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Abstract: Implemented in road transport enterprises (RTEs) on a large scale, telematics systems
are dedicated both to the particular aspects of their operation and to the integrated fields of the
total operational functioning of such entities. Hence, a research problem can be defined as the
identification of their efficiency levels in the context of operational activities undertaken by RTEs
(including more holistic effects, e.g., lowering fuel/energy consumption and negative environmental
impacts). Current research studies refer to the efficiency of some particular modules, but there
have not been any publications focused on describing the efficiency of telematics systems in a more
integrated (holistic) way, due to the lack of a universal tool that could be applied to provide this
type of measurement. In this paper, an attempt at filling the identified cognitive gap is presented
through empirical research analysing the original matrix developed by the authors that refers to the
efficiency rates of organisational activities undertaken by RTEs. The purpose of this paper is to present
a tool that has been designed to provide a holistic evaluation of efficiency of telematics systems in
RTE operational management. The results are presented in a form of an individual (ontogenetic)
matrix of the analysed companies, for which a determinant was calculated with the use of Sarrus’
rule. Obtained in such a way, the set of values identified for the determinants of the subsequent
ontogenetic matrices came as an arithmetic progression that characterised the scope and the level of
the influence exerted by the implemented IT (information technology) systems on the organisational
efficiency of operational activities undertaken by the analysed RTEs. We present a hypothesis stating
that the originally developed matrix can be viewed as a reliable tool used for comparative analysis
in the field of efficiency of telematics systems in RTEs, and this hypothesis was positively verified
during the research. The obtained results prove the significant potential for the wide application
of the discussed matrix, which can be used as a universal tool for the analysis and comparison of
efficiency indicated by the integrated IT systems in the operational activities undertaken by RTEs.

Keywords: road transport enterprises (RTEs); telematics systems; operational activities of RTEs;
a universal matrix of efficiency rates

1. Introduction

Undoubtedly, problems related to the organisational behaviour of road transport enterprises (RTEs)
come as a group of highly dynamic issues because RTEs face numerous functional and operational
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problems in the contemporary transport market [1], along with challenges related to competitiveness [2]
(including economical approach) and the pursuit of process optimisation [3] (including fuel/energy
efficiency). Hence, interest in all types of solutions that can be helpful in facing decision-making
challenges in the field of management has been growing [4—6], and more efficient and more effective
operation strategies [7], especially in the field of operational activities, have been researched [8,9].
A remedy to the above-mentioned problems may be found in the application of managerial information
technology (IT) systems [7] (more broadly understood as telematics systems) [10,11], the functionalities
of which are dedicated to the current handling of transport processes (including vehicle mileage record
systems, users, contractor costs, generated costs, and energy/fuel consumption) [12]. Through the use
of IT systems, there is also a possibility to optimise transport routes [13-15] and to utilise work factors
(such as vehicle fleet [16] load capacity and drivers” working time) [17], especially in cases where there
are no regular routes due to constant changes with customer orders [18,19].

When considered in this way, the features of RTE management with the use of IT systems are the
reason for a continuous discussion between the practitioners (managerial staff) and theoreticians of
management about their significance, roles, and efficiency in the process of making decisions aimed at
the improvement of the efficiency of the operational functioning of enterprises [20-22] in regard to
economy, energy, and the environment.

The above-mentioned findings motivated the authors to undertake the research presented in this
paper. The research was intended to provide an unambiguous answer to the following question:
how can one indicate a correlation between the implementation of telematics systems (as tools applied
by RTEs to support their operational management) and the efficiency of these entities in the competitive
market while considering the scarcity of generally available theoretical analysis and the lack of
a synthetic tool (rate) for indicating and measuring the expected correlation?

An in-depth analysis of specialist literature [23-25] indicated that despite some publications on
the improvement in efficiency observed at various organisations, the significance and role of IT systems
in increasing organisational efficiency have been relatively scarcely discussed [26]. Most frequently,
such considerations have been side-effects resulting from major discussions on other problems [3,27-29].

Moreover, in light of the research on RTEs, current publications on the operational efficiency
of RTEs have mostly presented the results of research based on an analysis of efficiency referring to
individual factors, such as the efficiency of drivers” working time management [30], the efficiency of
using the mileage (using the loading capacity) [31], and the efficiency of forwarders” work [32,33].

