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FOREWORD

Many transit operators routinely collect ridership data in order to provide
a basis for the planning of bus services. Often a survey is conducted of

bus riders to determine their riding habits, their views about the quality
of current service, and their ideas about how service could be improved.
For many transit operators, a bus rider survey is the only method that is

used to collect detailed ridership data.

This report was prepared to document the ridership survey that was
conducted for VIA Metropolitan Transit in San Antonio, Texas in 1983. The

report contains a summary of the major findings of the survey and a summary
of the technical approach that was used to design and conduct the survey.
We believe that technical summary is well written, comprehensive, and

valuable to all transit operators who are involved in ridership surveys.
We encourage all transit operators to review this report.

This report was funded through the UMTA Section 8 Technical Studies
Program. It is an excellent example of applied technical analysis at the
local government level.

Brian E. McCollom
Office of Methods and Support
Urban Mass Transportation Administration
400 Seventh Street, S.W.

Washington, DC 20590

Norman G. Paulhus, Jr.
Office of Technology and Planning Assistance
Office of the Secretary of Transportation
400 Seventh Street, S.W.
Washington, nc 20590
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SECTION 1

INTRODUCTION

1.1 BACKGROUND

VIA Metropolitan Transit cf San Antonio identified in mid 1982 a

need to collect ridership data for its bus transit system in order to

provide a basis for long and short range planning services. A survey

of bus riders was identified as the best option to obtain the needed

data and Sterling Systems Incorporated was selected to conduct the

work.

The survey, conducted in late February and March 1983, was designed

to col lect data on:

• Passenger counts

• Origins and destinations

• Trip characteristics, and

• Person characteristics.

The data were coded and tabulated after collection, and were made suit-

able for analyses by VIA staff.

1.2 CONTENTS OF THIS REPORT

This paper constitutes a final report for the project. Section 2 con-

tains a summary of major findings and Section 3 a report on the study

design and conduct (technical approach).
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SECTION 2

SUMMARY OF MAJOR FINDINGS

2.1 INTRODUCTION

The following contains an overview of the major findings of the survey.

2.2 TOTAL PASSENGER BOARDINGS

On an average survey day nearly 108,000 persons rode VIA busses. This

total agrees closely with the VIA counts for the time period surveyed.

The survey data were expanded to a total revenue of nearly $23,300,

which was the average daily revenue for five survey days as counted by

VIA.

Passenger boardings by route, time period and fare class are shov/n in

Appendix A. Exhibit 2.2-1 presents total boardings by fare class and

time period. About 31 percent of the passengers ride in the AM peak,

about 33 percent in the midday off peak, about 28 percent in the even-

ing peak and about 8 percent in the evening off peak.

With respect to fare class, about 8 percent used a Big Pass, 38 percent

paid adult fares, 4 percent were elderly, about 2 percent handicapped,

about 23 percent paid student fares, less than 1 percent v;ere children

or rode free, and nearly 23 percent used transfers. '•

It is important to note that there were 3738 patrons that needed to make

two or more transfers to complete their trips. An origin-destination

table has been provided to VIA which enables staff to evaluate the

service to the areas where two or more transfers were required.

^Percent by fare class was estimated excluding persons with unknown fare

class, i.e., based on 104,343 boarding passengers.
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EXHIBIT 2.2-1

1983 VIA BUS PASSENGER SURVEY

BOARDINGS BY FARE CLASS & TIME PERIOD

FAKE CLASb
AM PEAK

D : UUA-o : byA
MIDDAY

y : UUA-2 : byP

PM PEAK

3:UUP-b: byp

EVENING
d:00P-4 : 59A

TOTAL
DAILY

BIG PASS T O C CloDD 0/6 8542

ADULT 10823 1 o "7 noi3/y2 1 1 "7 no11/U2 oo O 73oo/ 4U2Ub

ELDERLY 73o oo c c2o6o no 1921 yb /I C 7 745/ /

HANDICAPPED 6/0 no c925 O 1 c315 /U
T n o ^

STUDENT
r\ o O9236 69oo C O O6532 1 /I /I c1446 o /I on

o

CHILD 13/ 54 233 6 A on429

FREE 150 89 54 63 356

TRANSFER 7752 7383 6484 2326 23945

UNKNOWN 860 1268 1007 433 3567

ALL CLASSES 33607 35232 30171 8900 107910

NOTE: TABLE MAY NOT TOTAL DUE TO ROUNDING
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2.3 TOTAL LINKED PASSENGER TRIPS

The survey as conducted, counted boardings per surveyed bus and the

responses were factored to total boardings by bus. Thus, a person who

transferred from one bus to another was counted as two boardings while,

in fact, only making one trio.

To obtain a count of passenger trips, boarding passengers who transfer-

red to a survey bus were bypassed in pr^ocessing.

The result was that there were 83,964 linked passenger trips made on an

average weekday.

Not surprisingly, nearly 19% of these trips began in downtown San

Antonio (tract 1101). In fact, of the 168 census tracts which had trip

origins, nearly 50 percent of origins were concentrated in 20 census

tracts which for the most part were close to downtown, and all were

inside Loop 410. Exhibit 2.3-1 presents the tracts which had 1 percent

or more of the total trip origins.
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EXHIBIT 2.3-1

SUMMARY OF CENSUS TRACTS

WITH 1 PERCENT OR MORE OF TRIP ORIGINS

CENSUS PASSENGER PERCENT OF

TRACT TRIPS TOTAL

1101 15,917 18.96

1108 1,828 2.16

1202 1,065 1.27

1214 912 1.09

1304 1,118 1.33

1305 1,582 1.88

1306 1,207 1.44

1605 1,288 1.53

1701 1,052 1.25

1702 1,400 1.67

1703 1,599 1.90

1704 1,192 1.42

1709 858 1.02

1713 987 1.18

1802 1,419 1.69

1805 945 1.13

1902 1,089 1.30

1905 966 1.15

1906 1,053 1.25

1909 1,527 1.82

39,004 46.44
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SECTION 3

TECHNICAL APPROACH

3.1 INTRODUCTION

This section presents the technical approach to the requirements of

the project. The procedures were agreed upon by VIA staff and the

consultant, and implemented as described in the implementation plan.

The primary approach was that of a sample survey conducted on all of

VIA's revenue routes, and that on-board surveyors were utilized to

distribute questionnaires and take passenger counts by fare zone and

fare class. The data were then expanded by route, time of day,

direction and fare class, and adjusted to represent average daily

revenues by line.

3.2. SAMPLE DESIGN

3.2.1 Sample Precision

f

The agreed upon level of precision by route was 8% at the 95 percent

confidence level, absolute error. This meant that the estimate of

any proportion would be 8 percent of the total ridership for the

route to which the statistic applies. For example, if the survey

estimate of the proportion of passengers whose mode of access to the

route was auto passenger was 48%, the actual percentage at the 95%

confidence level would be 40%-56%.

By being accurate to +_ 8% at the route level it was estimated that the

precision of system wide characterti sti cs would be 1%, absolute

error.

^Twenty less utilized routes were surveyed by VIA bus drivers.
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For proportions at less than route level the precision will be lower.

The estimated absolute error of a proportion can be calculated by

counting the number of samples that contributed to the estimate of the

proportion, and using the formula shown in Section 3.2.2.

3.2.2 Sample Size

To estimate sample size we assumed a binomial distribution for the

worst case (a variable with a mean proportion of .5) and a simple

random sample. We then estimated the sample size (n) required for

each route would be:

' . p (1-p) (Z)^ = .5 (.5) (1.96)2 = responses

. (X-M)2 (.08)2

^here p = the proportion of respondents answering affirmatively to a

question, and:

X = Sample Mean

M = Population Mean

' Z = Relevant' Z Score (1.96 for 95% Confidence Level)

To actually get 150 responses by route it was necessary to survey pass-

engers on sampled bus trips. The precise number of bus trips which had

to be ridden was not known, because the number of responses depended on

the response rate on each bus. The response rates varied by route and

bus, thus the estimate of the number of busses to ride was based on an

estimated response rate of 33% which, from past surveys and conversations

with VIA staff, was thought to be a conservative estimate.

