTRICT AND QUOTA

Superxiistrict: 1 2 3 4 5 6 7 ;8

Quota: 1 105.156 98.266 119.422 147.344 120.078 103.156 120.766 133.125

2 295.625 276.250 335.750 414.250 337.625 290.062 339.500 374.250

3 243.500 227.531 276.500 341.250 278.062 238.906 279.625 308.250

4 522.750 488.500 593.625 732.625 597.000 512.875 600.375 661.875

5 266.625 249.125 302.750 373.625 304.437 261.562 306.187 337.562

6 259.750 242.750 295.000 364.000 296.625 254.844 298.312 328.875

7 148.937 139.156 169.125 208.687 170.062 146.094 171.031 188.531
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4.4 Detailed Trip Frequency Tables

On the following pages are a series of trip frequency tables

by household income, household size and vehicle ownership for

three trip purposes -- home-based work, home-based non-work,, and

non-home based.

TABLE 23: HOME-BASED WORK TRIPS PER

HOUSEHOLD BY INCOME AND VEHICLE

Household Income:

$15K:
*

$15K - $24.9K:

$25K - $34.9K:

$35K - $49.9K:

$50K +:

Mean
SE
N

Mean
SE
N

Mean
SE
N

Mean
SE
N

Mean
SE
N

SE = Standard Error
N = Number of Households

mrnrnrnmrnmmrnrnmrnrnwrn

OWNERSHIP

Vehicles in Household

o 1 2 3+

.44 .85 1.40 1.83

.06 ●08 .22 .24
191 273 60 54

1.18 1.29 2.02 2.44
.18 .08 .14 .20
38 331 123 133

.64 1.31 2.40 2.79

.24 .09 .12 .15
11 235 194 184

1.33 1.39 2.54 3.06
.67 .15 .11 .12

3 109 200 238

2.50 1.10 2.29 3.27
.50 ●2O .11 .11

2 67 174 371
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TABLE 24: HOME-BASED OTHER TRIPS PER

HOUSEHOLD BY INCOME AND VEHICLE

OWNERSHIP

Vehicles in Household

Household Income:

Under $15K: Mean
SE
N

$15K - $24.9K: Mean
SE
N

$25K - $34.9K: Mean
SE
N

$35K - $49.9K: Mean
SE
N

$50K +: Mean
SE
N

o 1 2 3+

.65 1.24 1.48 1.59

.10 .10 .30 .38
191 275 60 54

.74 1.45 2.19 2.19

.21 .11 .24 .22
38 331 123 133

1.27 1.66 2.21 2.22
.38 .15 .19 .22

11 235 194 184

.00 1.79 2.14 2.34

.00 .21 .20 .17
3 109 200 238

1.50 1.60 2@.80 2.75
1.50 .25 .25 .16

2 67 174 371

mmmummmmmmm mmmu
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Household Income:

TABLE 25: NON-HOME-BASED TRIPS PER

HOUSEHOLD BY INCOME AND

VEHICLE OWNERSHIP

Vehicles in Household

Under $15K:

$15K - $24.9K:

$25K - $34.9K:

$35K - $49.9K:

$50K +:

Mean
SE
N

Mean
SE
N

Mean
SE
N.

Mean .
SE
N

Mean
SE
N

o 1 2 3+

.45 1.30 1.32 2.56

.1’1 .11’ .25 .57
191 275 60 54

.39 1.62 2.28 2.61

.13 .13 .24 .27
38 331 123 133

.91 1.79 2.65 2.85

.58 .15 .23 .24
11 235 194 184

.00 2.36 3.00 3.50

.00 .28 .24 .23
3 109 200 238

1.50 2.13 3.43 3.97
1.50 .31 .26 .19

2 67 174 371

mmmmmmmn?mmm mfnmm

.
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Household Income:

TABLE 26: HOME-BASED WORK TRIPS PER

HOUSEHOLD BY INCOME AND

HOUSEHOLD SIZE

Persons in Household

Under $15K: Mean
SE
N

$15K - $24.9K: Mean
SE
N

$25K - $34.9K: Mean
SE
N

$35K - $49.9K: Mean
SE
N

$50K +: Mean
SE
N

1 2 3 4 5 6+

.45 .83 1.79< 1.04 2.19 2.38

.05 .10 .30 .16 .36 .47, ‘
2.73 166 47 47 26 21

1.06 1.37 2.18 2.17 2.88 2.73
.08 .12 .18 .18 .34 .49
178 203 101 70 43 30

1.17 1.35 2.90 2.87 2.81 2.79
.11 .11 .20 .21 .20 .26
109 201 “91 93 88 42

1.14 1.95 2.90 3.06 3.00 2.92
.13 .15 .17 .17 .18 .25

58 135 101 113 92 51

1.07 1.93 2.91 2.93 3.21 3.78
.15 .16 .17 .16 .17 .32
45 123 112 122 140 72

mmmmmtnmmmmm mmmm

,.
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Household Income:

