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Abstract: Management based on reliable, complete, and up-to-date information is key to increasing
a transport chain’s effectiveness and sustainability. The instability of the business environment
and the increase in competition have contributed to the growth of challenges faced by managers
of transport and logistics companies who make decisions using low-value information exposed
to significant distortions. This article aims to investigate the impact of information distortions on
decision-making quality and to determine the probability of making trustworthy decisions in freight
land–sea transport chain planning. The research was carried out in several stages, which included
the formulation of rules for detecting information distortions, as well as distortion clustering and
evaluation of their impact on decision quality. A methodology to assess the probability of making
trustworthy decisions was developed. It was shown that information value directly impacts the
quality of decisions related to transport chain planning for both traditional and unique/occasional
freight. In the case of significant information distortion, the manager’s ability to assess available
information considerably increases, especially in crises, when the lack of time to verify information
threatens the accuracy of decisions. This study’s results may be useful for transport and logistics
companies’ managers, who make decisions using information obtained from various sources.

Keywords: land–sea transport chain; sustainable transport; decision trustworthiness; information
distortion; freight transportation planning; decision-making quality

1. Introduction

Knowledge is becoming one of the most appreciated resources, the total value of which
soon may exceed the valuation of other produced goods. The instability of the business
environment contributes to various threats that negatively affect the knowledge possessed
by managers and consequently cause material, financial, image, and other losses [1]. There-
fore, access to reliable, up-to-date, and complete information is a condition for ensuring
companies’ operational effectiveness, including those operating in the transport and logis-
tics (T&L) industry. It should be emphasised that human decisions impact a company’s
management, but the quality of information possessed by managers affects decision accu-
racy. A literature review [2] revealed that 80% of companies believe that using low-value
information threatens their market position, and 54% stated that the severity of this factor
will increase over the next 20 years. It was found that in the Asia-Pacific region, 82% of
companies had problems with obtaining valuable information. In North America, such
problems were faced by 78% of surveyed companies, and in Europe, they were faced by
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74%. Therefore, more than 35% of the companies examined are increasing their efforts to
enhance the value of the information they possess [2].

The necessity of developing verification procedures and techniques for determining
and eliminating information distortions was highlighted [3,4]. The intricacy is related to
the variety of causes of distortions, which may be random or intentional, and differ in the
place of origin or in the dynamics of changes along the information processing trajectory.
Therefore, the management of regional and international sustainable land–sea transport
chains (LSTCs) becomes particularly vulnerable to such distortions [5,6].

Since the beginning of the 21st century, sustainable LSTC management has become a
key issue for leading T&L service providers. On the one hand, this is due to changes ob-
served in these service markets resulting, e.g., from the increasingly frequent shift in freight
flow from intercontinental to regional T&L chains. On the other hand, the modernisation
of transport infrastructure elements within these chains impacts the decisions regarding in-
dividual task performance. As an example, the modernisation of the Świnoujście–Szczecin
fairway (Poland) to a depth of 12.5 m can be mentioned [7]. Due to the increased param-
eters of the fairway, vessels with greater dimensions than before may enter the fairway,
which impacts the ship traffic management and port services planning. This infrastructure
modernisation increased the attractiveness of the Baltic–Adriatic transport corridor running
through the ports of Świnoujście and Szczecin along the Oder Waterway [8]. The expansion
of the hinterland infrastructure of this corridor was continued in 2022–2023, allowing both
shorter delivery times for conventional cargo transported from Scandinavia to the southern
areas of the European Union (EU) and easy access to the northern EU regions. Moreover,
the transshipment growth in Świnoujście and Szczecin ports within seven main commodity
groups in 2023 (35,322.7 thousand tons) compared to 2020 (31,177.5 thousand tons) was also
observed [9]. The changes introduced have also resulted in an increase in non-conventional
freight deliveries, such as super-heavy or oversized cargo. This raises the problem of
adapting the decision-making process related to LSTC management to changes influenced
by the business environment, considering possible information distortion occurrences.

According to the conducted literature review, different problems related to information
distortions take place during transport chain planning and execution. However, the issues
of assessing the probability of making trustworthy decisions, considering information
distortion occurrence, during LSTC planning for both traditional and unique/occasional
freight were studied selectively. The mentioned problems must be explored complexly to
ensure effective planning and management of sustainable LSTCs.

To conduct the study, three research questions were formulated:

1. What categories and groups of information distortions impacting decision-making
quality during freight LSTC planning may be distinguished?

2. What is the impact of information distortions on LSTC planning quality?
3. What is the probability of making trustworthy decisions taking into account informa-

tion distortions’ impact on decision-making quality during freight LSTC planning for
both traditional and unique/occasional freight?

The article aims to investigate the impact of information distortions on decision-
making quality during freight LSTC planning and to determine the probability of making
trustworthy decisions during these chains’ planning. In this regard, a methodology to
assess the probability of making trustworthy decisions was developed.

