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1 Faculty of Economy, Tourism Department, University of Shkodra ‘’Luigj Gurakuqi”, 4001 Shkoder, Albania;
alkida.hasaj@unishk.edu.al

2 Faculty of Economics and Business, Economics and Business Department, University Mediterranean,
81000 Podgorica, Montenegro; brajkovicnevena10@gmail.com

* Correspondence: seadbaraku@unishk.edu.al

Abstract

Digital transformation is increasingly viewed as a strategic driver of operational efficiency,
financial performance, and organisational resilience in rural transition economies. Existing
research, however, largely assumes homogeneous digitalisation effects across firms while
overlooking the structural conditions shaping integration efficiency. This study investigates
the threshold relationship between supply chain integration and financial–economic per-
formance using a threshold regression framework. The analysis is based on firm-level data
from 80 agricultural, agritourism, and tourism-related firms operating in rural Northern
Albania. Methodologically, the study combines Hansen’s threshold estimation with robust
OLS and threshold logistic regression models, complemented by exploratory macro-level
threshold analysis for Western Balkan economies. The findings reveal significant regime-
dependent dynamics. Below the estimated socio-economic integration threshold, supply
chain integration generates weak and statistically insignificant effects. Above the threshold,
integration mechanisms produce substantially stronger financial and operational outcomes,
indicating that digital transformation becomes economically productive primarily under
sufficiently integrated organisational conditions. Additional diagnostics further show that
highly integrated firms achieve superior coordination efficiency, resource allocation, and
financial resilience. The study contributes to the literature by advancing a managerial-
financial and coordination-based interpretation of digital transformation and its threshold
performance effects in rural transition economies.

Keywords: digital transformation; supply chain integration; financial performance; op-
erational efficiency; threshold regression; organizational coordination; rural economies;
transition economies; economic resilience

1. Introduction
Digital transformation has emerged as a central driver of financial efficiency, op-

erational resilience, and competitive performance across both developed and transition
economies (Okuyan, 2022; Rosak-Szyrocka & Wolniak, 2025). In rural and structurally frag-
mented economic systems, where firms frequently operate under infrastructural constraints,
weak institutional coordination, and fragmented value chains, digitalisation is increasingly
promoted as a strategic instrument to improve productivity, organisational responsiveness,
and long-term economic sustainability (Siatan et al., 2024; Sunel & Grundke, 2025).
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Despite its growing relevance, the empirical literature remains fragmented in theory
and methodologically inconsistent in assessing the extent to which digital transformation
generates measurable financial and economic returns.

A substantial proportion of existing studies continues to assume a predominantly
linear relationship between digital adoption and firm performance, implicitly suggesting
that technological investments automatically translate into proportional productivity gains
and financial improvements. Such assumptions may be insufficient in transition and rural
economies characterised by heterogeneous organisational capacities, limited absorptive
capabilities, and uneven integration structures (Hamilton et al., 2025; Rustiadi et al., 2023).
Under these conditions, digital technologies may yield only marginal economic benefits
when firms lack the coordination mechanisms and organisational embeddedness needed
to convert technological adoption into operational and financial efficiency. Consequently,
digital transformation may function less as an autonomous productivity driver and more
as a structurally conditioned coordination mechanism, with effectiveness fundamentally
dependent on broader integration capacities (Trippl et al., 2024).

Recent theoretical and empirical developments increasingly support this coordination-
based interpretation of digital transformation. Emerging evidence from rural, agricultural,
and agritourism systems suggests that the economic and financial benefits of digitalisation
arise primarily from enhanced supply chain integration, organisational synchronisation,
stakeholder coordination, and inter-organisational connectivity, rather than from techno-
logical adoption alone (Golinska-Dawson et al., 2023; Safarov et al., 2024). Firms that
integrate suppliers, operational processes, and market interactions more efficiently appear
substantially more likely to translate digital capabilities into superior financial performance,
more efficient resource allocation, and greater organisational resilience (Cumming et al.,
2013; Trippl et al., 2024).

These observations imply the presence of threshold-dependent and regime-specific
dynamics. In structurally weak environments with low socio-economic integration, digital-
isation tends to remain fragmented and economically inefficient, yielding limited produc-
tivity and financial returns. By contrast, once firms exceed critical levels of organisational
embeddedness and coordination capacity, digital technologies may operate within more
coherent, financially productive organisational systems, substantially enhancing opera-
tional efficiency, market responsiveness, and strategic adaptability. Similar threshold-like
development dynamics have been observed in studies of structural transformation, regional
resilience, and diversification processes, where benefits tend to emerge only after certain
institutional and organisational capacities are achieved (Saviotti, 2020; Trippl et al., 2024;
Hamilton et al., 2025). The financial and economic returns of digital transformation may
therefore intensify considerably after specific structural thresholds are surpassed.

Despite the growing importance of these dynamics, empirical studies explicitly ex-
amining threshold relationships between integration mechanisms and financial–economic
performance remain scarce, particularly in rural transition economies. Existing research has
predominantly focused either on the direct linear effects of digitalisation or on mediation
frameworks that link technology adoption to organisational performance. By compari-
son, relatively little attention has been devoted to the possibility that digital integration
becomes economically productive only when structural and coordination conditions are
sufficiently developed.

This limitation is particularly important in rural and transition contexts characterised
by ongoing structural transformation, institutional adaptation, and uneven development
trajectories (Cheer, 2024; Sudaryanto et al., 2023; Petrescu et al., 2024).
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Against this background, the present study investigates the threshold relationship
between supply chain integration and financial and economic performance in the context
of digital transformation, using a threshold regression framework.

Northern Albania represents a rural transition context characterised by structural trans-
formation, fragmented agricultural systems, and increasing reliance on tourism. Despite
recent development efforts, rural areas continue to face challenges related to competitive-
ness, infrastructure, and uneven digital adoption among small enterprises (Zhllima et al.,
2022; Uku et al., 2026). These conditions make the region a suitable setting for examining
how supply chain integration influences the financial and economic returns of digital
transformation (Baraku et al., 2026).

Drawing on firm-level evidence from rural Northern Albania and complementary
macro-level evidence from Western Balkan economies, the study advances a managerial-
financial and coordination-based interpretation of digital transformation. By integrating
threshold econometrics, organisational coordination theory, and structural embeddedness
perspectives, the study contributes to the broader literature by demonstrating that the
financial and economic impacts of digitalisation depend fundamentally on integration
efficiency, organisational coordination capacity, and socio-economic embeddedness, rather
than on technological diffusion alone. Rural Northern Albania provides a particularly rele-
vant setting because it combines characteristics commonly associated with Western Balkan
transition economies, including structural transformation, fragmented rural production
systems, growing dependence on tourism, and uneven digital development (Kristo, 2014;
Burucs, 2025; Živković et al., 2025).

Table 1 positions Northern Albania within the broader landscape of Western Balkan
rural transition economies. Rather than representing a unique or exceptional case, the region
reflects many of the structural conditions that characterise rural development across the
Western Balkans, including economic restructuring, coordination challenges, and uneven
integration processes. This comparative positioning strengthens the external relevance of
the study and supports the broader applicability of the proposed threshold framework
beyond the Albanian context. Consequently, the findings may provide insights for other
rural transition economies facing similar challenges in leveraging digital transformation
and supply chain integration to improve financial and economic performance.

Table 1. Northern Albania within the Context of Western Balkan Rural Transition Economies.

