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FOREWORD

The National Institute of Education, in the course of over-
, seeing the Alum Rock Education Voucher Program in San Jose,
California, h. becothe aware the special transportation
problems that confront, schoo districts' operating parent
choice systems. With an eye toward assisting Alum Rock in
managing its voucher progra and recognizing that similar
types of multiple option s stems were gaining currency in
school districts across th nation, NIE engaged Applied
Urbanetics to conduct this study.

The monograph that you have/before yoi is, we think, unique.
For, in addition to'providing guidance on the level of
sophis'tication warranted for a transportation planning system,
it contains what amounts to a consumers guide for selecting a
commercial' transportation planning,service.

This second segment of the Applied Urbanetics report will soon
. go'stale, but this as it should be As new ptoducts enter the
marketplace. So while this report should have a shelf life of
from 3 to 5 years, if in time 1oCal school districts evidence
sufficient and widespread interest in information of this
nature we would have good reason to commission a pew review.

I hope this study will help school districts that have begun
or are thinking of institutin alternative schools, open'
enrollment plans, magnet scho is or other kinds of parent/and
student Choice programs, and would encourage all schooY
districts who find this or similar publications of use to
forward their critical views; the. Institute.

40. ,.;.Denis P. Doyle, Chi
School Finance & OrganizatIon
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PREFACE

The Educational Voucher Program staff of the National
Institute of Education recognizing that transportation
planning was a problem both in-Alum Rock, the first
voucher demorvitration site, and in local educational
agencies assessing the feasibility of their own voucher
progkams, contracted with Applied- Urbanetics, Inc., to
investigate the special transportation problems in
parent choice school districts and prepare a handbook
to assi.st tr nsportation supervisors in overcoming these.
problems.

Applied Urbanetics gathered information on the experiences
of transporation supervisors in both parent choice and
neighborhood centered school districts. Officials in Alum
Rock (San Jose, California) provided much valuable infor-
mation about their solutions to transportation problems
in their vodcher program. Special thanks go to John
Williamson, Transportation Supervisor; Kathy McCoskey,.
Dispatcher; and David Bailey, Assistant to the Superinten-
dent for their generous contribution of time and infor-
mation.

This handbook is-a summary of the information gathered
on transportation planning in both parent choice and
neighborhood centered school districts. .Although the

of.focus othe handbook is on parentchdice districts,
much of the information will also be Valuable to planners
in other districts. For example, this ,pandbook contains
the first published .comparison of comme \cially available
computerized transportation planning services. The
comparison wil b valuable tab7any school district
comtemplating th purchase of computerized transportation
planning,servic s.

Opinions presented in this handbook are those of the
authors and should not be construed to represent the
position of the National Institute of Education.

_



INTRODUCTION

The neighborhood schoolosystem is the basic, fotindation of
our public school system. The superintendent who wishes to
introduce a parent choice system.* in a district is faced
with the challenge of devising a transportation system
that makes non-neigh6orhood schools easily accessible,
thereby expanding the number of educational alternative!:
for each

To make 'a parent choice plan work, the-plan must have at
JeaSt three cmponents:

the development of a set of, clearly defined
alternative, educational programs which meet 4
the Oducatioiial.needs of the district's
children as perceived by their parents;

a public information system to communicate
the goals'of the new system and to provide
to, parents the information and counseling
they need in order to select an educational
program for each of their children,** and

s' a well-run school transportation system to
demonstrate that children can be safely
and efficiently transported to the school
of their parents.' choice.

This handbook has been developed to give guidance' in an area
which has not yet been explored: the design- and, implementation

* Parent Choice System is used to designate a school district
where parents have two or more schools to choose from for
their children.4. Many systems regulate enrollment at a
particular school through grandfather clauses which give
preference to neighborhood residents or childien with siblings
enrolled in the school. On oc(asion, race or sex quotas are
imposed. Commonly used terms for such systems include: voucher
system, open enrollment, freedom of' choice, optional assign- -

me , and magnet schools. -4-
,

** A vast amount of literature provides guidance in the development
of\a public information system. A bibliography appears at the
end of Chapter IV. The Rand documents describing the Alum Rock
Voucher experiment are a particidarly rich resource. However,
after one year of a major public informati n campaign, 62 per
cent of Alum Rock parents indicated that t ey chose their child's
school priffiarily because of its proximity to their home.

4. (Weiler, D., et al. A Public School Voucher Demonstration: The
First Year at Alum Rbck. Santa Monica, California: Rand
Corporation, June 1974, prepared for the National Institute of
Education, Washington,'D.C., p.125).
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of a transportation system responsive tto the spe%ial needs
of the parent. choice syst9m, Topikis to he covered include:

1-.
Chapter _1 The Infoi-mation Needs of the

Transportation Supervisor;

Chapter 11 Collection of Fundamental Data;

ijApter III Fully Automated Transportation
Syetems;

Chapter IV Choosing the best Approach for
Your School District.

Although the focus of this hantnook is on the parent choice
district, it also may serve as a guide to any district
contemplating the p :chase of a semi-automated or automated
transportation play ring system.

+4,
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CHAPTER I: THE INFORMATION NEEDS OF THE
TRANSPORTATION SUPERVISOR

The transportation supervisor in a parent choice system
often finds his past ex(perience\provides little guidance. in
designing the effective, flUld system required for a pa
choice system.

Two fundamental problems exist: .

Tradttional routing methods are not -readily
adaOtabaetota system in which any child can
go to any school.

The fundamental data used as a basis for the
"where and when" of transpofting the children
are not readily available.

This chapter outlines these problems by *scribing eleme ts
of the traditional ne'ighborhood school centered transportation
system and the parent choice transportatioh system. The
remaining chapiUrsikuggest methods for developing the informa-
tion files and routing slCilts required- to meet the needs of
the new system.

The Neighborhood Soho 1 Centered Transportation System

Figure I illustrates 2 district with a typical neighborhood
school centered transportation sy:,tem. A school bus is routed
up and down streets pieking up children at selected conti UOAS
ollection points. In selecting the routes, the transport tion
sup'ervisor has two objectives: 11.1

to min'imize the number of buses used and the
miles travelled in order to save cysts, and

to ensure that transportation'policies of the
school hoard arc met. ./

In a neighborhood school centered district, thXrduting problem
can generally he reduced to a question of how to.route a bus

*6,4to pick-up children at a number\of bus stops and.ta hem to
a single school. All children, within the same grad span,
living in a defined area, are tobe delivered 'to the same school.
The transportation su4ervisor in this type of district neetht.14

to know:

the location of each student with an indication
of the school attended and grade;

the location of'each school, its grades andits
attendance area boundaries;

th4capacities of the husest available for use;

8
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the opening and closing time's at each school and
the school capacity. and des-ire to supervise early
.arrivals and/late departures;

the roads forming the street network and
their characteristics which affect passahility.

Using these.rfieces of information, the transportation planner
may ptoceed to determine:

O the bus stops to be used to pick up (and drop
off children, and

the routes within each attendance area. e S.

In the' neighborhood school centered district, the routes for
each school are generally independent of the routes for other
sch-lebls, This feature differentiates this -type of routing
from its counterpart in a parent choice district.

The Parent Choice TransTortation System

Figure II illustrates the typical transportation pattern in a
parent choice district. Buses are routed-througl-ythe district
to pickup children at defined collection points and deliver
them to the chosen sc.hools.

The complicating element in the parent choice district is the
possihility of a single bus stopping at a single school and '

dropping children off while picking up other children who will
he later dropped off at other schools.

Thus, th& parent choice transportation system may use one school
as a collection point for children attending another schopl.
Furthermoreo the children picked up at a single collection point
may he going to more than one school. In rare cases, children
may eventransier from one hme to another at specified collection
paints.

The data required to design routes for th2 parent choice district
are the same as.those needed y)r the neighborhood school centered
district. But tie routing problem faced by the transportation
ppnner is fir more complex in the parent choice district because
the routes may he required to serve:

- multiple schools, and

multiple destinations frook a single collection

0

Summarizing the Data Problem

Four categories bf contr-ITTIng information are required to Cle-.
Sign school bus routes:,

who the names, locations and-hus stops of the
Mildrrn to he transported;

I0
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has to go where the location of .the schools;

.
.

when bell, times for each 'child's program;

under whatonstraints district transportation
policy and fiscal capacity (e.g.,/funds available
to buy and-operate ,buses, the length of time
children may remain on the bus or wait at the
schoo4. distances children'may walk, safety 'rules'
an walking across streets, driving on hazudous
routes and maximum number of children on a bus).
These policies may vary for children of differing
ages

These categor s are identical for parent choice and neighbor-
.

hood school d stricts. However, parent choice districts require_
more resourL to develop and maintain this information because
of the following factors whose impact is minimized in a neighhor-

.

hood school diStrict:

changing'Schooltchedules;

multiple schedules4f,it a single school;

frequent transfers o'f children between programs.

Many urban or fast-growing neighborhood school districts which
are attempting to maximize the utilization of existing physical
plant capacity while re'ducing clas\s size have similar informa-
tion'problems. Such districts are increasingly turning to
semi-automated or auto ated transportation systems to manage
the complex flow of in ormation required to make such a system
work.

Presented'in the following chapters are the common information
processing elements of transportation planning for both neigh-
borhood and parent choice districts. Specific features relevant
to parent choice districts are highlighted and assessed. The

achapters include:

Chapter II: Collecting the Fundamental Data
presenting manual and semi-automated transpor-
tation planning techniques

-Chapter III: Fully Automated Transportation
yStems presenting and comparing the- character-

i tics of commercial services offering full auto-
mation;

Chapter IV: Selecting the- Best Approach ---1(
presenting "rules of thumb" and criteria for
judging what. levels of automation and what ser-
vice might be most valuable for your district.

12



CHAPTER II: COLLECTION OF THE FUNDAMENTAL, DATA

This chapter suggests Methods of answering the kasic questions:

"Who has to' go where? When? Under what constraints?"

Two'systems for translating the, datl into busing routes and- child
pick -up time rosters are discussed below: .

manual
4

data colletion and processing--where
selection of routes, assignment of children
and preparation of supporting materials,
including schedules, bus.tickets, pick-up
rosters, are prepared manually, and

-semi-automated data collection and processing.
where the computer" is used to maintain student
census files and prepare schedules, tickets,

_pick-up rosters.'_Route selection is accom-
pllshed manually:

These methods were deriVed frohT descriptions of transportation
systems now used in parent choice districts, with particular
emphasis on the Alum Rock voucher program. (Fully automated '

transportation systems are described in Chapter iir.*)

ComRonents of-all Transportation Systems

A basic input into both a manual and semi- automated trans-
portation system is the transportation policy of the district.
This policy expresses constraints,'inclkiding:

the funds available to purchase, operate and
maintain equipment;

11)
the distance a child can be expected to walk;

the length of time a child can spend *ding a

bus or waiting in supervised play or study
before or after school;

the school-year. schedule;

each school program and grade bell times;

the number of children of various ages who may
ride a single bus.

A fully'automated transportation system is similar to a semi-
automated sy,stem except for the fact that the di;trict street
network is coded into the computer' grid the computer assists
in selection of effective routes,

6
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These district policies are usually decided by the school
`superintendent* and board officials after consultation with
school principals, parent advisory groups and disiLict
transportation staff. Care must be taken to recoriTile demands
for the short bu's.rides and flexible schedules with the resources
of the transportation. department,

-

A Manual System

The design and implementation ofa manual system requires
Qie following five tasks (shown 'schematically in Figure III):

a manual search-of each.schoolts,enroIlment
records to-identify the home address, grade
and program of .e4ch child eligible for trans-,
portation;

manual identification of the pick-up points.
for each child;

manual identification of the bell times for
each child;

preparation' of school -by- school lists of
eligible children, pick-up points and bell
tithes;

preparation of bus routes andchild pick-
time rosters.

.

.Moving from a Manual to a Semi-Automated System

Transportation automation has been a by-product of, the.intro-
duction of computers to other aspects of education administra-
tion such as budgeting, accounting, payroll and class scheduling
As districts learned to use computers, they built data files
of the names and addresses of children. Simultaneously,4
growing numbers students, changing enrollments and Population
mobility have caused headaches for transportation4planners,
especially when they were faced with the requirements to deelop
and'revise routes and schedules in the two to three weeks at
the start of sAool.

