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Abstract

The article presents the results of research regarding the impact of technical
and technological innovations on the quality of services in road transport of goods.
The study was conducted using a structured questionnaire survey on a sample
of 134 road transport companies. Respondents were managers and business owners.
7 factors, which potentially determined the quality of services, were assessed by
the respondents. The data analysis used the arithmetic mean and the dominant,
which formed the basis for determining the importance of a given factor for
the quality of services. The variability analysis provided information about the var-
iation of the sample. The results of the research proved the influence of innovation
on quality. The highest-ranked factors supporting the quality of road transport
services were intelligent transport systems, the ability to inform the customer about
the actual location of the shipment (delivery time) and systems supporting the work
of a professional driver. The article also identified selected innovations and attempts
were made to determine their importance in the development of the quality of ser-
vices and the effects of their functioning on the road transport system.
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Introduction
The transport services market is a dynamic economic category. The changes

taking place in the global economy and the progress of civilization determine
the conditions for its functioning and the direction of development. The source
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of global change are the processes of liberalization and integration (Nijkamp, 2003).
They were of particular importance in the group of Central and Eastern European
countries where trade liberalization had a significant impact on their development
(Kruk, Wasniewska, 2017).

Economic phenomena and processes determine the quantitative and qualitative
diversity of market structures. The heterogeneity of the transport market also results
from the functioning of substitutional (branch) and complementary markets. These,
in turn, shape the volatility of the conditions and requirements for the provision
of transport services. Regardless of the geographical differences between the place
of sending and collection of cargo, the transport handles the needs of international
trade. Effective execution of orders is possible thanks to the technical and technolog-
ical development. They improve transport processes, deciding about the successful
implementation of transport postulates. Innovative techniques and technologies
determine the activities of carriers, but also the systems in which they operate.
Therefore, a holistic approach to considering the pro-quality development of road
transport seems justified.

In providing high-quality services, it is crucial to understand the needs of cus-
tomers. Definitions of quality indicate the importance of the customers in shaping
the offer, satisfying or anticipating their needs. In road cargo transport, the quality
of services is often determined through the prism of broadly understood attributes
of punctuality and security of supply. The subject of negotiations between the seller
and the purchaser of services is to determine the conditions (and quality) of their
provision. Table 1 presents classifications of the quality features of transport services.
Attention should be paid to the degree of diversity and refinement of these prop-
erties. A particular feature may be an aggregate of several or may be conditioned
by the existence of another feature.

Table 1. Classification of quality features in transport

Author Quality features

S. Klatt 1. Spatial distance: ubiquity, mobility, flexibility available in space, freedom
of movement of transport means, directness of transport, ability to create networks,
dependence on the conditions of nature, the ability to create branching, continuity
of the transport network.

2. Subject of freight: universality, specialization (adaptation to the requirements
of the subject of freight), flexibility to adapt to the requirements of various subjects
of freight, the ability to increase the size of services, mass, diligence, transport
safety, utility.

3. Time: reliability, certainty, flexibility of access in time, distribution, frequency,
planning, precision, punctuality, regularity, speed.

4. Cost: amount of transport cost.

E Voigt 1. Mass. 2. Speed. 3. Availability. 4. Reliability. 5. Frequency. 6. Safety.

1

U. Meyke

. Weight of transported goods: mass, safety, care of service.
2. Route of transport: availability, directness.
3. Time of freight: speed and delivery time, frequency, punctuality

A. Wagner | 1. Safety. 2. Cheapness. 3. Regularity. 4. Punctuality. 5. Speed.
Source: (Tarski, 1976)
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Delivery in accordance with the indicated characteristics, reflecting the pref-
erences and transport postulates depends on endogenous and exogenous factors.
Their importance for quality is indicated by Gea et al. (nd). The use of modern
techniques and technologies (innovations) in transport processes can be an exam-
ple of a pro-quality development of carriers. It includes, among others, modern
rolling stock and positioning systems. Quality development in transport can be
institutionally supported. Investments in trans-European transport corridors (linear
and point infrastructure), EU countries’ commitment to creating a coherent system
are examples of good practices. They result in increased access to high-quality
transport services as well as improvement of the quality of life of societies (Melecky,
2018). In addition, Janelle and Beuthe (1997) emphasize the importance of the devel-
opment of information and communication networks as the basic determinants
of the development of modern transport systems.