The article includes a literature review section (Section 2) that shows the results of
available research studies conducted within the analysed subject area. The Materials and
Methods section (Section 3) describes the methodology developed to carry out the research.
The elaborated outcomes of the research are presented in the Results section (Section 4),
where the assessment of information distortions’ impact on the decision-making quality
is presented. To sum up, the conclusions are drawn and discussions are presented in the
Discussions and Conclusions section (Section 5).
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2. Literature Review

The smooth operation of LSTCs supports freight exchange worldwide, enabling these
chain participants to obtain certain benefits [6,10]. The planning and managing of sustain-
able transport chains are complex decision-making processes [11,12]. Therefore, LSTC man-
agers may face problems while coordinating the activities performed during freight deliv-
ery [5,13]. Different cargo may be transported within an LSTC, including traditional freight
(standard procedures are applied to perform the transport task) and unique/occasional
goods (the procedures are adjusted/created every time the company receives a transport
order due to specific cargo features or there is a need to ensure unique transport conditions).
LSTCs are created using road, rail, maritime, inland navigation, and air transport modes.
Transport chain planning deals with the need to consider different aspects, such as time
of freight delivery [14], transport process costs [15], reliability, maintainability, safety [16],
environmental effects of transport activity [17], and others.

When planning and managing an LSTC, it is essential to possess reliable, complete, and
credible information [18], which may concern the demand for services [19], the financial
resources incurred [20], cargo type [21], and the transport links involved in transport
chain planning taking into account sustainable development principles [22,23]. During
transport chain planning and implementation, the information is processed at various
management levels [24], and the effectiveness of its use depends on the experience of
managers involved in management activity [25]. Basing the decision-making process on
low-quality information generally negatively impacts a decision’s trustworthiness [26].
Disruption in the communication networks used in the LSTC and the whole supply chain
is perceived as one of the causes of information distortion [27], which creates the problem
of ensuring the supply chain’s resilience capabilities to various disruptions [28].

Different problems related to information distortions have been described in the
available literature. The problems of information distortion in transport chains and, above
all, entire supply chains were extensively analysed by Wang et al. [29]. A qualitative
assessment of the information gap’s impact on decision-making and identification of their
causes and effects was carried out by Wachnik et al. [30]. The role of transport processes
inspection and supervision necessary to obtain reliable information was emphasized by
Zieja et al. [31]. The problem of information dispersion due to the use of a networked
scattered management mode has been mentioned by Liao et al. [32]. Moreover, the issues
of making complete information available to all partners involved in the supply chain
have been studied [33]. However, it should be noted that these problems were analysed
considering the individual conditions of related decision-making processes.

In the literature studies, the need to ensure smooth information sharing that may allow
deriving advantages or profits for supply chain participants is highlighted [34,35]. The
factors that impact information sharing include interaction routines, personal connection,
organizational compatibility, incentives, project payoffs, top management commitment,
supply network configuration, and others [36,37]. It has been noted that the quality of
information sharing positively impacts supply chain sustainability [38]. Xue et al. [39]
and Tang et al. [40] investigated different information-sharing strategies; they stated that
information transparency helps to improve the supply chain’s overall performance. In turn,
Lee et al. [41] proposed a methodology for information quality assessment. However, these
studies do not take into account specific groups of information distortions that may occur
and impact LSTC management.

Different IT solutions are introduced to facilitate information flow and sharing [42,43],
allowing the integration of supply chain participants and their internal and external value
chains [44]. The evolutionary stability strategy was determined by Zhiwen et al. [45], who
also built an evolutionary game model of supply chain logistics information collaboration
based on a two-echelon supply chain consisting of two supplier levels. The first level of
suppliers provides raw materials or components, but the second level is involved in final
product delivery. It was stated that the supply chain manager could set specific measures
to enhance the collaborative environment for supply chain logistics information, as well as
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motivate the enterprises within the supply chain to implement collaborative behaviours
regarding this information.

Thapa et al. [46] noted that it is impossible to stop the spread of misleading information
and searched for ways to analyse and predict it. Qiao and Zhao [47] confirmed that
alleviating information asymmetry can help to achieve information transparency and
control numerous risks by reducing uncertainties in supply chains. Vosooghidizaji et al. [48]
classified the selected literature positions, paying attention to supply chain features, types
of information asymmetry, and other aspects. However, in these studies, the rules for
distorted information clustering were not formulated.

Proper information structuring and correcting can help to make key decisions [27,49].
Li et al. [50] highlighted the impact of information accuracy on decision-making in freight
transport planning, considering possible adverse events. Some approaches to solving the
mentioned problems, including event analysis and minimizing distortions based on the
use of structured data and its correction and completion, were proposed by Benavente
et al. [51]. In contrast, in a later publication [52], the desirability of applying a combination of
information characteristics, such as incompleteness and inherent uncertainty, in simulation
models has been demonstrated. At the same time, uncertainty was considered as the lack
of knowledge or information about any event’s future or outcome. A way to assess the
probability of making a correct decision was also proposed [53]. It should be mentioned that
in the analysed research papers, the impact of information distortions on decision-making
trustworthiness in LSTC planning was not explored in detail.

Available research studies also analyse risks associated with transport chain opera-
tion [54,55]. Ersoy and Tanyeri [56] noted that delivery risks are associated with cargo
loss/damage, delivery to a wrong address, or unforeseen route obstacles. Different meth-
ods to manage disruptions and risks are applied [57–59]. These methods may be used to
improve managing plans, information flow in transport chains, or business impacts [60,61].
Nevertheless, categories of information distortion significance considering the risk level of
making wrong decisions were not investigated.

Particular attention should be paid to the research results presented by Griffin et al. [62],
who introduced the concepts of information expected value and expected value of partially
perfect information. However, in these studies, there is a lack of a comprehensive view
of the information value as a key element of decision-making effectiveness, clustering
information according to value, and assessing the information distortions’ impact on
managerial decision quality.

