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Abstract

Background: Technological innovation in logistics (TIL), logistics capability (LC), and lean
logistics (LL) are receiving wider attention in logistics and supply chain research. They are
often examined in separate models and less often in relation to both business performance
(BP) and market performance (MP). Their joint effects on organizational performance
remain insufficiently examined in previous research. Methods: This study examined the
effects of TIL, LC, and LL on BP and MP through a quantitative survey conducted among
enterprises in Serbia, a transition economy with limited empirical evidence on these re-
lationships. Data from 129 valid responses were analyzed through descriptive statistics,
correlation analysis, linear regression analysis, and multicollinearity diagnostics. Results:
The findings show that LC has a positive and significant effect on both BP and MP. LL
has a positive and significant effect on BP, while TIL has a positive and significant effect
on MP. The model explains a larger share of variance in BP than in MP. Conclusions: The
results support a differentiated view of logistics transformation and indicate that BP and
MP should be examined as related but distinct outcome dimensions. The study integrates
TIL, LC, and LL within a unified performance framework.

Keywords: technological innovation in logistics; logistics capability; lean logistics; business
performance; market performance

1. Introduction
TIL, LC, and LL have received growing attention in logistics [1] and supply chain [2]

research. Enterprises operate in conditions shaped by cost pressure, service expectations,
market uncertainty, and digital change [3]. In such conditions, logistics is not viewed
only as a support activity. It is linked with process coordination, resource use, customer
response, and enterprise results. Earlier studies connect LC with enterprise performance,
show positive links between logistics integration capability and financial performance [4],
and discuss digital innovation as a source of stronger supply chain management [5] and
competitiveness [6].

Recent global trends further demonstrate the growing importance of digital transfor-
mation in logistics and supply chains. According to the World Bank, international freight
movement requires an average of 44 days, with approximately 60% of that time spent in
ports and terminals. The same report indicates that end-to-end supply chain digitalization
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can reduce port delays by up to 70% in emerging economies, while 75% of shippers seek
environmentally sustainable logistics solutions. This global shift toward digital logistics
is also relevant for Serbian enterprises, where stronger adoption of TIL together with the
development of LC and implementation of LL may contribute to improved BP and MP.
This evidence further reinforces the practical importance of examining how TIL, LC, and
LL contribute to BP and MP [7].

TIL refers to the use of digital tools, data systems, analytics, automation, and related
technological solutions in logistics processes. Digital innovation in supply chains is associ-
ated with higher process automation, better communication among partners [8], improved
information access, and stronger competitive position [9]. Technological innovation and ar-
tificial intelligence are connected with digital supply chain management and efficiency [10].
They also improve flexibility and overall decision quality [11]. These findings support the
view that TIL can shape both internal operations and market outcomes in enterprises that
seek stronger logistics performance.

LC remains another central point in this discussion. LC is defined through the en-
terprise’s ability to use logistics resources and information in ways that support service
quality and responsiveness [12]. Positive relationships between LC and enterprise perfor-
mance have been reported in several studies [13], while later studies confirm that logistics
integration capability and supply chain integration are associated with better financial per-
formance [14]. Additional evidence suggests that LC mediates the link between managerial
practices and organizational performance in logistics enterprises [15].

LL adds an operational and managerial dimension to this framework. Lean logic in
logistics rests on waste reduction, smoother flow, shorter lead times, and better use of
available resources [16]. LL relates to continuous process improvement. It also focuses on
lower non-value-added activity and stronger coordination between logistics operations
and customer needs [17]. LL is suitable for studies that examine BP [18] and MP [19], since
operational effectiveness and waste reduction often appear together with cost efficiency
and customer value.

The topic can also be viewed in the wider context of digital and organizational change
in logistics. Discussions on Industry 4.0 and Industry 5.0 [20] point to the estronger use
of connected technologies [21], automation, resilience, and human-centered systems [22].
Intelligent supply chains represent another important direction of logistics transformation.
They combine digital technologies, real-time data exchange, analytics, and automation to
improve coordination, visibility, and decision-making across logistics activities [23]. In this
study that context serves only as a broader background. The focus remains TIL, LC, and LL
in relation to BP and MP.

The importance of this topic is also visible in the literature that connects logistics
with enterprise performance with a focus on quality [24], management systems [25] and
the relationship between logistics and organizational performance [26]. It also has a big
impact on competitiveness [27] and integration [28]. Both earlier studies that focus on
technological trends [29] and decision-making [30] and more recent ones that focus on
digital transformation [31] and innovation [32] report that logistics-related factors are linked
with stronger enterprise results. This leaves room for empirical research that examines TIL,
LC, and LL in relation to BP and MP.

This study addresses that need in the context of enterprises in Serbia. Existing studies
often examine TIL in the form of blockchain [33] digital innovation [34] and technological
innovation [35], LC in the form of logistics outsourcing [36] and logistics integration [37],
LL in form of lean manufacturing [38], lean-green practices [39], lean supply chain prac-
tices [40] and implementation of lean mindset [41] and performance in form of bench-
marking [42], digitalization [43] and evaluation [44] all in separate models. A further gap
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appears in research that focuses on enterprises from transitional and developing business
environments. In these types of environments digital adoption and market pressures may
differ from those in larger economies. The present study therefore examines the joint effect
of TIL, LC, and LL on BP and MP in Serbian enterprises.

Although previous studies consistently report positive relationships between TIL [45],
LC [36], LL [46], and organizational performance [47], several important questions remain
unresolved. First, these variables are commonly examined separately or in pairs, while
studies that evaluate their combined effects within a single empirical model remain limited.
Second, previous research frequently focuses on a single performance dimension, although
BP and MP may respond differently to logistics-related capabilities. Third, empirical
evidence that jointly examines TIL, LC, and LL in transitional economies such as Serbia
remains relatively scarce despite differences in digital maturity, organizational practices,
and market conditions. These gaps suggest that additional empirical evidence is needed to
improve understanding of the combined effects of TIL, LC, and LL on different dimensions
of enterprise performance.

The paper is organized into several sections. It examines the effects of TIL, LC, and LL
on BP and MP and contributes to the literature through an integrated empirical framework
developed for enterprises in Serbia. The introduction presents the research topic and study
purpose. The next section reviews the relevant literature and develops the hypotheses. The
methodology section presents the research framework, variables, sample, and analytical
procedure. The results section reports the empirical findings. The discussion section
interprets the findings in relation to earlier studies. Also, in this section we discuss the
limitations and implications. The final section, conclusion, presents the main findings of
the study.

The present study contributes to the existing literature through the following re-
search novelties:

• Develops an integrated empirical model that simultaneously examines the effects of
TIL, LC, and LL on BP and MP.

• Distinguishes between BP and MP as separate performance dimensions, allowing
for a comparison of how the same logistics capabilities influence different organiza-
tional outcomes.

• Provides empirical evidence from Serbian enterprises, offering insights from a transi-
tional economy that remains underrepresented in the logistics literature.

2. Research Background
2.1. Technological Innovation in Logistics

TIL refers to the introduction and use of digital tools, intelligent systems, automation
solutions, and data-based applications in logistics activities [48]. In the literature TIL is
linked with digital supply chain management, process integration, information visibility,
and faster operational response [49,50]. Research also shows that TIL is not limited to one
tool or platform. It includes a broader set of solutions such as analytics and cloud systems.
Artificial intelligence and digital platforms are also used to improve the management of
logistics flows and decisions [51,52].

Logistics systems now operate under stronger pressure related to service speed, cost
control, coordination across partners, and market uncertainty [53]. In that setting, digital
tools are used to improve communication and data access. They also help with process flow.
Findings indicate that digital innovation in supply chain management is associated with
higher process automation and the expansion of distribution channels. Better communica-
tion with partners and wider access to operational information such as warehouse capacity
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and freight routes is also possible due to digital innovations [54–56]. These changes show
that TIL relates to both internal efficiency and external market responsiveness.

TIL should be viewed as more than a technical upgrade. It is often treated as a driver
of organizational adjustment and supply chain development [35]. Research on digital
supply chains notes that technologies such as artificial intelligence and real-time analytics
improve forecasting and inventory control. They also improve logistics coordination and
decision quality due to more data [57–59]. Empirical evidence further suggests that artificial
intelligence strengthens the effect of technological innovation on digital supply chain man-
agement through better adaptability and operational efficiency [10]. This supports the view
that TIL has strategic relevance for both enterprise outcomes and operational performance.

Another important point in the literature concerns the relationship between techno-
logical innovation and competitiveness. Improved process visibility and resource use are
associated with digital innovation. Service reliability is also greatly improved thanks to
digital innovations. Put together, this supports a stronger competitive position [60,61]. In
logistics and supply chain settings, digital technologies relate to productivity gains and
better efficiency. As a result, higher added value is what helps a business acquire a better
position on the market [62].

Although previous studies generally report positive effects of TIL on organizational
outcomes, the reported magnitude of these effects differs across industries and organi-
zational settings. Several studies emphasize operational improvements, whereas others
report stronger impacts on competitiveness and market performance. These differences
suggest that the influence of TIL may depend on its interaction with other organizational
capabilities rather than on technological innovation alone.