These factors the Availability of computerized school
censuses, the ,growth of student populations and the demand for
rapid rerouting and rescheduling have forced many districts
to turn to the computer as a clerical aid in maintaining lists
and printing revised schedules.

The use of computers for these functions is called,semi-
automation.

1,i
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FIGURE III

FLOW CHART OF MANUAL DATA COLLECTION AND PROCESSINt SYSTEM
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design optmalt routes. Each dispatcher has his or her
own individual set of decision rules.
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A Semi-Automated System:

The design and implementation of a semi-automated system re-
quires the following 12 tasks:

construction of a computerized school.
census file which contains the name, address,
program and grade of each child (cards or tape.).;

manual eview of the file to .identify each drild
eligih e for busing;

preparation of a revised school census file with
a busing indicator (yes or no) attached to each
child's record;*

construction of an address range/bus'pick-up
point dictionary (list of addresses from which
children are to walk to particular bus stops);

translation of school program and grade bell
times into computerized form (cards or tape);

preparation of a program to merge revised
school census file, bus pick-up dictionary and
scliool bell times to prepare a school-by-school
listing of child name, pick-up point and bell
times (Separate listings should be prepared for
pick-up and retuYn.);

manual preparation of bus routes and child pick-
up rosters;

conversion of routes to computerized form (cards
or tape);

preparation of a readily accessible computer file
of bus routes and child pick-up rosters;

collection of a list of required route or roster
revisions;

preparatiOn of a computerized file of route or
roster revisions;

the design and impleme tation of a program to
// revise routes and child ick-up rosters.

A flowchart of the system is displayed in Figure IV.

* 'Districts which rely on public transportation facilities can
complete the processing at this Toint with a program to list
children eligible for transpel-tation,passes. In addition, a
program may be designed to print a pass. for each eligible
child.

9 16
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A first step in the onstruction of this type of system is to
coordinate the effort of the district transportation and/data
tprocessing staffs. Often, the 'transportatiOn staff has had
little or no experience with computerized information systems.
Members of the staff need to be introduced to the many ways the

is, computer can relieve them prtedious clerical chores of searching,
sorting and listing data. Also, the dafa processing staff must
be-made aware of the information nee4 of the transportation staff.
They may be able to identify existing school data files, such as
school census,or pick-up point dictionary,"that can he adapted to
the needs of the new transportation system.

Many districts have prepared such files as components of the-
traditional transportation-system or as research or administrative
tools. In the ,Alum Rock voucher program, coordination of the
data prcessing and transportation staffs produced the semi-
automat9d system deScribed above using existing files. The manual
system used first year required six weeks of effort to locate
eligible children. The compu.ter programs necessary to integrate
existing files and prepare the School-by-school listings of child
pick-up points and bell times required less than one man wag* of
effort. More importantly, the dispatcher was relieved of Off
tedious retyping of bus routes during the hectic first weeks -ht,
School. Her time was more productively focused on optimizing
system effectiveness, efficiency and safety.

Special Problems that may-Occur

The Alum Rocic voucher program revealed a number of problems
associated with parent choice. These included:

massive late registrations which mlide pre-
planned* bus routes obsolete;

frequent school and program transfers which
requiredrdevelopment of al channel of commun-
ication between school and transportation
staff;

c.

lowered transport a'tion s aff morale due to
new job 5pecificatioms and increased work
load;

conflict between demands for school schedule,
flexibility and the resources of the trans-
portation department.

Late Registration
-44

As many as 20 percent of the children in Alum Rock Voucher program
may not register until the first day of class. This means that
the transportation department will need the flexibility
to cope with driver reports of unexpectedly heavy or light
loads. Two primary methods forspioviding such flexibility are:

11

* This is a problem peculiar tO school distripts such as
Alum Rock that experience high rates of mobility.

11

18



to equip buses with two-way radios so that
they can be rerouted to pick up children
appearing in unexpected places, and

to prepare a readily accessible computer
file of bus routes, and child pick-up
rosters so that tedious and time-consuming
retyping of routes is done by the computer
rather than by the dispatcher.

An Institutionalized Transfer System

Ten percent or more ofhe district'shildren may change school
or programs during the year: To ensurethat each tjansferred
child is picked upon time by an appropriate bus, a system
of, communication is needed toinfOrm the transportation system
of each trans r. The need for such a system may seem self
evident. However, the complexity of the information needs of the
transportation system will be new to both school principals and
.parents accustomed to the yellow bus appearing with little or
no effort on their part.. Principals and parents shouN be told
how to report transfers and why such xeports are necessary.

Lowered Transportation Staff Morale t.
The transportation management staff is asked to learn new methods
of collecting information and designing routes. For drivers,
parent choice means the new responsibility of learning where
each child msut be collected or discharged at each point in the
'route. Care should be taken to involve the transportation staff
in the early stages of the system design so that there will be
a clear understanding of the reasons for 'the system and an
identity with its goals. School principals should be encouraged
to share responsibility for'ensuring that children get on and off
the appropriate bUses. Supervision should be provided for
children arriving early or leaving several minutes after class
is dismissed. Principals whose schools have never had "bused"
children may feel such new responsibilities are unreasonable.
An understanding of the complexity of the busing system will
enable them to be more responsive to the needs of the new system.

Conflict between Demands for School Schedule Flexibility and the

Resources of the Transportation Department

When assuming new responsibilities for program design, principals
and teachers often ,choose program bell times without regard for
the costs of transporting children to the same school at a
variety of times. Sometimes such demands may be unr":aiistic.
(One school in Alum Rock chose ten dismissal times, five minutes
apart.) This type of problem is especially important if the
school does not provide superviised study or play whjile waiting
for a school bus. The district superintendent should try to

19 12



toordinate7the pianningof.transportat.on department staff
members and\school officials so that schedules can be
designed to preserve maAimum flexibility (for example,
uniform schedUles may be designed for each building
while schedu14.are staggered between buildings) without
exceeding .the district transportation budget or the
capacity of thetransportation department to provide service.

.f'
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CHAPTER .III :. FULLY AUTOMATED TRANSPORTATION SYSTEMS

Fully automated systems are computer, assisted transportation
systems in which the computer is used to select effective routes
in addition- to serving as a clerical aide as it does in semi-
automated systems,

A number of fully automated systems are available from commercial
companies. These companies claim to offer a 'range-of tenefits
incldding:

increased pupil safety where potentially hazardous,
bus routes are-identified andeliminated;

,reduced requirements for new ,buses despite growint
enrollments; I

educed mileage requirements for existing buses;

reduced waiting time and time on buses for
,... students; ,

automatic preparation and updating of schedules,
bus tickets, pick-up lists, and management reports.

In addition, each service provides computerized data files
and programs which can be powerful management tools as well
as being useful for research and planning.

Users' rand Non-Users' Disagreement

District superintendents who attempted to assess the utility
of such'systems usually received contradictory reports. The
reports fit into two categories:

nearly unanimous agreement on the part Of
transportation managers who had never used

. (a service that the services would he useless,
and

nearly unanimous agreement on the part of
transportation managers in large and small
districts who hadused automated services that
they received full value for the money and
recommended it highly to their fellow trans-
portation managers.

The apparent disagreement seems to stem from inadequacy of
the historic title forthese services: "school bus routing
services." Actually, the services provide much more than
routes and their value is most apparent in the computerized

L preparation of:

detailed student census rosters;
, 4
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buspick-up rosters for drivers;

bus tickets for students;

i bus schedules for parents;

total miles 4raveled for state reimburSement
of transportation costs;

. master busing rosters for transportation
managers.

These are the documents that help the transportation
managers do their jobs and they a're the products that the
satisfied users point to as their "school bus routing
system."

The transportation manager freed from these time-consuming
.clerical tasks becomes a true. transportation planner 0

evaluating a wide variety of alternative routing and
schedule plans compiledJ)y the computer. More time is
available for the important tasks of driver training, design
of safety programs and fleet management and-maintenance.

The non-users, on the other hand, envision only the
selection of routes'as a product and naturally el that
the costs outweigh the benefits.

This chapter provides interested superintendents and
transportation managers with a comparison. of available
authors' assessments combined with assessments by
users of the services.

Criteria for Inclusion

Three criteria had to be met in order ,for a service to,
pe included here:

the service, or computer program, had to be
fully documented and available for acquisition
by interested school transportation managers;

the service had to, include the routing services,
student lists and schedules and management reports;

a-

the service had to have been implemented in at'
least two districts prior to school opening in
the fall of 1974.

2'2
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Companies Offering Services .

The services which were found to meet these criteria
included (in alphabetical order): r

Boeing omputer Services. Inc.
Consult rag Division
505 Baker Boulevard
Seattle,. Washington 98188

Mr. Granville E. McCormick
.

206-773-1141
.

Concord Research Corporation,
Information Systems Department
74 LoomisStreet
Bedford, Massachusetts' 01730

j Mr. Edward T. Bayliss

617-275 -1565

EcotKan, Lnc.
28749 Chagrin Boulevard
Cleveland, Ohio 44122

Mr. John R. Thome

216-292-7070

Educational Coordinates
Mathematica,_Inc.
P.O. Bdx 239E ,

Princeton, New Jers y 08540

Mr, David H. Lovell

609-799-2600

( Educational Testing Service
EISD Division
Princeton, New Jersey 08540

Mr. Bruce L. Taylor

609-921-9000

LKB Administrative Systems, Inc.
One Aerial Way
Syosset, New York 11791

Mr. Lawrence B. Helft

516-938.-0912 r

This list is not necessarily exhaustive. Other organizations may
offer simjplar services.

2s
16



The Comparison /.

The Iollow-ing pages present answers to six commonly asked
'questions about the workings and befits of automated tr*a66-
fportation informStion services) ,

What services are actually provided by the Contractor:
(Alternatively, how much information must be
collected by the district staff)?

,
7

How much of the work is performed by computer
and how much is manual?

What typeof routes can the system handle?

Da they work in-parent choice districts?

Wha't kinds of reports are provided to the districe?

'What benefits and costs have been experienced by
users of the service and in what kinds of districts
have they been implemept d?'

Does the district reqi e a fully documented system
that can beNoperated liV7 district persdnnel at
reasonable comet?

An additional'question, what criteria are used,for determinin,
.

the best routes, h \I s the'saffie'answer,in each case:

Each of thee Services an:d,programs determine the
feasibility of reducing the number,of,buses used to
serve the,distri-ct.consistent with diStrict-imposed
policy constraints and each may also consider through
appropriate data input:

safety of bus stops and routes traveled;

total miles traveled;

maximum miles traveled;

total time on the bus;

capacity of .bus.

What. Services are Actually Provided by the Contractor?

The development of the, typical automated transportation service
includes the following tasks:

preparation of computerized school census file;

preparation of a computerized street network which
identifies bus stops, school locations, distance
and driving time between stops;

17
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"design and development of a program to
estimate the number of children at each bus stop;

design and-development of a program to establish
.bus routes (based'on available bus and district
Cransportatidn policy);

route review and revision;
A

preParation of .final bus routes, schedules., child
pick -up rosters and planning' and analysis reports.

A flo,w chart of the automated system is shown in Figure V.

Although available, systems appeared' generally similar, the
followingdifferences.were noted':

the input data required of'.the district;

the mettiodol-ogy used to prepare and verify.
c6mputeriz41 school network;

the'degree of. perparation in route design and
verification required of district personnel.

Table I summarizesuthese differences. Please note that the
major difference between.systems,appears to be the degree,
to which the systems attempt to conserve existing bus stops
and schedules. .However, since 'all systems search for ef-
fective; efficient bus routes within a district's specified
constraints of child walking distance-and school bell times,

.e it is not certain that the described differences in routing
techniques will lead to a iiieasurable difference in the ser-
vices provided,to the district-. A fully automated transpor-
tation system an informati,on system. In choosing a system,
a 1 aspects'-of the system, including the number and types of
ports and information file created, must be evaluated

as well as actual bus routes. The most important service.
the contractor offers is often the Alining of district
personn'el to use the new information system. Chapter IV
offers more detailed guidelines- for reviewing and selecting

-the service most appropriate for your-distfict.

How Much of the Work is Performed by Computer and How 'Much
ITS Manual?