Based on the literature review, it can be concluded that low-value information still
occurs in T&L industry companies, which justifies the need to research the possible im-
pact of various information distortions on LSTC planning and subsequent management.
Therefore, there is a need to develop a methodology for assessing the probability of making
trustworthy decisions, considering the occurrence of information distortions, during LSTC
planning for both traditional and unique/occasional freight.

3. Materials and Methods
3.1. General Assumptions and Research Methodology

The general approach used to conduct the research is shown in Figure 1.
The results of the literature studies analysis showed that problems arising during

decision-making, including the information distortion assessment, have been widely dis-
cussed [29,49]. However, in these studies, distortions were evaluated without categorising
them according to their significance, and these studies were based on the hypothesis that
there is an undetermined probability of such information distortion leading to a reduction
in decision-making effectiveness.
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The authors of the present article defined the following hypotheses:

Hypothesis 1: During the decision-making process, it is possible to collect information from
distributed communication network sources that can allow to obtain the following:

• High-value information, the usage of which will form the basis for effective decision-
making;

• Valuable information (exposed to insignificant distortions), the application of which
will not significantly reduce the decision-making quality;

• Low-value information (exposed to significant distortions); the decision quality based
on its use will depend on the manager’s experience and qualifications.

Hypothesis 2: For sustainable LSTC planning, managers must consider the quality of the obtained
information as one of the primary factors influencing the accuracy of decisions.

Hypothesis 3: In practice, the information value depends on its reliability and is exposed to the
risk of distortions.

Within this research study, it was proposed to group detected distortions according to
the following criteria:

• Initiation origins (e.g., external, internal, mixed) (Section 3.2);
• Significance—assessed by the risk level of making wrong decisions (Section 3.3);
• The dynamics of value changes (e.g., constant/variable; negative/positive)

(Section 3.4);
• The impact on decision-making effectiveness (Section 3.5).

It was assumed that three types of decision groups would be analysed:

GDx1—set of decisions related to the elaboration of a schedule for sustainable transporta-
tion services (e.g., the transportation frequency for the given route);
GDx2—set of decisions related to the selection of transport routes considering road constraints;
GDx3—set of decisions related to the organization of transport processes as environmen-
tally friendly, economically viable, and socially equitable.

During LSTC planning, T&L industry companies’ managers commonly make the
decisions associated with these groups. In order to analyse these decisions, the appropriate
information files were created.

This research is focused on information distortions that may occur during LSTC
planning for two groups of transported cargo:

• Traditional freight—that is transported by the company according to known and
previously set procedures (e.g., bulk or general cargo, containers);

• Unique/occasional freight—that is transported from time to time; special conditions
should be ensured by the transport company, or special procedures should be de-
veloped/adjusted to perform the transport order (this cargo will be individual for a
particular company, e.g., sensitive loads [21]).

In order to prove the above hypotheses, an appropriate methodology was developed
that included three stages:

• Elaboration of rules for information distortion clustering (Section 4.1);
• Clustering of information distortions (Section 4.2);
• Assessing the information distortion impact on the decision-making trustworthiness

(Section 4.3).

This study provides the investigation of information distortion clusters. The approach
to creating these clusters for the appropriate information files is shown. Three rules for
distortion clustering are proposed (Section 4.1).
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The methodology to conduct the clustering process is proposed in Section 4.2. Infor-
mation distortion clusters and their characteristics (subgroups) were identified.

The questionnaire survey was developed to collect the data needed to conduct calcula-
tions using the developed methodology. The required data were collected in 2021 and 2022.
The survey was carried out among 12 companies’ representatives who agreed to fill in
the questionnaire. A total of 11 respondents represented T&L sector companies located in
Poland (92% of collected opinions), and only one response was given by foreign company
representatives (8% of collected opinions). Respondents were managers employed in small
and medium-sized companies with fleets operating on the freight market for 10–15 years.
Practitioners had more than 10 years of working experience in LSTC planning and repre-
sented road transport and freight forwarding companies. The respondents were involved
in transport task planning within the Baltic–Adriatic transport corridor that runs through
the ports in Świnoujście and Szczecin.

The practitioners representing the 12 investigated companies answered the following
research questions:

1. Were the received information files subjected to distortion (possible response options:
never, sometimes, always)?

2. Had the noticed information distortions affected the quality of the decisions made
(possible response options: never, to a small extent, significantly)?

The study was carried out considering the assumption that the index of corrupted
information file reparability (IDR) based on non-quantifiable risk (NQR) may be used in
practice to assess the decision-making process stability. The range of NQR may be assessed
as probability within the interval [0, 1].

In Section 4.3, the methodology to evaluate the impact of information distortion on the
decisions’ trustworthiness is developed. The digital maturity assessment (DMA) modelling
technique [63] was applied. Additionally, Martins’ [64] model and Bayesian rules [65] were
used to calculate the probability of information distortion’s impact on decisions. The term
“decision trustworthiness” was implemented.

During this research stage, the diagram for investigating the probability of information
distortion affecting decision trustworthiness was developed, and the steps of the research
algorithm were proposed. Based on data collected from selected companies’ representatives
using the questionnaire survey, calculations using an Microsoft 365 Excel sheet were carried
out for decisions taken for traditional and unique/occasional cargo transported within the
LSTC. The three aforementioned groups of decisions were investigated. Then, the obtained
simulation results were analysed, and conclusions were drawn.

