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Abstract

The article characterises essential issues applicable to the evaluation of the transport services quality. While
quoting appropriate literature, the article discusses the term of transport service quality and its influence on the social
and economic development. The objective of the quality evaluation has been presented, from the point of view of the
consumers and ordering parties, transport enterprises and independent evaluating entities (e.g. certifying bodies). The
attention has been focused on the examples of the characteristics of quality in respect to the transport means, human
as well as infrastructure resources. Some of the aspects of the process and mathematical modelling of the transport
services quality evaluation, have been presented, pointing at the use of the artificial neural networks. The process
approach in the quality assessment has been used to create mathematical model. To teach the neural network, the real
data has been used, from the certification conducted at the Quality Systems and Management Department of the
Military University of Technology. The summary of the article points at the scientific areas, where the presented
aspects of the transport services quality evaluation, can be used.
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1. Introduction

The transport services (TS) represent an essential element of the economy and the social life,
enabling effective functioning of its every aspect. Together with the social and economic
development, necessitating in the need for mobility of people and freight, they represent a factor
intensifying progress. That is because the freight should find itself where it is needed, in the right
amount, at the right time, shape, quality and at the right cost [3]. The quality evaluation of TS has
gained particular significance. It encompasses the activities necessary to provide the clients
(consumers) with the evidence, that the service meets a certain requirements, concerning mainly
time, transport destination, quality of the transport means and the freight being carried.

One of the main problems affecting the quality of the TS is adapting the haulage potential to
the transport tasks being conducted. By that, we understand an optimal number of the transport
means of a certain type, their load capacity, type of car bodies, reliability of the transport means
their durability and efficiently operating technical servicing system [1]. That entails the necessity
to look for new more effective methods of providing services, and with that — methods of
evaluating their quality.

2. The essence of the transport services quality evaluation
TS takes place at the same time as being ,,consummated” by the users. It ceases to exist, the

moment it is completed. Thus there is no chance of improving its quality after its completion. On
the other hand we are faced with the impossibility of its physical presentation. The client, before



A. Swiderski

purchasing the TS can not evaluate its pro-consumer and quality aspects. Hence such an
importance of the TS generated for the first time, while being conducted. It is possible though to
talk about the quality improvement that is about the activities aimed at improving quality of the
similar, successive services being provided, linked with the introduction of some organisational
changes at the transport enterprise. These changes are closely linked with altering the transport
processes conducted [2]. The formal expression of this situation is the compliance, by the transport
firm, with the 1SO 9000:2008 international standard and obtaining appropriate certificates, issued
by the independent certifying bodies.

According to [15], the quality can be described, amongst other things as:

relationship between what the consumers receive, and what they would like to receive,

a degree, to which a given product resembles master pattern or specification,

determining, when the clients’ wishes are met, at the minimal production costs,

a degree of perfection at the acceptable price and achieving it at the acceptable costs,
measurements, thanks to which it is possible to create a characteristics of the essential qualities
of the product, procedure or service and objectively determine, whether these qualities meet
the expectations posed for them,

a degree, to which all the quality of the product/services meet the requirements of the
consumers.

The quality evaluation can be conducted in accordance with the certain measureable quality

characteristics. For example [15]:

b)

maximum number of delays in a month, not exceeding 3 min.,

certain percentage of trips should commence not earlier than with one minute before the
schedule and not later than 3 minutes after the prescribed time,

the complaints of the clients should be analysed during 48 hours,

certain percentage of the planned trips should take place in a month,

decreasing deficit to a determined level,

achieving certain percentage of the income increase without raising the travel fares,

decreasing costs by a certain amount,

number of the kilometres travelled between the reported repairs of the transport means,
frequency of delays caused by the breakdowns and accidents,

not exceeding certain percentage of the transport means excluded from use, due to
breakdowns,

percentage increase of the number of regular clients in respect to the previous year,

meeting technical and quality requirements by at least 90% of the inspected transport means.