The'aVailable systems reported...that all aspects of touting
were computerized inclUding:

address matching of children to. pick-up points;

selection of an initial starting point;

J
25
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r
k
 
C
o
n
-

t
.

d
i
s
t
a
n
c
e
,
 
s
p
e
e
d
 
l
i
m
i
t
 
a
n
d

s
t
r
u
c
t
i
o
n
,
 
p
r
e
l
i
m
i
n
a
r
y

-

d
i
r
e
c
t
i
o
n
 
(
i
f
 
o
n
e
 
w
a
y
 
s
t
r
e
e
t
)

b
u
s
 
r
o
u
t
e
s
 
a
r
e
 
r
e
v
i
e
w
e
d

)
 
a
r
e
 
n
o
t
e
d
.

R
o
a
d
 
s
e
g
m
e
n
t
s

w
i
t
h
 
d
i
s
t
r
i
c
t
 
t
r
a
n
s
p
o
r
t
a
-

k
n
o
w
n
 
t
o
 
b
e
 
s
a
f
e
t
y
 
h
a
z
a
r
d
s

t
i
o
n



N [N
J

S
y
s
t
e
m

E
c
o
t
r
a
n
,
 
I
n
c
.

(
c
o
n
t
i
n
u
e
d
)

E
d
u
c
a
t
i
o
n
a
l

C
o
o
r
d
i
n
a
t
e
s

I
n
p
u
t
 
D
a
t
a
 
R
e
q
u
i
r
e
d

f
r
o
m
 
t
h
e
 
D
i
s
t
r
i
c
t

r

T
A
B
L
E

I
(
C
o
n
t
i
n
u
e
d
)

M
e
t
h
o
d
o
l
o
g
y
 
f
o
r
 
P
r
e
p
a
r
i
n
g

a
n
d
 
V
e
r
i
f
y
i
n
g
 
C
o
m
p
u
t
e
r
i
z
e
d

S
c
h
o
o
l
 
N
e
t
w
o
r
k
s

D
e
g
r
e
e
 
o
f
 
P
a
r
t
i
c
i
p
a
t
i
o
n
 
i
n

R
o
u
t
e
 
D
e
s
i
g
n
 
a
n
d
 
V
e
r
i
f
i
c
a
-

t
i
o
n
 
R
e
q
u
i
r
e
d
 
o
f
 
D
i
s
t
r
i
c
t

P
e
r
s
o
n
n
e
l

o
r
i
g
i
n
 
o
f
 
b
u
s
 
f
l
e
e
t
,

n
u
m
b
e
r
 
a
n
d
 
c
a
p
a
c
i
t
y

o
f
 
b
u
s
e
s
;

d
e
t
a
i
l
e
d
 
r
o
a
d
 
m
a
p

.

o
f
 
d
i
s
t
r
i
c
t
 
(
E
c
o
t
r
a
n

w
i
l
l
 
p
r
e
p
a
r
e
 
m
a
p
 
i
f

h
o
n
e
 
i
s
s
 
a
v
a
i
l
a
b
l
e
.
)
;

d
i
s
t
r
i
c
t
 
t
r
a
n
s
p
o
r
t
a
-

t
i
o
n
 
p
o
l
i
c
y
 
c
o
n
-

s
t
r
a
i
n
t
s
.

a
r
e
 
c
o
d
e
d
 
t
o
 
e
n
s
u
r
e
 
b
u
s

r
o
u
t
e
s
 
d
o
 
n
o
t
 
i
n
c
l
u
d
e

t
h
e
s
e
 
a
r
e
a
s
.
-

T
h
e
 
c
o
m
p
u
t
e
r
i
z
e
d
 
n
e
t
e
r
o
r
k

i
s
 
v
e
r
i
f
i
e
d
 
b
y
 
c
o
m
p
a
l
r
I
n
g

a
 
c
o
m
p
u
t
e
r
 
d
r
a
w
n
 
p
l
o
t
 
o
f

t
h
e
 
n
e
t
w
o
r
k
 
w
i
t
h
 
t
h
e

o
r
i
g
i
n
a
l
 
i
n
p
u
t
 
r
o
a
d
 
m
a
p
.

T
r
a
v
e
l
 
t
i
m
e
s
,
 
d
i
r
e
c
t
i
o
n

a
n
d
 
s
p
e
e
d
 
l
i
m
i
t
s
 
o
f
 
n
e
t
-

w
o
r
k
 
a
r
e
 
v
e
r
i
f
i
e
d
 
b
y
 
o
n
-

s
i
t
e
 
s
a
m
p
l
e
 
o
f
 
d
r
i
v
i
n
g

c
o
n
d
i
t
i
o
n
s
 
i
n
 
t
h
e
 
d
i
s
t
r
i
c
t
.

R
o
u
t
e
s
 
a
r
e
 
a
d
j
u
s
t
e
d
 
a
s

r
e
q
u
i
r
e
d
.

C
o
m
p
r
e
h
e
n
s
i
v
e
 
t
r
a
i
n
i
n
g

s
e
s
s
i
o
n
s
 
a
r
e
 
h
e
l
d
 
t
o

a
c
q
u
a
i
n
t
 
s
t
a
f
f
 
w
i
t
h

f
o
r
m
a
t
 
a
n
d
 
c
o
n
t
e
n
t
 
o
f

s
y
s
t
e
m
 
r
e
p
o
r
t
s
.

s
c
h
o
o
l
 
l
o
c
a
t
i
o
n
 
a
n
d

T
h
e
 
r
o
a
d
 
m
a
p
 
o
f
 
t
h
e
 
d
i
s
-

o
p
 
D
i
s
t
r
i
c
t
.
p
e
r
s
o
n
n
e
l
 
a
r
e

e
n
r
o
l
l
m
e
n
t
 
l
i
s
t
s
 
(
i
n
-

s
t
r
i
c
t
 
i
s
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o

'
a
s
k
e
d
 
t
o
 
i
d
e
n
t
i
f
y
 
h
a
z
a
r
d
-

c
l
u
d
d
n
g
 
n
a
m
e
s
 
a
n
d

c
o
m
p
u
t
e
r
 
r
e
a
d
a
b
l
e
 
f
o
r
m
 
b
y

o
u
s
 
r
o
a
d
 
s
e
g
m
e
n
t
s
.

a
d
d
r
e
s
s
e
s
 
o
f
 
c
h
i
l
d
r
.
n
)
;
a
 
p
r
o
c
e
s
s

c
a
l
l
e
d
 
d
i
g
i
t
i
z
i
n
g
.

F
o
r
 
e
a
c
h
 
r
o
a
d
 
b
l
o
c
k
 
s
e
g
m
e
n
t
,

A
f
t
e
r
 
i
n
i
t
i
a
l
 
n
e
t
w
o
r
k

o
r
i
g
i
n
 
o
f
 
b
u
s
 
-
f
l
e
e
t
,

t
h
e
 
d
i
s
t
a
n
c
e
,
 
s
p
e
e
d
 
l
i
m
i
t

c
o
n
s
t
r
u
c
t
i
o
n
,
 
r
o
u
t
e
s
 
a
r
e

n
u
m
b
e
r
 
a
n
d
 
c
a
p
a
c
i
t
y

a
n
d
 
d
i
r
e
c
t
i
o
n
 
(
i
f
 
o
n
e
 
w
a
y

r
e
v
i
e
w
e
d
 
w
i
t
h
 
d
i
s
t
r
i
c
t

o
f
 
b
u
s
e
s
;

s
t
r
e
e
t
)
 
a
r
e
 
n
o
t
e
d
.

R
o
a
d

t
r
a
n
s
p
o
r
t
a
t
i
o
n
 
s
t
a
f
f
.

d
i
s
t
r
i
c
t
 
t
r
a
n
s
p
o
r
t
a
-

t
i
o
n
 
p
o
l
i
c
y
 
c
o
n
-

s
t
r
a
i
n
t
s
;

a
 
d
e
t
a
i
l
e
d
 
r
o
a
d
 
m
a
p

o
f
 
d
i
s
t
r
i
c
t
 
(
E
d
u
c
a
-

t
i
o
n
a
l
 
C
o
o
r
d
i
n
a
t
e
s

w
i
l
l
 
p
r
e
p
a
r
e
 
m
a
p
 
i
f

n
o
n
e
 
i
s
 
a
v
a
i
 
a
b
e
.
)
.

s
e
g
m
e
n
t
s
 
k
n
o
w
n
 
t
o
 
b
e
 
s
a
f
e
t
y

h
a
z
a
r
d
s
 
a
r
e
 
c
o
d
e
d
 
t
o
 
e
n
s
u
r
e

b
u
s
 
r
o
u
t
e
s
 
d
o
 
n
o
t
 
i
n
c
l
u
d
e

t
h
e
s
e
 
a
r
e
a
s
.

T
h
e
 
c
o
m
p
u
t
e
r
i
z
e
d
 
n
e
t
w
o
r
k

i
s
 
v
e
r
i
f
i
e
d
 
b
y
 
c
o
m
p
a
r
i
n
g

a
 
c
o
m
p
u
t
e
i
-
 
d
r
a
w
n
 
p
l
o
t
 
o
f

t
h
e
 
n
e
t
w
o
r
k
 
w
i
t
h
 
t
h
e

R
o
u
t
e
s
 
a
r
e
 
a
d
j
u
s
t
e
d
 
a
s

r
e
q
u
i
r
e
d
.

C
o
m
p
r
e
h
e
n
s
i
v
e
 
t
r
a
i
n
i
n
g

s
e
s
s
i
o
n
s
 
a
r
e
 
h
e
l
d
 
t
o

a
c
q
u
a
i
n
t
 
s
t
a
f
f
 
w
i
t
h
 
f
o
r
m
a
'
t

c
o
n
t
e
n
t
s

o
n
t
e
n
t
s
 
o
f
 
s
y
s
t
e
m

r
e
p
o
r
t
s
.

1



S
y
s
t
e
m

T
A
B
L
E

I
(
C
o
n
t
i
n
u
e
d
)

"
I
n
p
u
t
 
D
a
t
a
 
R
e
q
u
i
r
e
d

f
r
o
m
 
t
h
e
 
D
i
s
t
r
i
c
t

W
IN

E
d
u
c
a
t
i
o
n
a
l

C
o
o
r
d
i
n
a
t
e
s

(
c
o
n
t
i
n
u
e
d
)

E
d
u
c
a
t
i
o
n
a
l

T
e
s
t
i
n
g
 
S
e
r
v
i
c
e
-

(
E
T
S
)

D
e
g
r
e
e
 
o
f
 
P
a
r
t
i
c
i
p
a
t
i
o
n
 
i
n

M
e
t
h
o
d
o
l
o
g
y
 
f
o
r
 
P
r
e
p
a
r
i
n
g

R
o
u
t
e
 
D
e
s
i
g
n
 
a
n
d
 
V
e
r
i
f
i
c
a
-

a
n
d
 
V
e
r
i
f
y
i
n
g
 
C
o
m
p
u
t
e
r
i
z
e
d

t
i
o
n
 
R
e
q
u
i
r
e
d
 
o
f
 
D
i
s
t
r
i
c
t

S
c
h
o
o
l
 
N
e
t
w
o
r
k
s
,

P
e
r
s
o
n
n
e
l

T
h
e
 
d
i
s
t
r
i
c
t
 
m
a
y

s
u
p
p
l
y
 
a
 
l
i
s
t
 
o
f

b
u
s
 
s
t
o
p
s
 
a
n
d

s
c
h
e
d
u
l
e
s
.

H
o
w
e
v
e
r
,

.
t
h
e
 
E
d
u
c
a
t
i
o
n
a
l

C
o
o
r
d
i
n
a
t
e
s
 
s
y
s
t
e
m

i
s
 
d
e
s
i
g
n
e
d
 
t
o

i
d
e
n
t
i
f
y
 
o
p
t
i
m
a
l

s
t
o
p
s
 
a
n
d
 
s
c
h
e
d
u
l
e
s

w
i
t
h
i
n
 
d
i
s
t
r
i
c
t

p
o
l
i
c
y
 
c
o
n
s
t
r
a
i
n
t
s
.

s
c
h
o
o
l
 
l
o
c
a
t
i
o
n
 
a
n
d

A
 
r
o
a
d
 
m
a
p
 
o
f
 
t
h
e
 
d
i
s
t
r
i
c
t

i
s
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
c
o
m
p
u
t
e
r

r
e
a
d
a
b
l
e
 
f
o
r
m
.
 
b
y
 
a
 
p
r
o
c
e
s
s

c
a
l
l
e
d
 
d
i
g
i
t
i
z
i
n
g
.