3.2. Information Distortions According to Their Origins

To address the problem of ensuring LSTC resilience to various threats, appropriate
techniques should be developed and implemented. Threat origins may include erroneous
verification of collected information, the inexperience of personnel working with databases,
imperfect procedures for organising message exchange, or faulty software use. In this
perspective, information distortions of a random or intentional nature may result in harmful
irregularities. Since the origins initiating information distortion may be local or dispersed
and characterised by different complexity and harmfulness levels, it is necessary to identify
and systematise them (Figure 2).

Software packages may be designed and applied to protect the user from threats, e.g.,
web application firewalls (WAFs), multi-factor authentication (MFA), validating user input
(VUI), and others. Each software mentioned above contains weaknesses, including the
inability to work with systems related to freight transport planning that use unclassified
and confidential information sent over distributed communication networks. Therefore,
it is advisable to continuously improve company procedures and collect good practices
to enhance the detection and removal of low-value information causes. Knowledge on
the origin of information distortion may be helpful to create plans and implement actions
needed to identify and reduce its negative impact.
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3.3. Information Distortions According to Their Significance

Two basic ways to provide information to managers may be distinguished: verbal (e.g.,
messaging) and non-verbal (e.g., images/video). Let us assume that verbal information
consists of individual bits, and that even a small distortion may lead to a loss of reliability in
the knowledge contained in the information file. This creates a multidimensional premise
for investigating and clustering information distortions, the significance of which depends
on their transparency—overt or covert (detectable and undetectable)—and susceptibility to
correction (correctable or uncorrectable). Therefore, two categories of information distortion
significance have been identified (Table 1).

Table 1. Categories of information distortion significance (authors’ elaboration).

Distortion Categories Distortion Characteristics

Type A:
significant distortion

(worthless/low-value information)

The risk level of an incorrect decision is high and depends
on both the severity of corrupted files and
decision-making conditions (e.g., emergency, lack of time)

Type B:
trivial distortion

(high-value information)

The risk level of an incorrect decision is low and
depends on the manager’s experience and skills,
as well as IT effectiveness (e.g., software: Language
Tool, Hunspell).
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The clustering process was applied to allocate the information distortion to a particular
category. The following assumptions were proposed:

1. Distortions are considered significant if, uncorrected, they contribute to the loss
of timeliness, reliability, and completeness of the collected information and cause
decision-making to be highly risky.

2. Distortions are considered insignificant if they do not contribute to the loss of collected
information value and their use does not increase the decision-making risk.

3. Information should be corrected if the information recovery time is shorter than a
certain threshold value. In other cases, distortions are assigned to poorly detectable
or uncorrectable categories.

3.4. Information Distortions According to the Dynamics of Value Changes

The value of information (VOI) is the amount that a decision-maker would be willing
to pay to have it. The manager’s assessment of information value accuracy, considering
the possible distortion significance, is a condition for decision-making effectiveness. Based
on such an assessment, the manager may choose between two options: proceed with
decision-making based on the collected information or correct it.

Let us introduce the idea of the targeted information value, which includes the set
⟨X(t0, t1)⟩ of uncorrected data files <xi> collected during the period [t0, t1] (Equation (1)):

X(t0, t1) = f1{x1, x2, . . . , xi} (1)

In most cases, this set of files may contain distorted information files. Therefore, we
are dealing with a set <X∗>, which requires information verification and consequently its
correction during the next period [t1, tn]. The corrections made to the set <X∗> can result
in an increase (X+) or decrease (X−) in information value (Equations (2) and (3)):

X+(t1, tn) = f2{x∗1 , x∗2 , . . . , x∗n}, (2)

X−(t1, tn) = f3{x∗∗1 , x∗∗2 , . . . , x∗∗n }. (3)

Using Hamming’s theory (linear error-correcting code), an algorithm for verification
and correction of information distortion was developed [66], raising the information value
to (X+) level. The fundamentals of the algorithm are outlined as follows:

1. Let us set that the effectiveness criterion in correcting the corrupted information files
is VOI → max .

2. The integral measure D(X, X∗) of distortion detection effectiveness can be determined
using Equation (4) [67]:

D(X, X∗) =

{
1.0, if X → X∗, signi f icant distortions that should be detected,
0.0, if X → X∗, insigni f icant distortions, no need f or detection

}
. (4)

3. The local measure d(x, x∗) of distortion correction effectiveness for corrupted infor-
mation files from the set ⟨X∗⟩ can be specified using Equations (5) and (6):

d(xi, x∗i ) ≥ 0 for ∀ X ∋ {x1, x2, ..., xi} ∩ ∀ X∗ ∋ {x∗1 , x∗2 , ..., x∗i }, (5)

d(xi, x∗i ) =
{

1.0, if x∗i → x+i , condition o f e f f ective correction,
0.0, if x∗i → x−i , condition o f ine f f ective correction

}
. (6)

The proposed approach allows the allocation of distorted information considering the
dynamics of information value changes.
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3.5. Information Distortions According to the Impact on Managerial Decision Effectiveness

Based on the analysed literature studies, experience, and own research results, it can
be stated that low-value information can result in inappropriate managerial decisions with
short- and long-term consequences. Let us formalise this statement.

