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Abridgment 

Evaluation of Pupil Transportation Routing Procedures 

MICHAEL J. DEMETSKV, BRADLEY T. HARGROVES, AND MINA SZE MING CHAN 

The process of choosing a method for reviewing and designing the route struc
ture of pupil transportation systems for rural and suburban areas was investi
gated. The available techniques for school bus routing were reviewed and 
divided into three general categories: (a) manual procedures, (b) computer
assisted manual design methods, and (c) computerized design programs. An 
evaluation framework is presented for application by school districts in 
selecting the most appropriate school bus routing procedure to use in their 
areas. The application of the evaluation model in a selected school district 
is described. The study results indicate that the computer-assisted methods 
are best suited for the majority of school districts, except for only the very 
large and very small areas. Future work should be directed to improving on 
these interactive computer-assisted methods. 

This paper addresses a problem that rural and sub
urban school districts face in the early stages of 
reviewing the route structure of their school bus 
system--that of selecting a particular technique to 
use in studying their transportation system. The 
options available are reviewed and a strategy is de
veloped whereby districts can rationally select a 
method best suited to their particular needs and re
sources. A case study is shown for Albemarle 
County, Virginia. 

CATEGORIES OF ROUTING ME'l'HODS 

School bus routing methods are ways of determining 
the sequence of stops school buses make in picking 
up and delivering students to their respective 
schools. A wide variety of techniques is available 
for school bus routing that may be divided into 
three general categories: 

1. Manual procedures, 
2. Computer-assisted manual design methods, and 
3. Computerized design programs. 

For comparative purposes, a subclassification is 
made for methods that use computers to design the 
routes: (a) methods that are implemented and used by 
the school district and (b) methods that are pro
vided by consulting services and purchased yearly by 
the school districts. 

Manual methods are those that use only pencil, 
paper, maps, and, perhaps, handheld calculators to 
develop school bus routes. As a class, manual meth
ods are used in all but a small minority of school 
districts today. Usually no formal procedural steps 
are followed: routes are typically developed by in
tuition and experience. 

As a category, the manual methods offer the po
tential advantage of allowing for consideration of a 
variety of local conditions that are often unquanti
fiable and undocumented. To be effective, however, 
the manual methods can be extremely tedious and time 
consuming. As a result, most manual routing efforts 
consider only minor modifications to historically 
derived routes rather than systemwide evaluations. 

Computer-assisted manual school bus routing meth
ods use computer programs to assist in the manual 
design of routes. The computer programs are used to 
generate performance statistics for the routes that 
are manually designed. These measures typically in
clude disaggregate and summary statistics on travel 
time, passenger volume, and mileage. Examples of 
the computer programs include (a) the Urban Mass 
Transportation Administration (UMTA) Urban Transpor
tation Planning System (UTPS), (b) statistical pack-

age for the social sciences (SPSS), and (c) a vari
ety of specially written computer-program-assisted 
manual methods (!_-J). 

The primary advantage of the computer-assisted 
methods over the manual methods is that they provide 
individual route and system statistics quickly and 
easily. This feature facilitates the examination of 
different routing configurations and the implica
tions of different policy options, an operation that 
is virtually impossible by the use of a completely 
manual method. 

Computerized school bus routing methods are those 
that use computer algorithms or programs in the ac
tual design of school bus routes. The major dif
ference between the methods and the computer-as
s isted manual methods is that they use a computer 
algorithm for route design but the latter rely on 
individual judgment. 

The algorithms and programs that were developed 
to design school bus routes are based on one of the 
following approaches: 

1. The traveling salesman approach (~_,2_): 

2. The vehicle delivery or, as its solution be
came known as, the savings approach (§.-1): and 

3. The random approach (,!Q_l. 

All require a systematic documentation of (a) the 
street network in terms of links, nodes, and travel 
times or distances between nodes: (b) the bus stop 
locations and their respective numbers of students 
that correspond to each school: and (c) parameters 
for constraints, such as bus fleet size and capa
cities (ll). 

In the United States today, a relatively small 
number of districts have fully computerized their 
school bus routing process. Some have tried and 
have since abandoned the computer method and re
turned to manually developed school bus routes. The 
reasons for abandonment vary, though they are gener
ally a combination of the following: (a) insuffi
cient manpower on the local level to accurately 
gather all data, (b) lack of commitment of local 
school officials and transportation supervisors, (c) 
inadequate memory and calculating power on the com
puters used, (d) high turnover rate and lack of ex
perience of computer staff, (e) discontinued in
terest of several firms that had formerly provided 
school bus routing consulting service, and (f) dis
satisfaction with the results. 