While using TS quality characteristics, the following rules apply [10]:

The rule of usefulness of the characteristics.

TS quality characteristics must express directly or indirectly the requirements of the TS
consumer/ordering party and the legal requirements. In the selection of the characteristics, the
prominent position has to be taken by the interests of the TS ordering party, as meeting his
requirements is a prime demand of the quality delivery of TS. Thanks to that there will be
a demand for TS and the carrier will make a profit.

The rule of objectiveness of the characteristics.

TS quality characteristics must be parameterized, that is, they must be expressed in the form of
numbers. The rule of objectiveness of the characteristics fulfils one of the basic demands of the
rationality of this evaluation, according to the theory that, if something is impossible to be
measured then it is impossible to be managed.

The rule of optimisation of the characteristics.

This rule says that deviations from the optimal characteristics value are linked with losses. The
essence of this, described by Taguche is that for each characteristic it is possible to determine
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d)

such a value at which a function of losses is the smallest. This level of losses can be described
as target or optimal.

The rule of globalisation of the characteristics.

Wherever possible, the effort should be made of the TS quality characteristics to represent the
highest possible number of the partial characteristics. The globalisation properties are
exhibited by, for example, the criteria of the costs of the quality, reliability, functionality, or
ergonomics.

The rule of diversification of the characteristics.

This rule is opposite to the globalisation.

The rule of variability of the characteristics.

For the TS quality evaluation it is necessary to keep an attention on the fact that the
characteristics do not have to be constant and can vary. This variability may be inspired by the
change of the requirements of the consumer ordering TS, changes on the market and on the
part of the competition, changes in the legal regulations, scientific progress, etc.

The examples of the TS quality characteristics are presented in the Table 1.

Tab. 1. TS quality characteristics

Name of the characteristics Description

— reliability,

— cleanness and maintenance of the transport means,

— noise and vibrations,

— load capacity,

— durability,

— technical services system,

— costs of the technical services, repairs and overhauls,
— fuel consumption,

— travelling comfort,

— safety,

Transport means used

— qualifications, competencies,
— politeness,

Human resources — communicativeness,

— trustworthiness,

— accessibility,

— routs scheme,

— number of the necessary transport means,

— storage capacities,

— quality of the transport means and storage infrastructure,
— availability of the transport network,

— flow capacity.

Infrastructure resources

The characteristics presented do not exhaust the arsenal of the characteristics described, among

the others, in the works [4, 8, 9, 15], possible to be used for the TS quality evaluation.

The TS quality, and thus the objectives of conducting such an evaluation, can be considered

from the point of view of:

a)

b)

the consumers (e.g. as far as passenger transport is concerned, using various transport means:
travelling of youths to schools, municipal, intercity and international transport, excursion trips,
special purpose trips and those associated with the health safety and therapy),

ordering party, including:

653



A. Swiderski

— state administration and local authorities concerning municipal, intercity and international
transport, as well as utility services transport,
— production and service firms concerning freight transport to the client,
— legal entities and private individuals concerning transport of small consignments including
. letters, parcels and purchases, transport services associated with the supplying the
population and other passenger transport services,
— educational and tourist organisations concerning excursion trips,
— health service institutions (transport services associated with the health safety and therapy).
c) transport enterprises (based on the functioning of the quality assurance systems and the
information gathers from: consumers, ordering parties and independent evaluating bodies),
d) independent evaluating bodies (e.g. certifying bodies).

3. Modelling of the transport services quality evaluation

The author developed methodology for the TS quality evaluation, based on the theory of the
process approach to the quality [6]. The process is understood as a set of interconnected activities
(operations), which are aimed at achieving certain fragment of the undertaking [1]. It was assumed
also, that the process is a set of actions connected with each other or affecting each other, which
convert entries into exits [6]. The Fig. 1. shows the conducting of the k-tieth process. The inputs to
this process are evaluations of meeting individual quality requirements. The output represents the
process quality assessment.