Using a response rate of 33%, meant that questionnaires had to be handed

out to 450 patrons on each route.
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To determine the bus trip sample by route we used the following formula:

d

N = —
r/b

Where

d = the number of questionnaires to be distributed

r = the estimated ridership for the route to be sampled

b = the number of scheduled bus trips on an average

weekday

For example if a route had 5,200 boardings per day spread over 260

bus trips, the sample size N was:

450

N = = 22.5

5200/260

We drew a sample using this method, and the initial number of trips

selected per route is shown in Exhibit 3.2-1.

The total estimated sample using this methodology was 1536 trips. How-

ever, to reduce the possibility of collecting unneeded data, we divided

the sample into two parts: The first represented 67% of the estimated

required sample, and the second 33 percent. The idea was that if the

first two-thirds sample was sufficient for any route the additional

one-third sample would not be used.

This did not happen however. Excluding a few exceptions in both direc-

tions, the reverse occurred. Due to low useabl

e

response rates, sup-

plemental samples had to be drawn to try to increase the number of

responses. Thus, we ended up taking 1743 trips for the survey. This

was an increase of 13.5%, of the overall sample size (see Exhibit

3.2-1).
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EXHIBIT 3.2-1

SUMMARY OF BUS TRIP SAMPLE BY ROUTE

pni iTF

I NITIAL
SAMPI F

SUPPLEMENTALO \J 1 i L.1— 1 11—11 irtL.

SAMPI F

FINAI

SAMPI F

1
X

15 xo
4 12 5 X /

•J
_ 4 IRxo

ft 7A 1 nX u 34
Qy c o 1 nX u 33•JO

1 ni u 41X nu 41t X

1

1

J. 1 1 3X O Q
-7

1 ? 18X \J n 18

1 4- 1 7X / n 1 7X /

11 •J 1

5

X <J 7/ c c
1 7 71 _ 7

C 1 X U n 1 fiX u

18X W 21c. X

18 16X \J 34

1 6X u ?5 41" X

14Xt^ 19X -J

1

6

X \J 36
1 fi n 1

6

X \J

o c. 1 3 15X ^

13X ^ 2-* 37

1 fiX u 3 19X ^

JO ?9 0 29
A?

L. 1 7X / 4 21^ X

1 5X J 1

0

X vj 25

?3 - 4 19X J

3? 0 32
SI 1 5X %J 6 21L. X

S? 1 2X L. 10X \J 22
S4 ^ u 1

1 33

U c. 1 u 1X 1

7

X /

fi4 £ c _ -5
1

9

X 1/

uo 1 ? 1 4X ?6

/ H 7 4?

/ D 1 niU 7 1 7X /

77 17X / 1 ftxo oo
7Q Id 1 9 97t /

Oil
1 7X /

1 nX u 97

ft/104 - X

OD 1 Q 1- i 1ftxo
ft7O /

nu 1 9X L.

ftftoo 1 7 9— 0 1 4X H

yu 1iu
o 1 QX y

92 12 11 23

93 22 - 1 21

96 17 1 18

97 21 - 1 20

503 36 0 36

504 19 0 19

505 26 3 29



EXHIBIT 3.2-1

SUMMARY OF BUS TRIP SAMPLE BY ROUTE
(CONTINUED)

ROUTE

INITIAL
SAMPLE

SUPPLEMENTAL
SAMPLE

FINAL

SAMPLE

508 24 0 24

509 13 0 13

512 18 - 5 13

515 27 - 9 18

516 30 - 5 25

520 10 4 14

524 19 - 2 17

530 27 - 6 21

550 14 - 5 9

551 13 - 4 9

600 52 -14 38

601 25 - 5 20

602 14 0 14

604 19 0 19

608 37 0 37

609 21 0 21

610 20 0 20

611 21 0 21

612 20 - 4 16

0 Lo c. 1 nu C L

614 20 - 3 17

615 18 0 18

616 20 0 20

617 20 0 20

630 9 0 9

632 12 0 12

640 17 0 17

648 45 - 3 42

TOTAL 1,536 207 1,743
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Ofi some routes not all the samples were completed satisfactorily^ hence

'.he negative values in the exhibit. Generally this was caused by a

rejection of trips during the editing process after the field work was

complete. In a few cases, the 17 for example, the final 1/3 of the

sample was not taken because the response was so high. And, in a few

cases, most notably the 600 and 601, the final 1/3 sample was not

pursued because the potential impact on the sample rate was so low as

to be uneffective; i.e., all trips could have been surveyed with little

positive impact on the results.

The actual supplemental rates varied by route, and it is important to

note that:

• Where it was obvious an increased sample size would have

no more than a marginal effect (500 and 600 routes in

particular) we did not make extensive efforts to increase

the sample size.

« Nothing could be done to increase the number of responses

on routes that had insufficient boardings or had 100%

samples.

As can be seen in Exhibit 3.2-2 we substantially exceeded the 450

required pass out on many routes, but some routes still fell short of 150

responses. However, this does not mean accuracy suffered. The formula

used to calculate the sample rate as mentioned earlier was for a pure

random sample. In an attempt to improve the accuracy the

sample was selected as systematic, stratified random sample

which may improve accuracy. Thus, a route which has 100

responses (which on a random basis would yield slightly
0

better than +10% accuracy) may yield an improved accuracy.

While this improved precision could not be estimated in advance, the var-

iance of estimated proportions can be once the data have been collected

and expanded. The variance was calculated for selected variables, and

is described later in this section.
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EXHIBIT 3.2-2

SUMMARY OF QUESTIONNAIRE
DISTRIBUTION AND RESPONSE

# QUESTIONNAIRE # USEABLE PERCENT
ROUTE DISTRIBUTED QUESTIONNAIRES RESPONSE

1I H 0(1 1 1 Qi iy c 0 .

0

oL 1 A niou 97 9c / . c

DOU 1/17 9"? "5

CO . 0

D H 1 TC^
i 00 90 Acy .H

pO OO /
1i uo 17 01 / . y

Q 001 1
i OO co . u

1 niU iUO 00 Rn t;ou . 0

1

1

0 33 1 AA 9R Qco . y
1 9 ou A 9 nHe . u
1 /I /I OA400 i / 0 00 ' u

ID 700
/ uy 1 7^I/O 9A ACH . H

1 7 COi 11c;
i iO AO ftHy . 0

91 9^AcOf 1 09iUc "^ft00 .

0

99 At;9HOC 1 ?710/ ou . 0
9A 7QQ/ y y 1 ?1101 1 A1 0 .H
9R O / 0 91 RCIO 9A RCH . 0

9fiCO ft9?Occ 1 ?n1 ou c U .

CO / CH 1 o c C i . u

O^O i U J ?fi AC U . H

OC OOl i u c ?fi ftcu . 0

OH ou /

00 OUc 1 A7IH / 9Q ?cy . 0

?ftOO 1 AlIH i 30 fiR 1D 0 • 1

tc H OO 00 1 A 91 H . c

n't Doc 1 R710 / 9Qc y . 0

HO ADRHUO 1 1 R1 10 9ft 9CO . c

dftHO ly i QAyn AQ 9Hy . c

ul ouy Q7y / 1 Q 113.1
R9uc oyo 1 9Q1 c^ 9

1

c 1 .