Let a manager make decisions within several T&L activity areas Ωi, including supply
planning, warehousing, handling, and transportation. These areas form a space Rn of decisions
made during order processing. Within the boundaries of each T&L activity area Ωi the
trajectories of decision-making processes concerning each i-th activity are established. Since
their realisation takes place over the period T = [t0, tk] (where tk—the moment of planning
process completion) the course of such trajectories

[ .
xi
]

can be determined using Equation (7):[ .
xi
]
= f (xi, ti), xi ∈ Ωi, ∑ Ωi ⊂ Rn; f : T[0.tk], f (t0) = 0; i = 1, n. (7)

From Equation (7) it follows that each i-trajectory of the decision-making process
(xi, ti) corresponds to the course of only one T&L activity and contains only one trivial
solution ⟨xi (0)⟩, fulfilling the initiation conditions (xi(0) ≡ 0; t0 ≡ 0), i.e., “receiving the
order” results in the only correct decision “planning process beginning”. All other decisions
are not trivial. This raises the problem of ensuring their stability along the decision-making
trajectory for each i-th T&L activity.

Let ⟨ε⟩ be a threshold value depending on the information distortion level. Then,
the initiating decision ⟨x0⟩ is stable according to the Lyapunov criterion [68] (“receiving
the order—the LSTC planning process beginning”). However, for the other decisions set
⟨xi⟩, it can be argued that they will not require corrections (they will be stable) if, for any
LSTC management process start time ⟨t0⟩ and a threshold value ⟨εi⟩, there is a variable ⟨∆⟩
whose value depends only on the transport process’s beginning conditions. Whereby, for
each subsequent decision ⟨xi+1(t)⟩, the following condition is met (Equation (8)):

∥(xi+1(t))∥ < εi. (8)

In the practice of T&L companies’ operation, it is known that decision-making pro-
cesses are unstable both due to the changes in the business environment and information
distortions, which can be expressed as follows (Equation (9)):

(∀εi > 0), (∀t ∈ T), (∃∆(t0) > 0) , (∀xi ∈ X) (∀t ≥ t0; t ∈ T) → ∥xi(t)∥ = ∆(t0) > εi . (9)

Equation (9) shows that even corrected information can initially contribute to changes
in the decision-making trajectory, which in the short-term perspective can lead to significant
deviation. Therefore, significant differences can be observed between the effects expected
during LSTC planning and the results achieved after a decision’s implementation.

4. Results
4.1. Elaboration of Rules for Information Distortion Clustering

Managerial decision quality depends on information accuracy [69]. Using the recom-
mendations formulated by Griffin et al. [62], it can be argued that in the case of significant
distortions, the manager generally strives to eliminate them by taking ⟨j⟩ corrective activ-
ities, the effectiveness of which can be evaluated through the net benefit (NB) indicator,
which in turn can be calculated for each j-th correction as follows (Equation (10)):

NBj =
TP·SPJD − FP ·SPJD

TP + FP
· P

P − 1
, (10)

where

TP—the number of information files with significant distortions detected and removed;
FP—the number of information files with undetected and unremoved distortions;
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SPJD—the degree of decision quality increase after carrying out the j-repair of corrupted
information files; j = 1, . . . , J;
P—the probability of increasing the information value and decisions’ quality.

Collected information value depends on the j-corrective activities’ effectiveness, re-
ducing the number of information files, and can be evaluated by increasing the value of all
repaired files through the expected value of information (EVI) index [62] (Equation (11)):

EVI(j) = F
[

NB1(x∗1) ∪ NB2(x∗2) ∪ NB3(x∗3) . . . ∪ NBj

(
x∗j
)]

. (11)

Whereby the activities ⟨j⟩ increase the NB value to NBmax level that may be expressed
as follows (Equation (12)):

NB(x∗1 , x∗2 , x∗3 , . . . , j) → NBmax(x1, x2, x3, . . . , j). (12)

The growth in the information value (after corrective activities were taken) was analysed
considering the increase in the expected value of the perfect information ( EVPI) index [62]
and finally evaluated as a measure of the new knowledge discovery (KD) (Equation (13)):

KD = f [∆EVPI(j)] = NBmax(x1, x2, x3)− NB(x∗1 , x∗2 , x∗3), (13)

where

x1—information file used during the development of the transportation work schedule;
x2—information file used during decision-making on transport route selection;
x3—information file used during the organization of the transport process.

Based on the above, the following rules were formulated:
Rule 1: The more contractors involved in the services provided within the LSTC, the higher

the probability of a decrease in the information value in the messages received (Figure 3).
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Rule 2: According to the assigned tasks, the value of information provided within the
LSTC is adequate to the reliability of messages generated across its weakest link.

Rule 3: In the case of multiple weakest links, the continuous review and correction of
the generated files will be a prerequisite for effective LSTC planning and management to
prevent the synergistic effect due to combining information distortions.

4.2. Clustering of Information Distortions

Information distortion clustering was performed using the following steps:

1. Let us assume that the database contains uncorrected information X∗ =
{

x∗1,x
∗
2 , . . . , x∗n

}
.

2. Let us select two categories (groups of significant and trivial distortions) and allo-
cate the detected distortions to them, using the metric of their similarity d(x, x∗)
(Equations (5) and (6)).

3. The compared distortions’ convergence could be assessed by applying Pearson’s
linear correlation index or Spearman’s rank correlation index (rs) [70] (Equation (14)):

rs = 1 − 6∑n
i=1 d(x, x∗)2

i
n(n2 − 1)

, (14)

where

n—the number of observations during the evaluation of compared distortions’ similarity;
d(x, x∗)i—the measure of compared information distortions’ convergence (x, x∗).

4. By changing the distance thresholds d(x, x∗), where 0 ≤ d0 . . . < dm ≤ 1, both
distortion clusters and their groups/subgroups may be formed, and their hierarchy
depth could be assessed.