Wi 1(t)
Wi 2(t)
Realization of k-tieth process ~|———— 9, (1)
Wi 3(t) —
wi () —>

Fig. 1. K-tieth process of providing TS

Taking also, as the author’s experience, it can be concluded that, the processes creating TS
partial quality evaluations are as follows:
— g, - enterprise management functions,

- configuration management,
- TS planning,

52
J,
o, - processes associated with the TS ordering party, including risk management,
o, - storage,
- J, - purchases,
&, - supervision over an infrastructure and work environment,
5, - personnel management,
5, - managing measurements processes and measuring equipment,
- §,, - Supervision over documents and entries,
- ¢, - internal audits,
- ¢, - corrective and preventive actions,
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— ¢, - dealing with the TS non-compliant with the requirements.

Thus mathematical model of the TS quality evaluation (Fig. 2) can be recorded as a function
A(t) in the form of:

A(t) = 1(5,(t), & (t).... 5 (t)). 1)

where:
Alt)- TS quality evaluation during time t,
5.(t) - evaluation during time t of the k-tieth process, while k =1,2,..K .

THE MODEL OF TS A(t)
QUALITY EVALUATION |

Fig. 2. Model of the TS quality evaluation

In the investigations over modelling quality evaluation [11, 12, 13, 14] the author also took
into account the outcomes of the evaluation obtained earlier, in the annual intervals, that is in the
time spaces t,(t—At)(t—2At)...(t—iAt), where i means the number of the investigated
evaluations preceding a current one. The objective of such an approach was among the others,
observation of the quality development trends, that is — how the TS quality has changed in time.
The formula 1. takes the form of (Fig. 3):

At) = T(5,(t), 5,(t),..., 5, (t), Ot — Ab), O(t — 2At),..., O(t — iAL)). )
5t >
528 >
5k (t) > THE MODEL OF TS A(t)

A(t _ At) QUALITY EVALUATION [ %

o

Fig. 3. Model of the TS quality evaluation using earlier evaluations

Due to the fact, that the form of the above functions is not known as well as non-linear
character of the quality evaluation, it is possible to use artificial neural networks (ANN) to
determine it. The essence of such an approach is finding TS quality evaluation model for the input
and output data from the real certification processes conducted in Quality Systems and
Management Department of the Military University of Technology. For the modelling purposes it
is possible to use various available computer programs, e.g. STATISTICA 7.1, JETNET 2.0.
Program JETNET 2.0 uses algorithm of the momentary backward error propagation method [7],
STATISTICA 7.1 — also other methods of teaching network, such as: coupled gradients, of
Levenberg-Marquardt, Quasi-Newton. Majority of them have been tested by the author during
modelling and looking for the best ANN structure, which was proposed for the practical
application. During modelling and determining the ANN structure, several values were adopted for
the momentum coefficient, teaching coefficient (teaching speed), the number of the hidden layers
and the number of neurons in these layers. To determine mathematical models for the TS quality
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evaluation, sufficient are linear networks, unidirectional and multilayered. The Fig. 6. shows the
application of such ANN to assist in the TS certification decision making [11].

‘ TS CERTIFICATION ‘

FORMAL
EVALUATION OF
APPLICATION

EVALUATION OF
DOCUMENTS OF
| MANAGEMENT SYSTEM

IN ACCORDANCE WITH
THE RELEVANT
STANDARD

ON-SITE (IN
L—— ORGANIZATION) AUDIT
EVALUATION

EVALUATION OF THE
WHOLE MATERIAL

GAINED IN
CERTIFICATION PROCESS

DECISION Q:j

y—

Fig. 6. Neural model of the certification decision making
4. Improving quality of the transport services

The requirements of the international 1SO 9001:2008 standard recommend constant quality
improvement, and thus increasing the capabilities of the transport enterprise to fulfil the
requirements of the TS ordering parties. Therefore it is necessary to monitor the information on the
compliance with these requirements and define the methods for obtaining and using that
information. The quality evaluation results; and by that of the studies on the TS clients’
satisfaction, represent the basis for the quality improvement.