2.2. Logistics Capability as a Driver of Enterprise Performance

LC is commonly understood as the enterprise’s ability to use logistics resources,
knowledge, coordination mechanisms, and operational skills in a way that supports service
quality and responsiveness. Cost control can be managed and improved with higher LC. In
the literature LC is linked with delivery reliability and the ability to respond to customer
requirements [63].

LC is not only a support function. It is increasingly examined as a source of differenti-
ation and performance improvement [64]. Studies have found that strong LC is positively
associated with enterprise performance in settings where customer response, order fulfill-
ment, flexibility and distribution efficiency shape competitive outcomes [65]. Research in
e-commerce settings has showed that LC is positively related to enterprise performance [66].
These results support the argument that LC can translate internal strengths into measurable
business outcomes.

LC is viewed as a multidimensional concept that includes operational and organi-
zational elements. The operational dimension is represented by delivery dependability,
flexibility, responsiveness, and services [19]. Organizational dimensions are viewed as
knowledge management, employee skills, integration with partners, and the ability to
coordinate logistics activities with customer expectations [67]. This shows that LC is
built through both operational discipline and organizational support. LC reflects what a
enterprise owns and what it is able to do through its logistics system.

From the perspective of enterprise performance, LC is relevant because it supports
both internal and external results. Internally, LC is associated with better coordination and
improved resource use [68]. Externally, it is linked with service reliability and customer
satisfaction. It also helps obtain stronger market position [69]. This is consistent with studies
suggesting that logistics supports competitive advantage through business management
and market outcomes [70]. LC can be treated as a driver of BP and MP.
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At the same time, studies do not suggest that LC works automatically or in isola-
tion [71]. LC in this study is viewed as an enterprise-level strength that supports perfor-
mance and remains closely connected with the organizational and market environment in
which logistics activities take place.

Existing studies consistently recognize LC as an important determinant of organiza-
tional performance. However, previous research differs in how LC is conceptualized and
measured, with some studies emphasizing operational capabilities and others focusing on
integration and service quality. This diversity suggests that further research is needed to
better understand how LC contributes to different dimensions of enterprise performance
when examined together with other logistics-related capabilities.

2.3. Lean Logistics and Operational Improvement

LL is commonly understood as the application of lean principles to logistics processes
and supply chain flows [16]. It is associated with the improvement of internal and external
logistics activities. One of the main roles of LL is the elimination of waste and improved
management of flows in terms of time, place, quality, and cost [72–74]. This approach is
not limited to transportation or warehousing alone. It extends to forecasting, procurement,
inventory, deliveries, packaging, storage, and reverse logistics. These are areas where
non-value-adding activities can reduce the overall quality of logistics performance.

A central idea in LL is the removal of waste from logistics processes. Prior work
identifies several forms of waste that affect logistics and operational performance in the
form of delays, excess inventory, downtime, variability, unnecessary movement, defects,
and incomplete tasks [16,75]. The literature further notes that LL seeks to improve the
flow of information, people, materials, and capital across the supply chain. LL is closely
connected with better use of available resources and lower total logistics costs [76].

The operational side of this concept is often discussed through specific lean tools and
routines. Studies refer to value stream mapping [75,77], Kanban [78], 5S [79], just-in-time
systems [80], process standardization [69], and continuous improvement practices such as
Kaizen [81]. These tools are used to identify bottlenecks and reduce unnecessary handling.
The goal is a more stable and predictable process structure. LL supports shorter lead times
with fewer interruptions.

The literature also links LL with broader operational improvement [47]. Research
shows that lean-oriented practices are associated with lower stock levels, fewer delays,
better product availability, and greater flexibility throughout the supply chain [82]. These
outcomes connect process discipline with customer response and market requirements.
Therefore, they contribute to both internal efficiency and the enterprise’s ability to maintain
service consistency and respond to demand in a more controlled manner.

Another point in the literature is that LL depends on organizational support. Success-
ful implementation is associated with management commitment and employee training.
Without multifunctional cooperation and systematic monitoring of results, it would not be
possible [46]. Rather than a narrow focus on isolated cost reduction, some studies stress
that lean methods require a long-term transformation in the way logistics activities are
managed [83]. This presents LL as a managerial and operational approach that shapes how
enterprises organize logistics work and sustain process improvements over time [39].

From the perspective of enterprise performance, LL is relevant because it connects
process improvement with measurable business outcomes [84]. The literature associates
lean practices with better productivity and lower operational costs. Stronger customer satis-
faction and improved organizational performance are also results of well-implemented LL
concepts in an organization [85]. Waste reduction and quality improvement are repeatedly
presented as mechanisms through which lean-oriented systems support performance [86].
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Because of this, LL in this study is treated as a factor that can influence both BP and MP
through more efficient and reliable logistics operations.

Although the benefits of LL are widely recognized, previous studies do not fully agree
on the extent to which these practices influence broader organizational outcomes beyond
operational efficiency. Much of the existing evidence concentrates on manufacturing
environments, while fewer studies examine how LL interacts with TIL and LC in explaining
BP and MP.

Previous studies do not provide a uniform interpretation of how logistics-related
factors affect enterprise performance. Some studies report stronger operational effects
of digital tools, while others link digital innovation mainly with market outcomes and
competitiveness. Similar variation appears for LC and LL because studies differ in sector,
enterprise size, digital maturity, and performance measures. This creates an unresolved
issue: the same logistics driver may improve internal efficiency in one context but customer
response or competitiveness in another. The model therefore separates BP and MP and
tests the combined effect of TIL, LC, and LL.

2.4. Bibliometric Overview of the Research Field

A bibliometric overview was conducted in order to provide an additional perspective
on the broader research field relevant to this study. The bibliographic data were collected
from the OpenAlex using search terms related to TIL, LC, LL, BP, and MP together with
related logistics and supply chain expressions. Zotero was used to organize and manage
the retrieved records. The analysis covered the period from 1991 to 2026. After the initial
search, the literature was screened according to predefined criteria. The analysis included
publications directly related to logistics, innovation, lean practices, and performance.
Duplicates, non-relevant records, and sources outside the selected scope were excluded.
The final bibliometric sample consisted of 141 publications. The map was developed in
VOSviewer 1.6.20 through keyword co-occurrence analysis, with the minimum occurrence
threshold set at 3. The final map included 62 items grouped into 5 clusters, which were
used as the basis for interpreting the structure of the research field.

The bibliographic dataset was compiled through multiple independent searches con-
ducted in the OpenAlex database. Separate searches were performed for each research
concept using predefined keywords and their closely related expressions. The retrieved
records were subsequently merged into a single dataset, duplicates were removed, and the
remaining publications were screened according to the predefined inclusion and exclusion
criteria. Table 1 summarizes the primary keywords used for the retrieval of publications
corresponding to each research concept.

Table 1. Primary Keywords Used for Bibliographic Data Retrieval in OpenAlex.

Research Concept Primary Keywords Used in OpenAlex Searches

TIL
Technological innovation in logistics, digital

transformation, digital logistics, artificial
intelligence, Industry 4.0, Industry 5.0

LC Logistics capability, logistics integration, logistics
competence, logistics service capability

LL Lean logistics, lean supply chain, lean management,
lean operations, lean manufacturing

BP Business performance, enterprise performance,
organizational performance, operational performance

MP Market performance, competitive performance, market
competitiveness, customer performance
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The search strategy presented in Table 1 guided the identification of publications
included in the bibliometric analysis. Following the retrieval of records, the screening and
selection process was conducted according to the predefined criteria and is summarized in
Figure 1.

 

Figure 1. Bibliometric map of the research field.

One stream is centered on digital transformation and technological innovation. An-
other is built around supply chain and process-oriented concepts such as supply chain
management, process management, operations management, and logistics management.
A third stream is related to lean and operational improvement, including lean manufac-
turing, lean six sigma, value stream mapping, and total quality management. A fourth
stream includes data, analytics, and intelligent systems, while a fifth relates to business and
performance-related concepts such as customer satisfaction, service quality, sustainability,
and market outcomes [46,82,87–89].

Overall, the map shows that the literature connects technology, logistics processes,
lean improvement, and performance, but these domains are still not fully integrated within
a unified line of inquiry. This structure supports the view that there is room for research
that jointly examines TIL, LC, and LL within a single empirical framework, with BP and
MP as outcome variables [22,39,90–94].
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The bibliometric map directly informed the development of the hypotheses. The
technology-oriented cluster supports H1a and H1b because it links digital transformation,
artificial intelligence, and technological innovation with performance-related concepts.
The logistics and process management cluster supports H2a and H2b because it connects
logistics capability, integration, service management, and supply chain management. The
lean-oriented cluster supports H3a and H3b because it groups lean tools with operations
management and quality improvement. The business and market cluster justifies BP and
MP as separate outcome dimensions. For this reason, the hypotheses follow the thematic
structure identified in the bibliometric overview.