The information distortion grouping scheme is presented in Figure 4.
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Applying the scheme presented in Figure 4, it was possible to achieve the clustering re-
sults of significant information distortions provided within the messages exchanged during
LSTC planning (Table 2). Based on the literature review [27,28,71] and own observations,
the information distortion clusters and their characteristics (subgroups) were identified.
Utilizing data collected from representatives of selected surveyed T&L industry companies
it was possible to determine the index of corrupted information file reparability (IDR) for
both traditional and unique/occasional freight.
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Table 2. Results of significant information distortion clustering for messages exchanged within LSTC
(authors’ elaboration).

Information
Distortions Groups

Information Distortion
Characteristics (Subgroups)

IDR

TF UOF

Group A1
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4.3. Assessing the Information Distortion Impact on Decision-Making Trustworthiness

The assessment of the information distortion’s impact on decision-making quality was
based on the DMA modelling technique [63]. Let us set the following:

1. All information files needed to conduct the analysis are available.
2. The sets of activities and outcomes are presented in a set Rn in a way that one decision

results in one outcome.
3. The results of the decision-making process could be assessed before they are im-

plemented through its quality indicated as the experienced decision utility (EDU)
measure [25]:

EDU(xi) = ∑ O(xi){PA[O(xi)]× U[O(xi)]}, (15)

where

xi—information files used in the managerial decision-making process, i = 1, 2, 3, ..., I;
O(xi)—the expected value set of decision-making based on the i-th information files;
PA[O(xi)]—the probability of making a trustworthy decision based on the i-th information files;
U[O(xi)]—the expected values of decisions based on the i-th information files.

The diagram for investigating the probability of information distortion affecting
decision trustworthiness is presented in Figure 5.
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Then, Martins’ [64] model was applied, according to which the probability of informa-
tion distortion is variable, and managers use the information collected by supplementing it
with their experience. Thus, the following was established:

1. The probability of information distortion is a linear combination of both the frequency
of such distortion at moment t1 and those detected earlier in the period [t0, t1].

2. The logic for assessing the probability of adverse events (making untrustworthy
decisions) follows the Bayesian rule and depends on the managers’ experience [4,72]
and the detectability and correctability of distortions in the information used:

P(C|D) =
P(D|C) P(C)

P(D)
, (16)

where

C—the activity aiming at detecting significant information distortion;
P(C)—the probability of detecting significant information distortion, P(C) ≥ 0;
P(D)—the probability of an event requiring the manager to make a decision, P(D) ̸= 0;
P(C|D)—the probability that activity C (striving to detect information distortion) will occur
when the manager needs to make a decision (event D is non-trivially unavoidable);
P(D|C)—the probability that D is effective after activity C has been performed, i.e., after
the information has been verified and possible distortion has been detected (action C is
completed and recommended).

The practice of T&L industry companies’ operations shows that the information
gathered by managers to make effective decisions during LSTC planning may be partially
distorted. Let us set that it belongs to the Ak-group of distortions (k = 1, 2, 3) from category
A. Then, the following designations may be introduced:

• P[X∗(Ak|A)]—the probability that the verified information set X∗ contains distortions
of the randomly selected group (A1, A2, or A3) from category A distortions;

• P[Ak|X∗(L)]—the probability that the verified set of information files X∗ with standard
length L contains distortions from the Ak group;

• P[X∗(L)|Ak]—the probability that the real distortions in the verified information file
X∗ are identical to those in the distortions group selected randomly.

Therefore, the probability that the analysed distortion group from the set [A 1,A3, A3]
will be identical to the verified file of L-length, can be calculated using Equation (17):

P[Ak|X∗(L)] = P[X∗(Ak|A)]× [X∗(Ak|A)]/∑ P[X∗(Ak|A)× [X∗(Ak|A)]] . (17)

Then, the probability that the distortions in the verified information file are identical
to the selected group of distortions, that is, the P[X∗(L)|Ak] value is assessed.

The research algorithm is shown in Table 3.
It should be noted that the term “decision quality” is ambiguous because, firstly, it

can be fully evaluated only after its implementation. Secondly, there is a risk of a radical
reduction in quality depending on changes in the business environment, decision feasibility,
experience of managers involved in the management process, and other aspects. Therefore,
the term “decision trustworthiness” was chosen for further research, and the values of utility
features determining the degree of the client’s requirements fulfilment were compared.
These features were divided into subsets of measurable (subject to quantifiable risk) and
non-measurable (subject to non-quantifiable risk).

Research was performed for three decision groups, as follows:

• GDx1: related to the elaboration of a transportation work schedule;
• GDx2: related to transport route selection;
• GDx3: related to transport process organization.
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Each non-measurable decision’s feature was evaluated as a probability within the
interval [0, 1]. Measurable features were scored within the interval [0, 10]. The calculations
were based on information obtained from transport companies’ representatives using
the questionnaire survey. Respondents were asked to provide assessments of distortions
divided into abovementioned groups and subgroups for traditional and unique/occasional
freight separately. The information distortions occurring during the development of the
transportation work schedule, transport route selection, and transport process organization
were considered. The results of calculations conducted using the developed research
algorithm are shown in Table 4.

Table 3. The steps implemented in the research algorithm (authors’ elaboration).