Those districts that have successful computer 
systems are very enthusiastic about them. They cite 
the relative ease in updating the various data files 
and in using the computerized systems to develop 
routes for their districts each year after implemen
tation as primary benefits of the method. 

Computer school bus methods, however, are not 
recommended for all school districts. Because of 
the high initial costs, they are generally more 
suited for large school districts where potential 
savings in the pupil transportation systems would 
more likely equal or exceed the implementation costs. 

FRAMEWORK FOR SELECTING ROUTING METHOD 

The evaluation framework for selecting a routing 
method developed here is a two-step procedure. The 
first step involves al) assessment of the pupil 



74 

transportation needs and resources of the community 
followed by the evaluation and selection of the 
general category of school bus routing method that 
best matches these needs and resources. In the 
second step, specific methods that are available in 
each of the general categories are examined. 

To evaluate the categories of methods and the 
methods within each category, several sets of cri
teria or measures of effectiveness were developed. 
In each case, they were designed to reflect the 
various resource requirements and capabilities of 
the different approaches. Nine basic measures of 
effectiveness were developed for comparing the 
general categories of methods. They are as follows: 

1. Implementation period refers to the approxi
mate time period needed to acquire and implement 
that category of methods, 

2. Ownership cost refers to the monetary cost 
for the purchase of methods, 

3. Data-gathering manpower refers to the person
months needed for data gathering, 

4. Method implementation manpower refers to the 
person-months of computer staff required for method 
implementation, 

5. Computer facilities are the type of computer 
facility needed to implement and use the method, 

6. Recurring cost refers to the cost (rental or 
consulting fee) for each subsequent year, 

7. Recurring manpower refers to the person
months needed in each subsequent year for the 
development of routes, 

8. Efficiency refers to the relative efficiency 
of the routes produced (for a given size bus fleet), 
and 

9. Flexibility of method refers to the relative 
ease of using this category of methods to evaluate 
the effects on the route structure when changes are 
made in the constraints and policies. 

Based on these criteria, a comparison between the 
different categories of methods is shown in Table 
1. Information on the various resources required 
and method effectiveness were obtained from the 
literature, discussions with school bus routing con
sultants, and in-house assessments. As shown in the 
table, no single method is clearly superior. Trade-

Table 1. Comparison of school bus routing methods by category. 

Computer Owned Service 
Criterion Manual Assisted Computer Computer 

Implementation 2 2-6 8-12 6-8 
period (months) 

Ownership costs 0 100-1000 2000 to 45 000 to 
($) 80 000 100 000 

Data gathering 0-1 1-3 4-6 3-4 
(person-months) 

Method implemen- 1-3 1-3 4-12 
talion (person-
months) 

Computer facilities None Small to Large com- None 
large com- puter 
puter 

Recurring costs 0 0 0-200/ 30 000-
($) month3 60 000 

Recurring manpower 1-3 1-3 1-2 0.5 
(person-months) 

Efficiency 
<20 buses Good Good Good Good 
20-100 buses Fair Good Good Good 
>1 00 buses Poor Fair Good Good 

Flexibility Poor Fair Good Good 

8 Renta.l ree. 
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offs must be analyzed, primarily in the area of re
sources required versus effectiveness. 

Once a general category of methods has been 
selected, specified methods available in that cate
gory are evaluated for application. Criteria for 
this phase of the evaluation process were developed 
for all but the category of manual methods. Cri
teria were not developed for manual methods because 
manual methods vary substantially in application and 
thereby defy convenient description, and the merits 
and the successful applications of manual methods 
are almost entirely dependent on the users. For the 
remaining methods, two separate sets of evaluation 
criteria were developed. 

For the evaluation of computer-assisted methods 
and owned-computer methods a common set of criteria 
is used. They include the first seven criteria that 
were used to compare the general categories of meth
ods plus consideration of the success in prior ap
plications. 

A different set of criteria is used for the eval
uation of service-computer methods. Services are 
provided by consul ting firms, usually on a yearly 
contractual basis, to develop school bus routes. 
Data could be gathered by either the school district 
or the consulting firm, however, the development of 
routes and the production of reports for administra
tors, transportation supervisors, drivers, students, 
and parents are done only by the consulting firm. 
The criteria that summarize the attributes of the 
service computer methods for comparison include the 
measures defined previously, implementation period, 
data-gathering manpower, implementation costs, the 
success of prior applications, plus the following 
added considerations: 

1. Reputation of the firm refers to the exper
ience of the firm in school bus routing and the as
surance that the firm will continue to provide ser
vice in this area, 

2. Purchase option refers to whether the firm 
offers the option of selling the method and training 
the district's personnel to use the method to de
velop the school bus routes locally, 

3. Purchase cost refers to the capital cost in
volved for purchase of the method (computer software 
and documentation), and 

4. Computer facilities refers to the type of 
computer the school district needs if the method is 
purchased for local implementation. 

