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Systems Approach to Transit Bus Maintenance 
MA YTMH I A 1\1 M. lt'TIO.l'UM ,\ Tlt'R ~!!rl GEORGE ,\ N ACNO',TOPOIIJ.O', 

ABSTRACT 

A review of transit bus maintenance shows 
that, as widely suspected, there are serious 
problema. iolYtions to parta of the prnhlem 
have not succeeded in improving the overall 
situation. Instead, a total system approach 
is advocated. Elements of such an approach 
are outlined . 

A number of recent studies have pointed out that 
significant problems exist in maintenance of transit 
buses. Figure 1, reproduced from Malec (1), shows 
that between 1973 and 1982 maintenance costs for 
buses in transit service increased fivefold, from 
around $0.20 per mile to close to $1.00, an average 
annual rate of increase of 20 percent. At the same 
time, the mil,.s that a bus operated between road 
calls decreased from more than 5,000 to a mere 
2,000. Although the decrease in miles between road 
calls may have leveled off recently, indications are 
that the cost increase continues. 

The Committee on Public Works and Transportation 
of the U.S. House of Representatives, as quoted in a 
report by the General Accounting Office (2), finds a 
tendency among transit companies to defer mainte
nance work in order to defer cost. Because the con
sequences of deferred or not-performed maintenance 
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often are not evident until much later, the report 
states that wthe chickens usually come home to roost 
at some later date, when a new cast of characters 
may be in place.w 

The report by the General Accounting Office cites 
numerous specific incidents nf trnnRit r.nmp~niP.R nnt 
following their own maintenance programs, performing 
inspections called for in these programs either late 
or not at all. In contrast with this situation is a 
public sentiment of increasing impatience with inef
ficiency or ineffectiveness of any form of public 
service. The public refuses to go along with ever
.:. ......... ._ .... o!u.-:, fw .. ,;;; g ...... d d'l.,Ulir.,&U.d .... :::. r ~du~tion i n the s~b-
sidy payments for transit. Transit companies thus 
find themselves in a squeeze: continuously increas
ing cost versus resources that are steady at best 
and declining in some instances. Clearly some change 
is necessary. 

The General Accounting Office report recommends a 
federal policy for transit bus maintenance. They 
recognize that there are significant differences 
amona transit comoanies throuqhout the country. The 
poli;y they call -for, therefo~e, is to be flexible 
and to leave room for the individuality of each 
transit company. This conclusion points in the same 
direction as the work that has been going on for 
more than 2 years under the sponsorship of the Plan
ning and Methods Division of UMTA at the Transporta
tion Systems Center. 

The work at the Transportation Systems Center has 
led to the formulation of a dynamic approach to man
agement of maintenance (].). The central idea of this 
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FIGURE 1 Cost and performance of transit bus maintenance, taken from Malec (1 ). 
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approach is that the deterioration of operating 
equipment is by its very nature random. Maintenance, 
if it is to be efficient, therefore has to be struc
tured in a flexible manner so that it can respond to 
any randomly arising need for work. The best design 
of a maintenance system is based on an intimate 
understanding of the design and operating environ
ment of the equipment. Also, it takes into account 
the resources available and applies these resources 
to most effectively meet the maintenance needs. The 
best understanding of resources and equipment re
sides within each transit company itself. A dynamic 
maintenance system will therefore have to evolve 
from within each transit company. The methodology 
formulated at the Transportation Systems Center is 
intended to support this evolution. 

Efforts at improving the situation in transit 
maintenance have been under way for a long time. 
Much good work has been done, but most of it has 
been focused on isolated parts of the entire prob
lem. To the extent that a systems concept behind 
these efforts can be identified, that concept ap
pears to be improvement of the hardware design of a 
bus and its components, or automation of maintenance 
to reduce the reliance on humans in the performance 
of maintenance. 

The purpose of improving the hardware is to re
duce the frequency of failures and the amount of 
maintenance work required. The introduction of air 
starters and the tests of alternate brake linings 
are examples of these efforts. At the bus level, the 
introduction of life-cycle costing is motivated by 
the desire to force consideration of maintenance ex
penses into the procurement process. 

Automating maintenance is an attempt to get 
around the sometimes difficult labor situation. Some 
transit companies appear to be limited in the quali
fication standards they can demand of mechanics, 
others have to deal with highly restrictive work 
rules. The Automatic Bus Diagnostic System tested in 
New York City (il is an example of such an effort. 