A scarce number of publications have indicated that there is a relationship between the
implementation of IT applications (dedicated to either functional or operational fields) and an increase
in the efficiency observed in the particular operational field, e.g., the implementation of electronic
tachographs and the more efficient use of drivers” working time [34,35]. However, there have not been
publications focused on the comprehensive influence of the integrated implementation of IT systems
(more than two modules) on the organisational efficiency of RTEs. Additionally, no universal tool that
could be treated as an objective measure of the influence or correlation between the implementation
of IT systems and changes (expected increase) observed in the operational efficiency of RTEs has
been designed.

Furthermore, despite the fact that there are some considerable knowledge deficiencies in reference
to the relationships between IT systems and the organisational efficiency [36] of RTEs, some considerable
investments into IT systems are made every year.

Therefore, the statement that problems related to the efficiency of RTE functioning with the use
of IT systems are still serious challenges to scientific research is a well-justified one. The results of
empirical research on the above-mentioned problems are presented in this paper, and these can fill the
cognitive and pragmatic (instrumental) gaps observed in the discussed field.

The main objective of the research was to indicate the relation between the application of IT
systems to support management (or, in a broader sense, telematics systems) and the organisational
efficiency of operational activities [37] undertaken by RTEs.
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The pragmatic aim of the paper is to indicate the usefulness of a matrix that has been originally
developed to provide a holistic evaluation of the above-mentioned relationship, regarding the
operational efficiency of RTEs. The authors formulated a general hypothesis stating that the originally
developed matrix can be viewed as a reliable tool for comparative analysis in the field of the efficiency
of telematics systems in RTEs. The scope of the research included RTEs (more specifically, the field of
their operational activities supported by the applied IT systems).

The research was divided into three stages. During the first stage, based the information obtained
with the use of the CATI (computer-assisted telephone interviewing) method [38], the key fields of
operational activities undertaken by RTEs, which are the most sensitive to the implementation of
telematics systems, were identified. As a result, an original matrix of the organisational efficiency
rates of operational activities was developed. The above-mentioned rates were determined by the
implementation of IT systems in RTEs. During the second stage, eight RTEs were identified with the
use of qualitative methods, such as the individual PAPI (paper and pen personal interviews carried
out with the members of the managerial staff) and questionnaire method [39,40]. The selected RTEs
met the criteria adopted in the research. Additionally, an empirical analysis of the basic rates and
measures of the operational activity evaluation was conducted. As a result, a graphical presentation of
the outcomes recorded before and after the implementation of IT systems is provided here. During the
third stage of research, an evaluation of the usability of the suggested matrix for the holistic and
comparative assessment of the influence exerted by telematics systems on the efficiency of operational
processes of RTEs was conducted.

Considering the results obtained during the research, the authors hope that, in the theoretical
aspect, the paper will become a starting point for further research into the positive correlation between
the implementation of IT systems within the pragmatics of RTE operation and the increase in operational
efficiency of particular RTEs. Considering economic practice, the ontogenetic matrix may become
a universal tool to support managerial decisions made at the RTE operational level (after evaluation
that will be provided during further research and a pilot programme).

2. Efficiency in Transport Services (With Use of Managerial IT Systems)

Efficiency is treated as a category superior to notions such as capability, profitability, productivity,
effectiveness, agility, and rationality [41]. When considering such an approach, efficiency can be
understood as the relationship between effort and effect [42], the capability for agile adjustments to
changes, a criterion related to the abilities of an organisation to achieve its aim [43] and to implement
its strategies [44], and a tool applied to measure effective operation and efficacy [45].

In the theory of management, the notion of organisational efficiency [46] is defined as the ability
of a system for current and strategic adjustment to changes in the environment, as well as the
productive utilisation of resources (including fuel/energy) in order to achieve the assumed structure of
targets [47]. The components of organisational efficiency are managerial [48] and technical efficiency [49].
Technical efficiency refers to the efficiency of technology and to the scale of its application.

The axiomatic approach to the transport market makes it possible to prove that a fundamental
unit responsible for organising transport operations is an RTE that undertakes its operational
activities (transport processes and services) [50,51] and evaluates them from the perspective of
its organisational efficiency.

The operational activities of RTEs involve activities that are strictly related to the provisions
of transport services, the main element of which is the implementation of transport production
processes [52], which involve the use and productivity of human resources, as well as technical and
other materials such as fuel/energy.