The article points to the importance of technical and technological innovations
in road transport of goods. The thesis on the stimulating influence of technical
and technological innovations on the quality of transport services was established.
The aim of the research was to classify technical and technological innovations
and to determine their importance in shaping the quality of road freight transport.
An attempt was also made to identify relations of cause and effect nature between
the quality of services and technical and technological innovations and the potential
direction of their development.

1. Methodology and theory

The impact of technical and technological innovations on the quality of services
in road transport of goods was analyzed in two aspects: empirical and theoretical.
The purpose of primary research was to determine the importance of modern
technical and technological solutions for the quality of transport services. The aim
of the literature studies was to indicate the potential direction of innovation devel-
opment and to determine their impact on quality in the road freight transport sector.

The basic instrument for obtaining primary data was an interview using a ques-
tionnaire. The respondents were Polish road carriers whose activity was registered
in the Warmian-Masurian Voivodeship, providing services in international cargo
transport. The survey was conducted in 2013 on a sample of 134 people who are
owners and managers in enterprises.

Figure 1 presents the structure of respondents. Most of them were entities
with many years of market experience (79% started their activity before 2004).
Equally important is the fact that most of them represented the micro-enterprise
sector (determined by the size of employment and the number of vehicles at their
disposal).

The structure of respondents was similar to the structure of road carriers from
the Warmian-Masurian Voivodeship (98% are microenterprises). It is estimated that
the structure of road carriers in Poland is represented by the majority of entities
in the micro and small enterprises sector (about 70%). Considering the structural
similarity, the results of the research can be generalized with the proviso that
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the research was carried out only in one province. In addition, the author is aware
that conducting research in large companies could affect the results. Large entities
of the TFL sector have a much larger capital, which would probably affect their
perception of innovation and the need to invest in quality development.

100%

90% after 2003; 0,21 11-25; 0,16
10-25;0,3
80%
70%
6-10; 0,35
60% 2000-2003; 0,33
50%
40%
1-9;0,7
30%
5 1-5; 0,49
20% before 2000; 0,46
10%
0%
the year of starting activity size of employment number of vehicles

Figure 1. The structure of respondents
Source: (based on the results of own research)

In empirical research, technical and technological innovations were determined
by seven factors. They were established on the basis of preliminary interviews with
owners and management staff of road transport companies. They include:

— systems improving driving (e.g. ABS, ASR, EBC, BAS, etc.),

— ergonomics and equipment of the driver’s cab,

— technical standards of dimensions of vehicles,

- non-skid road surfaces,

— solar energy collectors used for heating asphalt,

- intelligent transport systems (GPS, Galileo, automatic information on accidents,
congestion and diversion possibilities),

— informing the customer about the route, location of the shipment and delivery
time.

They were subjected to the assessment of respondents in order to determine
the importance of particular factors in shaping the quality of transport services.
A six-grade scale of assessments was adopted (with a forced choice):

- 6—itis very important

— 5 —it matters

— 4 -it quite matters,

— 3 -—it quite does not matter,
— 2-itdoes not matter

— 1-itdoes not matter at all.

The factors whose average assessment was at the level > 4 were considered sig-
nificant for the quality of services. The analysis of factors was carried out on the basis
of location and volatility measures. The arithmetic mean and the dominant (D)
were the basis for determining the importance of factors. The study was deepened
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by the analysis of variability (SD — standard deviation, R — range, V — coefficient
of variation), which provided information about the variation of the sample.
The homogenous sample determines the coefficient of variation (V) at alevel of less
than 10% (Panek, Zwierzchowski, 2013).