2.5. Research Gap and Hypotheses Development

The bibliometric overview presented in the previous section shows that the research
field is organized around several connected, but still partly separated, thematic streams.
One stream is centered on digital transformation, information technology, big data, and
Industry 4.0. Another is built around supply chain management, process management, and
operations management. A third focuses on lean concepts such as lean manufacturing, lean
six sigma, and value stream mapping. A further part of the field is linked with business,
economics, customer satisfaction, and sustainability. This structure suggests that the
literature recognizes the importance of technology, logistics processes, lean improvement,
and business outcomes. These topics are still often examined in parallel rather than within
a single integrated empirical model.

This fragmentation is also visible in the broader literature reviewed in the earlier
subsections. Studies on TIL usually focus on digital supply chains, automation, artificial
intelligence, information visibility, and process efficiency [50,95,96]. Studies on LC mainly
examine coordination, integration, responsiveness, and logistics service quality [88,97–99].
Studies on LL place stronger attention on waste reduction, process flow, better usage
of resources and operational efficiency [87,100]. Although all three lines of research are
relevant to enterprise outcomes, they are often developed as separate discussions. There
is still limited empirical evidence on how TIL, LC, and LL act together within a single
framework oriented toward BP and MP.

TIL, LC, and LL are examined together because they represent connected dimensions
of logistics transformation. TIL reflects the technological side of logistics through digital
tools, information visibility, automation, and data-supported decisions. LC reflects the
organizational side through coordination, responsiveness, service reliability, and the effec-
tive use of logistics resources. LL reflects the process side through waste reduction, flow
improvement, and operational discipline. Separate examination of these constructs can
explain individual effects, but it cannot show how technology, capability, and lean routines
jointly contribute to BP and MP. For this reason, the present framework treats TIL, LC, and
LL as complementary logistics-related capabilities within one empirical model.

A second gap concerns the dependent side of the model. Many earlier studies use
a single performance point or focus only on operational or financial outcomes. Some
examine competitiveness, some organizational performance, some market performance
and some financial performance [88,101]. Fewer studies distinguish between BP and MP
as separate, but related, dimensions of enterprise results. This distinction is important
because internal business results and external market results do not always move in the
same way. Therefore, examining both BP and MP provides a more precise view of how
logistics factors influence enterprise outcomes.

A third gap concerns the research context. Much of the prior literature comes from
larger economies, more developed countries, highly digitalized sectors, and specific indus-
try settings such as e-commerce and manufacturing systems [102–105]. Although some
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studies have addressed logistics, innovation, performance, and related management is-
sues in Serbia, there is still less empirical work that jointly examines TIL, LC, and LL
in enterprises operating in Serbia [106–109]. This is relevant because enterprises in such
an environment may differ in logistics practices, digital maturity, market pressures, and
resource availability. A model tested in that context may therefore add useful evidence to
the literature and offer a more grounded understanding of how these concepts relate to
enterprise outcomes in transitional business settings.

Taken together, these three research gaps indicate that further empirical investigation
is warranted despite the substantial body of literature on TIL, LC, and LL. The present
study addresses these gaps by examining the combined effects of TIL, LC, and LL on both
BP and MP within a single empirical framework based on data collected from Serbian en-
terprises. The proposed hypotheses translate these identified research gaps into empirically
testable relationships.

Beyond addressing these research gaps, the study contributes to the theoretical under-
standing of logistics performance by integrating TIL, LC, and LL within a single empirical
framework. Previous studies have generally examined these constructs independently or
focused on selected relationships. The proposed framework suggests that TIL, LC, and LL
should be viewed as complementary organizational capabilities that jointly influence both
BP and MP. This integrated perspective extends the existing logistics literature by providing
empirical evidence from enterprises operating in a transitional economy and demonstrates
how multiple logistics-related capabilities collectively contribute to enterprise performance.

Literature associates TIL with stronger process automation, better information access,
improved coordination, and higher supply chain responsiveness [49]. These improvements
can contribute to internal business results such as efficiency and control. They also support
external results such as service quality and market position. Therefore, the following
hypotheses are proposed:

• H1a. Technological innovation in logistics positively affects business performance.
• H1b. Technological innovation in logistics positively affects market performance.

Earlier studies consistently connect LC with stronger logistics operations, service
reliability, responsiveness, and coordination across internal and external logistics activi-
ties [37,67]. These properties suggest that enterprises with higher LC are better able to
convert logistics resources and processes into stronger business results and improved
market outcomes. Therefore, the following hypotheses are proposed:

• H2a. Logistics capability positively affects business performance.
• H2b. Logistics capability positively affects market performance.

Literature connects LL practices with operational improvement, reduction in waste,
lower inefficiencies, and stronger customer response [82,110]. Such effects support the
expectation that LL will influence both the internal and external dimensions of enterprise
performance. Therefore, the following hypotheses are proposed:

• H3a. Lean logistics positively affects business performance.
• H3b. Lean logistics positively affects market performance.

Put together, these hypotheses respond to the gaps identified in the literature. They
also reflect the structure of the research field shown in the bibliometric overview, where
technology-oriented, capability-oriented, lean-oriented, and performance-oriented concepts
are clearly connected but still insufficiently integrated into a single empirical framework.
The present study addresses that gap through a model that examines the effects of TIL, LC,
and LL on BP and MP in enterprises in Serbia.
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3. Methodology
3.1. Research Framework and Data Set

The research framework was designed to examine the effects of TIL, LC, LL on BP and
MP in enterprises operating in Serbia. The independent variables were selected based on
their relevance in the literature on logistics, supply chain management, innovation, and
operational improvement. The dependent variables were defined to capture two related but
distinct dimensions of enterprise results, namely internal business outcomes and external
market outcomes.

To test the proposed model, a quantitative research design was applied. Data were
collected through a structured survey administered to enterprises operating in Serbia. The
questionnaire was developed based on relevant literature and adjusted to the context of the
study. All items were measured using a 7-point Likert scale, where respondents expressed
their degree of agreement with each statement. This approach allowed for a more detailed
assessment of perceptions related to the observed variables.

Each variable was measured through multiple items to capture its main dimensions.
TIL was operationalized through items related to the use of digital tools, information
systems, automation, and technology-supported logistics processes. LC was measured
through items reflecting coordination, responsiveness, service reliability, and the effective
use of logistics resources and knowledge. LL was measured through items related to waste
reduction, better resource use, process flow improvement, operational organization, and
continuous improvement in logistics activities. BP and MP were measured through separate
groups of items to distinguish business-related and market-related performance outcomes.

A non-probability purposive sampling approach was adopted. The questionnaire
was distributed via e-mail to enterprises operating in Serbia, targeting organizations from
different economic sectors. The objective was to obtain responses from companies familiar
with logistics activities and related business processes.

The respondents were managers or employees with relevant knowledge of logistics ac-
tivities and organizational processes. They also had insight into enterprise performance. A
total of 129 valid responses were collected out of more than 500 e-mails sent corresponding
to an approximate response rate exceeding 20%. Responses were gathered over a period of
4 months. The sample included enterprises of different sizes and from different sectors,
which allowed for better insight into the Serbian business context. The sampling frame con-
sisted of enterprises operating in the Republic of Serbia across manufacturing, agriculture,
mining and quarrying, construction, electricity, gas, steam and air conditioning supply,
and water supply, sewerage, waste management, and remediation activities. Within these
enterprises, the questionnaire was directed to employees holding managerial positions
with responsibilities related to logistics and supply chain management.

Table 2 presents the demographic characteristics of the respondents. The sample
consisted mainly of male respondents (57.4%), individuals between 30 and 50 years of
age (48.1%), and respondents with a bachelor’s degree (64.3%). Most participants were
employed in private enterprises (87.6%), while small and medium-sized enterprises each
represented 38.0% of the sample. Manufacturing (53.5%) and agriculture, forestry and
fishing (24.0%) were the most represented industry sectors.

The demographic structure of the sample indicates that the responses were mainly ob-
tained from experienced and formally educated respondents working in private enterprises.
The age distribution suggests that most respondents had substantial professional exposure,
which is relevant for assessing logistics practices and enterprise performance. The strong
presence of respondents with bachelor’s degrees and college education also indicates that
the sample includes individuals likely to understand organizational processes and logistics-
related changes. The dominance of private enterprises, together with the high share of
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small and medium-sized enterprises, reflects the structure of the business environment in
which logistics decisions are often shaped by resource constraints, flexibility requirements,
and direct market pressure.

Table 2. Demographic characteristics of respondents.

Characteristics Category n %

Gender
Male 74 57.4
Female 55 42.6

Age
Under 30 years 9 7
30 to 50 years 62 48
Above 50 years 58 45

Education

High school 3 2.3
College 34 26.4
Bachelor’s degree 83 64.3
Master’s degree 7 5.4
Doctoral degree 2 1.6

Ownership Private 113 87.6
Public 16 12.4

Enterprise size

Micro (0–9 employees) 25 19.4
Small (10–49 employees) 49 38
Medium (50–249 employees) 49 38
Large (250+ employees) 6 4.6

Industry

Manufacturing 69 53.5
Agriculture, forestry and fishing 31 24
Professional, scientific and technical activities 19 14.7
Electricity, gas, steam and air conditioning supply 4 3.1
Water supply, sewerage, waste management and
remediation 3 2.3

Mining and quarrying 3 2.3

The sectoral structure, led by manufacturing and agriculture, forestry and fishing,
shows that the sample is strongly oriented toward activities where logistics, supply flows,
storage, transport, and operational coordination are closely connected with business and
market results. At the same time, the low share of large enterprises, public enterprises,
younger respondents, and several industry sectors should be considered when interpreting
the findings, since the results primarily reflect the views of respondents from private,
production-oriented, and SME-based enterprises.