Persons in Household

Under $15K: Mean
SE
N

$15K - $24.9K: Mean
SE
N

$25K - $34.9K: Mean
SE
N

$35K - $49.9K: Mean
SE
N

$50K +: Mean
SE
N

1 2 3 4 5 6+

.79 1.34 1.53 1.49 1.23 1.38

.07 .17 .31’ .37 .41 .43”
273 166 47 47 26 21

1.01 1.82 1.95 2.07 2.26 2.’67
.10 .15 .27 .29 .43 .58
178 203 101 70 43 30

.79 1.89 1.65 2.53 2.44 4.1!?

.09 .14 . .24 ,~~ .~~ .75
109 201 91 93 88 42

.91 1.96 1.84 2.32 2.79 3.12

.14 .17 74 .27 .33 .46
58 135 101 113 92 51

1.07 1.60 1.93 3.11 3.41 4.14
.20 .17 .18 .31 .29 .48

45 123 112 122 140 72

mmmmmmmmmm mmnrmm
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Household Income:

TABLE 28: NON-HOME-BASED TRIPS PER

HOUSEHOLD BY INCOME AND

Under $15K: Mean
SE
N

$15K - $24.9K: Mean
SE
N

$25K - $34.9K: Mean
SE
N..

$35K - $49.9K: Mean
SE
N

$50K +: Mean
SE
N

HOUSEHOLD SIZE

Persons in Household

1 2 3 4 5 6+
.

.70 1.16 1.32 2.36 2.92 1.33

.08 .13 .44 .45 .99 .64. ‘
273 166 47 47 26 21

1.61 1.55 2.05 3.01 2.49 1.80
.18 .16 .27 .35 .48 .44
178 203 101 70 43 30

1.63 2.19 1.91 3.15 2.78 3.29
.19 .20 .24 .37 .35 .31
109 201 91 93 88 42

1.93 3.06 3.03 3.16 3.88 2.88
.28 .28 .36 .31 .42 .46

58 135 101 113 92 51

1.98 2.30 3.80 4.32 4.29 4.00
.31 .26 .34 .35 .33 ●41
45 123 112 122 140 72

mmmmmmmmmmmm mmm
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Vehicles
in Household:

TABLE 29: HOME-BASED WORK TRIPS PER

HOUSEHOLD BY VEHICLE OWNERSHIP

AND HOUSEHOLD SIZE .

0 Mean
SE
N

1 Mean
SE
N

2 Mean
SE
N

3+ Mean
SE
N

Persons in Household

1 2 3 4 5 6+

.37 .81 .88 .70 1.25 1.00’

.06 .14 .27 .:: .37 045”
133 64 24 8 6

.93 .94 2.18 1.79 1.92 2.24

.05 .08 .17 .17 .23 .44
446 351 100 78 25 17

1.05 1.96 2.69 2.46 2.61 2.51
.13 .11 .14 .12 .21

65 205 159 18.4 “;: 45

1.05 1.93 3.08 3.31 3.24 3.47
.21 .11 .15 .15 .13 .21

19 208 169 173 263 148

mmmmmmmmmmm mmmw
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Vehicles
in Household:

TABLE 30: HOME-BASED OTHER TRIPS PER

HOUSEHOLD BY INCOME AND

HOUSEHOLD SIZE

o Mean
SE
N

1 Mean
SE
N

2 Mean
SE
.N

3+ Mean
SE
N

Persons In Household

1 2 3 4 5 6+

.47 .84 1.54 .90 .25 1.00

.08 .16 ‘ .47 :71 .25 .68
133 64 24 10 8 6

.98 2.00 1.33 1.54 2.56 3.35

.06 .12 .20 .30 .58 .94
446 351 100 78 25 17

1.05 1.73 2.13 2.90 2.85 3.20
.16 .13 .21 .26 .36 .51
65 205 159 184 93 45

.84 1.55 1.85 2.49 2.84 3.61

.19 .14 .15 .19 .19 .33
19 208 169 173 263 148

mmmmmmmmmrnmm mmm
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Vehicles
in Household:

TABLE 31: NON-HOME-BASED TRIPS PER

HOUSEHOLD BY INCOME AND

HOUSEHOLD SIZE

o Mean
SE
N

1 Mean
SE
N

2 Mean
SE
N

3+ Mean
SE
N

Persons in Household

1 2 3 4 5 6+

.30 .55 1.17 1.00 .00 .00

.06 .13 .75 .47 .00 .00 - ‘
133 64 24 10 8 6

1.42 1.81 1.54 2.42 2.28 2.76
.09 .14 .22 .30 .60 .66
446 351 100 78 25 17

2.22 2.27 2.79 3.35 3.05 2.60
.31 .24 .27 .38 .51
65 ;;: ’159 184 93 45

2.11 2.43 3.25 3.95 3.97 3.32
.59 .22 .28 .27 .24 .28
19 208 169 173 263 148

mmmmmmmmmmm mmmm
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4.5 Survey Sampling, Inc.



S~lrve~ Sampling, Inc..

Statistical Characteristics

of Random Digit Telephone Samples

Produced by Survey Sampling, Inc.

By utilizing a massive data base, specialized computer programs
and classical statistical techniques, Survey Sampling has ~ .
developed a method by which highly efficient and unbiased
samples of telepnorie numbers can be drawn along recognized
geographic boundaries. FJell-conducted telephone surveys using
these samples can be reliably projected, on a national basis, to
some 79 million American households.

The statistical characteristics of these samples can be
described by five criteria proposed by Prof.-Leslie Kish, a well-
known sampl,ing statistician:

1. The method produces
telephone households in
frame are given, within

data, equal probability

2. The method produces
than clustered samples.

~ samples in which all
the geographic sampling
the limits of available
of selection.

~ em ~fi samples rather

3. The samples are strat”~171 to all counties in
the geographic frame such tnac the number of
telephone households drawn from a county for the
sample is proportional to that county’s share of
telephone households.

4. Samples are drawn Svst-tic alQ from an array .’ - :
of ccunties and an array of working telephone
blocks within each county.

5. The method employs with the
fifial sample drawn from the county-stratified
first phase sample.

A detailed description of the selection process and related data
bases follows.

—ISOPOSt Ro~dEast.Wcstport. COnI]~Cticut06SS0. (203) 226-’7558



Survey sampling, Inc.

According to a series of excellent national health surveys
conducted by the federal goverrment~ by 1980 some 93 percent of
American households contained telephones. According to the most
recent estimates published by Ws & ~kef “ CM~Tt, there

..063 million households in the naticn, so thatare about 8=
perhaps 79.1 million homes can be accessed by a telephone survey
employing random digit techniques.

-.
If the sampling frame was restricted to households listed in
published telephone directories, perhaps 30 percent or more of
the telephone households would be excluded from a survey. At
present, about 63 million households are listed in directories.
Eowever, each year about 19 percent of American households move.
And when one considess that it may take two or three months to
publish and distribute a new directory, it is not surprising that
from 12 to 15 percent of the residential numbers in a typical
directory are disconnected when called., Thus, directory-based
surveys only include some 56 million of the 79 million telephone
homes.

If the remaining 23 million tele~hone households were a random
subset of the sampling framer there tiocld be little need to
employ random digit techniques. However, numerous studies have
shown that unlisted homes are different: they are younger, more
urban, etc. Thus, because of known differences, no serious
telephone survey of the population can be based on directory
numbers alone.

TTI. Crest-on+ tkn s~.. 1 “r@ =*>u

Before any random sample can be drawn, it is necessary to
construct a “frame”-- a set of operations which permits selection
of specific elements of the population with known probability.
In this case, frame construction consisted of a series of steps
to narrow the sea~-~..... for 79 million operating residential phone

I numbers from a pool of 330 million possibilities to a pool of
approximately 134 million. Care was taken to minimize the
elimination of actual residential listings while at the same time
increasing their probability of selecticn from .24 to .59 or
higher.

A list of about 36,000 area code-exchange combinations currently
operative in the United States is maintained by the Long Lines
division of AT&T and is updated monthly. However, not all these
exchanges are used for residential purposes. Some are devoted to
internal telephone company use; some held for future expansion;
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others are assigned exclusively to large companies or government
agencies. “

To eliminate non-residential exchanges from the frame, a special
proprietary data file was developed to include all apparent
residential listings Erom every known telephone directory in the
country.

Mter the names, street addresses, and telephone numbers are
transferred to computer tapes, they are geographically coded so
that the correct mailing post office and zip code are added:to
each record. In urbanized areas, the address is also related to
Census tracts, block groups or enumeration districts. About 20
percent of the addresses, those located in more rural areas, are
identified only by town and county. At present, the file’
contains more than 63 million households.