The quality of services is most often considered from the perspective of pur-
chasers. Obtaining customer satisfaction is the primary goal of business operations
according to the TQM (Total Quality Management) philosophy. In the sphere of ser-
vices, the relation between the quality perceived by the customer and the quality
offered by enterprises is emphasized. They are defined as quality gaps that result
from the difference between (Parasuraman et al., 1985):

— the expectations of the purchaser and the perception of these expectations by

the service provider (gap 1),

— the perception of service users’ expectations by the management staff and quality

of service features (gap 2),

— the quality of service specification and the quality delivered (gap 3),
— the quality of the service and the information the customer received about

it (gap 4),

— the expected and the delivered service (gap 5).

The result of the first four quality gaps is the fifth gap — the difference between
what the customers expect and what they receive. Expectations are built on the basis
of information acquired by marketing activities of service providers, own experience
or experiences of other people in the form of the so-called word-of-mouth. The key
factor reducing the fifth gap is understanding the factors that shape technical
and functional quality and how they are perceived by the customer (Gronroos, 1984).

In this paper, the quality of services is analyzed from the perspective of service
providers — market supply representatives. Quality studies from this perspective
is rarely undertaken and few publications can be found in the literature on this sub-
ject. This approach was presented, for example, in research carried out by Lazauska
etal. (2012). The results of their research allowed to indicate, among others, the basic
attributes of the quality of services: quality of servicing and safety of transport.

Understanding the postulates and preferences of service recipients allows
to create an offer in line with expectations. This information is conducive to min-
imizing the discrepancies between quality postulated by potential purchasers
and the quality offered and given by carriers. Rudel (2005) points to the following
quality attributes: time, punctuality, avoiding damages, which in the conditions
of the Swiss market of TFL services are becoming increasingly important in the selec-
tion of the service provider. Research conducted among Czech customers showed
that the most important factors in assessing the quality of services in road transport
of cargo are: no damage in packaging, keeping delivery dates, no damage to trans-
ported goods, no accidents in transport processes (Koniecny, Stetinova, 2006).
From the practice point of view, knowledge about quality attributes determines
the direction of development and investments and determines the success rate
of carriers decision making processes (Garver et al., 2010). The faster the operators’
response to the specific customer requirements, the higher they will be assessed.
Flexibility requires high organizational skills that can be supported by innovative
solutions dedicated to the transport sector.
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Activity in commercial transport of goods does not belong to the high technology
and innovation sector, as opposed to the electronics, telecommunications and chemical
industry (Zemlickiene et al., 2018). In addition, road freight transport is the SME sector,
which determines the possibilities of implementing innovations. Measures undertaken
for the qualitative and quantitative development of resources through cooperation
with other companies do not affect the possibilities of innovative development (Corral
de Zubielqui et al., 2018). Innovation research often leads to establishing factors,
patterns and trends in the development of enterprises or their tendency to innovate,
including regional and sectoral analyses based on entrepreneurial surveys studies
(Spitsin et al., 2018, Zygmunt, 2017, Goraczkowska, 2018). Cieslik and Michatek (2018)
indicate positive relations between innovations and business efficiency. It seems that
the institutional system support is also required for the development of innovation
(Lewandowska, Stopa, 2018), especially in road freight transport.

The development of intelligent transport systems is important in terms
of the quality of transport services. Szyc (2017) includes telematics (i.e. commu-
nication and IT technologies) supported by applications containing methods
of control and management of transport systems and networks. In the qualitative
development of road carriers and the whole branch sub-market, satellite navigation
systems are of great importance. Global GPS positioning system (American military
system) allows to indicate the location of objects equipped with special receivers
with an accuracy of approximately 10 meters, determine the speed of vehicles
and the direction of movement. The similar features characterize the Russian
GLONASS system. Santerre et al. (2014) indicate that using the satellites of these
two systems and supporting their operation with the Chinese BeiDou system can
increase the precision in determining the position of vehicles up to 5 meters. Galileo
is the European equivalent of the global positioning system. On the EU markets, its
strong point is to be compatible and interoperable with existing (GPS, GLONASS)
and planned satellite navigation systems.