Structural
Dimension Northern Albania Comparable Western Balkan Rural

Economies Relevance

Agricultural structure Predominantly small and
fragmented farms

Common across
Montenegro, North Macedonia and

Bosnia and Herzegovina

Creates coordination and
integration
challenges

Tourism
development

Rapid growth of rural and
nature-based tourism

Similar expansion
observed throughout the Western

Balkans

Increases the
importance of
supply-chain
integration

Digital
transformation

Uneven digital adoption
among SMEs

Common characteristics of
transition economies

Generates
heterogeneous
digitalisation

outcomes

Supply chain
organisation

Fragmented local value
chains

Frequently observed in the
peripheral

rural regions

Justifies
the investigation of

integration
mechanisms
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Table 1. Cont.

Structural
Dimension Northern Albania Comparable Western Balkan Rural

Economies Relevance

Economic
transformation

Transition from agriculture
toward mixed

tourism-service economies

Shared regional
development trajectory

Creates structural heterogeneity
across firms

Institutional
environment

EU candidate
country reform framework

Similar accession-
related reforms across the region

Supports broader
regional relevance of findings

Development
constraints

Infrastructure gaps and
coordination weaknesses

Common rural
development challenge in the

Western Balkans

Reinforces the threshold-based
theoretical
argument

Source: Author compilation based on World Bank Development Indicators, Western Balkans regional development
reports, and relevant literature.

2. Literature Review
2.1. Digitalisation and Economic Performance

Digitalisation increasingly serves as a strategic driver of operational efficiency, fi-
nancial performance, and competitive restructuring across both developed and emerging
economies. In rural and institutionally fragmented regions, digital technologies are widely
regarded as tools for improving market connectivity, supply chain coordination, and or-
ganisational productivity (Ivanov et al., 2019; Dolgui & Ivanov, 2021; Lioutas & Charatsari,
2021). Existing research generally reports positive associations between digitalisation and
economic performance, driven by enhanced information flows, operational synchronisation,
and integration capacity (Verdouw et al., 2021; Deng et al., 2024).

The literature remains fragmented in its theoretical understanding of the mechanisms
by which digital transformation yields measurable financial and economic returns. Most
studies continue to assume relatively homogeneous and linear effects of digitalisation
across firms and economic systems. Recent evidence, by contrast, suggests that the per-
formance effects of digitalisation are highly conditional on organisational coordination
capacity, absorptive capabilities, and broader structural conditions (Kamble et al., 2020;
Deng et al., 2024). Firms with weak integration structures and limited coordination ef-
ficiency frequently struggle to translate digital investments into tangible productivity
and financial gains, suggesting that digitalisation alone may be insufficient to sustain
improvements in economic performance.

These benefits are not uniformly distributed across firms and regions, as they depend
on institutional quality, resource availability, and firms’ capacity to absorb and utilise
digital innovations effectively (Okuyan, 2022; Trippl et al., 2024). In rural and peripheral
regions, digital transformation is increasingly viewed as a mechanism supporting long-term
competitiveness and adaptive development rather than merely technological modernisation
(Sunel & Grundke, 2025).

Early digital transformation research largely assumed direct and homogeneous per-
formance effects. More recent perspectives emphasise coordination, integration, and
organisational capabilities as key mechanisms through which digital technologies generate
value, leading to context-dependent and heterogeneous economic outcomes (Kamble et al.,
2020; Golinska-Dawson et al., 2023; Trippl et al., 2024).

2.2. Digitalisation, Integration, and Coordination Mechanisms

Recent research increasingly argues that the economic and financial benefits of digital
transformation arise primarily from coordination and integration mechanisms rather than
technological adoption alone. Digitalisation functions less as an autonomous productivity
driver and more as a coordination-enabling infrastructure that supports organisational
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synchronisation, supply chain efficiency, and operational resilience (Golinska-Dawson
et al., 2023). Similarly, resilience-based perspectives emphasise that digital capabilities
become economically productive when embedded within coordinated organisational sys-
tems capable of adapting to structural change and external shocks (Trippl et al., 2024;
Cumming et al., 2013).

Consequently, supply chain integration has become a critical mechanism linking
digital capabilities to firm-level financial and economic performance (Ivanov et al., 2019;
Jing & Fan, 2024; Chanchaichujit et al., 2024).

This perspective is particularly relevant in rural and agritourism economies, where
fragmented value chains and weak institutional coordination frequently constrain firms’
ability to convert digital investments into measurable productivity and financial gains.
From a broader systems perspective, coordination mechanisms also strengthen adaptive ca-
pacity and resilience by reducing structural mismatches among interconnected stakeholders
(Cumming et al., 2013).

2.3. Threshold Dynamics and Regime-Dependent Effects

The assumption of homogeneous linear effects has been increasingly challenged in
contemporary economic and financial research (Acemoglu et al., 2005). Threshold models
show that economic relationships often vary across structural regimes and intensify once
critical thresholds are surpassed. Prior studies show that growth dynamics are strongly
conditioned by factors such as institutional quality, financial development, and structural
capacity (M. S. Khan & Senhadji, 2001; Law & Singh, 2014). Applying this perspective to
digital transformation is particularly relevant in rural and transition economies, where
fragmented coordination and weak organisational integration often constrain firms’ ability
to realise financial and productivity gains from digital investments. Consequently, the
economic effects of digitalisation are likely to remain regime-dependent and structurally
threshold. Economic development is often characterised by regime-dependent transitions,
with the benefits of structural change becoming evident only after critical organisational
and institutional thresholds are surpassed (Saviotti, 2020; Hamilton et al., 2025). This
provides a theoretical rationale for threshold-based analyses of digital transformation and
firm performance.

2.4. Rural Transition Economies and Structural Heterogeneity

The threshold dynamics of digital transformation are particularly pronounced in tran-
sition economies such as the Western Balkans, where rural firms frequently operate under
infrastructural constraints, fragmented supply chains, institutional instability, and uneven
technological capabilities (Dolgui & Ivanov, 2021; Ferrari et al., 2022; Ndhlovu & Dube,
2024). This structural heterogeneity substantially shapes firms’ ability to translate digital
investments into operational efficiency and financial performance gains (Ivona et al., 2021).

While some firms operate within relatively integrated and collaborative economic
systems, others remain embedded in fragmented environments marked by weak coordi-
nation and limited connectivity (Kyriakopoulos, 2024; A. Khan et al., 2020; Shah, 2025).
Consequently, the economic effects of digitalisation are unlikely to be uniform across
firms, rendering conventional linear models insufficient to capture the structural com-
plexity of digital transformation. Threshold regression frameworks, therefore, offer a
more appropriate analytical approach for identifying regime-dependent integration and
performance dynamics.

The Western Balkans represent a suitable context for examining digital transformation
due to ongoing structural transformation, regional disparities, and heterogeneous digital
capacities. These conditions generate substantial variation in firms’ integration capabilities
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and, consequently, in the economic returns of digitalisation (Burucs, 2025; Rustiadi et al.,
2023; Sudaryanto et al., 2023).

2.5. Financial Efficiency and Managerial Coordination Under Digital Transformation

Recent literature increasingly emphasises that the economic and financial value of
digital transformation extends beyond technological adoption and depends fundamentally
on the efficiency of managerial coordination and organisational integration.

From a managerial finance perspective, digitalisation may enhance firm performance
by lowering coordination costs, improving resource allocation, increasing operational
predictability, and strengthening organisational resilience.