Both types of efforts may have led to improve
ments in the areas they were directed at. However, 
implementation of solutions often proved expensive. 
Above all, as the figures quoted previously show, no 
s_ignificant improvement either in cost or in perfor
mance has materialized. The conclusion of the work 
at the Transportation Systems Center is that signif
icant improvements in overall performance can be ex
pected only if these efforts are part of an overall 
systems approach. 

The dynamic approach to maintenance is the result 
of efforts to provide a guide for the use of the 
systems approach in transit bus maintenance. In the 
following sections a brief overview of the most im
portant features of this approach will be given, and 
some of the potential for improvement of the situa
tion that might be expected to result from its im
plementation in transit bus maintenance will be 
pointed out. 

A SYSTEM VIEW OF MAINTENANCE 

The role of maintenance in a transit company is to 
provide the vehicles required for the performance of 
the planned operations at the time when these vehi
cles are needed and to assure that the vehicles are, 
and will continue to be throughout the duration of 
their assigned mission, in safe operating condition. 
Maintenance, thuo, haa no purpoae in itoelf; it ex
ists only as a support function. However, the ser
vice that a transit system can offer is determined 
by the characteristics and capabilities of mainte
nance, as it is by the characteristics and capabili
ties of other parts of the system. A view of a typ-
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ical transit system is shown in Figure 2. The three 
major functional elements, marketing, operations, 
and maintenance, are all interdependent and share 
coequally in the responsibility for the support of 
the entire system. 

SYSTEM 

MARKETING OPERATIONS 

FIGURE 2 Typical transit system. 

One review of transit maintenance (5) shows that, 
contrary to this view, maintenance is frequently 
isolated from the rest of the company. Top manage
ment often does not understand maintenance and •too 
often • • • [maintenance] is viewed as an operating 
function which mysteriously works by itself" (6). 
Although there are increasing numbers of attempts-to 
hold maintenance accountable and to measure its per
formance through management information syst~ms, 
there is little evidence of attempts to understand 
the role and special needs of maintenance. Mainte
nance personnel typically are not listened to but 
talked down to. Their jobs are considered dead ends 
on a career path and few of them ever make it into 
top management ranks. If they do, it is often by 
moving to another career path. The situation of 
maintenance in transit is by no means unique. It 
appears that, with the exception of some industries 
with very high technology and with obvious safety 
implications of bad maintenance, a lack of under
standing of maintenance is commonplace. Character
istically, the word maintenance is frequently used 
as a euphemism for janitorial service. 

A systems analysis of maintenance has to be pre
ceded by an analysis of the entire transit system 
and the definition of a consistent set of objec
tives. This will lead to a definition of objectives, 
role, and mission of maintenance within the total 
system. Critical in this definition is the identifi
cation of interests that overlap those of other 
functional areas. 

Examples of interests that overlap those of the 
operations function include the following areas: 

- Assembly of bus runs. Maintenance is interested 
in the starting and finishing times of each 
run, as well as the slack times within runs. 
Run starting and finishing times determine the 
work-load profile for maintenance. Duration and 
geographic location, relative to maintenance 
facilities, of slack times determine whether or 
not problems encountered during the day can be 
corrected without disruption of service. 

- The total number of buses in service during the 
conrRP. of t.he nay and the numher ann poisition
ing of standby buses and drivers within the 
system. 
Definition of response strategies to in-service 
difficulties. 

- Design of communications and other interfaces 
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between bus operators, dispatchers, and mainte
nance. Examples of this are debriefing of driv
ers, bus starting and servicing, and assignment 
of individual buses to runs. 

Examples of overlapping concern with marketing 
are the appearance of the buses as well as the de
sign, selection, and mode of operation of systems 
for passenger convenience and comfort such as seats 
and air conditioning, 

After all areas of overlapping concern with all 
parts of the property have been delineated and re
sponsibilities for them resolved, it is possible to 
arrive at an overall statement of responsibilities 
for the maintenance function. (It should be under
stood that the process described here in a linear 
fashion in reality is an interactive one, requiring 
many iterations before all conflicts are resolved.) 
A definition of responsibilities for the maintenance 
function includes the followinq areas: 

Evaluation and participation in selection of 
new equipment (buses, bus configurations, tools 
and support equipment, and so forth). 

- Selection, training, and promotion of personnel. 
- Maintenance of an inventory of spare parts. 
- Definition of components and subsystems that 

are to be treated as repairables. For each of 

float levels and control of the cycle (i.e., 
assurance of an adequate level of components in 
serviceable condition). 