Furthermore, the questionnaire was developed specifically for the purposes of this
study based on the conceptual foundations and measurement approaches reported in
previous research. Rather than directly adopting an existing instrument, the research team
designed the questionnaire by adapting relevant constructs and measurement items to the
objectives of the study and the context of enterprises operating in Serbia. The questionnaire
development process focused on ensuring conceptual consistency with the proposed
research framework and content validity through the careful selection and adaptation of
measurement items from the existing literature.

The questionnaire was developed based on measurement items used in previous
studies on TIL, LC, LL, BP and MP [111–124]. The original items were adapted to the context
of enterprises operating in Serbia through wording adjustments that linked each construct
to enterprise-level logistics activities. All items were written as agreement statements and
measured on a 7-point Likert scale to ensure consistency across the questionnaire.

Because the study relied on self-reported data collected through a single survey
instrument, several procedural steps were considered in order to reduce potential common
method bias. The questionnaire used clearly formulated items, the respondents were
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assured of anonymity, and no right or wrong answers were suggested. This helped reduce
response pressure. The variables were also presented as analytically distinct parts of the
instrument. Although common method variance (CMV) cannot be fully ruled out in this
type of research, it was not assessed as a serious threat to the interpretation of the findings.

The collected data was analyzed using descriptive statistics, correlation analysis, linear
regression, and diagnostic tests for multicollinearity.

Multiple linear regression was selected because the research model examines direct
predictive relationships between composite variables, with one dependent variable and
several independent variables. The constructs were operationalized through multi-item
scales, and composite scores were calculated after assessing internal consistency. In this
context, regression analysis is appropriate because it estimates the individual contribution
of each predictor to the dependent variable while controlling for the effects of the other
predictors. Structural Equation Modeling was not applied because the study does not test a
complex latent-variable system, mediation effects, indirect effects, or multiple dependent
variables. In addition, the sample size of 129 respondents would limit the stability of a
full SEM model with several constructs and multiple indicators. Therefore, regression
analysis provides a more parsimonious and statistically reliable approach for the present
research objective, while SEM is recognized as a suitable extension for future studies with
larger samples.

These procedures were used to assess the relationships between the variables and test
the hypotheses. Finally, we evaluated the explanatory strength of the proposed model. The
research framework with the proposed hypotheses is presented in Figure 2.

Figure 2. Hypotheses within the research framework.

In Table 3 short descriptions for each analyzed variable are presented.
In the next table the methodology summary is presented. Table 4 summarizes the main

methodological characteristics of the research, including the sample, research duration,
data collection instrument, and statistical analyses.

Table 5 summarizes the main constructs included in the survey instrument, together
with the number of items used to measure each construct and their representative measure-
ment aspects. The complete questionnaire, including all survey items and the correspond-
ing response scale, is provided in Appendix A.
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Table 3. Analyzed variables.

Variable Information

Technological innovation
in logistics (TIL):
Independent variable

Technological innovation in logistics (TIL) refers to the use of digital tools, automation,
information systems, analytics, AI, and related technological solutions in logistics
activities. It includes the application of technologies that improve information visibility,
coordination, responsiveness, and the execution of logistics processes. The variable
reflects the extent to which enterprises use technological solutions to support and
improve logistics operations [10,50].

Logistics capability (LC):
Independent variable

Logistics capability (LC) refers to the ability of an enterprise to use logistics resources,
operational skills, coordination mechanisms, and knowledge in a way that supports
cost control, service quality, responsiveness, and flexibility. It includes effective
management of logistics activities, information sharing, delivery reliability, and
adaptation to customer requirements. The variable reflects how well enterprises
develop and apply logistics-related strengths in practice [36,37].

Lean logistics (LL):
Independent variable

Lean logistics (LL) refers to the application of lean principles in logistics processes and
supply chain flows. It includes waste reduction, smoother process flow, sustainability,
improved resource use, operational discipline, and continuous improvement in logistics
activities. The variable reflects the extent to which enterprises use lean-oriented
logistics practices to improve efficiency and reduce non-value-adding activities [16,18].

Business performance (BP):
Dependent variable

Business performance (BP) refers to the internal results achieved by an enterprise
through its activities and operations. It includes outcomes such as efficiency,
productivity, cost control, and process improvement. The variable reflects how
enterprises assess the contribution of logistics-related factors to their overall
business results [47,61].

Market performance (MP):
Dependent variable

Market performance (MP) refers to the external results of an enterprise in relation to its
position and success in the market. It includes outcomes such as customer satisfaction,
market position, competitiveness, market pressure, sales growth, and responsiveness to
market demands. The variable reflects how enterprises assess the contribution of
logistics-related factors to their standing and results in the market [9,84].

Table 4. Methodology summary.

Research Parameter Information

Number of participants 129 (n = 129)
Research duration From survey development to data collection: 4 months

Sample structure
enterprises from the sectors of agriculture, mining,

manufacturing, energy supply, water and waste management,
construction, professional and technical services.

Instrument for data collection Survey with 7-point Likert-scale items (presented in Table A1)

Data analysis descriptive statistics, correlation analysis, linear regression
analysis, and reliability analysis

Table 5. Summary of the survey constructs and their measurement aspects.

Construct Number of Items Representative Measurement Aspects

TIL 7 Digital tools, automation, analytics, information systems
LC 6 Coordination, responsiveness, service reliability, logistics integration
LL 7 Waste reduction, process flow, continuous improvement, resource utilization
BP 10 Productivity, efficiency, profitability, cost control
MP 7 Customer satisfaction, competitiveness, market growth, market response
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3.2. Research Phases

The research was conducted through several clearly defined and structured phases.
The first phase involved a review of the relevant literature to establish the research back-
ground for TIL, LC, LL, BP, and MP. This justified their inclusion in the proposed model. In
the second phase, the survey instrument was developed based on the identified variables
and adjusted to the context of enterprises operating in Serbia.

Phase three included pilot testing of the survey with a small group of respondents to
check clarity and improve the wording of the items. After the required revisions, the final
version of the survey was distributed to enterprises in Serbia. The fourth phase focused on
data collection during a period of four months and included follow-up communication to
improve the response rate.

In the fifth phase, the collected data was prepared for analysis through the review
of missing values and possible outliers. The sixth phase involved the application of
descriptive statistics, correlation analysis, linear regression analysis, and multicollinearity
diagnostics to evaluate the proposed relationships and assess the explanatory strength of
the model. The seventh phase was related to the interpretation of the obtained results and
the discussion of their meaning in relation to earlier findings and practical implications.

Participation in the survey was voluntary, and respondents were informed about
the purpose of the study before completing the questionnaire. Participants were free to
discontinue the survey at any stage without providing a reason. The questionnaire was
anonymous, and no personal data or information that could identify individual respondents
was collected. The collected data were used exclusively for research purposes related to
this study. The research protocol was reviewed and approved by the Ethics Committee of
the Technical Faculty “Mihajlo Pupin”, University of Novi Sad.

4. Results
The results of the empirical analysis are presented in this section. The section includes

descriptive statistics, correlation analysis, linear regression results, and multicollinearity
diagnostics. These findings provide the basis for testing the proposed hypotheses and
assessing the relationships between TIL, LC, LL, BP, and MP. The results of the descriptive
statistics are presented in Table 6.

Table 6. Descriptive statistics.

Dimension Mean (µ) Standard
Deviation (σ)

Cronbach’s
Alpha

Technological innovations
in logistics (TIL) 5.09 1.28 0.854

Logistics capabilities (LC) 5.04 1.24 0.870
Lean logistics (LL) 5.03 1.26 0.876

Business performance (BP) 5.29 1.54 0.879
Market performance (MP) 5.08 1.44 0.863

Table 6 shows that all observed variables were rated relatively highly, with mean
values ranging from 5.03 to 5.29 on a 7-point scale. BP has the highest mean value, while
the remaining variables are very close to one another, which suggests consistent respondent
evaluations across the constructs. The standard deviation values, ranging from 1.24 to 1.54,
indicate a moderate dispersion of responses around the mean. Cronbach’s alpha values,
which range from 0.854 to 0.879, confirm good internal reliability for all scales, indicating
that the measurement instruments were sufficiently consistent for further statistical analysis.
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Next, to further assess the suitability of the measurement structure and potential
common method bias, additional diagnostic tests were conducted. The results are presented
in Table 7.

Table 7. Preliminary statistical diagnostics and assessment of data suitability.

Statistical
Assessment Calculated Value Optimal Threshold Interpretation

Sample size n = 129

Acceptable for
regression-based

analysis and factor
diagnostics

The sample size is suitable for the applied
statistical procedures, particularly because

the study uses composite variables and
multiple linear regression rather

than a full SEM model.