Supply chain integration, therefore, serves not only as an operational mechanism
but also as a strategic coordination structure that can improve financial efficiency and
reduce transaction inefficiencies (Ivanov et al., 2019; Jing & Fan, 2024). These dynamics are
particularly relevant in rural and transition economies, where fragmented value chains
and institutional constraints frequently limit firms’ ability to convert digital investments
into sustainable financial and economic returns. Stronger collaborative networks enhance
organisational resilience, operational flexibility, and financial sustainability, particularly
under conditions of structural change (Trippl et al., 2024; Cumming et al., 2013).

2.6. Research Gap and Theoretical Positioning

Despite the expanding literature on digital transformation and firm performance,
important theoretical and empirical gaps remain. Existing studies predominantly rely on
linear frameworks that assume homogeneous effects of digitalisation across firms, while
threshold relationships between integration mechanisms and financial–economic perfor-
mance remain comparatively underexplored. Moreover, research has largely focused on
developed economies and industrial sectors, leaving rural and transition economies in-
sufficiently examined. Current literature rarely integrates digitalisation, organisational
embeddedness, and supply chain coordination within a unified threshold-based framework.
Against this background, the present study applies a threshold regression approach to
investigate whether the economic and financial returns of digital transformation intensify
only after firms surpass critical levels of organisational integration and socio-economic em-
beddedness. Despite growing research on rural revitalisation and agritourism development,
little attention has been paid to whether the performance effects of digital transformation
depend on organisational or socio-economic integration thresholds (Cheer, 2024; Funduk
et al., 2024; Safarov et al., 2024; Živković et al., 2025). As a result, regime-dependent digital
performance remains underexplored.

2.7. Conceptual Framework

The conceptual framework conceptualises digital transformation as a threshold-based
coordination mechanism that shapes firm-level financial and economic performance. Rather
than generating homogeneous productivity gains, the framework assumes that the financial
effects of digitalisation depend on firms’ levels of organisational integration, cooperative
effectiveness, and socio-economic embeddedness. In structurally fragmented environments,
digital adoption is expected to yield limited operational and financial benefits because
of weak integration capacity and inefficient coordination structures. Conversely, once
firms surpass critical integration thresholds, digital technologies become substantially more
effective at improving operational synchronisation, transaction-cost efficiency, resource
allocation, and financial resilience.

The framework, therefore, positions supply chain integration and organisational co-
ordination as the primary mechanisms through which digital transformation generates
sustainable managerial and financial performance outcomes within rural and transition
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economies. Figure 1 illustrates the proposed threshold-based coordination framework link-
ing digital transformation, supply chain integration, and financial–economic performance.

Figure 1. Threshold-Based Coordination Framework Linking Digital Transformation, Supply Chain
Integration, and Financial–Economic Performance. The empirical strategy is based on threshold
regression methods proposed by Hansen (1999, 2000). Source: Authors’ own elaboration.

Conceptually, the study proposes the following threshold-dependent relationship:
digital transformation influences financial–economic performance through supply chain in-
tegration, with the strength of this relationship conditioned by socio-economic integration:

Digitalization (DA)

→ Suple Chain Integration (SCI) − Socio
−Economic Integration (SEI) (threshold variable)
→ Financial − Economic Performance (FP)

According to this specification, the impact of digitalisation is expected to vary across
low- and high-adoption regimes. Consequently, the framework enables the detection of
structural shifts in the relationship between digitalisation and performance, offering clearer
insight into how digital transformation operates in rural and transition economies.

Drawing upon the threshold framework, the study addresses the following re-
search questions:

RQ1: Under which structural conditions does digital transformation, through sup-
ply chain integration, generate measurable financial and economic performance gains in
rural firms?

RQ2: Does the relationship between supply chain integration under digital transfor-
mation and firm performance exhibit threshold and regime-dependent dynamics?

RQ3: Is there a critical socio-economic integration threshold beyond which digital
integration becomes financially and operationally productive?

RQ4: How do supply chain integration and organisational coordination mechanisms
shape the effectiveness of digital transformation in rural transition economies?

Building on the preceding literature, the economic value of digital transforma-
tion is increasingly understood as contingent upon firms’ integration capacity and
organisational context.
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Empirical studies have shown that digital technologies generate stronger performance
gains when accompanied by higher levels of supply chain integration, organisational
coordination, and digital maturity (Kamble et al., 2020; Golinska-Dawson et al., 2023).
As a result, the performance effects of digitalisation may differ across structural regimes,
suggesting the existence of threshold-dependent dynamics. These arguments provide the
conceptual basis for the hypotheses developed below. The hypotheses are developed to
provide empirical tests of the four research questions, linking digital transformation, or-
ganisational integration, and threshold-dependent performance dynamics within a unified
analytical framework.

H1. Digital transformation positively influences firms’ financial and economic performance through
enhanced supply chain integration and organisational coordination.

H2. The relationship between supply chain integration under digital transformation and
financial–economic performance exhibits threshold-dependent effects across organisational and
socio-economic regimes.

H3. A critical threshold of organisational and socio-economic integration exists beyond which the
financial and operational effects of digital transformation intensify significantly.

H4. The financial and economic benefits of digital transformation become substantially stronger
in firms characterised by higher levels of supply chain integration, coordination efficiency, and
socio-economic embeddedness.

3. Materials and Methods
The empirical analysis draws on firm-level data collected from 80 agricultural, agri-

tourism, and tourism-related businesses operating in rural Northern Albania, across the
mountain regions, including Theth, Valbonë, Vermosh, Lepushë, Bogë, Tamarë, Razëm,
Çerem, Dedaj, Dragobi, Lekbibaj, Reç, and Selcë. The final sample represents approxi-
mately 74.8% of the identified study population (107 active firms), providing a high level of
population coverage and a robust basis for analysing digital transformation, organisational
integration, and financial–economic performance in a rural transition context for examining
threshold dynamics.

Given the relatively small population size and the objective of maximising coverage, a
purposive population-based sampling approach was employed, targeting all eligible firms
operating within the study area.

Participation was voluntary, and observations with incomplete information were
excluded from the final analytical sample. The sample shows substantial variation in digital
adoption, organisational integration, and coordination capacity, providing an appropriate
setting for threshold and regime-based analysis.

The research design combines descriptive, threshold, and logistic modelling techniques
to address the four research questions. RQ1 is examined through threshold and logistic
regression models linking supply chain integration to financial–economic performance.
RQ2 and RQ3 are addressed through threshold estimation procedures that identify regime-
dependent effects and critical socio-economic integration thresholds. RQ4 is examined
through additional diagnostic analyses evaluating the role of supply chain integration,
stakeholder engagement, and coordination mechanisms in shaping the effectiveness of
digital transformation.

Northern Albania was selected because it exhibits key characteristics commonly asso-
ciated with rural transition economies, including structural transformation, fragmented
value chains, tourism expansion, and heterogeneous digital development (Burucs, 2025;
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Hamilton et al., 2025). A single regional setting was used to ensure consistency and com-
parability across firms.

The study relies on cross-sectional firm-level survey data. Primary data were obtained
through structured questionnaires administered directly to business owners and managers
during field visits. The survey captured information on digitalisation practices, supply
chain integration, socio-economic integration, stakeholder engagement, collaboration in-
tensity, and financial–economic performance. Following data collection, responses were
screened for completeness and consistency, and observations with missing or unreliable
information were excluded from the final analytical sample.