- Evaluation of proposed future bus operations 
schedules, 

DETERMINISTIC VERSUS DYNAMIC APPROACHES TO 
MAINTENANCE 

A review of maintenance practices in transit com
panies shows a strong tendency to make maintenance 
predictable, deterministic. If a manager of mainte
nance could plan work a long time into the future, 
there would be no surprises and no crises, The task 
of maintenance management would become much easier 
and much of the well-developed methodology of pro
duction management could readily be applied. 

Unfortunately, maintenance is by its very nature 
random and any effort to make it deterministic is 
bound to be expensive. The alternative to the deter
ministic approach is a maintenance system that is 
capable of dynamically responding to ever-changing 
situations. In this section these two approaches 
will be contrasted. 

As far as component repair, replacement, and re
conditioning are concerned, the deterministic ap
proach strives to have all work performed at prede
termined times, Components are thus removed on the 
basis of time or accumulated operating time or mile
age. The amount of work to be done on a component 
after removal is fixed and known in advance. A con
stant shop load is achieved by controlling the input 
into the shop. Initially, this may require removing 
some components earlier than necessary, But when a 
uniform distribution of the age of active components 
has once been established, a smooth shop load is 
assured without further planning or corrective mea
sures, The process may be viewed as an open-loop 
control system. 

In contrast, the dynamic approach whenever pos
sible only calls for work to be done in response to 
actual needs (i.e., when the condition of the equip
ment requires it). Instead of completely recondi
tioning a component after each removal, only the 
work that is necessary is performed, The resulting 
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random work load is controlled by assuring a mix of 
work loads with various degrees of urgency in each 
shop. A properly sized and managed float of spare 
components will accomplish this. Also, for the most 
_______ _t ___ --.:::11 -·--'.6:.'---&.. ________ ...__ .... \.. .... ____ ,,, _____ _ 
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of a removal may be forecast in the short run. This 
is the case when the condition of the component in
dicates that it will soon deteriorate to a state in 
which the occurrence of an undesirable situation 
(such as an expensive failure) will be likely. De
pending on the availability of serviceable spares 
for that component, it might be removed soon after 
the condition is recognized, or the removal might be 
dcl.:iycd for oomc time, In tcrmo of control theory, 
the control of the shop work load may be viewed as a 
closed-loop control system with feedback and feed 
forward. 

Part of the deterministic approach is the idea 
that over the life of a component an optimal point 
can be determined at which the component should be 
't'".O.TnnnoA f:n'!"' r.o.,.nn.A ... +--lnn-l"g nr A-l-:!r";'I'!"'~- 'l'h;q pnin~ i!=:t 

determined by balancing the cost of an expected in
service failure against the cost of a preventive 
replacement. The analysis required is part of the 
standard repertoire of classical reliability theory. 
Implicit in this approach is the acceptance of in
service failures as a fact of life, and the assump
tion that it is permissible to determine the "best• 
rate of such failures on the basis of economic con-

ures the replacement age may be reduced or the reli
ability of the component (i.e., decrease the failure 
rate during the early part of the life) may be in
creased, Both alternatives may be costly; the second 
one is frequently referred to as gold-plating, 

Underlying the approach that replaces a component 
on the basis of age are two important assumptions 
that often go unnoticed: 

- The lives of components at failure are assumed 
to be identically distributed, independent ran
dom variables and 

- The age of the component is the only informa
tion available to warn about increasing likeli
hood of a failure. 

Neither of these conditions is true in most prac
tical situations, Over the life cycle of a system 
the age at failure of components may undergo signif
icant changes as the design evolves and maintenance 
practices and operating conditions are modified. 
Also, for most components, much better indicators of 
increasing wear than the age of the component are 
available. Many of these involve nothing more than 
observing the performance of the component during 
operations. Others may involve simple measurements 
or possible nondestructive testing methods. Thus the 
life of an individual component is differentiated 
from the universe of lives of like components. Al
though a probability density function of the life of 
the component at failure cannot be provided, the 
point at which the probability of a failure starts 
to increase can be identified, Thus any individual 
component may be replaced when its individual prob
ability of failure dictates replacement. The re
sults, clearly, are an increase in the average age 
at removal for all components and a decrease, or 
possible elimination, of the probability of an in
service failure. Provided that identifying the point 
of increasing probability of a failure is not too 
expensive, this approach clearly dominates the 
policy of replacement on the basis of age. 