0

OH 4.1 9Hie 1 1110 97 AC / . 4
fi9Oc AllH i i RQoy 91 7c 1 . /

OH OcU 1 7R1/0 RA 7OH • /

00 DoO 1 A

1

IH 1 90 ^;cU . 0

/ f ooi IRQloy 1 R R10 . 0

/ D DDU 1 L'\IHO 9 1 7C 1 . /

77/ / DOc 1 RAlOH C 0 . D

70 K 7Q0/y 1 971 c /
9 1 0c I . y

ft9oc 0/0 1 97Ic/ 99 9Cc . c

OH /I on4cU 1 Rn1 ou 00./

86 536 199 37.1

87 30 15 50.0
88 410 84 20.5

90 440 133 30.2

92 814 246 30.2
93 236 157 66.5

96 438 129 29.5

97 411 121 29.4

503 36 10 27.8

504 100 30 30.0
505 446 201 45.1
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EXHIBIT 3.2-2

SUMMARY OF QUESTIONNAIRE
DISTRIBUTION AND RESPONSE

(CONTINUED)

# QUESTIONNAIRE
DISTRIBUTED

# USEABLE
QUESTIONNAIRES

n r~ n p MXPhRCLNT
RLSPUNSt

270 90 33.3

91 38 41.8

306 100
O "7

32.7

325 129 39.7

317 39 12.3

506 120
O O "7

23.7

306 102 33.3

246 73 29.7

305 157 51.5

265 107
/In A40.4

217 38 i/.b

262 23 Q DO.O

64 15

249 74
OQ 7

105 43

45 34
71; c/O.O

54 31
C 7 /I

122
c o58 /1 7 t;

155 86 bb. b

141 62 44.0

297 124 41.8
"3 75 1

48.6

161 82 50.9

90 60 66.7

37 25 67.6

36 20 55.6

65 33 50.8

310 103 33.2

29,140 8.244 28.3
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3.3 SAMPLE SELECTION

Sample selection was done manually, using the published schedules and

the run sheets as provided by VIA. The process used was as follows:

1. The base sample size as discussed in Section 3.2 was

determi ned.

2. All bus trips were numbered from 1 upward.

3. A random "seed" number; i.e., starting point, was selected.

4. The total number of busses was divided by the required number

of samples; i.e., the sample interval (I) was determined.

5. The bus trip with the seed number was selected.

6. Every Ith bus thereafter was selected until the required

number of bus trips was selected.

For example, if 25 bus trips were required on a route with 250 bus trips

and a seed number of 36 was generated, then the 36th trip would be

selected first and every 10th trip selected thereafter.

The trips were selected in pairs where there was no interlining and in

clusters of four for routes which interlined between two or more routes.

For example, on the 1-11 interline combination route a trip on tne 1

route was selected, say inbound, and then an out and inbound pa r on

the 11 was selected and then an outbound trip on the 1 was sel'Cted.

3.4 SAMPLE SUFFICIENCY CHECK

Following the initial sample selection a check was made of 'he sam-

ple sufficiency. This was necessitated by the fact that a m-'nimum of

two samples was required for each stratification unit before tie expan-

sion of the survey results could take place.
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Once the sample was drawn, the trips in each route were assigned a

stratum based on the above criteria and counted. The sample was then

reviewed for adequacy on a stratum by stratum basis. Where necessary,

additional samples were selected randomly using the same procedure as

discussed above.

3.5 QUESTIONNAIRE DESIGN

A questionnaire (English and Spanish versions) was designed by VIA

and Sterling staff (see Exhibit 3.5-1).

The questionnaire was printed on center folding stock, with the English

version on one side and the Spanish on the other. With the exception

of geographic data, all questions were self coding. The questionnaire

contained a business reply stamp for those patrons who wished to return

the questionnaire by mail.

Before field work began a pretest of the questionnaire was made on

4 routes to make certain patrons understood and could respond to the

questions.

Questionnaires were serially numbered for control purposes and wrapped

in groups of 200 with the beginning serial number of each deck clearly

marked on the outside of the package.

it is important to note that the questionnaire was not the only source

of information for the survey. On-board enumerators collected data on:

1. Boardings by fare zone;

2. Boardings by fare class;

3. Boardings by time period; and,

4. Boardings by direction of travel.
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EXHIBIT 3.5-1

SURVEY QUESTIONNAIRE

is'.

CO
CMn
PO
CM

GL

LU

n
CO c H

2. E

iff

5 i

(/)

CD

o

< SSS

O s 5 s

UJ 5f
"

-J
<

<
OC 2i!i 5
< S!2"
Q. «>^|

O 3^1^
E ^|s§
< s8|s

O i§|s

II

s 3

So 2
, a = 2

m < <

% 7

11 I

l3
1^ c

I S

1 ^
111
U ui

S3

1

9 I
2

•

II

I

f

It
I

5«5

sill I

CO
CM
en
n
CM

X
-J

CD
Z
LU

>
lU
>
OC
3
CO

OC
UJ

o
z
UJ
(/)

CO
<
a.

(A
3
CD

m
CO

« S o

E ^_

1 s

111
I Ul O

& 333

Z33

11

Hi'flig

9

1
3

? Ill
§ 1

I I

ll

I-'-

s §1
X mi

I III

^ W tA e

111!
333 I

i s

H
I 1

5

1

1

ill

1

1

1 -I]

a

i t.

i

III
ill

I::

3-11



3.6 DATA COLLECTION

3.6.1 Organization

Exhibit 3.6.1-1 presents the organization used for the field operations.

The field operations manager was responsible for all field preparation

and data collection tasks.

A quality control team reported directly to the field operations mana-

ger, and was responsible for verifying surveyor performance.

There was a logging and records control supervisor who was responsible

for schedule preparation, distribution, and the return of all work as-

signments. This supervisor was responsible for controlling all data

and equipment until they were returned from the field.

3.6.2 Training

All field personnel were required to attend a half day, in-office train-

ing session. A detailed training manual was distributed and all

procedures discussed fully. After the in-office session, surveyors

were required to survey two bus trips without a major error before

being allowed to work on the survey.

Because supervisory and in-office personnel constituted support staff,

they were required to go through the field training so that they would

be fully aware of field procedures. We believe this was important be-

cause on-bus surveying is difficult, and it is important for office

staff to understand what surveyors face when conducting their work.
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3.6.3 Preparation of Assignments

Surveyor kits were prepared in advance of the survey day. Kits included:

f Assignment Sheet . All work for a surveyor for one day was

presented on the Surveyor's Assignment Log (see Exhibit

3.6.3-1). This included:

1. Assignment number

2. Surveyor's name

3. Report location, date, and time; and

4. Specific instructions for each trip to be surveyed.

§ Trip Logs . One trip log for each assigned survey trip was

included in the surveyor's kit. It was precoded with the

same information as the surveyor's assignment sheet.

t Envel opes . One envelope for each surveyed trip was also

included. The envelopes were precoded with pertinent

control data (see Exhibit 3.6.3-2) and were used to store

the control logs and questionnaires associated with each

surveyed trip.

• Penci Is . Two boxes of pencils were provided for patron

use. The provision of pencils enhanced survey response,

(see Exhibit 3.6.3-3)

• Return Boxes . Two return boxes were placed on each survey

bus to encourage prompt passenger response, (see Exhibit

3.6.3-3)
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TRIP ENVELOP

ASSIGNMENT NO.

TRIP NO. .

SURVEYOR

DAY OF WEEK

DATE
(MONTH

8L0CX NO. .

ROUTE NO. .

SURVEYOR NO.