The dependent variable, financial and economic performance (FP), is specified as a
binary indicator of firms’ ability to achieve superior operational and organisational out-
comes under digital transformation. The variable distinguishes firms exhibiting higher
levels of performance from those characterised by lower performance outcomes, capturing
variation in productivity, operational efficiency, and coordination effectiveness across com-
parable rural environments. The principal explanatory variable is supply chain integration
(SCI), constructed from survey indicators measuring coordination intensity, information
exchange, operational synchronisation, and inter-organisational integration capacity across
business activities. The threshold variable, socio-economic integration (SEI), is derived
from indicators capturing firms’ degree of structural embeddedness within local economic
and organisational networks, collaborative relationships, and market integration. Addi-
tional controls include stakeholder engagement (SE), measuring firms’ participation in local
coordination and development processes, and collaboration intensity (CI), both included
to account for heterogeneity in coordination structures and inter-organisational interac-
tions across firms. Together, these variables account for heterogeneity in organisational
coordination structures and structural conditions affecting digital transformation outcomes.

The analytical strategy was implemented sequentially to address the four research
questions. First, descriptive statistics were used to assess variation in integration and per-
formance indicators across firms. Second, threshold estimation procedures were employed
to identify the critical socio-economic integration level and define structural regimes. Third,
threshold OLS and logistic regression models were estimated to evaluate regime-dependent
performance effects. Finally, marginal effects, predicted probabilities, classification diag-
nostics, and complementary macro-level analyses were used to assess the robustness,
predictive validity, and broader applicability of the identified threshold mechanism.

3.1. Econometric Framework: Threshold Regression Approach

To examine regime-dependent performance dynamics, the study employs Hansen’s
(1999, 2000) threshold regression methodology. Threshold models are particularly appro-
priate when the relationship between integration mechanisms and financial–economic
performance is expected to vary across distinct structural regimes. Unlike conventional
linear specifications, threshold estimation allows regression coefficients to change en-
dogenously once observations exceed a critical threshold, thereby capturing structural
heterogeneity and threshold adjustment dynamics.

The approach is theoretically justified because the financial and operational effects
of digital integration are unlikely to be uniform across firms. Businesses with weak socio-
economic embeddedness and fragmented coordination structures may realise limited
returns on digital investments, whereas firms operating within more integrated organisa-
tional environments are expected to achieve substantially stronger productivity, operational
synchronisation, and financial performance.
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3.2. Model Specification

The baseline threshold specification is expressed as follows:

FPi = β0 + β1 SCIi I(SEIi ≤ γ) + β2 SCIi I(SEIi > γ) + β3 Zi + εi (1)

where:

• FPi denotes firm-level economic performance;
• SCIi represents supply chain integration;
• SEIi is the socio-economic integration threshold variable;
• γ denotes the estimated threshold value;
• I(·) represents the regime indicator function;
• Zi is the vector of control variables;
• εi is the stochastic error term.

Under this specification, the coefficient β1 captures the effect of supply chain inte-
gration within the low-integration regime, while β2 measures the effect within the high-
integration regime.

The principal objective is to test whether:

β1 ̸= β2

which would indicate the presence of regime-dependent effects and structural heterogeneity
in the integration–performance relationship.

3.3. Threshold Estimation Procedure

The threshold value (γ) is estimated endogenously via a grid-search procedure that
minimises the residual sum of squares (RSS). Following Hansen (1999), the procedure
evaluates all admissible threshold values within a predefined interval and selects the value
that yields the best model fit.

The estimation process classifies observations into low- and high-regime groups using
the estimated threshold and then estimates separate slope coefficients for each group. This
enables the model to detect structural changes in how supply chain integration affects
different levels of socio-economic embeddedness.

To ensure robust statistical inference, heteroskedasticity-consistent (HC1) standard
errors are used throughout the estimation procedure. This adjustment reduces potential
bias arising from heteroskedastic disturbances commonly observed in firm-level datasets.

In addition to the standard threshold OLS model, the study estimates threshold logistic
regression models because the dependent variable is binary. This logistic approach provides
a probabilistic interpretation of firm performance and allows analysis of how integration
effects vary across socio-economic regimes.

The logistic threshold model is specified as:

“logit”(FPi) = α0 + α1 SCI(low,i) + α2 SCI(high,i) + α3 Zi + ui (2)

where SCIlow and SCIhigh represent regime-specific integration variables constructed ac-
cording to the estimated threshold value.

3.4. Additional Financial and Regime Diagnostic Specification

To further assess the financial and managerial implications of the estimated thresh-
old effects, additional regime-based diagnostic models were estimated in R using logistic
marginal effects and predicted-probability specifications. The extended specification evalu-
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ates how supply chain integration affects the probability of achieving higher financial and
economic performance across different socio-economic integration regimes.

The additional probabilistic specification is expressed as:

P(FPi = 1 | Xi) =
exp(α + β1SCILow,i + β2SCIHigh,i + δXi)

1 + exp(α + β1SCILow,i + β2SCIHigh,i + δXi)
(3)

where:

• FPi denotes the probability of achieving higher financial and economic performance;
• SCILow and SCIHigh represent regime-specific supply chain integration effects below

and above the estimated threshold;
• Xi denotes the vector of control variables;
• α represents the intercept term;
• δ captures the effects of additional explanatory variables.

To complement the threshold estimates, marginal effects and regime-specific pre-
dicted probabilities were also estimated to assess how integration intensity and socio-
economic embeddedness affect operational efficiency, organisational coordination, and
financial performance across different structural regimes. This complementary diagnostic
approach enhances the managerial-financial interpretation of the threshold framework and
strengthens the robustness of the empirical analysis. The binary performance indicator cap-
tures broader firm-level financial and economic outcomes related to operational efficiency,
productivity improvements, coordination effectiveness, and organisational performance
during digital transformation.

3.5. Additional Macro-Level Financial and Regime Diagnostic Specification

To further assess the structural and financial implications of digital transformation
at the regional level, additional regime-based diagnostics were estimated using threshold-
interaction and predicted-response specifications, implemented in R. The extended macro-
level framework examines whether the economic contribution of digitalisation varies across
structural digitalisation regimes within Western Balkan economies.

The complementary macro-level specification is expressed as:

GDPpcit = α + β1DIGLow,it + β2DIGHigh,it + β3TOURit + β4 AGRIit + β5GDPpci,t−1 + µi + εit (4)

where:

• GDPpcit denotes gross domestic product per capita;
• DIGLow and DIGHigh represent digitalisation effects below and above the estimated

threshold level;
• TOURit denotes tourism receipts;
• AGRIit represents agricultural value added;
• GDPpcit−1 captures lagged economic persistence effects;
• µi denotes country-specific structural effects;
• εit represents the stochastic error term.

Additional regime diagnostics, marginal response estimates, and predicted structural
effects were computed to assess how digital penetration interacts with sectoral integration
and structural coordination across digitalisation regimes. This complementary specification
enhances the financial and managerial interpretation of the macro-level threshold analysis
by identifying whether digital transformation contributes to greater economic efficiency
and regional performance under different structural conditions.
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3.6. Robustness and Model Validity

Several procedures were implemented to strengthen the robustness, financial interpre-
tation, and econometric validity of the empirical estimates.

First, control variables capturing stakeholder engagement and collaboration intensity
were included to reduce omitted-variable bias and account for structural heterogeneity
across firms.

Second, heteroskedasticity-consistent HC1 robust standard errors were used to im-
prove the reliability of inference for threshold cross-sectional estimates characterised by
heterogeneous organisational structures and uneven operational efficiency. Third, com-
plementary macro-level threshold estimates were conducted using Western Balkan panel
data to assess whether the identified threshold-based coordination dynamics persist across
broader regional economic systems.