Number of
observed
indicators

37 items Consistent with the
measurement structure

The measurement structure includes
37 observed indicators across five

constructs: TIL, LC, LL, BP, and MP.

Kaiser-Meyer-
Olkin KMO 0.832 >0.80

Indicates meritorious sampling adequacy,
confirming that the data are suitable for

factor-based structure detection.

Bartlett’s Test
of Sphericity

χ2 = 4720.111,
df = 666, p < 0.001

p < 0.05
Confirms that the correlation matrix

significantly differs from an identity matrix,
which justifies factor extraction.

Harman’s
Single-Factor Test

35.753% of
total variance <50.0%

Shows that the first unrotated factor does not
explain the majority of total variance,
indicating that common method bias

is not a serious concern.

Table 7 shows that the data were suitable for further statistical analysis. The KMO
value of 0.832 indicates meritorious sampling adequacy, while Bartlett’s Test of Sphericity
was statistically significant, χ2 = 4720.111, df = 666, p < 0.001, confirming that the correlation
matrix was appropriate for factor-based analysis. Harman’s single-factor test showed that
the first unrotated factor explained 35.753% of the total variance, which is below the 50%
threshold. Therefore, common method bias was not considered a serious concern in the
study. Furthermore, the results of the correlation analysis are presented in Table 8.

Table 8. Results of the correlation analysis.

Correlation Analysis

Technological Innovations
in Logistics (TIL)

Logistics
Capabilities (LC)

Lean Logistics
(LL)

Business
Performance (BP)

Market
Performance (MP)

TIL 1.000
LC 0.619 * 1.000
LL 0.698 * 0.656 * 1.000
BP 0.569 * 0.668 * 0.679 * 1.000
MP 0.433 * 0.459 * 0.412 * 0.548 * 1.000

* Significance 5%.

Table 8 shows that all coefficients are positive and statistically significant at the 5%
level. The strongest correlations are observed between LL and TIL at 0.698, between LL and
BP at 0.679. Finally, between LC and BP at 0.668. These results indicate that the observed
variables are meaningfully related and move in the same direction. At the same time, the
correlation levels do not appear excessively high, which suggests that the variables are
related but still sufficiently distinct for further regression analysis. The correlation values
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remained below 0.700, with the highest correlation between TIL and LL (r = 0.698), which
provides support for discriminant validity among the constructs. Next, the results of the
linear regression analysis are presented in Tables 9 and 10.

Table 9. Results of the linear regression analysis (BP as the dependent variable).

Regression Analysis

Y X
β

p-Value R2 F F Sig.
Intercept: 1.440

BP
TIL 0.031 0.6573

0.647 76.251 <0.0001LC 0.340 0.0004
LL 0.393 0.0002

Y X MSE RMSE DW

BP
TIL

0.268 0.517 2.142LC
LL

Table 10. Results of the linear regression analysis (MP as the dependent variable).

Regression Analysis

Y X
β

p-Value R2 F F Sig.
Intercept: 3.018

MP
TIL 0.200 0.0152

0.456 141.353 <0.0001LC 0.302 0.0065
LL −0.093 0.4383

Y X MSE RMSE DW

MP
TIL

0.369 0.607 1.709LC
LL

The model for the linear regression with all variables has the following form:

BP = 1.440 + 0.031 · TIL + 0.340 · LC + 0.393 · LL + ϵ;

Table 9 shows the results of the linear regression analysis with BP as the dependent
variable. The overall model is statistically significant, as indicated by the F value of 76.251
and the significance level below 0.0001. The coefficient of determination (R2 = 0.647) shows
that 64.7% of the variance in BP is explained by TIL, LC, and LL. Among the independent
variables LC and LL have positive and statistically significant effects on BP, with p-values
of 0.0004 and 0.0002, respectively. In contrast TIL does not have a statistically significant
effect on BP, since its p-value is 0.6573. The Durbin–Watson value of 2.142 indicates that
there is no serious issue with autocorrelation in the model residuals.

The model for the linear regression with all variables has the following form:

MP = 3.018 + 0.200 · TIL + 0.302 · LC − 0.093 · LL + ϵ;

Table 10 presents the results of the linear regression analysis with MP as the dependent
variable. The overall model is statistically significant, as shown by the F value of 141.353
and the significance level below 0.0001. The coefficient of determination (R2 = 0.456) shows
that 45.6% of the variance in market performance is explained by TIL, LC, and LL. TIL
and LC have positive and statistically significant effects on MP, with p-values of 0.0152
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and 0.0065, respectively. In contrast, LL does not have a statistically significant effect on
MP, since its p-value is 0.4383. The Durbin–Watson value of 1.709 suggests that there is no
serious issue with autocorrelation in the residuals.

Taken as a whole, the regression results show that the proposed relationships are only
partially supported. In the model with BP as the dependent variable, LC and LL have
positive and statistically significant effects, while TIL does not show a significant effect. In
the model with MP as the dependent variable, TIL and LC have positive and statistically
significant effects, while LL does not show a significant effect. The model explains a higher
share of variance in BP (R2 = 0.647) than in MP (R2 = 0.456), which suggests that the
selected predictors are more strongly related to internal business outcomes than to external
market outcomes.

The regression coefficients also show practical differences between the predictors. In
the BP model, LL has the largest coefficient (β = 0.393), followed by LC (β = 0.340), which
indicates that lean-oriented practices and LC have the strongest practical relevance for
internal business outcomes. TIL has a very small and non-significant coefficient in the BP
model (β = 0.031; p = 0.6573), so its practical contribution to BP appears limited in this
sample. In the MP model, LC has the largest positive coefficient (β = 0.302), followed by
TIL (β = 0.200), which indicates that LC and TIL are more relevant for market-oriented
outcomes. LL has a negative and non-significant coefficient in the MP model (β = −0.093;
p = 0.4383), so no practical effect on MP can be supported from these results.

Table 11 presents the multicollinearity test for the independent variables included in
the regression models. The tolerance values range from 0.379 to 0.736, while the Variance
Inflation Factor (VIF) values range from 1.358 to 2.642. These results indicate that multi-
collinearity is not a concern in the model, since all VIF values remain below commonly
accepted threshold levels. Although the VIF value for LC is higher than the others, it
is still not high enough to indicate a level of multicollinearity that would threaten the
interpretation of the regression results.

Table 11. Multicollinearity test.

Technological Innovations
in Logistics (TIL)

Logistics
Capabilities (LC)

Lean Logistics
(LL)

Tolerance 0.736 0.379 0.667

Variance Inflation
Factor (VIF) 1.358 2.642 1.499

Robustness of the regression results was assessed through model diagnostics. The
Durbin–Watson values did not indicate a serious autocorrelation issue, while the VIF values
remained below commonly used threshold levels. These checks support the stability of the
regression estimates, although future studies could apply additional sensitivity analyses
with larger samples and alternative model specifications.

Presented tables provide a consistent empirical basis for the interpretation of the
proposed relationships among the observed variables. The descriptive statistics confirm
stable respondent evaluations and reliable measurement scales. Correlation and regres-
sion analyses show that the relationships among the variables are meaningful, but not
identical across business performance and market performance. The multicollinearity test
further supports the adequacy of the regression models. Based on the literature review
and bibliometric analysis, the theoretical model presented in Figure 3 summarizes the
relationships between TIL, LC, LL, BP, and MP and reflects the empirical results obtained
in this study. The conceptual elements included within each construct were synthesized
from the literature reviewed in Section 2 and represent the principal dimensions commonly
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associated with each construct. The framework was not developed from interviews or
open-ended responses. Instead, it integrates the theoretical foundations of the study with
the statistically supported relationships identified through the empirical analysis.

Figure 3. Theoretical model of logistics drivers and performance improvement.

The proposed framework is supported through the empirical examination of the
hypothesized relationships. The conceptual links derived from the literature were tested
using data collected from Serbian enterprises, and the statistically significant relationships
identified in the empirical analysis provide support for the proposed framework.

The model integrates three central drivers of logistics transformation: TIL, LC, and
LL, together with their links to MP and BP. The model also includes the initial enterprise
logistics setting as the starting point of the transformation process. It is characterized by
limited logistics development, lower operational integration, fragmented logistics activities,
and lower business and market outcomes.

The connection between the transformation drivers and the performance outcomes
is based on the empirical results obtained in the study. The model highlights that TIL
and LC are linked with improved MP, while LC and LL are linked with improved BP. The
model positions these three drivers as components of a broader logistics transformation
process. It suggests that enterprises move from a less developed logistics setting toward
stronger performance outcomes through the gradual adoption of digital tools, stronger
LC, and lean-oriented logistics practices. The structure of the model also suggests that this
transformation does not produce identical effects across all outcomes but leads to different
improvements in business and market performance.