DAY YEAR)

EDITING-CODING LOG

STATION OATH INITIALS STATION INITIALS DATE

A E

B F

C G

0 H

EXHIBIT 3.6.3-2
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PENCIL AND RETURN BOXES

PLEASE RETURN
SURVEY CARDS HERE

OR
DROP IN ANY
MAILBOX

10"

SURVEY FORMS COLLECTION BOX

EXHIBIT 3.6.3-3
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• Quest1onna1 res . A 1-day supply of questionnaires was inc-

luded with each assignment.

t Clip Board . An oversized clip board (22" x 15") to hold

the surveyor's control log was issued to each surveyor.

• "Today Is Survey Day ". A "Today Is Survey Day" sign in

English and Spanish was included for placement on the fare

box. This was used to alert patrons to the fact a survey

was being conducted.

3.6.4 Distribution of Assignments

Surveyors reported directly to survey headquarters to pick up all assign-

ments. ,™

I

•

\

All surveyors were required to return and sign in the prior day's

assignment before any new work was issued. All assignments were logged

on the master control log as shown in Exhibit 3.6.4-1.

3.6.5 Surveyor's Tasks

A surveyor was assigned to ride each sampled bus trip, and perform the

following tasks:

' • Distribute Survey Questionnaires . The surveyors issued a

survey questionnaire to every boarding patron 5 years of

' age or older, regardless of fare class or transfer status.

• Tally Boarding Passengers by Fare Class and Fare Zone . The

surveyor counted patrons as they boarded by fare class or

;
transfer status for each fare zone in which the bus operated

on the sampled trip. Consequently, the surveyor had to be

^- aware of the fare zones in which the bus operated. A trip

log (see Exhibit 3.6.5-1) was designed to clearly delineate
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Surveyor's Trip Log

1983 But Passenger Survey

Block Number

Route Number

n Assignment Number

n
Departure Time

Date ol

I I I I I

Surveyor

Log Prepared By

Day of Trip

Log Checked By

Begin Serial Number

End Serial Number

n
1st Deck

m rrm
Bus Number

Assigned Trip Number ______ of

1 m
2nd Deck

Trip Will Run From ,

To ,

Fare

Zone Serial Number •

I I I I I 1

Time

A.F. I C.F. I T.R. I B.P E./H. I S. I P P

Adult Fare Child Transfer Big Pass Eld-Hand School Free

Zone Begms at .^______
Zone I Serial Number

I I I I I

Time

TT-n
A.F. I C.F. I T.R. I B.P E./H. I S. I P P

Zone begins at «_______
Zone I Serial Number

I I I I I

Time

R.F
J

T.B. I T.R. I T.R.O F.P. I E./H. I P P

rm
End Serial Number End Time

Surveyor s Notes

EXHIBIT 3.6.5-1
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fare zone boundaries. This was done to help the surveyor

if the driver was uncertain of an exact fare zone break.

In the VIA system fare boundary identification was not a

probl em.

As a control on these counts, survey questionnaires were

serially numbered and handed out in sequence. The serial

number of the next available questionnaire was recorded

at each fare zone boundary to indicate the end of one fare

zone and the beginning of the next. By subtraction, these

records provided a check on a given surveyor's total pas-

senger count.

• Encourage Passenger Response . Surveyors were instructed to

encourage patrons to respond to the survey. They were

instructed to courteously point out that pencils were avail-

able for patron use and that there were return boxes on the

bus for completed survey cards.

0 Collection of Survey Returns . Surveyors were responsible

for picking up completed questionnaires at the end of each

trip. The greater the number of surveys returned on the

bus, the "easier it was for editors to evaluate the quality

of field work being accomplished.

3.6.6 On-Bu^ Procedures

Exhibit 3.6.6-1 presents a graphic view of the on-bus procedures used by

the surveyors on a typical survey day.

The first step was to locate the first bus to be surveyed for the

day and board it. Schedules were prepared to allow surveyors ample

time to find their assigned bus. Upon boarding the bus, the surveyors

verified with the driver that the boarded bus was indeed the bus to be

surveyed; i.e., they checked block, route and time.
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ON-BUS PROCEDURES

BOARD BUS

i

INSTALL
EQUIPMENT

*

CHECKS
CONTROL

LOG

i

BUS TRIP
BEGINS TO
FIRST STOP

PASSENGERS
BOARD AND
ALIGHT

PICK UP
CARDS FROM
ALJGHTERS

TALLY AND
HAND OUT
FORM

TRIP
RESUMES

RECORD YES

SERIAL #

BUS TO NEXT
STOP

1... I.. - ^ NO

PICK UP
MATERIALS

COLLECT
RETURNS

GO TO NEXT
ASSIGNMENT

EXHIBIT 3.6.6-1
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After boarding the bus, the surveyor installed all the necessary equip-

ment at the locations shown in Exhibit 3.6.6-2. This included installing

the "Today Is Survey Day" sign, point E; the pencil boxes, point C; the

return boxes, point B; and the kit and unused material, in back of the

driver, point D.

The surveyors were instructed to take the seat behind the driver so they

would have a clear view of the boarding patrons. The surveyor then

prepared for the trip by checking the control log to make certain that

any changes in the block, route, and time data were properly recorded.

At this point the bus proceeded to the first stop.

At the first, and ensuing stops, passengers boarded and alightfJ the

bus. The surveyors began their survey work at this point.

As passengers boarded the bus, the surveyor distributed one question-

naire to each. If a passenger refused a questionnaire, the surveyor

set it aside and it was not used. This maintained the integrity of

the count of passengers based on serial numbers.

As passengers alighted the bus, the surveyors encouraged them to deposit

their questionnaires in the return boxes. When passengers wished to re-

turn the questionnaires to the surveyor, the surveyor accepted them and

put them in the envelope for the surveyed trip.

After all passengers had boarded and alighted, the bus trip resumed.

On departure from each stop, the surveyor determined if the next stop

was located at a fare zone boundary. This was done by checking the

log to determine the location of the fare zone boundary and asking the

driver if the boundary was located at the next stop.

If the fare zone boundary was located at the next stop, the interviewer

recorded the serial number of the next available questionnaire in the

3-23



LOCATION OF SURVEY EQUIPMENT

3-24



space provided on the trip log opposite the fare zone. The fare zone

location and the fare zone number were precoded during the assignment/dis-

tribution phase. The surveyor also recorded the time the bus reached

the fare zone boundary. This was used later to determine whether the

bus was in peak or off-peak status when it entered the fare zone.

The surveyor asked the driver to notify him when the last stop of the

bus trip had been reached. The survey continued until that time.

At the last stop the surveyor:

• Recorded the serial number of the next available question-

naire in the survey deck;

• Recorded the time the trip ended;

0 Picked up all returned questionnaires from the return boxes

if he was going to remain on the bus; or

f Picked up all returned questionnaires and all equipment if

his next assignment was on another bus.

Logs and used and unused questionnaires for a specific bus trip were

always placed in a separate envelope provided for that trip so editors

reviewing the trip would not have to work with data which was collected

over several trips.

The surveyor either prepared for his next trip on the same bus, or went

to the next assigned bus and conducted another survey.

3.6.7 Quality Control

Two factors are crucial to the conduct of a high-quality survey. First,

surveyors must ride their assigned busses, and second they must be count-

ing passengers and distributing questionnaires properly.
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Two quality control measures were implemented to ensure the validity of

survey field work.

3.6.7.1 Quality Control Team

A team of quality control supervisors was trained to monitor the

surveyors' work. These supervisors were assigned surveyors' work to

check every day throughout the survey. They were required to ride

with each assigned surveyor, review his or her work, and provide assis-

tance and corrective advice. This ensured that surveyors were on

their assigned busses and following the correct procedures.

Each quality control supervisor was responsible for the work of the

assigned surveyors. To facilitate this, supervisors v/ere provided

with daily reports on the performance of each surveyor for whom they

were responsible.