Positioning systems and their functionality are of particular importance
in shaping quality in road transport. They affect the safety of transport and time
of delivery, regardless of whether they concern the so-called internet of things
and location-based services, vehicle fleet management, protection in transport
of specific goods or improving road safety and efficiency. Transport infrastructure
that maximizes road safety is one of the strategic directions of its development
(Burnewicz, 2012). It is important to ensure the safety of drivers, cargo and vehi-
cles. A systematic approach to the qualitative development of transport systems
requires the harmonization of technical terms of service providing. These include
the technical dimensions of vehicles (e.g. length, width and height) and the con-
ditions of use of the infrastructure (e.g. differentiation of provisions regarding
permissible goods on the axles of the vehicle). The development of technology
enabled the implementing of mega trucks (referred to as mega trucks, gigaliners
and road trains) to handle the needs of European trade.

The Road Traffic Law Act precisely defines the dimensions of vehicles moving
on Polish roads. Depending on the configuration of motor and non-motor rolling
stock, vehicles cannot be longer than 18.75 m with a maximum gross weight
not exceeding 44 tones (for intermodal transport). The current trend indicates
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the possibility of using larger vehicles —longer and with increased maximum gross
weight. In Germany, 25.25 m long vehicles are allowed on the A3 motorway (Aus-
tria — Netherlands). In Denmark and the Netherlands, a truck with two center-axle
trailers (they facilitate moving around intersections with circular movement) is used
to handle transport needs. This set increases the possibility of creative use in dis-
tribution, because it is possible to attach standard swap bodies, each on a different
chassis. In Finland, since January 2019, vehicles with a maximum length of 34.5 m
and a maximum gross weight of 76 tons were allowed to move (in the coming years
an increase of maximum gross weight to 100 tons is planned). These sets can carry
two 40-feet containers. Undoubtedly, this determines the instrument of inter-branch
competition, at the same time it provides for a new quality of services. Increasing
the size of vehicles allows to shorten the waiting time for the execution of the order
due to the increased production capacity of carriers.

In Sweden and Finland, there is no increased negative impact of mega trucks
on road safety and the environment observed (compared to “traditional” vehicles).
However, the situation may be different in other countries (Steer et al., 2013). It
seems that for the quality of transport services it is crucial to adapt the infrastructure
to the needs of vehicles with increased dimensions, additional training of drivers
and improving the public awareness.

Modern technologies revolutionize motorization as well as vehicles used for com-
mercial purposes. They are conducive to the increase of travel comfort and improve
the driving technique. The driver’s comfort is supported by the ergonomic shape
of the cabin, providing quick and easy access to the functions used in vehicle traffic.
The important elements supporting the drivers’ comfort are the extensive functions
of the seat adjustment, which also affect the speed of decisions and reaction in a road
emergency. Systems affecting driving techniques are no less important in the safe
provision of transport services. They include, among others Anti-Lock Braking
System (ABS), Acceleration Slip Regulation (ASR), Electronic Braking System (ESP)
and Brake Assist System (BAS).

Technological and technical innovations determine the safety of processes
and the functioning of road transport. Their system utility is determined by
the International Standard Organization (ISO) standards. International standards
enable the integration of transport systems. Equipment of vehicles and infrastruc-
ture in systemic solutions is necessary for the further development of road transport.
These include systems such as (www.iso.org):

— warning system informing about getting too close to the lines on the road,
forcing the driver to slow down;

— systems informing about a possible collision; dedicated to vehicles moving
without a driver; it is anticipated that by 2035 autonomous vehicles will be able
to drive in cities;

— systems informing about the change of traffic lights, forcing the vehicle to stop
by the pulse sent from the siren;

— systems regarding safe parking (parking assistant);