The firms ought to search for the methods to improve ways to provide TS, not waiting for the
problem to occur, which in turn will influence the TS quality and reveal the necessity for
improvement. Therefore firms should have at their disposal the appropriate arrangements in order
to identify and manage the actions aimed at the improvements. The result of them may be changes
in the service, process, quality management system or the organisation of the firm.

The quality improvement represent the improvement of all its elements, that is: the
organisational, the distribution of responsibilities and authorisations, procedures, processes (e.g.
planning, or providing TS), personnel and the infrastructure possessed. The impulses to commence
the changes may be many. Every information about the room for improvement represents to the
management a basis for initiating corrective or preventive actions. The sources of such information
may be:

— current use of the documentation,
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— monitoring of the indicators of conducting individual stages of providing the TS,

— analytical compilation of the quality costs,

— reports about the planning and providing TS, from the sales and the analysis of its trends,
service, etc.,

— reports from the internal audits, reports from the review of the management system,

— every day observations from the documents entries and providing TS, conducted, amongst the
others, with the view of their effectiveness in respect to the expenditures incurred, and in the
context of the dangers to the natural environment, in the context of the work health and safety
requirements and in connection with the information from the TS ordering parties.

The above mentioned sources represent organisational preparation of the TS quality
improvement process. Only the use of the appropriate statistical methods provides the right effect.
These methods are known (and described in the subject literature) as ,,techniques” and ,.,tools”
(analytical and decision making) perfecting quality and raising effectiveness and efficiency of the
processes. The division into methods, techniques and tools of improvement are always an artificial
fragmentation, because their essence and application involves conceptual work and is associated
with adapting somebody’s idea to solve ones own problem. This brings about a variety of
definitions of the same things generated by different authors, which in practice means that it is
difficult to find unequivocally defined affiliation of the tool, technique and method with the right
category.

The methods are thus characterised by planned, repeatable and based on the scientific
foundations, way of dealing with the tasks associated with quality. They allow shaping both the
projected quality as well as the quality of performance, relying on generally accepted algorithms of
proceeding.

The tools and techniques, in turn, serve the purpose of collecting and processing the data linked
with various aspects of quality. They represent the instruments of monitoring and diagnosing of
processes, enable taking decisions, analysing the results of the actions taken, make it easier to
improve services or processes. The practice shows however, that it is possible to accept their
traditional division, which can be as follows [5]:

— for the daily control of processes, the sufficient are typical analytical tools For example:
control sheet, histogram, diagram of causes and consequences (Ishikawa diagram), Pareto-
Lorenz analysis, block diagram,

— in case of the need for taking a decision it is necessary to use a logically arranged sequence of
selected decision tools. For example: faults tree analysis diagram (FTA), events tree analysis
(ETA), affinity diagram, relationships diagram (co-relations graph), tree diagram, decision
process diagram.

5. Summary

Deliberations contained in this article entitle to form the following conclusions:
— the approach to TS quality evaluation presented here may be used as a tool assisting decisions
concerning , amongst the others:
— verification of the TS quality evaluation results as part of the certification process at the
transport enterprise,
— ordering transport services,
— granting a certificate by the certificating body,
— issuing, by the state administration body or other independent evaluating (supervising)
body, an opinion, permission, authentication.
— ANN may be used to assist decision making also in the other management systems, e.g. in the
environmental management, work health and safety management, security of information
linked with the transport services,
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also other issues, linked with the quality evaluation of the transport services, may be solved
using the proposed methodology, such as e.g.: reliability of the transport means, quality
planning, services management. These problems however require to be separately addressed in
the scientific work.
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