An additional difficulty associated with the 
deterministic approach is that it is based on sta
tistics of past behavior of a component. By the time 
sufficient statistical information becomes avail-
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able, a component may be well into the middle of its 
life cycle. Thus, unless prohibitively expensive 
testing precedes the introduction of a system to 
service, the deterministic approach may not be prac
tical at all in real transit systems. 

The point of departure for the dynamic approach 
is considerably different from that of the determin
istic approach. Instead of searching for an optimal 
point in a parameter space, given a fixed policy 
(i.e., replacement on the basis of age), it concen
trates the search in the policy space. The subse
quent optimization of parameters for a selected 
policy usually turns out to be rather simple and is 
often dictated by circumstances. In many cases, eco
nomic results as well as other performance measures 
are little changed as long as the parameters are 
selected within reason. 

Maintenance programs in the dynamic approach are 
developed through logical analysis, following the 
branches of a precisely defined decision tree. The 
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first part of the decision tree is devoted to ana
lyzing the consequences of a failure and to deter
mining whether the occurrence of the failure can be 
detected by the operator. After that, possible main
tenance tasks are explored, starting with condition 
monitoring, and age replacement is considered only 
as a method of last resort. 

The decision: tree approach was first developed by 
airlines (7) where it is known by the acronym MSG. 
The armed -services have also widely embraced this 
approach. It is known there as reliability centered 
maintenance (RCM). 

Although the basic structure of the decision tree 
is always the same, the details of it have to be 
carefully adjusted to the type of system under re
view. Figure 3 shows an adaptati9n for an analysis 
of transit buses. 

One of the objectives of the dynamic approach is 
to eliminate life threatening failures altogether, 
at least as far as that is possible by the design of 
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FIGURE 3 Decision tree for analyzing transit bus components. 
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the system. When it is not possible to achieve a 
satisfactory level of safety through maintenance 
measures, the analysis points out that a modifica
tion of the system is required to meet the objec
tive. This analysis, together w1tn the type of 
information that becomes available through an or
ganized condition monitoring process, provides mo
mentum for ongoing product improvement. 

It is often assumed that condition monitoring 
requires complicated and expensive instrumentation 
either in the shop or on board the vehicle. However, 
much condition monitoring can be done by the oper
ator or by servicing personnel during their normal 
contact with the vehicle. A1e1 .tu example, in airlines 
almost 50 percent of all corrective maintenance work 
is triggered by crew reports. The need for the other 
50 percent is identified by mechanics during sched
uled inspections (8). Experience with extensive on
board instrumentation has generally been disappoint
ing. Apart from the fact that it often generates 
more information than c&n U1:: p:cve;eoocd cffcctiv~ly , 
the instrumentation and associated wiring may re
quire expensive maintenance. Failures of them may 
lead to unreliable signals that may cause unneces
sary maintenance to be performed. For examples of 
on-board instrumentation see Birkler and Nelson (~) 
who deal with turbine engines for military aircraft, 
and Casey (4) who describes an experiment for tran
sit buses. In general, the most successful on-board 
diagnostic systems use ~ignai~ ihat are already 
available for purposes of control. In transit buses, 
the electronic control units for engines and trans
missions appear to have a strong potential for such 
use. 

DESIGN OF A DYNAMIC MAINTENANCE SYSTEM 

Many of the elements of the dynamic approach to 
maintenance can be implemented strictly within the 
boundaries of current maintenance organizations. 
However, these elements implemented in isolation 
would most likely produce only minor improvements in 
the performance of maintenance, at least compared 
with what would be made possible by a full implemen
tation of the dynamic approach. The reason is that 
many of the problems of maintenance today stem from 
badly defined interfaces with other functional areas 
of the company and from the fact that the responsi
bility for some areas that constitute an integral 
part of the maintenance function is located outside 
the maintenance department. 

A proper implementation of the dynamic approach 
to maintenance thus requires the attention of the 
entire company and the active support of top manage
ment. In most transit companies introduction of the 
dynamic approach will mean a modification in the 
corporate culture. This will not be easy and can 
only be done in an evolutionary process from within 
each company. Change agents brought in from the out
side can be expected only to guide this process. In 
the following discussion, the key steps in the de
velopment of a dynamic maintenance system will be 
treated briefly. Excluded from the discussion is the 
development of a maintenance program, which was dis
cussed in the third section. 