Additional diagnostics, including marginal effects, predicted probabilities, classifica-
tion performance indicators, and regime-based estimates, implemented in R, were used to
reinforce the managerial-financial interpretation of the threshold framework.

The threshold specification itself enhances model validity by explicitly accommodat-
ing coefficient heterogeneity across structural regimes, rather than imposing homogeneous
linear performance effects across firms. Nevertheless, the findings should be interpreted
primarily as evidence of regime-dependent associations between financial and organisa-
tional performance, rather than as definitive causal relationships. Given the cross-sectional
nature of the dataset, potential endogeneity and reverse causality cannot be fully ruled
out. Future research may therefore benefit from dynamic, threshold panel approaches and
longitudinal specifications of financial performance to strengthen causal identification.

4. Results
The descriptive statistics reveal substantial heterogeneity across firms in socio-

economic embeddedness, coordination intensity, and organisational integration, providing
empirical justification for the application of threshold estimation techniques. The final sam-
ple comprises 80 firms operating within rural economic systems characterised by varying
levels of digital integration and collaborative coordination. The dependent variable, finan-
cial and economic performance (FP), has a mean of 0.375, indicating that approximately
37.5% of firms achieved higher operational and performance outcomes under the binary
specification. Supply chain integration (SCI) shows considerable variation across observa-
tions (Mean = 0.245; SD = 0.405), reflecting substantial differences in coordination efficiency
and operational synchronisation among firms. Similarly, socio-economic integration (SEI)
exhibits notable dispersion (Mean = 0.097; SD = 0.466), suggesting heterogeneous levels of
organisational embeddedness and structural connectivity. Stakeholder engagement (SE)
shows a relatively high mean (Mean = 0.688), although significant variation persists across
firms. The Collaboration Index (CI) displays a moderate average value (Mean = 0.490), in-
dicating that cooperative relationships and inter-organisational linkages are present across
the sample, although their intensity varies considerably among firms.

The descriptive statistics presented in Table 2 reveal substantial heterogeneity across
firms in socio-economic embeddedness, coordination intensity, and integration capacity.

Overall, the descriptive evidence indicates the presence of structurally differentiated
organisational regimes rather than homogeneous, linear performance dynamics.

This heterogeneity provides preliminary support for the threshold framework. It
suggests that the financial and economic effects of supply chain integration are likely to
vary across levels of organisational coordination and socio-economic embeddedness.
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Table 2. Descriptive Statistics.

Variable Mean Std. Dev. Min Max

Stakeholder Engagement (SE) 0.688 0.686 0.000 2.000
Economic Performance (FP) 0.375 0.487 0.000 1.000

Supply Chain Integration (SCI) 0.245 0.405 −0.845 1.168
Socio-Economic Integration (SEI) 0.097 0.466 −0.844 1.173

Collaboration Index (CI) 0.490 0.299 0.007 0.996
Source: Author’s calculations based on the final estimation sample (N = 80).

4.1. Threshold Estimation

The threshold estimation procedure was first used to identify the critical socio-
economic integration threshold and then to evaluate whether the integration–performance
relationship varies across structural regimes, addressing RQ1, RQ2 and RQ3. The threshold
estimation procedure identified a critical socio-economic integration threshold value of:

γ = 0.1485

This result confirms the existence of distinct structural regimes among the sam-
pled rural firms, suggesting that the economic effects of supply chain integration vary
across structural regimes but are conditional on the level of socio-economic integration
achieved by firms. To assess the threshold structure of the integration–performance re-
lationship, both threshold OLS and threshold logistic regression models were estimated
with heteroskedasticity-robust standard errors. Table 3 reports the threshold OLS estima-
tion results examining the threshold relationship between supply chain integration and
financial–economic performance across structural regimes.

Table 3. Threshold OLS Regression Results.

Variables Coefficient Robust SE t-Value p-Value

Intercept 0.2669 0.0615 4.339 <0.001
SCI (Low Regime) −0.0617 0.1175 −0.525 0.601
SCI (High Regime) 0.6409 0.1927 3.326 0.001

Observations 80
Adjusted R2 0.134

F-statistic 7.096 0.001
Source: Author’s calculations based on threshold estimation results.

The OLS threshold estimations reveal a clear threshold-dependent relationship be-
tween supply chain integration and financial–economic performance across structurally
distinct organisational regimes. Below the estimated socio-economic integration threshold,
the coefficient on supply chain integration remains statistically insignificant, indicating that
firms operating in weakly embedded, fragmented coordination environments generally
cannot translate integration efforts into measurable operational or financial gains. By
contrast, once firms exceed the estimated threshold level, supply chain integration becomes
strongly positive and highly significant (β = 0.6409, p < 0.01).

These findings suggest that integration mechanisms become economically and financially
productive only under sufficiently developed organisational and socio-economic conditions.

The results support a regime-dependent interpretation of digital coordination effi-
ciency, implying that the financial returns of integration are conditional upon broader
structural embeddedness and organisational capacity rather than uniformly distributed
across firms.
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4.2. Threshold Logistic Regression Results

Threshold logistic regression was estimated to examine the regime-dependent proba-
bility of achieving superior financial–economic performance in order to further address
RQ1 and RQ2. Given that the dependent variable is a binary performance outcome, logistic
threshold estimation was used as the primary specification.

The logistic framework provides a more appropriate probabilistic interpretation of
firm-level performance dynamics. The threshold logistic regression estimates presented in
Table 4 provide probabilistic evidence of regime-dependent performance dynamics.

Table 4. Threshold Logistic Regression (Main Model).

Variables Coefficient Robust SE z-Value p-Value Odds Ratio

Intercept −1.0690 0.6610 −1.617 0.106 0.343
SCI (Low Regime) 1.4555 1.0260 1.419 0.156 4.286
SCI (High Regime) 4.9972 1.4612 3.420 <0.001 147.997

Stakeholder Engagement (SE) −1.4948 0.5324 −2.808 0.005 0.224
Collaboration Index (CI) 1.0368 0.9977 1.039 0.299 2.820

Observations 80
AIC 93.933

Residual Deviance 83.933
Source: Author’s calculations using threshold logistic regression with HC1 robust standard errors.

The threshold logistic estimations provide strong evidence of regime-dependent per-
formance dynamics. The coefficient associated with the high socio-economic integration
regime is strongly positive and highly significant (β = 4.997, p < 0.001), indicating that
firms operating above the estimated structural threshold have substantially higher prob-
abilities of achieving superior financial and economic performance when supply chain
integration mechanisms are in place. By contrast, the low-regime integration coefficient
remains statistically insignificant, suggesting that integration efforts alone generate limited
operational and financial returns under weakly coordinated socio-economic conditions.
An additional important result concerns stakeholder engagement. The negative and sta-
tistically significant coefficient associated with stakeholder participation (β = −1.495,
p < 0.01) indicates that stakeholder involvement does not automatically enhance organisa-
tional performance. Instead, excessive stakeholder complexity may increase coordination
costs and operational inefficiencies when not supported by sufficiently integrated organ-
isational structures. Consequently, the findings challenge the conventional assumption
that stakeholder participation universally improves firm outcomes, suggesting instead
that stakeholder engagement is economically productive only within coherent, financially
efficient coordination systems.

4.3. Financial Efficiency Diagnostics and Regime Probability Analysis

Additional diagnostic analyses were conducted to evaluate how supply chain integra-
tion, stakeholder engagement, and coordination mechanisms influence organisational and
financial performance across regimes, addressing RQ4.