F
o
r

e
a
c
h
 
r
o
a
d
 
b
l
o
c
k
 
s
e
g
m
e
n
t
,

t
h
e
 
d
i
s
,
t
a
n
c
e
,
 
s
p
e
e
d
 
l
i
m
i
t

a
n
d
 
d
i
r
e
c
t
i
o
n
 
(
i
f
.
 
o
n
e
 
w
a
y

s
t
r
e
e
t
)
 
a
r
e
 
n
o
t
e
d
.

R
o
a
d

s
e
g
m
e
n
t
s
 
k
n
o
w
n
 
t
o
 
b
e
 
s
a
f
e
t
y
,

h
a
z
a
r
d
s
 
a
r
e
 
c
o
d
e
d
 
t
o
 
e
n
s
t
i
r
e

b
u
s
 
r
o
u
t
e
s
 
d
o
 
n
o
t
 
i
n
c
l
u
d
e

A
f
t
e
r
 
i
n
i
t
i
a
l
 
n
e
t
w
o
r
k

t
h
e
s
e
 
a
r
e
a
s
.

c
o
n
s
t
r
u
c
t
i
o
n
,
 
p
r
e
l
i
m
i
n
a
r
y

b
u
s
'
r
o
u
t
e
s
 
a
r
e
 
r
e
v
i
e
w
e
d

w
i
t
h
 
d
i
s
t
r
i
c
t
 
t
r
a
n
s
p
o
r
t
a
-

t
i
o
n
 
s
t
a
f
f
.

A
t
 
t
h
i
s
 
t
4
e
l
e
,

b
u
s
 
s
t
o
p
s
 
o
r
 
s
c
h
o
o
l

s
c
h
e
d
u
l
e
 
c
h

e
s
.
m
a
y
 
b
e

s
u
g
g
e
s
t
e

h
i
c
h
 
w
i
l
l
 
i
n
-

c
r
e
a
s
e
 
s
a
f
e
t
y
,
 
e
f
f
i
c
i
e
n
c
y

o
r
 
e
c
o
n
o
m
y
 
o
f
 
t
h
e
 
b
u
s
i
n
g

s
y
s
t
e
m
.

o
r
i
g
i
n
a
l
 
i
n
p
u
t
 
r
o
a
d
 
m
a
p
.

e
n
r
o
l
l
m
e
n
t
 
(
i
n
c
l
u
d
-

i
n
g
 
n
a
m
e
s
 
a
n
d
 
a
d
-

r
e
s
s
e
s
 
o
f
 
c
h
i
l
d
r
e
n
)
;

o
r
i
g
i
n
 
o
f
 
b
u
s
 
f
l
e
e
t
,

n
u
m
b
e
r
 
a
n
d
,
 
c
a
p
a
c
i
t
y

o
f
 
b
u
s
e
s
;

a
 
l
i
s
t
 
o
f
 
c
u
r
r
e
n
t

s
c
h
o
o
l
 
b
u
s
 
s
t
o
p
s
;

d
i
s
t
r
i
c
t
 
t
r
a
n
s
p
o
r
-

t
a
t
i
o
n
 
p
o
l
i
c
y
 
c
o
n
-

s
t
r
a
i
n
t
s
.

D
i
s
t
r
i
c
t
 
p
e
r
s
o
n
n
e
l
 
a
r
e

a
s
k
e
d
 
t
o
 
w
o
r
k
 
w
i
t
h
 
E
d
-

u
c
a
t
i
o
n
a
l
 
T
e
s
t
i
n
g
 
S
e
r
v
i
c
e

-
t
o
 
c
o
n
s
t
r
u
c
t
 
r
o
a
d
 
m
a
p

u
s
e
d
 
a
s
 
i
n
p
u
t
 
i
n
t
o
 
c
o
r
n
-

p
u
t
e
r
 
s
y
s
t
e
m
,
 
e
.
g
.
,
 
t
h
e
y

r
e
v
i
e
w
 
d
r
i
v
i
n
g
 
t
i
m
e
,
 
r
o
a
d

-

c
o
n
d
i
4
.
o
n
s
 
a
l
l
a
i
e
s
a
f
e
t
y

h
a
z
a
,
r
c
r
S
:
.

P
r
e
v
i
o
u
s
l
y
 
u
s
e
d
 
b
u
s
 
.
s
t
o
p
s

a
r
e
 
c
o
n
v
e
r
t
e
d
 
t
o
 
c
o
m
p
u
t
e
r

r
e
a
d
a
a
l
e
 
f
O
r
m
.

M
e
t
h
o
d
o
l
o
g
y
 
u
s
e
d
 
t
o
 
v
e
r
i
f
y

t
h
e
 
n
e
t
w
o
r
k
 
w
a
s
 
n
o
t
 
a
s
c
e
r
-

t
a
i
n
e
d
 
b
y
 
o
u
r
 
s
u
r
v
e
y
,

h
o
w
e
v
e
r
,
 
b
o
t
h
 
t
h
e
 
i
n
p
u
t
 
m
a
p

(
n
o
t
i
n
g
 
d
r
i
v
i
n
g
 
t
i
m
e
 
a
n
d

c
o
n
d
i
t
i
o
n
s
 
o
f
 
r
o
a
d
 
s
e
g
m
e
n
t
s
)



S
y
s
t
e
m

E
T
S

(
c
o
n
t
i
n
u
e
d
)

T
A
B
L
E
 
I

(
C
o
n
t
i
n
u
e
d
)

M
e
t
h
o
d
o
l
o
g
y
 
f
o
r
 
P
r
e
p
a
r
i
n
g

I
n
p
u
t
 
D
a
t
a
 
R
e
q
u
i
r
e
d

a
n
d
 
V
e
r
i
f
y
i
n
g
 
C
o
m
p
u
t
e
r
i
z
e
d

f
r
o
m
 
t
h
e
 
D
i
s
t
r
i
c
t

S
c
h
o
o
l
 
N
e
t
w
o
r
k
s

D
e
g
r
e
e
 
o
f
 
P
a
r
t
i
c
i
p
a
t
i
o
n
 
i
n

R
o
u
t
e
 
D
e
s
i
g
n
 
a
n
d
 
V
e
r
i
f
i
c
a
-

t
i
o
n
 
R
e
q
u
i
r
e
d
 
o
f
 
D
i
s
t
r
i
c
t

P
e
r
s
o
n
n
e
l

L
K
B

A
d
m
i
n
i
s
t
r
a
t
i
v
e

4
=
.

S
y
s
t
e
m
s
.
 
I
n
c
.

s
c
h
o
o
l
 
l
o
c
a
t
i
o
n

a
n
d
 
e
n
r
o
l
l
m
e
n
t

l
i
s
t
s
 
(
i
n
c
l
u
d
i
n
g

n
a
m
e
s
 
a
n
d
 
a
d
d
r
e
s
s
e
s

o
f
 
c
h
i
l
d
r
e
n
)
;

a
n
d
 
b
u
s
 
r
o
u
t
e
s
 
a
r
e
 
c
a
r
e
-

f
u
l
l
y
 
r
e
v
i
e
w
e
d
 
w
i
t
h

d
i
s
t
r
i
c
t
 
p
e
r
s
o
n
n
e
l
 
t
o

c
o
r
r
e
c
t
 
a
n
y
 
e
r
r
o
r
s
 
w
h
i
c
h

m
i
g
h
t
 
r
e
s
u
l
t
 
f
r
o
m
 
e
r
r
o
r
s

i
n
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selection of alternate routes;

estimation of the number of buses needed;

selection of the "best-routes";

preparation of bus schedules, bus tickets and

child pick-up rosters.

If school census files and transportation networkS-do not
inist, they must first be manually compiled, then translated
to machine-readable form.

The transportation network is compiled (by the Contractor) by
numbering each block face and - school on a map and then pre-
paring a computer file containing the bus stops, schools, possible
routes among contiguous bus stops and probable travel time
along these routes.

What Types of Routing and Scheduling Can the Fully Automated
Transportation Services Randle? D o They Work in Parent

Choice Districts?

All available services claim experience in a variety of
routing and scheduling. choices, including:

single school routes;

routes with transfers;

multiple trips with single buses;

schedules serving schools with multiple
bell times;

routes originating at locations other than

schools.

However, parent choice districts pose a unique problem:
serving multiple schools on a single thus trip. Th4 require-
tent arises because some buses may pads one or more schools

or the way to their "ultimate diestinatibon. For efficiency,
these buses need to serve the schapls they passlif they have

the capacity.

None of the available'stftwices has demoRstra ed experience
in providing full automated services for mul -school/single

trip routing.* This type of routing appears o be possible
by computer, but more probably it would be a mplished by a

Nor was any district found which had used omputer algorithm

to solve the multi-school/single trip problem.
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manual method (using a shuttle pattern, possibly like tfat
shown in Figure II of Chapter I) as it was,in the Alum
Rock Voucher experiment.

ThiS multi-school/single trip requirement makes the applica-
tion of fully-automated routing more difficult in, parent
choicedistricts. In general-, however, the number of children
in a parent choice district who do not attend neighborhood'
schools Ls small relative to the number of children who do
attend their neighborhood school. Thus, the decision to
use full automation should be based on the value of full
automation (over semi-automation) for routing the children
attending neighborhood schools.

The routes manually designed fo serve children who do not
attend their neighborhood schools caR be integrated with
computer-generated routes for the other children and fed into
the uter. The-integration is accomplished by preparing
a file o students, bus stops and schoeVules in the same
format as the computer-generated file and then merging the
two files. The'computer can then prepare comprehensive
routing and management information. Alternatively, student
routings can be split into multiple segmentrs, with the

,.

segments serving as input to the system.

Transportation managers who undertake a development like,
that described above should recognize that they are entering
uncharted territory and should, therefore, allocate extra
time and money to solve unanticipated problems.

What Kinds of Reports are Provided to the District-`?

Each contractor offers a variety of reportS at four levels:
district, school, schoolbus route and pupil.

District Level Reports

Distri.e.t level reports are designed to provide the transportation
Manager with an overview of fleet utilization including:

alphabetic lisings oetbus stops;'

school census lists;
, §

alphabetized lists of children bused, including
bus stop, pick-up time, school and schoolIrogram;

alphabetized lists of children walking to school,
including addresses and school programs;

* Sample reports are found in th Appendix. However, the number
and format of system reports varies not only by contractor but
also by the level of effort desired by a district.
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summaries of fleet utilization, including
miles traveled, time spetet, numbers of
children carried;

reports'evaluating alternative routing and
scheduling patterns.

School Level Reports ),

These reports are designed to,give school adminiSkrative
persVnnel an overview of transportation systems serving-
their school. These include:

alphabetiied lists of bus stops;

narrative descriptions of bus routes, including
'."' bus stops, time-3- and pupil load at each stop;

alphabetized fists of children bused, including
bus stops and pick-up times; .

alphabetized lists of children walking to school.

School Bus Reports

These reports are designed to give each bus driver compre-
hensive descriptions of each route. They include narrative
descriptions of routes specifying bus stop, driving time and
numbers and names of children to,be picked up at each stop.

upil Reports
O

These reports are designed to inform parents and pupils of
the ascigncd bus stops and pick-up times. Often, bus tickets
are prepared for each child.

Additional Report's
4

In'addition to standard narrative reports, Ecotrdb dnd
Educational Coordinates provide computer plotted maps of
bus routes.

What Benefits and Costs Have Been Experienced by Users of the
Service and in What Kinds of Districts has the Service Been
Implemented?

This section lists the results of a Vtrvey of users who worked
with each system during the past five years. The list of
districts surveyed were obtained from two sonrces:.
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each service was asked to provide the
names and addresses of two or more
clients and

each cli nt was asked to provide the
names of other known system clients.
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CHAPTEN IV: CHOOSING THE BEST APPROACH FOR YOUR
SCHOOL DISTRICT

three basic decisions must be faced by a schoolchool district
evaluating alternatives for transportation planning:

The district must decide whether a manual,
semi-automated or automated system is most
appropriate.