Overall Optimization of the Maintenance system 

The mission of a transit company requires that a 
predetermined number of buses (the •active fleet") 
be in good condition and running without en route 
breakdowns during the time the schedule calls for. 
Any bus that is not in the active fleet at least 
part of the day is an extra expense to the system. 
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Some of these buses may need to have maintenance 
work performed on them. The rest may be justified as 
standbys for charter or other purposes. The invest
ment cost for the reserve buses needed for mainte
nance constitutes an integral pe1L i:. uf t.he uaainte
nance expenses in the same way spare repairable 
components do. Holding maintenance accountable for 
these costs and for the cost of en route breakdowns 
will give maintenance personnel an incentive to de
fine their work in such a way that it is optimal 
from the point of view of the entire transit system. 

Overall optimization requires that all resources 
of the company be used for the purpose of effective 
11111l11te1111m:e. Fot ex.tmi;,le, although the bus operator 
is part of a different department, he has to be made 
an integral part of the condition-monitoring system. 

Planning and Control Methods 

M"""''JgmAnt- nF mr1 i nt:en~nr-~ has to be structured so 
that maximum flexibility (i.e., response capability 
to unforeseeable work loads) is attained. Because 
the human ability to recognize patterns, relation
ships, and unique conditions is far superior to that 
of a computer, at least for a long time to come the 
human will be a central element in maintenance. 

The development of planning and control methods, 
especially computerized ones, has to be sensitive to 
+-ho apAri;:::11 ,..; ... ,..11mR .. ;:11n~P~ nf i=t maintenance environ
ment. It also has to recognize the needs of humans 
for satisfying work. Radically new concepts may have 
to be embraced. An adaptation of systems and methods 
developed for production systems, for example, will 
not suffice. 

Materials Management 

The overriding concern in materials management is 
the relatively small size of the problem, which does 
not justify big expenditures but which also permits 
people to have a good grasp of the overall situa
tion. The most promising approach appears to be 
bringing experts together for decision making. This 
can be expected to lead to considerable side bene
fits in the form of comparisons of work procedures 
among mechanics, which will lead to improvements in 
overall procedures. 

There are two categories of bus components, the 
repairable components, which, when they require 
work, are exchanged against like components and 
worked on independently of the bus, and the expend
able components, which are only removed from the bus 
when they are to be discarded. For each component a 
determination has to be made of whether it should be 
treated as a repairable or as an expendable compo
nent. Treating it as a repairable component may lead 
to substantial savings in bus downtime. On the other 
hand, the cost of setting up and managing the float 
has to be considered. Also, removal of the component 
and replacement with a serviceable one may require 
considerable time and thus be expensive. These ex
penses have to be traded off for each part against 
the benefits of reduced bus downtime. 

For each repairable component the optimal float 
level has to be determined. The float has to assure 
that, in spite of the randomness of the removal pro
cess and the repair process, the frequency with 
which the need for a serviceable component cannot be 
satisfied is below some small level. However, be
cause repairs can be accelerated and, to some ex
tent, removals delayed when the level of serviceable 
parts is low, this is by no means an easy problem to 
solve. Because, in reality, many kinds of parts and 
in some cases buses also compete for the same shop 
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capacity, this problem becomes quite complex. Con
siderable work on this subject has already been done 
in aviation. For an overview of this work, see 
Etschmaier (10). This work will have to be adapted 
to the special situation in transit maintenance, es
pecially to the small scale of the problem. 

Methods also have to be developed for scheduling 
component repairs through the shops. This issue ties 
materials management directly to the planning and 
control methods discussed previously. 

For all components and parts, future usage has to 
be predicted for the short as well as the long 
range. The number of parts required for maintenance 
of transit buses is small enough that automatic 
forecasts are not necessary. Instead, it is possible 
to review past usage patterns for each part and to 
determine how these patterns are tied to different 
kinds of maintenance activities. Given a forecast of 
future maintenance activities, this information can 
immediately be turned into forecasts of parts usage. 
The forecasts are best developed in conference by 
teams familiar with the details of design and main
tenance procedures, probably lead mechanics, fore
men, and parts men. They should be assisted by for
malized procedures in the form of worksheets, either 
on paper or computerized. Computerization could 
relieve them of some of the number-crunching ac
tivity that is unavoidable in this process. 

Access to spare parts for mechanics has to be 
made as immediate as possible, without creating 
chaos. In a small shop the effort devoted to parts 
control can easily become excessive. Reorder proce
dures for expendable components and parts have to be 
developed. 

Mobilization of Personnel Resources 

The most significant factors that currently inhibit 
the eff1fotiveness of maintenance labor and in some 
properties lead to worker apathy and resignation are 
adversity in the labor-management relationship, re
strictive work rules, inconsistencies in mechanics' 
training, and the absence of a clear definition of 
purpose visible to the workers. 