— systems connected with intelligent transport systems informing about accidents
and traffic; mechanical vehicle problems, driver performance and response
to signs of drowsiness; possibly driving beyond the current track.
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Difficulties occurring in the transport process may be problems with keeping
the agreed delivery dates and processes or goods security. The weakness of Polish
road transport is the high level of consumption of linear and point infrastructure,
transport congestion due to the presence of the so-called bottlenecks and missing
links in the transport network, lack of a coherent network of highways and “few ele-
ments of intelligent and innovative networks” (Strategy for transport development
until 2020, 2013). The Polish road infrastructure, despite numerous investments
and large capital expenditures, still requires development and urgent modern-
ization on the main transport network. Technological progress and sustainable
development of transport require adapting the infrastructure to the requirements
of the development of electromobility and the use of alternative vehicles in com-
mercial crossings. It seems that currently it is one of the most serious problems
in the Polish road infrastructure. It is required to undertake research into the use
of electric vehicles for profit and adapt the infrastructure in terms of the develop-
ment of service quality.

2. Results and discussion

The contemporary approach to business management enforces continuous
observation of the environment. In the case of transport activities, it is important
to be aware of changes and the direction of the development of technical and tech-
nological instruments to improve the functioning of the sector. It seems that they
are key from the perspective of shaping a competitive position on the market,
efficient and effective execution of orders.

High quality of transport services is the resultant of actions undertaken by road
carriers and conditions provided by the external environment. On this basis, factors
that potentially influenced the quality of services were established. These factors
and the results of statistical analysis are presented in Table 2.

The results of the research proved that the respondents were not unanimous
about the importance of individual factors in shaping quality. The sample should
be considered heterogeneous.

The most important factor in shaping quality was the ability to inform customers
about the route, location of the shipment and verification of delivery time. About
42% of respondents gave the highest rating (D = 6) to this factor. In the assess-
ment of this factor, the highest correspondence of the response determined with
the lowest value of the coefficient of variation (V = 22%) and the range (R = 3)
was observed. The development of the market of road transport services changes
the conditions of competition for orders. The actual time and location of the ship-
ment currently seems to be the standard of transport services. Recognizing them
as a quality attribute should be viewed positively. It can be a confirmation of market
monitoring and adaptation of the offer to its needs (attempts to satisfy customer
satisfaction).
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Table 2. The importance of innovation in shaping the quality of services — descriptive
statistics

3] v g Al €=| & £ = ool g z E
21 0% |SIS|ERIE|E| 5] 52 |26
Variable g 5 s | -3 EE E z & B g EER
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S|=ZaF|E|S|2] o5 | FE
i B
Informing the customer 134 | 4940299 | 5 | 6 | 56 | 3 | 6 | 3 |1.095179 | 22.16827

about the route, location
of shipments

Inteligent transport systems 134 | 4104478 | 5 | 5 | 66 | 1| 6 | 5 |1.165085 | 28.38571
Systems that improve driving | 134 | 4104478 | 4 | 5 | 46 | 1 | 6 | 5 | 1452344 | 35.38438

Technical standards for 134 | 3.134328 | 3 | 2 52 1| 6| 5 |1.284910 | 40.99474
vehicles

Equipment and ergonomics 134 | 3.029851 | 3 | 3| 52 |1 |5 | 4 |1.136809 |37.52031
of the driver’s cab

Non-skid road surfaces 134 | 2.761194 | 3 | 4 48 1|5 | 4 |1.190053 | 43.09923

Solar energy collectors for 134 | 2358209 | 2 | 1 | 58 | 1 | 4 | 3 |1.305874 |55.37569
heating asphalt

Source: (based on the results of own research)

Intelligent transport systems were assessed as important (D = 5) in shaping
quality by 50% of respondents. They were assessed mainly through the prism of sys-
tems for automatic notification of road accidents and positioning (GPS, Galileo).
In respondents” opinions, they had an impact on the possibility of quick response
in the event of disruptions or threats in timely execution of orders. The efficient
functioning of these systems and their potential impact on transport result from
the investments of the EU and individual countries. There is therefore a need
to intensify actions in this area.

Intelligent transport systems determine modern infrastructure and means
of transport. The ability to control traffic lights, improve the road toll payment system
in EU countries, information on collisions and congestion contribute to improving
the security and timeliness of services. The integration of these functions into one
universal device seems to be crucial in the development and consistency of telem-
atics and transport systems. Providing the conditions conducive to this integration
at the level of the EU and individual member states is important for the quality
of not only services, but also the cohesion of the European road transport system.