The additional probabilistic diagnostics substantially reinforce the threshold interpre-
tation of the main empirical findings. The estimated logistic threshold model indicates that
firms operating in the high-integration regime have significantly higher probabilities of
achieving superior economic and financial performance.

Specifically, the coefficient associated with the high-regime integration variable
(SCIHigh) was positive and highly statistically significant (β = 4.997, p < 0.001), while
the corresponding average marginal effect reached 0.870, indicating a strong threshold-
dependent association with the probability of superior financial–economic performance.
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This result is consistent with the overall predictive performance of the threshold-logit
model (AUC = 0.795; McFadden pseudo-R2 = 0.207). Given the regime-specific specification
and sample size, the estimate should be interpreted as indicative of the strength of the
threshold relationship rather than a universally applicable probability change. Further
validation using larger datasets is warranted. By contrast, the low-regime integration effect
remained statistically insignificant, further supporting the existence of regime-dependent
dynamics. Predicted probability estimates reveal a notable threshold-escalation pattern
across integration levels, emphasising the importance of thresholds. Firms operating at low
levels of integration exhibited predicted performance probabilities below 10%, whereas
firms characterised by high integration intensity displayed probabilities approaching 97%.
Additional regime comparisons further demonstrate that firms operating above the esti-
mated threshold exhibited substantially higher average predicted performance probabilities
(0.542) compared with firms remaining below the threshold regime (0.238). Collectively,
these findings strongly support the argument that digital and organisational integration
becomes economically productive primarily once firms have achieved sufficient levels of
socio-economic embeddedness and coordination capacity. Table 5 presents the additional
threshold diagnostics and average marginal effects associated with the regime-specific inte-
gration variables. The predicted probabilities across alternative high-integration regimes
are reported in Table 6.

Table 5. Logistic Threshold Diagnostics and Marginal Effects.

Variable Coefficient AME p-Value

SCIhigh 4.997 0.870 <0.001
SCIlow 1.455 0.253 0.167

SE −1.495 −0.260 0.001
CI 1.037 0.181 0.253

Source: Author’s calculations based on marginal effects and regime-specific logistic diagnostics implemented in R.

Table 6. Predicted Probabilities across High-Integration Regimes.

SCIhigh Predicted Probability

−0.30 0.03
0.00 0.12
0.40 0.51
0.60 0.74
0.80 0.89
1.10 0.97

Source: Author’s calculations based on predicted probabilities from the threshold logistic model.

Figure 2 illustrates a threshold increase in predicted probabilities of superior financial–
economic performance across high-integration regimes. The additional probabilistic and
diagnostic estimations substantially reinforce the threshold interpretation of the empirical
findings. The logistic threshold model exhibited satisfactory predictive performance, with
an Area Under the Curve (AUC) value of 0.795 and an overall classification accuracy of
73.8%, indicating strong discriminatory capacity across performance regimes. The model
also demonstrated high specificity (86%), indicating strong effectiveness in identifying
firms operating in lower-performance structural regimes. The estimated marginal effects
further confirmed the presence of strong regime-dependent dynamics. Specifically, the
average marginal effect associated with the high-regime integration variable (SCIHigh)
reached 0.870 (p < 0.001), indicating that stronger supply chain integration substantially
increases the probability of superior economic–financial performance once firms surpass
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the estimated threshold level. By contrast, the low-regime integration effect remained
statistically insignificant.

Figure 2. Predicted Probability of Superior Economic–Financial Performance across High-Integration
Regimes. Notes: The solid line shows the predicted probability of achieving superior economic-
financial performance across levels of high-regime supply chain integration. The shaded area
represents 95% confidence intervals.

The predicted probability estimates reveal a clear threshold effect, with firms below
the threshold having about a 23.8% chance and those above exceeding 54.2%, highlighting
the importance of thresholds for policymakers (p < 0.01).

Collectively, these findings strongly support the argument that digital and organisa-
tional integration becomes economically productive primarily once firms have achieved
sufficient levels of socio-economic embeddedness and coordination capacity. The logistic
threshold model diagnostics presented in Table 7 indicate satisfactory classification and
discriminatory performance. Table 8 compares financial and organisational efficiency in-
dicators across low- and high-integration regimes. The ROC curve presented in Figure 3
further confirms the strong predictive performance of the threshold logistic model.

Figure 3. ROC Curve for the Logistic Threshold Model. Notes: The ROC curve illustrates the dis-
criminatory ability of the logistic threshold model to distinguish between low and high performance
firms. AUC = Area Under the Curve.
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Table 7. Logistic Threshold Diagnostics.

Indicator Value

AUC 0.795
Accuracy 0.738
Sensitivity 0.533
Specificity 0.860

McFadden Pseudo R2 0.207
Source: Author’s calculations based on ROC/AUC and classification diagnostics from the threshold logistic
specification.

Table 8. Regime Financial Efficiency Comparisons.

Variable Low Regime High Regime p-Value

Economic Performance (FP) 0.182 0.611 <0.001
Supply Chain Integration (SCI) 0.127 0.390 0.003

Predicted Probability 0.238 0.542 <0.001
Stakeholder Embeddedness (SE) 0.614 0.778 0.290

Collaboration Intensity (CI) 0.488 0.493 0.939
Source: Author’s calculations based on regime-specific financial and organisational efficiency comparisons.

4.4. Robustness and Regime Interaction Analysis

To better evaluate the stability of the threshold mechanism, an interaction-based
regime model was estimated. The results confirm positive regime-amplification effects, but
the interaction coefficient remains statistically insignificant under robust standard errors.
As a result, the threshold logistic model was retained for its greater empirical stability,
lower information-criterion scores, and clearer regime interpretation, thereby reinforcing
its robustness.

4.5. Main Empirical Contribution

Taken together, the results provide evidence relevant to all four research questions and
indicate that the economic value of digital transformation depends on integration capacity,
organisational coordination, and socio-economic embeddedness. Empirical evidence shows
that supply chain integration does not inherently produce economic benefits for all firms.
Instead, its impact depends on firms surpassing a certain socio-economic integration
threshold, emphasising the need for systemic coordination. The findings confirm that
integration dynamics vary across regimes within rural economic systems and that structural
embeddedness is a crucial prerequisite for developing effective coordination mechanisms,
underscoring its relevance for regional development.

4.6. Regional Macro-Level Threshold Evidence from the Western Balkans

Before estimating the regional threshold model, descriptive analysis was performed
to explore the structural features of the Western Balkans panel dataset. The macro-level
sample included 50 country-year observations from five Western Balkan economies between
2011 and 2020. It encompasses indicators on economic performance, digital penetration,
tourism activity, and agricultural value added. The descriptive statistics reveal significant
differences among countries regarding both digitalisation and economic development. The
average GDP per capita was about USD 6103, highlighting notable disparities across the
region. Digital penetration varied widely, with internet usage rates spanning from roughly
36% to over 81% of the population. This range indicates the presence of structurally distinct
digitalisation regimes in Western Balkan economies. Tourism receipts and agricultural
value added further highlight the region’s mixed economic structure. Although tourism has
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grown substantially in several economies, agriculture still plays a crucial role in economic
output, especially in semi-rural and transitional areas.

The descriptive statistics for the Western Balkans macro-level panel dataset are pre-
sented in Table 9.

Table 9. Descriptive Statistics: Western Balkans Panel Dataset.