Hence, the fundamental efficiency requirement for RTEs and the effectiveness of the transport
process itself is the efficiency of transport processes [53], which can be indicated with the use of various
rates. The rates that are most frequently used in the evaluation of operational efficiency of RTEs
include those of the technical readiness of the vehicle fleet, vehicle fleet exploitation, roadworthy
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vehicle exploitation, the average daily time of vehicle operation (the number of vehicle working hours
per day), using the vehicle fleet operating time, the average loading capacity of vehicles in operation,
the average operating speed, using the mileage, and using vehicle loading capacity or the rate of fuel
consumption [54,55].

Managerial efficiency mainly involves evaluating the levels and efficiency of decisions made by
the managerial staff that directly affect the operational efficiency of a particular RTE [56,57] in regard to
using human resources, knowledge, and know-how, as well as the technical and operational exploitation
of transport means. Consequently, the operational efficiency of an RTE affects the way in which it is
perceived by its potential customers and its competitive position [58,59]. At this point, we should refer
to such evaluation rates as the manager’s decision-making competences and decision area, the time
of the decision-making process, the scope of instrumental/systemic support (e.g., IT technologies),
and the correctness of decisions (based on the evaluation systems and theory of decisions) [50].

Within the research aims of this paper, the most interesting concept is technical efficiency, which
involves the efficiency of technology and its applied scale. The authors believe that the above-mentioned
concept refers not only to strictly technical problems [60]—such as rates of vehicle quality, the technical
condition of the vehicle fleet, operation issues, service life, vehicle technical inspections, vehicle
inspection management, and compatibility with innovative transport technologies (e.g., bimodal
transport) [61,62], including the effect of the scale of the applied technologies—but also to technology
that supports the first component of operational efficiency, namely the managerial efficiency of RTEs.
IT technologies that have been implemented (telematics systems of road transport) and the scale of
their application (the integration level of the fields covered by the operational activities of RTEs),
which determine the increase in the efficiency of decisions made in a particular company, directly refer
to the notion of the technical efficiency of RTEs, although they are applied as technical support provided
to the processes of managerial decision-making (in the field of managerial efficiency) [2,63,64].

Taking the current high complexity of transport processes [65-68] into account, it can be said that
the efficient functioning of RTEs depends on the use of IT systems, including integrated IT systems
(IITSs). For the requirements of the research, a taxonomy of IT systems is provided in Figure 1, with the
consideration of the following division:

(a) Telematics systems—intelligent systems of road transport (ITS—intelligent transport systems) [69].
(b) Systems of transport, fleet, and transport operation management (TMS/FMS—transport/fleet
management systems).

In order to achieve the main objective of the research and to properly verify the assumed
hypothesis (general and partial, detailed for each stage of research), the field of the research was
identified in detail, along with the required tools and expected results. The field of research includes
road (freight) transport enterprises; the pragmatics of organisational efficiency, methods, and tools
applied to increase the organisational efficiency in these enterprises in the field; and their operational
activities, with consideration of the following parameters:

(@) The Polish road transport enterprises met the following parameters:

e They had over 9 employees classified to the H section of Transport and Warehousing,
according to the Polish Classification of Business Activities (due to the assumption that
a very small RTE might not implement IT services for drivers” working time management or
may not implement any IT solutions).

e  Theyhad afleet of more than 6 vehicles during the first stage of research (due to the assumption
that a very small RTE might not implement IT services for fleet and order management).

e They had a fleet of more than 50 vehicles during the second stage of research (due to the
assumption that the effect of the scale of IITS implementation will be assured).

e  They had implemented IT/IITS systems.
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e They provide transport services to the countries in Western Europe (Germany-bound as the
most frequent direction) during the second stage of research (due to the assumption that the
effect of the scale of IT systems for drivers” working time management implementation will
be assured).

(b) The scope of the efficiency category: organisational efficiency (economic efficiency as
a complementary field).
(c) Temporal: the years 2011-2016.
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Figure 1. IT (information technology) systems supporting operation of road transport.

The main aim during the first stage of the empirical research was the identification of areas related
to operational activities undertaken by RTEs that are the most sensitive to support provided by IT
processes/systems (implemented in order to improve organisational efficiency). During this stage
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of research, the method of random choice was applied with the use of a random number generator.
In reference to the terminology applied by the Central Statistical Office [70], the enterprises were
selected in accordance with the following rules:

(@) The parameters of the analysed population were that the Polish RTEs had to have more than
9 employees and a fleet consisting of more than 6 vehicles (as presented in Table 1)—according to
the data of 2014, the population included 3969 entities.