If automation is appropriate, the district
must decide whether to use district facilities
or to use an outside service.

If the district chooses to use a5,) outside
service, it must choose the best such service
for its needs.

This chapter presents rough guidelines for making each of
these decisions. The guidelines are based on a combination of
suggestions from both school district personnel and spokesmen
for companies providing fully automated services. The guide-
lines are presented with the hope that they will be tested and'
improved upon through future experience so that later editions
of this handbook can be more precise.

OM,

Manual..S.,emi-AutoMation, or Automation

The score card below will help determine what degree of
automation is appropriate for your school district.

District Busing Scorecard

Manual vs. Automated

I. Number of children to be bused:

ScdiNt 0 for 0 to 1000, 1 for 1001
to 3 00, 2 for 3001 or above.

2. Number of pick-up points:

Score 0 foe lu 40, 1 for 41 to
80, 2 for 81 or more.

3. Availability of updated schorn
census:

Score 0 for none, 1 for available
but needing update, 2 for available,
ready to use.

4
TOTAL

A district with a total of 0 to 3 dictates
a mannal system.

A district with a total score of 4 or more
should lead to an cvaluation of automation.

If a decision to automate is made, a second decision between
semi- and full-automation is required.'
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1.
Semi- Automation vs. Automation,

Full automation' casts (which include computerized routegeneration costs) are higher than semi-automation costsbecause-of the tedious require, ent of developing a computer-ized file of all street segments with distances and travel,times: Therefore, full automation should be attempted onlywhen large savings may be realized.

Full automation appears -to be. most'valuable in districtswhere many routes-are possible among the selected bus stops.Thus, if there is a complicated grid of streets, automation',may provide significant savings. Full automation cannotbe expected to provide such savings in districts where moststops are along a small number of main streets.

An aid to the detision would be to caloillate the ratio ofthe projected cost of the automated routing portion of theservice, including developing the network and operatingthe automatic routing programs* (This includes the costof district personnel who support the project,), divided bythe total cost of pupil transportation.

Since savings in the range of five to 1,5 pe -ent have beep 0realized by many distficts that have Used itomated systems,a raitio of ,..05 would mean that the cost of the servicewould be returned in one year. A ratio of .10 would meantjle cost of the service would be returned in one to twoyears. Thus, the district policy on require& Ray-back,periodsmay be used to wake a decision On,semi- versus full-automation.

Choosing Between Using District Computer Service or PurchasingOutside. Services for,a,Semi-Automated System
fi

The single most important factor in deciding whether to usein -house or outside services for a semi-automated syst6m is0 the existing resources ciPf the in-house facility.

A good semi-automated sfstem,
as described in Chapter II,requires:

an accurate, computerized student'census;

accurate, computerized rosters of Chi-i-dren
to be bused;

* prOviders,ot automated routing services will notprovide semi- automation, then the entire cost of theirfully-automated service shouldcbe used/in this formula.



a

accurate, computerized loCations of bus stops;'

a-competent, willing and hard working systems
analyst/programmer available for at least
six weeks, or on-going support from a systems
analyst throughout the year.*

It is the last element, the systems analyst, that should
help decide the in-house versus outside services question.
If the systems analyst is available and will not be pulled
off the project, then an in-house development may be appro-
priqte. If not, then the velopment should be contracted
outside.

Choosing Between Using District Computer See -vice or Purchasing
Outside Services for a Fully-Automated System'

The in-house versus outside decision in full automation is
more difficult than in semi automation.

In general, outside services provide more comprehensive,
integrated services than can an in-house effort. This
is true-because of the large amount of software development
that has-been performed by the outside firms for previous
contracts.

Integration means building the routing programs and the other
programs that comprise the semi-automated system so that they
all use common files. This is difficult when a district pur-
chases or leases a routing program (like VSPX from IBM) and
tries to integrate it with the other programs.

Price competition in outside services for full avtomation is
keen, so the district often pays only for the us* of the
programs,and-not for their development. The use cost contains
only a prorated share of development costs. Thus, it is
generally true that outside services are more cost effective:
than in-house services for full automation.

Criteria for Selecting the "Best" Outside Service

transportation managers may find that answers to the following
questions will be especially effective in selecting a firm to
prnvide automated busing services:

* If the computerized census, rosters and locations of bus stops
are not available, they will have to be developed during the
routing process. Costs and benefits of such'files should.he
included in an analysis of the feasibility of automated routing.
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How many districts has the proposed project
manger previously managed and what percentage
of his/her time is guaranteed to this project?
How much time will he/she spend at the site?

What information must the distrIct transportation
manager. provide? By when?

What penalties will the company agree to for
late delivery?

What is the total cost for the first year?
For updates'?

What specific products are.inclUded in that
price?

Are examples of report formats available for
inspection?

How many copies are provided and how much do
additional copies cost?

How close and how available are the firm's
staff members for assistance in correcting
problems or in rerunning the program when
parents change their selection in an open
enrollment situation?

How much to hnical assistance is provided
to instruc district transportation staff in
the use of new summary reports and route
information

Does the package include a system that can be
'.updated by the district staff?

Written answers to these questions should be asked of eacji
firm proposing to offer services.

Neither cost nor excessive previous experience should outweigh
availability of staff and'speed of updating in a parent choice
district. Parents are apt to change their minds and their
flexibility must not be unduly constrained by the busing system.

When a firm. is selected to provide the service, the ditrict
can help guarantee success if it will invest Al substantial
amount of both the transportation manager's and the super-
intendent's time in learhing what the service will and will not
do. Only a working partnership between the district and the
outside firm can guarantee a successful contract.
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t.

Estimating Savings

Both contractors and user districts surveyed estimated ,that
automtited routing systems reduce overall transportation costs
by fife to 15 percent after the first year of automation. ,

However, generalized'estimates of savings musk be viewed with
caution because they reflect a variety of levels ofscontractor
effort in training of district personnel, building of input
data files and a variety of output formqts. Reliably system
cost$ and proposed savings for. an individual district are best
determinecrby competitive bidding procedures which ask all
available firms to respond to the questions listed on page 3o.

The unique nature of _parent choice systems may inflate costs
more than expected, Eut the potential fo-r savings may be greater
because the transportation network will undoubtedly be more
complex.
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DATE 10/25/14

itOVIE PUPIL
la__ __LOAD

JHO25 d.

H026__ 51_

HUT _ _54

60___H028*

._-_HOd.
&

__50

44030 49

__.-_61.H031 60

. .o

H032_ 58

11C33_ 55

________HO4 . 55

___13035___

HC36

_ __57.

-,_ 40-

HC3T 52

1103.8 48

FIGURE I. G. 5

COMPUTFR 'ASSISTED bUS SCIIFOULING

DAMN FLEET ;SUMMARY STATISTICS REPORT

2058 _

AGSTOWN HIGH

START
TIMIS

SCHOOL

tND
TIMES

(AM SCHEDULE)

.ROUTE
TIMES

LIVE
MILES

.

AVG
SPD

L..,8.20 M.40 20 4.C8 12.2

8.17 , (0.38 21 3.70 10.6

8.27 8,38 11 2.48 13.5,4

8.21 8.40 19' 10.11 32.0

8.25 8.40 15 2.25 09.0

8.28 8.36 18 6.45 21.5

8.14 8.35 21 Bat 23.5

8.23 8.40 ' 17' 8.09 28.6

I 8.14 8.35 21. 8.01 1 22.9

8.14 8.37 23 7.75 20.2

8.13 8..37 24 9.61 24.0

8.18 8.38 20 6.48 19,4

8.14 8.35 21 5.25 15.0

8.31 8.40 09 2.76 18.4

722 238.42

38 RCU1ES FOR THIS SCHOOL
2058 RUPILS CARRICT

LIVE LOAD TIME
238.42 LIVE LOAD MILES TRAVELLt0
55 PUPILS PER BUS (AVG)

A-3 .

**4414,44*****,*************o***********444*************44444*****o**4444***st**
AAS S EOLCATIONAL.COORDINATES LF SUNNYVALE, CA AND PRINCJ-JON, NJ C A
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DATE' , 10A-25174

-__ STOP
NUMBER

FIGV.EL.G. 1

COMPUTE'R ASSLSTED BUS S.CHEUULING

ALPHABFTIC STOP. OCSCRIPTION REPUIRT

CABSTOWN. U.S.A.

STOP
GESCRIPTION.

8245C3 MAIN ST AT CHERRY ST

824502 PAIN ST AT KNOWLES ST

605003 MAO ST AT MAPLE LA .

884502* MAIN ST AT MEADOW AVE

964501 MAIN ST AT STUMP RD
.

,!

824501. 0Ala S,T AT SYCAMORE LA
/ _

a

TURN
DIME

P PICKUP
CUUE

02

.

LOV.

GRADh
'HIGH
.C,RADE

030' 02

02 09 12

015 02 k_

0.1 06 OR.

02
,-.

01 CO
..,..

00

01 1-

01

01

',.

7605002 MALi ST 44
. #

605001 PlIN, ST AT

865009 Pil4N ST AT

925001 PAIN ST AT

964502 MAIN ST AT

172'008 '114RTIN MILL RD AT 0DTTLRNUT LVA

242002 MARTIN ;'ILL RD AT COUNTY LINE RD

1245C3 MARTIN MILL RD AT CEST DR

240001 M.\ ITN PILL RD AT GLEN ECHO CR

242-001 MARTIN MILL RD AT LEATHR LA

1245C2

1245C1

MARTIN PILL RI) AT STR!AIHMANN ST

MARTIN MILL RD AT Wi;;DING WAY

172004 MATINMILL RD AT

378002 Plik,FORD AVC AT GREGURY ST

37g001 PUMFOD AVE AT HALLS'ID DR

432002 NAUBUC, ST AT STREET RD

432001' NAUBUC ST AT

571008 ' NrVARC DR AT MIRANDA WAY

045

HOO

00

00'

od

00

00

00

00

00

00 ,

02

01

00

00

09.

CO

06

00

00

05

12

00

OR

05

05
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NA TIVE DESCRIPTION OF BUS ROUTE
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CRYSTAL SPRINGS cLEMENTARY

1972-73 Bus Schedule

A.M. ROUTES

4

T-5 Starts 8:39 Grannis Rd after 35th Ave before Bothell
Way.

T-9 Starts 8:26 35th PI after Jewell Rd to 35th Ave to S
1.80th St to Bothell Way before 22,8th St SE.

T -12 Starts 8:26 31st Ave at /S Z28thiSt to S 220th St to
35th Ave to S 212th St to 45th Ave to S 228th St to 31st Ave.

T-37 Starts 8:26r 39-th Ave after Maltby Rd before S 228th
'St deadhead to, 27th Ave (on S 228th St) to Bothell Way to
S 240th St deadhead to S 228th St at 2nd Ave to 3rd Ave to
S 227th St to 4th Ave to S 228th St to 9th Ave to S 223rd St.

41.

T-47 St.;rts 8:16 Maltby Rd after Bothell Way-to Jewell Rd
to 43rd Ave turn around to S 196th St to 51st Ave to .180th

St before.35th Ave.

T-62 Start58:17 S 21217. St after Woodinville-Snohomish
Rd to Little Bear Creek Rd to turn around*to S 212th St to
55th Ave to S 216th St to 57th Ave to S 218th St to 60th
Ave turn around back to S 212th St to Maltby Rd to 43rd Ave
to S 200th St turn around to 43rd Ave to S 204th St to Maltby
Rd deadhead past Bothell WAy to 208th St to 9th Ave before
S 214th St.

T-67 Grades 1-3 only Starts 8:20 At S .208th St on Filbert
Dr to Duchess Rd to Winesap Rd to Filbert Rd before Filbert
Dr.*

T-67 Grades 4-6 only Starts 8:30 At S 208'th St on Filbert
Or to Duchess Rd to Winesap Rd to Filbert Rd before Filbert

T-68 Grades 1-3 only. Starts 8:20 At 198th pl SE on 10th
Dr SE to Grimes\Rd to Filbert Dr to Filbert Rd to S 208th
'St to 9th Ave.

te.'q

T-68 Grades 4-6 only Starts 8:30 At 198th PI SE on 10th
Dr SE tb Grimes Rd to Filbert Dr to Filberf Rd to S 208th

St to 9th Ave.