Survey Sampling, Inc. developed specialized computer programs
which performed the following operations on the file:

---Added tlheappropriate area code and time zone to each
telephone number.

---Sorted all numbers to area code, exchange, and phone
number sequence.

---Tabulated the caucty(ies) of residence for all the listed
residential numbers of each exchange.

---Tabulated which ZIP codes were associated with each
ex~~.’hangeand the number of listings in each ZIP.

---Counted the number of listings in each exchange.

---Identified the “working blocks” of each exchange, where a
block is a group of 100 contiguous n~bers (e.?.~ 1700-1799) and
a working block is one which contains three or more listed
resiciential numbers.

This analysis permitted elimination of 12 percent/4,000 of the
AT&T exchanges from the sampling frame. ‘This number was chosen
to screen out erroneous phone numbers due to key-entry errors.
Most eliminated exchacges had no residential listings. In a few
instances, Survey Sampling has checked the status of eliminated
exchanges with local telephone companies and in each case.the
exchange was described as “qn internal telephone company
exchange. “
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Next, non working “blocks” of numbers were eliminated from
working exchanges. Acain, a block is considered to be 100
contiguous numbers wi~h each exchange having 100 blocks (e.g.,
the telephone numbez 226-7558 is found in block 75 of exchange
226) . Examination of -patterns cf listed numbers suppcrts the
widely-held belief that most teiephone companies systematically
assign groups of nunbers for use rather than randomly select
them. This practice has to do with the characteristics of
switching equipnent in rotary exchanges (and a majority of
telephones stili rely on rotary rather than electronic
switching) . A componer.t of this practice involved the ‘
reassignment of disconnected nunhers to new subscribers so that
active numbers are densely com~ressed in a relatively small
number of blocks. I

Frequency distributions of block density were tabulated by
I
j

st2te. Patterns do vary by state, particulery between ~rDen and
rural states. The density distribution curves were approximately
normal in shape, though skewed to the right towards hi5h density.
State modes varied between 55 and 65 percent. That is, the
typical listed resider,tial number occurred in blocks in which
~bOIJt 60 Of the 100 pcssible nuiibers were l~s~e~ te~e?~one

residences. Thus, the chance of enco~ntering a listec household i
is around 60 percerit.

i
The general pattern Of these closely resembles one desived from. a
national random diqit telepnor.e survey conducted at the Survey
?.esearcn Ce~ter of the Univers~“ty of Michigan (Robert M. Gcoves,
‘An Empirical Comparison of TWO Telepncne Sampie 12esiSns,“
Journal of Harketin~ Research, November, 1978 pp.622 .31). This
study estimated national block density of both listed and
unlisted residential phones and showed a mcde of about .7j. The
ratio of all telephones to listed phone households is 1.23.
Applying this adjustment to .6 (the approximate node of listed
residential density) produces an estimated chance of hitting a
phone household of .74.

The close corzes?oniezce betweer, the Survey Sampling curves,
‘basedon listed residences, and the Groves curve, based on all
telephone households, lends empirical support to an important
assumption required by the new sampling ~odel:

The assi~nment of numbers to households is made
independently of their publication status in the
directory.

If this is true, then unlisted numbers will tend to be.found in
the same blocks as listed numbers. Further, blocks heavily used
for listed households will also tend to have a hicjher incidence
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cf unli”stednwibers, except for those blocks totally filled with
listed numbers.

This assumption squares with common sense. If, for example,
telephone companies intentiond.ly segregated unlisted
residential numbers in certain blocks, the risk of inadvertent
disclosure would be heightened. Also, it would be more
complicated and expensive for telephone service personnel to
process number assignments in two different ways.

The effect of eliminating non-working blocks is quite important.
About 60 percent of the possible blocks have not a single listed
residential number. This reduces the pool of possible numbers in
working blocks to fewer than 134 million and increases the
probability of encountering a telephone household to an estimated
.6.

At this point, a cautious statistician might well inquire as to
the probability of encountering working residential numbers in
the “non working” blocks. Due to the constant assignment of new
numbers antigrowing populations, it is quite likely that a small
number of telephcne residences are contained “in the non-wcrking
b~ocksO However, it se’emsreasonable to believe that their
number would be relatively small and that their inclusion in a
survey would have little chance of alteririg its results. It
would be expensive to include such households, and money spent
for that purpose would genezally be better spent on other aspects
of the survey project.

m. -.. . Method of Strzt._.caf.oQ;=: ;

In this model, the sampling frame is accessed in such a way as to
produce proportionate stratified systematic random samples from
working blocks of exchanges located within specified geographic
boundaries. The method of stratification.is hiShly important to
the control of bias that might be introduced through improper use
of the sampling frame.