Steps Activity Performed

Step 1 Determining measurable and non-measurable decisions’ utility features

Step 2 Identifying the set of collected information distortion groups Ak; k = {1, 2, 3}
Step 3 Selection of analysed decision groups

Step 4 Sorting distortions within the subgroups according to significance
(A1, A2, A3)

Step 5 Evaluating the grouping accuracy according to Pearson or Spearman coefficient

Step 6 Introducing evaluation scales and scoring the alternative decision features

Step 7 Assessment EDU of the decisions [x1, x2, x3] for traditional freight transport

Step 8 Assessment EDU of the decisions [x1, x2, x3] for unique/occasional freight
transport

Step 9 Assessment of the discovering new knowledge probability

Step 10 Verification: What effects (and with what probability) will arise when relying on
low/high-value information in planning traditional freight transport?

Step 11 Verification: What effects (and with what probability) will arise when relying on
low/high-value information in planning unique/occasional freight transport?

Step 12 Summary assessment of each distortion group’s impact on decision quality

Table 4. Research results (authors’ elaboration).

Distortion Groups and
Subgroups

Success Probability of the Decision-Making Process during LSTC Planning

The Case of Traditional Freight The Case of Unique/Occasional Freight

PKDD EDU(I)x1
EDU(M)x1

EDU(I)x2
EDU(M)x2

EDU(I)x3
EDU(M)x3

PKDD EDU(I)x1
EDU(M)x1

EDU(I)x2
EDU(M)x2

EDU(I)x3
EDU(M)x3

Group A1
A1.1. 0 0.015

0.985
0.126
0.874

0.102
0.898 0 0.002

0.998
0.016
0.984

0.007
0.993

A1.2. 0 0.021
0.979

0.108
0.892

0.132
0.868 0 0.005

0.995
0.011
0.989

0.009
0.991

Group A2
A2.1. 0.07 0.041

0.959
0.136
0.864

0.121
0.985 0.18 0.019

0.981
0.072
0.928

0.014
0.986

A2.2. 0.24 0.153
0.847

0.219
0.781

0.183
0.817 0.51 0.104

0.896
0.162
0.838

0.099
0.901

Group A3
A3.1. 0.45 0.528

0.472
0.776
0.224

0.621
0.379 0.63 0.574

0.426
0.861
0.139

0.701
0.299

A3.2. 0.43 0.673
0.327

0.801
0.199

0.846
0.154 0.23 0.732

0.268
0.872
0.128

0.865
0.135

Type B 0.19 0.712
0.288

0.859
0.141

0.754
0.246 0.19 0.781

0.219
0.902
0.098

0.862
0.138

EDU(I)—the trustworthiness of decisions made solely based on information gathered, EDU(M)—the trustwor-
thiness of decisions made solely based on the manager’s experience and qualifications, PKDD—the probability of
new knowledge discovery in databases.

As a result of the simulation, it was possible to assess the trustworthiness of decisions
made solely based on information gathered and the trustworthiness of decisions made
solely based on the manager’s experience and qualifications, as well as to calculate the
probability of new knowledge discovery in databases.
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The decision trustworthiness was considered sufficient when its measurable feature
values were higher than 0.7 points and the non-measurable features were met. The study
was conducted for the weakest link of the LSTC.

5. Discussions and Conclusions

This article investigated the impact of information distortions on decision-making
trustworthiness during freight land–sea transport chain planning. The information dis-
tortion categories and groups, as well as clustering rules, were identified. The impact of
such distortions on decision-making quality during freight LSTC planning was assessed. A
methodology for making trustworthy decisions was developed. It was possible to deter-
mine the probability of making trustworthy decisions during freight land–sea transport
chain planning for both traditional and unique/occasional freight. Moreover, the set
hypotheses were proved.

The research results allowed us to systemise and widen the knowledge of information
distortions and their impact on decision-making quality, as well as develop theoretical
methods that may be applied to solving practical tasks (Table 5).

Table 5. Testing of the proposed approach’s practical usefulness (authors’ elaboration).

Areas of
Decision-Making Investigated Tasks

Selected Example: Analysis of Decisions Related to Ship Traffic on
Modernized Świnoujście–Szczecin Fairway

Test Preparation Test Results

Information
Collection

Testing of
Information Files

Confirmed
Effect

Calculated
Effect

Strategic decisions

Adjusting vessel
traffic to

parameters of
modernized

fairway

Vessels’ types,
parameters,

speeds, weather
conditions, etc.

(max NQR)

Comprehensive
characteristics of

possible ship
movements on the

fairway

Time-consumption
reduction for
information
verification

11–14%

Tactical decisions Increasing supply
chain visibility

VTS information
services systems

(min NQR)

Complete
parameters of VTS

information
systems

Time-consumption
reduction for
information
verification

19–21%

Operational
decisions

(quick, timely)

Effective
scheduling,

Monitoring, and
control of vessel

traffic on
modernized

fairway

Monitoring of
vessels carrying

traditional freight
(min NQR)

Causes and
consequences of

congestion on
shipping routes Time-consumption

reduction for
information
verification

15–17%

Monitoring of
vessels carrying

unique/occasional
freight

(max NQR)

Causes and
consequences of

risk factors’ impact
on accident
occurrence

8–9%

The coincidence of different changes taking place during LSTC planning and execu-
tion [73,74] contributes to the need to improve the tools to support these chains’ manage-
ment. Therefore, it is important to increase the reliability of information exchange between
all LSTC participants based on uniform procedures to eliminate possible distortions.