3.6.7.2 Review of Surveyor's Work

A team of editors was trained to review surveyors' work. The editors

were of supervisory caliber and fully trained in field operations.

Within 24 hours of receipt from the field, this team edited all survey

work and prepared a daily review of each surveyor's work (see Exhibit

3.6.7.2-1). The editor's work was closely coordinated with that of

the quality control team. A more detailed description of the editor's

tasks are discussed in Section 3.7 below.

3.6.8 VIA Driver Survey

In an effort to cut down on field costs for lightly patronized routes,

VIA agreed to have drivers pass out questionnaires on some routes. In
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VIA 1983 Bus Survey

Editor's Daily Report

SURVEYOR ASSIGNMENT DATE

LaSSIGNMENT number EDIT DATE

NUMBER OF TRIPS ASSIGNED

NUMBER OF TRIPS COMPLETED

NUMBER OF TRIPS EDITED

NUMBER OF TRIPS ACCEPTED

TRIPS NOT ACCEPTED:

NUMBER BLOCK ROUTE TIME REASON FOR REJECTION

1

2

3

4

5

6

7

8

9

10

OTHER COMMENTS ON SURVEYOR'S PERFORMANCE

EXHIBIT 3.6.7.2-1

3-27



all there were 20 routes where this occurred. They were:

10 503 602 613 632

12 504 608 615 640

21 509 609 616

38 610 617

87 611 630

For these routes the driver was assigned packets of cards which were

passed out in order to boarding passengers. The total boarding count

was determined based on the number cards issued. The driver called in

the serial number of the next available card in his packet each time he

was required to call into the dispatcher's office (when the bus was at a

terminal point.)

The serial numbers were recorded by the dispatcher (see Exhibit 3.6.8-1)

and turned over to survey staff for processing.

The nature of the serial number recording procedure was such that these

trips were for the most part round trips and they were factored separate-

ly as discussed later in this report.

3.6.9 Survey Period

The survey was conducted Monday through Friday from February 28, 1983 to

March 25, 1983, except for the week of March 21-22 (Spring Break).

.3...7- DATA CODING AND CONVERSION

This step entailed the coding of trip logs and survey responses and

their conversion to a computer-readable format.
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EXHIBIT 3.6.8-1
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3.7.1 Coding

Data were coded using a station coding system (see Exhibit 3.7.1-1). A

station system is one where similar tasks are accomplished by one group

of coders.

3.7.1.1 Edit Logs

The activities that took place at the four stations in the log coding

process are outlined below.

• Station A . The first step in the log coding process was

to verify that the information on the log was accurate and

sufficient for factoring purposes. To be acceptable for

factoring, each log had to contain:

- Complete tallies of boarding passengers by fare zone and

fare class;

- Correct definition of fare zone boundaries as indicated by

the recorded serial numbers;

- Data for the assigned trips (substitute trips were not

allowed); and

- Accurate control data (i.e., block, route, and time of

departure).

• Station B . Once the logs were certified as acceptable

according to the criteria in Station A, an editor coded the

passenger count data in the spaces provided. Items coded

included:

- Number of transfers by fare zone; and

- Boardings by fare class and fare zone.
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STATION CODING SYSTEM

RETURN
TO SCHEDULER

©PACKAGE AND
SUBMIT TO KEYPUNCH

EXHIBIT 3,7.1-1

3-31



• station C . A 100 percent check of the work completed at

Station B was made at Station C, to ensure the accuracy

of the count data.

f Station D . At Station D, completed logs were packaged,

and logged for keypunching.

3.7.1.2 Survey Responses

The questionnaire, with the exception of stops on and off, and origins

and destinations was self coding. For the stop off-on coding VIA pre-

pared a stop index (by route) which provided a unique number for each

bus stop in the system. With the exception of the downtown area, the

index was organized by routes so the coder could look up a particular

street and find all the intersecting streets on any given route.

For origins and destinations, census tracts outside of the CBD and census

tracts and blocks inside the CBD were used. The guide prepared by

Trinity College and maps prepared by VIA staff were used, and VIA prepared

a block guide in a similar format for the CBD block system.

The coding process for the responses was as follows:

• Station A . Code stop on and off.

• Station B . At Station B, a sample (12.5%) of all coders'

work was checked to ensure that no systematic coding errors

were being made and no coder's error rate was unacceptably

high (over 2.5%). Coders whose work was unacceptable were

retrained or dismissed.

• Station C . Code origins and destinations.
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0 station D . At Station D, a sample (12.5%) of all coders'

work were checked to ensure that no systematic coding errors

were being made and no coder's error rate was unacceptably

high (over 2.b%). Coders whose work was unacceptable were

retrained or dismissed.

The coding of responses turned out to be a much larger task than antici-

pated. It was most everyone's contention prior to the survey start-up

that quantity of response would probably not be a problem for the survey.

However, this turned out not to be the case. As it became evident that

response was lower than anticipated, an increased effort was made to qual-

ify di f f i cul t-to-code responses. This type of response can take up to

10-15 minutes to code, which is an inordinate length of time.

3.7.2 Data Conversion

All logs and survey responses were converted to a machine-readable

format so that computer processing could be accomplished. A complete

verification of keyed data was made as a quality control measure

for the conversion process.

The data were actually keyed using a Nixdorf minicomputer owned by

Sterling.

3.8 DATA PROCESSING

3.8.1 Data Editing

3.8.1.1 Survey Responses

The survey responses were edited to check for illegal codes and illegal

or unreasonable combinations of codes. For example, if the allowable

range of codes for a question was 1 through 5, and an 8 was entered, the

response would be rejected and sent to the coding staff for correction.

The final set of edit checks are shown in Exhibit 3.8.1.1-1.

3-33



EXHIBIT 3.8.1.1-1

URVEY RESPONSE EDIT CRITERIA

SUMMARY OF RECORD FIE ' OS AND EDIT CHECKS

All fields are checked for valid numeric value and range or table checked
for valid field defirition.

FIELD NAME COLUMNS CHECK

SERIAL NUMBER 1-5 RANGE 10001-55000
ORIGIN TRANSFER 6 RANGE 1, 2 OR 9

FROM ROUTE 7-9 999 OR VALID NUMBER
FARE CLASS 10 RANGE 1 - 7 OR 9

PURPOSE AT ORIGIN 11 RANGE 1 - 7 OR 9

DISTANCE TO ORIGU STOP 12 RANGE 1 - 4 OR 9

PURPOSE AT DESTINATION 13 RANGE 1 - 7 OR 9

DESTINATION TRANSFER 14 RANGE 1, 2 OR 9

TO ROUTE 15-17 999 OR VALID NUMBER
MODE AT DESTINATION 18 RANGE 1 - 4 OR 9

AUTOS AVAILABLE 19 RANGE 1, 2 OR 9

TOTAL AUTOS AT HOME 20 RANGE 0-9
TOTAL PERSONS IN HOUSEHOLD 21 RANGE 0 - 9 (0 is NR)

PASSENGER'S AGE 22 RANGE 1 - 6 OR 9

PASSENGER'S SEX 23 RANGE 1, 2 OR 9

EDUCATION 24 RANGE 1 - 5 OR 9

RACE 25 RANGE 1 - 4 OR 9

ORIGIN TRACT 26-31 VALID TRACT NUMBER
ORIGIN BLOCK 32-34 0 OR VALID NUMBER

DESTINATION TRACT 35-40 VALID TRACT NUMBER
DESTINATION BLOCK 41-43 0 OR VALID NUMBER
"STOP ON" CODE 44-47 RANGE 1 - 6026
"STOP OFF" COHE 48-51 RANGE 1 - 6026

FARE (IN CENTS) 52-54 999 OR FARE FOR CLASS
ROUTE OF ISSliE 55-57 999 OR VALID NUMBER

TRIP START TIME
AM OR PM 53 1 OR 2

HOUR 59-60 00-12

MINUTES AFTER HOUR 61-62 00-59

*Note: 9's where indicated were used for unknown fields. Otherwise the

codes as snown are those as contained in the survey questionnaire.