5. Discussion
5.1. Assessing the Results

Results obtained show that the selected logistics drivers do not contribute to enterprise
performance in the same way. LC is the most stable factor in the model since it has
statistically significant positive effects on both BP and MP. Its effect on BP is positive and
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significant (β = 0.340; p = 0.0004), while its effect on MP is also positive and significant
(β = 0.302; p = 0.0065). This suggests that enterprises in Serbia still depend strongly on
coordination, responsiveness, service reliability, and effective resource use when they seek
stronger internal and external results. LL also has an effect only in relation to BP (β = 0.393;
p = 0.0002). This points to the fact that lean-oriented logistics practices are more closely
connected with efficiency, sustainability, productivity, and cost control than with market-
oriented outcomes. In contrast, TIL shows positive effect on MP (β = 0.200; p = 0.0152),
while its effect on BP is not statistically significant (β = 0.031; p = 0.6573). This pattern
suggests that digital tools, AI, information systems, analytics, and automation are more
quickly reflected in market-facing outcomes than in internal business improvements.

Further results also suggest that enterprises do not move through logistics transforma-
tion in the same manner. The descriptive statistics show relatively high evaluations across
all observed variables, with mean values ranging from 5.03 to 5.29, while Cronbach’s alpha
values between 0.854 and 0.879 confirm that the applied scales are reliable. The correlation
analysis further shows that all variables are positively and significantly related at the 5%
level, with the strongest correlations observed between LL and TIL (r = 0.698), LL and
BP (r = 0.679), and LC and BP (r = 0.668). This shows that the observed variables move
in the same direction, but the regression results show that these positive relationships do
not remain equally strong once the variables are examined together in the same model.
This means that the path from logistics transformation drivers to performance outcomes is
differentiated rather than uniform. Some drivers are more closely tied to internal outcomes,
while others are more closely tied to external outcomes.

A further point comes from the two regression models. The model with BP as the
dependent variable explains a larger share of variance (R2 = 0.647) than the model with MP
(R2 = 0.456). This suggests that the selected predictors are more strongly connected with
internal enterprise outcomes than with external market outcomes. The multicollinearity
test also supports the adequacy of this interpretation since the tolerance values range
from 0.379 to 0.736 and the VIF values range from 1.358 to 2.642, which does not indicate
a serious issue in the model. Taken together, the results point to a gradual process of
logistics transformation in which enterprises move from limited logistics development
toward stronger performance outcomes through different paths. BP appears to depend
more strongly on LC and LL, while MP appears to depend more strongly on LC and TIL.

Although respondents assessed technological innovation in logistics, logistics capabil-
ity, lean logistics, business performance, and market performance at a comparable level,
the tested relationships were not the same across the two outcome variables. This shows
that the variables are not only generally related, but that their effects differ when they are
examined together in the same model.

The main contribution of the results is that they identify which logistics-related factors
are more closely connected with internal business outcomes and which are more closely
connected with market-oriented outcomes. Logistics capability was the most consistent
predictor, while lean logistics was related to business performance and technological
innovation in logistics was related to market performance. This pattern provides a more
specific interpretation than the descriptive scores alone and supports the view that logistics
transformation should not be treated as one uniform process.

The findings are also useful because they show that positive respondent evaluations
do not necessarily lead to the same type of performance effect. For managers, this means
that technology, logistics capability, and lean logistics may require different improvement
priorities depending on whether the objective is business performance or market perfor-
mance. For research, the value of the study is in showing that these relationships can be
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tested within a single model and that the results can reveal differences that are not visible
in mean values alone.

5.2. Assessing Previous Findings

The results obtained are in agreement with earlier studies. They also show that the
links between the selected logistics drivers and enterprise outcomes are not fully identical
across performance dimensions. The strongest consistency appears in the case of LC.
Its positive effect on both BP and MP is in line with earlier research that connects LC
with stronger enterprise performance, service reliability, responsiveness, and supply chain
integration [47,67]. These earlier findings support the view that LC remains one of the
most stable predictors of enterprise outcomes. The present results confirm that this logic
also applies in the Serbian context, where LC appears as the only driver with a significant
contribution to both internal and external performance dimensions.

The findings related to TIL show partial agreement with previous literature. Earlier
studies report that digital innovation, AI, digital transformation, and technology adoption
in logistics are associated with stronger supply chain responsiveness, competitiveness,
business logistics performance, and broader enterprise outcomes [54,94]. The present study
supports this line of research only in part. The positive and significant effect of TIL on MP
is supported by prior work that connects digital tools with stronger market responsiveness
and competitive position [53,95,103]. At the same time, the absence of a significant effect on
BP suggests that the internal effects of logistics technology may be less immediate in this
sample than some earlier studies imply [54,60]. This difference may indicate that digital
solutions in enterprises operating in Serbia are more visible in market- facing activities than
in internal business improvement.

The findings for LL are similar to earlier studies, but not across both outcome di-
mensions. Previous research links LL and lean supply chain practices with operational
efficiency, waste reduction, productivity, and stronger cost control [72,85]. The significant
effect of LL on BP in the present study is fully consistent with that line of research. The
absence of a significant effect on MP shows that the external effects of lean-oriented logistics
practices may be weaker or less direct than their internal business effects. This partly differs
from studies that connect lean practices with competitiveness and market-related bene-
fits [19,74,84]. The magnitude of the coefficients also helps position the present findings.
LL had the strongest effect on BP (β = 0.393), which supports the view that LL is mainly
connected with internal business outcomes. LC showed stable effects on both BP (β = 0.340)
and MP (β = 0.302), which indicates its broader practical relevance. TIL had a weaker
effect and was significant only for MP (β = 0.200), suggesting that digital logistics tools
may first appear in market-facing results before they affect internal business performance.
Exact comparison with previous studies should be interpreted carefully because samples,
sectors, measurement scales, and statistical models differ. Together, the comparison with
previous findings suggests that LC is the most stable driver across performance dimen-
sions, TIL is more closely tied to market-related outcomes, and LL is more closely tied to
business-related outcomes.

The unsupported hypotheses also require a more detailed interpretation. The non-
significant effect of TIL on BP does not mean that TIL has no value for enterprises. It
suggests that its direct contribution to internal business outcomes was not strong enough
in this sample after LC and LL were included in the same model. One possible explanation
is that digital tools, automation, analytics, and information systems first improve mar-
ket response, customer communication, and external visibility, while internal effects on
productivity, cost control, and process efficiency require deeper process integration and
more time.
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The non-significant effect of LL on MP can also be explained through the nature of
lean-oriented logistics practices. LL is mainly connected with waste reduction, smoother
process flow, resource use, and operational discipline. These effects are more directly visible
in BP through efficiency, productivity, and cost control. Market performance depends more
strongly on customer perception, competitive position, sales growth, and market response,
which may not improve immediately after LL practices are introduced. This suggests that
the effect of LL on MP may be indirect rather than direct.

Although the present findings are broadly consistent with earlier research, they also
indicate that the effects of logistics-related capabilities are more context-dependent than
previously assumed. Differences between the present results and some earlier studies
may reflect variations in national context, digital maturity, industry structure, and the
measurement of organizational performance. These observations suggest that questions
remain regarding the conditions under which TIL, LC, and LL contribute to different
dimensions of enterprise performance. Additional empirical evidence from different
business environments would therefore improve understanding of these relationships.

These differences reflect the Serbian business context, where TIL first improves market
response and external visibility before it produces measurable internal business effects. LL
in contrast, appears more directly connected with internal efficiency, process stability, and
cost control than with market position. This suggests that differences from previous studies
may result from context, digital maturity, sectoral structure, and the separate treatment of
BP and MP.

5.3. Limitations, Future Research, and Implications

The research is based on self-reported survey data, which may introduce subjective
evaluation and response bias, especially in the assessment of logistics practices and perfor-
mance outcomes. The sample is limited to enterprises operating in Serbia, which means
that the findings reflect a single national context and cannot be directly generalized to other
countries or business environments. The cross-sectional design is another limitation. It
captures the relationships among the observed variables at a single point in time and does
not allow for a deeper view of how logistics transformation develops over a longer period.
A further limitation comes from the selected model itself. The study focuses on TIL, LC,
and LL, while other logistics and supply chain factors that may affect enterprise outcomes
were not included in the present analysis.

Enterprise size, industry sector, and ownership structure may affect the strength of
the observed relationships. However, a subgroup analysis was not conducted because the
sample of 129 enterprises would become too small and uneven across categories. Future
studies should test these differences using a larger and more balanced sample.

Future research could extend the model through additional variables that belong
to the same broader research framework. Further studies will examine how sustainable
logistics management (SLM), logistics risk management (LRM), logistics agility (LA), supply
chain collaboration (SCC) and supply chain flexibility (SCF) relate to BP and MP. Such
an approach would allow for a broader understanding of how different logistics and
supply chain factors shape internal and external enterprise outcomes. Future research
may also test these relationships in other national settings and compare sectors with
different logistics maturity levels. There is also room for models that include mediating or
moderating variables, especially in cases where some logistics drivers show significance
for one performance dimension but not for the other.