APPLICATION 

Selection of Method 

To apply the framework developed above to the selec
tion of a routing method it was first necessary to 
identify the resources available. For this task, 
the pupil transportation system of Albemarle County, 
Virgina, was chosen as a case study (]2). The var
ious resources available were determined from dis
cussions with local school officials and are 
numbered below according to the criteria for the 
evaluation of the general categories of methods. 

1. A maximum of four months was available for 
method implementation, 

2. A maximum of $1000 was available for method 
purchase, 

3. Approximately three person-months were avail
able for both data gathering and method implemen
tation, 

4. See item 3, 
5. The computer at the University of Virginia (a 

CDC Cyber 172) was available, 
6. No funds were set aside for recurring costs 

in subsequent years, and 
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7. About one full month of the transportation 
supervisor's time is available for school bus rout
ing in each subsequent year. 

When this information was compared with the at
tributes of the general categories of methods (see 
Table 1), the category of computer-assisted methods 
was selected, primarily on the basis of the resource 
limitations of time, money, and manpower. 

The specific methods available to the Albemarle 
School District in the category of computer-assisted 
methods are the SPSS-assisted manual method and a 
specially written program-assisted manual method. 
These two methods are compared in the table below, 
by using the criteria developed for the evaluation 
of computer-assisted methods. 

Specially 
Written 

Criteria ~ Program 
Implementation 3 3 

period (months) 
Ownership costs ($) 0 0 
Data-gathering 1 1 

manpower (person-
months) 

Method implementation 0.5 2 
manpower (person-
months) 

Computer facilities Computer Any computer 
with SPSS 
installed 

Recurring costs ($) Minimal Minimal 
Recurring manpower 1.5 1.5 

(person-months) 
Success in prior None None 

application 

As can be seen, the SPSS-assisted manual method was 
found superior because it required less implementa
tion manpower. Consequently, the SPSS-assisted 
manual method was selected to develop Albemarle's 
school bus routes for the 1979-1980 school year. 

Results of the Application 

Several significant results were noted in the appli
cation of the method to the Albemarle County school 
system. As expected, the computerized features of 
the method provided an organized and rapid deter
mination of the disaggregate and summary statistics 
necessary for the evaluation of the various routing 
alternatives. This made it a relatively simple task 
to assess the implications of changing various 
policy constraints (e.g., changing school starting 
times) and to identify the inefficiencies of the 
current routing configuration. 

The final routes selected represent a significant 
net savings potential to the county. The number of 
buses required was reduced by nearly 20 percent and 
there was a 57 percent reduction in the number of 
vacant sea ts. These reductions were achieved with 
only a 10 percent (4.6 min) increase in the average 
trip length. 

That the case study application was completed 
within the resources estimated for that method is 
also significant. Thus, for the current case study, 
substantial improvements were provided at a very low 
cost. These costs were recoverable many times over 
within the next year of operation. 

CONCLUSIONS 

Although only one case study has been presented, 
when it is considered with the framework developed 
for selecting among the various methods, important 

75 

implications for further effort in this area are 
apparent. 

The computer-assisted method was found to be well 
suited for an extremely wide variety of school dis
tricts, excluding only the very large and very small 
areas. As a general class of methods, they make use 
of the better features of the completely manual and 
fully computerized methods while not incorporating 
their inherent disadvantages. Moreover, the com
puter-assisted method provides an interactive facil
ity to help plan, manage, and er i tique local bus 
systems at several levels. The method is responsive 
to local concerns, policy level planning, and design 
considerations. It is interactive in that computer 
feedback is provided for the manually designed 
routes. 