(b) For statistical research, we identified a population consisting of 500 RTEs at a confidence interval
of 95%, a size of 0.5, and a maximum error at the level of 5% (the Infobrokering database system
was used [71]).

Table 1. Enterprises (employing more than 9 drivers) operating in the sector of commercial road
transport, as organised by the number of owned trucks/lorries and road tractor units.

Enterprises with the Number of Lorries and Road Tractors

Total 6 or Less 6-9 10-19 20-49 50-99 100 or More
2014

3969 276 673 1839 910 188 83
2015

3989 277 582 1860 981 191 98

Source: Transport drogowy w Polsce w latach 2014 i 2015, GUS, on-line version: http://stat.gov.pl/obszary-
tematyczne/transport-i-lacznosc/transport/transport-drogowy-w-polsce-w-latach-2014-i-2015,6,4.html.

There were 356 answers provided via the questionnaire survey carried out with the CATI method;
therefore, according to the sampling calculations, the condition of a representative sample was met
(minimum 350 respondents) for the adopted assumptions.

The obtained results made it possible to identify the areas of operational activities undertaken
by RTEs that are considered by the managerial staff of these entities as the most sensitive and the
most important in terms of the support provided by IT systems to improve organisational efficiency.
The results obtained during this stage of research are presented in Figure 2.

9%

B Fleet management

W Drivers' working time
management

M Order management

41%
H Other

26%

Figure 2. The fields of operational activities undertaken by the analysed enterprises that prove to be
the most sensitive in terms of the support provided by IT systems.

While searching for an answer to the question how—in a holistic aspect (minimum 60% of
operational activities)—an integrated IT system can affect organisational efficiency [72,73], an original
matrix of rates was developed, as there have not been any other universal tools available so far.
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The matrix refers to three key fields of operational activities undertaken by RTEs (fleet management [74],
drivers’” working time management [75], and transport order management). For each of the
above-mentioned fields, three representative rates were identified, and these were included in the
nine-element matrix (Figure 3). All rates included in matrix were chosen as being the most capable
rates in terms of possible influence on RTE’s operational efficiency, as well as being the most popular
rates used in operational evaluation in RTEs by management (the most accessible rates calculated by
all RTEs in the same way—convenient for any type of comparison).

KEY FIELDS

Fleet management

Drivers” work
management

Transport order
management

Implemented in the
integrated systems at
the general level

Rate of technical
readiness (A:)

Using the driver’s
working time (Tj)

Number of daily
orders per a
forwarder (Lzs)

Implemented in the
integrated systems at
the operational level

Rate of using
roadworthy vehicles
(Asgt)

Number of
kilometres covered
by one driver (Kj)

and by a team of

Number of
kilometres per one
order (Lkmz)

drivers (Kz)

Implemented in the
integrated systems at
the specific level
and/or in the
dedicated systems

Rate of using the
mileage of the
vehicle fleet (B)

Vehicle loading time
(Tza) and vehicle
unloading time (Tr)

Average lead time
(Tv=)

KEY RATES AND MEASURES

Figure 3. Matrix of rates indicating the organisational efficiency of the operational activities undertaken
by road transport enterprises (RTEs), as determined by the implementation of IT systems.

In the light of the above-mentioned findings, it was possible to formulate the main hypothesis of
the stage 1 that the comprehensive use (over 60%) of IT systems in road transport enterprises improves
the efficiency of their functioning by increase in their organisational efficiency in the field of their
operational activities. The matrix of rates presented in the study can inform one regarding the scale of
the influence exerted by IT systems on the efficiency of RTEs.

In conclusion, at this stage of research, an original matrix of the organisational efficiency rates of
operational activities was developed as a necessary tool for research stage II.

3. The Course and the Results of the Research—Stage II (Rate Analysis)

The development of the rate matrix allowed the authors to reach the next stage of the empirical
research aimed at the acquisition of more specific information related to the organisational efficiency
of operational activities undertaken by RTEs in reference to the selected technical, technological,
and economic parameters with the use of the individual questionnaire interview method (PAPI).
The application of the PAPI method allowed the authors to collect quantitative and qualitative
information about the analysed entities, and this information was indispensable for further research.