Future research should further validate the proposed model through cross-country
comparative studies, especially between transitional and more developed economies. Lon-
gitudinal research designs could show how the effects of TIL, LC, and LL develop over
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time, while SEM and mediation or moderation analysis could test more complex rela-
tionships among logistics drivers and performance outcomes. Future studies should also
integrate Industry 5.0 perspectives, particularly human-centricity, resilience, sustainability,
and human-technology collaboration within PI-IoT-enabled logistics systems.

Emerging concepts such as Industry 5.0, AI-enabled logistics, and resilient supply
chains may further extend the proposed logistics transformation framework. Industry
5.0 can add a stronger human-centered and sustainability-oriented view to TIL, while
AI-enabled logistics can improve visibility, prediction, and decision support across logistics
processes. Resilient supply chains can strengthen LC and LL through better risk response,
continuity planning, and adaptability under disruption.

The findings provide several theoretical implications for the logistics and supply chain
management literature. First, they support an integrated view of logistics transformation,
in which TIL, LC, and LL are examined together rather than as separate drivers. Second,
they show that BP and MP should be treated as related but distinct outcomes, since the
same logistics drivers do not affect both dimensions in the same way. Third, the results
suggest that logistics-related capabilities may have context-specific effects in transitional
business environments such as Serbia.

The implications of this study are both managerial and research-oriented. The findings
suggest that enterprises should not treat logistics transformation as a uniform process with
identical effects across all outcomes. LC appears to be the most consistent factor, which
suggests that coordination, responsiveness, service reliability, and effective resource use
deserve strong managerial attention. LL shows a closer connection with internal business
outcomes, while TIL shows a closer connection with market-oriented outcomes. This means
that managers should align logistics investments and improvement efforts with the specific
type of performance they seek to improve. From a research perspective, the study supports
a more differentiated view of logistics transformation, where business performance and
market performance should be examined as related but distinct outcome dimensions.

The findings provide several practical recommendations for managers:

• Prioritize the development of LC. Since LC demonstrated positive effects on both
business performance and market performance, managers should strengthen logistics
integration, information sharing, and coordination across supply chain activities.

• Use TIL to MP. Investments in digital logistics technologies, automation, data analytics,
and decision-support systems may contribute to stronger customer responsiveness
and competitive positioning.

• Implement LL to improve business performance. Organizations should focus on
reducing non-value-added activities, improving process efficiency, shortening lead
times, and optimizing resource utilization.

• Adopt an integrated improvement strategy. The findings indicate that TIL, LC, and LL
influence different performance dimensions. Rather than relying on a single initiative,
managers should combine TIL, LC, and LL according to their strategic objectives and
organizational priorities.

The findings also provide several practical recommendations for enterprises:

• Strengthen LC as a strategic organizational resource. Enterprises should invest in lo-
gistics integration, information sharing, and cross-functional coordination to improve
both business performance and market performance.

• Accelerate digital transformation in logistics. Enterprises should expand the adoption
of digital technologies, automation, data analytics, and decision-support systems to
improve responsiveness to customer and market requirements.
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• Integrate LL practices into daily operations. Enterprises should reduce non-value-
added activities, optimize resource utilization, shorten lead times, and continuously
improve logistics processes to strengthen business performance.

• Align logistics improvement initiatives with strategic objectives. Enterprises should
recognize that TIL, LC, and LL do not contribute equally to all performance dimensions.
Investment priorities should therefore reflect whether the primary objective is to
improve business performance, market performance, or both.

• Promote continuous capability development. Enterprises should regularly evaluate
their logistics processes and invest in employee competencies, organizational learning,
and process improvement to sustain long-term logistics performance.

The practical implications are also relevant for logistics practitioners and policymakers
in transitional economies:

• Logistics practitioners should strengthen coordination between procurement, ware-
housing, transport, and sales to improve logistics capability.

• Enterprises should invest in digital tools that support tracking, information visibility,
customer response, and decision support.

• LL should be applied through regular process monitoring, shorter lead times, lower
excess inventory, and removal of non-value-added activities.

• Policymakers should support digital logistics infrastructure, training programs, SME
access to logistics technologies, and public–private cooperation.

6. Conclusions
The study examined the effects of TIL, LC, and LL on BP and MP in enterprises oper-

ating in Serbia. The results show that these drivers do not affect both outcome dimensions
in the same way. LC showed a positive and significant connection with both BP and MP.
This means that coordination, responsiveness, service reliability, and effective resource use
are important for stronger enterprise results. LL showed a significant positive connection
with BP, which points to the importance of waste reduction and process discipline. It also
shows how LL plays a big role in continuous improvement for internal enterprise outcomes.
TIL showed a significant positive connection with MP, which suggests that digital tools,
information systems, analytics, and automation are more directly reflected in external
enterprise results than in internal business improvement.

These findings support a differentiated view of logistics transformation. The study
shows that BP and MP should be examined as related but distinct outcome dimensions,
since the same logistics drivers do not produce identical effects across both. In that sense,
the paper contributes to the literature through an integrated model tested in the Serbian
context and offers a clearer view of how TIL, LC, and LL relate to enterprise outcomes.

The theoretical contribution of the study lies in the integration of TIL, LC, LL within a
unified performance framework. This framework extends the existing logistics and supply
chain management literature by showing that these logistics-related drivers should not be
observed only as separate factors, but as connected elements that influence BP and MP in
different ways.

There is also clear room for further development of this research. The next step is to
extend the analysis beyond the borders of Serbia to test whether the observed relationships
remain similar in other national and business contexts. Future research should also broaden
the present model through the inclusion of additional independent variables, such as SLM,
LRM, LA, SCC, and SCF, together with TIL, LC, and LL. Such an expanded framework
would allow for a broader assessment of how a wider set of logistics and supply chain
factors relate to BP and MP.
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Appendix A
The variables, survey items, and available answers, are presented in Table A1.

Table A1. Survey, attributes, available answers and predictor groups.

Demographic Items

Variable Available Answers

Gender ◦ Male
◦ Female

Age
◦ Under 30
◦ Between 30 and 50
◦ Over 50

Education (acquired)

◦ High school
◦ Bachelor’s degree
◦ Master’s degree
◦ PhD

Ownership structure of the enterprise ◦ Private
◦ State owned

Enterprise size

◦ micro (<10 employees)
◦ small (10–49 employees)
◦ medium (50–249 employees)
◦ large (>250 employees)

Main industry within the enterprise conducts business

◦ manufacturing
◦ agriculture
◦ mining and quarrying
◦ construction
◦ electricity, gas, steam, and air conditioning supply
◦ water supply, sewerage, waste management, and

remediation activities
◦ professional, scientific, and technical activities
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Table A1. Cont.

Technological innovation in logistics (TIL)

7-point Likert-scale items
1—Totally disagree, 7—Totally agree

Item Available answers

1. Our enterprise uses modern IT systems to support
logistics operations. 1 2 3 4 5 6 7

2. We have an implemented warehouse management system (WMS)
in everyday operations. 1 2 3 4 5 6 7

3. We use software for real-time shipment tracking and
delivery optimization. 1 2 3 4 5 6 7

4. Automation is part of our key logistics processes, such as
packaging and warehousing. 1 2 3 4 5 6 7

5. We use sensors, RFID, and other IoT technologies in logistics. 1 2 3 4 5 6 7

6. Artificial intelligence is used in the analysis and prediction of
logistics needs. 1 2 3 4 5 6 7

7. We regularly invest in new digital technologies to
improve logistics. 1 2 3 4 5 6 7

Logistics capability (LC)

7-point Likert-scale items
1—Totally disagree, 7—Totally agree

Item Available answers

1. Our enterprise has an efficient warehouse network for fast
market supply. 1 2 3 4 5 6 7

2. We have a high capacity for planning and optimizing
transport routes. 1 2 3 4 5 6 7

3. Our logistics team regularly uses software solutions to optimize
logistics operations. 1 2 3 4 5 6 7

4. Our inventory management system enables accurate real-time
inventory tracking. 1 2 3 4 5 6 7

5. The enterprise has technical and operational expertise in
organizing reverse logistics. 1 2 3 4 5 6 7

6. Our logistics operations are flexible and can quickly adapt to
changes in demand. 1 2 3 4 5 6 7

Lean logistics (LL)

7-point Likert-scale items
1—Totally disagree, 7—Totally agree

Item Available answers

1. Our logistics operations are designed to minimize
unnecessary activities. 1 2 3 4 5 6 7

2. We have a system for the continuous identification and elimination
of logistics waste. 1 2 3 4 5 6 7

3. We use methods such as Just-In-Time (JIT) to optimize inventory
and delivery. 1 2 3 4 5 6 7

4. We actively analyze the value stream to improve material flow. 1 2 3 4 5 6 7

5. Employees are trained to identify and report inefficiencies
in logistics. 1 2 3 4 5 6 7

6. We use standardized processes to ensure consistency in logistics. 1 2 3 4 5 6 7

7. Measuring delivery cycle time is a regular part of our
improvement activities. 1 2 3 4 5 6 7
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Table A1. Cont.