Finally, it is evident that much additional work 
is needed in this area. The general framework de
veloped here identifies only the basic concept of 
the computer-assisted methods. The case study pre
sented demonstrates only that the general approach 
can produce operationally efficient routes. The 
work that remains, therefore, includes the develop
ment of various computer programs and extensive ap
plication testing. A sufficient number of 
approaches should be used to adequately explore the 
various person-computer interface arrangements. Al
though the cost of such development and testing will 
not be small, it should be more than offset by the 
savings realized by the school bus systems used as 
case studies. 
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Post-Bus for Rural Passenger Transportation and Rural 

Mail Delivery: An Idea Whose Time Has Come 

DALE E. ADAMS 

Rural areas have a growing need for public transportation, but service is declin
ing due to high costs and diminishing subsidies. The U.S. Postal Service faces 
similar problems with its rural service. A number of European countries faced 
similar problems and have solved them, to some extent, by combining public 
transportation with mail deliveries. Several studies have shown that this ap
proach may be successful in this country. The possibility of reducing the cost 
of providing both services by combining them demands experimentation. 

Rural areas have become increasingly isolated in the 
last several decades. Declines in rural population 
and the competition of urban shopping centers have 
caused the demise of many small-town stores and 
service enterprises. The resulting rural job loss 
has been compounded by declining agricultural em
ployment, which has forced many rural residents to 
commute to urban job locations. Social services, 
which are important to rural as well as urban resi
dents, locate in cities and large towns where most 
clients live. Many rural communities have become 
"bedroom towns" and rural citizens are now dependent 
in many ways on a distant urban center. 

These trends have created a hardship for the 
rural poor, elderly, handicapped, and young, who 
cannot operate or afford an automobile. Unfortu
nately, public transit has been unable to alleviate 
this problem. Low, dispersed demand and long dis
tances make commercial bus services unprofitable in 
rural areas. Government-sponsored transportation is 
costly and funds for it are scarce and decreasing. 
Certainly this instability warrants the investiga
tion of new approaches to fulfilling the growing 
transportation needs of rural residents. 

THE POST-BUS CONCEPT 

One possible approach is to combine rural transit 
with the conveyance of mail between post offices. 
Postal service, like transportation, is a deficit 
operation in rural areas. Since both public trans
portation and postal services involve similar driver 
and vehicle costs, there would appear to be poten
tial savings for both (and a reduction in the over
all need for government subsidies) if one driver and 
one vehicle could perform the duties of both mail 
delivery and passenger transport. 

Highway contract routes (commonly 
routes) are contracted mail pickup 
routes that serve most rural post 

known as star 
and delivery 
offices. In 

general, star route carriers make runs twice a day 
to outlying post offices from either a regional mail 
processing center or a larger post office. Often 
these distribution points are also regional retail 
and human service centers. If passenger service 

were added to highway contract routes, they could 
take rural residents into regional centers in the 
morning and return them to outlying towns in the 
afternoon. 

Another advantage of bus service on star routes 
is the suitability of post offices as bus stops. 
Most have a heated lobby where passengers could wait 
out of the weather. Also, post office clerks would 
be on hand to answer questions and, perhaps, also to 
sell tickets. Post offices already provide other 
community services, such as passport registration 
and food stamp distribution, so the addition of bus 
stop services is not unthinkable. Dale Massie, 
director of Appalachian Ohio Regional Transit As
sociation, a rural system that uses post offices as 
bus stops, remarks that rural post offices are 
generally the focal points of rural communication 
and, therefore, make ideal focal points for rural 
transportation. 

No u. S. Postal Service regulation prohibits the 
combination of star route service with passenger 
transportation. In fact, the U.S. Postal Service 
may pursue contracts with passenger common carriers 
when their routes and schedules fit postal service 
needs (39 U.S. Code 5214). A star route contractor 
may be an individual, a partnership, or a corpora
tion (}J • Contractors must abide by the rules and 
regulations of the Basic Transportation Services 
Contract General Provisions. Concerning passenger 
service, the provisions require the following <1l: 

The mail shall not be delayed to accommodate 
passengers •••• The mail shall be transported in 
an enclosed, water-proof compartment, equipped 
with secure locking devices •..• If the contrac
tor is authorized to carry passengers, the mail 
must be carried in a compartment separate from 
the passengers so that they cannot have access to 
the mail. 

The idea of combining mail and passenger delivery 
is not new. For instance, the stage coaches of 
early America performed both duties. In more recent 
times the postal departments of Britain, Switzer
land, Finland, and Sweden have established motorized 
Post-bus service. The continental services are the 
oldest; they began between 1910 and 1930. Swedish 
and Finnish Post-buses operate in rural areas and 
use vehicles that range in size from 9 to 55 seats 
(ldJ . The Swedish and Finnish buses are owned and 
operated by the respective postal services. In 
Switzerland, the post office contracts some routes 
to private carriers (_~). 