The main aim of the second stage of the empirical research was the evaluation of interdependencies
and conditions related to the influence exerted by IT/IITS systems on the organisational efficiency
of operational activities undertaken by RTEs. Based on the database used in the previous stage of
research, a non-probability selection of the RTEs was conducted. From twenty-six selected RTEs
(fulfilling research stage II conditions), only eight enterprises accepted an invitation to the next stage
of research (for the requirements of the research and in order to anonymise as a prerequisite for
participation in further research, they are labelled as A, B, C, D, E, F, G, and H), and they became the
subjects of the focus research in the second part. The selected RTEs:
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Declared the implementation of the IT/IITS systems in the identified fields in 2013 (considering the
fact that the implementation of the IT systems took place in various months, the data of 2013
were not included in the research because of their low usability for the assumed research aims),
with a possibility of accessing the quantitative data of 2011-2012, which was the period before
the implementation the discussed systems, and 2014-2016, which was the period after the
implementation of these systems.

Provided services of international (Germany-bound) transport; as such, the limitation to only
one direction of transport services was justified when considering the possibility of comparing
operational parameters observed in the same conditions—the choice of that destination came
from the fact that almost every Polish RTE providing international transport services offers their
services in that direction.

Based on the data obtained during the empirical research, a calculation of the selected organisational

efficiency rates for RTE management before and after the implementation of IT/IITS systems
was provided.

(a)
(b)
(©)

In the field of fleet management, the following rates were analysed:

Aj—rate of technical readiness.
Ag—rate of using roadworthy vehicles.
B—rate of using the mileage of the vehicle fleet.

The value of the technical readiness rate is highly significant for the operation of a road transport

enterprise when considering its fundamental task, namely providing transport services. As seen
in Figure 4, before the implementation of IT systems, the value of the discussed rate reported by four
enterprises, A, B, D, and G, indicated a decreasing tendency, C and H indicated a slight increase, and E
and F indicated a growing tendency.

0.9900

0.9850

0.9800

0.9750 =

0.9700

0.9650
2011 2012 2014 2015 2016

Figure 4. The average value of the technical readiness rate for the analysed road freight transport
enterprises in the years 2011-2016.

The next rate, which defines the level of using roadworthy vehicles, was calculated based on the

obtained data (Figure 5).
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0.9800

0.9750 =

0.9700

0.9650

0.9600

0.9550

0.9500
2011 2012 2014 2015 2016

Figure 5. The average value of the using roadworthy vehicles rate for the analysed road freight
transport enterprises in the years 2011-2016.

The using the mileage of the vehicle fleet rate is the relationship between the mileage covered by
a vehicle with the cargo and the total mileage. However, the discussed distance must be augmented by
a distance covered by the vehicle while driving from its depot base to the cargo loading point and
a distance covered after the delivery of the cargo or a distance covered to reach another cargo loading
point. It is possible to decrease the number of kilometres covered during empty running by the proper
organisation of routes. This can be achieved with the use of relevant functions offered by IT systems.
The values of the discussed rate in the analysed enterprises during the analysed period of time are
presented in Figure 6.

0.960000

0.920000

0.900000

0.880000

0.860000

0.840000
2011 2012 2014 2015 2016

Figure 6. The average value of the using the mileage of the vehicle fleet rate for the analysed road
freight transport enterprises in the years 2011-2016.

The next field that was analysed refers to the management of drivers” work. There are three
representative rates in the discussed area:

(@) Tj—using the driver’s working time.
(b)  Kj;—the number of kilometres covered by a team of drivers (two drivers).
(c) Ty—the total time of vehicle loading and unloading.

After analysing the using the driver’s working time rate (Figure 7), it was possible to state that its
value has increased (by 5% on average) since IT system implementation in all the analysed cases.
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2011 2012 2014 2015 2016

A B c D E F G H

Figure 7. The average value of the using the driver’s working time rate (%) for the analysed road
freight transport enterprises in the years 2011-2016.

The next rate, which refers to the number of kilometres covered by a team of drivers (Figure 8),
was increased by, on average, 15%.

250000
240000
230000
220000
210000
200000
190000
180000

170000
160000

2011 2012 2014 2015 2016

A B C D E F G H

Figure 8. The average value of the annual number of kilometres covered by a team of drivers’ rate (km)
in Germany-bound transport for the analysed road freight transport enterprises in the years 2011-2016.

Between 2012 and 2016, the cargo loading time in the analysed enterprises was shortened by
an average of 71 min. This indicated an average decrease of approximately 30% (Figure 9).