'11

BOEING COMPUTER SERVICES 7
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i3US. 46UTE SUMMARY:

STOPS, TIMES AND'LOAD
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TRIP 44 T-34
START 7:30 3 MIN,
KENMORE JR. 5 7:33 7:50 17 MIN'.

21 MIN.
CANYoN c)% 1K 5 9:11 9:29 14 MIN,

8 MIN.
SHELTON VIEW 1 3:33 8:50 17 MIN.
RETURN P:56 6 MIN.

86 MIN,

TRIP 52 T-47
START
BOTHELL 14.

7:31
7:3S 8:05

,CRYSTAL SPRINGS
RETURN

4 3:16 3:53
8:97'/

8 MIN.
26 MIA,
11 MIN.
34 MIN.
7 MIN.

66 MIN.

TRIP 4 T-46
START 7:16 9 MIN.
BOTHELL 3 7:25 etos 40 MIN.

6 MIN.
WESTHILL 6 3:11 8:35 24 MIN.
RETURN 8:41 6 MIN,

85 MIN.

TRIP 55' T-42
START
BOTHELL 1

7:16
7:22 8:05

WESTHILL 4 9:15 8:35
RETURN 8 :41

6 MIN.
43 miNk
1) MIN.
20 MIN.
6 41.

85 MIN.

TRIP 53 T-45
START
LECTA

'7:37
7:41 9:1S

WOODIN 3
RETUN

8:76 P:95
9:02

4 MIN.
3R MIN,
7 MIN.

29 MIN.
7

85 MIN.
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DATE 10/25/14

FIGURE I. G. 4

COMPUTER ASSISTED BUS S6HFOULING

SCHOOL BUS ROUTE DESC1IPTION

CABSTDWN ELEMENTARY

ROUTE ID - E010

STOP STOP
NUMeER DESCRIPTION

CALL
TIME

PUPIL
LOADS

ROUTE
MILES

___824503 MAIN ST AT CHERRY ST 8.20 3 0.00

_824502 MAIN ST AT KNOViLES ST 8.23 7 0.74

_884502 MAIN ST AT MEADOW AVE 8.24 10 0.90

_890099 ,SHELHIRE SCHOOL 8.26 24 1.37

_124503 MART IN MILL 40 AT CREST DR 8.30 6 1.80

_ _138001 CREST Dt Ai TULIP ST 8.32 3 2.25

_142501 CREST DR AT STREET RD. 8.35 8
., __

3.18

_.___DESTINATION CABSTOWN ELEM 8.40 EJ1 5.56

TOTAL PUPILS CAqRIE0 61 .

_ .TOTAL LIVE MILES 05.)3
TOTAL ROOT' TIME_ 20 PINS

__AVERAGE VEHICLE SPEED 16.6 .MPH

RIVING DIRECTIOS

STOP AT MAIN ST AT CHEtRY ST
_ _PROCEED VIA ST

STOP AT MAIN ST AT KIDWLFS ST
_PROCEED VIA PA,IN ST
STOP AT PAIN ST AT mEAJOW AVE

_PROCEED VIA MAUI ST
STOP AT sHLLMIRE SCHULL

__PROCEED VIA PAIN ST
.TURN LEFT AT MARTIN MILL RD

__PROCEED VIA MARTIN MILL RD
STOP AT ...11RTIN MILL RU AT CREST DR
TURN RIGHT'AT CREST DR
PROCEED '1A CRET l'`:
STOP Al LtEST DR'Af TULIP ST
PROCEED VIA CREST PR
STOP AT CREST U4 AI STREET RD
TURN RIJ',T IL STREET RI)

PROCEED VIA .STAT!-T tU
STOP AT CAFSTOWN.ELEM

p

0

***********A*************cso****************4**************o********************
:ABS EDUCATIONAL CCORDINATLS OF SUNNYVALE, CA ANC PRINCETON, NJ _CABS
*******0*404441*******o*******************************#************************
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FIGURE I. G. 6

DATE 10/25/74. COMPUTER ASSISTED BUS SCHEDULING

STOP STOP
_:_SIUMBER DESCRIPTION

4

ROUTE COORDINATION REPORT

CABSTDWN; U.S.A.

HOS NUPOr:R - 268

_ROUTE ID.- H001

_300650 CANYON RO AT SANDERS DR
300646 COALISS DR AT'

DCSTINATION CABSTOWN SHS
- -1

ROUTE ID J005

100034 ORCARD RD AT GREAT VALLEYCIA
_100033 CRCAAD 4D AT VALLEY °O
100032 OACAA.O RD AT BROCKSIDL ST

_100031 UACAAD RD AT
100030 (1RCARD RD AT OAKWOOD DR

_100011 OAKWOOD AD AT 144A 40
10004') TAR RD AT SOUTWNEOD DR

_1000/2 TA to AD AT DAV1S.D2
100044 TARA RD 4T TARABROCK DR

ROUTE

210049
_210050

210047
_210046

210036
_210037

210061
_210062

210084
___210063

OFSTINATICN - CARSTUWN JHS

II) EON)

411,2CM ALVC. AT ZA4DER CR
RHEEP1 BLVD AT LIND CT
AHEL:lv BLVD AT HALL DR
RHEEt! LL'VC AT CRAGA ST
GLOtIrTTA ST AT MEADOWVILW ST
GLCRIETTA ST AT HOLLY RD
GLC2IFIIA ST AT FLE=TONF: CI
COAALD Sf AT COVER CT
D044LD ST AT HALL DR
HALL in Al MIRAGE WAY

DESTINATION - CABSTOWN ELLM

_TOTAL PUPILS CARRHO - 170
TOTAL Lie'. LEAF PILES - 16.65
TOTAL CEAP4Ar MILS 9.H9
TOTAL LIVE Li AD TIPF s 14 PINS
TOTAL V'EHICLt TRAV.:1_ TIML 10') MIAS--

r

A.M. SCHEDULE

CALL PUPIL ROUTE VFHICLE
TIME LUAVS MILES MILES

7.18 . 46 0.00 02.81
1.22 18 1.62 04.43

7:29 64 . 4.25 7.06

7.38 03 0.00 10.69
7.39 07 0.12 10.b1
7.43 08 0.95 11.E4
7.46 U4 1.61 12.30
7.47 05 1.77 12.46
7.51 01 2.63 13.37
7.56 01 3.92 14.61
7.57 01 4.08 14.77
8.00 14 4.24 14.93

8.04 54 5.11 15'.130

8.10 05 0.00 17.10
8.14 04 1.23 1B.33
R.16 04 1.64 18.74
8449 10 1.87 18.91
8.24 06 2.71 19. r!1

8.25 )4 2.79 19.2)

8.36 02 5.16 22.;"6

8.39 11 5.31 22.41
8.41 05 5.46 22.56
8.42 01 5.61 22.71

8.47. 52 7.29 24.39

******0*******4****4**************************************************21*********
LDULATIOAAL COOROPOTES If- SUNNYVALE, CA Al PRINCETO;4, NJ CAOSCABS

414,44,4g4,40*********oso********************i.************ ***************4******.x***
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DATE 10/15/74

I'D - J015

FIGURE I. G. 7

COMPUTER ASSISTED BUS SCHEDULING
.

REPORT OF STUDENT CENSUS BY BUS ROUTE.

CABSJOWN CL:MENTARY

STOP CALL STOP STUDENT
NUMBER TIME DESCRIPTION NAVE

104001

106001

120001

STUEANT
ADCRESS

_8.21

8.24

TOlt HOUSE

TOLL HCUSE

RWIAT FITCH PL

WILLIAM T 12 F

C L4WLE4CE h 175
H , THOMAS R 20 F
J JLCCCYN 6 133
M R 120

ALICL 157

RD AT WESTER( KAY

4 CHARLOTTE F 2H4
b 1, RALPH N 315
t3 .

, CAIEL R 2401 .

F DA, ARTHUR C 170

4_

(OUSE tU

4_

'OUSE
10USE kr)

1CUSF RD

lnusE 40
-IOUS': RO
:4N WAN,
HCUS= 14 D

V S, CANDICE 6 2430 1-4N 44Y
V N, J4NICE F 2515
il SKI, WALTER C 433

ERN WAY
.,OUSE RO

8.211, WESTCRN WAY AT HOPWOOD ST

F , CHARLES W 801 '.i0 ST

I T, CHARDS 8 2730 CV1 WAY
( OAN A 807
( JAhES m 824

OD ST
nn ST

E -SKI, VARY JANE 84/ LD ST
( , JO E_LEN 2800 F(N WAY
I EL1/A8..1H A n3;: ERN WAY

K, STEPHEN F 870
h 1E/, JULIA S 2114

I , RE-GINA 1 H82

CD ST
ERN WAY
nu ST

8.30 WESTERN WAY AT CCUPER SI
- ;/

A , Br_VE-U_Y k 3011 ERN WAY.,

D. 0, HAIKA 308. r_.(N WAY,-

"H CiAkA K / 111, ER ST

K E.t, LCNORE S 110r F4N WAY
M JOHN F 115' ER ST

U 3, JuSTPH U 311 FkA WAY
S ., hLkThtM L 3146 ERN 14/1Y

T ROPL4T 6 316 'IAN WAY

-OTAL PUPILS CARRIr:D - 31

7JTAL TRAVEL (111'11: 15 MINS
=******048#4.0i**4.****#t*********4**.*******44.0mrn#4**4** ******************

(
A'B S CLUCATIO1A1 C1:11RDIAAILS UF SONNYVAIF, CA AND Ii4 NJ C A-B

=************004.44.4,4******44444=44********444.*******0***************************

A-17 68



SCHOOL BUS ROUTE gUMMARY



B
O
E
I
N
G
 
C
O
M
P
U
T
E
R
 
S
E
R
V
I
C
E
S

R
U
N
 
D
A
T
E
 
3
0
 
N
O
V
 
7
2

S
C
H
O
O
L
 
8
0
 
R
U
N
S
 
B
Y
 
S
C
H
O
O
L

O
A
K
H
U
R
S
T
 
E
L
E
M
E
N
T
A
R
Y
 
(
M
O
R
N
I
N
G
)

S
T
O
P

T
I
M
E

W
A
S
H
I
N
G
T
O
N
 
D
R
 
&
 
1
S
T
 
I
S
L
A
N
D
 
S
 
O
F
 
1
3
4
T
H
 
A
V
E
 
(
B
O
Y
S
.
 
O
N
L
Y
)
 
"
 
-
1
m
4

7
:
1
1

O
A
K
H
U
R
S
T
 
E
L
E
M
E
N
T
A
R
Y
 
(
M
O
R
N
I
N
G
)

7
:
2
0

S
T
U
D
E
N
T
$
,
 
R
O
U
T
E
'
I
D

5
4

R
U
N
 
T
O
T
A
L

5
4

1
2
T
H
 
A
V
E
,
 
&
 
B
A
Y
 
P
I
N
E
 
.
B
L
V
D

7
:
0
4

1
1

G
U
L
F
 
B
L
V
D
 
k
 
8
T
H
 
A
V
E

7
:
0
6

2
0

G
U
L
F
 
B
L
V
D

P
.
S
 
C
A
N
A
L
 
A
V
E

7
:
0
9

2
1

G
U
L
F
 
B
L
V
D
 
&
 
2
N
D
 
A
V
E

7
:
1
0

7
1
S
T
 
S
T

&
 
4
T
H
 
A
V
E

7
:
1
1

2

O
A
K
H
U
R
S
T
 
E
L
E
M
E
N
T
A
R
Y
 
(
M
O
R
N
I
N
G
)

7
:
1
0

R
U
N
 
T
O
T
A
L

6
1

3
6

B
A
Y
 
B
L
V
D
 
&
 
2
7
T
H
 
A
V
E

,

,
/
'
1
6
:
5
0

7
H
A
R
B
O
R
 
D
R
 
&
 
M
A
X
W
E
L
L

6
:
c
0

1
1

B
A
Y
 
B
L
V
D
 
&
 
2
3
R
D
 
A
V
E

,
6
:
5
4

1
2

B
A
Y
 
8
L
A
I
D
 
&
 
2
0
T
H
 
A
V
E
,

.
.