No questionnaire with an invalid or incomplete stop or geographic code

was retained in the files.
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3.8.1.2 Trip Logs

Trip logs were also extensively edited during this phase. The checks

made on the trip logs are shown in Exhibit 3.8.1.2-1.

3.8.1.3 Interrecord Comparisons

The sample, survey responses, and trip log files were merged before the

sample was expanded. During this process, records were checked to

verify that information which should be common to all files was, in

fact, the same. This process is discussed in greater detail in sub-

section 3.8.2.1.

3.8.2 Expansion of the Sample

Exhibit 3.8.2-1 shows the tasks which were accomplished in order to get

an expanded file of bus and passenger trips which accurately represented

all passenger trips made on an average weekday in the VIA system.

3.8.2.1 Merge Files

The following three files (see Appendix B for full description) were

merged during this step:

• Trip log file;

t Survey response file; and

• Sample file.

The first step in the process was to compare the sample and trip log

files. The stratum characteristics (direction, time of day) were taken

from the sample file and appended to the log file for use later in the

factoring process. At the same time, the trip log control information

(block, route, departure time) was compared with the sample file.

When the two files did not match, the log was rejected and returned to

the log coders for correction.
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EXHIBIT 3.8.1.2-1

TRIP LOG EDIT CRITERIA

SUMMARY OF INPUT RECORD FIELDS AND EDIT CHECKS

All fields are checked for valid numeric value and range or table checked
for valid field definition.

FIELD NAME COLUMNS

BLOCK 1-2
ROUTE 3-5

SCHEDULED START TIME 6-10

SURVEY DATE 11-14
SURVEY DAY 15

MAIN BEGIN SERIAL NUMBER 16-21
MAIN ENDING SERIAL NUMBER 22-27
RESUPPLY BEGIN SERIAL 28-33
RESUPPLY ENDING SERIAL 34-39

BUS NUMBER 40-43

FIRST ZONE RECORD 44-71
FARE ZONE 44-45
ZONE BEGIN SERIAL NUMBER 46-51

ZONE BEGIN TIME 52-56
BOARDING COUNT - ADULT 57-59
BOARDING COUNT - CHILD 60-61

BOARDING COUNT - TRANSFER 62-63
BOARDING COUNT - BIG PASS 64-65

BOARDING COUNT - E&H 66-67
BOARDING COUNT - STUDENT 68-69
BOARDING COUNT - FREE 70-71

SECOND ZONE RECORD 72-99
THIRD ZONE RECORD 100-127

DECK NEXT SERIAL AT END 128-133
TRIP ENDING TIME 134-138

DEFINITION CHECK

RANGE 1 - 38
VALID ROUTE NUMBER
NONE

RANGE 2/28 THRU 4/01
RANGE 1 - 5

RANGE 10001 - 55000
RANGE MAIN BEGIN - 55000
RANGE 10001 - 55000 or 999999
RANGE RESUPPLY BEGIN -

55000 or 99999
NONE

VALID FARE ZONE FOR ROUTE
IN RANGE OF MAIN OR RESUPPLY DECK
GE SCHED START TIME & LT END TIME
FLAGGED IF GT 50

FLAGGED IF GT 50

FLAGGED IF GT 50
FLAGGED IF GT 50

FLAGGED IF GT 50
FLAGGED IF GT 50

FLAGGED IF GT 50

SEE FIRST ZONE RECORD
SEE FIRST ZONE RECORD
RANGE 10001 - 55000
FOR ROUTE 550 & 551 LT START
TIME + 220 MIN.

FOR OTHER ROUTES RANGE START
TIME + 8 TO START TIME + 80
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EXHIBIT 3.8.2-1
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FACTORING.
REPORTS,

Data Processing Flow Chart
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Follov/ing the sample-trip log match, a trip segment file was created

from the combined file created in the first step. Bus trip data were

broken down into one record for each segment (fare zone) in which the

bus operated. The segment records contained the block, route, departure

time and direction of the bus, and the beginning and ending serial

numbers of the cards handed out in the segment.

The trip segment and response files were then sorted on serial number and

matched. Log data were appended to each response record which fell into

the serial number range of a trip segment forming a combined bus trip

response file. Response records which did not match any trip segment

record were checked to determine the reason for the no-match and cor-

rected or rejected depending on the type of error.

Because the segment file contained records which each had a unique range

of serial numbers, a response could only match one segment.

3.8.2.2 Calculation of Factors

Exhibit 3.8.2.2-1 presents the steps required to expand the survey data

to represent all passenger trips made on an average day. The following

three factors were calculated for each passenger response:

f Bus trip factor;

§ Response factor (by fare zone and fare class); and

0 Revenue adjustment factor.

The methods for calculating these factors are described in the following

subsections.

3.8.2.2.1 Bus Trip Factor

To enhance accuracy, bus trips were aggregated into homogeneous groups

(strata) before factoring. The idea was to group trips which were

essentially the same in character, and thereby improving the results.

Bus trips were grouped into the following strata:
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SAMPLE EXPANSION PROCESS

UNIVERSE
FILE

COMBINED
BUS TRIP
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SUMMARIZE #

OF BUS TRIPS
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BY STRATUM
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AND FARE CLASS
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CALCULATE AVERAGE
REVENUES
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FACTOR

ESTIMATE REVENUES

ADJUST ESTIMATED TO
ACTUAL

EXHIBIT 3.8.2.2-1

3-39



Time

4.

3.

2.

1. 5:00 a.m. to 8:59 a.m. (a.m. peak)

9:00 a.m. to 2:59 p.m. (midday off-peak)

3:00 p.m. to 5:59 p.m. (p.m. peak)

6:00 p.m. to close (evening off-peak)

Direction

1. inbound

2. outbound

3. round trip (VIA sample)

Note: The direction designation on some trips was arbitrary, if

the bus did not enter the downtown.

The bus trip factor for each stratum was calculated by dividing the total

number of bus trips by the number of surveyed bus trips. For example, if

there were 28 total trips and 4 surveyed bus trips in a stratum, the bus

trip factor would be 7.

In other words, the weight representing the ratio of the number of bus

trips in stratum i to the number of sampled bus trips in stratum i or

Route

Each route was assigned a separate stratum.

Wi= -

was calculated where:
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N^- = number of sampled bus trips in stratum i

M^- = number of bus trips in stratum i.

3.8.2.2.2 Response Factor

It is well known that people respond differently based on their education,

income, age and other socio-economic factors. This is known as response

bias. To overcome response bias, passenger responses were stratified by

fare class and fare zone of boarding.

Passenger responses were factored for an entire stratum rather than on an

individual bus trip basis. While it is possible to factor on a trip by

trip basis, insufficient response within a single bus, fare zone and fare

class can cause skewed results if there are cells with no response. By

summarizing the responses across one entire stratum, this problem was

minimized.

The response factors were calculated by summarizing the surveyor counts

by fare zone and fare class, including transfers for an entire stratum,

and dividing each by the sums of the responses for the equivalent categor-

ies in that stratum.

In other words the response factor was a weight representing the ratio

of the number of observed bus passengers in a given fare class and fare

zone on a given bus route to the number of responding passengers in that

fare class and fare zone and on a bus, or

Nifzj

Wifzj =

"ifzj

Where

N-jf2j = number of observed revenue passengers boarding bus

j in fare zone z of fare class f in stratum i.

3-41



^ifzj ^ number of responding passengers from bus j, fare zone z,

fare class f, in stratum i.