Variable Mean Std. Dev. Min Max

GDP per capita (GDPpc) 6103 1156.34 4200 8749
Digitalisation (DIG) 63.17 11.27 35.61 81.41

Agriculture Value Added (AGRI) 8.74 5.11 3.70 19.24
Tourism Receipts (TOUR) 1.077 × 109 599,978,537.37 1.80 × 108 2.46 × 109

Source: Author’s calculations based on World Bank indicators for Western Balkan economies.

The variation in digitalisation levels, sectoral structures, and income changes provides
initial evidence for the use of threshold-based estimation methods. Notably, the wide range
of internet penetration rates suggests that the economic impacts of digitalisation may vary
across low- and high-digitalisation regimes, rather than affecting all economies equally.
To complement the firm-level analysis, an exploratory macro-level threshold model was
estimated using panel data from five Western Balkan economies covering 2011–2020. This
additional analysis aimed to determine whether the threshold dynamics observed within
individual firms also appear in broader regional development trends.

The macro-level model included lagged GDP per capita, tourism receipts, agricul-
tural value added, and digital penetration rates measured via internet usage levels. The
threshold estimation identified a critical digitalisation level of approximately [70% internet
penetration], indicating distinct regimes among Western Balkan economies.

γ = 70.63

This indicates the presence of different digitalisation regimes among Western Balkan
economies. Economies with internet penetration exceeding around 70% likely function
under significantly different structural conditions than those with lower digital connectivity.
Table 10 reports the macro-level threshold regression results for Western Balkan economies.

Table 10. Macro-Level Threshold Regression Results: Western Balkans.

Variables Coefficient Robust SE t-Value p-Value

Intercept −2783.7 1475.7 −1.886 0.067
GDPpc (t − 1) 0.4345 0.0885 4.909 <0.001

Tourism Receipts (TOUR) 1.183 × 10−6 2.206 × 10−7 5.364 <0.001
Agricultural Value Added (AGRI) 205.4 77.5 2.651 0.011

DIG (Low Regime) −6.149 8.424 −0.730 0.470
DIG (High Regime) 6.036 7.222 0.836 0.408

Bosnia and Herzegovina 3894.3 988.8 3.939 <0.001
Montenegro 4996.1 1129.5 4.423 <0.001

North Macedonia 3943.7 844.0 4.673 <0.001
Serbia 4004.4 1036.9 3.862 <0.001

Observations 50
Adjusted R2 0.885

Source: Author’s calculations based on macro-level threshold estimation with HC1 robust standard errors.

The macro-level evidence highlights several key findings. First, the coefficient on
lagged GDP per capita remains highly positive and statistically significant, indicating
persistence and path dependence in regional economic development. This means that

https://doi.org/10.3390/jrfm19070501

https://doi.org/10.3390/jrfm19070501


J. Risk Financial Manag. 2026, 19, 501 19 of 25

historical structural factors continue to significantly shape current economic performance
in Western Balkan economies. Second, tourism receipts stand out as an especially influential
factor in driving GDP per capita growth.

The notably positive and statistically significant tourism coefficient aligns with ex-
isting research highlighting the strategic importance of tourism in transforming regional
economies and boosting incomes in transition economies.

Agricultural value added shows a positive and statistically significant impact, high-
lighting agriculture’s ongoing important developmental role despite structural changes.
This is especially relevant for rural and semi-rural economies with hybrid tourism–
agriculture systems.

By contrast, the threshold digitalisation coefficients stay statistically insignificant in
both low- and high-digitalisation regimes. Although the estimated threshold indicates
varying levels of digital penetration across economies, the findings imply that digitalisation
alone does not necessarily lead to improved macroeconomic performance.

This finding aligns closely with the earlier firm-level threshold analysis. While those
results showed that integration mechanisms only become economically effective once they
cross a socio-economic threshold, macro-level evidence suggests that digital diffusion
alone might not be sufficient to generate significant economic benefits in economies with
structural constraints.

Overall, the findings from both micro and macro levels support a broader view of dig-
ital transformation as a structural change. The results indicate that technological adoption
yields significant economic benefits, primarily when supported by well-established inte-
gration, coordination, and institutional frameworks. Therefore, the study questions purely
technological views of digital development, highlighting the critical role of socio-economic
embeddedness and effective coordination mechanisms in turning digital transformation
into tangible economic improvements instead.

4.7. Regional Financial Efficiency and Digitalisation Regime Diagnostics in Western
Balkan Economies

To further strengthen the macro-level threshold interpretation, additional financial-
efficiency diagnostics and regime-based predicted-response estimations were implemented
using panel data from Western Balkan economies covering the period 2011–2020. The
extended specification evaluated whether regional economic performance differs systemat-
ically across alternative digitalisation regimes while accounting for tourism intensity, agri-
cultural value added, and lagged economic persistence effects. Figure 4 illustrates predicted
GDP per capita across alternative digitalisation regimes within Western Balkan economies.

Figure 4. Predicted GDP per Capita across Digitalisation Regimes in Western Balkan Economies.
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The estimated digitalisation threshold was identified at:

γ = 70.63

Following the threshold estimation procedure, separate low- and high-regime dig-
italisation specifications were estimated, along with interaction diagnostics, to evaluate
whether the macroeconomic contribution of digitalisation intensifies in stronger struc-
tural coordination environments. The additional macro-level threshold diagnostics and
interaction estimations are reported in Table 11.

Table 11. Macro-Level Financial and Structural Threshold Regression Results.

Variables Coefficient Robust S.E. t-Value p-Value

Intercept −3305.7 1687.5 −1.959 0.057 *
GDPpc_t−1 0.441 0.089 4.906 <0.001 ***

TOUR 1.423 × 10−6 2.541 × 10−7 5.601 <0.001 ***
AGRI 215.45 90.73 2.375 0.023 **

DIG_low −9.086 8.704 −1.044 0.303
DIG_high 2.693 7.439 0.362 0.719

TOUR × DIG_high −2.660 × 10−9 3.303 × 10−9 −0.805 0.426
AGRI × DIG_high 0.482 0.356 1.356 0.183

Bosnia and Herzegovina 4283.8 1228.2 3.488 0.001 ***
Montenegro 5418.9 1406.2 3.854 <0.001 ***

North Macedonia 4367.9 1063.3 4.108 <0.001 ***
Serbia 4327.9 1292.8 3.348 0.002 ***

Model Diagnostics

Indicator Value

Threshold Value (γ) 70.63
Observations 50
Adjusted R2 0.884

F-statistic 34.79 ***
Residual Std. Error 394.7

Robust HC1 standard errors reported. *** p < 0.01, ** p < 0.05, * p < 0.10. Source: Author’s calculations based on
macro-level threshold diagnostics and interaction estimations implemented in R.

The additional diagnostics revealed substantial differences in predicted macroeco-
nomic performance across digitalisation regimes. Although the direct digitalisation coeffi-
cients remained statistically insignificant, the predicted-response estimates showed that
economies operating above the estimated digitalisation threshold achieved considerably
higher predicted GDP per capita than those remaining below the threshold. Predicted GDP
per capita across low- and high-digitalisation regimes is presented in Table 12.

Table 12. Predicted GDP per Capita across Digitalisation Regimes.

Digitalization Regime Predicted GDP per Capita

Below Threshold Regime 5702.39
Above Threshold Regime 7132.94

Source: Author’s calculations based on predicted GDP per capita across estimated digitalisation regimes.