6
:
5
S

1
3

1
6
T
H
 
A
V
E
 
&
 
K
O
L
B
 
P
A
R
K
 
(
S
H
U
F
F
L
E
 
B
O
A
R
D
 
C
T
)

.

6
:
5
7

1
4

G
U
L
F
 
B
L
V
D
'
S
 
1
2
T
H
 
A
V
E

-
.
,

6
:
5
9

6

O
A
K
H
U
R
S
T
 
E
L
E
M
E
N
T
A
R
Y
 
(
M
O
R
N
I
N
G
)

7
:
2
0

R
U
N
 
T
O
T
A
L

,
r
6
3

1
5
8

W
A
S
H
I
N
G
T
O
N
 
D
R
 
&
 
J
E
F
F
E
R
S
O
N
 
C
I
R
C
L
E
 
(
G
I
R
L
S
 
O
N
L
Y

N
O
R
T
H
 
E
N
D
)

7
:
0
9

5
1

O
A
K
H
U
R
S
T
 
E
L
E
M
E
N
T
A
R
Y
 
(
M
O
R
N
I
N
G
)

7
:
5
0

R
O
N
 
T
O
T
A
L

5
1

1
7
2

S
C
H
O
O
L
 
T
O
T
A
L

2
2
9



V
t1

B
O
E
I
N
G
 
C
O
M
P
U
T
E
R

S
E
R
V
I
C
E
S

R
O
U
J
E

L
E
A
V
E
 
A
T

6
:
4
8
 
F
R
O
M
 
D
U
N
E
D
I
N
 
J
U
N
I
O
R
 
H
I
G
H
 
C
O
m
P
p
U
N
D

9
0

S
'
T
O
P

,
7
T
H
 
S
T
 
&
 
9
T
H
 
A
V
E

7
T
H
 
S
T
 
&
 
1
1
T
H
 
P
L
A
C
E

L
I
N
C
O
L
N
 
H
E
I
G
H
T
S
 
E
L
E
M

4
T
H
 
S
T
 
N
 
&
 
E
L
M
 
A
V
E

'

D
U
N
E
D
I
N
 
S
E
N
I
O
R
 
H
I
G
H

H
A
R
B
O
R
 
O
R
 
&
 
M
A
R
S
H
A
L
L

B
E
C
K
E
T
T
 
&
 
G
R
E
E
N
W
O
O
D
 
(
G
I
R
L
S
 
O
N
L
Y
)

'
S
A
N
 
J
O
S
E
 
E
L
E
M
E
N
T
A
R
Y
_

P
A
S
A
D
E
N
A
 
A
V
E
 
&
 
A
L
T
 
1
9

P
A
S
A
D
E
N
A
 
A
V
E
 
&
 
R
E
-
U
N
A
 
V
I
S
T
A

P
A
S
A
D
E
N
A
 
A
V
E
 
&
 
S
A
N
 
J
O
S
E

S
A
N
 
S
A
L
V
A
D
O
R
 
&
 
S
A
N
T
A
 
A
N
N
A
 
D
R

S
A
N
 
C
H
R
I
S
T
O
P
H
E
R
 
&
 
H
I
G
H
L
A
N
D

F
R
E
D
E
R
I
C
A
 
L
N
 
&
 
D
A
V
I
S
 
D
R

D
U
N
E
D
I
N
-
H
I
G
H
L
A
N
D
 
J
U
N
I
O
R
 
H
I
G
)

_
_
_
_
_
_
)

R
O
U
T
E
 
S
U
M
M
A
R
Y

D
I
S
T
A
N
C
E

2
7
,
0
 
M
I
L
E
S

-
-

,
w

T
O
T
A
L
 
T
I
M
E

I
H
O
U
R
S
 
3
1
 
M
I
N

1

D
A
T
E
:
 
3
0
 
N
O
V
 
7
2

T
I
M
E

S
T
U
D
E
N
T
S

A
T

7
:
0
0

2

A
T

7
:
0
2

2
7

A
T

7
:
0
5

.
3

A
T

7
:
0
6

8

A
T

7
:
2
0
,

4
0
.

A
T

7
:
3
6

6

A
T

7
:
3
8

1
5

A
T

7
:
S
O

2
3

A
T

8
:
0
5

7

A
T

8
:
0
6

8

A
T

8
:
0
7

0

A
T

8
:
0
9

1
1

A
T

8
:
1
0

1
3

A
T

8
:
1
2

1
6

A
T

8
:
2
0

6
1



ti

PUPIL LEVEL REPORTS

72



R
T
.

S
T
O
P

S
T
U
D
E
N
T
 
N
A
M
E

N
U
M
B

N
U
M
B

I
 
Z
A
B
E
T
H
 
E
L
L
E
N

)
R
G
E
 
W

S
R
I

r R
I
C
I
A
 
L

1
G
I
N
I
A
 
C

%
N
O
Y
 
J

_
L
I
E
 
E
.

f
 
D
O
U
G
L
A
S
 
5

2
8

2
R

5
0

9
R

3
6

6
R

4
4

R

2
8

2
R

1
7

1
3

R

7
8

R
"

4
5

1
2

R
c
)

1
5

1
4

R

8
'
1

R

4
9

9
R

4
9

9
R

3
4

1
0

R

1
4

1
3

R

'
3
4

3
R

3
0

3
R

3
0

3
R

3
0

3
R

3
3

1
7

R

2
3

9
R

4
4

4
R

4
6

9
R
I

1
5

8
R

4

r
G
L
E
N
N
 
M

;
H
E
 
I
 
L
A
 
A

/
I
D
 
M

t
I
E
 
E

3
E
 
R
T
 
A

D
O
U
G
L
A
S
 
D

R
E
G
I
N
A
 
L

)
I
R
K

L
A
R
K
 
R

I
A
R
Y
 
J
O

"
R
 
R
U
S
S
E
L
L
 
D

1
N
N
 
E

A
t
I
E
 
E

A
R
O
 
L

I
 
C
H
A
R
D
 
K

E
C
O
T
R
A
N

,
I
N
C
.

O
R
A
N
G
E
 
S
C
H
O
O
L
 
D
I
S
T
R
I
C
T

S
T
U
D
E
N
T
 
C
E
N
S
U
S
 
D
A
T
A

S
T
R
E
E
T
 
A
D
D
R
E
S
S

G
U
A
R
D
I
A
N
-

H
O
M
E

B
U
S
.

S
C
H
O
O
L

S
U
R
N
A
M
E

P
H
O
N
E

P
l
i
O
N
E

G
R

A
T
T
E
N
D
E
D

3
0
9
3
C

)
E
N
C
E

8
:

)
6
1

5
2

1
0
0

3
3
1

2
9
1
8
C

'
_
L

2
/

3
5
0

6
S

0
0

8
2
0

2
9
1
8
C

_
L

21
1
5
0

2
4

5
0

5
3
0

2
9
1
8
0

L
L

2
/

3
5
0

6
9

0
0

1
0

1
0

3
0
9
3
0

D
E
N
C
E

8
:

)
6
1
'

5
3

.
0
0

1
3
1

3
9
1
5

H
I
 
R
E

2
/

;
8
9

1
1

1
0

2
5
5
C

H
I
L
L

4
/

)
4
6

8
3

6
3

1
0

1
0

'

2
6

R
 
C
R
t
E
K

a
8
:

2
0

9
4

0
0

7
2
0

.

2
6

R
 
C
R
E
E
K

I
t
T

8
:

2
0

9
4

0
0

9
1
0

2
8
1
1

A
R
D

i
9
:

1
4
1

6
6

0
0

9
1
0

3
3
2
3

R
T
O
N

I
8
:

!
9
0

2
9

6
1

8
2
0

3
3
2
3

R
T
O
N

I
4
E

!
6
1

2
9

6
1

6
2
0

3
3
2
3

R
T
O
N

I
8
:

!
9
0

2
9

6
1

2
3
1

3
2
6
0

R
E
E

I
k
L

8
:

1
9
7

9
9

0
0

1
1

1
 
)
,

2
8
2
9
9

W
O
O
D
L
A
N
D

I
1

8
:

1
1
2

2
4

0
0

2
3
1

1
5
C

H
O
L
L
Q
L
,

I
2
/

)
8
1

6
8

1
3

4
3
0

1
5
C

H
O
L
L
O
W
-

I
2
/

)
8
1

6
8

1
3

.
1

3
1

1
5
C

H
O
L
L
O
W

2
/

8
1

6
8

1
3

5
3
0

2
7
6
0
C

R
D

:
E
R

8
:

5
3

2
4

0
0

1
3
1

3
0
8
5
C

8
:

3
2

4
4

B
O

8
2
0

2
9
9
4
2

G
r
i
t
t
O
 
K

8
:

i
8
0

6
2

1
3

6
2
0

3
0
8
5
C

8
:

3
2

4
4

2
0

7
2
0
'

3
0
8
5
C

8
:

3
2

4
4

3
0

1
0

1
0

A
L
P
H
A
B
E
T
I
C
A
L
 
L
I
S
T
I
N
G
 
O
F
 
S
T
U
D
E
N
T
S

S
H
O
W
I
N
G
 
B
U
S
 
R
O
U
T
E
 
A
N
D
 
S
T
O
P



E
C
O
T
R
A
N
,
 
I
N
C
.

O
R
A
N
G
E
 
S
C
H
O
O
L
 
D
I
S
T
R
I
C
T

S
T
U
D
E
N
T
 
C
E
N
S
U
S
 
D
A
T
A

R
T
.

N
U
M
B

3
1 2
5

1
6
'

3
4

3
3

2
8

2
6

3
1 3
3

3
0

V
3
1 2
9

2
3 3
4

2
6 3
0

3
4

2
7

3
6

2
4 2
5

3
5

S
T
O
P

N
U
M
B

1
0

1
6 1
5 1

1
0 7 6

2
1 1
7

1
4 9

2
0

.
3
1
0 7 4

1
.

1
7 7

1
3

1
5

1
2

S
T
U
D
E
N
T
 
N
A
M
E

K
R
I
 
J

K
K
E
R
I
 
L
Y
N
N

K
S
R
E
G
O
R
Y
 
J

X
1
R
I
S
T
I
N
E

K
D
A
N
I
E
L
 
F

K
R
O
B
E
R
T
 
P
.

L
.

(
 
J
O
H
N

L
i

I

L
H
E
R
M
A
N
 
L

L
%
R
I
O
N

F
T
H
E
W
 
E

t.
)
0
E
 
M
A
R
T
H
A

L
4
N
Y

L
.
I
S
A
 
A

M
H
E
I
D
I
 
A

M
(
C
H
A
E
L

M
:
T
E
R
 
D

M
I
E
L
L
E
Y
 
A

M
:
D
E
R
I
C
K

.
L
 
T
 
W

B
A
R
B

I
E
P
H
E
N
 
J

K
A
R
A
 
T

S
C
H
O
O
L
 
C
O
D
E

3
0

S
T
R
E
E
T
 
A
D
D
R
E
S
S

2
8
4

D
A
L
E

'

3
1
4

E
R
.

-

2
N
C
R
E
S
T

3
1
1
,

I
T

3
4

L
A
N
D

2
7
8

R
A
V
E

1
R
B
E
R
R
Y

2
8
8

!
M
O
U
N
T

3
7
,

'
N
G
 
P
A
R
K

4
1

)
E
R

2
7

R
A
V
E

2
9
4
,

:
D
A
L
E

3
5

.
I
N
G
 
H
I
L
L
S

5
1

[
H
A
R
D

3
2

1
E
 
R
T
O
N

i
S
P
U
R

K
S
O
N

3
3
3

,
T
H
 
W
O
O
D
L
A
N
D

3
3
6

1
1
 
R
M
O
U
N
T

5
1

P
E
R

2
9
6

R
M
O
U
N
T

2
E

M
O
U
T
H

,

-
2
8
2

C
O
U
R
T

G
U
A
R
D
I
A
N

S
U
R
N
A
M
E

K I
% r. L

Y

t I I
D
G
E

L

:
L
L

4
G

G
R
A
D
E
 
4 H
O
M
E

P
H
O
N
E

I Z

3 ) 3 5 3 4 6 4 5 9 8 9 4 9 1 6 6 6
' 6 a a
6

'
5

B
U
S
.