3.8.2.2.3 Revenue Adjustment Factor

The last step in the expansion process was to adjust the survey results

to counted revenues during the survey period. This was accomplished

by first calculating average daily revenues (supplied by VIA) and then

calculating estimated revenues from the survey results. The latter was

done by multiplying the fare paid, the bus trip factor, and the response

factor for each record and accumulating by route. The adjustment factor

was the quotient of the known route revenues divided by the estimated

revenues.

3.8.2.2.4 Final Combined Factor

A final combined factor was created for processing the results. This

factor was calculated by multiplying the response, bus trip and revenue

adjustment factors. It is the only factor which should be used for

summarizing results.

3.9 Verification of Results

As described earlier, the results of the sample survey were expanded to

represent external control data (bus trips, boarding passenger counts

and collected revenue). In all cases, these adjustments were made at

the route level or below (route, time period, direction or route, time

period, direction, fare class strata). Application of systematic ad-

justments was avoided in order to maintain all possible accuracy at the

route level.

The study design for the survey indicated that absolute accuracy of 8

percent at the 95 percent confidence level would be sought at the route

level and that systemwide accuracy of +^ 1 percent absolute was likely.

In order to test for actual accuracy levels in the final results, two

passenger attribute variables were tested at the route and system levels.
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3.9.1 Statistical Methodology

Both attributes (age and access distance) were collected by asking pas-

sengers to identify the category into which they fell. For age, the

categories were:

1. Under 16 years

2. 16-24

3. 25-34

4. 35-44

5. 45-64

6. Over 64

and for access distance they were:

1. Less than 2 blocks

2. 3-4 blocks

3. 5 blocks - 1 mile

4. Over 1 mile

The appropriate method for statistical analysis of such categorical var-

iables is to estimate the proportion of the total population in each

category and compute the confidence of that estimate.

This consists of 4 separate analytical steps:

1. Compute estimated proportion of population.

Pc
= n

1=1
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where

Pc is the estimated proportion of the population with at-

tribute c

Pq is the estimated number of persons with attribute c

i is the attribute category index

P-j is the estimate number of persons in category i.

Compute the total number of responding passengers,

n

SP = C Si

i=l

where

SP is the total number of responding passengers

S-j is the number of respondents with attribute i

Compute the Standard Error of Proportion

where

SEq is the Standard Error of Proportion fDr attribute c

Pq is the estimated proportion of the p( pulation with

attribute c

qc is 1 - Pc
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4. Compute the 95% Confidence Level

CLc - SEcZ

where

Z is the Z score for the confidence level (1.96 for 95%)

This sequence of steps v/as completed for each test variable at

the route and system levels. The results of these analyses are

described below.

3.9.2 Route Accuracy

Tables describing the details of the route analysis have been delivered

to VIA. Exhibit 3.9.2-1 shows summary accuracy statistics derived from

these detailed tables by attribute and route. This exhibit clearly in-

dicates that the target accuracy level was attained and for many routes

was substantially improved.

Accuracy below 8% was achieved for all routes where valid responses in

excess of about 100 were received. Earlier discussion indicated that

150 responses would be required to achieve this accuracy for a simple

random sample. The significance of reduction in response required to

achieve desired accuracy demonstrates the benefit of the sample strat-

ification process.

3.9.3 System Accuracy

Exhibit 3.9.3-1 describes the precision of the selected variables at the

system level. Again the expected accuracy level {+_ 1% absolute) was

substantially improved upon. The average accuracy of the proportions

is +_ .75% for age and +_ .86% for distance.
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EXHIBIT 3.9.2-1
SUMMARY STATISTICS FOr'rOUTE PRECISION

AGE ACCESS DISTANCE

TOTAL VALID AVERAGE VALID AVERAGE
ROUTE RESPONSE RESPONSE ACCURACY RESPONSE ACCURACY

1 119 117 .0619 116

"="=*=——

.0564
2 160 155 .0540 156 .0592
4 147 141 .0546 144 .0631
5 135 134 .0585 133 .0624
8 105 101 .0660 104 .0686
9 138 136 .0546 134 .0544

10 53 51 .0837 53 .0958
11 144 140 .0565 143 .0672
12 50 50 .0789 50 .1096
14 175 170 .0502 171 .0580
15 173 168 .0521 169 .0602
17 115 114 .0586 115 .0737
21 102 101 .0631 101 .0643
22 137 126 .0555 134 .0618
24 V 131 127 .0612 130 .0678
25 215 207 .0469 204 .0553

26
' 130 126 .0568 126 .0684

28 .,
,

152 145 .0558 148 .0621

30 105 99 .0612 103 .0765

32 102 95 .0666 101 .0701
34 139 134 .0566 133 .0692
36 147 140 .0541 144 .0643

38 96 94 .0640 93 .0854
42 3 65 61 .0848 64 .0852
44 187 181 .0485 184 .0562
46 115 110 .0540 114 .0709

48 V, 94 94 .0565 93 .0791
51 97 94 .0608 95 .0799

52 129 126 .0565 127 .0668
54 113 109 .0648 110 .0630

62 89 88 .0699 88 .0799

64 175 172 .0438 172 .0627
68 141 136 .0554 136 .0673
74 159 149 .0532 157 .0610

76 143 141 .0565 142 .0666
77 154 150 .0558 150 .0576
79

,
127 119 .0575 124 .0642

82 - 127 125 .0604 125 .0721

84, V, 150 140 .0575 149 .0618
86 199 196 .0467 194 .0572

87 15 15 .1427 15 .1954
88 84 79 .0734 80 .0900
90 133 127 .0589 131 .0685

92 246 235 .0429 234 .0493

93 157 157 .0387 156 .0562
yo 1 on 124 .0621 1^0 .UbOo

97 121 116 .0634 116 .0733
503 10 10 .1462 io\ .2642
504 30 27 .1093 30 \ .1544

505 201 196 .0457 194 .0547

508 90 86 .0686 89 .0841
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EXHIBIT 3.9.2-1

Conti nued

SUMMARY STATISTICS FOR ROUTE PRECISION

AGE ACCESS DISTANCE

TOTAL VALID AVERAGE VALID AVERAGE

ROUTE RESPONSE RESPONSE ACCURACY RESPONSE ACCURACY

509 38 3/
1 1 OC.1125 35 . 129 /

512 100 97 .0647 96 .0836

515 129
1 O "7

127
r\ c r» "7

.0597 1 oc
125 .O/Ob

516 39 38 .1124 37 .1101

520 120 120 .0591
1 1 T
117 .0/09

524 102 99 .0659 100 .0801

530 73
"7 O
73 .0775 72 .0918

550 157 156 .0483 155 .0667

551 107 106 .0535 104 .0826

600 38 37 .1039 38 .1127

601 23 22 .1167 23 .1582

602 15 15 .1310 14 .1430

604 74 70 .0756 70 .0946

608 43 43 .0895 43 .1166

609 34 34 .0903 33 .1188

610 31 31 .0919 31 .1446

611 58 58 .0827 56 .0929

612 86 83 .0647 85 .0815

613 62 61 .0795 61 .0845

614 124 119 .0569 121 .0687

615 18 17 .0754 18 .1399

616 82 81 .0679 81 .0852

617 60 58 .0716 56 .0998

630 25 25 .1406 22 .1411

632 20 20 .1497 19 .0989

640 33 33 .1123 31 .1420

648 103 101 .0669 97 .0819
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EXHIBIT 3.9.3-1

PRECISION OF PASSENGER ATTRIBUTES

AT THE SYSTEM LEVEL

ATTRIBUTE

ESTIMATED STANDARD 95%
PROPORTION SAMPLE ERROR OF CONFIDENCE
OF POPULATION SIZE PROPORTION INTERVAL

AGE

Under 16

16-24
25-34
35-44
45-64
Over 64

.0730

.3649

.2491

.1191

.1455

.0484

624
2982
1894

939
1203
353

.0029

.0054

.0048

.0036

.0039

.0024

+ .0057
+ .0105
+ .0094
+ .0071
+ .0076
+ .0047

TOTAL/AVERAGE 7995 + .0075

0

ACCESS DISTANCE

Less than 2 blocks
3-4 blocks
5 blocks - 1 mile
Over 1 mile

.5362

.1849

.1164

.1626

4375
1377
872

1426

.0055

.0043

.0036

.0041

+ .0108
+ .0084
+ .0071
+ .0080

TOTAL/AVERAGE 8050 + .0086

2k.
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3.9.4 Concl us1 on

The accuracy levels evident in the passenger survey results indicate

that a data base consistent with VIA's objecLives has been developed

and is now available for service analysis, planning and other uses.