Business performance (BP)

7-point Likert-scale items
1—Totally disagree, 7—Totally agree

Item Available answers

1. Operational efficiency of employees 1 2 3 4 5 6 7

2. Quality of completed work 1 2 3 4 5 6 7

3. Profitability of the enterprise 1 2 3 4 5 6 7

4. Quality of supplier services 1 2 3 4 5 6 7

5. Communication with suppliers 1 2 3 4 5 6 7

6. Supplier performance, including delivery accuracy and delivery
time of products and services. 1 2 3 4 5 6 7

7. Timely delivery of products and services 1 2 3 4 5 6 7

8. Inventory of unfinished products 1 2 3 4 5 6 7

9. Return on investment 1 2 3 4 5 6 7

10. Achievement of financial goals 1 2 3 4 5 6 7

Market performance (MP)

7-point Likert-scale items
1—Totally disagree, 7—Totally agree

Item Available answers

1. Growth in market share 1 2 3 4 5 6 7

2. Annual turnover 1 2 3 4 5 6 7

3. Growth in revenue from the sale of products and services 1 2 3 4 5 6 7

4. Growth in the number of new customers/users 1 2 3 4 5 6 7

5. Growth in revenue from the sale of products and services to
existing customers 1 2 3 4 5 6 7

6. Market segmentation 1 2 3 4 5 6 7

7. Customer satisfaction 1 2 3 4 5 6 7
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42. Stević, Ž.; Ersoy, N.; Başar, E.E.; Baydaş, M. Addressing the Global Logistics Performance Index Rankings with Methodological
Insights and an Innovative Decision Support Framework. Appl. Sci. 2024, 14, 10334. [CrossRef]

43. Zaid, M.; Farooqi, R.; Azmi, S.N. Driving Sustainable Supply Chain Performance through Digital Transformation: The Role of
Information Exchange and Responsiveness. Cogent Bus. Manag. 2025, 12, 2443047. [CrossRef]

44. Dahinine, B.; Laghouag, A.; Bensahel, W.; Alsolamy, M.; Guendouz, T. Evaluating Performance Measurement Metrics for Lean
and Agile Supply Chain Strategies in Large Enterprises. Sustainability 2024, 16, 2586. [CrossRef]

45. Nguyen, K.H.; Pham, L.Q. The Impact of Digital Transformation on the Business Performance of Logistics Enterprises: A
Multi-Criteria Approach. Logistics 2026, 10, 32. [CrossRef]

46. Schwantz, P.I.; Klein, L.L.; Simonetto, E.D.O. The Relationship between Lean Practices and Organizational Performance: An
Analysis of Operations Management in a Public Institution. Logistics 2023, 7, 52. [CrossRef]

47. Green, K.W.; Whitten, D.; Inman, R.A. The Impact of Logistics Performance on Organizational Performance in a Supply Chain
Context. Supply Chain Manag. Int. J. 2008, 13, 317–327. [CrossRef]

48. Grawe, S.J. Logistics Innovation: A Literature-based Conceptual Framework. Int. J. Logist. Manag. 2009, 20, 360–377. [CrossRef]
49. Saqib, Z.A.; Qin, L. Investigating Effects of Digital Innovations on Sustainable Operations of Logistics: An Empirical Study.

Sustainability 2024, 16, 5518. [CrossRef]
50. Cichosz, M.; Wallenburg, C.M.; Knemeyer, A.M. Digital Transformation at Logistics Service Providers: Barriers, Success Factors

and Leading Practices. Int. J. Logist. Manag. 2020, 31, 209–238. [CrossRef]
51. Morshedi, M.; Hargaden, V.; Papakostas, N.; Ghadimi, P. The Adoption of Digital Technologies in Circular Supply Chains: From

Theoretical Developments to Practical Applications. Logistics 2026, 10, 18. [CrossRef]
52. Mathauer, M.; Hofmann, E. Technology Adoption by Logistics Service Providers. Int. J. Phys. Distrib. Logist. Manag. 2019, 49,

416–434. [CrossRef]
53. Keelson, S.A.; Cúg, J.; Amoah, J.; Petráková, Z.; Addo, J.O.; Jibril, A.B. The Influence of Market Competition on SMEs’ Performance

in Emerging Economies: Does Process Innovation Moderate the Relationship? Economies 2024, 12, 282. [CrossRef]
54. Loucanova, E.; Olsiakova, M.; Palus, H. The Relationship of Innovation and the Performance of Business Logistics in the EU. Acta

Logist. 2022, 09, 479–485. [CrossRef]
55. Nguyen, N.-A.-T.; Wang, C.-N.; Dang, T.-T. Advanced Process Optimization in Logistics and Supply Chain Management. Processes

2025, 13, 1864. [CrossRef]
56. Zhang, H.; Aumeboonsuke, V. Technological Innovation, Risk-Taking and Firm Performance—Empirical Evidence from Chinese

Listed Companies. Sustainability 2022, 14, 14688. [CrossRef]
57. Zhang, B.; Mohammad, J. The Effects of Sustainability Innovation and Supply Chain Resilience on Sustainability Performance:

Evidence from China’s Cold Chain Logistics Industry. Cogent Bus. Manag. 2024, 11, 2353222. [CrossRef]
58. Abdallah, A.B.; Almomani, H.A.; Al-Zu’bi, Z.M.F. Industry 4.0-Enabled Supply Chain Performance: Do Supply Chain Capabilities

and Innovation Matter? Logistics 2025, 9, 36. [CrossRef]
59. Wang, D.S. Association between Technological Innovation and Firm Performance in Small and Medium-Sized Enterprises: The

Moderating Effect of Environmental Factors. Int. J. Innov. Sci. 2019, 11, 227–240. [CrossRef]
60. Artha, B.; Satriadhi, B. Performance of Business: A Review of the Literature. Juket 2023, 3, 41–47. [CrossRef]
61. Thuy, V.T.T.; Nhung, P.T.H.; Oanh, L.T.T.; Hoa, N.T.K. Factors Affecting Business Performance: Expanding Theoretical Measure-

ments. J. Prof. Bus. Rev. 2023, 8, e02134. [CrossRef]
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90. Ugrinov, S.; Ćoćkalo, D.; Bakator, M.; Stanisavljev, S.; Zakin, M. Driving Sustainable Innovation in the Textile Industry through
Circular Supply Chain Management. Tekst. Ind. 2024, 72, 36–47. [CrossRef]

91. Hapsari, A.W.; Prastowo, H.; Pitana, T. Real-Time Fuel Consumption Monitoring System Integrated with Internet of Things (IOT).
Kapal 2021, 18, 88–100. [CrossRef]

https://doi.org/10.3390/logistics10070167

https://doi.org/10.3390/logistics7010012
https://doi.org/10.1007/s11036-022-02018-1
https://doi.org/10.4271/2016-01-0342
https://doi.org/10.3390/logistics1010001
https://doi.org/10.1016/j.resconrec.2020.105215
https://doi.org/10.1590/0103-6513.20190072
https://doi.org/10.1108/IJLM-12-2022-0471
https://doi.org/10.1080/23311975.2024.2370445
https://doi.org/10.3390/su16208801
https://doi.org/10.1108/IJPPM-05-2024-0284
https://doi.org/10.1108/14635779910258157
https://doi.org/10.3390/su13147989
https://doi.org/10.1088/1757-899X/801/1/012104
https://doi.org/10.3390/su17219572
https://doi.org/10.5937/fme2302183S
https://doi.org/10.1108/IJLSS-12-2023-0234
https://doi.org/10.1080/12460125.2024.2354608
https://doi.org/10.53894/ijirss.v8i3.6506
https://doi.org/10.1108/IJPPM-05-2013-0092
https://doi.org/10.1016/j.clscn.2025.100257
https://doi.org/10.1108/MSCRA-12-2024-0057
https://doi.org/10.15388/Gronskis.2025.7
https://doi.org/10.5937/tekstind2402036U
https://doi.org/10.14710/kapal.v18i2.37180
https://doi.org/10.3390/logistics10070167


Logistics 2026, 10, 167 30 of 31

92. Vu, V.V.; Le, P.T.; Do, T.M.T.; Nguyen, T.T.H.; Tran, N.B.M.; Paramasivam, P.; Le, T.T.; Le, H.C.; Chau, T.H. An Insight into the
Application of AI in Maritime and Logistics toward Sustainable Transportation. JOIV Int. J. Inform. Vis. 2024, 8, 158. [CrossRef]

93. Larson, P.D. Relationships between Logistics Performance and Aspects of Sustainability: A Cross-Country Analysis. Sustainability
2021, 13, 623. [CrossRef]

94. Constantin, A.; Cetulean, M.; Radu, C.-G.; Dumitra, E.-C.; Iacob, A.T. The Impact of Digitalisation on Supply Chain Competitive-
ness: A Multi-Country Comparative Approach. Sustainability 2025, 17, 4038. [CrossRef]

95. Alquraish, M. Digital Transformation, Supply Chain Resilience, and Sustainability: A Comprehensive Review with Implications
for Saudi Arabian Manufacturing. Sustainability 2025, 17, 4495. [CrossRef]

96. Tay, H.L.; Loh, H.S. Digital Transformations and Supply Chain Management: A Lean Six Sigma Perspective. J. Asia Bus. Stud.
2022, 16, 340–353. [CrossRef]
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