300

250

2 I““ l“‘| I‘| I“‘
l || | || ||| ||
| “ ‘ “
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m2011 m2012 m2014 w2015 m2016

wn
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(=1
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=

Figure 9. The average value of the vehicle loading time rate (minutes) in the analysed road freight
transport enterprises in the years 2011-2016.
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The next rate is related to the time of unloading a vehicle. It indicated a tendency similar to
the previously discussed rate, namely that it has been considerably decreasing since 2014. In the
time period between 2012 and 2016 in the analysed enterprises, the unloading time was shortened by
an average of 55 min, or 30% (Figure 10).

250

150
10
5 |
0
A B C D E F G H

2011 m2012 =m2014 m2015 m2016

=]

=]

Figure 10. The average value of the vehicle unloading time rate (minutes) in the analysed road freight
transport enterprises in the years 2011-2016.

The last analysed field at this stage of research was transport order management. The following
rates were analysed:

(@) L;s—the number of daily orders per a forwarder.
(b)  Limz—the number of kilometres per one order.
() Tp—the average lead time.

In order to increase the scope of its operational activities, an enterprise needs a proper number of
transport orders. Each forwarder must gain a certain number of orders to provide profitability to their
enterprise. The rate of the average number of transport orders per a forwarder in the Germany-bound
transport (Figure 11) increased by three transport orders, which is by 27%, on average in all the
analysed enterprises since the implementation of the IT systems.

11

10
—

9 /

8

7

6

b

2011 2012 2014 2015 2016
A B C D E F =G el

Figure 11. The average number of transport orders per day, received by a forwarder in the
Germany-bound transport in the analysed road freight transport enterprises in the years 2011-2016.

The analysis of the number of kilometres per one transport order (Figure 12) indicated an average
increase of 13% in the discussed enterprises.
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Figure 12. The average value of the rate of number of kilometres per one transport order in the
Germany-bound transport in the analysed road freight transport enterprises in the years 2011-2016.

The time of making a decision about fulfilling an order in the analysed enterprises between 2012
and 2016 indicated an average decrease of 40% (Figure 13).

450
400
350

300

\_

200

150
2011 2012 2014 2015 2016

Figure 13. The average value of the rate indicating the time (minutes) required by a forwarder to
make a decision about fulfilling an order in the Germany-bound transport in the analysed road freight
transport enterprises in the years 2011-2016.

The results obtained during the first and the second stages of the research allowed the authors
to provide an analysis with the use of an original matrix of rates that indicates the organisational
efficiency of operational activities undertaken by RTEs, as determined by the implementation of IT
systems. The matrix was applied as a universal tool to provide holistic and comparative analysis.

4. The Course and the Results of the Research—Stage III (Comparative Analysis with the Use of
the Matrix)

During this stage of research, the results of the calculations provided during the second stage
were collated in the form of an individual (ontogenetic) matrix for each of the analysed enterprises;
the elements of the matrix are the calculated values of the parameters (rates and measures), and the
values of the time rates (decrease in the time of the particular operations) are presented as absolute values.
The main aim of this stage was to find an aggregated parameter of the comparative evaluation, which
was a determinant of the individual rate matrix for each of the analysed enterprises (calculated with
the use of Sarrus’ rule [76]). The algorithm of the research process is presented in Figure 14.
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Figure 14. The algorithm for determining the researched RTEs with the highest and the lowest
numerical values of the matrix determinants.

The research procedure for the development of individual (ontogenetic) matrices for each of the
analysed RTEs was as follows:

e  For each of the analysed enterprises, an ontogenetic matrix was developed in the following form:

A T jk Lys
A=1]A gt K jz Lignz (1)
B Ty Tp

where A; is the rate of technical readiness, Agt is the rate of using roadworthy vehicles, B is the
rate of using the mileage of the vehicle fleet, T indicates using the driver’s working time, K, is
the number of kilometres covered by a team of drivers, T is the time required for loading and
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unloading a vehicle, L, is the number of daily transport orders per a forwarder, Ly, is the number
of kilometres per one transport order, and T);, is the average lead time.

e A matrix for RTE A in accordance with the values of rates and measures calculated in the previous
stage of research was as follows:

00115 8 3,35
det (A)| 0.0084 17100 112 @)
0033426 42 149

e Calculation of the value of the determinant for the RTE A with the use of Sarrus’ rule is:
det (A) = 27,353.064366

e The above-mentioned steps were repeated to develop ontogenetic matrices for RTEs B-H,

as follows:
0.035 6 2,39

det (B) =| 0.0039 10596 227 3)
0.024460 52 197

0.018 6 1,41
det (C) =| 00022 28488 188 )
0.029678 72 159

0.0106 1 2,14
det (D) =| 0.0018 69900 102 ®)
0.058992 67 140

00084 4 34
det (E) =| 00103 68556 89 (6)
0024543 71 87

00029 3 2,97
det (F) =| 0.0104 57444 211 @)
0016589 74 91

0.0098 2 2,75
det (G) =| 0.0098 4956 267 (8)
0.018282 60 191

0.0066 3 2,18
det (H) =| 0.0037 26676 81 )
0.008630 70 136

Finally, the determinants of the ontogenetic matrices for the analysed RTEs B-H, provided with
the use of Sarrus’ rule, have been calculated as follows:

e The value of the determinant for RTE B was 72,056.0336096.
e  The value of the determinant for RTE C was 70,176.29874576.
e The value of the determinant for RTE D was 94,840.805556.

e  The value of the determinant for RTE E was 45,526.1574408.
e  The value of the determinant for RTE F was 12,293.91095648.
e  The value of the determinant for RTE G was 8878.11541.

e  The value of the determinant for RTE H was 23,406.2414516.
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The obtained numerical values of the matrix determinants for the particular analysed RTEs (A-H)
is presented in Figure 15 as an increasingly ordered sequence.

100000 94841

90000
80000 20176 72056
70000
60000
50000 45526
40000
30000 raa0s 27353
20000
s 12294
"mm I

BG WF mH mA mE mC mB mD

Figure 15. Increasingly ordered values of the ontogenetic matrix determinants calculated for the
particular analysed RTEs (A-H).

The median [77,78] of the ontogenetic matrix determinants calculated for the analysed RTEs
was 36,439.61. The determinants calculated for RTEs D, B, C, and E were above the median value,
and the ontogenetic matrix determinants calculated for RTEs A, H, F, and G were below that value.
This explicitly indicated that the level of the positive influence exerted by the implemented IT systems
on the organisational efficiency of operational activities undertaken by the analysed enterprises was
not the same.

The result achieved by RTE D (the highest level of the matrix determinant) was determined by:

e  The highest increase in covered kilometres (which resulted in the broadest scope of the potential
of positive influence exerted by the telematics systems in the field of mileage optimisation).

e  The highest mileage covered by teams of drivers (two drivers in a team, which resulted in the
largest scope of optimisation resulting from the systems implemented in the field of drivers
working time record and settlement or the possibility to form teams).

7

e  Ahigh increase in the number of days when the vehicles are roadworthy (resulting from the use of
relevant systems applied to manage maintenance breaks and obligatory inspections; consequently,
the possibility to accept more orders/to cover more kilometres was achieved).

The result achieved by RTE G (the lowest level of the matrix determinant) was determined by:

e  The lowest mileage covered by teams of drivers (two drivers in a team, which resulted in the
narrowest scope of optimisation resulting from the systems implemented in the field of drivers’
working time record and settlement or the possibility to form teams).

e Avery low level of using drivers” working time (which resulted in a narrow scope of system
optimisation in the field of drivers” working time record and settlement, resulting in a decreased
number of transport orders and covered kilometres).

e Alow increase in the covered kilometres (which resulted in a low scope of the potential of positive
influence exerted by the telematics systems implemented in the field of mileage optimisation).

5. Conclusions and Recapitulation

The theoretical considerations and the results of the empirical research presented above allowed
the authors to positively verify all assumed research hypotheses.
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According to the research findings, the originally developed matrix of rates indicating the
organisational efficiency of operational activities, which were determined by the implementation of
IT systems in RTEs, met the criteria defining the universal nature of the evaluation and also made it
possible to provide a holistic assessment of the analysed RTEs.

The authors are aware of the fact that the operational efficiency of RTEs is affected by a number of
factors (including those of an external nature that are independent of the RTEs themselves) [16,17].
However, during research, it was proved that understanding operational efficiency as a combination of
managerial efficiency and technical efficiency (including the application of IT technologies to support
the management of RTEs) and the purposeful selection of the most universal rates (in the opinion
of managerial staff)—which comprise nine elements of the matrix—can adequately document the
relationships between the selected components of the matrix, the integrated level of implementation
of managerial telematics systems, and the increase of effectiveness in RTEs. In each analysed RTE,
the matrix rate indicating organisational efficiency was found to significantly increase after the
implementation of integrated IT systems. This proved the hypothesis that there is a correlation between
those two elements.