The regime difference diagnostics reported in Table 13 confirm statistically significant
differences in predicted macroeconomic performance across digitalisation regimes. The
regime diagnostics, therefore, reinforce the broader threshold-dependent interpretation
advanced throughout the study. Economies characterised by stronger digitalisation regimes
exhibited substantially higher predicted regional economic performance, indicating that
digital transformation is economically productive primarily under sufficiently coordinated
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structural environments. These findings support the interpretation of digitalisation not
as an isolated technological mechanism, but rather as a broader structural coordination
infrastructure capable of amplifying regional financial and economic efficiency once critical
digitalisation thresholds are surpassed.

Table 13. Regime Difference Diagnostics.

Test Value

t-statistic −4.881
Degrees of Freedom 22.297

p-value <0.001
95% Confidence Interval [−2037.90; −823.20]

Source: Author’s calculations based on regime comparison tests and predicted-response diagnostics.

5. Discussion
Digital transformation has important managerial and financial implications that ex-

tend beyond technological modernisation alone. The findings suggest that integration
mechanisms improve transaction-cost efficiency, operational financial efficiency, and re-
source allocation capacity across interconnected production systems. In fragmented rural
economies, these coordination structures appear particularly important for reducing opera-
tional inefficiencies, strengthening organisational responsiveness, and improving financial
resilience amid structural uncertainty. Consequently, the economic value of digitalisation
increasingly depends on firms’ ability to transform digital capabilities into integrated, finan-
cially efficient coordination systems rather than on technological adoption alone. In relation
to RQ1 and RQ4, the observed pattern accords with coordination-based perspectives of
digital transformation and with recent empirical evidence emphasising the importance
of organisational integration and network embeddedness in translating digital adoption
into superior performance outcomes (Kamble et al., 2020; Golinska-Dawson et al., 2023;
Trippl et al., 2024).

Firms operating below the estimated socio-economic threshold experience limited
performance improvements from integration mechanisms, whereas firms embedded within
stronger coordination environments generate substantially greater operational and financial
returns. These findings challenge technology-centred interpretations of rural development,
suggesting that digital investments alone may yield weak economic outcomes when or-
ganisational embeddedness and coordination capacity remain underdeveloped. Instead,
the financial productivity of digital transformation appears to be conditional on broader
structural integration and managerial operational synchronisation.

Consistent with RQ2, the estimated threshold effects indicate that the relationship
between digitalisation and financial–economic performance is inherently regime-dependent.
This pattern accords with threshold and structural transformation perspectives, which
emphasise heterogeneous outcomes across organisational and socio-economic contexts
rather than uniformly distributed digitalisation effects (Saviotti, 2020; Hamilton et al., 2025;
Trippl et al., 2024).

The economic impact of integration intensifies significantly once firms surpass crit-
ical levels of socio-economic embeddedness, indicating that marginal returns to digital
coordination are not uniformly distributed across firms.

This finding extends the broader threshold literature beyond traditional macroeco-
nomic applications by demonstrating that regime dynamics also characterise firm-level inte-
gration and coordination systems within rural transition economies. The results, therefore,
support a structurally grounded interpretation of digital transformation in which coordina-
tion quality, operational synchronisation, and organisational integration function as central
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determinants of financial and economic performance. Addressing RQ3, Addressing RQ3,
the estimated threshold effects indicate the presence of regime-dependent organisational
dynamics. This pattern accords with threshold perspectives of economic transformation,
which posit that performance effects intensify after critical transition points are surpassed
rather than emerging uniformly across firms (Saviotti, 2020; Hamilton et al., 2025). The
observed threshold differentiation is also consistent with recent evidence suggesting that
the economic returns to digital transformation depend on organisational embeddedness
and integration capacity rather than digital adoption alone (Trippl et al., 2024).

An important contribution of the study lies in its interpretation of the “digitalisation
paradox.” The findings suggest that digital technologies frequently fail to generate substan-
tial economic returns because firms remain structurally fragmented and organizationally
disconnected. In such environments, digital adoption may occur operationally without
producing deeper structural transformation or meaningful efficiency gains. By contrast,
firms operating within integrated economic systems appear substantially more capable of
converting digitalisation into cost optimisation, improvements in managerial performance,
and sustainable financial resilience.

The macro-level evidence from Western Balkan economies reinforces this interpre-
tation. Although the threshold estimates identified differentiated digitalisation regimes,
digital penetration alone did not yield statistically significant growth effects. Instead,
tourism activity and agricultural value added remained the principal drivers of regional
economic performance. This divergence between technological diffusion and economic
outcomes further suggests that digitalisation becomes financially productive only when
embedded in broader systems of organisational coordination, sectoral integration, and
structural efficiency.

6. Conclusions
The study examined the threshold relationship between digital transformation, sup-

ply chain integration, and financial–economic performance within rural and transition
economies using a threshold regression framework.

Drawing upon firm-level evidence from rural Northern Albania and complementary
macro-level evidence from Western Balkan economies, the analysis advances a managerial-
financial interpretation of digital transformation grounded in organisational coordination,
integration efficiency, and structural embeddedness.

The empirical findings strongly support the proposed hypotheses and research ques-
tions. First, the results confirm that supply chain integration positively influences firms’
financial and economic performance, supporting the first hypothesis.

These effects are not homogeneous across firms. Instead, the economic returns of digi-
tal integration vary substantially with firms’ socio-economic embeddedness, coordination
efficiency, and organisational integration capacity.

Second, the threshold estimations provide clear evidence of regime-dependent dynam-
ics, confirming the second hypothesis and demonstrating that the financial and operational
effects of integration intensify significantly once firms surpass critical structural thresh-
olds. Third, the results validate the existence of a distinct threshold effect, confirming
that digital transformation is financially productive primarily in sufficiently integrated
organisational environments.

From a managerial finance perspective, the findings indicate that digital transfor-
mation improves performance not merely through technological adoption itself, but also
through enhanced governance structures, more efficient allocation of managerial resources,
financial coordination mechanisms, and operational synchronisation across interconnected
economic systems. Integration mechanisms appear particularly important for improv-
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ing transaction-cost efficiency, strengthening operational financial efficiency, optimising
resource allocation, and reducing organisational inefficiencies under structurally frag-
mented conditions. Consequently, digital transformation should be understood less as an
autonomous technological process and more as a strategic coordination mechanism that
strengthens financial resilience and managerial performance.

The macro-level evidence further reinforces this interpretation. Although the threshold
estimates identified differentiated digitalisation regimes across Western Balkan economies,
digital penetration alone did not yield statistically significant macroeconomic effects. In-
stead, tourism activity and agricultural value added remained the principal drivers of
regional economic performance. These findings suggest that technological diffusion alone
may yield limited economic benefits when not embedded in broader systems of organisa-
tional coordination, sectoral integration, and institutional efficiency.

The study contributes theoretically by extending threshold econometric approaches
beyond traditional macroeconomic applications toward firm-level digital transformation
and coordination systems in rural economies. It also advances the growing literature
emphasising coordination efficiency, governance structures, and integration mechanisms
as central pathways through which digitalisation generates measurable financial and
economic outcomes.

From a policy and strategic management perspective, the findings imply that digital
transformation strategies should prioritise not only technological infrastructure and digital
adoption but also governance quality, collaborative coordination systems, managerial
integration capacity, and ecosystem-level organisational efficiency. Firms embedded in
integrated coordination systems appear substantially more capable of converting digital
investments into sustainable financial performance, operational resilience, and long-term
competitiveness than firms operating in fragmented organisational environments.
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