P
H
O
N
E

r 1 i 1 i ; . ; E E i 4 4 4 E ) .' /

-
,

; 1

) ) ) 6 5 0 2 0 5 9 D 0 2 J 0 0 8 5 4 5 8 9 1

A
L
P
H
A
B
E
T
I
C
A
L
 
C
E
N
S
U
S
 
A
R
R
A
N
G
E
D

B
Y
 
S
C
H
O
O
L
 
A
N
D
 
G
R
A
D
E
 
S
H
O
W
I
N
G

B
U
S
 
R
O
U
T
E
 
A
N
D
 
S
T
O
P



E
C
O
T
R
A
N
,
 
I
N
C
.

'
O
R
A
N
G
E
 
S
C
H
O
O
L
 
D
I
S
T
R
I
C
T

S
T
U
D
E
N
T
 
C
E
N
S
U
S
 
D
A
T
A

R
T
.

N
U
M
B

S
T
O
P

N
U
M
B

S
T
U
D
E
N
T
 
N
A
M
E

S
T
R
E
E
T
 
A
D
D
R
E
S
S

G
U
A
R
D
I
A
N

S
U
R
N
A
M
E

H
O
M
E

N
O
N
E

B
U
S
.

P
H
O
N
E

G
R

S
C
H
O
O
L

A
T
T
E
N
D
E
D

1
8

1
)

C
I
T
A
 
L

3
4
4

N
E

0
12

10

1
8

1
M

4
E
I
L
 
L

3
4
5

1
:
I
C
K

E
5

E
7

12
10

1
8

2
0

r
Y
 
K
A
T
H
L
E
E
N
-
 
R

3
4
1

_
M
I
D

:T
Y

2
9

12
10

1
8

2
,

0
r
Y
 
S
U
Z
A
N
N
E
 
E

3
4
1

.
A
N
D

:T
Y

2
9

9
10

1
8

2
K

J
O
E
L
 
M

'
3
4
0

.
.
.
.
.

.
A
N
D

E
8

E
8

11
10

18
2

N
3
E
L
A
 
M

3
4
0

_
A
N
D

2
9

2
.

6
12

10

1
8

2
N

/
1
1
1
0
N
Y
 
T

3
4
0

A
N
D

2
9

2
6

10
10

1
8

2
0

4
D
R
E
 
M

3
4
2
'

_A
N

D
E

4
z

0
12

10
-

1
8

2
0

M
I
N
A
 
-

3
4
2

_
A
N
D
'

E
4

4
.
0

1
1

1
0

1
8

3
F

I
 
T
A
R
R
Y
 
L

3
4
4
.

!
N
I
A

:
R

E
4

E
3

10
10

1
8

1
R

1
I
C
H
A
E
C
 
D

3
4
0

I
N
I
A

E
3

E
0

9
10

1
8

4
G

2
0
8
I
N
 
E

1
4
5
,

U
R
N
E

E
3

E
6

11
10

1
8

5
K

E
L
A
 
M

3
4
2

\
I
N
A
R
D

E
7

c
3

10
10

1
8

6
F

F
R
A
N
K
 
J

.
3
2
8
.

11
1/

rD

k
E

2
E

3
12

10

1
8

6
'

F
C
o
R
I

.
,
,
,
 
3
2
8

k
E

2
E

3
10

10

18
7

B
iT

E
V

E
 H

28
05

1
iD

E
,

2
11

10

1
8

8
B

C
A

R
O

L
J

2
8
1
5
1

I
I
D

i
E

7
E

7
10

10

1
8

8
B

_
_
_
_
_
_
_
_
,
E
L
Y
N
N

2
8
1
5
1

1
I

I
D

1
E

7
12

10

1
8

8
G

4
 
R
O
B
E
R
T
 
G

2
8
3
5
1

.
I
D

N
I,1

E
.6

E
0

12
10

1
8

8
T

L
A
U
R
E
A
N
N

2
8
5
0
1

1
I

I
D

I
E

;4
-E

/
4

9
1C

1
8

9
B

I
E
R
L
Y
 
A

2
8
7
0
1

I
l

IW
\

E
8

f
0
 
.
\
1
,
-
0

1
0

1
8

9
B

,
D
E
N
N
I
S
 
S

2
8
8
0
1

4
D

3
4

.
6

i
6

9
1
0

1
8

9
B

L
O
R
I
 
A

2
8
8
0
,

4
D

D
E

.6
E

6
1O

10

1
8

9
S
-

)
B
E
R
T
 
A

2
8
7
5

1
1

J
D

E
16

S
10

12
10

1
8

1
0

G
3
 
G
A
B
R
I
E
L
A
 
L
-

3
5
0

)
A

A
G

I
1
7

"
;

;0
10

10

L
I
S
T
I
N
G
 
O
F
 
C
E
I
,
w
.
)
.
)
 
D
A
T
A
F
O
R

S
T
U
D
E
N
T
S
 
S
E
R
V
I
C
E
D
 
O
N
 
A

G
I
V
E
N

D
M
I
N
 
(
P
 
A
N
T
!
)
 
B
Y
 
s
T
n
P



1 TO THE PARENTS OF

DIANE M

HUDSON, OHIO, 44236

(10..10)

Ij TIME... 7:22, ROUTE... 36 BUS... 20

STUDENT.. DIANE M
SCHOOL....HUDSON HIGH SCHOOL

STOP LOCATION...
(RN S MAIN 6 NANTUCKET

TD THE PARENTS OF

BECKY J

HUDSON, OHIO 44236

TO THE PARENTS OF

PARTICIA L

HUDSON,' OHIO 44236

1^, Ma 4- ft..... mt. -A

(10..10) STUDENT, BECKY J
SCHOOL....HUDSON HIGH SCHOOL

STOP LOCATION...
CRN STONE IN HALE

TIME... 7:10 ROUTE... 49, BUS... 8

(10..10) STUDENT.. PARTICIA L
SCHOOL....HUDSON HIGH SCHOOL

STOP LOCATION...
215 5 MAIN

TIME... 7 :23, ROUTE... SO BUS... 21

(10 -10) STUDENT.. DAVID B
TO THE PARENTS OF SCHOOL....HUDSON HIGH SCHOOL

DAVIOM STOP LOCATION...
_ 669 BARLOW RD

HUDSON, OHIO 44236
TIME... 7:08 ROUTE... 36 BUS... 20

TO THELPARENTIOF

PAUL F

HUDSON, OHIO 44236

(10-10)

A-7114AM

(10.'10) STUDENT.. MARK R
TO THE PARENTS OF SCHOOL....HUDSON HIGH SCHOOL

MARK R STOP LOCATION...
$1 640 STREETSBORO

HUDSON, OHIO 44236

STUDENT.., r PAUL F
SCHOOL....HUDSON HIGH SCHUOL1

STOP LOCATION...
8021 VALLEY VIEW

, .. ....N,.

TIME... 7:08 ROUTE... 40 BUS.,. lc

1104/11114A.4 trrOMAIMMININ.VIV1wbV/ ,,riC411 s ,

TIME... 7:X6 ROUTE... 35 BUS... 1,

7t
N-jA-23

ECOTRAN, INC.



CATE 10/25//4

FIGURE I. G. 8

COMPUTR ASSISTED BUS SCHEDULING

IEPDAT STUDFNT CENSUS BY SCHOOL

CA135TOWA HIGH SCHOOL

to STUDENT STUDENT SEX Yt SS LIST DIST bUS
NUMBER, NAME ADPRESS GO CD H-SC H- F1' NUMB

004829 T EDWARD C 140 AG ',,AY M 7h 02.4 C.55 180

004830 T WILLIAF' L 140 NC oAY M 76 02.4 0.53 180

_004831

0d4832

T ELEANOR A

T JAMES V

MLAL

MTAL

LO R1J APT

4_1, AD APT

A102

A140

F'1;76

M 76

, 02.5

02.5

0.00 080

0.00,000

_004833 T :OBt1T 0 ,f.V:AD LL) RD APT 0201
, .,

M 76 02.5 0.00 000

I

004834 T LAURA N MEAU LO RD APT 0360 F 76 02.5 C.00 080

004835 T ,, (1013F1T 1 MEAD ,L0 RD API F083 M . 76 02.5 0.00 080

004836 T MOLLIE H 488 RD F 76 02.6 0.80 006

004837. T 1, LA18414 M 7475 E1SON ST F 76 02.2 0.23 006

004838 T DAVID H 861 IC A,VE M 76 03.1 0.19 01

004839 T , CHLRY1 I,/ 4R 0 1)1 F 76 03.4 0.28 049
a

00484C T , LYNE H 7569 VIE/4 TERM F 76 05.6 0.55 201
-N.

004841 T , ADA K 1157 FIC AYE F 76 04.6
.

0.21 07)
-\

_004842 T , RICHARC G 14 C OR M 76 01.2 0.1? 049
..i

_004843 T _I , STEPHEN J 964 IC AVt-: M 76 03.4 0.18 01

004844 T , GAY T 3628 I' PL F 76 06.8 0.43 035

004845 T NORVAN R 4992 Y PL M 76 05.1 0.31 035

004846 U ti, OLNNA J ?35 HIP L1NL PD F 76 011.1 0.00 151

004847 U HESWFRT L looe IT PL M 76 09.4 0.18 151

004848 U OQO, JACOB C 1811 TON ST- M 4 6 02.0 0.31 108

004849 U CLARA 11 2051 RGR1:N.ST F 76
0

01.3 0.25 064

004850 U , HAROLD D 432, .*GREEN ST -a 04.3 0.66 024

004851 U KENNFFH H t6 I M 76 05.4 0.41 024

004852 ,V 4CABHL 8 t. 75; ST F 76 08.7 '0.:5t 027

*004*******400*4****44,0000***404000*000*044444.00*******4444****.**********041,*44*
CABS LOUCAIIDNAL CLORMINAILS FF SONNYVA1f4 CA AND P41NCEFUNI NJ C A o S

*****,t444,*(444.4.34.4,:f*,:tot*****4,4,*4,*m4.,*****tm********__44,mm,:.4,1,4.4.,4*4:,.....,,4%***<:*
A-24
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DATE 10/25//4,

'TO THE PARFNrs HF
THOMAS r

ZABSTOWN, AJ 0e540

FIGURE I.G. 10.

COPPUTER ASSISTEC BUS SCHEDULING

scHnuL .BUS INFCRPAIION PASS

CABSTUWN, U.S.A.

ASSIGAtO SCHOHL CABSTOWA SR HIGH
( BUS. STEW COATHILL RD AT CASEY CIR

BUS ARRIVAL TINE 7.49
dUS NUMBER 104

2***************************-*****************************************************
CABS EDUCATIONAL CCO.:DI\IATES CF SUNNYVALE, c.A ANC PRINCETHN, NJ CABS
*****************s*****************************************o*****,****4**********

OnTE '10/25/74

TO THE PARENTS nF
ANNETTE R.

2?"(_CAB TOtsN, NJ 08540

COMPUTER ASSISTED BUS SCHEDULING.

SCHOOL BUS INF0,4NATIHN PASS

CABSTOhN, U.S.A.

ASSIGNF0 SCHOOL- CABSTOW4 SR HIGH
BUS STCO DAM)-N CR AT I-tAtHER LA
BUS ARIVAL TIPF 7.46
bUS NUPBER - 030

CABS FOUtLATIOJAL COOWINATES OF sUNF4YVALE, CA aND PAINCCTON, NJ C A

****************************1************************0 ***********6*#*********

DATE 10/25/74 COMPUTER ASSISTED BUS SCHEDULING

SCHOOL BUS 14FORPATION PASS

I
CABSTOWN, U.S.A.

P:i.org=mn.se#

TO THE PARENTS HE ASSIGNED SCHOOL - CABSTOWN SR HIGH
LEONARD K BUS STOP - 'VFW ST AT FARBR RD

BUS ARRIVAL TINE 7.41
CABSTOWN, AJ Gh540 BUS NUPtiR - 064

**4****4*************t,*****************************,****t***************o*****.
CABS Ft:MATH:4AL COORDINATES CF SUNNYVALE, CA ANC PRINCETON, NJ C A h

**********44.,**44.40***.**t**0***4M**4*****t****0*****M****tfi*****4*********se

A-26 79
GPO 11011-011I