Furthermore, the original method developed to assess the level and the scope of influence exerted
by the implemented IT systems on the organisational efficiency of the operational activities undertaken
by RTEs (a set of values of the ontogenetic matrix determinants), along with the analytical and
algorithmic schemes of the procedures presented in the paper, is flexible enough to be applied to the
requirements of comparative analysis in all types of RTEs.

The results of the research explicitly confirm the fact that the implementation of IT systems
(especially when considered at the level of IITS, in a holistic way) can improve managerial efficiency
in the field of operational activities undertaken by RTEs, and the fact that it can considerably and
positively affect the results of operational activities, apart from the limits related to some restraining
mechanisms. However, constant software updating—along with the regular replacement of hardware,
permanent training provided to the staff working with the systems, and following customer demand
and the needs of the evolving market—should also be remembered.

As far as the theoretical aspects are concerned, the authors believe that the results of their research
present potential for further theoretical considerations regarding the influence exerted by IT/IITS on the
organisational efficiency of RTEs. There is also some potential for theoretical considerations regarding
relationships observed between the three variables of the selection of the matrix rates for the evaluation
of the implementation results, the integrated level of implementing IT systems, and the accuracy and
credibility of the evaluation provided in this way. From a practical point of view, the authors believe
that the matrix presented in the paper has considerable potential to be broadly applied as a universal
tool to examine and to compare the efficiency of integrated telematics systems in the operational
activities undertaken by RTEs. In this way, the discussed matrix fills in a pragmatic gap in this field.

Considering the above-mentioned statements and the results of the previous available research
(based on partial fields and selected systemic aspects), the authors believe that the main result of the
research was the confirmed existence of a direct correlation between the implementation of integrated
telematics systems and an increase in the organisational efficiency of RTEs. The authors believe that this
paper also provides managerial staff with an innovative tool to measure the results of IT implementation
in a more precise way based on comparable and generally available criteria (with a possibility of
comparing particular RTEs). It can undoubtedly bring highly positive results for the process of
managerial decision-making related to the purchase and implementation of integrated telematics
systems for RTEs, as for the evaluation of managerial efficiency (through managerial decisions).
The research of this paper will be continued because it is necessary to verify the matrix in a larger
population, to verify a different configuration of the matrix elements, and to develop an application for
algebraic operations. Further research will be also necessary to more precisely prove the scale of the
influence exerted by IT systems, assuming interactions with other factors in determining efficiency of
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RTEs (and how to measure it) and also assuming no interactions with other factors (with all conditions
being considered equal).

The authors also believe that the more common and frequent (e.g., quarterly) calculation of
matrix values can provide information from a dynamic perspective that should become a significant
supporting element in the evaluation of managerial decision results. The fact that numerous matrix
elements (rates) are treated as information of commercial sensitivity and the fact that managerial
staff members may be unwilling to share data referring to the operational fields of their companies,
even though such data are indispensable for calculation and comparison, come as serious limitations
to the matrix discussed in the paper.

Considering direct conclusions drawn from the presented research, it is also possible to draw
much more general (holistic) conclusions. The use of telematics systems in RTEs provides the
opportunity to enrich management in the fields of economy, fuel/energy consumption, human resource
productivity, the enlargement of vehicle/truck exploitation periods, and corporate environmental and
social responsibility. Moreover, the results of the research may encourage RTEs to improve their
technological potential (investment into telematics systems and support for managerial decisions),
which should be translated into higher levels of technical/technological competence, higher levels
of efficient management, and, eventually, increases in organisational efficiency/effectiveness. In the
time of dynamic changes in the market, high uncertainty, the stochasticity of social and economic
phenomena (e.g., the COVID-19 pandemic), stronger competitiveness in transport, low freight margins,
possible changes in the role and significance of transport in logistic supply chains (in the oncoming
post-COVID era), imperatively green and pro-ecological transport, and many other unpredictable
factors, the value of winning of some market advantage by RTEs in the form of the organisational
efficiency generated by new IT and telematics technologies cannot be underestimated.
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of the manuscript.
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Nomenclature

Agt the rate of using roadworthy vehicles

Ay the rate of technical readiness

B the rate of using the mileage of the vehicle fleet

det (A) matrix A

K, the number of kilometres covered by a team of drivers
Limz number of kilometres per one transport order

Lz the number of daily transport orders per a forwarder
RTEs road transport enterprises

Tk the driver’s working time

Tpz the average lead time

Ty the time required for loading and unloading a vehicle
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