The problems are extremely complex and there are 
no easy or fast answers. Certainly there are no 
answers that can be imposed on a transit system from 
the outside. Instead, solutions have to be found for 
one system at a time by immersion in the situation 
and the special problems faced by the system. What 
is needed is skill and leadership, vision and sensi
tivity, and above all a fundamental sense of fair
ness. Solutions have to be found by working with 
workers and their unions and listening to them as 
fully emancipated partners in this process. The ap
proach taken has to be based on solid realism, but 
also on a firm belief in, and respect for, the qual
ity of workers as well as sensitivity to their needs 
and feelings. There is little room for the applica
tion of fads or isms, nor should this be a play
ground for ivory tower research. Mobilizing the 
personnel resource of a property almost certainly 
requires the temporary infusion of a change agent 
from the outside, but whoever he may be, he must 
have a full grasp of all aspects of maintenance and 
be willing to "get his hands dirty." He must, of 
course, also have the full support and understanding 
of all levels of management. The line between suc
cess and failure in such an undertaking is narrow, 
but the potential for improvement and the sense of 
reward for all involved can be tremendous. 

CONCLUSIONS 

The systems approach provides an opportunity to re
examine the performance of maintenance in a transit 
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system and to redefine the relationship between 
maintenance and the rest of the company. Clearly, it 
is not something that can be imposed on a company 
from the outside. Instead, it requires a long pro
cess of evolution from within that has the full sup
port and understanding of all levels of management. 
If this process is to succeed much hard work and 
dedication by many people within a company are re
quired. This work appears fully justified because it 
can be expected to produce significant improvement 
in the performance of maintenance and to halt the 
escalation of cost of the maintenance department as 
currently defined. Significant reductions of the 
cost of the overall maintenance function as defined 
in this paper will occur with certainty. 

To provide an indication of just how significant 
the savings through the application of the systems 
approach may be, Figure 4 is a graph [reproduced 
from Ralf (11)] showing maintenance cost as a per
centage of total operating cost in airlines bet~een 
1957 and 1981. The systems approach was introduced 
gradually beginning in the early 1960s and was fully 
implemented around 1970. During this period mainte
nance expenses decreased from around 19 percent to 
12 percent of total operating expenses. They have 
continued to decrease since then; however, some of 
the decrease has to be attributed to the increase in 
fuel prices. Although the authors are not suggesting 
that the success of airlines maintenance can be 
duplicated in transit, they expect the results to be 
convincing. 
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Management Information Systems for Small, 

Fixed-Route, Fixed-Schedule Operators 

JOHN COLLURA and PAUL McOWEN 

ABSTRACT 

Guidance is provided for managers of small, 
fixed-route, fixed-schedule services who are 
considering the purchase of a microcomputer 
and the necessary software for management 
information purposes. The major management
related functions of such services, which 
require the tabulation and analysis of data, 
are reviewed in detail and categorized into 
six groups: (a) administrative, (b) plan
ning, monitoring, and evaluation, (c) op
erations management, (d) materials and 
equipment ordering and inventory, (e) main
tenance, and (f) financial management. Fol
lowing this review, source forms for the 
actual collection of the data are proposed 
and management reports for each function are 
suggested. Reference is also made to a set 
of criteria and standards to assist managers 
in the selection of the type of microcom
puter and the required peripherals and soft
ware. To illustrate the use of these cri
teria and standards, three alternative 
hardware and software systems are formu
lated. Each system is intended to aid in all 
information management functions, to accom-

modate the processing of the data that have 
been entered from the source forms, and to 
generate the necessary reports. Each system 
consists of "off-the-shelf" software (in
cluding a data-base manager and some appli
cation programs and report generation capa
bilities). The hardware includes the most 
popular and widely used mircrocomputers and 
printers. Each system can be purchased for a 
total cost of approximately $10,000 to 
$12,000. 

The use of microcomputers is becoming prevalent in 
many areas of transportation (l). The first phase of 
the research consisted of a broad-based and detailed 
review of a representative group of existing, auto
mated, manageme·nt information system (MIS) applica
tions, the development of an evaluation framework, 
and the use of this framework to identify defi
ciencies among the existing M:rSs (2). MISs were 
studied at nine different transit sites in several 
different areas of the country. Sites were selected 
to represent widely varying fleet sizes, service 
area characteristics, and modes of service. In 
addition, a number of non-site-specific software and 
hardware packages were reviewed, including several 
within the public domain that were developed with 