The methodology developed in the present study shows the possibility of analysing
the following:

• The impact of information quality on the decisions accuracy for both logistics ser-
vice integrators (LSIs) and logistics service providers (LSPs) by assessing the time
adjustment of work schedules developed by LSTC subcontractors and the risk of
inappropriate decisions,

• The rationality of decisions made by LSIs/LSPs based on their experience only or
based on current information gathered during transport task planning.
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Based on an analysis of the achieved results, it can be concluded that rapidly intro-
duced infrastructure modernizations significantly contribute to the information uncertainty
faced by managers involved in LSTC planning, who have to assess the time of both freight
transportation and port handling operations. Consequently, uncertainty occurrence affects
the accuracy of decisions regarding the scheduling of these activities.

This fact was the reason why the authors did not analyse the impact of information
uncertainty on managerial decision accuracy in terms of quantifiable risk, assuming that
it can be calculated as the multiplication of probability and consequences of wrong de-
cisions [75]. As revealed by the literature review, this approach has been widely used
in studies related to the investigation of information asymmetry’s impact on managerial
decisions [76,77]. According to the authors of the present study, the current practice of
transport and logistics chain management, implemented under conditions of rapid in-
frastructural transformations, should be based on assessments of non-quantifiable risk of
inappropriate decisions [78]. This approach has allowed for a comparative analysis that
considers situations when LSIs/LSPs are making decisions under conditions that they
have not previously faced. Examples of such situations can include market entry by new
shipowners or road transport companies (e.g., due to easier access to LSTC infrastructure
or easier options for purchasing transport means), as well as resignation from cooperation
with a client (e.g., due to countries borders being blocked for import and/or export of
certain commodity groups), etc. In the authors’ opinion, in the near future, the following
issues will arise:

• The problem of ensuring the high quality of information used by the decision-makers
during LSTC planning and management will become increasingly important,

• The evaluation of the non-quantifiable risk of inappropriate decisions made by T&L
industry companies’ managers will become very significant while assessing the effec-
tiveness of transport and logistics task management.

Based on a detailed analysis of simulation results achieved by applying the developed
methodology, it can be stated that obtained probability values differ for LSTC planned for
traditional and unique/occasional freight. In particular, the following conclusions may be drawn:

• The role of a manager’s knowledge/experience should be emphasised for LSTC
planning for traditional freight. Making trustworthy decisions based on low-value
information (subgroups A1.1. and A1.2.) depends on the manager’s knowledge and ex-
perience, with a probability of 0.868–0.979. In this case, the probability of information’s
positive impact on the decision’s trustworthiness is assessed as 0.015–0.132.

• The role of information value is essential for LSTC planning for traditional freight.
Making trustworthy decisions based on high-value information (subgroups A3.1. and
A3.2./B) depends on the type of task being solved and the information distortion
significance, with a probability of 0.673–0.902. The impact of the manager’s knowl-
edge/experience on the decision’s trustworthiness is assessed as 0.141–0.471.

• The probability of discovering new knowledge for unique/occasional freight ranges
from 0.00 to 0.63 and, for traditional freight, 0.00–0.45.

Based on the research results, it may be stated that the manager’s ability to assess
information considerably increases, especially in crisis situations, when the lack of time to
verify information threatens the decision’s accuracy. The reduction of distorted information
in each analysed information file leads to better decision-making while organising and
performing LSTC. However, it should be noted that even if most of the information received
is correct (or is corrected later), the remaining single wrong but very significant information
may still lead to inaccurate decisions. The presented approach may be applied to analyse
linear information flows, and may be developed to manage multiple and independent
information flows in parallel.

The differences in the probability of making trustworthy decisions during transport
planning for traditional and unique/occasional freight should be discussed. The higher
probability values were achieved for traditional freight, which is carried out based on
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the experience of managers, servicing, and predictive maintenance of such vehicles as
light-duty trucks or various ships, e.g., general cargo ships, bulk ships, crude oil tankers
ships, chemical tankers ships, and container ships. The lower probability values were
achieved for unique/occasional freight hauled, e.g., by heavy-duty trucks, flatbed trucks,
ballast trucks, and semi-trailers.

Moreover, this research is limited to the three decision groups that were considered in the
article, including those related to the elaboration of a transportation work schedule (GDx1),
transport routes selection (GDx2), and transportation process organization (GDx3). In future,
our investigations will cover other groups of decisions made by T&L industry enterprises.

Simulation results were achieved based on data collected using a questionnaire survey
filled in by representatives of 12 selected companies. Most of these companies are located in
Poland. Therefore, it would be reasonable to repeat the research and analyse the opinions
of practitioners employed in T&L industry companies located in other countries, which
will provide the possibility to compare the results.

The research results form the basis for software development that may be used in
practice by managers from T&L industry companies both organising sustainable LSTC and
making decisions based on information obtained from various sources. The application of
such software could facilitate the assessment of distortions’ impact on the trustworthiness
of decisions for both traditional and unique/occasional freight.

It should be highlighted that the increase in business environment instability and the
intensification of competition in the T&L services market impact the problem of ensuring
decision-making effectiveness as key issues in the short- and medium-term perspective.
Therefore, the impact of information distortions on decisions made by transport company
managers, considering the time of distortions’ influence, will be analysed during our future
research. The authors’ further research will also focus on examining the consequences of
using low-value information in decision-making processes in the T&L industry.

Moreover, this study is related to the research project “Modelling of decision-making
processes for the entry of seagoing and inland vessels on the Świnoujście–Szczecin fairway”
financed by the Ministry of Education and Science (Poland), grant number DWD/6/0570/2022.
The practical implementation of research results within this project for decision-making
process improvement is considered.
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