The levels of accuracy demonstrated for age and access distance, two

unrelated passenger attributes, provides a justifiable basis for ex-

pecting similar accuracy in other passenger attributes.

3-49





APPENDIX A

BOARDING PASSENGERS BY ROUTE.

TIME PERIOD,

AND FARE CLASS
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APPENDIX B

MACHINE READABLE FILE FORMATS





MASTER SAMPLE FILE

COLUMNS FIELD NAME

1-3 CLUSTER NAME

4-6 ROUTE

7-8 BLOCK

9 DIRECTION

10-34 START LOCATION

35 START TIME PERIOD

36-39 START TIME

40 END TIME PERIOD

41-44 END TIME

45-46 TRIP SEQUENCE NUMBER

47 TRIP TIME PERIOD CODE

B-1



SURVEY RESPONSE FILE

COLUMNS FIELD NAME

1-5 SERIAL NUMBER

6 ORIGIN TRANSFER

7-9 FROM ROUTE

10 FARE CLASS

11 PURPOSE AT ORIGIN

12 DISTANCE TO ORIGIN STOP

13 PURPOSE AT DESTINATION

14 DESTINATION TRANSFER

15-17 TO ROUTE

18 MODE AT DESTINATION

19 AUTOS AVAILABLE

20 TOTAL AUTOS AT HOME

21 TOTAL PERSONS IN HOUSEHOLD

22 PASSENGER'S AGE

23 PASSENGER'S SEX

24 EDUCATION

25 RACE

26-31 ORIGIN TRACT

32-34 ORIGIN BLOCK

35-40 DESTINATION TRACT

41-43 DESTINATION BLOCK

44-47 "STOP ON" CODE

48-51 "STOP OFF" CODE

52-54 FARE (IN CENTS)

55-57 ROUTE OF ISSUE

58-62 TRIP START TIME

B-2



TRIP LOG FILE

COLUMNS FIELD NAMF

I- 2 BLOCK

3-5 ROUTE

6-10 SCHEnULEO START TIME

II- 14 SURVEY DATE

15 SURVEY OAY

16-21 MAIN BEGIN SERIAL NUMBER

22-27 MAIN ENDING SERIAL NUMBER

28-33 RESUPPLY BEGIN SERIAL

34-3Q RESUPPLY ENDING SERIAL

40-43 BUS NUMBER

44-71 FIRST ZONE RECORD

44-45 FARE ZONE

46-51 ZONE BEGIN SERIAL NUMBER

52-56 ZONE BEGIN TIME

57-59 BOARDING COUNT - ADULT

60-61 BOARDING COUNT - CHILD

62-63 BOARDING COUNT - TRANSFER

64-65 BOARDING COUNT - BIG PASS

66-67 BOARDING COUNT - ESH

68-69 BOARDING COUNT - STUDENT

70-71 BOARDING COUNT - FREE

72-99 SECOND ZONE RECORD

100-127 THIRD ZONE RECORD

128-133 OECK NEXT SERIAL AT END

134-138 TRIP ENDING TIME

B-3



FINAL COMBINED & FACTORED FILE

^ULUiUNO F T Fl n NAMF

i.~C oIKMIM NLTo ^UotU rUK rMLIUKiiNu
Rt nri^

J~ / RnilTF

O"* 1 1.
CTADT TTMF

1

3

SFHMFNT TTMF PFRTDD mnF
1 ^ 1 u ^IIRVFY DATF
1 7 CIIDVPY HAY

RII9 NIIMRFRDUO iiui idl. r\

RDIITF *^F^MFMT NIIMRFRr\UU 1 L OLUI ILn 1 IxUI IDCr\

RFHTN 9FRIAI NIIMRFR 1DCUin OLiNinL IiUiIdLa 1

30-35 FND ^FRTAI NIIMRFR 1

36-41 RFfiTN SFRTA! NIIMRFR 2

42-47 FND SFRTAI NIIMRFR ?l-liU OI_r\ir\L IIUI IDLix C

48-50 ADIJI T ROARDTNGS
51-52 fHILD BOARD INfiS

53-54 TRAN*^FFR RDARHINR^
55-56 RTO PASS ROARDINnS
57-58 Fl DFRI Y - HANnirAP RflARDTNnS
59-60 STIIDFNT RDARDINn^;

61-62 FRFF ROARDTNGS
1 lA L. 1_ IJ tJrA r\L/ 1 1 1 Li O

63-65 TOTAI niJFSTTONNATRFS PASSFD DIIT

66-68 TOTAI RDARnTNG PASSFNHFRSi w 1 r\L_ UUr\r\Uiliu 1 r\00 L 1 lUC r\ O

69 DTRFfTTDN
70 TRIP TIMF PFRTDD PDHF

RFSPDNSF SFRTAI NIIMRFR

76 FROM TRANSFFR STATUS
77-79 TRANSFFR FROM ROIITF

80 FARF ri ASS
81 ORTOTN PIIRPDSF

82 DISTANfF TO STOP
83 riFSTTNATTON PIIRPDSF

84 FXTT TRANSFFR STATUS
85-87 TRANSFFR TO RDIITF

88(JO MDHF FDRFSS

89VJ ^ AIITD AVAT 1 ART 1 TTYnU 1 U M V n I Ln DILI 1 i

90 wpu Tfi pc nWNFD
91 PFRSDNS TN HDIISFHDIDiLrxOUIlO ill nuuoLnuLU
92 ARF

93 SFXO L. A

94 1 FVFI DF FDIIfiATTDNl_L.VE.l_ Ur LUUv./nl iUM
95 RAfF
96-101 DRTGTN DFNSIIS TRADT

DRTGTN PFNSIIS RI DDk^VJix i U i li ^L.I'tOUO DLVJUK
105-1 10X\J^ X X\J DFSTTNATTDN fFNSIIS TRAPTUCO 1 il1r\l lUM V^t-liOUO IIxr\L^ 1

111-113XXX X X *J DFSTTNATTDN PFNSIIS RI DPI^

114-1 17 STDP DN
1 18-1 91 STDP DFF0 1 Ur Ur r

122-124 FARF PATDr nrx L. r AM u

125-132 RATPH PDNTRDI DATA ^DATA FNTRY^
133-140 BUS TRIP FACTOR
141-148 RESPONSE FACTOR
149-156 REVENUE ADJUSTMENT FACTOR
157-164 AGGREGATE FACTOR

*U.S. Government Printing Office: 1 985—461 -81 6/2051 S
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NOTICE
This document is disseminated under tine sponsorship of the

Department of Transportation in the interest of information

exchange. The United States Government assumes no liability

for its contents or use thereof.

The United States Government does not endorse manufacturers

or products. Trade names appear in the document only because
they are essential to the content of the report.

This report is being distributed through the U.S. Department
of Transportation's Technology Sharing Program.
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