The problem is that the incidence of unlisted numbers is quite
variable from one area of the country to another. Generally, the
use of unlisted numbers is much more an urban phenomenon than a
rural one. But great variation is found even among large cities
and in certain rural areas. For example, in Minneapolis and St.
Paul, 90 percent of residents list their number in the directory,
but in nearby Chicago, perhaps 35 percent of the numbers are
unpublished. Thus, without adjustment, the sampling frame would
tend to under-represent Chicago and over-represent Minneapolis.
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To equalize the probability of telephcne households being
selected anywhere in the tour.try, samFles are first
systematically stratified to zL1 counties in proportion to each
county’s share of telephone households in the survey area. Toobtain reasonable estimates of telephone households by county, a
special data base was developed, beginning with county estimates”
of telephone incidence measured in the 1980 Census of Population
and Housing. These fi~ures are then aqplied annuallv to
household estimates calculated by Market Statistics ~cr ~

v~k~tfia Man ~ magazine to produce estinztes of totzl ,
telephone households by county.

After a ~eo~raphic area has been defined as a combination of
counties, the total of telephcne households is calculated and
divided by the desired sample size to Eroduce a sampling
interval. The counties are then ordered (normally by alphabetic
state and county within state) . A random number between one and
the sampling interval is gene~ated and a cumulative ccunt of
telephone households is calculated. At the point at which the
accumulation reaches the random starting point, a specific county
is selected. The second point is one interva~. awaY fcom the
first point. Counties whose population is greater than the
sampling interval of telephone households will be selected
repeatedly and counties whose population is less than the
sampling interval have some chance of being skipped. In this
way, the sar,>le is distributed across all counties in proportion
to their share of the total population’of telephone hcriies.

A second level Gf stratification occurs when ,sEecific working
block within a seiected county are selected. ~o methods of
systematic selection are available. In Method A, the totzl
number of wocking blocks is calculated and that sum is divided by
the number of sampling points assigned to the county. This
produces a sampling interval. in which all blocks have an equal
chance of being selected. Blocks within a county are ordered in
ascending ordec by “exchan,g’eand block number within ex’change. “ ,

Frcm,a randcm start within the first iriterval, one or more
blocks are selected in a systematic fashion. Once a specific
block has been selected, two random digits in the range 00-99 are
generated and added to the block and its exchange to form a
comalete telep.none number. Next, -that telephone number is tested
against Survey SamplinS’s data base of 8.4 million Yellow Page
tel~~hone listings of businesses. If a match occurs, the number
is clscarded and replaced by a new number from the same block.
Thus , in Method A, all working blocks are given equal
probability of selection regardless of their utilization for
listed res~dential numbers.
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Method B offers an optional variation and generally produces
noticeably more efficient sanples than Method A. In this
approachl the sapling interval is calculated by summing the
number of listed residential nunbers in each working block and
dividing that sum by the desired quantity of numbers. Thus, each
block’s chance of being selected is proportional to its share of
listed homes so that more active blocks have a greater
probability of selection. Yellow Page business listings are
eliminated from the sample in Method B just as they are in Method
A. Method B has proven markedly more efficient than Method A:?
adding typically ten points to the chance of encountering a
working residential number. }Jthough exhaustive tests of possible
bias that might be introduced by Method B have not been
completed, tentative evidence does not suggest that bias is
present.

The methods of stratification described in this section have been
developed primarily to equalize the probability of selection for
all telephone homes in the United States. To the extent that
this has been successful, the resulting samples resemble epsem
samples in which all population elements have equal probability
of selection. Such samples have the advantage of being self-
weighting (assumin~ the sample is expertly executed as the survey
proceeds) .

These samples are also element samples in the extreme, since
careful steps are followed to avoid clustering of sampling
points in any fashion. The use of clustering, though usually
necessary when personal interviewing is required in the field,
almost always has adverse affects on the statistical efficiency
of a survey. For example, Groves reports that the use of 9-
element clusters in a national telephone survey increased error
estimates from 17 to 40 percent. Stated another way, this modest
use cf clustering (employing the well-known Waksberg method)
would require a-s.mple 37 to 69 percent larger than a simple
element sample.

Finally, u~on selection, samples are ordinarily ordered by time
zone, area code and exchange and then systematically divided into
a number of subsamples or replicates. When administered in
replicate order, it is a simple matter “to control the geographic
distribution of a telephone survey as interviewing proceeds.
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