Solutions improving and facilitating driving were also an important element
in shaping the quality of transport. The respondents” awareness in this respect
should be assessed positively, despite the fact that the given rates determined
the heterogeneity of the sample (V = 35%, R = 5). About 35% of respondents rated
this factor as having relevance to quality (D = 5). The modernity of the rolling
stock is closely correlated with its innovativeness. On the other hand, the purchase
of modern rolling stock, equipped with systems supporting service and managing it,
can be treated as an instrument of pro-quality development. In view of the ongoing
automation of work, the impact of autonomous vehicles on the quality of transport
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services seems interesting. The purchase of this type of transport means seems to be
a relatively too high burden for entrepreneurs. The lack of smart infrastructure
in most EU countries also does not mobilize to make investments. However, together
with the creation of a system of incentives, the spread of autonomous vehicles
and the development of the required infrastructure, it seems interesting to deter-
mine the impact of this type of vehicles on the safety and timeliness of deliveries.

Unexpectedly, the factors that could contribute to increased security and time-
liness of deliveries in difficult weather conditions were rated low. The research
results may be due to lack of experience in using modern infrastructure equipped
with non-skid or heated asphalt surfaces. This constituted a conservative
assessment of respondents who with reserve referred to unknown elements
and infrastructural solutions. It seems that from the perspective of Polish carriers,
the infrastructure equipped with a sufficient number of secure car parks, the elim-
ination of the so-called bottlenecks on the main transport routes, intensification
of the development of the TEN-T network, free access and efficient check-in
at border crossings in eastern relations.

Among the factors important in shaping the quality of transport services,
the equipment of the driver’s cab was not included. Its ergonomic design, equip-
ment enabling free performance of work, including taking forwarding operations
and the possibility of free resting of drivers, seemed to have a significant impact
on the quality of services. Comfort of drivers” work undoubtedly determines
the quality of transport. Other factors not classified as important in quality issues
were standards for technical vehicle parameters. The transport capacity obviously
shapes the quality of services. Harmonization of technical standards at the EU
level minimizes problems in providing services in international transport of goods.
At this point, it is worth paying attention to the potential increase in demand for
vehicles with enlarged dimensions. It can affect the conditions of competition, also
inter-industry competition. Faced with measures for the greening of transport,
it seems that mega trucks can increase the competitiveness of road transport against
rail transport. They will also help to create a new quality of services.

Modern transport requires advanced information technologies. Road carriers
using work supervision systems for drivers, vehicles, the route being travelled
or fuel consumption confirmed the use of innovations in their activity. It is very
cautious to assume that the respondents’ awareness is rather low in terms of indirect
impact on quality. Higher rates were received by factors whose implementation
was the decision of carriers. The results of the research proved the need to shape
carriers’ awareness of the importance of innovation, the technical and technological
development in the pro-quality development of operations.

Conclusions

Studies showed that the factor determining the quality of services in road
transport of freight is modern infrastructure and intelligent transport systems. Con-
struction and modernization of roads of international importance and main streams
of freight should be characterized by intelligent development. Its confirmation
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is the implementation of systems facilitating quick access of competent services
to the place of the road incident and its identification with information on alter-
native routes, traffic volume and weather conditions, etc. Intelligent infrastructure
fosters punctual and safe transport processes. Decisions on the construction
of a modern transport system should take into account socio-economic needs.
Their quality will be an added value for all road participants in improving road
safety. The development of infrastructure based on telematics systems will be
conducive to the development of cabotage and cross-trade transport. Equally
important is the fact that carriers perceive a qualitative development in a modern
fleet equipped with systems supporting safe transport. Considering the possibility
of mega trucks driving usually on designated roads, a change in the planning
of transport operations will be required. An increase in the efficiency of transport
and a decrease in unit costs will contribute to an increase in the demand for services
with this type of vehicles. It is to be hoped that the dynamics of demand will not
be higher than the rate of development of infrastructure adapted to their service.
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